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Abstract

Green chemistry is based on a set of radical idleas overlap with the principles of
sustainability and propose a modern version of ¢steynthat is less toxic, less hazardous,
highly efficient and non-polluting. Literature sgegts that green chemistry started being
taught in universities but was later adapted toelolevels of education. It appears that
little research has been done on the impact ofngemistry on students studying

chemistry at post-sixteen.

This research project is a case study investigdhirgeaction of a group of Maltese sixth
form students to the introduction of green chemistrit involved the design and
implementation of an intervention package to inic@some basic ideas of green chemistry
in the classroom and school laboratory. Data \gatkered from the participants before and
after the intervention through the use of questas, focus groups, research diary and
other documents. Similar data were also collefrtad a second group of students from the
same cohort which did not experience the sameviendéion. A conceptual framework was
developed to analyse the attitudinal data while\aluation scheme was used to analyse the
knowledge and understanding data. The effectigeésthe intervention package was

assessed using one of the models of educationaliea.

Results of the analysis show that green chemisiiyed the students’ environmental
awareness and their interest in the subject, angl infiuence also their motivation to
follow a chemistry-related career. Students weaadiqularly interested in the practical
side of green chemistry. With green chemistry stigle@lso developed a more positive
perspective of chemistry. They thought that greleemistry had the potential to close the
gap between a traditional curriculum and one thgpteasized the impact of chemistry on
society. Students strongly supported the inclugbmgreen chemistry in future A-level

chemistry curricula.
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Chapter 1

INTRODUCTION

1.1 Preamble

Concepts are not usually born overnight and ouh@ihere. They originate from a
complex interaction in the mind involving the litexperience of a person, knowledge
gained from formal, informal and non-formal eduecatiand future aspirations. A new
concept is likely to undergo a period of gestatiefore it finally takes a definite shape. If
the idea is then challenging enough to its credtonay evolve with time and develop into

an ambitious project.

This is the way the author believes his researofepr was conceived. It all started while
the author was reading his Master's degree in enmental health studies at the
University of Malta and in the same time teachihgristry full-time to post-16 students
attending a foundation course at the pre-vocationlége (health care) before qualifying
for one of the courses provided by the Institutédeglth Care (now the Faculty of Health
Sciences) of the University of Malta. The auth@svalways particularly intrigued by the
environmental component of chemistry so much sbupan his graduation, he accepted to
lecture some modules related to environmental céteyneand environmental health to
undergraduate health care students. In the meantien was also appointed by the

University of Malta to sit on the board of exammén Environmental Science (a subject

22



usually chosen by non-science sixth form studestsaat of their Matriculation Certificate

required to be admitted to university).

When he moved on to fill up a full-time post asatlrer of chemistry in one of the sixth
form institutions in Malta (from now on referred ds ‘the Maltese sixth form college’), he
soon noticed that there was a vacuum in the A-lelkemistry programme with regards to
environmental topics already introduced at the séapy level of education. At that time
the author was both surprised as well as disapgittt discover how young students who
are usually so interested and sensitive to enviestat issues, were not given the chance to
delve into more detail on some of the aspects vi@mmental chemistry at A-level despite
having stronger foundations of the subject. Hentbiit equally strange that some of these
environmental issues, conspicuously absent in tHev@l Chemistry curriculum, then
featured more prominently in another examinatiommely the intermediate level
(equivalent to the English AS level, but with makcovered in two years) Environmental
Science. It must be noted that there are no Q-leveA-level examinations in
Environmental Science in Malta and students odindhis subject at the sixth form stage,
may have little or no previous chemistry backgroamd are usually regarded as non-

science students.

Whilst pondering on the fact that the current lo&dkvel chemistry curriculum does not
relate much to environmental matters, i.e. it mdk#e reference to the chemistry ‘of’ the
environment, the author realised that another asgfeenvironmentally related chemistry
was making news particularly in research and imlewcac circles. It was not the same type
of environmental chemistry which the same authal inamind and which he was so keen

about. In fact it was referred to by the curioasne of ‘green chemistry’. The author soon
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discovered that it was all about a new way of dathgmistry that does not create the
problems identified through environmental chemistryHe realised that this ‘new’
chemistry is more of a problem solver than a pnoblénder, that it inspires an
environmentally conscious and ethical behavioud #rat it addresses important issues
such as toxicity of chemicals and environmentalypi@in, in an unorthodox but also an
intelligent and creative way. The author realiségb that green chemistry was neither a
public relations exercise, nor ‘a pipe dream’ ofmsoenvironmentalists. In actual fact he
discovered that it was an evolving scientific fietl of new ideas and revolutionary progress.
In other words, the author realised that green @ignnvolved such a fundamental change in
approach of doing chemistry that it truly represdntthe future of chemistry’ (American

Chemical Society, 2014a).

This was the moment which sparked off the authiotasrest in learning more about green
or sustainable chemistry with the possibility oddking some of its basic concepts to
others. Furthermore, the more he read on the aibfee more he discovered how relevant
this emerging field of science was to his concemt the more he thought of the possibility
of adapting it to fit in a chemistry curriculum f@ost-16 students especially when one
considers its slow but successful progress it wakimg in university courses. The author
was particularly interested to know how studentspart of a young generation that is
becoming increasingly sensitive to pollution probge and issues of environmental
sustainability, would react when they start disconge about this latest and most radical

form of applied chemistry.
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1.2 Whatis Green Chemistry?

Green chemistry, which is also known as ‘sustamaiblemistry’, especially in European
countries where the term ‘green’ is strongly assec with politics, involves the
application of a set of scientific principles whiehable chemists (and chemical engineers)
to create safe, energy efficient and non-toxic dbahproducts and processes, without
harming human health and the environment (Anasta&/a&ner, 1998; Lancaster, 2000;
Wardenchi, Curylo & Namiesnik, 2005). In other @®rit is a more sophisticated way of
doing chemistry, aiming at preventing pollution drehlth problems at the chemical design
stage (Taylor, 2010). Hence it is more of a ‘chstrgi FOR the environment’, i.e. a more
environmentally friendly chemistry than a ‘chemys®F the environment’, i.e. chemistry

that explains nature and the impact of man on #tera.

Green chemistry can neither be viewed as a newcbraihchemistry nor as another term for
environmental chemistry. It is a new philosophyl @anfundamental methodology in the
production, use and disposal of chemicals thatuded all aspects of safety and

sustainability.

1.3  Why including Green Chemistry in the ChemistryA-level
Curriculum?

Green chemistry is today considered as one of élyeskientific solutions to the problems
associated with environmental degradation. It sseatial that future scientists are
sufficiently equipped with the knowledge of contergry chemistry which supports

sustainable development but also safeguards hurealthh This can be achieved by
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providing green chemistry education to all futurbemists and chemistry-related
professionals starting from a young age. It isob@ag increasingly important that the
school chemistry curriculum allows space for thteaduction of the fundamental principles
and some aspects of green chemistry, especiallydsir16 students who already possess a
good background of the subject. This offers a g@oldpportunity for students to learn that
chemistry is evolving in such a way that it is b@aag more environmentally friendly by
focussing on the development of harmless and ndlotimy chemicals and chemical
processes. Teenage students are particularlytisentd environmental issues and so,
adding the basics of green chemistry may also serb®ost their interest and motivation

to learn chemistry at pre-university level and beo

1.4 Background to the Research Investigation

Malta had been a British colony for more than 18@rg (between 1800 and 1964). This
explains why there is still a strong influence afitiBh traditions in different aspects of
Maltese life including education. In fact, Maltasducational system (comprising
administration, primary, secondary and tertiaryt@ese and examinations) has been based
for about two centuries on the British model (Sudta1997; Zammit Ciantar, 1993,

Zammit Mangion, 1992).

The Maltese mainstream education system is dividedfive main stages: three years of
pre-school education (age 3 to 5) with voluntarteradance, six years of compulsory
primary education (age 5 to 11), five years of calsqry lower secondary education (age

11 to 16) divided into a two year orientation cy¢haiddle school) and a three year
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specialisation cycle, two years of non-compulsgppear secondary education (age 16 to

18) and tertiary education (18 years on) mainlymlied by the University of Malta.

Further education in Malta (post-16) is divideditwo strands, the academic strand which
leads students to the entry requirements of thevadsity of Malta and the vocational
strand which channels students to alternative esuet higher education provided by
institutions such as the Malta College of Arts,édce & Technology (MCAST) and the

Institute of Tourism Studies (ITS).

Teaching of science was introduced in Maltese dehioavards the late nineteenth century
but secondary science education was only made dsorgun 1970. Secondary schools in
Malta today provide for the teaching of integrasetence in the first two years (i.e. Forms
I and II) while students are compelled to choose stience subject in Form Il (year 9)
and may opt to study a second and even a thircheei@lll Form V (year 11). All
secondary students can therefore sit for at leastszience subject at SEC — Secondary
Education Certificate — level (equivalent to O-lpvay the end of Form V but the local
examination board does not provide, for the timadpehe option to sit for an examination

in integrated science.

Chemistry is the least studied subject in Maltdagessecondary schools with only 8% of
students choosing it at Form IIl in year 2011, aspared to 18.3% opting for biology and
100% studying physics (this being still a compusscience subject). The situation is
different in non-state schools with a higher numtiiestudents studying chemistry — 32%
in independent schools and 42% in Church schoalsarsame year 2011 (Debono, 2011),

even though it is still the least chosen subje¢hefthree sciences.
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Statistics published by the local Matsec Examimatipard over the period 2005-2013
confirm that chemistry is the least popular subggcsecondary level with the SEC level
(O-level) examination attempted only by an averag@2% of all registered candidates in
one session, compared with 22% for biology and S8%hysics (the latter still being a

compulsory subject in state schools).

The sixth form colleges / schools form the maint pdrthe academic strand of the post-
secondary or further education in Malta, which prep students for tertiary education.
Maltese students can choose to further their edurcatt post-16 level in one of eight
institutions — three public ones (including onedazo), two run by the Church and another
three private sixth forms (National Commission lfagher Education, 2009a). All post-16
students who qualify for any one of these instiosi will then follow a two-year programme
of studies preparing them for the Matriculation tfieate Examinations set by the local
examination agency — the Matsec Examination Baare&quivalent overseas qualifications
recognised by the Malta Qualifications Council, lsuas the GCE A-level and the
International Baccalaureate Diploma. The localrdaltation Certificate, which is the main
entry requirement to the University of Malta, isaaded to students passing two subjects at
an advanced matriculation (AM) level and four satget an intermediate matriculation (IM)

level which must include the compulsory subjecBgstems of Knowledge.

Local Matsec examinations statistics confirm thiagristry is the least popular subject
even at the AM level (or A-level) as compared t@ thther sciences, although the
differences are not as sharp as in the SEC levé&{evel). In fact the number of students
attempting AM level chemistry over a period of 7agge (2005-2013) amounted to 16% of

all A-level candidates compared to 22% biology &880 physics. Participation in A-level
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chemistry fluctuated over the same period, buteiased over the last three years (Matsec

Examination Board, 2006a-2014b).

Although this shows there is less interest by gitslen chemistry than in other subjects,
the rate of progression from the SEC (O-level)lte AM (A-level) stage is highest in
chemistry. In fact if one were to compare the namtf Maltese students sitting for SEC-
level in one year with the number of studentsraittior AM-level in the same subject in
two years’ time, one would notice that there aragenthemistry students sitting for both
exams (SEC and AM) than the other sciences. Togr@ssion rate (calculated as
percentage of A-level candidates over O-level adetéss in the respective age cohort) over
the period 2005-2013 was 45.0% in chemistry, 35id%iology and 10.9% in physics.
This means that the chance of SEC level studenthdose the same science subject at A-

level is highest in chemistry.

The situation is different in other countries suh the UK where chemistry is more
popular than physics but less popular than biolo§tudies show that interest in chemistry
(and in other sciences) in the UK as reflectechenrtumber of A-level entries, declined for
a number of years but then started to recover tiverlast years. For example, the
percentage of A-level chemistry students out of Ifieyear-old UK population decreased
from 6.4% to 5.3% between 1996 and 2007 (Hampdemvipison, Lubben & Bennett,
2011) but now stands at around 6.0 % (Joint CounciQualifications, 2015). Similar
declines were registered in other countries sucAwstralia which, for example, is still
experiencing a downward trend in high school pgditon in sciences, with chemistry
suffering a drop from 23% in 1992 to 18% in 201Rl&ton, Walker, Ainley & Hillman,

2003; Kennedy, Lyons & Quinn, 2014).
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1.5 Context of the Study

1.5.1 Local and Foreign Examination Syllabi

Green chemistry does not feature as yet in anynseieurriculum in Malta until post-
secondary level. In fact the only direct referente environmental chemistry topics, the
closest to green chemistry, are found in the exatiwn syllabi of SEC-level chemistry,

SEC-level environmental studies and IM-level (imediate) environmental science.

The SEC-level chemistry examination syllabus haswfaole section dedicated to
‘Chemistry, Society and Natural Environment’ withesific reference to the impact of the
chemical industry on the environment. The intenaied(IM) and advanced (AM) level
chemistry syllabi have no such sections relateeintdronmental issues but there are some
references in the AM chemistry syllabus to ‘gre&pics such as the role of catalytic
converter as a pollution control measure and themastry of biodegradable plastics.
However, to date, there is no more direct or irdineference to any aspects of green
chemistry, except for the most recent added reberdn ‘fuel cells’ under the topic of

electrochemistry (Matsec Examination Board, 2015).

The SEC-level environmental studies examinatiolalbyk treats some of the most common
environmental issues and refers to aspects ofisabta development and renewable sources
of energy amongst other topics. The foundationsrvironmental chemistry are certainly
more concentrated in the IM-level environmentalesce examination syllabus. Such
examination syllabus does not relate directly vgthen chemistry but refers to aspects of
pollution prevention and hence touches on sombeptinciples of green chemistry through

topics such as the use of alternative fuels, datatpnverters, energy efficiency, recycling of
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waste and exploitation of renewable sources ofggn@vatsec Examination Board, 2014c-

2014g).

Given the long-standing tradition of Maltese ediorato emulate the British educational
system, Maltese students used to sit for GCE O-laveé A-level examinations set by UK
examination boards, before the establishment ofldbal Matsec examination board in
1991. Today there are still Maltese students whiosthese examinations offered by the
UK boards as alternative or additional qualificaiao the local Matsec examination set
up. Hence it is important if not imperative to qume Maltese examinations with
examinations offered by the main UK examinationrteaas far as green chemistry is

concerned.

All UK A-level examination specifications refer onumber of environmental issues but
only three of them refer specifically to green chem. Edexcel GCE A-level
specifications cite green chemistry prominently amahe aspects of contemporary
chemistry that students are expected to understamttl be able to explain. In this
examination, students should know, for example, l@owhemical process can be made
greener or more sustainable by applying green dtgmeconcepts (Edexcel Ltd, 2014).
Another examination specification which dedicatestole section to green chemistry is
the OCR A-level Chemistry ‘A’. In this OCR examiitan students are expected to be able
to appreciate the growing national and internalicpacern to protect the environment and
promote ‘green chemistry’. Green chemistry is hesvdess conspicuous in the other OCR
specification for GCE Chemistry ‘B’ (Salters appecbi with reference being limited to
sustainability issues in the chemical industry (OBmination Board, 2013b). The third

UK examination specification which refers directly green chemistry concepts is the
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WJEC (Wales) A-level Chemistry. Although the WelkHevel chemistry specification
does not allow a prominent section to green cheyniststill provides a framework to
encourage educators and students to explore amdsadckrtain aspects of green chemistry

(WJEC-CBAC Examination Board, 2009).

The AQA A-level chemistry specification does notereto green chemistry but requires
students to understand the green chemistry prmajplatom economy and a few other
environmental issues (AQA Examination Board, 2014he SQA (Scotland) Chemistry
Higher and Chemistry Advanced Higher examinatiopscHications are structured on
traditional core chemistry topics making some r&fee to topical environmental issues.
Although it does not refer directly to green chdnyist expects students to be able to
understand the positive impact of chemistry on ylay life referring amongst other to
green chemistry concepts such as atom economyydbeof alternative fuels, hydrogen
economy, biodegradable plastics and the use ofneez\by the chemical industry (SQA
Examination Board 2002a, 2002b). The other UK aration board, CCEA (Northern

Ireland) features some environmental issues iA-isvel chemistry specification but topics
related to green chemistry are not yet evidenhémost recent version of this examination

specification (CCEA Examination Board, 2008).

Two other examinations of interest to some Maltetselents particularly those attending
independent schools are the CIE Cambridge Intemnalti A-level chemistry and the
International Baccalaureate (IB) Standard Level digher Level Chemistry. Both exams
give prominence to environmental chemistry but nohehem refer specifically to the
principles of green or sustainable chemistry. Hovehe CIE Cambridge International

examination syllabus refers to a number of key eptein applied chemistry such as the
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use of what is described as ‘novel chemistry’ téovel monitoring and solving of

environmental problems, the design of new molecutesterials and methods of analysis
and how chemistry can address problems relatedltotion, health and resources. These
may be regarded as indirect references to greemistrg (International Baccalaureate

Organisation, 2009; Cambridge International Exanmmg, 2014).

All this points out that green chemistry does nettfeature in any of the Maltese chemistry
or science curricula and examinations but is ggimirominence in other countries such as
the UK where it is already featuring in A-level exaation syllabi / specifications. This
means that green chemistry is being recognised as@ortant area of chemistry education
even at post-secondary level, by being presented wore chemistry concepts which
students are expected to understand and learn boapply before being admitted to
university. This is also a strong indication thia¢ current trend in high schools / sixth
forms institutions is to move one step further awnplement the issues traditionally
associated with environmental chemistry with mooatemporary ones reflecting the
efforts by chemists all over the world to rendererstry truly greener and more

sustainable than older practices.

1.5.2 Availability of Educational Resources

One of the main problems teachers and studentsikatg to encounter when they are

introduced to green chemistry at pre-universityelei¢ lack of educational resources to
facilitate teaching and learning. Though such ueses are becoming more abundant and
readily available for undergraduates, graduatesrasélarchers, they are more limited for

students and educators at lower levels of education
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However, efforts are being made to improve theasitm and in fact there are already some
(very few indeed) textbooks, laboratory manuals antihe resources targeted to post-16
chemistry students and their teachers. The resswgrrently available were reviewed in

more detail in the literature review chapter (cleapter 2).

1.6 Students participating in the Green Chemistry htervention

The students participating in the green chemistitgrvention which forms part of this
research study attend the Maltese sixth form cellebhis is a post-secondary institution in
Malta which prepares students for tertiary educatny providing a course of studies
leading to the Matriculation certificate as the mantry requirement to the University of
Malta. Such programme requires students to stway subjects for the Advanced
Matriculation (AM) level examination and four subjg for the Intermediate Matriculation
(IM) level examination. One of the IM level subiecs Systems of Knowledge which was
introduced in 1987 as a compulsory subject to eragmi students to acquire
communication skills and an interdisciplinary aprio to learning (Giordimaina, 1999).
Each IM level subject is considered to have a weighof one third of the same subject at
AM level and is treated accordingly in terms of razurlum, student time-table load and

setting of examination papers.

All students attending the Maltese sixth form ocg#leare required to opt for a combination
of languages, sciences and other humanities ssbpggmbroximately equivalent to the
contents and standard of the former three A-leystesn (similar to that offered by UK

sixth forms) which was phased out in Malta in 1994.
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Almost all students participating in the researobjgrt opted for chemistry and biology as
their AM-level subjects, with only two (out of atéb of sixty seven, at the beginning of the
year) choosing to study an alternative subjectiatoy at AM-level. Students came from
different social backgrounds and had completedr thecondary education in one of the

many state, Church or independent schools in Malta.

1.7 Research Questions

In this project ‘Greening the Chemistry CurriculimMaltese Educational Institutions’ the
author tried to investigate how a group of chemistudentsthbe GC group) attending the
first part of a two-year programme leading to Adewould respond when they experience
learning green chemistry through theory and prattsessions. The students’ reactions
were then compared to that of a similar group oflehts the non-GC group) attending

the same year who did not experience the sameitegpicitervention.

The main research question addressed in this ssudy

‘How do Maltese sixth form students respond to timeorporation of green chemistry in

the A-level chemistry curriculum?’
The author tried also to address a number of sopgieary questions:
. ‘In what ways do students’ attitudes change byudirlg aspects of green chemistry

in the core A-level curriculum?’

. ‘What understanding of green chemistry ideas istiped by students who do, or

do notexperience the green chemistry intervention?’
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. ‘What are the effects of the green chemistry irgetion on the students’ views of

studying chemistry beyond A-level?’

It is hoped that this research into the possiliegration of green chemistry concepts in the
A-level curriculum would help in the redesigning afprogramme for post-16 students of
chemistry that would include more reference to eorgorary issues related to a more
sustainable environment and reflect better the eramistry would be taught in the near

future, across all levels of education.

1.8 Overview of Study

This research study involved the design, implentemtaand evaluation of a green

chemistry intervention for 17-18 year old studesitending a Maltese sixth form college.
The intervention took the form of a programme oére@g consisting of a set of classroom
seminars on various aspects of green chemistrgfipaghwork and other activities such as
student presentations and a slogan competitiondests were also invited to take part in a
chemistry survey divided in two parts, one conaggrtheir attitudes towards chemistry at
school and out of school, the other concerning uhderstanding of green chemistry
concepts. The survey was carried out before atel #ie programme and was also
administered to the other group (the non-GC grafstudents who did not participate in

the green chemistry intervention. Students frorthiibe GC and non-GC groups were
divided into a number of focus groups which disedssarious aspects of their chemistry

learning experience at school. The total numbgrasficipants in the study (GC and non-
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GC groups) was sixty seven and this represente2/30f the first-year students studying

chemistry at the Maltese sixth form college.

Data were collected from the chemistry survey, esttgl activity worksheets, research
journal, laboratory practical reports and partidyldrom focus group discussions which
were all transcribed and translated prior to amalysStudents forming part of the green
chemistry group were also involved in the settipgoflan exhibition of posters which they
had created and which was held at the college ctgniiepartment. All data collected were
then processed and analysed with the help of ATtiABmputer assisted qualitative analysis
software, using a theoretical framework (for ‘attié’ data) and an evaluation scheme (for

‘understanding’ data) developed as a result afditee reviewed in this project.

1.9 Overview of Thesis

This section will outline the main points from eatlbsequent chapter of the thesis.

Chapter 1 explains how this project was conceived and whgegrchemistry has been

proposed to be included in the Maltese A-level icutum. The chapter discusses the
background of this research investigation, the exdnof the study and the type of students
participating in this project. It also introdudége research questions which the author tries

to address through his work.

Chapter 2 presents a review of literature on green chemising green chemistry

education. It refers to the aims, definition aadrtinology used in green chemistry and to
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the twelve key principles which characterise thawvnarea of science. The chapter
highlights the salient parts of the short histofygeeen chemistry and describes how it
started being taught first at university and thetower levels of education, particularly in
high schools and sixth form institutions. The dieapliscusses problems encountered by
educators in the integration of green chemistrghamistry curricula. It finally discusses

also some of the future challenges in green cheyrasiucation.

Chapter 3 deals with the second part of the literature nevigedicated to students’

attitudes to science and chemistry and to the wstaleding of chemistry and green

chemistry ideas. The chapter refers to varioushiieins of attitudes and describes how
attitudes of science are viewed by researchersughraifferent viewpoints which all

indicate that such attitudes are made up of a nuwfot@mponents. The chapter considers
some of the main research findings on attitudesctence and explains those factors which
affect the students’ interest in science. Refezeiscalso made to techniques used by
researchers to measure the students’ attitudesrdewschool science. The chapter
discusses also some aspects of the studentsda#itio chemistry, the students’ interest in
green chemistry and the students’ knowledge ancekrgtehding of chemistry and green

chemistry.

Chapter 4 deals with the research methodology employed is gtudy. It describes the

choice of the research paradigm, the researchegirathe samples used, the research
setting and the various research instruments useghther data. It also describes the
research model used to test the effectivenesseoftben chemistry intervention package
and the theoretical framework and other criteriadut analyse the data. Details are also

given on the measures taken to guarantee the itéjiadnd validity of the data collection
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tools and of the data analysis. The chapter cdesluby referring to a number of

limitations in research procedures and data cadlect

Chapter 5 focuses on the intended curriculum and describes dbjectives, learning

outcomes and planning stage of the green chemidegyention package. It refers to the
educational resources prepared for the pilot istetion, changes planned for the main
intervention and the revised intervention packayée applied in the main study. The
chapter then gives a short description of all pgekaaterials produced for the classroom

and laboratory intervention.

Chapter 6 explains how the intended curriculum was impleradnn the classroom and
laboratory during academic year 2009-2010. It diess in detail all the activities that took
place during the intervention, ranging from classnoseminars to learning activities to
students’ poster presentations to the green chigmaioratory experience. It concludes

with a critical analysis of the implemented curhiou.

Chapter 7 refers to the first part of the analysis of theiaed curriculum. It covers the
data gathered from the participants and linkedwo bf the ten dimensions of the
theoretical framework. This section analysed thelents’ cognitive attitudes towards
chemistry and green chemistry in society which wageeloped into a number of themes.
The chapter concludes by outlining a number of eogent and divergent views of the two

groups of participants on the value of chemistry green chemistry, out of school.

Chapter 8 consists of the second part of the analysis ohttened curriculum and treated

the remaining eight dimensions of the theoreticainkework used to analyse the students’
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attitudinal responses. These included the cogniéind affective dimensions of learning
chemistry theory and practice, the cognitive anfécéive dimensions of learning green
chemistry theory and practice, the behavioural dsman of studying chemistry and the
behavioural dimension of studying green chemistr¥he chapter then concludes by
summarising the points of convergence and divegé&etween the two groups as a result

of the analysis of the eight dimensions of the famrk.

Chapter 9 continues with the analysis of the attained cutdm, referring to the analysis
of data collected from part B of the chemistry syreoncerning the students’ conceptual
understanding of green chemistry. The chaptersatethe detailed analysis of the twenty
four items included in the understanding questiaena It concludes by reporting the

changes in students’ understanding as a resutieafteen chemistry intervention.

Chapter 10 summarises the main findings of the study, refgrtio the changes brought
about by the intervention package. It then attempianswer the research questions of the
study, based on the research findings. In additioa@ chapter discusses how this thesis
contributes to knowledge. It then reflects on sdimé&ations of the research methodology
used, and also on limitations of the interventi@ckhage and research instruments. This

chapter finally discusses the implication of thisrkwfor educational policy and practice.
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Chapter 2

LITERATURE REVIEW (GREEN CHEMISTRY)

2.1 Introduction

There is no doubt that chemistry has profoundlynged our lives during the twentieth
century. Thanks to the research and developmasttamistry and in its different branches,
we can enjoy an improved quality of life as we caw be served by a multitude of
chemical products that certainly have an overaflitpee impact on our health and well-
being. In fact, there is no single aspect of hutifann which chemistry does not play an
important role (Domenech, 2005). Besides this,mibey has the potential to address
other future challenges, of an ever growing wordguydation, in a number of areas such as
the use of alternative sources of energy, enerfigiexicy, healthcare, nutrition and quality

control in industry (van Dam-Mieras, 2007).

In spite of the benefits brought about by sciermea chemistry in particular, to our lives,
chemists are still frequently depicted as the ‘Qagls’ (Allen, 2004; La Merill, Parent &

Kirchhoff, 2003), while the chemical industry idllstiewed by many as ‘causing more
harm than good’ (Lancaster, 2002). Prof JameskCIBresident of the UK Green
Chemistry Network reports that the European Chenichustry Council (CEFIC) survey

in 1994 showed that 60% of the general public hadirEfavourable view of the chemical
industry in America. On the other hand, a surviethe public attitudes towards chemistry

and chemists commissioned by the American CherSicaiety and conducted in year 2000
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found out that about one third (34%) of responddrdad an unfavourable opinion of
chemical companies, citing environmental impactlémicals, harm to human health and
bad publicity received by the same industry asntiaén reasons for this (National Science
Board, 2002). One could also add other reasorts asicegative feedback from the widely
publicised past environmental disasters and ineWfecmethods used to communicate
chemistry to the general public (Lerman, 2003)fdat it appears that today chemistry
tends to hit the headlines only for the wrong reassuch as the result of a disaster rather

than an important invention or some other benefgdciety (Allen, 2004; Clark, 1999).

Lancaster (2002) argues that the damage causeaharhhealth and the environment by
the chemical industry was not intentional but assmuence of a number of factors such as

lack of knowledge especially on long term effedtsleemicals polluting the environment.

Green chemistry has been purposely establishdukeiredrly 1990s in order to design safer
chemical products and processes for a more subtaifizsture. Rather than being viewed
as a new branch of science, it is considered aswaphilosophy or a new way of thinking
that has the potential to contribute to sustaindbleelopment (Lancaster, 2001; Wardenchi
et al, 2005). It has sometimes been also descabegro-active, innovative scienaehich
aims at preventing pollution and minimising wastén simple terms, it is a ‘cleaner,
cheaper, smarter chemistry’ (National Environmerdalkth Association, 1997) which
proves that chemistry can in fact be done in a thiay does not harm the human health or
the environment. It is a multi-faceted disciplibased on the premise that if a chemical
process or a chemical product is ‘benign’, it pnéseno risk to human health and the
environment (Hjeresen, Schutt & Boese, 2000). daf2010) regards green chemistry as

‘a revolutionary change in preventing pollution ahdalth problems starting at the
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chemical design stage’, whereas Collins (1995) &= it as an ‘ethically and politically
powerful idea’. It has been described as a contibimaof ‘tools, techniques and
technologies’ that help chemists develop new prtsdwnd processes that are more
environmentally benign and efficient. Hence italwes revising old ways and means of
doing chemistry to pave the way to a modern cheynisiat is less toxic, less hazardous

and non-polluting (Lancaster, 2001).

As can be seen in this chapter, the concepts ehgrleemistry can be promoted and taught at
different levels of education and can serve asdbal medium to portray a fresh, novel and
positive image of chemistry in all classrooms atibsl laboratories, right from the secondary

level.

This chapter outlines the definition, objectivesl &ey principles of green chemistry. It
also refers to the sustainable development contdve, historical context and green
chemistry education. A body of literature has beemveyed to follow all relevant

developments closely related to the unfolding af thew phase in the teaching of
chemistry, starting from university circles downthe first lessons and the first laboratory

experience in chemistry at school.

2.2 Aims, Definition and Terminology

Green chemistry was launched as a science in tHg £#890s and its introduction is
associated with U.S. anti-pollution legislation aode of the programmes of the U.S.

Environmental Protection Agency — U.S.E.P.A. (Lateg 2002).
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Green chemistry has been defined in a number ofvay the definition which is most
widely quoted in literature and the one which bwritas been universally accepted is that
proposed by Paul V. Anastas and John Warner whowaely regarded as the true
founders and architects of green chemistry (Ana&tégarner, 1998).

Green chemistry is the utilisation of a set of piptes that reduces or

eliminates the use or generation of hazardous sunbs$ in the design,
manufacture and application of chemical productd ().

A number of authors stress the point that greemmddtey must not be regarded as a
separate field of chemistry (Kirchhoff, 2014; Réaadran, 2011) but as a new approach of
doing chemistry aimed primarily at protecting humaalth and the environment in an
economically viable and sustainable way. Greeamubtry marks an important shift from
a culture of regulations and banning of chemicalsrte based on designing safer products,
a strategy described by Lisa Jackson of the USERAimailar to the difference between

‘treating disease and pursuing wellness’ (Sande2ohl).

Green chemistry has also been described by a nuohle¢her alternative terms or phrases
such as ‘sustainable chemistry’, ‘benign-by-desopremistry’, ‘environmentally benign
chemistry’, ‘clean chemistry’, or simply ‘chemistfgr the environment’. Some of these
terms were not well-defined and were debated ansbegists (Centi & Perathoner, 2009;
Eissen & Metzger, 2002)Although it is clear that the most popular termdisace 1998

is that of ‘green chemistry’ there are still sommers, particularly in Europe and in some
international institutions such as the Organisation the Economic Cooperation and
Development (OECD, 1999) where the preferred teemains that of ‘sustainable

chemistry’
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The use of these two terms, i.e. ‘green chemisind ‘sustainable chemistry’, and their
respective definitions have been the subject obray ldebate (Hutzinger, 1999) and it
appears that the issue of adopting one commontiaamot yet been fully resolved. In fact
some authors still point out important differentetween the two terms (Hill, Kumar &

Verma, 2013).

Although it is true that there is no general cosssnamong the scientific community on
the use of these two terms, because they may msyrddferent purposes and interests of
different chemists, it is equally true that bothme have now been universally accepted and
they are now used interchangeably (Mandery, 2018dd 2008; Tundo 2012). After all,
the two terms are closely interrelated since therall/ vision of green chemistry is
‘holistically aligned with environmental sustainktlyi (Hill et al, 2013). Nevertheless,
judging by the vast number of research articleslipations and other literature produced
to date, the term ‘green chemistry’ is by far thee avhich is overwhelmingly preferred
worldwide (Linthorst, 2010) embracing a number odffedent interests ranging from
research work, the use of sustainable technologyealucation (Clark, 2006). Linthorst
(2010) suggests that by being user-friendly thent&green chemistry’ has contributed
significantly to the growth of green chemistry ash@mical philosophy and as an important

area of modern chemistry.

2.3 The Twelve Principles of Green Chemistry

Green chemistry is governed by a set of rules knag/fiThe Twelve Principles of Green

Chemistry’ which were originally formulated and tehhed by Paul T. Anastas and John C.
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Warner in their seminal book, ‘Green Chemistry: dityeand Practice’ (Anastas & Warner,
1998). This book has been described as the ‘iblsustainability’ as it contained the so-

called ‘golden rules for achieving sustainabilitytihe chemical industry’ (Benjamin, 2013).

The principles of green chemistry shown in table &e intended to serve as guidelines for
chemists to achieve sustainability while developeryironmentally-benign products and
processes. They are also considered as a setleffijveiccepted criteria which can be used to
assess any claims of ‘greenness’ on a chemicaluptad process, or to compare the eco-
friendliness of two similar processes (Tang, Bou@mith & Poliakoff, 2008). The twelve
principles deal with all aspects of synthesis amat@ssing including the use of renewable
raw materials and solvents, atom economy, sepagtienergy requirements, waste
minimisation, biodegradability and toxicity of cheals. The main emphasis overarching
the other principles is that of ‘pollution prevemti which echoes the proverbial expression
“prevention is better than cure”. Apart from pdln prevention, the green chemistry
principles also emphasize ‘efficacy’ and ‘economis the other two main priorities to
render chemistry truly sustainable (Pokrandt, 20X0he other important aspect stressed by
the principles is the concept of ‘design’ which lrep human intention having elements such

as of ‘novelty, planning and systematic concept{@mastas & Eghbali, 2010).
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Table 2.1: The Twelve Principles of Green Chemisyr

1%

1. | Prevention
It is better to prevent waste than to treat orrchgja waste after it is formed.

2. | Atom Economy
Synthetic methods should be designed to maximize itftorporation of all
materials used in the process into the final praduc

3. | Less Hazardous Chemical Syntheses
Wherever practicable, synthetic methodologies shd¢ designed to use andg
generate substances that possess little or noitioxec human health and the
environment.

4. | Designing Safer Chemicals
Chemical products should be designed to preserfieaey of function while
reducing toxicity.

5. | Safer Solvents and Auxiliaries
The use of auxiliary substances (e.g. solventsaragipn agents, etc.) should bg
made unnecessary wherever possible and innocucers uged.

6. | Increasing Energy Efficiency
Energy requirements should be recognised for thewironmental and economic
impacts and should be minimised. If possible, lsgtit methods should be
conducted at ambient temperature and pressure.

7. | Using Renewable Resources
A raw material or feedstock should be renewablberathan depleting wherever
technically and economically practicable.

8. | Reducing Chemical Derivatives
Unnecessary derivatisation (blocking group, pradect deprotection, temporary
modification of physical / chemical processes) $thobhe avoided whenever
possible because such steps require additiona¢mémgnd can generate waste.

9. | Using Catalysts
Catalytic reagents (as selective as possible)ugrer®r to stoichiometric reagents.

10.| Designing for Degradation
Chemical products should be designed so that ae¢rideof their function they do
not persist in the environment and break down imt@cuous degradation products|.

11.| Real-time Analysis for Pollution Prevention
Analytical methodologies need to be further devetbpo allow for real-time, in-
process monitoring and control prior to the forratof hazardous substances.

12.| Inherently Safer Chemistry for Accident Prevention

Substances and the form of a substance used iremicdl process should bg
chosen so as to minimise the potential for chemacaldents, including releases
explosions, and fires.

(Anastas & Warner, 1998, p. 30)
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Authors such as Winterton (2003) argue that thelvievelefining principles of green

chemistry do not have equal weighting in terms alig and applicability. For example,
according to the same Winterton, the principle idgalwith the careful use of energy
resources which suggests that chemical processesaatied out at ambient temperature

and pressure, is more important than the prin@plgaste minimisation.

The 12 principles of green chemistry were subsettjyeamplemented, in about five years’
time, by another set of guidelines known as ‘ThePtihciples of Green Engineering’
(Anastas & Zimmerman, 2003). The idea was to agpben chemistry to the chemical
processing industry in order to make it more sastae from the design stage to the end
product, by minimising its impact on the environm@enjamin, 2013). The principles of
green engineering cover a number of scientific saathnological aspects that need to be
considered to achieve sustainability. They reprege same underlying features of green
chemistry, but taken from an engineering point iefw (Sheldon, 2007). Estévez (2007)
explains how these chemical engineering conceptenciact ‘multiply the positive effects of
green chemistry’. The 24 principles of green clstmi and green engineering are
collectively regarded by many as a ‘scientific atHical tool’ which helps chemists and
chemical engineers come up with intelligent deadsianvolving risk and sustainability
(Anderson et al, 2004). The overall aim of grelbargistry and green engineering has been
described by the ACS Green Chemistry Instituteeasgothat of encouraging ‘the creativity
and innovation of our scientists and engineers esighing and discovering the next
generation of chemicals and materials so that lteenccals and materials provide increased
performance and value while meeting all goals wtgmt and enhance human health and
the environment’ (ACS Green Chemistry Institutel PORuth, McGowan, Masciangioli,

Wood-Black & Anastas, 2007).
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2.4 Qverlapping Aims of Green Chemistry and Sustaiability

The concepts of ‘sustainability’ and ‘sustainabé&elopment’ have now been around for
about three decades and different sources tendftoedthem in different ways depending
on the context to which they are applied. Howaelkdefinitions include common features
such as ‘living within the limits’, ‘understandirtye interrelationship between economy,

society and the environment’ and an ‘equitablerithgtion of resources and opportunities’.

The term ‘sustainable development’ was introducmdilie first time in 1987 by the UN
World Commission on Environment and Development \WUBED, 1987) in an effort to
address the growing conflicts between economic andial development and the
environment. The commission report ‘Our CommonuFReit better known as the
Brundtland Report, defined sustainable developrastitllows:

“Sustainable development is the (social) develogmérch meets the needs of

the present (generations) without compromising thiality of future

generations to meet their own needs”.
(UNWCED, 1987)

The main objective of sustainable developmenteasefore ‘to use resources no faster than
they regenerate themselves and release polluants greater extent than natural resources
can assimilate them’ (Merkel 1998). In the wordsgoeen chemistry founder Paul
Anastas, sustainable development is ‘a way of pvasg the things you cannot live

without and preserving them forever’ (Anastas, 2003

The idea of sustainable development which was mallyi criticised because of its

ambiguity (Robinson, 2004) was eventually univdysatcepted by governments, NGOs
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and society at large, as a point of departure famgi earth to become a better place to live
not only for us, but also for future generationsufiddz Ortiz, 2006). The concepts of
sustainability and green chemistry emerged andldped side by side for more than two
decades sharing common goals and perspectivedactithe idea of green chemistry which
emphasizes principles such as minimisation of wastergy and resources, iS sometimes
regarded as the response of the chemical indusipported by academia, to the challenge

of sustainable development.

Lancaster (2002) explains that the chemical ingusés a moral obligation to continue
providing benefits to society but this has to baeeln an environmentally friendly way.
This means that the adoption of green chemistryhbyindustry is inevitable considering
the current unsustainable trends in exploitatiomatural resources and the concurrent
increase in global demands for chemical produckschvare expected to exceed the world

population in the near future (OECD, 2001).

The aims of green chemistry and sustainabilitysarenuch overlapping that their activities,
methods and scientific foundations became ‘ineabfig intertwined’ according to Anastas
(2011), proving the crucial role of chemistry iralising the vision and desire of people to
live on a sustainable planet. In fact, green ckamiis often viewed as the essence of
sustainable development or the contribution of akesn to sustainability (Kirchhoff,
2014). Putting it in Sheldon’s words, sustaindpilis the ultimate aim while green
chemistry is the means to achieve it (Sheldon, R00hat is precisely why it is frequently

labelled as ‘chemistry for a sustainable develogirsimply ‘sustainable chemistry’.
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2.5 Historical Background

Green chemistry is widely considered as a majoekd@ment of chemistry and could also
be viewed as the reaction by chemists to addressntany problems created in the
twentieth century by a fast growing chemical indyselying on the hugely successful
modern technology. In her critical analysis ofegr&chemistry as a scientific movement,
Roberts (2005) explains how the idea of green chigynoriginated from the merging of
the environmental movement, particularly populartie U.S. and represented by the
publication of Carson’s landmark book ‘Silent Sgfinn 1962 (Carson, 1962), and the
growth and expansion of the chemical sciences lamahemical industries. In fact Carson
was the first to raise environmental awareness tatia unintended damage caused by
pesticides which led to the introduction of envirental legislation in the US (Hogue,
2013). Roberts shows how the uneasy mixing otileehistories — environmentalism and
chemical industries — brought to the forefront anber of issues such as the public
perception of chemistry (Allen, 2004), the role diemical accidents, the decreasing
interest of students to enrol in chemistry prograsrand the negative impact of the ever

increasing regulations on the cost of business éRep2005).

Until the 1960s there were no environmentally-edategulations on the manufacture, use
and disposal of chemical substances and polluts®ad uo be controlled by reducing the
concentration of the pollutants in a medium, ategw described as ‘dilution is the solution
to pollution’ (Anastas & Warner, 1998). The siioathowever changed drastically with
the widely publicised environmental disasters andeser growing public concern and
knowledge on chronic toxicity, bioaccumulation, @aogenicity and other health related

issues on the use and exposure to chemicals. rénffecountries started reacting by
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adopting different approaches to safeguard humailthand the environment from risks
posed by the production, use and ultimate dispasahemical substances. According to
Cann (2001), by the year 1990 the U.S.A. alone badctioned no less than 130
environmental laws dealing with the treatment goteee of pollutants at source. By that

time, the emphasis had shifted from a ‘dilutionpegach to ‘end-of-pipe’ control.

An important development which occurred in the B8.3n 1991 was the enactment of the
Pollution Prevention Act of 1990 which establishedllution prevention’ at source as the
best strategy to solve environmental problems.s Taw legislation represented a major
shift in the environmental protection paradigm nfrthe ‘command and control’ approach
(which included the ‘end-of-pipe’ or ‘cleaning umljution’ solutions) to a ‘pollution

prevention’ approach based on ‘waste minimisat{Qarra, 1999).

In the meantime, another major driving force in #u®ption of this new approach to deal
with environmental degradation started to emer@is was the sustainable development
movement that originated in the 1980s following tablication and adoption of the
Brundtland Report in 1987 (UNWCED, 1987). The mep®ur Common Future’
emphasized the need to conserve raw materials andhise waste in what is now referred
to as the green chemistry principle of ‘atom ecowiofiNewton, 2008; Trost, 1991).
Consequently, the ‘command and control’ policy ®mdg shifted on an international scale

towards an approach of ‘pollution prevention’ (lhatst, 2010).

The new pollution prevention legislation in the UsBt the stage for the emergence of the

green chemistry movement as the U.S. Environméhtatiection Agency launched its first

research initiative in 1991, focussing on pollutpmevention in the synthesis of chemicals.
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The programme was originally called ‘Alternative nByetic Pathways for Pollution
Prevention’ but was officially renamed in 1993 &as tGreen Chemistry Program(me)’.
The aim of the programme was to implement susténdbvelopment in chemistry and
chemical technology through the collaboration vathumber of organisations representing
academia, the industry, government agencies and \N@Géncaster 2002; Newton, 2008;

OPPT, 2002; Pellerin, 2005; Wardenchi et al, 2005).

It is widely recognised that ‘green chemistry’ asomcept was introduced for the first time
in the early 1990s by Paul V. Anastas, one two @stlof the first handbook in green
chemistry (Anastas & Warner, 1998). This new ggopbhy was originally referred to as
‘benign by design chemistry’ or simply ‘benign chstry’ but then changed to ‘green
chemistry’ (Linthorst, 2010), a shift regarded bypbRrts (2005) as deliberate as it is

difficult for a chemical process to be truly andmaetely environmentally benign.

The US green chemistry research programme served @atform and catalyst for the
major green chemistry events in the USA and beyonthese included symposia,
conferences and the prestigious US PresidentiadrG@&hemistry Challenge Award which
was established in 1995 to recognise outstandihgp@ements in green chemis(fyairley,

1998; National Environmental Health Association979 Newton, 2008; OPPT, 2002;

USEPA, 2010).

Another important milestone in the history of grelemistry was the launching of the Green
Chemistry Institute (GCI) in 1997 to support cobadtion between industry, universities,
(US) national laboratories and other organisationerder to promote and advance green

chemistry and green engineering. The GCI, whichgdithe American Chemical Society
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(ACS) in 2001, is now regarded also as an intevnatinetwork of green chemistry experts
and is represented in no less than 25 other ceantacross all continents, through a number

of international affiliate chapters.

Green chemistry activity started also proliferatingther parts of the world in the late 1990s
with the setting up of various green chemistry @Entinstitutes and networks mostly based
in prominent universities. A number of countriesidh as Italy, UK, Japan, Canada and
Australia) also launched their national awards meeg chemistry, similar to the US

Presidential Award in a bid to promote further egsh in green chemistry. Europe launched
its own international award scheme known as thefgan Sustainable Chemistry Award in
2010 through the European Association for Chemacal Molecular Sciences (EuCheMS

2010a; EuCheMS 2010b).

One of the first and perhaps the most influentigbligations in green chemistry was the
previously cited book ‘Green Chemistry: Theory &aétice’ published by Warner and
Anastas in 1998. This book practically gave ldegteen chemistry by giving it a precise
definition and by introducing the ‘twelve princigleas the main framework for the
application of green chemistry. Since then, th@kbbas been translated to several
languages and marked the 1990s as the decade wdem chemistry was established as a

legitimate scientific field (ACS, 2014b; Warner &Astas, 1998).

Another important event for green chemistry was kaenching in 1999 of the first
international scientific journal dedicated to gremnsustainable chemistry. This journal,
named ‘Green Chemistry’, was published by the UlégarChemistry Network which was

founded in the previous year by the Royal SocidtyChemistry. The journal ‘Green
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Chemistry’ was later joined by several other pesrtawed international scientific journals

also specialising in green chemistry.

Two international organisations which are quiteivactin green chemistry are the
Organisation of Economic Cooperation & Developm@&@tECD) which established its own
‘Sustainable Chemistry’ programme in 1998 and thierhational Union of Pure & Applied
Chemists (IUPAC) which launched a biannual inteomatl conference on green chemistry
in 2006. Green chemistry research activity earnhedinternational limelight in the early
21% century with the awarding of the Nobel Prize iremtistry in 2001 and 2005 to a
number of chemists for their research into areegelg associated with green chemistry

(Nobelprize.org, 2001, 2005a, 2015b).

Green chemistry was also influential in updatingidkation on the production, use and
circulation of chemicals around the world. An exdens the important legislation recently
introduced by the E.U. and known as the REACH Divec(standing for Registration,
Evaluation, Authorisation & Restriction of ChemiggaWwhich entered into force in 2007
(European Commission’s Directorate General for gmtge & Industry, 2014). This
European legislation has been described as a ‘ne)dt towards green chemistry’
(Morson, 2007) as it encourages the developmentiaadf chemicals that are harmless to
human health and the environment. James Clarkthandeading figure in green
chemistry, described REACH as ‘the most importdr@ncicals-related legislation in living
memory’. He suggests that apart from protectinglipthealth and the environment, this
EU directive allows European producers of chemigallaim a high level of ‘green
credentials’ to those products evaluated for tdxiand environmental impact, giving them

a competitive advantage over others in the world.
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2.6 Scepticism & Other Obstacles to the Adoption dsreen Chemistry

Although it is clear that green chemistry is maksangnificant progress both in research and
industry, it still has a long way to go to beingegted and practised by all stakeholders
(i.e. industry, consumers, pressure groups, goventsn educators and researchers) across

the world.

Drawing from the RAND report (Lempert, Norling, Rer, Resetar & Mahnouski, 2003),
the Royal Society of Chemistry, RSC (2008) citasuaber of significant barriers to the
introduction and adoption of green chemistry. Ehieslude the lack of global harmonised
regulations and environmental policy, strict auikation procedures which make it harder
to develop new products and processes, the exstarmurred to introduce new technology
(requiring an initial short-term investment), ingdate economics of the implementation of
green chemistry, insufficient funding for reseasastd development, lack of clear guidance
on best practice in green chemistry, lack of ursally accepted green chemistry metrics
that allow comparison between different chemicalss their life cycle, a culture that
looks at the product rather than a whole procedditencycle, as well as the low profile of

green chemistry in schools and universities (Letngieal, 2003; RSC, 2008).

One other obstacle seems to be the lack of complgte in the outcome of research. In
fact, it is sometimes argued that the public is fufly informed with the entire picture
about the green chemistry practices being advanéeam. example, according to Roberts
(2005) little is known about the toxicity of ceraionic liquids which are now being

proposed as green solvents.
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There are certainly other more obvious obstacléed@doption of green chemistry, one of
them being the scepticism or negative attitudesdstain ‘old guard’ chemists. Sanderson
(2011) quotes Eric Beckman, a chemical engineerthat University of Pittsburgh,
Pennsylvania, who attributes such an attitude ¢of#let that chemists used to be trained
rigorously in chemistry but insufficiently in imp@ant areas such as engineering, product
design and life cycle analysis. The same authsp atentions how according to Neil
Winterton, a former critic but now a convinced greehemist, green chemistry was
originally perceived as ‘fuzzy and non-rigorous’anang it might have appeared to be too
vague and unchallenging in its early stages. (ibeptics feared also it was nothing more
than a ‘trendy new buzzword’ used to tap some fuffds projects of dubious

environmental value’ (Sanderson, 2011).

Roberts (2005) goes as far as calling green chgmasfractured idea’ viewing it to be half
way between a scientific movement and a commurfityractitioners who practise ‘some
form of green chemistry’ as part of their daily Was chemists. In her critical analysis of
the green chemistry movement, Roberts argues theéngchemistry has not yet
accomplished what it aspired to do and will themefbave to face an inevitable uphill
struggle unless something is done to revamp thaptiise to reflect what it takes to be a

true scientific movement.

Although scepticism to green chemistry diminished¢hwtime, it did not disappear
completely. In fact, John Warner, widely considkeas a leading figure in green chemistry,
was reported as saying that ‘a mention of greemndtey in a gathering of chemists can

still provoke sighs and eye-rolling’ (Sanderson, 120 even though the situation has
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improved with time particularly with the ongoingsearch momentum and the exponential

rise in number of publications on a broad rangeetsprelated to the field.

2.7 Green Chemistry in Education

The emergence of green chemistry in the 1990s wlamnved by the growing need of the
exponents in this field to share their new phildsopnd methodology of doing chemistry
with other chemists and students aspiring for argbiey career. In fact education was
soon recognised as the ideal medium through wihielgteen chemistry message could be
diffused among university students and even soctiarge (Wardenchi et al, 2005).
Educators even started looking at ways and meanstegrating the green chemistry
concepts with those of sustainable developmentwiviere developed a few years earlier
in the 1980s (UNWCED, 1987) and teach them in oiffié levels of education. This is so
because green chemistry shares the main idealastdisable development. In fact, the
teaching of green chemistry usually involves thgcdssion of sustainable development as
it allows students and teachers to address in laicattway the various environmental
issues faced by the local and international comtims(Haack, Hutchison, Kirchhoff &
Levy, 2005). This explains why green chemistryaiso frequently referred to as

‘sustainable chemistry’.

Teaching green chemistry is one way of showingrtigortance of chemistry for sustainable
development (Burmeister & Eilks, 2012). Some sggdkat this has become an urgent
matter when one considers that education for swsibe development is still virtually absent

in many post-secondary chemistry curricula all aber world (Vilches & Gil-Pérez, 2013).
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It also projects chemistry into the future congimigrthe emphasis laid on ‘environmental

sustainability’ during the International Year oféhistry 2011 (Hill et al, 2013).

2.7.1 _Teaching Green Chemistry at University

There were several authors who wrote about the tapce of implementation of green
chemistry in university chemistry courses espegiall the undergraduate level (Ridley,
2011). Some of them emphasized that more thamaddsithis is now inevitable (Braun et
al, 2006). Studies show that when students attendses in green chemistry, they would
improve their critical thinking, problem solving dieommunicative skills which they need
in order to understand better the local and glatmdtexts of sustainable development
(Parrish, 2007). Learning green chemistry was dtand to help students address
environmental issues as they feel empowered tegmioblems in familiar settings (Haack

et al, 2005).

Green chemistry started being taught to undergtadua the USA in 1992, well before the
launching of the principles of green chemistry byastas and Warner in 1998 (Collins,
1995). At that time, it was thought that the idpkice to teach green chemistry was the
university research laboratories and classroomsdsrgraduates and postgraduates would
have a higher standard of chemistry than youngetesits at lower levels. It is also a
known fact that most of the university students ldalready be aspiring for a chemistry
related career during their studies. Furthermbmgas thought that green chemistry was
regarded to be so challenging that it had the paleto generate ‘intellectual excitement’
among university students (Ware, 2001b). Similginions were shared by other authors
who felt that it was ‘imperative to teach the vauaf green chemistry to tomorrow’s

chemists’ (Busch, 2000) in order to guarantee ¢hammists are always at the very centre of
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a sustainable society (Clark, 2006). This is alsnsonant with the moral obligation of
contemporary chemists to continue developing susdée products and protect human
health, as specified in the updated codes of cdanofuthe chemical professionals (ACS,

2012; Prado, 2003; RSC, 2012).

Although green chemistry is now being offered bgrewing number of universities from
all over the world, the situation is still belowpectations considering that it is still a long
way from being accepted and integrated into alivewsity chemistry curricula (Clark,
2006). In a way this is not unusual in educatidmere curriculum reform is frequently
described to occur in an ‘evolutionary’ rather thaafrevolutionary’ way, with new major
concepts requiring sometimes a whole generatidietome truly integrated in the relevant

programme of studies (Kirchhoff, 2009).

Some countries are currently increasing their &ffor order to step up the uptake of green
chemistry by academia. One example is the laugabirthe American initiative known as
‘The Green Chemistry Commitment’ which aims to ptleé efforts and resources of
various educational institutions involved in gregmemistry education (Beyond Benign,
2014b; Ritter, 2012). Indications show that unsugr students show a strong interest in
sustainability and are very receptive if not enthstsc on the inclusion of green chemistry

in the chemistry curricula (Haack et al, 2013; Kesa2013).

2.7.2 Green Chemistry for Pre-university Students

The idea of extending green chemistry educatioprésuniversity students is now gaining
support and in fact more people are today recagmisine importance of incorporating

green chemistry, in one way or another, in diffedemels of education (Anastas & Beach,
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2009; Andraos & Dicks, 2012; Beyond Benign, 2018yrmeister & Eilks, 2012;
Burmeister, Rauch & Eilks, 2012; Eilks & Rauch, 20Karpudewan, Ismael & Mohamed,
2012a; Mandler, Mamlok-Naaman, Blonder, Yayon & $tein, 2012; Matlack, 1999;
Ryan & Tinnesand, 2002).According to Wardenchi et al (2005) the philosopnd
practice of green chemistry can contribute to sngkde development and this is why they
believe that it has to be introduced to studentslldievels. Literature shows there is an
increasing support to the idea that students shiealch ‘to view chemistry with a green
tint’ (Savitskaya, Kimlenka & Rytau, 2012). A nusriof undergraduates who experienced
green chemistry for the first time at universityliéeed that education would be
significantly improved if green chemistry were te mtegrated in the curriculum at an

earlier stage (Braun et al, 2006)

Some authors such as Ware (2001a) are concernegréianiversity chemistry students
may not have enough background to be able to utaetsand appreciate the full
implications of the whole set of green chemistrin@ples. Yet they believe there is
enough content to introduce some of the basic iddagreen chemistry to lay the
foundations of green chemistry in chemistry couraesigh school / sixth form level
(Ware, 2001a; Beyond Benign, 2014c; Anderson eR@D4; Goes et al, 2013). Other
authors also cite a number of benefits associatttdtiae introduction of green chemistry in
the lower levels of education. These include tbteiptial of green chemistry to empower
young students to relate traditional chemistry epte that are taught in class to the real
world outside and possibly to a future career iengistry too, given the choice students
have to make at this age (Braun et al, 2006). riegrgreen chemistry allows also students
to connect chemistry with other school subjects asykcts of their lives (Goes et al, 2013;

Karpudewan et al, 2012b)Even the scientific community stands to benefingigantly
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with the introduction of green chemistry into thereculum. In fact it has been argued that
learning about green chemistry at a young age gesvthe ideal platform ‘to attract the

bright students to the chemistry profession’ (Aaask Beach, 2009).

Countries such as the USA, UK and Australia haveaaly started promoting and teaching
some basic concepts of green chemistry in secorstéuigols and sixth forms / high schools
in order to show students what chemistry can dafeustainable future. Such a move is
consistent with the new trend of contemporary sédapnand post-secondary science and
chemistry curricula which recommend the teaching hafsic ideas of sustainable

development to prepare students to become betieeres and future experts of science

(Bradley, 2002).

2.7.3 Greening the Sixth Form Chemistry Curriculum

By now there are various countries across the wgadticularly in Europe and America)
which have adopted concepts of green chemistrdyarcurricula of sixth form / high school
chemistry. Such a widespread interest to inclugkerg chemistry in further education
programmes is being complemented by an increaseumber of relevant educational
material and resources available for students ahetators (Beyond Benign, 2014c,

Chinese University of Hong Kong, 2004; Karpudewtalg2011a).

Parent, Kirchhoff & Godby (2004) suggest a numbtrcancrete ideas on how green
chemistry can be integrated in a typical A-leveérmimstry curriculum. These include the
use of strategies such as emphasizing the presénaeget products and by-products in a
chemical process, calculating and comparing thenaoonomy (an important principle of

green chemistry) with percentage yield (a clasgicantitative chemical concept) in order
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to check the efficiency of a reaction, addressgsgies concerning raw materials and energy
requirements when discussing preparations, proyiditernative reaction routes (making
students aware of the several options availabtgjpducing green chemistry concepts
through laboratory experiments, and discussing lobemistry concepts are related to

social, economic and environmental issues, i.ethre®e dimensions of sustainability.

An example of how green chemistry can be infusea imgh school chemistry curriculum
was provided by the organisation Beyond Benign tipablished a detailed method of
integrating ‘greener’ concepts with established jesttb matter. This consists of a
curriculum mapping document prepared by a groupeddicators after surveying the
materials published online or in print and suggestuitable resources for each of the topic
areas usually included in a typical introductoriysffyear) course in A-level chemistry.
However more work needs to be done in this areanfwove on existing teaching and
learning resources that are already available lsat @n the professional development of

chemistry teachers and the choice of teaching agpro

There were other initiatives to design green chegnigrogrammes specifically for high
school / sixth form and even lower stages of edocat These include courses created by
various colleges and universities in different part the world, mostly involving outreach

efforts carried out by university chemistry studefnastas & Beach, 2009).

2.7.4 Educational Resources

The amount of literature on green chemistry that heen published since its emergence in
the early 1990s is substantial and reflects thevipg interest and volume of research

carried out in this new area of modern sciencet tife number of educational resources
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particularly textbooks that have been developedate which target post-16 students and
their teachers are not so abundant. In fact mb#teoteaching resources that have been
created to date are more addressed to undergraaluieostgraduate students than to pre-

university students (Cann & Dickneider, 2004; Hgam at al, 2000; Ware, 2001a).

Two major contributors to the teaching and promotd green chemistry in educational
circles are the Green Chemistry Institute of theefiman Chemical Society — ACS GCl,
and the Royal Society of Chemistry of the UK — RSThe American Chemical Society,
ACS, published two chemistry textbooks which haeerb described as ‘non-traditional
texts’ through which it introduces various aspecetd examples of green chemistry. One of
the books ‘Chemistry in Context’ t?Sedition) is mainly addressed to non-chemistry
undergraduates (ACS, 2014e) while the second ohen@stry in the Community’ known
also as ChemCom '(6edition) is specifically designed for high schablemistry students
(ACS, 2011). The latter covers traditional chengigbpics and relates them to societal
issues and real-world scenarios, and represent®foties first efforts to introduce green
chemistry in a chemistry textbook for pre-universitudents. Yet another ACS publication
which addresses high school teachers and studerke ibooklet ‘Introduction to Green
Chemistry — Instructional Activities for IntroduecyoChemistry’ (published in 2002) which
includes activities, references and resource nas$eoin green chemistry with instructional
notes linking green chemistry concepts with tradiél chemistry curriculum (Ryan &

Tinnesand, 2002).
One of the earliest European publications involviegching of green chemistry was the

booklet produced by the Royal Society of ChemigR$C) which carries the title ‘Green

Chemistry’ (Warren, 2001). This may be consideasane of the first resources outlining
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areas for teaching of green and environmental ctegnias well as sustainable
development, specifically aimed for 11-19 year stddents (i.e. secondary and post-

secondary education).

There were also some efforts to produce educati@salurces featuring a number of green
chemistry experiments and related laboratory dssi An example is the manual
prepared by the Union University containing expemts designed for high school students
(Union University, Tennessee, 2014). There aréecuifew other laboratory handbooks in
green chemistry but these are more adapted to nergraduates and higher levels of
education (Dicks, 2011; Doxsee & Hutchison, 2008ckhoff & Ryan, 2002; Roesky &
Kennepohl, 2009). Experiments in green chemisteyalso being added to other material
typically found in laboratory manuals designed dotth form chemistry students (Chinese
University of Hong Kong, 2004). There is also iagreasing trend to publish green
chemistry educational resources on the internétaothey would be immediately available
to students and teachers all over the world. TaoB lists a number of such online

resources that apply to all those involved in treeeging of a post-16 chemistry curriculum.
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Table 2.2: Online Resources on Green Chemistry fdPre-University Students

Name of Online Resource

Description and Source

Beyond Benign

A website managed by the non-profit organisation ‘Beyond Benign’ which
aims to revamp the teaching of chemistry so that students would connect
in a better way with the world and be able to relate chemistry to human
health and the environment. It includes various resources and
programmes aimed for K-12 science, university and professional level.

(Beyond Benign, 2014b)

Chemistry is All Around
Network

This is a EU project forming part of the Lifelong Learning Programme
which promotes the studying of chemistry at school. The portal provides a
number of teaching resources and other online material which promotes
teaching chemistry in a more innovative, attractive and interactive way. It
was launched in 2012 and includes a website dedicated to green chemistry
teaching resources (including original experiments) aimed for upper
secondary schools. Though the main language is Greek, most of the
material is translated to English.

(Chemistry is All Around Network, 2014)

Green Chemistry This is a social network for educators, provided by the University of
Educational Network Oregon, USA, to support opportunities to research, develop, implement
(GCEdNet) and disseminate green chemistry educational materials.

(GCEdNet, 2014)
Green Chemistry Based at the University of York, UK, and originally funded by the Royal
Network (GCN) Society of Chemistry, the GCN provides a list of useful information on

green chemistry issues, of possible use in different levels including A-level
and GCSE level.

(Green Chemistry Network, 2014)

Greener Education
Materials for Chemists
(GEMs)

This is an interactive collection (database) of green chemistry resources
compiled by the department of chemistry of the University of Oregon, USA.
It includes laboratory exercises, lecture materials, course syllabi and
multimedia content illustrating the green chemistry concepts. The level of
material varies as it targets different audiences including the general
public, secondary schools, colleges and universities.

(University of Oregon, 2014)

Greener Industry

A website produced by the Chemical Industry Education Centre and
supported by a number of organisations including the Royal Society of
Chemistry, with contents being very relevant to the A-level curriculum,
illustrating a number of products and processes of the chemical industry
that can be rendered sustainable through green chemistry.

(Greener Industry, 2014)

Online Educational
Resources for Green
Chemistry & Engineering

A website provided by the American Chemical Society featuring several
links to a number of resources developed by the Green Chemistry Institute
and the Education Division of the ACS. Resources include various
teaching tools and ideas, and a number of activities and experiments in
green chemistry designed for high school students and other levels of
education.

(American Chemical Society, 2014c)
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There are other methods through which studentsteachers can get more involved in
green chemistry. These include participation oélshts in outreach activities organised by
the green chemistry institutes and centres pralifieg in various parts of the world,
participation by teachers in workshops, trainingirses and summer schools organised
periodically by organisations such as the Amerid@hemical Society, the Italian
interuniversity consortium INCA and the British &re Chemistry Centres in York and
Nottingham. Such activities are aimed to trainckess in the use of green chemistry
educational resources and how to conduct green istrgm experiments and
demonstrations. They also help them integratengcbemistry principles into the current

science and chemistry curricula (Anastas & Beabb92

2.8 Potential Barriers to the Integration of GreenChemistry

Although some progress has been registered inntiegration of green chemistry in the
curricula of both pre-university and university cees, the situation is still considered far
from being ideal (Braun et al, 2006; Cann, 2005rk;11999; Kirchhoff, 2009). In fact, to

date, green chemistry still does not form parthef standard chemistry curriculum in most
colleges and schools (Matus, Anastas & Zimmerm@a2p It is evident that there are a
number of obstacles which need to be addressed fmoader implementation of green

chemistry in education.

One of the problems which is frequently cited byaators is that there is no place for new
material in a chemistry curriculum that is widebgarded as ‘overcrowded’ (Andraos &

Dicks, 2012; Ware, 2001a). One of the argumentditt about by sceptics is that
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traditional material is more important than gre&eristry concepts and that there is not
enough time to cover the mainstream concepts amddunce new areas (Braun et al.,

2006). The counterargument is that green chemmseg not be added over and above the
existing material and examination syllabi as it maglace part of the content in an exercise

updating the present coursework (Kirchhoff, 2008ivdrsity of Oregon, 2005).

Significant resistance may also arise from teachadslecturers who may be reluctant to
introduce green chemistry simply for the fact ttrety might not have been trained to do
so, or because they aren’t yet convinced of itsoitgmce (Ware, 2001a). However the
presence of the increasingly available online resesiand the various proposed methods to
introduce green chemistry in schools can all h@povercome such teacher inertia.
Klinghsirn & Spessard (2009) suggest that teaclmeay always seek the support of
colleagues and administrators especially when onsiders that aspects such as enhanced

safety and reduced waste generation are geneeslyathle by all educators.

Another major obstacle that is also mentionedterditure is the lack of relevant curricular
material. In fact it is true that chemistry textke which refer to green chemistry are
particularly lacking, especially at the post-16dev However there are several online
publications suitable for university students amne alternative educational resources
which and appeal also to a younger audience and #nee general public (ACS, 2014d;

Michigan Green Chemistry Clearinghouse, 2014).

Some educators also perceive green chemistry ag leéher too political or not enough

scientific and hence not as challenging as thatioadl chemical sciences. In fact it has

sometimes been labelled by critics using terms sscisoft’ or *hippy’ chemistry (Amato,
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1993; Andraos & Dicks, 2012). Other authors retuth claims by explaining that all
green chemistry innovations are scrutinised ingarous way before being accepted as
green or sustainable. Furthermore, they arguethi®aprinciples of green chemistry are
based on the same principles underlying traditiact@mistry (Klingshirn & Spessard,

2009).

Sceptics sometimes argue that converting to a netligdology such as green chemistry is
too expensive and is therefore not truly sustamalsien one factors in the cost of research
and the investment required until changes are dagdefor the industry. There is also the
perception among some consumers that green pro@dwetamore expensive and less
effective too. However, other sources argue thagrwone considers all costs of a new
chemical product or process (including the amouwitseagents and solvents required,
safety measures and methods of disposal), greemistng is usually found to be cost-

effective (Matus et al, 2012; University of Oreg@005).

Another point made by some critics is that the t®waent of new experiments to illustrate
green chemistry principles or the ‘greening upbtfers is a very time-consuming process
and this may discourage teachers from promotingegngr approach to the chemistry
laboratory (Klingshirn & Spessard, 2009). This mflea has already highlighted the
availability of a limited number of resources that already available for educators willing
to adopt green chemistry in their teaching labayafyactice. This may be considered as
‘work in progress’ as experiments are continuouming developed and published on the
internet (Berkeley Centre for Green Chemistry, 20Béyond Benign, 2014a; Green

Chemistry Education Network, 2014; Greener Educatiaterials for Chemists, 2014).
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According to some sources, educators who are wilim implement green chemistry
especially in the school laboratory, may also ewpee what has been termed as
‘greenophobia’, i.e. the fear that a newly desigarperiment or exercise may not be valid
unless it adheres to all the criteria of green aeeyn However, Klingshirn & Spessard
(2009) explain that the term ‘green’ is only relatiand any improvement in laboratory
procedures / exercises, even though gradual, wstilldbe considered to lead to greener

methods.

Green chemistry has also been criticised for tloe tfaat it does not train students how to
handle dangerous chemicals as it aims to minimieamical hazards in laboratories and
industry. Critics argue that students may eveftulahd it harder to deal with such
chemicals at their future place of work (Klingsh&nSpessard, 2009). This argument is
opposed by suggestions that students at this tdvadlucation need not be exposed to any
hazardous chemicals to learn basic chemistry cascdp fact students would have more
time to deal with such chemicals, if and only ifey have to do so later in life, when they
may even be in a position to offer greener altéveat (University of Oregon, 2005;

Klingshirn & Spessard, 2009).

Andraos and Dicks (2012) explain that a common amseption with students and
sometimes even with researchers is that green shgms synonymous with environmental
chemistry. Although both these areas of chemisé@ avith environmental issues and are
also complementary to each other, they certainlyehdifferent aims and emphasize
different concepts. Hence it is important thatlstuts learn how to distinguish between the

two separate areas of chemistry.
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2.9 Future Challenges of Green Chemistry Education

The type of chemistry that is often presented tmlestits in the classroom is sometimes
described as ‘brute-force’ chemistry that requimtassh conditions (e.g. high temperatures
and pressures) and harsh chemicals (e.g. conahtaatds or alkalis). In contrast, green
chemistry works using milder reaction conditionseéally chosen in order to avoid toxic
reagents and hazardous waste products (Kirchh6@9R2 It is safer and non-toxic and
certainly more sustainable than traditional chemistat has been taught in the classroom

till now.

Given that students are already being taught casadpsustainable development as early
as their secondary level of education, it appeaggél that one of the next challenges of
chemistry education is that of presenting alsopttieciples of green chemistry to the same
audience of students, as the real centre of sadiiditly. This may also have the added
benefits of improving the image of chemistry andrkiray against chemophobia and low

enrolments in chemistry, particularly at the poStédvel.

The body of literature surveyed in this chaptempoto the fact green chemistry can only
make significant progress once it is diffused inaa¢éas of chemistry in order to reach all
chemists. This process can only be achieved bsgrating the principles of green
chemistry in all levels of education, starting frone lowest possible level, i.e. secondary
education. This means that ideas of green chgmisid to form part of the training of all

future chemists right from the very start (EilksR&auch, 2012).

71



According to Kirchhoff (2009), all chemistry praaners should realise that green
chemistry is not to be regarded as an area of alsation but a strategy that is beneficial
to all chemistry. Literature clearly suggests tblaémistry students and future scientists
would greatly benefit from the introduction of gneehemistry in the chemistry curriculum

(Braun et al, 2006) as these would adopt a difteigneener’ attitude from others during

their studies and beyond. Other literature suggibstt chemistry educators must continue
working to develop, use and share their educatioraérials on green chemistry related to

their areas of specialisation, in order to fadiitthe process of integration.

2.10 Chapter Summary

Green chemistry is a relatively new area of chemistat aims to prevent pollution by
focussing on the molecular level to design safer-toxic and non-hazardous chemicals
and chemical processes. It is also known as sadtl® chemistry as it protects human

health and the environment and is also economivéllyle.

This new science is based on a set of guidelinesvikras “The Twelve Principles of Green
Chemistry”, which were launched by Anastas and Wiaamly in 1998. These principles
serve as a framework for chemists to evaluatedheehness’ or sustainability of chemical
products and reactions and are regarded as the atithe game for the adoption of green
chemistry by the chemical industry. The recentonysof green chemistry shows that it
was born in the USA in the early 1990s as a readiyochemists to address environmental
problems created in the twentieth century by thenabal industry but also to counteract

the mounting legislation to control pollution. Timeeption of green chemistry represented
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a major shift in the environmental protection p&yad from a ‘command and control’

approach to a ‘pollution prevention’ approach basedhe principle of waste minimisation.

Green chemistry started as a research programrtte idSA but then metamorphosized
into a scientific movement involving people frometlthemical industry, universities,
laboratories and other organisations and then geegmeering. It did not take long for
green chemistry to proliferate in different couesriacross the world with activities being
organising by a growing number of green chemistgties and networks, the majority
operating from universities and colleges. Greeemubktry was also shortly adopted by
various international organisations while reseatanted being published in a number of
journals all dedicated to this new area of scienBesearch in green chemistry was even

recognised on more than one occasion with the N@beé in chemistry.

The parallel evolution of the concepts of greennus&y and sustainable development
earned the attention of educational fora and unstihs, and educators started promoting
them in various levels of education. Green cheamstiarted being taught in universities in
the 1990s but was later adapted to younger audieswee introduced in the curriculum of

secondary and post-secondary schools. Literatuggests also that teaching green
chemistry to young students enables them to réletter basic chemistry concepts to their
everyday lives and may even attract bright studéatchemistry careers. However
different sources indicate that a number of po&wulifficulties may hinder the introduction

of green chemistry in schools. These include aeadly overburdened curriculum,

resistance from teachers, lack of adequate edwedti@sources and different forms of

scepticism.
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Considering that students in secondary schoolsalgeady familiar with the concepts of
sustainable development, it appears to be logea@résent green chemistry in schools as
the real centre of sustainability. Such move woptssibly help improve the public
perception of chemistry and attract more studemtstudy the subject. Integrating green
chemistry in the school chemistry curriculum woaldo help the green chemistry message
to reach a wider audience and prepare future cheraisd scientists to face better the

challenges of a future sustainable world.
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Chapter 3

OTHER RELEVANT AREAS OF LITERATURE

3.1 Introduction

The learning of scientific theories and conceptsshydents attending post-compulsory
education is largely influenced by their interestl attitudes towards science. This has
been confirmed by a body of literature dealing witltious aspects of students’ attitudes
towards science in general and chemistry in pdaicuStudents’ attitudes towards societal
science / chemistry and towards school scienceem@iry get shaped by various factors
originating from the same students’ life experieat@ome, with friends and through their

interaction with other people at school and in stycat large.

This chapter deals with other areas of literatetevant to this research project, focussing
mainly on theories of attitudes and factors whiehednine students’ attitudes to science
and chemistry, with special reference to work earrout on post-16 students. It also
describes the different methods adopted by reseesch the area of science education to

measure students’ attitudes, highlighting somdeit tstrong points and limitations.

The chapter discusses the various dimensions o$ttigents’ attitudes to chemistry and

then refers to problems associated with understgndf chemistry and green chemistry

ideas.
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3.2. Research on Students’ Attitudes to Science

Research work on students’ attitudes towards seiéas now been featuring prominently
in studies carried out over the past 50 years inittrest and activity reaching a peak in the
1970s but then declining with time due to a nuntdfassues possibly related with the use
of terminology, instruments to assess studentagudd#s, the use of accessible information
and overlap in findings from earlier contributiof@amsden 1998). The interest for
research in science-related attitudes was re-ignitsvards the beginning of the new
millennium, marking a widespread international ancfor certain trends in science

education (Hofstein & Mamlok-Naaman, 2011).

All research in this area of science education badn trying to address a number of
concerns ranging from the lack of students’ inteireschool science, the decline in interest
of young people to pursue further studies in s@emaad choose scientific careers,
widespread lack of scientific literacy among thengyal public and more specific issues
such as under-representation of females and cemtaiorities in professions related to

science / technology.

A number of major reviews of literature on attitadewards science have been carried out
over the years. These include reviews by Gardh@r%), Munby (1983), Nieswandt
(2005a), Osborne et al (2003), Potvin & Hasni (208thibeci (1984), Simon & Osborne
(2010), and Toplis (2011) which draw on hundredstatlies on students’ attitudes. Such
reviews indicate that this area of science educatias extensively researched even though

it was not always clear what type of attitudes wereler investigation, given the
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ambiguity, poor articulation and lack of understagdof the concept of ‘attitude towards

science’ (Osborne, Simon & Collins, 2003; Simon &0rne, 2010).

3.3 What are Attitudes?

The term ‘attitude’ has been defined in a numbewafs, the following being one that
represents most definitions: “An attitude is teedency to think, feel or act positively or

negatively towards objects in our environment” (zag Chaiken, 1993).

In research work, the term ‘attitude’ is correlateda number of other terms such as
‘interest’, ‘motivation’, ‘views’, ‘images’, ‘belits’, ‘values’ and ‘personality
characteristics’ (Ramsden, 1998). However, thdityuaf evaluation referred to in the
above definition is considered as essential inrdjsishing the concept of ‘attitude’ from
others such as ‘beliefs’ or ‘opinions’ which arekied to an external object such as the
influence of another subject or science (Putti,120dan Aalderen-Smeets, Walma van der

Molen & Asma, 2012).

An attitude is sometimes also referred to as aitipesor negative feeling about something’
(Koballa & Crawley, 1985), as ‘likes and dislikeswards an object (Bern, 1970), as a
‘tendency to react in a positive or negative styith respect to a given attitude object’
(Oskamp & Schultz, 2005) or simply as ‘a way ofdimg at things’ (Muellerleile, 2005).

On the other hand psychologists consider ‘attitudebe an internal state that influences

behaviour. For most educational researchersiudds’ are ‘a state of readiness or pre-
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disposition to respond in a certain manner whenfroated with certain stimuli’
(Oppenheim, 1992). An attitude may be positivgatiee or neutral (Khan & Ali, 2012).
Attitude is not considered as a single unitary ephdut is multifaceted as it is made up of
a number of dimensions and sub-components. Fangbea Munby (1983) specifies that
the three main characteristics of an attitude amdirfg, cognition and behaviour. The
overall attitude towards an object is therefore ghm of the separate evaluations of these

sub-components (Ajzen, 2001).

Attitudes have been viewed by social psychologisten three different angles — the
‘tricomponent’ viewpoint, the ‘separate entitiesiewpoint and the ‘latent process’

viewpoint (Oskamp & Schultz, 2005).

The tricomponent viewpoint represented by Krech, Crutchfield & Ballachey (@P6

involves feelings and emotions towards the thresirgit components or dimensions of

attitude:

. the COGNITIVE component — which is a set of beliafsout attributes of the
attitudes’ object;

. the AFFECTIVE component — which includes positivel amegative feelings about
the object; and

. the BEHAVIOURAL component — which pertains to thaypeople act towards

the object.

This viewpoint was popular in 1960s but was cisicl for a number of weaknesses such as

the fact that some people may tend to develop #tétudes on the basis of their feelings

while others may choose to rely mostly on theirdisl (Huskinson & Haddock, 2004).

78



The separate entities viewpoint which was strongly advocated by Fishbein and #Ajze
(1995) regards the above-cited components as lzkgtigpct separate entities. The term
‘attitude’ is solely reserved to the affective campnt while behaviour and cognition are
considered as ‘determinants’ rather than componeh@&ttitude and are to be assessed
separately. One of the drawbacks of this appraoatte classification of evaluative beliefs
(an intermediate category) which overlap signifibamvith affective responses (liking or

disliking) and hence cannot be treated separatefy attitudes (Oskamp & Schultz, 2005).

The latent process viewpoint which is associated with DeFleur and Westie (1963
considers attitudes as a latent (or hidden / ibig¥ivariable that can help explain certain
observable stimulus events and behaviours. Aceogrth this perspective, the stimulus
event (e.g. chemistry lessons) will trigger latgmbcesses (which could be cognitive,
affective or behavioural) within the individual, weh result in the expression of an attitude
summarising the information of these hidden proeg¢Eagly & Chaiken, 2005; Fabrigar,
MacDonald & Wegener, 2005; Oskamp & Schultz, 2005Jhe following diagram

summarises the latent process viewpoint showingdleeof attitude as a hidden process in

explaining the relationship between stimulus evants the individual's responses.

OBSERVABLE LATENT LATENT OBSERVABLE
COGNITIVE COGNITIVE
PROCESSES RESPONSES
STIMULUS AFFECTIVE ATTITUDE AFFECTIVE
EVENT PROCESSES (INFERRED) RESPONSES
BEHAVIOURAL BEHAVIOURAL
PROCESSES RESPONSES

(Oskamp & Schultz, 2005)

Figure 3.1: the Latent Process Viewpoint of Attitues
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This viewpoint of attitudes which formed the basishe theoretical framework of analysis
of attitude data in this study, has a number obatlges over the other two views. In fact,
unlike the ‘separate entities’ viewpoint, this pastive does not equate attitude
exclusively with the *‘affective’ or ‘emotional’ resnses, thereby excluding completely the
cognitive and behavioural dimensions of attitudeBesides this, in contrast with the
‘tricomponent viewpoint’, the latent process poaitview does not stress that the three
components of attitudes must necessarily be congrugn attitude may arise from one or
a combination of processes, i.e. affective, cogai@nd behavioural (Zanna & Rempel,
1988) and may generate one or more of the correlspgriypes of observable responses

(Breckler, 1984).

3.4 Attitudes towards Science

According to Gardner (1975) students’ attitudes sence consist of a ‘learned
predisposition to evaluate in certain ways, objeqieople, actions, situations or
propositions involved in the learning of scienceKoballa & Crawley (1985) are more
generic in their definition which does not refeesffically to learning of science. They
regard attitude towards science as to ‘whetherraopelikes or dislikes science or has a
positive or negative feeling about science’. Iitides research, the word ‘science’ is an

umbrella term used to encompass biology, physidscaemistry (Ramsden, 1998).

Gardner (1975) made an important distinction betwéee terms ‘attitudes towards

science’ and ‘scientific attitudes’. Attitudes tamls science represent feelings, beliefs and
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values about attitude objects such as the enterpfiscience, school science, the impact of
science on society, scientists and chemistry lesssém other words such attitudes describe
how much a person likes or dislikes science (Nieslya2005b). On the other hand,
‘scientific attitudes’ refer to qualities requireg scientists such as open-mindedness or the
ability of having an inquisitive mind which formehobasis of scientific thinking (Gardner

1975).

This research study concerns the former type abidés, i.e. attitudes towards science (and

not scientific attitudes) with specific referenae d4chool chemistry as the main attitude

object.

3.4.1 Multiple Components of Attitudes towards Sciece

Research in education has indicated that studexttisides do not consist of a single
unitary construct but are divided into a range aihponents which all contribute in some
way towards a person’s overall attitudes to sciente fact, a number of studies have
included a list of components that were used tosomega'attitudes towards science’. These
components include the perception of the scienaehtr, anxiety towards science, the
value of science, self-esteem at science, enjoyofesttience, attitudes of peers and friends
towards science, attitudes of parents towards sejghe nature of classroom environment,
achievement in science and fear of failure on @larscience course (Osborne et al, 2003;

Simon & Osborne, 2010).

3.4.2 Attitudes towards ‘Science in Society’ versuattitudes towards ‘School Science’

Research work by Breakwell & Beardsell (1992) oiesce attitudes and involvement in

science activities of a number of 11-14 year ohdthe UK found a significant demarcation
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between liking for science in society and liking fechool science. Whereas ‘societal
science’ is perceived by students in terms of n&diad technological developments and
their impact on society, school science is assediahly with schools, science teachers, the
science lessons, the classroom environment, sdabokatories and practical work in
science. Research shows that there is no comelagtween the two types of attitudes to
science and so it is suggested that science-ine$@ral science-out-of-school would be

treated separately when students’ attitudes argylaalysed (Osborne et al, 2003).

3.4.3 Research Findings on Attitudes to Science

Over the years, considering all studies carriedooustudents’ attitudes towards science, a
number of general conclusions could be drawn reggrthe students’ experience of
science in school and beyond. Studies and sursteyw that students’ attitudes towards
science itself are generally positive, with studewiewing it as useful and interesting
(Jenkins & Nelson, 2005). This is confirmed bg ROSE study which found that young
people hold very positive attitudes to science suthnology viewing them as important
means to make their lives healthier, easier andencomfortable (Sjgberg & Schreiner,

2010). But the same cannot be said on studertitsices to school science.

In fact literature shows that school science isvei@ by students as unattractive as it lacks
topics of interest, does not allow students to ieatove and does not connect with society.
It also fails to relate with the progress of reshawork in science and is often perceived as
fragmented in different isolated disciplines whigtevents students from being provided
with a coherent picture of science (Christidou, ZOMcSharry & Jones, 2002; Siegel &

Ranney, 2003). In contrast, students tend to deveobsitive attitudes towards science-in-

society as this is highly contextualised. It cansecomplex, topical and controversial
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issues involving social aspects related to scieritiiowledge. Christidou (2011) suggests
that in order to make science curricula more appgab students, science education needs
to consider those aspects of science which aresgldby students in everyday life and in

different contexts such as health and environment.

Other studies show that interest in school scieleatines significantly during the period of
compulsory education (Bennett & Hogarth, 2009; &idou, 2011; Ramsden, 1998;
Toplis, 2011) probably starting even as early amfthe primary education (Pell & Jarvis,
2001) even though pupils / students may still Hoghly favourable attitudes upon starting
secondary school (Simon & Osborne, 2010). Researgbests that the attitudes which are
mostly affected negatively are those towards leaymf science at school, while attitudes
towards practical work and towards the value oémsoe remain more or less the same
during compulsory education (Barmby, Kind & Jon2808). Contrary to earlier research
evidence Sharpe (2012) found that even the atsttml@ractical work in science decline as

students progress through their secondary schamlagion.

The ROSE project concluded that fifteen-year-oldtlehts found school science to be less
interesting than other subjects (Sjgberg & Schre?@10). Evidence shows also that it is
the students’ experience of school science thatcedff negatively their interest and
motivation in the subject (Kahle & Lakes, 1983; My & Whitlegg, 2006). The negative
views are more associated with the physical sceeffce. physics and chemistry) rather
than the biological sciences (Ramsden, 1998) articplarly concern non-science students

(Holbrook & Rannikmé&e, 2007; Roth & Lee, 2004).
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Science as a school subject is also consideredfasiltl not so relevant and therefore not
useful to the lives of most people (McSharry & Jriz002; Osborne et al, 2003; Ramsden,
1998; Siegel & Ramney, 2003). This contradictiogtweeen the students’ interest in
science as a discipline and their disenchantmesthool science featured prominently in
research conducted by Ebenezer and Zoller (1998)Lgans (2006). All these findings
confirm the conclusion reached by Hendley, StaBl&tables (1996) that science appears
to be a ‘love-hate’ subject that has a strong erilte on the students’ feelings, particularly

at secondary level of education (Hendley et al61@8borne et al, 2003).

3.5 Exploring Students’ Interest in Science

Research suggests that the main factor which imfle® the students’ interest and decision to
study science at high school level is their inteneghe subject (Mamlok-Naaman, 2011).
Furthermore it was also established that the stadamterest to pursue further study in
science gets largely crystallised by the age ofaéin or fourteen, i.e. half-way through their
secondary education (Lindahl, 2007; Simon & Osbo2@10). The small-scale study
conducted by Lindahl on 12-16 year old Swedish esitgl even found that it becomes
progressively harder to engage older studentsi¢mse. It is therefore imperative to look
also into the factors that students find intergsaind uninteresting in science in general and

chemistry in particular, at such an important phagkeir course of education.

3.5.1 What makes science / chemistry unappealing $tudents

One of the factors which has long been found toersthool science unappealing is that

students find it harder than other subjects with thain points of difficulty being the
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language used full of unfamiliar terms, complex aapts to understand, the mathematical
aspect of physics and chemistry, as well as thd eenemorise so many facts for exams

(Collins, 2011; Osborne & Collins, 2001).

Another factor which students dislike in sciencethe rushed curriculum which they
experience at school. Students feel that they ‘fapg-marched across the scientific
landscape’ (Osborne & Collins, 2001) without beallpwed to stop, reflect and assimilate
concepts, discuss their own ideas and understamdimg) ask questions (Collins, 2011). The
problem seems to be common to all sciences whiltlaracterised by broad examination
syllabi to be covered in a rather limited time,atieg extra pressures in the classroom. The
common feeling among students is that materiabes drammed, allowing no room for
reflection because of examination pressures. Pamel Parvin (2008) reported how
according to OFSTED (2008) teaching of sciencehe@WK was examination-oriented and

was not creative and inspirational enough to engagemotivate students in the subject.

Students were found to be particularly disappoifieeahot being sufficiently involved such
as not being allowed, mainly due to time restritsioto raise questions and discuss their
difficulties or any further points of interest thayght have during the science lessons. In
other words, students feel that they are deprivetiawing their own say in their own
learning experience and express their creativity mmagination. Another factor which
students disliked in science is repetition of mateat different stages of the curriculum,
with concepts becoming more complex with time. ISrepetition is perceived by students
as signs of lack of progression in the topics come@é and contributes to a growing
disenchantment of science (Carter, Peloworth, MaklYilson, 2007; Osborne & Collins,

2001; Parkinson, Hendley, Tanner & Stable, 1998).
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Research shows also that students find scienceomsist of a body of knowledge
dominated by content emphasizing facts and roteilegz. Osborne and Collins (2001)
suggest that a course dominated by content isylitcehave a poor affective outcome as
indicated by the cognitive-affective mismatch hypestis of Millar and Tesser (1986).
Adding more content to a science curriculum is \advby Osborne and Collins (2001) as
being counterproductive and may have a negativecefbn contemporary science
education. In fact the general feeling today iat thess is actually more’ (Hofstein &
Mamlok-Naaman, 2011). Authors such as O’Neill &adiman (2004) suggested that if less
content is covered in class, this would allow sp#&oe students to gain a deeper

understanding of scientific theory and knowledge.

Osborne and Collins (2001) also argued that theadtience curriculum is failing to give
students a coherent picture of the subject by dmogi them with fragmented pieces of
knowledge which are often dealt with separatelyanrahe of the three sciences, viewed by
students as being so different from each otherstudly conducted by Tobias (1990) and
based on a number of case studies of students Imtinduced to the three sciences, found
that students often experienced an unappealing gpgga which was described as
‘condescending and patronising’ which did not allmwch space for discussion and which
created a competitive atmosphere. This is suppdiyeDonnelly (2001) who found that
science education was authoritarian, dogmatic amdreflexive, allowing little space for
students to act ‘as an autonomous intellectual tagéther studies show that teachers do
not usually provide extended explanations sometiregsiested by students, a common

excuse being that such queries would be treatadetter way at a later stage.
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One of the main reasons for the decline in studérteyest in school science was found to
be its lack of relevance to their everyday life ex@nce. In fact numerous studies show
that students lose their interest and find sciéessons to get less inspiring, boring and less
relevant as they grow older. Students also expesd a mismatch between science-in-
society and science-in-school (Barmby et al, 2@D&horne, 2007; Porter & Parvin, 2008;

Ramsden, 1998).

Chemistry was perceived by students to be the tekestant of the three sciences with certain
aspects such as industrial processes regardedunirgortant and outdated. Students were
put off chemistry also for finding it hard to ungend due to its abstract topics and
mathematical skills required for certain topics.hey also developed antipathy towards
certain topics such as the periodic table, chemexglations, bonding and industrial

chemistry (Cerini, Murray & Reiss, 2003; Osborn@)2, Osborne & Collins, 2001).

Other possible factors which made science appean adienating subject include the fact
that it often focussed on problem solving techngjuealso involved solving quantitative
rather than qualitative questions, the type of geds used, the examinations were not

challenging and the competitive atmosphere whiténoflominated science lessons.

3.5.2 What makes science / chemistry appealing taudents

Research studies identified also a number of aspebich engaged students’ interest in
science. These include some aspects taken sdpdrate biology, chemistry and physics,

as well as others such as practical work and thehtag approach.
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There is enough evidence showing that studentsgcesdly girls, are more attracted
towards biology than to the other sciences. Studi®w that students were particularly
interested in aspects of human biology which thewsclered as most relevant to
themselves such as health and safety issues (ByhdeCrae, 2011; Osborne & Collins,

2001).

With respect to chemistry, students were partitplamterested in aspects that were
concrete, observable and manipulable. These iactutking of chemical reagents, the
smells and odours associated with chemical chaagesther observations from practical
work. They liked the idea of being given the claiht decide on their own what test to
perform and which equipment to use (Wolf & Frasi08). Students were found to be
stimulated by the fact that experiments could egpgbem to hazards such as poisons and
explosive materials, rendering laboratory expeesuen more memorable (Osborne &

Collins, 2001; Collins, 2011).

Students were also found to be engaged more inci@ those topics that had a personal
relevance to their everyday lives, topics conceymiontemporary issues or others that dealt
with the existence of man. Other evidence suggdss the students’ interest also
depended on the type of teaching involved withrtiust effective teachers being the ones
that maintained order in class, made lessons sttegeby using different resources and
activities, had a sense of humour and also bgth@ relationship with students involving
them frequently in the lessons (Osborne & Collid3801). Students also prefer teachers
who were less didactic, who allow them to haverthay in class and who try to facilitate

learning of science (Hampden-Thompson & Bennett32Qyons, 2006).
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Other research suggests that students were very interested in the practical side of
science, emphasizing the element of fun and sensermership and autonomy which they
feel each time they carry out practical work in kkigoratory (Carter et al, 2007; Freedman,
1997; Parkinson et al, 1998). Researchers fohadpracticals help students understand
and retain better the scientific concepts (Abrah&dillar, 2008; Osborne, 2001; Toplis,
2011). Toplis (2012) also found that practical kvor science allowed students to engage
with and influence their own learning. This is stent with the evidence from the Planet
Science Survey (Cerini et al, 2003) and the workafray & Reiss (2005) which showed
that practicals facilitated learning, resulted igraater sense of enjoyment and provided
deeper understanding for the students concernéd i§ one of the reasons why the report
“Vision for science and mathematics education” miidd by the The (UK) Royal Society
(2014) emphasized the central role of practical kw@nd problem solving) in future
science curricula. Salta and Tzougraki (2004) sftbwow students’ interest declined
when students were taught chemistry theoreticalthout any hands-on activities in the

laboratory.

Abrahams and Millar (2008) question the role ofcgial work in science arguing that the

fact that it raises students’ interest need notyrtipat a higher degree of learning has taken
place. They suggest that science involves anrpfag between ideas and observations’
which needs to be stimulated during each practicavity. Hence they recommended that
practical lesson time ought to be appropriatelyddigt between ‘doing’ and ‘learning’, to

allow teachers to devote enough time to explainlitile between concepts and observed
phenomena by increasing the ‘minds on’ rather tharthands on’ aspect of the laboratory

experience.
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3.6 Measurement of Attitudes towards School Science

Attitudes towards school science have been assessed different methods developed
over the years by a number of researchers in ssiedacation such as Bennett, Rolnick,
Green & White (2001), Jenkins and Nelson (20054 &ell and Jarvis (2001). One
important point of reference is the ‘Test of Sceielated Attitudes’ (TOSRA) which was
first developed in 1979 and then further amplifieg Fraser (1981). Methods used to
measure attitudes towards school science inclubiecupreference studies, attitude scales,

interest inventories, subject enrolment and qualgamethodologies.

Subject preference studies involve asking studentank their liking of schools subjects
and the students’ attitude is inferred from rekatpopularity of subjects. The method is
simple to use and results are easily presentedrdegpreted. One main disadvantage of
this method is that it is based on a relative sedhch may give false or inaccurate
indications as the order applied by one student n@yapply to another student having
different attitudes to different school subjectsnother drawback is that it cannot be used
to measure attitude change as this is too commeet determined using such a ‘blunt

technique’ (Osborne et al, 2003).

Attitudes are also measured using questionnairsgyed to include Likert-scale items
which consist of a number of opinion statement&eih to favourable or unfavourable
attitudes towards an object under study. Studexisate their own findings by choosing
one of a number (usually five) options ranging frastrong agreement to strong
disagreement. The items on the Likert scale gredjly drawn from answers generated by

students during free conversations and discussidhsse are then usually reduced to a set
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of usable and reliable items that would be firdoted and then further processed by
statistical analysis. Such attitude scales areelyidised in research work on attitudes

(Simon & Osborne, 2010).

Another quantitative technique employed to gauder&st in science concerns data on
enrolments to subjects. This method is ideal tovio trends in science subjects but is
limited in the sense that it cannot be considestha sole indicator of students’ interest in
science. It is a known fact that the choice or-obaoice of science subjects at school
results from a number of factors such as genderpanceived difficulties in the subject

which do not necessarily depend on the studertitides to science.

One of the limitations of the quantitative measusahof attitudes is the assumption that
attitudes are stable (Munby, 1983). Although itrise that attitudes, once formed, are hard
to change, there is not enough evidence showingattitudes do not change after being
repeatedly measured by instruments such as queatites (Osborne et al, 2003; Simon &
Osborne, 2010). Quantitative studies of attitudese also frequently criticised because
they provide only a partial understanding of thelgem being investigated, by analysing

only a few easily measurable quantitative dimerssion

The limitations of quantitative techniques in ass®s attitudes have led researchers to
explore students’ attitudes qualitatively by usinggtruments such as small group
interviews or focus groups. Literature suggesas dfthough these methods have their own
restrictions such as the problem of generalizabilihey are superior to quantitative
techniques as they provide valuable data not easilsacted quantitatively, which helps

understand better the origin of attitudes to schaaience (Osborne, 2010; Osborne &
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Collins, 2001). Studies making use of qualitatieehniques include those carried out by

Ebenezer and Zoller (1993) and Woolnough (1994).

Both quantitative and qualitative methods havertben merits and demerits. Some critics
argue that attitude instruments only measure longtepects of the students’ views without
considering the context and any underlying inflesn@otter & Wetherall, 1987). Other
criticise the fact that there is no single commaoitedon in the various instruments that
were developed with time (Osborne et al, 2003) #rat such instruments cannot yet

guarantee valid and reliable data on studentsudts (Cheung, 2009).

The method used in this project to measure studattitsides is a mixed approach based on
the use of quantitative and qualitative method@sgi This was done to secure a better
chance of discovering what actually goes on in shelents’ minds and hearts while
learning chemistry at school and how their attisndbange, if any, upon introducing a
curriculum intervention. The main instruments ugedollect students’ attitude data in this
study therefore involved the use of both questioesa(quantitative method) and focus

groups (qualitative method).

3.7 Attitudes towards Chemistry

The fact that chemistry is the least studied sa@esubject and is not so popular in Maltese
schools at both secondary and post-secondary tkoed not make Malta an exception in

this regard. In fact various sources suggest pihgsical sciences are among the least
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popular school subjects even in other countriesniiBd, 2008; Hendley et al, 1996;

Holbrook, 2005; Whitfield, 1980).

Although students’ attitudes toward science havenbextensively studied there are only
few studies on the students’ attitudes towards csteyn(Cheung, 2009; Hofstein, 1986;
Hofstein, Ben-Zvi & Samuel, 1976; Menis, 1983; Merni989; Salta & Tzougraki, 2004).
These studies indicate that one of the importactofa affecting the choice of physical
sciences for further studies deals with the stiglenterest and attitude towards science at
the post-secondary level. Menis (1983) explaired such attitudes towards science and
chemistry should be assessed on the basis of sit le@e distinct aspects, namely the
students’ attitudes towards the importance of chkégniand science (i.e. out-of-school
science / chemistry), the students’ attitudes towarhemistry and science in the school
curriculum (i.e. in-school science / chemistry) atddents’ attitudes towards chemistry

and science as a career.

3.7.1 The Importance of Science / Chemistry in Saaty

This chapter has already highlighted how the sttgderttitudes to science and technology
are generally positive, with students viewing stifen progress as one of the most
important achievements of mankind. The ROSE sfadwyd that this positive attitude is
particularly pronounced in the less developed awmestwhile Northern European and
Japanese students show a greater amount of conglfetelings and scepticism towards the
importance and usefulness of science and technoldgye same study showed that the
same pattern was observed when students were aled the impact of science on
human life. In fact although students in most ¢oas of the world thought that the

benefits brought about by science, by far outwadgaey harmful effects, students from
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European countries and particularly Japan were ¢eswinced on the overall positive

impact of science on their lives (Sjgberg & Scheeir2010).

There is little evidence as yet showing a simildituale taken by pre-university students
towards chemistry as a separate science discipli®yvever, at least one recent study on
Pakistani higher secondary school students condirtieat students acknowledge the
importance of chemistry in their daily life (Khan &li, 2012). Students can develop
positive attitudes towards chemistry by recognidimgt it is a central science that left a
significant impact on the quality of human life otke past fifty years. Chemistry has in
fact proved to be a useful science by being crucithe development of so many products
linked with many aspects of life and by being dleportant in many aspects of economic
development. Ware (2001a) suggests that chemafsy has the potential to solve
problems faced by different countries as thesaygteuto achieve sustainable development.
Hence, by exploring students’ attitudes towardsitieraction of chemistry and society,

one would help understand better their overallLaté towards the subject.

3.7.2 _Students’ Attitudes towards School Chemistry

Research shows that the cognitive component andt nmogortantly the affective
component of science education were not alwayeifadtin past curriculum development
(Hofstein, 1986). In fact for a number of yearsriculum development in high school
chemistry only used to provide what is regardededsication in chemistry’ rather than
‘education about chemistry’ (Kempa, 1983). Thisamethat students were deprived for a
while of studying important aspects of chemistryvinich they were really interested such
as application of chemistry in technology, relevamdé chemistry to the students’ daily

lives, cultural aspects of chemistry and the rdletemistry in today’s society. In one of
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his studies, Hofstein (1986) showed how includiogne of these aspects of chemistry
helped in imparting positive attitudes towards scee in general and chemistry in
particular. It was also found that negative adi#s towards school chemistry result from a
combination of factors such as the perception¢hamistry is a rather dirty discipline, that
it is difficult to understand because of its abstreoncepts and theories (De Jong, 2000)
and the subject’s lack of relevance to the studerteryday lives (Holbrook, 2005;
Osborne & Collins, 2001). Other important asp@étschool chemistry that influence the
students’ attitudes towards the subject are theliemppnethod of teaching and the

laboratory experience.

Four variables which are of special interest tes ttesearch project are the perceived

difficulty of chemistry, its relevance to everydhig, the classroom environment and the

school laboratory experience.

3.7.2.1 Perceived difficulty of Chemistry

The fact that chemistry is often perceived by stisi@s a difficult subject was investigated
by Johnstone (1991) and Salta & Tzougraki (2004)ey found that difficulty in chemistry
is mainly related with the application rather tithe understanding of concepts, symbols
and problem solving. The real problem is that stusl cannot transfer so easily between
the three levels (or dimensions) of understandimgnustry, i.e. the macroscopic, the sub-
microscopic (or particulate) and the symbolic level chemistry concepts, which are also
referred to as the three types of chemistry knogded experiences, models and
visualisations (Talanquer, 2013). The macroscaof@c experiences) level involves
understanding physical and chemical phenomena emigtry, the sub-microscopic (or

models) level involves understanding chemical behavat the atomic and molecular
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levels, while the symbolic level (or visualisatipmsvolves understanding through the use
of symbols, formulae, equations and mathematicaressions (Dori & Hameiri, 2003;
Johnstone, 1991)Many chemistry teachers are not able to distingaishrly between the
three types of knowledge presented in class. Quesely students find it hard to build
meaningful connections or transfer rapidly from denvel to another for a given chemical
system (Talanquer, 2013). Such difficulty to imtg#g continuously these different levels
of understanding results in a fragmented picturena@mistry made up of disjointed parts
that do not seem to fit together (Gabel, 1999).is Tdpplies also to practical work in
chemistry where frequently students have to make tbservations at the macroscopic
level but then they are expected to interpret thresults at the microscopic level
(Johnstone, 1991). Ware (2001b) believes that ns&ungents find it hard to visualise the
particulate models which they are expected to wstded. Mahaffy (2004a) suggests that
an effective pedagogical approach should include al fourth dimension — the human
element — which involves the impact of chemistry swtiety and particularly on the

environment.

Another barrier to understanding chemistry is tke of language with unfamiliar terms
(Cassels & Johnstone, 1983). Research also iedicditat apart from difficulties in
understanding and applying abstract chemical cda@pgh as atoms, molecules and mole,
students found it hard to solve quantitative profdeas a result of their inability to relate
properly their mathematical skills to chemistry atdéitions (Gabel, 1999; Malone &

Dolter, 2013; Salta & Tzougraki, 2004).
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3.7.2.2 Relevance to Everyday Life

The question of relevance of school chemistry tergday life was investigated by several
researchers (Holbrook, 2005; Lerman, 2003; Saltad&ifraki, 2004; Walczak & Walczak,
2009). Relevance in the context of science education nsesiones divided into a number
of sub-categories such as ‘personal relevance’ rnexing with students’ lives,
‘professional relevance’ — associated with possibtare professions, ‘social relevance’ —
related to human and social issues, and ‘persataisrelevance’ — helping students

become responsible citizens (Van Aalsvoort, 2004).

Although the aspect of relevance was not considagdmportant in the teaching of
chemistry in the 1970s, this changed in the 198@s1®90s when it became more regular
to talk about how chemistry was relevant to thelsihis’ lives, to the environment and to
the students’ interest (Lerman, 2003). AccordiagHolbrook (2005) many chemistry
curricula ‘tend to put the subject first, and apgations a poor second’. This implies that
the current curriculum approaches are doing vétig lin terms of conceptual learning to
make chemistry as popular as it should be. TheesHwibrook (1994) suggested that
teaching has to present students with societadtsios before treating scientific concepts if
students were to appreciate more the relevanceiefce. Research evidence shows that
using contexts as a starting point in the teaclohgscience would affect positively

students’ attitudes towards science (Holbrook, 2@@mnnett & Lubben, 2006).

With regards to chemistry, Walczak & Walczak (20089ported several studies showing
how attitudes to chemistry are enhanced by intrimduteal world’ components (such as
contemporary issues to chemistry) into the classrand laboratory experiences. Students

are aware that chemistry is useful to interpreiovsr aspects of their everyday life (Malone
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& Dolter, 2013). Some authors suggest that schbemistry should in fact start from the
students’ life experiences and include relevantexds to make it more appealing for the

same students (Marks & Eilks, 2009).

One of the aspects of chemistry that made it melevant to students is that concerning
environmental issues. In fact studies such asdabaducted by Salta & Tzougraki (2004)
show that high school chemistry students were apticnthat chemistry could solve
environmental problems and improve the quality hedirt lives. Other literature showed
how even university chemistry students agreed thamistry concepts taught at post-
secondary / high school level need to be relatedidiy life situations in order for
chemistry to be learnt in a more effective way €lerger, 1985). Other authors such as
Heikkinen (2010) argue that students’ interest ameblvement would be greater if
chemistry is embedded within society rather thamfiming it to laboratory flasks, well

plates and brown bottles’.

Other evidence shows also that students involvedcamperative learning activities’
perceived chemistry to be more relevant to theedj enjoyed lessons and developed more
positive attitude towards school chemistry thaneptstudents who followed traditional

chemistry programmes.

3.7.2.3 The Classroom Environment

Students’ attitudes towards chemistry are alsotgéléao the students’ perception of the
learning environment provided in the chemistry steaem. This aspect was researched by
Hofstein, Gluzman, Ben-Zvi & Samuel (1979) who de¥led earlier work by Walberg

(1969) and Lawrenz (1976) on the same area otidétitesearch. It was found that high
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school chemistry teachers can play a determinirg iro creating a positive classroom
atmosphere which induces positive attitudes inesttsl If students show that they liked
the way chemistry was taught and perceived thetssas being interesting it means that
that they would have developed a positive affecsitteude towards the subject (Cheung,
2009). However, recent research suggests thae#ohing of chemistry in high schools is
not conducive and in fact is viewed by students b&sng unpopular, irrelevant,
unchallenging (as it does not promote higher cogniskills) and also static (Hofstein &

Mamlock-Naaman, 2011).

3.7.24 The School Laboratory Experience

The science school laboratory experience, includingmistry practical work, has long

been featuring prominently in research in sciendecation (Cheung, 2009; Hofstein &

Lunetta, 1982; Hofstein & Lunetta, 2004; Hofsteirak 1979; Lazarowitz & Tamir, 1994).

Laboratory work usually forms an integral part ajthschool / sixth form science curricula
and research shows that science students likeimg@royt practical sessions in the school
science laboratories (Cheung, 2009; Dhindsa & Chu8§9; Parkinson et al, 1998). Other
studies confirm that students’ attitudes are infexl positively by the school laboratory
experience (Freedman, 1997). On the other hamth $chool (post-secondary) students
were found to lose interest for chemistry if thegrevdeprived of the chance to perform any
hands-on activities during their chemistry prograanas shown in the case of Greek high-

school chemistry students highlighted in the stiogysalta and Tzougraki (2004).

More specific analysis of the impact of laboratagyivities on school chemistry revealed a

number of points such as:
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. practicals can serve to promote important learoimgomes for students;

. teachers need to know how to exploit practicalisassby involving students both
physically and intellectually;

. students’ perceptions and behaviours in the sclabalratory depend on a number
of factors including teachers’ expectations, methofl assessment and resources
available;

. teachers need to understand the students’ way ioKitly and learning in the
laboratory learning environment (Hofstein, Navonprmds & Mamlok-Naaman,

2005).

In a separate study on the implementation of amiiggype laboratory programme for
Israeli high school chemistry students, Hofsteirale2005) found that such a laboratory
experience which was more ‘student-centred’ thatraditional practical sessions, proved
to be highly interesting for participating studentBhe reasons given by the same students
were various but they liked, in particular, havihg opportunity to develop scientific skills
(such as independent and critical thinking) anthbmontrol of their own learning, standing a
better chance to learn through mistakes, shariagsiind cooperating with other students,
having teacher’s support and encouragement, angiegja challenging laboratory learning

experience.

Considering all literature in this area of attitugsearch, it is clearly evident that the school

laboratory plays an important role in the shapind enprovement of the students’ attitudes

towards chemistry (Hofstein & Mamlok-Naaman, 2011).
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3.7.3 Students’ attitudes towards science / chenrigtas a career

The students’ interest in choosing science as eecatarts at a young age. In fact in their
analysis of data collected for a US national edanat longitudinal study, Tai, Qi Liu,
Maltese & Fan (2006) found that students aspirargafscience-related career by the age of
fourteen, stand more than three times the chanearto a physical science or engineering
degree than students who show no such inclinati@silar evidence from another study
found that most scientists or science-graduatessehto pursue science before or during

their middle / high school education (Maltese &,172010).

It also seems that school science is not doing ginda improve the students’ science
career aspirations. This is another finding of R@SE project which revealed that in
many European countries (and Japan) students ththahschool science did not increase
their chances of choosing a science-oriented cd&egberg & Schreiner, 2010). One of
the factors which is potentially discouraging studefrom pursuing further science for a
career is the perceived lower income of scienpfiofessions with respect to other high-
skilled occupations. This was found to be pantletas evidence shows that scientists are

not earning as much as other high status non-seieccupations (Xie & Achen, 2009).

There is not much research focussing on the stsdaspiration to chemistry-related
occupations but at least one study on Hong Kondestis found that some students thought
it was hard for them to get a chemistry relatedijotheir country even though they knew

that chemistry was important for them to pursu¢hterr studies in science (Cheung, 2009).
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3.8 Students’ Interest in Green Chemistry

Although there is a growing trend in many countriesnclude at least some basics of
green chemistry into school chemistry curricula axdmination syllabi / specifications,
teaching of green chemistry is still evolving pautarly at pre-university level (Anastas &
Beach, 2009; Braun et al, 2006; Cann & Dicknei@®04; Hjeresen et al, 2000; Warner,
1999) and little research has yet been done tauatalthe impact of such a curriculum

development in chemistry education.

Green chemistry is not expected to take chemistigents completely by surprise. Indeed,
some authors see it as the next logical step fatigwthe earlier introduction of

environmental chemistry into most chemistry progras. Authors such as Manahan
(1999) proposed that environmental chemistry caunszd to be redesigned to include the
principles and practice of green chemistry, in orieshow how chemistry can be done

without the use of harmful chemicals and with theimum impact on the environment.

It is possible that the favourable attitudes shdwnstudents when learning about the
chemistry of the environment are also expresseadtiteinforced when learning also about
green chemistry. This is so for a number of reasoRirst of all, green chemistry deals
with pollution prevention which represents onelad thajor efforts by chemistry to address
environmental concerns of which students are varghraware. Secondly, students would
learn that green chemistry is very relevant tortbeeryday lives and hence that it is closer
to the outside world than other areas of chemistBesides this, students are already
conversant in and sensitive to aspects of susti@ndevelopment which overlap

significantly with the aims of green chemistry. e®n chemistry also provides the
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opportunity for students to experience laboratooykwsing less hazardous and non-toxic
chemicals. All these and similar factors would gmially have a positive impact on

learning of chemistry and work against the negagigeception / prejudice on the subject
which students usually gain from different quartassh as family, peers, media and society

at large (Warren, 2001).

American high school teacher Sarah Broussard woteelated she was with the students’
positive reaction in her very first experience @dching of green chemistry at her place of
work. She described how students who were at dipgirehensive and sceptic about the
idea of learning about green chemistry turned en#istic and very cooperative once they
discovered what it was all about, and that it comee topics such as waste prevention, fuel
cells and biodiesel which they found to be so ggéng. She was so much impressed with
her students’ attitudes that she became convinbat the more students familiarised

themselves with the fundamental principles involvéte greater was their chance of

adopting green ideas for the rest of their liveo(Bsard, 2010).

A Malaysian study on the implementation of a grebemistry approach in teaching of
chemistry to pre-service teachers and secondargoscstudents established that the
proposed curriculum of a context-based chemistiysmhad a positive impact on students,
bringing about substantial changes in knowledgdues and attitudes towards the
environment. The study involved the introductidrgeeen chemistry as a laboratory-based
pedagogy and one of the findings was that studinisd it easier to learn chemistry
concepts with green chemistry experiments (Karpashewet al, 2011b). The study

concluded that green chemistry had a tremendownpal in changing students’ attitudes,
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motivations and values related to the environmedtaso in rendering chemical concepts

more relevant to the same students (Karpudewaln 2012).

So literature indicates that by cultivating postidleas among young chemistry students
green chemistry stands a chance of motivating nstwdents to further their studies in
chemistry at a higher level. This is more or lessccordance with Anastas and Beach
(2009) who suggest that green chemistry educatidheaK-12 level (primary, secondary
and post-secondary education) has the potentiatttact the brighter students to choose a

future chemistry profession.

3.9 Students’ Knowledge and Understanding of Chentiyy and Green
Chemistry Ideas

According to the National Science Education Stamslaunderstanding an idea implies
understanding a rich cluster of facts, conceptd,examples associated with the major idea
(National Research Council, 1996). There is a wadee of terms and concepts that can
be described as ‘scientific’. Understanding a dast of scientific concepts is essential as
it allows students (or people in general) to unideid the words and ideas expressed by
science educators and by the scientific commumtgdmmunicate important scientific

information including new scientific and technolcgi discoveries.

3.9.1 Understanding of Chemistry Concepts

Chemistry is often perceived and also experienced aomplex subject with too many

abstract scientific concepts. It is a known faett tstudents who perform well in chemistry
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examinations may still have misconceptions on whay be described as personal ‘naive’

theories in the subject and lack of basic skillsdtve textbook problems.

A significant amount of research has been carrigcbn the various aspects of the problem
which students encounter in trying to understangt &bkemistry concepts. Research
findings indicate that problems arise from one orenof a number of learning difficulties.

» Students learn most things by heart (i.e. theyrtésaote learning or memorisation) in
order to create their own meanings (personal teepdf the material being taught.

* Many students already have a problem with undedstgnof fundamental chemical
concepts at the very beginning of their studieshis Tnakes it harder for them to
understand in full more advanced concepts baséldeofundamentals.

« Many ideas remain vague and students are unaldiemntify key concepts required to
understand the subject content.

« Teaching may not present the key concepts or oalships between different concepts
in a sufficiently clear way for students to undeanst them completely.

(Nakhleh, 1992; Pendley, Bretz & Novak,1994;).

Gabel (1999) identified a number of other possii@eriers to the understanding / learning

of chemistry concepts and theory. These may bersuised as follows:

. Many chemical concepts are abstract and cannotyaltva explained well with the

use of analogies or models.

. As previously explained, chemistry explains maitertthree different levels: the
macroscopic (or visible) level; themicroscopic (molecular or particulate) level; and the

symbolic (formulae, equations) level. Students find itchéw transfer readily from one
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level to another, e.g. from a visible to an invisilbevel or vice-versa. Besides this,
instruction usually occurs at the most difficultdaabstract level, i.e. at the symbolic level

(Johnstone, 1991).

. The main learning obstacle during practical workha laboratory is that students
are often expected to make observations at theasempic level but then they have to

interpret theory at the microscopic level.

. Students do not perceive chemistry as being relatéleir daily lives and may get
the overall impression that it is only related toasgely named chemicals that are often

toxic or hazardous.

. The use of language and terminology used duringn@dtey lessons could also

complicate matters.

. The chemistry curriculum is not always structuredai logical sequence that is

suitable for instruction.

These barriers to chemistry learning, which ardampd using an information processing
model developed by Johnstone (1997) need to beifidéenand addressed accordingly (e.g.
by modifying the teaching approach) in order talifate the learning process and address

misconceptions.

In order to stress the importance of the humancspéehe learning of chemistry (Mahaffy,
2004a; Mahaffy, 2004b) suggests adding a fourthedsion to Johnstone’s three learning
levels of chemistry (the macroscopic, microscoprmlecular and symbolic levels) usually

represented by means of a plane triangle. InHfagtroposed to extend the planar triangle
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of understanding chemistry to a (three-dimensiotethahedron with a newly introduced
fourth vertex — the human element — representiegntbb of human contexts for learning
chemistry, as illustrated in figure 3.2. MahafBfarred to his model as the ‘tetrahedral
chemistry education’ with the newly added dimensaddressing concerns about scientific

literacy and understanding of the role of chemigirgveryday life.

The change proposed by Mahaffy (2004a, 2004b) reagpresented as follows:

Macroscopic Human Element

Y

Molecular Symbolic Molecular Symbolic

Tetrahedral chemistry education vl\:/Ii?hu{ﬁegﬁzew emphas on the human element
Research in chemistry education has already exqaararious aspects related with learning
chemistry which promotes understanding of chemistnycepts. However various authors
indicate that there are still areas which neede@xplored further. These include further
work on curriculum development, especially in vietwpossible wider use of technology,
problem-solving, the type of chemistry requireddifferent students with different career
aspirations and making chemistry more relevanotmwas context (Ramsden, 1997; Gabel,
1999; Beasley, 2005). Some of these challengewelien line with Mahaffy’s concept of
tetrahedral chemistry education, which underlifesimportance of the human element of

learning and aims to integrate content with context
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This is also emphasized by other authors such #sgReo (2002) who suggest that
students’ knowledge is best understood in its oamtext and ‘embedded’ in the situation
where it was acquired. On the other hand authark as Nieswandt (2005c) explain how
‘conceptual understanding’ of science, involvesistus development of new and complex
concepts starting from single and simple concegmsl, confirms the students’ ability to

apply learned scientific concepts to scientific pbr@ena occurring in real-life situations.

3.9.2 The Impact of Green Chemistry on Learning Chaistry

The idea that the main concepts of green chemastyso important that they need to be
considered in chemistry programmes at differen¢lewof education is now gaining ground
and reaching a wider consensus (Anastas & Beadl9; Zeyond Benign, 2014c, 2014d;
Carra, 1999; Ryan & Tinnesand, 2002). For exangigguate students attending the third
annual American Chemical Society Green Chemistho8k(GCSS) in Montreal, Canada,
in 2005, were reported to have agreed that educatauld be ‘significantly enhanced’ if
green chemistry were to be incorporated in all as&gncurricula, starting from elementary

level and continuing throughout university cour@€ischens et al, 2006).

Literature suggests that green chemistry has tkenpal to enhance learning of chemistry
in a significant way by increasing the understagdaf fundamental chemistry concepts
(Hill et al, 2013). It has also been suggested tha incorporation of green chemistry
principles in the school curriculum serves morentbae aim. It could be used to remind
students of the social and environmental impacthefway chemistry is performed today
(Braun et al, 2006). But it also contributes te general aims of science education as it is
considered as an important element in the develapofescientific literacy within society

at large (Karpudewan et al, 2012).
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Research has also indicated that students’ attadd perceptions towards chemistry and
the environment are likely to improve significantipce high school students understand
the link between chemistry and environmental issuesonce they appreciate how relevant
chemistry is to their personal lives (Mandler e28l12). This is in fact another reason why
green chemistry has the potential to be a positiffeence to the learning of chemistry. It
provides students with the opportunity to relate themistry they learn at school with

various aspects of their everyday life.

3.10 Ideas for Research Investigation

This literature review suggests that studentstuatéis in science are multidimensional and
influenced by several factors which all contribtdesome extent to the cognitive, affective
and behavioural components of such attitudes (tsvacience and towards chemistry)

manifested by students.

Literature documents show how researchers in seiedccation were always concerned
with the students’ alienation from science and gbiences, which was often found to be
associated with their early experience of scho@se. Students from different countries
were found to be disenchanted from school sciencefnumber of reasons such as its
perceived difficulty, lack of direct relevance toeir everyday life and the demanding

examination syllabi, even though they enjoyed éagyout practical work in the school

laboratory and were attracted towards the enterpfiscience. The same applies to school

chemistry which is often viewed by students as fyastelevant and one of the hardest
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subjects at school, apart from its unfortunate ajtgehool connotation with poisons,

pollution and environmental degradation.

Research indicates that including an environmentahponent in chemistry curricula
would boost the students’ interest in the subjecs@mdents can relate quite easily with
environmental issues given also their sensitivitgd &ackground knowledge (even though
lessons in environmental education, education fastasnable development or

environmental studies) to this aspect of chemistry.

Studies have also hinted that the inclusion of mmmnental issues has also improved the
students’ perception and liking of chemistry asséhé&ature amongst the most important

contemporary world problems which students genegadjoy discussing in class.

The recent rise of green chemistry which embodres fundamental and universally
accepted scientific principles of sustainable dewelent has given another window of
opportunity to science educators to explore whesiiedents’ attitudes would be affected
by taking another perspective of the interactiotwken chemistry and the environment.
This study therefore aims at building on the vesw fstudies conducted so far on the
impact of green chemistry on students particulatlfhe post-compulsory pre-university

level of education.

Green chemistry has now been with us for aboutdemades but it has so far been taught
mainly to undergraduates and post-graduates antgdirto academic institutions. It is now
slowly making its way to lower stages of educateomd it is therefore the right time,

coinciding with the end of the decade (2005-20JeHichted to ‘Education for Sustainable
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Development’ (Eilks & Rauch, 2012) to evaluate #tedents’ voices on its possible

inclusion in chemistry curricula and future chemyisixamination.

This study made use of both quantitative and catalé techniques to extract attitudinal
data from students and other data on their undetstg of green chemistry following their

first encounter with the unfolding area of greeeraistry at school. The project recorded,
processed and analysed what students had to sagirimus aspects of school chemistry
particularly stating what they think about enviremtal issues and the principles and

practice of green chemistry.

The methodology used and theoretical frameworkgiadioto analyse data obtained from

students will be discussed in chapter 4.

3.11 Chapter Summary

‘Students’ attitudes towards science’ representaraa of science education that has been
extensively researched for more than four decadesrder to address a number of
educational concerns such as decline in recruitiestience courses and careers and lack

of scientific literacy among the general public.

Attitudes were found to be divided into a numbecamponents and hence any evaluation
requires taking consideration of all possible disiens. Social psychologists look at
attitudes from different viewpoints which all recuge that an attitude may comprise up to

three different components — the affective, cogaitand behavioural dimensions. The
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theoretical framework used to analyse attitudes datthis study is based on the latent
process viewpoint. Research work in educationdtes established that students’ attitudes
to science is also multi-faceted, being dividea iathumber of components such as value
of science, enjoyment of school science, attituafgseers and parents towards science and
achievement in science. There is also an impoddférence between attitudes towards

societal science and attitudes towards school seien

There is a large volume of evidence in the liteatuggesting that students hold favourable
attitudes towards science in society, but attitudesrds school science decline substantially
during the period of compulsory education. It aggmpears that school science in most
European countries tends to have a negative ingrattie students’ interest in science, with

research evidence linking the more negative viewstipwith physical sciences.

Evidence shows that the students’ interest to ufstther studies in science gets largely
crystallised by the age of fourteen. The chapéers to studies investigating a number of
aspects which students find interesting in sci€saeh as practical work) and other aspects

they found uninteresting (such as problem solvagya school subject.

Students’ attitudes that derive from school scieexperience have been assessed using
different quantitative and qualitative techniqueveloped over the years by a number of
researchers in science education. Literature suggests that students’ attitudes towards
science and chemistry are to be assessed on tie diasttitudes towards the value of
science / chemistry, attitudes towards school seignchemistry and attitudes towards a
career related to science / chemistry. Researdgests that in the past, chemistry

education was depleted of important aspects of migmsuch as its application to
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technology, relevance of chemistry to their dawgs$, cultural aspects of chemistry and the
role of chemistry in today’s society. Evidencewhdiow these aspects help in imparting
positive attitudes to school chemistry while negatattitudes result from other aspects
such as perceived difficulty of the subject, itsklaf relevance and the idea of chemistry as
a dirty discipline. Another aspect of studentstitades which was investigated by

researchers was the students’ motivation towaneésce or chemistry as a career.

In spite of being with us for only about twenty y&agreen chemistry has already made its
way into some secondary and post-secondary chgmnusiricula. Such a curriculum
development has not yet been evaluated for its epa chemistry education. Green
chemistry is likely to be of interest to young stats for a number of reasons as it deals
with pollution problems of which students are vemych sensitive, it is very relevant to

their everyday lives and it is closer to them tb#rer areas of chemistry.

The chapter also discussed some aspects of studaotsledge and understanding of
scientific concepts with special reference to clstiymiand green chemistry. Literature
shows how chemistry is often thought to be a compleject full of abstract concepts. It
also refers to potential barriers and positiveuafices to the understanding and learning of
chemistry concepts. Reference was made to thertamme of including the human
element in learning chemistry and the importanceintégrating content and context.
Literature also suggests that green chemistry cdvarece chemistry learning particularly
by improving understanding of basic concepts ohubk#&y and by relating chemistry to the
students’ everyday life experience. This chaptentconcludes by highlighting how the
literature review inspired the author in the shgmhthis research project and the choice of

the research methodology.
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Chapter 4

RESEARCH METHODOLOGY

4.1 Introduction

This chapter describes the overall research apprtzden to this project and the various
research instruments used to generate data. Thetethniques employed to gather data
were the questionnaire method, focus groups angdhsonal research diary, but data was
also collected through other sources such as didaativity worksheets, laboratory

reports and posters prepared by student partigpant

The chapter starts by referring to the naturalistgearch paradigm and the case study as
the main research strategy adopted in this invasbig. It describes the samples and
setting of the study and how research instrumerdee vdeveloped and piloted in year
2008/09. It also explains how the theoretical feararks were designed in order to analyse
the data gathered using the pilot and then the measigarch tools. The chapter also outlines

the strategy chosen to assess the effectivendle afain intervention package.

This is followed by a discussion on specific measutaken to ensure a high level of
validity and reliability of the instruments useddanf data analysis. It also ends by
highlighting a number of limitations of the studgrpcularly difficulties encountered in the

use of the instruments for data collection.
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4.2 Choosing the Research Paradigm

Research in education tries to explore and undetssacial phenomena which have an
educational context. This is done using one ofnatédd number of methodological

approaches known also as research paradigms.

The main research paradigms in education are tegipst paradigm which is associated
with the philosophical ideas of French philosopBAelguste Comte (Beck, 1979; Opie,
2004) and the anti-positivist paradigm (Cohen, Man& Morrison, 2010). These two

major research paradigms represent two differemspeetives of understanding social
phenomena with the positivist model focussing omseolred phenomena (emphasizing
notions such as objectivity, measurability, colmlity, predictability, etc.) and the

antipositivist / interpretivist / naturalistic agach giving more weight to meanings and
interpretations of the world in terms of its act@@®hen et al, 2010). Positivists believe in
an independent reality that can be accessed amdtigated, while interpretivists support
the idea that reality is not a fact that can bentbbut is constructed in the people’s mind
(Eslami, 2015). Some researchers refer also turd paradigm based on a mixture of
gualitative and quantitative methods. This is simmes referred to as the ‘mixed method
approach’ and assumes that the qualitative and titaiare approaches represent the
extreme cases and ‘there is a continuum betweem’ t{l@oni, 2014). The different

approaches or paradigms in educational researchadareecessarily in conflict with each
other. They can be viewed as different methodckdgioutes which lead to a multifaceted

picture of the research problem (Husén, 1988).
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The nature of this research inquiry which invegegahow students react to the introduction
of green chemistry in the A-level chemistry curlicu automatically aligned the researcher
with the naturalistic / interpretive paradigm oluedtional research. This is so because the
project involves observing and collecting data fransmall group of students in their
natural setting which is the ordinary classroonthio®l laboratory situation, while they
were exposed to a curriculum intervention by bdaugght the basic concepts of a modern
and revolutionary way of doing chemistry that cdiea their personal lives. The study
could also be described as interpretive due topdrsonal involvement of the teacher-
researcher and for the fact that it tries to urtdedsthe actions (of students) and meanings
(of what is said by the same students) rather thems on causes. Such a study also aims
to investigate even behaviour that is usually takken granted. The naturalistic /
interpretive approach uses mainly qualitative messwf data analysis but does not
exclude the use of quantitative procedures. I flae research techniques used in this
project varied from questionnaires to the resedialy to focus groups, which all allowed
the teacher researcher to understand better therg®l perceptions of the world around
them. Bell (2006) explains how qualitative resbars usually seek ‘insights’ and not

‘statistical perception of the world’ and this isagher feature of a naturalistic study of this

type.

4.3 The Case Study Approach as the Main Researchr&teqy

There are several methodologies which can be adapteducational research. These

include action research, case study, survey, eaxgatal style, ethnography, grounded

116



theory and narrative inquiry (Bell, 2006). Thi®jct may be characterised as a case study

as it is closely associated with this research@gr in a number of ways.

Yin (2002) defines the case study research metaddilaws:

The case study is an empirical inquiry that inggg®s a contemporary
phenomenon within its real-life context; when theubdaries between
phenomenon and context are not already evident; iandthich multiple
sources of evidence are used.

In other words it is very much suitable where itraégher impossible to separate the

variables of a phenomenon from its context.

The case study is regarded as the ideal methodelbgyn an aspect of a research problem
is studied in some depth (Bell, 2006). The ainoigocus on a particular instance of an
educational experience’, and then ‘attempt to ghmoretical and professional insights
from a full documentation of that instance’ (Fre@o2003). In other words, ‘the case
study approach is a study of an instance in acijadelman, Kemmis & Jenkins, 1980).
Suter (2011) explains that case studies rely orcadflection of abundant data over a period
of time while keeping focus on a single personmditye (which could be one classroom or
one school or one school district). According tak®& (1995) case studies are useful in the

study of human behaviour as they are ‘down-to-éartt ‘attention-holding’.

Cohen et al (2010) describe the case study as igueirexample of real people in real
situations’ which allows better understanding afad than using theories and principles.
On the other hand, Opie (2004) suggests that a sagly is an ‘in-depth study of

interactions of a single instance in an enclosatesy involving a single person or a group
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of people in a setting (e.g. school, departmentlass). Hitchcock and Hughes (1995)

outline a number of traits of a case study. Theslede:

. providing a rich description and a chronologicatraave of events relevant to the

case,;

. blending a description of events with their analysi

. focussing on individual actors or groups of act@rsg seeking to understand their

perceptions of events;

. highlighting specific events that are relevantie tase;

. involving completely the researcher in the case;

. attempting to portray the richness of the caseriting up the report.

All definitions and descriptions of a case studyegi point towards a number of features
that were present in this project which can theeefie regarded as a case study. Table 4.1
summarises some of these features and compares whmsimilar features which

characterise this research investigation.
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Table 4.1
Table comparing some features of case study withdgires of this investigation

Features of a Case Study Features of this Research Investigation

Investigates a contemporary phenomendResearch studies the interest of students

within its real-life context (Yin, 2002). towards one of the latest developments |n
science — green chemistry — put in a regl-
life context.

An aspect of a research problem is studie€students’ attitudes towards chemistry arjd
in some depth (Bell, 2006). green chemistry is studied in some depth.

Focus on a particular instance of afocus on students studying chemistfy
educational experience (Freebody, 2003).during their first year of sixth form (post-
secondary) education.

More interested in the process than in thResearcher is interested in the studenis
outcomes (Laws & McLeod, 2004). reaction to the intervention as well as what
was actually learnt in process.

Relies on the collection of abundant datA lot of data was collected from one group
over a period of time while keeping gof students over a period of nine months
focus on a single person or entity (Suterone academic year) making use of variolis
2011). research tools.

‘Down-to-earth and attention-holding’ The case study was explained in simple
(Stake, 1978). language and report kept as flowing 3as
possible to keep reader’s attention.

A unique example of real people in regA unique example of a group of students
situations (Cohen et al, 2010). (real people) embedded in a real learning
environment (sixth form college).

Providing a chronological narrative ofEvents forming part of intervention, datf
events relevant to the case (Hitchcock |&ollection and analysis were described in|a
Hughes, 1995). chronological sequence.

Focussing on individual actors or group3he main focus of investigation was th
of actors and seeking to understand thegroup of students on which the study was
perceptions of events (Hitchcock &carried out, trying to understand the way
Hughes, 1995) they perceived their own world.

11%

Involving completely the researcher in th&esearcher was completely involved fromn
case (Hitchcock & Hughes, 1995). the very beginning of the case, interacting
continuously with student participants
throughout the entire project.

In-depth study of interactions of a singldé’roject revolves round a study of
instance in a closed system (Opie, 2004). interactions between students in g@a
classroom or laboratory set-up.
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The case study research approach has got its gtmnty and weakness when compared to
other research methods. These have been summdaysélsbet and Watt (1984) as

follows:

Strengths of Case Studies

One advantage of case studies is that resultsaaiy enderstood by the layman as they are
written in simple non-technical language. They also clear and speak for themselves.
They include important details which may be ovekkb by other methods (which may
include larger data) such as surveys but which beagrucial in understanding a particular

situation.

Case studies are also strong as they depict feadituations. They provide insights into
other similar situations and cases and so helppratation of other cases. Besides all this
they can be carried out by a single researchee d@mer advantage is that they can include

and build on unpredictable events and uncontraliedhbles.

Weaknesses of Case Studies

One major disadvantage is that generalisationti@imays possible as this depends on how
far a case study example is similar to otherssofyipe. It is also difficult for researchers to
cross-check information. This means that caseietuthay be selective, biased, personal
and subjective. Another shortcoming is that they prone to problems related with

observer bias despite efforts to address reflgxivit

Notwithstanding these issues and disadvantagescabe study approach is particularly

useful in educational research of this kind, astean two counts. First, it emphasizes
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context (Becker et al, 2005) by trying to underdtaas much as possible about an
individual subject (or group of subjects) througleep data’ and ‘thick description’ which
allow research results to have a ‘more human fa&egcondly, it is a flexible method of
scientific research (Becker et al, 2005) which eagites explanation (rather than
prescription or prediction) and allows researchibesspace to discover and address issues

arising during their ‘experiments’.

Case study research generates a large amountaofrdat multiple sources. Such data is
often richer than that obtained using statisticadlgsis. This research investigation
generated data from various sources mainly fronstipenaires, small group discussions
(focus groups), research journal and documents franous students’ activities. This was
mainly done in order to enhance reliability of tldata collected and increase its
trustworthiness. This also enables future reattels able to evaluate findings and relate

them to their own context.

Besides this, the researcher also adopted a nuofbstrategies when collecting and
analysing data in order to minimise any of the wesses of the case study method such as
selectivity, inherent subjectivity and observersbia’hese are described in later sections of

this chapter.

4.4  Overview of Research Methodology

The background knowledge to the study was obtaihexigh the literature review which

started at the initial stages of the project bus Weapt going throughout the entire project
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duration. An early decision was taken to carryauatassroom intervention with a group of
students attending the same sixth form college etiex researcher worked as a lecturer of
chemistry. The intervention was aimed to introdbesic concepts of green chemistry
given that the local A-level chemistry curriculunasvat the time devoid of any reference to
environmental content. A number of areas of irsieveere identified and the intervention
package was designed in order to allow studentsimca@ good background (theory and

practice) of green chemistry over a period of oredamic year.

Research instruments were then designed to cotled from a sample of students
following the first year course in A-level chemistit the same institution, which happens
to be the main sixth form college in Malta. Thesasisted mainly of questionnaires, focus
groups and the personal research diary but includkdr data such as student activity

worksheets and presentations.

The pilot intervention was carried out during acadeyear 2008/09 and data was collected
from a single cohort of studentgroup A — pilot GC class) before and after the
intervention. Preliminary analysis was carried ontthe data generated from the pilot
study and this was followed by some modificationsl éine tuning of the intervention
package and research tools to be used for datargadlduring the main study. The main
intervention was carried out on a group of studégtsup B — main GC class) during the
following academic year, i.e. 2009/10 with datanigecollected from the same group and
from another class pertaining to the same colgydup C — main non-GC class ) which

was not involved in the main intervention and heaced as a control.

122



The theoretical framework was designed in ordehétp the organisation of concepts
emerging by the coding process during attitude dataysis. This was used to analyse
data collected before, during and after the intetiea. A strategy was also created to test
the effectiveness of the intervention package amiwas applied in conjunction with the
theoretical framework to evaluate the interventi@nce the data analysis was completed,
the main findings were known and a conclusion cdandddrawn up. The various stages of

the entire research methodology are summarisaduref4.1.
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Define Research Questions

N/

Start Literature Review on Green Chemistry + Green Chemistry Education + Students' Attitudes in
Science Education

N/

Plan / Develop Green Chemistry Intervention Package
(Teaching resources for Seminars / Laboratory Instruction Sheets / Activity Worksheets, etc.)

N/

Design Instruments for Data Collection
(Chemistry Survey / Research Diary / Stimulus Statements for Focus Groups, etc)

AV

Carry out Pilot Intervention with First Year Students - intake 2008
Group A - pilot GC class

ANV

Collect Pilot Data from Group A

N

Preliminary Analysis of Pilot Data

V4

Refine / Adjust Pilot Intervention Package

AV

Carry out Main Intervention with First Year Students - intake 2009
Group B - main GC class

N/

Collect Data from Groups B and C

Group B - main GC class; Group C - main non-GC class (control)

<

‘ Design Theoretical Framework for Data Analysis

G;

’ Carry out Preliminary Analysis of Baseline Data + Post-intervention Data

G

Design Strategy to Test Effectiveness of Intervention Package

¢

Implement Strategy and Theoretical Framework to Test Effectiveness of Intervention Package

G

Finalise Data Analysis

G

Pronounce Research Findings

N/

Conclusion

Figure 4.1
Flow chart illustrating main stages of research mdtodology used to collect and analyse data
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45 The Samples

This research study was carried out with the ppedton of three groups of chemistry
students attending the first year course of studiethe Maltese sixth form college. The

following were the groups of participants involvedhe project.

Sample for Pilot Study — Group A (pilot GC class 4ntake 2008)

The chemistry class (intake 2008) chosen for theat mtervention was composed of 40
students, of which 39 completed the first year sewf studies and one student dropped
out by December 2008. The sample size consideneddta collection and analysis was
that of 39 students which represented 13.3% dfiratl year chemistry students registered

during academic year 2008-09.

Most of the students participating in pilot study1/39) were sixteen years old by
November 2008, with the rest reaching the agextésn by the end of the academic year.
The male-female ratio in this group was close tb With a slightly higher number of
female students (17 males, 22 females). They deonedifferent backgrounds, with more
than half (21/39) having completed their secondsatycation in a Church-run school. All
students in the group had chosen chemistry anddpahs their two main advanced-level
(AM-level) subjects while physics, English and pkibphy were the most popular options
made by the same students at intermediate levelein of the matriculation certificate
which they were expected to obtain to qualify faversity. All students studied ‘systems
of knowledge’ as a compulsory fourth intermediateel (IM-level) subject forming part of

the matriculation certificate requirements (two Adkel and four IM-level subjects).
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The majority of students forming part of this graagpired to study medicine at university,
with others showing interest in other science eelatourses. Only one student was
undecided on further studies at the beginning efytear. The information was compiled
from the first part of the chemistry survey whictasvadministered to students at the

beginning of the year, prior to the interventiorhe information is summarised in table 4.2.

Table 4.2
Profile of Group A — pilot GC class (intake 2008)

Characteristic Figures (N = 39)
Age (as on 05/11/2008) fifteen years = 9; sixtgears = 30
Gender female = 22; male = 17

Secondary school last attended Church = 21; staB independent=5

Second AM-level subject biology = 39; other =0
Main three IM-level subjects physics = 34; EnghsB9; philosophy =15
Target university course medicine = 28; other = iAdecided = 1

AM = Advanced Matriculation; IM = Intermediate Matulation

Sample for Main Study — Groups B & C (intake 2009)

Two groups of students were ‘randomly’ chosen duilb students applying to study
chemistry at A-level starting from October 2009nef the groups, referred to as Group B
— main GC group (0&C classin short), was made up of 31 students represetd@fo of
the first year chemistry student cohort enrolledhi@ A-level programme during academic
year 2009-2010. The second group, referred torag3C — main non-GC group (in short,
non-GC clas3, was made up of 36 students representing and$8&e6o of the first year
chemistry A-level students during the same academsc. This means that a total of 67

students (amounting to 30.3% of chemistry firstryst@dent cohort) following the first
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year A-level course at the local sixth form collgggticipated voluntarily in the project.
Table 4.3 shows the number of students studyingnsei subjects at advanced (AM) or
intermediate (IM) level at the same Maltese edoaali institution at the beginning of

academic years 2008-09 and 2009-10.

Table 4.3
First Year Students studying Science at the MaltesCollege between 2008-2010

Maltese Sixth Form College Students Intake 2008 | Intake 2009
Advanced (AM) level Physics 409 376

2 | Intermediate (IM) level Physics 608 496
Sub-total A (1+2) 1017 (49.7%) | 872 (46.8%)
Advanced (AM) level Chemistry 281 221
Intermediate (IM) level Chemistry 32 24
Sub-total B (3+4) 313 (15.2%) | 245 (13.1%)
Advanced level (AM) Biology 476 382
Intermediate level (IM) Biology 143 115
Sub-total C (5+6) 619 (30.3%) |497 (26.6%)

7 | Intermediate level (IM) Environmental Scienge 331 300
Sub-total D (7) 331 (16.1%) | 300 (16.1%)
TOTAL NUMBER OF FIRST YEAR STUDENTS 2047 1865

Source: Maltese Sixth Form College Administration

The GC Class (Group B — intake 2009)

This group started the year with 33 students but ofvthem dropped out of the course
within the first month of the year. Participantere predominantly female (24/31) with
less than one fourth being male students (7/31he Majority of students were sixteen
years of age by the beginning of the study with te@peaters being one year older than
their classmates. Almost half of the studentsndttd one of the local Church-run (or
dependent) secondary schools, with another eleaemd attended a state school and the

rest coming from independent (i.e. private) edweeti institutions.
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All participants but one studied biology along withemistry at AM-level, the other student
opting for AM-level pure mathematics. On the othand the three subjects which were
mostly taken at intermediate level where physiasgliEh and philosophy. All students
studied ‘systems of knowledge’ as an additional malsory subject at intermediate level to
complete the requirements for the Matriculationtiieate as the main entry qualification to

the University of Malta.

Data from questionnaires forming part of the chémisurvey showed that most students
intended to pursue a medical career at universitly i@ss than half showing interest in
science-related courses. Table 4.4 summarisesntie features characterising the GC

group participating in the main study.

Table 4.4
Profile of Group B — main GC class (intake 2009)

Characteristic Figures (N = 31)
Age (as on 28/10/2009) fifteen years = 6; sixtgesrs = 23; seventeen = 2
Gender female = 24; male=7

Secondary school last attended Church = 15; stafe independent =5

Second AM-level subject biology = 30; pure mathtosa= 1

Main three IM-level subjects physics = 21; EnghksBO; philosophy = 14

Target university course medicine = 19; other =12

AM = Advanced Matriculation; IM = Intermediate Matulation

The non-GC Class (Group C — intake 2009)

As in the case of the other group (the GC clasgstrof the students in this class were

sixteen years old with two students repeating & ynd hence a year older. The class had
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36 registered students divided into 18 males andet@les. About two thirds students
finished their secondary educational studies iocall Church school with the rest having
attended state secondary schools or private itish&iincluding one overseas (UK) school.
All students except for one chose biology as tlelevel subject, with physics being the
most preferred subject studied at intermediatd,|éaowed by English and philosophy. All
students studied ‘systems of knowledge’ (compulsasyin the case of their counterparts in
the GC class. Most of the students in this grdsp declared their initial inclination to study
medicine at university with one sixth (1/6) showinggerest in other science-related courses

and two being undecided on future aspirationd)e@beginning of the year.

This class was not taught by the researcher dataglemic year 2008-09 but was chosen
to act as the control group so as to provide perdiita at the same time data was collected
from the GC group. Table 4.5 summarises the grafilthe non-GC class participating in

the main study during year 2008-09.

Table 4.5
Profile of Group C — main non-GC class (intake 2009

Characteristic Figures (N = 36)

Age (as on 28/10/2009) 15 years = 6; 16 years A 28ears = 1;
18 years=1

Gender female = 18; male = 18

Secondary school last attendec Church = 21; state independent=5

Second AM-level subject biology = 35; physics =1

Main three IM-level subjects physics = 33; EnghksB1; philosophy =19

Target university course medicine = 28; other =u@gdecided = 2

AM = Advanced Matriculation; IM = Intermediate Matulation
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4.6 The Research Setting

Both the pilot intervention and the main interventitook place in the same location, i.e.
the Maltese sixth form college hosting this reseastudy. The same applies to other
related activities such as the students’ seminatmratory sessions, chemistry survey

(questionnaires) and focus groups of both the pihat main studies, which were all held in

the same place.

In both the pilot study and main investigation, sihedents participated on a voluntary basis
in all the green chemistry and related activitiagr their free time. The following tables

(4.6, 4.7, and 4.8) illustrate the extra commitma&rgtudents (in terms of contact hours) of

the students participating in the pilot and maudgt

Table 4.6

Participation of Group A — pilot GC class (intake 208)

Activity Duration (per student)
Chemistry survey (pre-tests / post-tests) 4 hours

Green chemistry seminars 7 hours

Students’ presentation seminars 3 hours

Green chemistry laboratory experience 2 hours

Practical evaluation session 1 hour

Focus group participation 1 hour

Concluding seminar 1 hour

TOTAL 19 hours
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Table 4.7

Participation of Group B — main GC class (intake 209)

Activity Duration (per student)
Chemistry survey (pre-tests / post-tests) 4 hours

Green chemistry seminars 10 hours

Students’ presentation seminars 2 hours

Green chemistry laboratory experience 4 hours

Practical evaluation session 1 hour

Focus group participation 1 hour

Concluding seminar 1 hour

TOTAL 23 hours

Table 4.8

Participation of Group C — main non-GC class (intale 2009)

Activity Duration (per student)
Chemistry survey (pre-tests / post-tests) 4 hours

Focus group participation 1 hour

TOTAL 5 hours

curriculum) to the same class during the same ac@dgear.
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In order to organise the pilot intervention (semsndaboratory sessions, chemistry survey,
focus group and related activities), the researotguired a total of 24 extra contact hours
with the pilot GC class, over and above his offitime-table load. The researcher also

lectured inorganic and physical chemistry (formipart of the official chemistry

organised during 2008-9 and linked with the pilody is shown irappendix 1

The record of activities



On the other hand, considering all the activitieshe main intervention and relevant data
collection sessions from the two groups of partioig (the GC and non-GC classes), the
author was involved in 28 contact hours with the &&ss and another 7 hours with the
non-GC class, summing up to a total of 35 hourgirgict involvement with all participants
during year 2009-10. The researcher also lectusgpilarly inorganic and physical
chemistry to the GC group, but had no other (adfjccontact with any of the students
belonging to the non-GC class. The detailed progra of activities forming part of the
main intervention and data collection sessionsrosga during academic year 2009-10 is

shown inappendices 2 and 3

All programmed activities were held separately frire official college time-tables and
none of them replaced any of the scheduled chegmisttures of the teacher-researcher
with the classes concerned. Whenever the authsrcaastrained to use the time allotted
for a scheduled lecture to hold a green chemigtnyiisar or any of the related activities of
the main intervention, the lecture was reschedutecagreement with the chemistry
department and college authorities. This was donerder not to disrupt the core
chemistry programme and to avoid any possible pepsions of this research work on the

students’ performance in the school examinations.

Another consideration made was the physical enment where the activities were held.
The author made sure that all students would paatie in as natural a setting as possible
in order for them to behave as normally as possibldamiliar situations. Several
arrangements were therefore made so that questiearfarming part of the chemistry
survey could be administered in ordinary lectur@me, seminars and student presentations

were all held in the main media room equipped \aitidio-visual and computer facilities,
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the exhibition of students’ work was held in thewghstry wing of the same college, while
focus groups were organised in the spacious watished conference room situated in
one of the quietest corners of the college camp@lkpractical work was performed in the
college chemistry laboratories even though pamitip had to adapt to the use of the
second-year laboratories (with which they were [f&ssiliar) for the green chemistry

practical sessions, for logistical purposes.

Summing it up an effort was made in order to misinany negative impact of the project
on the students’ time-tables and to allow partietpato act naturally and interact
spontaneously throughout the study. This involasaking several considerations on the
logistics required to organise the programme {n&ervention + data collection activities)

and provide students with natural back drops fosedsions held.

4.7 Development of the Main Study

The main research study was undertaken during asagear 2009-10 and was based on the
modified version of the pilot intervention. Thisrsisted of a number of presentations made
by the tutor / researcher during a programme afscteom seminars along with laboratory
and other activities all aimed at introducing difet aspects and concepts of green and
sustainable chemistry to a group of Maltese sigtinfstudents studying A-level chemistry.
Data was collected using previously piloted redeamstruments which were amended and
fine-tuned following the evaluation of the piloudy. All data generated during the main
study was eventually analysed using the theordtiaaleworks described in sections 4.8 and

4.9 of this chapter.
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4.7.1 The Participants

The two groups of students participating in themsudy belonged to the same cohort of
students joining the sixth form college in OctoB809. The green chemistry intervention
was carried out on one group — B€ class(Group B) while the second group — then-
GC class(Group C) served as a control. This group pravidesecond source for data
collection at the pre-intervention and post-inteti@ stages mainly for comparative
purposes. Both sets of students accepted to takieimp the project on a completely
voluntary basis and they also accepted to do stheir limited spare time in between
lectures and other time-table commitments. Aldets involved were aware, right from
the very beginning, that they were participatingaim educational research investigation
focused on a possible curriculum innovation. Aeothroup of students (Group A) from a
different cohort (intake 2008) was involved in hot study in the same setting and under

similar circumstances.

It was decided that each group of GC students @reups A and B) taking part in the
intervention (both in pilot and main studies) wouldd divided into six smaller units or
teams with one student from each sub-group acting deam leader’. The leaders were
chosen randomly given that the researcher waseataowgll acquainted with the students at
the beginning of the year. The idea behind the&tion of small teams and team leaders
was to encourage team spirit during all learnindivaies in class, to facilitate
communication with the teacher-researcher in tlgamsation of in-class and out-of-class
activities and to coordinate better the collectadrdata from such activities. The ‘team’
concept was tried out successfully in the piloeméntion and was then applied again

throughout the main intervention.
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4.7.2 Planning the Intervention

The early plans of the intervention involved litera review on green chemistry, green
chemistry education, students’ attitudes towardense and science education and
understanding of chemistry / green chemistry cotsce@ number of aspects / areas of
green chemistry were considered for a short prograno introduce this new field of
chemistry to sixth form students, parallel to teaching of other traditional topics forming
part of the A-level chemistry curriculum. This lemlthe identification of a number of key
areas of interest which were further investigated gossible inclusion in a series of
lectures / seminars forming the basis of the gammistry intervention. These areas were
shortlisted from an original longer list, after h&y considered the background level of
chemistry required by students to follow the theangl concepts involved and the links
with material already forming part of the core clsny curriculum. The general idea was
to relate basic ideas of green chemistry with Aeleghemistry and the everyday life

experienced by students.

It was also decided that the intervention programmmaild also include a laboratory
experience in green chemistry to re-inforce themeliscussed during the seminars and to

allow students a close encounter with the appboatif green chemistry.

Once the intervention plan was in place, a numbeteaching and learning resources
needed to be developed in order to be tried ouhduhe pilot study. These consisted of a
set of computer presentations slide shows and \tipe for the main classroom seminars,
a set of printed notes complementing the semineggmtation, a set of worksheets forming
the basis of the students’ learning activities halging the seminars and an instruction

sheet for the green chemistry practical sessiohes& were all trialled in the pilot study
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before being evaluated and modified to form thasbas the main intervention package

during the subsequent academic year.

4.7.3 Designing Resources for the Intervention Paage

The material used to produce the various resouofethe intervention package were
adapted from various sources. The content of #rairgr presentations and activity
worksheets were inspired by material publishedournals and magazines suchG®en
Chemistry(the journal),ChemMattersEducation in Chemistrand Chemistry Reviewas
well as several educational resources availabléheninternet. Three important online
sources of information and ideas were the Greenmi@tey Educational Resources
developed jointly by the Green Chemistry Institated the Education Division of the
American Chemical Society, resources provided ley Royal Society of Chemistry and
available on the LearnNet educational website ard3reener Industry website hosted by
the (UK) Chemical Industry Education Centre (CIEZD10) which are mostly aimed at

post-16 chemistry students and chemical educators.

The content, aims and expected outcomes of then gileemistry package were discussed
during several supervision meetings and thesissadyipanel (TAP) sessions preceding the
pilot and main interventions. A summarised desicipof all activities planned for the

main intervention is included in the form of a ®bl chapter 5 (table 5.4).

4.7.4 Developing the Research Instruments

Being a mixed method (but mainly qualitative) resbainvestigation, a variety of

techniques were employed in order to gather inféionafrom the participating students.
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The research instruments used in the main studg Wer modified versions of the ones

developed earlier and tried out in the pilot inigegion.

The techniques applied were:

(1) guestionnaires (pre-tests and post-tests whichthiegeformed the ‘Chemistry
Survey’);

(i) focus groups involving both the GC and non-GC pagadints;

(i)  personal research diary;

(iv)  other documents such as the student (learningyitgctivorksheets, laboratory
reports and students’ posters.

The two main sources of data in this project weeeduestionnaire method and the focus

group (or small group discussion). The following #re main strengths and weaknesses of

these instruments which are all extensively useztlurcational research.

4.7.4.1 Strengths and Weaknesses of Questionnaires

In general the questionnaire method is an inexpensnethod that is also less time
consuming with respect to other methods. This iseexely important for a researcher such
as the author with a full time job and other impatt commitments in life. The
guestionnaire method makes it relatively easy tess information from a group of people
in a relatively short time. Another advantage loik ttechnique is that the analysis of
answers to closed questions is relatively straogivrd as answers are predetermined and
only their frequency needs to be measured. It @smurages honesty among respondents

(Cohen et al, 2010).
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The use of rating scales such as the Likert scatpuestionnaires offers also a number of
advantages over other tools of data collection.eyTare widely used in research as they
allow for flexible responses and enable the researo determine frequencies, correlations
and other parameters of quantitative analysis. y Hdiso allow the possibility to combine

guantitative measurements with qualitative datéh sag opinion, perceptions and attitudes

(Cohen et al, 2010).

The fact that questionnaires were assigned in gtudy in the form of a class written

exercise provided other advantages as a resulérsbpal contact between the researcher
and respondents at the point of data collection.fatt, such personal contact made it
possible for the researcher to explain personakypurpose of the survey, for students to
complete questionnaires on the spot thereby serarimigh response rate, and for a better

cooperation from respondents.

Amongst the shortcomings of questionnaires as egpb this project one could mention
the need for brevity and the use of relatively danmuestions, the fact that
misunderstandings cannot be corrected, the fatbtiig limited information can be sought
especially through closed questions, the impossitid check whether each respondent is
telling the truth or whether any of the respondevasiid have wished to add any comments
about any issue being investigated. One partioukakness that stands out in Likert-type
scales is the tendency of respondents to avoi@metipoles at each end of the continuum
of the scales, thereby reducing the number of opticesponses. Another disadvantage of
questionnaires over other methods such as intesviewthat they tend to be filled in
hurriedly and this may jeopardise complete undadstey of the question and choosing the

best answer (Bell, 2006; Cohen et al, 2010).
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4.7.4.2 Strengths and Weaknesses of Focus Groups

In this study, the focus group method was usedhas primary means of gathering
information on students’ attitudes towards sciendeemistry and green chemistry in
particular, aimed at addressing the main reseanelstopn. It is a method which is rapidly
growing in importance in educational research (@oéteal, 2010; Le Compte & Preissle,
1993). It relies on the interaction within a sn@bup while discussing a topic proposed
by the researcher. Cohen et al (2010) describessfgroups as ‘contrived settings’
whereby a small section of the population discuastte&me or topic and generates data and
outcomes through interaction within the group. Té& that focus groups are ‘contrived’
(or fabricated) gives them unnatural settings whimwever allows the small group
interview to be highly focussed on issues, extngctnore information than from other

straightforward interviews.

Another strength of focus groups is that they aaemical in time and money, generating
a lot of data at low cost and in a short time. ey do not generate the same volume of
data as in the case of one-to-one interviews. $a@gaups are able to gather qualitative
data on attitudes, values and opinions. Unlikeeiothethods they also allow participants
including non-literate ones to have their own sagiscussions. The focus group is also a
platform that allows the treatment of more issuéth wespect to other methods (Bailey,
1984; Krueger, 1988; Morgan, 1988; Robson, 200@).focus groups, responses can be
developed to a greater depth and allow for furthgrlanation. Response rate is also higher
than that of questionnaires as respondents usigdlymore involved and motivated when

talking with respect to writing.
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On the other hand, Cohen et al (2010) also citasnaber of disadvantages using the focus
group method. These include the fact that a fgraap does not produce any quantitative
and generalised data, data cannot be analysedimpde way, the method yields less data
than other methods (e.g. survey), some participaretg dominate over others who may
remain silent, it is limited over a number of tapicovered, it may give rise to conflicts

within the group and data may lack reliability.

4.7.5 Data Collection

Collection of data was sanctioned by the Universty York ethics committee, the
supervisor, as well as the Maltese sixth form galadministration. This section describes
how data from the separate instruments were gatherd analysed and what steps were
taken to ensure reliability and validity of the alabllection tools and data analysis. Table

4.9 maps all data sources used against the resgaeshions of this investigation.
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Table 4.9

Mapping Data Sources onto Research Questions

Research Questions Source 1 Source 2 Source 3 | Source4 | Source 5
Chem Survey | Chem Survey Focus Personal Other
(Part 1) (Part 2) Groups Diary Documents
, . . . (Worksheets
Questf\nnalre Questlé)nnawe Lab reports,
etc)

How do Maltese sixth form students
respond to the incorporation of green
chemistry in the A-level chemistry
curriculum?

v

v

v

In what ways do students’ attitudes
change by including aspects of green
chemistry in the core A-level
curriculum?

What understanding of green chemistry
ideas is developed by students who do,
or do not experience in the green
chemistry intervention?

What are the effects of the green
chemistry intervention on the students’
views of studying chemistry beyond A-
level?

4.75.1

The chemistry survey was conducted during acadgeac 2009-10 and consisted of two
types of questionnaires designed to access thes\oéthe participating students and of the
control group on different aspects of chemistry gnekn chemistry, as well as their level
of understanding of green chemistry principles.e®@hthe questionnaires focused on the

students’ attitudes towards chemistry and greemddtey (pre-test A1 and post-test A2)
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while the second one was dedicated to learningpetific concepts of green chemistry
(pre-test B1 and post-test B2). Each questionnaas administered before starting the
green chemistry intervention, hence being refeasthepre-testypre-test Al, pre-test B1)
and then upon termination of the intervention, leethe ternpost-testgpost-test A2, post-

test B2).

Part 1 — Questionnaire A

The first questionnaire which was administered athlxlasses (GC and non-GC groups)
prior to the intervention (i.e. pre-test Al) comsis of 40 items which were divided into

five parts: section A to section E.

Section A included eight questions seeking persmriaimation such as name, age, school
last attended, chemistry background, future aspiratand other subjects studied at post-16
(at intermediate or advanced level). This was domenable researcher to obtain a general
idea of the students’ educational background awmtinations at this point in time. The
other sections asked students to express theirpoiems on several statements on
chemistry and green chemistry. Section B (10 i)emessessed students’ attitudes towards
chemistry at school, section C (5 items) concersiedients’ opinions on chemistry in
society, section D (5 items) considered studemitgntions to follow a chemistry related
career while section E (12 items) was linked taletis’ opinions on the idea of including

the area of ‘green chemistry’ in future school cietr curricula.
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All questionnaire items in sections B to E of pesttAl were closed and structured and
students had to respond to each question by clpasia of the options of the following
five-point Likert scale.

Table 4.10
Likert Scale used in Part A of Chemistry Survey

Strongly Disagree Neither agree Agree Strongly agree
disagree nor disagree
0 1 2 3 4

When this pre-test was piloted it included a sigtttion (section F) on the students’
general views of green chemistry. On that occastudents found it hard to answer the
last two sections of the questionnaire as they weteyet prepared to express their views
on such a new section of chemistry when they hademen heard about it. When the
matter was discussed with the other members o biesis Advisory Panel it was decided
that the situation would be resolved by omittingnpdetely the last section of the pre-test
questionnaire for the main study but then re-prepbat the post-intervention stage (post-
test A2). It was also agreed that the term grdemistry would be explained in a short
paragraph preceding section E, which asked forestistlideas on the integration of green
chemistry in the school chemistry programme. lis thvay students could figure out
roughly what green chemistry was all about and ginegr very initial views of having it
included in the chemistry curriculum, even at tme-iptervention stage. By eliminating
section F from pre-test Al, students were saved fi@sorting to guesswork when asked to
give their viewpoint on aspects of green chemisthen they were not yet competent
enough to do so. This would also have risked unageng the validity of the exercise and

data generated from it.
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Part 2 — Questionnaire B

The second questionnaire which was also appliestudents before the intervention (as
pre-test B1) was divided in two parts. The firstteon was reserved to confirm personal
information (8 items) while the second section ana collecting data about students’
understanding of basic concepts of green chemisliyis second part consisted of fifteen
items, and was a modified version of the pilot goesaire B. The first twelve
questionnaire items were designed to elicit datautlihe students’ knowledge and
understanding of the twelve key principles of grebemistry while the last three asked
more basic open-ended questions on green chemiStyne of 12 questions linked to the
principles of green chemistry were diagnostic, witlile rest were more of the recall type to
check the students’ knowledge of green chemistd, their level of understanding every
principle of green chemistry at that point in tim&fter each question, students were asked
to indicate their level of confidence in their respe using a five-point Likert scale (1 =
very unconfident, to 5 = very confident). This wilme to measure the students’ extent of

self-confidence in green chemistry at the poinbeihg tested.

The same questionnaires were used at the postenion stage. Post-test A2 was similar
to pre-test A1l but included section F where stugldrdd to answer an additional 16
questions related to their own views on out-of-edigreen chemistry. The same Likert
scale applied to the rest of the questionnaire wgasl to answer the new section. On the
other hand, post-test B2 was identical in contenpre-test B1, the idea being that of
measuring whether students, by the end of thevetgion, were in a better position to

relate with all the main principles of green chenyis The questionnaires used in post-tests
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A2 and B2 (similar in content to the ones in pr&tdeAl and B1l) and forming part of the

chemistry survey, are included &gpendices 20 and 21

Pre-test A1 was undertaken by 33 respondents fnenGC group and another 36 from the
non-GC group (i.e. the class serving as a connalg). The other questionnaire, pre-test
B1, was answered by 32 GC and 35 non-GC partigpastone student from each class
was unavailable on the day of the test. The pierrention tests were carried out between
28 October and 5 November 2009 which is within fine month of the academic year

2009-2010.

The post-intervention tests A2 and B2 forming tleeasid part of the chemistry survey
were administered between 4 and"IMlay 2010. There were 30 GC and 36 non-GC
respondents who took part in both post-test A2giréiag students’ attitudes to chemistry /
green chemistry) and post-test B2 (on understandingreen chemistry principles). This
means that there were two fewer GC respondentheatpost-intervention stage (two
students dropping out from course) with respecpre-test, while all non-GC students

participated in part 2 of the survey.

There were no ethical issues involved in conducthey chemistry survey. Both sets of
guestionnaires were previously piloted the previgesr with a similar group of sixth form
students and refined (using simpler statement$haothe final version contained as full a
range of possible responses as could be reasofmmbgeen. There were also no problems

with the format and understanding of the languaggglun both questionnaires.
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4.7.5.2 Data Generated from Focus Groups

During the main study, all students forming partie GC class were invited to participate
in one of the focus group discussions organisétieaend of the main intervention in May
2010. In fact all students still forming part dig class by the end of the academic year
2009-10 agreed to participate voluntarily in thxereise. This represents a participation
rate of 100% which therefore contributed towards ¥halidity of data gathered from this
research instrument. The GC group was divided fotr smaller sub-groups, each
composed of seven or eight students. In the meaantiwo thirds (24/36) of the students
forming part of the non-GC class (control group)owtlid not experience the green
chemistry intervention volunteered to take pars@parate focus groups held during the
same period of time. These were divided into tlyerips of seven to ten students each.
The following table summarises the number of pgudicts taking part in the focus group

sessions in May 2010.

Table 4.11
Composition of Focus Groups in Main Study

Class | Focus Group| Males | Females| Total
GC A 0 7 7
GC B 3 5 8
GC C 2 6 8
GC D 2 5 7

GC Class Total 7 23 30
Non-GC E 5 5 10
Non-GC F 2 5 7
Non-GC G 2 5 7

Non-GC Class (Total 9 15 24
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The focus groups were organised in a similar wayhtuse of the pilot study with the
participants seated together with the teacher-researound an oval table in the same

location which hosted the pilot focus groups thevmus year.

All focus groups were convened in the first two Wseef May 2010, upon completion of
the classroom intervention, with groups meetingasgely in the main college conference
room, in a quiet area of the main college blockll discussions were chaired by the
teacher-researcher who was seated alongside theigearts round the same table. These
small group discussions were guided by a numbetiofulus statements designed by the
researcher and printed on postcard-size cards wiecé also laminated. This was done in

order to keep discussion as focussed as possibie topic of the research investigation.

The stimulus statements used were similar to thles @mployed in the pilot focus groups
and were agreed upon by the supervisor and thdgisoay panel. It was decided that the
statements presented to the non-GC group wouldvddakchemistry in society and school
chemistry (with no reference to green chemistry)ilevhhe GC group would have a
different set of cards, each containing the origstatements on chemistry and additional
statements on green chemistry. Besides this, st also agreed that the green chemistry
logo which featured prominently in all material dse the pilot focus groups, would be
removed from the new cards prepared for the mamdysin order to minimise extra
emphasis on green chemistry particularly with tlo-@C focus groups who were not
involved in the intervention as their GC countetparAs in the case of the pilot study,
students taking part in each focus group wereaitytshown the entire pack of cards and
were then allowed to decide individually on whetbenot they could agree with the gist of

the stimulus statement/s. In order to make itezaBd shortlist these statements for
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discussion and keep record of personal prefererezsd) student was asked to indicate
agreement or disagreement on each statement kingti@ small green or red label on each
card. The cards were then collected and sortedythe researcher to organise the order

of statements upon which discussion was to be based

The general rule adopted was the same as thatiuggidt focus groups, i.e. to discuss at
least three statements upon which there was geagraement and another three which
were mostly opposed by the same group. Students then invited to discuss freely the
chosen statements, with the researcher acting wfogefacilitator than as an additional

participant in order to interfere as little as pbkesin the collection of data from students.

Every discussion was recorded on a digital voicender with all participants giving prior
consent to being photographed and recorded duhagsession. All discussions were
carried out in Maltese and English depending ondbeken language preferred by the
participants and occurred in a very friendly andued atmosphere. The contents of each
discussion were then immediately translated to iEhgind transcribed prior to undergoing
preliminary data analysis. The transcripts wereckkd by another member of the teaching

staff in an effort to improve reliability of thigsearch instrument.

The focus group discussion plan (main study) amdsts of statements printed on the

stimulus cards are shownappendix 22
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4.7.5.3 Other Methods of Data Collection
Other forms of evidence from this research inqumere collected using other techniques
such as the researcher’s personal diary, studlasiing activity worksheets, laboratory

reports and students’ posters.

The research journal included a detailed persar@umt by the researcher on all activities
organised during the main study, including commetgpicting feelings and situations
created in the course of the intervention. BéO@) explains that the research diary can be
invaluable in tracking the progress of the reseanott in recording names, personal data
and even any good ideas that may crop up everyamuihen related to the project. The
diary provided a source of observation which cobéd used ‘to gather live data from

naturally occurring social situations’ (Cohen et2410).

Another source of data used in this project wasstiielents’ activity worksheets which
were collected after each classroom seminar forrparg of the main intervention. The
responses given by the participants in these doctsmeere meant to serve as an
immediate feedback by students and an additiongl efaesting the students’ ability to

understand the green chemistry themes presentadrtoduring the intervention.

Participants were also asked to write and submiaberatory report for each green
chemistry practical session conducted in the scladmratory as part of the intervention.
These reports were meant to serve as another tadigithe students’ level of interest and
understanding of green chemistry concepts prewodscussed in class. They also
provided an insight on how participants could eelauch issues in a laboratory

environment.

149



The main students’ team activity was the prepanabioa poster which was then presented
by the same participants during the students’ sarsito illustrate in a simplified way one
specific aspect of green chemistry during the sttgleseminars. These posters provided
another window of opportunity for the researcheratcess how students viewed green
chemistry upon being introduced to this new areahamistry which did not form part of
their official A-level chemistry programme of stedi All posters created by the
participants were then put on display during a smmhibition on green chemistry which

students set up in the same college upon theirioitiative.

4.8 Testing the Effectiveness of the Green Chemigtrintervention
Package

There are various possible approaches that maydyged to carry out an evaluation study
in education. Some of these approaches or ‘mqd#iléér significantly from each other
but others tend to overlap in one way or anotfdre majority of evaluation studies usually

apply concurrently more than one single approaanaael (Bennett, 2003).

The approach used by the author of this reseaguhirinto assess the intervention package
is the Robitaille model (Robitaille et al, 1993) ialn studies three different aspects of a
new programme, i.e. the ‘intended curriculum’, theplemented curriculum’ and the
‘achieved curriculum’. This approach was developgdRobitaille and colleagues in the
early 1990s for the International Studies of Edocetl Achievement (IEA Studies) carried
out earlier (in 1970s and 1980s) and is now astmtiavith the Third International

Mathematics and Science Study (TIMSS).
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The Intended Curriculum is the early stage of evaluation and focuses erptanning of
the intervention. It refers to the aims and olyest of the curriculum / innovation set at
the beginning of the plan and the materials sucheatbooks and other educational
resources required to introduce and implement tregrpmme. This early stage of
evaluation is also the stage were the curriculunowator analyses the various factors at
the place of work which in this case include thieost chemistry curriculum, the learning
environment, the local context, the students’ agés in science / chemistry, etc., and then
carefully plans the curriculum intervention or imation. In other words, the intended
curriculum is meant to address the intentions ef ¢arriculum innovator. The intended
curriculum innovation at the centre of this reshairtvestigation has been dealt with in

chapter 5.

The Implemented Curriculum is what really happens in the classroom or in ather

school setting (including the school laboratories)d refers to the various activities
experienced by students in order to achieve thended curricular outcomes at school. It
also involves the teaching approaches and matdtettbooks, technology) employed by

teachers when using the programme (Bennett, 2003).

This second stage puts under the spotlight albobasn and laboratory activities occurring
during the intervention. It therefore refers toawtactually happened in class or in the
laboratory during the intervention and hence euahliall learning activities and other
experiences gained by students during the inteiw@nh order to achieve the expected

curricular outcomes. The implemented curriculurit be dealt with in chapter 6.
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The Achieved (or Attained) Curriculum refers to the curriculum outcomes of the
programme such as knowledge, skills, understanaimjattitudes of students during their
learning experience. It is regarded as the ‘prodif@ny curriculum development process
and must match with the objectives and activitiest ivere made, indicating performance
with respect to the same objectives and activitiddence it involves the analysis of

learning outcomes and their interpretation. Thedtetage of evaluation is dealt with in

more detail in chapters 7, 8 and 9 dealing withahalysis of data (on students’ attitudes

and understanding / knowledge of green chemistl¢aed during the main study.

The entire curriculum evaluation process is thesefaimed at establishing how the
‘implemented’ curriculum is related to the ‘intemdeurriculum’ but also at exploring the
various features of the ‘achieved’ curriculum amdedmining how these may overlap with

the ‘intended’ and ‘implemented’ versions of thengacurriculum innovation.

4.9 Developing a Theoretical Framework for (Attituce) Data Analysis

The framework used to analyse data concerning stsidattitudes to learning chemistry
and green chemistry was based on the work of Ch€m@) who studied the students’
attitudes towards chemistry lessons in Hong Kongomséary schools as part of a
curriculum evaluation. The framework used by Clieimhis study is based on the latent
process viewpoint which is one of the major thaoattviewpoints proposed by several

psychologists to describe attitudes (Oskamp & Szh@DO5).
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Literature suggested that there is an agreemenh@roontemporary attitude researchers
that attitudes are not uni-dimensional. They arened by processing cognitive, affective
and behavioural information about an attitude abgeal translating such information in the
form of cognitive, affective and / or behaviouraéponses (Eagly and Chaiken et al, 2005;
Oskamp and Shultz, 2005; Fabrigar et al, 2005)coAding to the latent process viewpoint
(De Fleur & Westie, 1963), attitudes cannot be ol directly as they consist of a latent
(or internal / hidden) variable but they can be suead from the observable responses. It
has been suggested that an attitude need not ¢eadrdne three types of responses (Zanna

& Rempel, 1988; Breckler, 1984).

Attitudes towards science involves feelings, bsli@hd values towards an attitude object.
In the theoretical framework which was specificathgated and applied to this study, the
researcher included four attitude objects — sciencsociety, school chemistry, green
chemistry (as a new discipline) in society and grefeemistry at school. Attitudes towards
these four distinctive objects potentially giveerito a total of ten different types of

attitudinal responses (or dimensions) as showiguré 4.2.
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Figure 4.2: Conceptual Framework on Students’ Attitudes towards learning A-level Chemistry & Green Chemistry
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The following are the main reasons behind choosih@ge ten dimensions of students’

attitudinal responses resulting from the green cbieynintervention.

4.9.1 Cognitive dimension — chemistry in society {Bension 1)

Beliefs are considered as the foundations of agguEagly & Chaiken, 1993) and involve
making a value judgement about an attitude subjacthis case chemistry in society.
Various studies show that one of the frequently sue=d components of attitudes to
science is the value or importance of science (@sbet al, 2003). However, according to
Ramsden (1998), the term science is an umbrelta égrcompassing biology, physics and
chemistry. This dimension is focused on studerdghitive attitudes towards chemistry as

a separate science rather than on science in genera

There are five items in the chemistry survey (dartocussing on ‘chemistry in society’
dimension. These were included in section C ofrdtevant attitude questionnaire. The
items were:

Cl1l. Chemistry contributes to the improvement ofghality of life.
C2. Chemistry has a beneficial effect on the emvirent.

C3. Chemistry is doing enough to control the praidmcand release of toxic substances
on land, in the sea, or in the atmosphere.

C4. Chemistry tries to protect the environment kentifying possible sources of
pollution and treating pollutants, but it shoulddmng more than that.

C5.  Chemistry is still responsible for most envir@ntal problems.

There were also three stimulus statements usedcusfgroups which also addressed this
dimension. These were:
S1A. Chemistry can make the difference in the quali our lives.

S2A. Chemistry was instrumental in the progresseaeinl by mankind.
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S3A. Chemistry is doing nothing to address the remnental problems created in the

past.

Most of these items referred to the impact of clstrpion the environment. Such an
emphasis was made in order to explore the studeigs’s on the environmental aspect of

chemistry given its association with green chemistr

4.9.2 Cognitive dimension — learning chemistry atchool (Dimension 2)

One way of measuring the students’ attitudes tosvachool chemistry is by analysing
their cognitive responses towards chemistry théesgons, i.e. how important and useful
are such lessons forming part of the school cuumu Several studies featured the use of
attitude items to measure the importance and vafuehemistry theory lessons (e.g.
Dhindsa & Chung, 1999; Menis, 1983; Salta & Tzougr&004). Analysis of this
dimension sheds light on several important issuesh sas the perceived difficulty of
chemistry, the influence of the teaching approdbh, gap between O-level and A-level
chemistry and relevance of chemistry to everyddg. li The following were the
guestionnaire items in the chemistry survey whigrenassociated with this dimension of
students’ attitudes towards school chemistry.

B2. Chemistry concepts are always abstract anatdliffto understand.
B6.  Studying chemistry improves your aptitudeshia dther sciences.
B7.  Students perform better in other subjectsaf/ttdo well in chemistry.

B9. Ways of teaching chemistry must change in otdexppeal more to students living
in today’s society.

B10. The chemistry curriculum needs to be updabereplace existing topics with new
ones to reflect better the present and future gmrtton of chemistry to society.

A number of relevant statements were also discussgahall group sessions. These were:
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S4A. The A-level chemistry programme is no longdevant to everyday life.

S5A. More than ever, the world today needs peopley;ng and doing research in
chemistry.

S7A. The A-level curriculum is overburdened witmenessary topics and activities.

S10A. Understanding key chemistry concepts depemastly on the teaching approach
and facilities available to students.

The latter stimulus statement was intended to segk connection between classroom

variables and learning of chemistry theory at s€hoo

4.9.3 Affective dimension — chemistry theory (Dimesion 3)

This third dimension measures the students’ affectttitudes towards chemistry as a
school subject. Attitudes are sometimes definetplyi as ‘likes and dislikes’ (Bern, 1970;
Nieswandt, 2005b) and so this type of responsesse&elexplore those attitudes when
students show a liking or disliking towards schablemistry theory lessons. This
dimension was frequently used by science eductdargeasure students’ attitudes towards
science lessons (e.g. Parkinson et al, 1998). Bmtlthemistry survey and focus groups

address students’ affective attitudes towards dattwmistry.

The following were the questionnaire items relatethis dimension.
B1l. Atsecondary level, | always found chemistrp&interesting.
B4. | study chemistry only to pass examinations poskibly make it to university.

B5.  Studying chemistry has to be made more inteigsh order to make it easier to
pass examinations.

B8. 1do not regret having chosen chemistry asadmey A-level subjects.
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The following were the statements used in the fogumups which address the same
attitudinal dimension.

S6A. Studying chemistry at secondary level (fore@el exam) was far more enjoyable
than studying it at sixth form level (for intermath or A-level exam).

S8A. Chemistry is a science subject that no loageeals to the younger generation.

S9A. Learning chemistry would become more intengstiwith the inclusion of
environmental topics.

4.9.4 Cognitive / affective dimension — chemistryrpctical work (Dimension 4)

Practical work was always considered as a key coemtoof science education and was
well researched over the years. Laboratory woskuies very prominently in high school /
sixth form science curricula. Several researclmenge included this dimension in their
analytical instruments to measure students’ atguih science (e.g. Dhindsa & Chung,
1999; Murphy & Beggs, 2003; Parkinson et al, 1998gsearch indicates that students tend

to like doing practical work in science (e.g. Frneah, 1997; Parkinson et al, 1998).

This dimension was mostly investigated in the clstryisurvey through the following
item.

B3.  Chemistry is more interesting and excitinghia laboratory than in the classroom.

It was also measured through the focus group imes/ when discussing the following

statement.

S12A. More emphasis should be laid on laboratorgkvio A-level chemistry.
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4.9.5 Behavioural dimension — studying chemistry Qimension 5)

The behavioural dimension of attitudes consistsafaction tendency to respond to a
particular way to the attitude object (e.g. chemiiteory lessons) (Eagly & Chaiken, 2005).
Items which express a behavioural tendency arellysetated to the students’ intention to
follow a particular career or their aspirationsutalertake further studies in the subject, or to

stop studying chemistry.

A small section of the chemistry survey was deeéddb careers in chemistry and was
intended to measure to some extent behaviourabnsgs of students towards this attitude

dimension.

The following items formed part of the attitude gtiennaire of the chemistry survey and

concerned students’ behavioural attitudes towagasing chemistry.

D1. [Iwant to pursue further studies in chemistmyleaving the Junior College.
D2. | intend to choose a career / profession inmglvchemistry upon finishing my
studies.

D3. Showing how chemistry relates to everyday hfi@akes me more interested in
choosing a career / profession involving chemistry.

D5. [find it hard to imagine myself have a careprofession involving chemistry.

Although there was no direct reference to suchr@edsion in the stimulus statements used

in focus groups, this matter was brought up by esttgl when discussion referred to

students’ future career aspirations.
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4.9.6 Cognitive dimension — green chemistry in s@ty (Dimension 6)

The students’ evaluative beliefs about green cheynrepresent the students’ viewpoint
about the importance and usefulness of green clrgnpiarticularly after experiencing the
green chemistry programme at school. Studentshitiog attitudinal responses towards
green chemistry were mainly measured through ortbeo$ections of the chemistry survey
and also through focus group discussions whicloadd the main classroom / laboratory

intervention.

The following were the items of the chemistry syrveeasuring the students’ cognitive
attitudes towards green chemistry in society.

FA4. Green chemistry is just a more catchy termeiovironmental chemistry’.
F5.  Green chemistry is a new dimension of enviramalechemistry.
F6.  Green chemistry tries to prevent pollution befio starts.

F7. Increasing awareness and practice of greenistrgrvould have a positive impact
on the quality of our lives.

F9.  Green chemistry is vital in securing a sustamé&uture for the next generations.

F10. Green chemistry principles address environatgmoblems by using a new and
more effective approach.

F12. Investing in green chemistry research is egeafrd to a healthier future civilisation.
F13. The principles of green chemistry are diffi¢alapply.

F14. Green chemistry consists of a set of dreamiscdin never be implemented by the
industry.

F15. Green chemistry principles are too expensiveetused widely.

F16. Chemistry can never be rendered ‘green’ asnicla processes always consume
huge amounts of energy and create some form aftpmil

There were also two items in the stimulus statemeligcussed during the focus group

sessions that were related to this dimension afestis’ attitudes to green chemistry.
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S1B. Green chemistry aims to improve safety in hutmzalth and the environment.

S3B. Green chemistry safeguards future generations past mistakes.

4.9.7 Cognitive dimension — learning green chemistrat school (Dimension 7)

The cognitive aspect of students’ attitudes towgreéen chemistry theory lessons could be
observed through a number of value judgements thage about the learning of green

chemistry at school, as expressed by the studemitipants at the end of the green

chemistry intervention. This dimension of studeatfitudes could therefore be measured
through statements showing for example that stsdought that green chemistry was not
difficult to understand or that it was differenbfn other topics of chemistry, or that it was

more relevant to their lives than other aspectshemmistry, or that they feel it can be taught
at lower levels of education.

The following were the questionnaire items linkedkis attitudinal dimension.

E1l. It is important to start promoting the basiénpples of green chemistry in
secondary and post-secondary schools.

E2. Green chemistry helps students change the wmmergeption of people that
chemistry is the main cause of environmental hazard

E6. It is more important to study the foundatiofsleemistry than to introduce green
chemistry in secondary schools.

E7. Green chemistry is a fundamental area of chiemand should be considered in
future examination syllabi and examination papers.

E8. The best way to introduce green chemistry fev&! students is by studying it as a
separate topic.

E9.  Green chemistry is ideally integrated in thegopamme of studies in different stages
throughout the A-level programme.

E11l. Adding the principles of green chemistry toahready vast examination syllabus
would make it harder for students to pass the A&llexamination in chemistry.

E12. It is useless studying green chemistry forexel if there are yet no suitable
textbooks and educational resources available.
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F8.  Learning about green chemistry increases thal [&f awareness of students about
environmental problems.

F11. A sound background knowledge of general chieynis needed to understand the
role of green chemistry.

A good number of stimulus statements were alsde@lto this dimension measuring the
students’ cognitive attitudes towards learning greleemistry at school. These were:

S9A. Learning chemistry at this level helps studamiderstand better the crucial role of
chemistry for a sustainable future.

S2B. Studying green chemistry has become increlgsimgortant.
S3C. With green chemistry students acquire a moséipe picture of chemistry.

S4B. Chemistry would become more relevant to wsé understands the basics of green
chemistry.

S5B. Green chemistry should only be studied atarsity level or limited to research
work.

S7B. Green chemistry concepts should not be predexst a separate topic but integrated
in the main A-level chemistry programme.

S9B. There is room for green chemistry concepthenA-level chemistry curriculum.
S10B. Green chemistry principles are relativelymerand straightforward to understand.

S11B. Green chemistry should be made compulsorye&anhinable at sixth form level.

4.9.8 Affective dimension — green chemistry theorfDimension 8)

This dimension of affective attitudes towards sdtob@mistry focusses solely on students’
responses towards liking or disliking of the theiced part of green chemistry as a new
aspect of chemistry, which students only had thench of discovering through the green
chemistry intervention forming part of this studgtudents were provided with the chance
of expressing themselves favourably or unfavourablyearning green chemistry at school

both in the chemistry survey and in focus grouguwlsions.
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The following were the items related to the measer@ of this dimension in the attitude
questionnaire forming part of the chemistry survey.

E3.  Students are generally more interested in ilegrabout green chemistry than about
more traditional topics (of chemistry).

E4.  Studying green chemistry makes me more inegdaststudying general chemistry.

Students were also given the chance to expresssteas on this dimension during focus
group sessions by debating the following statements

S6B. Green chemistry gives an extra motivationttments to study and specialise in
chemistry.

S8B. Chemistry would become increasingly populathwihe inclusion of green
chemistry topics.

4.9.9 Cognitive / affective dimension — green chestiy practical work (Dimension 9)
Having had the opportunity to carry out some experits in green chemistry, students
were also in a position to express themselves ein liking or disliking of practising green
chemistry in the school laboratory as part of théevel curriculum. This is another
dimension of attitudes to science which was nevesisured before this study. Once again,
participants of this project were given the chatmwaespond to a number of questions
particularly in the chemistry survey and focus grgurelated to their first green chemistry

laboratory experience.

The questionnaire items (of the chemistry surveycerning this attitudinal dimension
were:

E5. Practical work can be more useful and intemgsii designed to illustrate green
chemistry principles.

E10. The best way of demonstrating green chemsingciples is by designing relevant
practical sessions.
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Reference to green chemistry practical sessionsalggs made during free discussion of
different focus groups with the following serving the stimulus statement measuring this
dimension.

S12B. One concrete way of illustrating green chamigrinciples is by introducing green
chemistry experiments in the A-level chemistry peagme of studies.

4.9.10 Behavioural dimension — studying green chestry (Dimension 10)

This last dimension was included to seek any caimmrebetween learning green chemistry
concepts and any action tendencies of studentsreaciion to the classroom / laboratory
intervention. There was some reference to thiedsion in the free discussion held during
some of the focus group sessions. However the mt@am measuring this attitudinal
dimension was included in the chemistry surveyuwaté questionnaire.

D4. Studying green chemistry makes me more intedesh choosing a career /
profession involving chemistry.

4.10 Assessing Knowledge & Level of Understandind Green Chemistry

The study also attempted to investigate studemnieWwkedge of green chemistry and the
ability to understand some of the basic conceptg@én chemistry. It aimed to address the

following research sub-question:

“What understanding of green chemistry ideas isetlgyed by students who
do, or do not experience the green chemistry ieteion?”

The research instruments used to collect dataaetew this aspect of the study were:
. a fifteen-item questionnaire (part B of the chemisturvey) which was applied to

both student groups before and after the interganti
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. a set of worksheets and laboratory handouts whicluded a number of open-
ended questions and calculations, each being a&skigm the end of a green
chemistry seminar or laboratory session;

. separate focus groups involving students from bd#sses (GC and non-GC

groups).

The framework used to extract (and help in the yamalof) data related to students’
knowledge / understanding aspect of green chemistnysisted of the same list of

statements created by Anastas and Warner to dedittfeatwelve fundamental principles of
green chemistry (Anastas & Warner, 1998). In fqoestionnaire B was specifically

designed to cover some aspect of each of theseiglga of green chemistry which were
introduced in 1998 and which are still consideredhe golden rules for understanding and
practising green and sustainable chemistry. Onother hand each worksheet (learning
resource) was designed in the form a short exemmseasome area of green chemistry
covered during the intervention seminars. Theralooy reports related to green chemistry
experiments also included questions seeking tosasfather the students’ ability to

understand and recall basic facts on green chgmistr

The students’ responses in part 2 of the chemsstryey (questionnaire B) were analysed
using the assessment criteria (or evaluation schedeszribed in table 4.12, adapted from
Calik and Ayas (2005) who studied the level of ustinding of secondary (eight grade)
Turkish students and science student teachersnafrdoer of chemistry concepts. These
criteria were used to classify students’ respomsdse pre-test and post-test survey and
compare the knowledge gained and level of undedsigrbetween the two groups. Scores

obtained using similar criteria were also used theoresearchers in the assessment and
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analysis procedure for statistical analysis (AbrmahaVillamson & Westbrook, 1994;

Haidar & Abraham, 1991).

Table 4.12

Criteria for Assessing Knowledge & Level of Undersanding
of Green Chemistry Concepts

Level | Criterion Code Criterion Description

4 Sound Understanding | Responses that included all components of [the
(SU) acceptable response; OR a correct calculation.

3 Partial Understanding | Responses that included at least one of the comp®pe

of an acceptable response; OR a correct calculatitin
(PU) a minor mistake in values.

2 Partial Understanding | Responses that showed understanding of the cohaept
with Specific Alternativel also made a statement which demonstrateq
Conception misunderstanding or incomplete understanding; |OR

correct calculation using incorrect values.
(PUSA)

1 Specific Alternative Responses that included illogical / incorrect bimplete

Conception information on chemistry / green chemistry, bull gti
contained a hint of the correct answer; OR attethp
(SA) calculation using some correct values.

0 No Understanding Repetition (rephrasing) of question; completely

irrelevant or unclear response; blank space |(nho

(NU)

response); OR wrong calculation using wrong vall
wrong answer with no working.

€s,

Adapted from Calik and Ayas, 2005

Students were also asked to express how confidamtamnfident they were to answer each

of the first 12 questions, according to the followfive-point Likert-type scale.
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Table 4.13
Students’ (Self-Assessed) Levels of Confidence

Confidence Level | Description
5 Very confident
4 Confident
3 Neither confident nor unconfident
2 Unconfident
1 Very unconfident

The students’ answers in the worksheets, the laédmyraeports and the presentations made
during the students’ seminars, which reflectedetiert by small groups (teams) of the GC
participants rather than by the individual studewtsre analysed differently by assigning a
raw mark for every exercise, according to a specifark scheme. This mark was then

standardised and converted to a ten-point scorecimparison purposes.

4.11 Reliability and Validity of Research Instrumeris & Data Analysis

This section describes the steps taken to enstliebiliéy and validity of both the data
collection instruments used and of the analysisdata generated from the same

instruments.

4.11.1  The terms ‘Reliability’ and ‘Validity’

The term reliability has been defined as ‘the eixterwhich a test or procedure produces
similar results under constant conditions on atlasons’ (Bell 2006). Yin (1994) suggests

that reliability shows that ‘the operations of adst such as data collection procedures, can

be represented with the same results’. Accordinigricoln and Guba (1985) reliability is
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not the right term to apply in the case of qualmatresearch and better alternatives would

be terms such as ‘consistency’ , ‘credibility’ dtrdstworthiness’.

Validity is more complex as a concept and determighether an item or instrument
measures or describes what it is supposed to meeasudescribe’ (Bell 2006). It is
concerned with the closeness or accuracy of whhaeilsg measured with respect to what
on intends to measure (Roberts, Priest & Trayn@®6®. Literature suggests that reliability

Is a necessary but insufficient condition to sgtisdlidity.

4.11.2  Reliability and Validity of the Chemistry Suvey Questionnaires

Two questionnaires were used in the data colleddtages of the research investigation.
One questionnaire attempted to access the studeiffistent aspects of chemistry and
green chemistry (both in society and in school) lavlthe other concerned students’

knowledge and understanding of some of the maicequs of green chemistry.

Both questionnaires in the chemistry survey wergigihed and word-processed by the
researcher following as closely as possible theeajunes found in the literature (Cohen et
al, 2010; Bell, 2006). The contents were seen aputoved by the University of York
ethics committee and discussed with the other mesrdiehe advisory board prior to being
piloted with a class of thirty eight A-level chenmsstudents attending the same college,
and with similar characteristics to the studentstigpating in the main study. The
wording of the questionnaire items were all checkedavoid ambiguity, imprecision,
assumption or double questions, leading questipnssuming questions, hypothetical
guestions, complex questions, irritating questiansl questions that offend or contain

sensitive issues or the use of unfamiliar jargbnvds also ensured that all questions were
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worded using simple language to facilitate undeditay by respondents. An effort was
also made in the design of questions / statementsake sure that the questionnaire items
used in the chemistry survey would get the samsirailar responses if carried out by

another researcher.

During the pilot study students were asked to ceteph separate form giving feedback on
each questionnaire. This feedback form asked stadhe time it took them to complete

the questionnaire, whether the instructions weearglwhether there were any vague
guestions, whether they objected to any part ofjtiestionnaire, whether they thought any
major aspect was left out, whether they liked #neut and whether they had any general
comments to make on the whole exercise (Bell, 2008)e feedback received was vetted
but no major suggestions were made to change amndnprove the questionnaire apart

from some minor changes in the choice of wordsomes of the statements and in layout

details.

The reliability of the first questionnaire regarglithe students’ attitudes was subjected to a
statistical procedure known as Cronbach’s alphdfice@nt (Cronbach, 1963), using the
SPSS (statistical package for the social scienseftjvare package. This is a ‘split-half’
test of reliability consisting of the random sphig of all responses into two sets, counting
the scores of the two sets and estimating the latioe between the same two sets of
values. This reliability test was used to asshedrtternal consistency between a number
of related items in part A of the chemistry survegronbach’s alpha has an upper-bound
value of 1.0 but is unbounded from below. A Craibs alpha coefficient exceeding 0.7

indicates excellent internal consistency. A vali¢hin the range of 0.5-0.7 indicates
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acceptable internal consistency, while Cronbachigha lower than 0.5 indicates

guestionable internal consistency.

Such a reliability test was carried out using gest-pilot data, on 40 out of 48 items (i.e.
on 83.3%) of the attitude questionnaire (i.e. &diB to F of the first part of the chemistry
survey), which covered eight out of the 10 dimensiof the theoretical framework used to
analyse such data. Each dimension (sub-scale)messured by averaging the rating
scores provided for respective items after revemsbng of a limited number of negatively

worded items. Section A of the questionnaire idelli only personal details on students

while six items were dropped because of poor caticel with the other items.

The results of Cronbach’s alpha reliability tesndocted on data from part A of the
chemistry survey are displayed in the form of tableappendix 32 The reliability test for
the attitude questionnaire gave acceptable vali€anbach’s alpha coefficient based on
standardised items (with coefficient exceeding 0.ifDall cases measured) and this meant
that the instrument used had internal consistendyveas reliable. It was decided that the
items that were not considered for the test wotildke retained in the questionnaire for
the main study to give complimentary / additionaiormation on the students’ attitudes
considering also that this study was mostly basedjwalitative rather than quantitative
treatment of data. The two dimensions (i.e. dinmss4 and 10) upon which Cronbach’s

alpha test was not performed was each represeptaedingle questionnaire item.

The reliability of the second questionnaire regagdistudents’ knowledge and

understanding of green chemistry was ensured mgubie established (widely accepted)

twelve principles of green chemistry in the desajnthe first twelve (out of a total of
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fifteen) questions in section B, with section Aaes&d again for personal information on
the respondent. Therefore each of the first twelwestions was linked to one of the key
principles of green chemistry in order to ensuid thost of the aspects of green chemistry
are covered in this instrument. The last threestoies asked students to explain the term
‘green chemistry’ in their own words, to explaindbly any three of the principles of green
chemistry and to describe a concrete example of bowety can benefit from green
chemistry. Data generated from this questionnai@s then analysed using a five-point

scale based upon criteria adapted from Calik armsA2005) as described earlier.

Reliability and validity of both questionnaires the chemistry survey were improved
through piloting and subsequent revision of theruments following the feedback of
participants of the pilot study (which was carr@d with a similar group of students in an
identical setting) and the advice from the supervend a colleague teacher at work. In
fact the student feedback on the understandingeofiiestionnaire items / statements, both

in the pilot study and main study, indicated a rdgigree of validity of this instrument.

4.11.3  Analysis of Data from the Chemistry Survey Qestionnaires

Once the chemistry survey was completed and aktgpmnaires collected, the researcher
carried out a preliminary analysis of all data ecled. In the case of the attitude data, this
consisted in converting data first into tables dhen into bar charts and pie-charts to
facilitate comparisons and basic statistical ansly{percentages, means and standard
deviations). In the case of the understanding daterated by the second questionnaire,
these were transcribed by the researcher, storad glectronic format and then evaluated

on the basis of the five-point criteria as expldirearlier. All data generated by the

171



chemistry survey was double-checked by a colleagamber of the staff in an effort to

improve further the reliability of analysis.

Quantitative data was processed by the researshey the Excel programme. This helped
to check that the data scores transferred to treadpheets tallied with the actual scores of
data present in the hard copies of the completedtopnnaires. The Excel programme was
deployed to calculate percentages, mean scoresgi@amhical representations (e.g. bar
charts and pie-charts) which helped in the intéghi@n of results. The Excel software also

helped to enhance the validity in the analysisathdjathered by the questionnaires.

The quantitative data gathered from this instrumeete subjected to a number of
statistical tests. These included tkelmogorov-Smirnov and theShapiro-Wilk tests
which were both used to assess the normality assomngf the rating score distribution of
each item within each questionnaire which formed phthe chemistry survey. The null
hypothesis for these tests specifies that the gasicore distribution is normal and is
accepted if the p-value exceeds the 0.05 levelgpfifccance. The alternative hypothesis
specifies that the rating score distribution isvese@ (i.e. non-normal) and is accepted if the
p-value is less than the 0.05 criterion. It turreed that all p-values obtained from the
Kolmogorov-Smirnov and Shapiro-Wilk tests were Iésan 0.05, indicating that all the
rating score distributions were skewed and didfalbdw the normality assumption. This
applies to both the ‘attitudes’ (part A of survean)d ‘understanding’ (part B of survey)
data. This determined the use of non-parametsis i@ the quantitative analysis of data
obtained from the chemistry survey. The resulttheke tests of normality are shown in

appendices 26, 27 and 28
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The Mann-Whitney U test (or MW test) was then applied to compare mean gatcores
between the two independent participating setsuafests (i.e. the GC and non-GC groups)
once it was established that the rating scoreildigton was skewed. The null hypothesis
in this test specifies that the mean rating scosy marginally between the two groups
and is accepted if the p-value exceeds the 0.08&l le¥ significance. The alternative
hypothesis specifies that the mean scores varyfisgmly between the two groups and is
accepted if the p-value is less that the 0.05rasite The MW test is a non-parametric

alternative to the independent samples t-test.

The data from the chemistry survey was also sudeict théWilcoxon Signed Ranks test
(or WSR test) in order to compare mean rating scofeeach group of students before and
after the green chemistry intervention. In thisesahe null hypothesis specifies that the
mean rating scores vary marginally between the gumd-post-evaluations and is accepted if
the p-value exceeds the 0.05 level of significanc&@he alternative hypothesis of this test
specifies that the mean rating scores vary sigmtiy between the pre-test and post-test
and is accepted if the p-value is less than thg In@it. The WSR test is a non-parametric

alternative to the paired samples t-test.

Results of the Mann-Whitney tests and Wilcoxon 8dyRanks tests on the ‘attitudes’ and
‘understanding’ data generated by the chemistryesuare shown iappendices 30-3and

38-41 and commented upon in the analysis chapters.

A further Mann-Whitney test was then carried ouingsthe difference between the

‘understanding’ data scores per student betweermpitdest and post-test, comparing the

averages for these differences between the GC andsC group, after confirming that
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such data did not following the normal distributiofhhe normality test output on such data

Is shown inappendix 29while the results of this MW test are shownahle 9.3

The analysis of part A of the chemistry survey &tndents’ attitudes) is discussed in
chapters 7 and 8, while part B (on understandingreén chemistry concepts) is discussed

in chapter 9.

4.11.4  Reliability and Validity of Focus Groups

In all, seven focus group sessions were held oheegteen chemistry intervention was

over. Four of the focus groups were held with @@ participants (representing 100% of
the GC group) while the other three involved twod$ (i.e. 66.7%) of the non-GC group.

Six of the focus groups were made up of sevenstu@ents while one of the non-GC focus
groups included 10 students. The choice of stgdBrming each group was done on a
random basis (depending mostly on their availgbtht attend the session) and one of the
GC groups turned out to be all-female. This wasosk inevitable due to the higher ratio

of female to male students in the GC class.

In the case of qualitative research, reliabilityagarded as a measure of trustworthiness of
the procedures used and data generated (Stile3).18%nsures that the results of a study
are repeatable in different circumstances (BrynZ2®1). One of the measures taken to
ensure reliability is to draw up a list of stimulsgatements related with the research
guestions and use them in three pilot focus gragsiens. The stimulus statements were
meant to form the basis of the discussion heldaicheocus group. All statements were

previously discussed with the other members oftfiesis advisory panel. Reliability of

focus groups was enhanced through careful pilotvhgch served to gain feedback from
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students on the statements used to instigate Swusdion but also to gain experience

(training as an interviewer) on how to conduct arahage a small group interview.

All focus group sessions were recorded on a digibade recorder (with the prior consent
of all participants) which was the same device usdtle pilot study. Once all focus group
interviews were concluded, the recordings werestedad from Maltese to English (unless
the participant chose to speak in English) and Baneaously transcribed so that most of
the data would be available in printed form anddyer processing. Cohen et al. (2010)
explains that many experienced researchers straerglynmend that all voice-recordings
should be transcribed so that transcriptions ardenavailable for scrutiny if the need

arises. Both the digital voice recordings and titascript version of the focus group

discussions were stored electronically for immexdraference and retrieval of data. A hard
copy of the transcribed conversations was also dofed to the supervisor and another
copy served as a working document to be immediatelylable for the researcher during
the data analysis process. It is thought thatdpe-recording of interviews such as focus
groups and the related transcripts help to impm@lability even though transcripts may

omit some important non-verbal expressions madmglaine session (Perakyld, 1997). An
attempt was made during all sessions to capturee soirthe subtle expressions using
notations which record instances such as pausegham®s, laughter and interruptions.
Reliability was further increased by ensuring tacAhaccuracy in recording of all sessions

and especially during the process of transcribing.

As expected, preparing the full transcripts ofsalen focus group sessions turned out to be

a time-consuming exercise. However this had ita denefits, the main one being that it

minimises bias which could have resulted from beielgctive in transcribing only parts of
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the conversations involved. Bias has been defiiyeldansing, Ginsburg & Braaten (1961)
as “a systematic or persistent tendency to makarsein the same direction, that is, to

overstate or understate the ‘true value’ of anhatte.”

In order to avoid bias and ensure a high degrealadity, the researcher made an effort to
be as clear as possible in the wording of the dtismstatements and as accurate as possible
in the translation and transcription of all focusup discussions. Bias was also minimised
by means of respondent validation whereby studeete given the chance to check for
themselves and give feedback of the faithfulnesthefrelevant transcribed focus group

account.

One additional advantage of a full focus group dcaipt was that it made it easier for full
guotations to be made and for the data to be wenesf and processed in a faster and more
efficient way using a computer assisted qualitatimalysis software (CAQDAS) package
such as Atlas.ti which was used on this occasidhe use of the Atlast.ti package was
another way of enhancing reliability by making usethe rules built into the same

programme (Roberts & Woods, 2000; Robson, 1994).

Having all focus group sessions transcribed inpoilated form allowed also the researcher
to go over the discussions several times to thatpafi being “immersed” in the data as
suggested by several authors such as Miles andriiabneg(1994) and Roberts et al (2006).
The length of time dedicated to the translation aadscription process allowed also the
researcher to be as accurate as possible in pregemd quoting data and this increased
reliability of the same data. The researcher sbugp of his wife (an assistant

headteacher of a primary school) and his eldesgitau (a university student) to solve /
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interpret the difficult parts of the conversatiahat took place during the focus groups,
especially in situations such as when a voice becamnffled or faded, or when two or

more voices crossed each other.

4.11.5 Analysis of Focus Group Data

The first stage of analysis of data generated fimens groups involved assigning of codes
to pieces of data by going through the transcripéach focus group conversations and
repeating the process several times. Oppenhei@2ji®arns that inconsistent coding of
responses during data analysis could be anotheip@source of bias in interviews such
as focus groups. Hence coding of data was releeansle the pilot focus group transcripts

and then applied scrupulously with the main foausg transcripts.

The initial coding process represented the fitgnapt in the categorisation of data and was
facilitated with the use of the Atlas.ti computaftware package, which proved to be
extremely useful with the rapid retrieval of cod#ata and the subsequent clustering phase.
Clustering involved the grouping of codes relatedat particular aspect of the research
guestion and categorising these clusters accortbhnghe structure of the theoretical
framework of analysis used in this study. Oncermpavas complete, certain patterns could
be observed and themes starting to emerge anduellgriie developed into generalisations.
The entire coding process was repeated all oven agaa few months’ time in order to
improve reliability of the method. This is confiesh by Roberts (1999) who suggests that
one particularly reliable approach to handling oélgative data is to create codes and then
confirm them by revisiting previously coded dataigaically to check whether these become
stable over time. The second round of coding teduh very similar categories and only

required minor changes from the original version.
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Another measure taken, possibly the most effectwe, to enhance the validity of
qualitative research was triangulation which is ¢bacurrent use of other methods of data
collection such as questionnaires, the use of #rsgnmal research diary and published
literature.  Triangulation is thought to assisthwconsistency, comprehensiveness and
robustness of the study (Roberts et al, 2006). ariether way to improve validity during
data analysis was the continuous effort of the aiet®r to remain as objective and as
disinterested in the interpretation of data as iptess Some qualitative researchers claim
that it is practically impossible to remain complgt objective or detached from the
research process (Guba & Lincoln, 1981; Stiles3)19However it is still important that
the research process is transparent to enablerréadellow all the decision processes

related to various stages and aspects of the $Rmlyerts et al, 2006).

The analysis of focus group data is discussedtalde chapters 7 and 8.

4.12 Strateqy applied in Data Analysis

The data that emerged fropart A of the chemistry surveyas first analysed using
descriptive statistics. This exercise helped maaising and describing the basic features
of the attitude data gathered in this study. Gndther hand, the qualitative attitude data
generated by thivcus groupsvas first coded with the aid of the Atlas.ti cortemsoftware
package as explained earlier. These codes were thestered and converted into
categories, giving rise to a number of themes whehe mapped out against the various
attitudinal dimensions of the theoretical framewarleated specifically to analyse such

data.
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Complete analysis of the attitude data was evenytealried out by describing how the
emerging themes helped in defining the separatermbions, which in turn qualify the four
main types of students’ attitudes (see section ®®ards chemistry in general and green
chemistry in particular. Any attitudinal changadicated during the qualitative analysis of
focus group discussions were subsequently compeétbdhe results of qualitative analysis
of the first questionnaire of the chemistry survéeference was made both to descriptive
statistics and inferential statistics to highliglmy important / significant differences
observed between the attitudes held (at the sameipdime) between the attitudes of the

two groups of students participating in the study.

Data collected fronpart B of the chemistry surveyas mainly qualitative and was first
processed using a number of assessment criteriexglgined in section 4.10. The
guantitative data which resulted from such a prelary analysis was then subjected to a
statistical analysis to compare the students’ perémce in this part of the chemistry survey
before and after the classroom / laboratory intatiea, with respect to their knowledge
and understanding of green chemistry conceptsid®ld in the original twelve principles
formulated by Anastas and Warner (1998). All geestaire items in part B of the survey
were then analysed separately, continuously comgahe students’ responses before and
after the intervention and integrating findingsiwihe results of the statistical analysis (of
the quantitative data) to determine whether or amt observed variations (within each
group of students) were to be regarded as stalligtsignificant. Inferential statistics were
also used to confirm or otherwise any significaiffiedences in the responses given by the

two sets of participants particularly at the endhaf curriculum intervention.
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4.13 Limitations in Research Procedures and Data dlection

The technique used in this research inquiry impaseadimber of limitations on the type
and amount of data that could be collected and meated. The following points
summarise some of the main difficulties encounteneithe use of research instruments for

data collection during the main research study.

4.13.1 Sample Chosen

This case study investigation was carried out aitaas of first year sixth form students

whilst following a course in A-level chemistry dtet Maltese sixth form college during

academic year 2009-10. The group (GC class) cbeldiescribed as an opportunistic
sample of students as it was chosen by the subgmtinator (head of department of
chemistry) who is the person authorised to asd@sses and duties to the lecturing staff at
the beginning of the year. The group chosen nmghthave been a true reflection (i.e. a
representative sample) of the entire cohort of velestudents attending the same
institution, in terms of intellectual skills andaatemic abilities. The same applies to the

choice of the other class (non-GC class) whichexkas a ‘control’ of the ‘GC group’.

4.13.2 Potential Gender Bias

Another problem was the overrepresentation of fenséildents in the main sample (GC
group) chosen, which might have introduced somael loh bias in the data that was
eventually collected. In fact college statisti¢gree 2009 intake of students show that the
total number of chemistry students choosing A-lesredmistry was divided into 89 males
(40.3%) and 132 females (59.7%). This means tletzC group was significantly under-

represented by male students (with only 7/31 08%2of class population being males). In
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contrast, the non-GC group was overrepresented dgsm(with 18/36 or 50% of class
population). With the exception on one focus grfupich happened to be all-female), all
other groups / teams participating in this projectiuded both male and female
representatives. To avoid any gender bias, notignesor statements made at the data

collection phase made any reference to gendereifées.

4.13.3 The Hawthorne Effect

One other limitation of this study was the possibteurrence of the Hawthorne Effect
where ‘human subjects of an experiment change tiehaviour simply because they are
being studied’ (Cohen et al, 2010). In this prgjescembers of the GC group were very
much aware that they were being observed and stddredoing something different and
so they could have modified their behaviour in anbar of ways. Shuttleworth (2014)
suggests that the Hawthorne effect (similar, inaywo the placebo effect in medicine)
constitutes an unavoidable bias (reducing validibgt the researcher must be aware of
when analysing data. It is very difficult to quénthe change in behaviour when human
research subjects are aware that they are parh @xperiment. This issue was partly
addressed by employing the control (non-GC) groufhe study. This group of students
did not receive the same green chemistry treat@mettie GC group. In a way the non-GC
control group also knew that it was being obser(iedthe pre- and post-intervention
stages) and was expected to exhibit similar chamgleshaviour as the experimental group,

therefore minimising the Hawthorne effect.

4.13.4 Time-Table Limitations

The choice of the extra slot in the students’ tiagle at the beginning of the year, to be

able to organise the green chemistry activitiesning part of the intervention, was far
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from ideal. In fact while showing interest to pagate in the project, the students were
quite reluctant initially to give away the only é&rdour available on a Wednesday morning
to have an additional chemistry commitment, alnowst regular basis. Unfortunately this

turned out to be the only possible solution whiohild be negotiated when students’ and
teacher’s time-tables were considered. This madegreen chemistry commitment be

initially viewed by some of the participants asrngean extra burden adding extra pressure
on their loaded time-tables. However with timeideints got used to the idea of the green

chemistry commitment and none of the students tdgjeio the extra time-table ‘burden’.

4.13.5 Limited Time for Students’ Activities

One other drawback in the main study was the ladufficient time for students to be able
to give feedback during the seminars. In fact wstroccasions, participants did not have
enough time to finish off the activity/worksheegthwas originally planned to be a form of
class assignment. The seminars turned out to l@estse that such work had to be given
out in the form of a short homework to be compldigdhe next session. This might have
affected the way students worked to produce tlesiponses (which were aimed to reflect a

team effort).

4.13.6 A Moral Dilemma

One ethical problem encountered usually in educatiosesearch using an experimental
style is the use of control groups in curriculumawmation. In such situations, the teacher-
researcher is always faced by a dilemma on theotisecontrol group if this is deprived

from the potential benefits of being taught extnmwledge / skills with respect to another

group concurrently placed in the same setting.
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Although this research investigation was not expental in approach, the use of a second
group of students as a means of control to comgiitedes and other characteristics with
those of the main GC group gave rise to a similaraindilemma. In fact the author found
it hard to invite students to participate in th@jpct without being given the chance to

experience the same curriculum innovation of ttegroup.

Other limitations of the research instruments a@ath ccollection would be dealt with

throughout the rest of the thesis.

4.14 Chapter Summary

This chapter describes the methodology adoptechéydsearcher to collect and analyse
data from two groups of chemistry students (thenn@&C class and the control non-GC

class) following a course of studies in a sixtmiarollege, as part of this research project.

The author explains how the major decisions, wkehe illuminated by various sources of
literature, were taken to choose the researchegyathe instruments used to extract data
and the approach to be followed to analyse the dathered from the same student
participants. The chapter describes also the sanf@tudents taken for this investigation,
the setting of the study and the way the interaenfiackage was designed and piloted
during academic year 2008-9. The author also explen detail the way the research
instruments were developed, piloted, and improvsahuprior to being applied in the main
study during year 2009-10 in order to gather enalggh (from the students) to be analysed
and address the research questions. A sectidreafiitapter was dedicated to the approach

chosen to evaluate the green chemistry intervempamkage. Other sections described how
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the theoretical framework for data analysis wasettigyed and used to analyse the attitude
data, as well as the technique employed to assedsmnss’ understanding of the green
chemistry concepts. The author also gave an at@uthe measures taken to safeguard
and enhance reliability and validity of methods miocedures adopted during data

collection and data analysis.

The last section discusses some limitations ofsthdy particularly in the use of research
instruments for data collection despite the effonade by the research to eliminate bias
and remain as impartial, consistent and objectige passible throughout the entire

investigation.
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Chapter 5

THE GREEN CHEMISTRY INTERVENTION PACKAGE
(THE INTENDED CURRICULUM)

5.1 Introduction

Research suggests that students are particulaelsested in those aspects of science which
are mostly relevant to their everyday lives. Othesearch shows that teaching of
chemistry concepts at post-secondary level woulthbee effective if related to daily life

situations. Students are found to be particularmgaged in science, and chemistry in
particular, when learning about the chemistry af #mvironment as it is one of those

aspects which they regard as relevant to theislive

Maltese students who enrol in the A-level chemigitggramme at the Maltese sixth form
college already have some background of environaheftemistry as this forms part of
their O-level examination syllabus and is therefa®vered during their three-year
chemistry programme of their secondary educatidie chemistry students’ interest in
environmental issues is not likely to develop fertlat post-secondary level as curricular

references to environmental topics are rather dichénd isolated.

The main idea behind this ‘green chemistry intetnem was therefore to exploit such a
‘green vacuum’ in the local A-level curriculum totioduce new environmentally-related
chemistry concepts in the curriculum, under themBwork of green or sustainable

chemistry. This is not the same as expanding @icbdeas of environmental chemistry.
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The challenge was to use the platform of envirortalechemistry in order to gauge the
students’ disposition to learn about green chesistrich is an innovative way of doing
chemistry showing maximum respect towards humaitthaad the environment of present

and future generations.

5.2 Obijectives and Learning Outcomes

The main goal of the classroom & laboratory intatign in green chemistry was that A-
level students studying chemistry at post-16 w@aoh a general idea about green chemistry
and recognise its important role in the sustairtgtof the world. Hence the intervention was
designed so that students would understand theassé green chemistry and appreciate
how the concept which originated in the US in tB80s evolved slowly but steadily and was
diffused in different parts of the world until iebame established as a new distinct area of
science. It is expected that through this programstudents would realise that green
chemistry now represents the reaction of the waddwchemistry community, including
chemistry educators, to the growing public conaamnpollution and other environmental
problems frequently associated with the mountintiyi&g¢ of the chemical industry and of

other related industries.

The intervention aimed to show students that apglygreen chemistry involves doing
chemistry in a safer and more sustainable way §ingahe right decisions as early as at the
planning stage of a chemical reaction or proc&isidents would learn that green chemistry
eliminates waste, safeguards human health andntheoement and avoids committing any

of the past mistakes which resulted in gross enuental disasters. The activities forming
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part of the intervention package were also plannesilich a way that students could relate
green chemistry to other topics of the school ce&sncurriculum but also to their everyday
life. Students would also be able to realise ¢iaen chemistry is not only based on sound
chemical theory but is also feasible on many co(ats environmentally, economically and

socially) and hence truly sustainable.

The programme (curriculum innovation) seeks to eqthie students with sufficient
background knowledge and some basic laboratoryrexe on the emerging field of
green chemistry, in order to enable the researtthéook into any changes in students’
attitudes and understanding upon completion of ithervention. The following table
summarises the main learning objectives and intitelning outcomes of the main green

chemistry intervention.
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Table 5.1

Main Objectives and Intended Learning Outcomes
of the Green Chemistry Intervention

Main Objectives

1. Introduce green / sustainable chemistry to sfatim students presenting it as
alternative way of doing chemistry, emphasizingsaénd pollution prevention.

\"ZJ

2. Explain the key principles of green chemistry aibve how these can be
applied to safeguard human health and the envirahme

3. Relate aspects of green chemistry to the traditioorcepts of chemistry.
4. Relate green chemistry to real life situations.

5. Demonstrate the application of some of the prirgpdf green chemistry in the
school laboratory through green chemistry pracseakions.

Intended Learning Outcomes

1. Students are able understand some of the basic ided values of green
chemistry.

2.  Students recognise the positive impact of greemdtey on humanity.
3.  Students become conversant in the various termageLts of green chemistry,
4.  Students are able to relate applications of greemcstry with everyday life.

5. Students experience the application of some ofbidmEc principles of green
chemistry in the school laboratory.

5.3 Designing the Green Chemistry Intervention Pacdge

The green chemistry intervention package was dedigtiter having consulted a body of
literature on the emerging field of green chemisind on the parallel developments in

green chemistry education. A number of O-level #&atbvel chemistry examination
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specifications have also been reviewed for anyctlioe indirect references to concepts of
environmental chemistry and green chemistry. Ehlisrcise resulted in the identification
of a short list of areas of focus that could pdgdie presented to a sixth form audience of
students in a series of presentations dedicatetlydol the introduction of green chemistry.
Such areas of interest were chosen primarily as¢bald easily be related to the students’
everyday lives but also to fundamental conceptshaimistry covered throughout the A-

level curriculum.

The following were the main areas of focus whichreveriginally shortlisted for the pilot

intervention.

5.3.1 _The Green Chemistry Principle of Atom Economy

Atom economy is a major green chemistry originddgdarry Trost (1991), a professor of
chemistry at Stanford University, USA, in 1991, anbid to design chemical processes
which make better use of the raw materials andteress by-products and waste. Atom
economy is one way of measuring the efficiency oh@mical reaction. It was thought that
this key principle of green chemistry could easig/linked with the section of the A-level
curriculum dealing with moles and stoichiometry agpatticularly with the concept of

percentage yield with which students were alreadystomed.

5.3.2 Renewable Energy from Fuel Cells

This theme was chosen to illustrate an examplerehawable source of energy which uses
hydrogen or a hydrogen-rich fuel without pollutingjven that the only product of the

electrochemical process involved is warm water.chSa theme could be related to the
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traditional chemistry concept of oxidation and retthn, together with important
applications of such reactions in redox potentald electrochemical reactions, all forming

part of the A-level chemistry programme.

5.3.3 Liquid or Supercritical Carbon Dioxide as aGreen Solvent

The use of liquid or supercritical carbon dioxidenmnaking its way in industry, to replace
other toxic and hazardous organic solvents in @msE® such as dry-cleaning operations,
extraction of essential oils and decaffeinatiocafee. So this theme has been chosen as an
example of a green solvent, i.e. a solvent thabistoxic, non-hazardous and non-polluting.
The preparation of liquid or supercritical carboloxte involves a reference to phase
diagrams which students usually encounter at a $age of their A-level chemistry course

as part of the topic ‘phase equilibria’.

5.3.4 Designing for Plastic Material for Degradatio

Biodegradable plastic consists of a material predumainly from plant-based products
(renewable resources) which is degraded by theracti microorganisms which convert
them into harmless substances. This topic wasechts illustrate the green chemistry
principle of biodegradability and relate it to thection of the chemistry A-level curriculum
dealing with polymers and polymerisation reactiodsis section of the local curriculum

already makes reference to biodegradable polymetsnmakes no connection of their
environmental credentials with any green chemiptigiciples involved in its production,

use and disposal.
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5.3.5 Biodiesel from Vegetable Oil

Biodiesel was chosen as a typical example of a hgnovwn ‘green fuel’ that is produced
from a renewable resource and is less pollutingy thatroleum-derived diesel. The
synthesis of biodiesel involves converting vegetablls (triglycerides) into a liquid
mixture known as ‘fatty acid methyl esters’ (FAMES)The ‘green’ process which
synthesizes biodiesel involves a chemical changewknas the ‘transesterification
reaction’. A-level students would already be faanilvith the group of organic compounds
known as esters which are produced by a reactiawhknas ‘esterification’. Biodiesel
consists of a mixture of esters produced by a sdmesimilar reaction and hence students
would already be equipped with some groundworkhis theme thanks to their basic

knowledge of organic chemistry.

5.3.6 Bioethanol from Carbohydrates

The synthesis of bioethanol is another ‘green mscehich students would have already
treated to some extent when learning on the chgmast fermentation reactions which
produce alcohol. Bioethanol is another biofuelahhis used as a petrol substitute for road
transport vehicles. It is produced by fermentatbdsugar obtained from energy crops or
from organic waste (biomass). This theme has ttenpial to illustrate a number of green
chemistry principles such as the use of renewadle materials, biocatalysis (catalysts

preferred from stoichiometric reagents) and enefggiency.

Since the research investigation required collectod data from students particularly
before and after the intervention, it was also dedithat the presentations would be made

in a series of classroom seminars dedicated gnticegreen chemistry, spreading them
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over a number of weeks, rather than integratinggtieen chemistry topics in different parts
of the two year A-level curriculum This approachsachosen to keep the focus on green
chemistry and cover as many aspects as possilldinmted time without interfering with
the official examination oriented chemistry curtign. It was also decided that students
would be given the chance to apply the principliegreen chemistry in practice through a
laboratory session including an experiment basedhaory previously explained and
discussed in class. The green chemistry experimpkmned for the pilot intervention

involved the synthesis and analysis of biodiesel.

The intervention package allowed also space fatestts to explore green chemistry further
by researching in small groups a specific area@émg chemistry and presenting their work
in one of a number of student seminars. This wasedn order to further gauge the
students’ interest in green chemistry and evaltia¢g level of understanding of green

chemistry concepts to which they were being intoesdh

The following table (table 5.2) summarises the nativities planned for the pilot green

chemistry intervention.
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Table 5.2
Pilot Green Chemistry Intervention Plan

Session

Duration

Theme & Brief Description

1

1 hour

General Introduction to Green Chemistry

Lecture / presentation introducing the definitiamms and an explanation of
the basic principles (with some applications) aegr chemistry.

1 hour

Green Chemistry and Atom Economy

Lecture / presentation / activities illustrating threen chemistry principle of
‘atom economy’ and hence stressing the minimisation of waste ywisd
This is to be linked to curriculum topic of molencept and stoichiometry.

1 hour

Green Chemistry and Fuel Cells

Lecture / presentation / activities illustrating threen chemistry principle of
‘energy minimisation’. Topic is to be related to the chemistry of redag
reactions and electrochemistry.

X

1 hour

Green Chemistry and Liguid Carbon Dioxide

Lecture / presentation / activities illustrating threen chemistry principle of
‘using harmless solvents’ Theme shows the unusual role of carbon dioxi
as a green solvent. The session is to be linkéaetsecond year topic dealing
with phase equilibria but is also associated witieptopics such as gas laws
and the kinetic theory.

44

1 hour

Green Chemistry and Degradable Plastics

Lecture / presentation / activities illustrating threen chemistry principle of
‘designing for degradation’. This is to be linked to the theory or
polymerisation reactions and properties of plastics

1 hour

Green Chemistry and Synthesis of Bioethanol

Lecture / presentation / activities illustrating threen chemistry principle of
‘using catalytic reagents’and the'use of renewable resourcesto produce
clean energy. This is linked to the curriculumitcopghemistry of alcohols.

3 hours

Green Chemistry and Biodiesel

Practical / presentation / activities illustratitig greenchemistry principle of

‘using renewable resources’ Students will experience the green synthesis
biofuel from renewable resources. This session beaglso be linked to the
chemistry of alcohols and the chemistry of hydrboas, citing the

composition of biodiesel as a substitute to digpebduced by fractional
distillation of petroleum). May also be linked ithe second year topic:
chemistry of esters.

of

3 hours

Student Seminars

Three sessions for student presentations of vaaspects of green chemistry
prepared by 12 different groups of students.
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5.4 Developing Educational Resources for the Pildhtervention

A number of educational resources were prepareddar to make each presentation more
effective. These consisted in a series of slidevshi®@owerPoint presentations), short video
clips and handouts containing relevant informatre@ferences for further reading and a list

of associated chemistry topics forming part of Axkevel curriculum.

A students’ activity worksheet was also designedritter to be discussed and filled in by
the students at the end of each presentation. eTWwesksheets were meant to stimulate
student participation but also to serve as an imatedtudent feedback to the tutor by the
end of each green chemistry seminar. One of theksheets consisted of a list of

guidelines for the student presentation seminars.

One of the first activities planned for the pilattarvention was a slogan competition
between the twelve groups of participants. This wane in order to test the extent to
which students were able to understand, right filoenvery beginning, the gist of the green
chemistry principles by inviting each group to regde one of the 12 statements into a short

expression which captures the essence of the neebshind the principle.

5.5 Planned Changes for the Main Intervention

Once the pilot study was complete the focus turpedthe evaluation of the pilot
intervention package, research approach and résaettuments used in the study, which

enabled the author to decide on any changes rebfaréhe main study.
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It was decided that the basic structure of thetpiitervention would be retained but the
original scheme was further developed to includeadditional three classroom seminars,
and a second practical session on green chemasidy/to modify the assignment for the

student seminars.

The first change involved dividing the introductiomo two parts, dedicating one seminar to
the general introduction to green chemistry, legnarseparate session for the explanation and
discussion on the twelve key principles upon wigoken chemistry was founded. This was
done for a number of reasons but mainly to allowugh time to explain the aims, recent
evolution and some applications of green chemistfie first session was also meant to
illustrate further some important points making aseisual resources. The ‘green chemistry
principles’ deserved being treated separately kmwaktudents more time to grasp (and
discuss) some of the many concepts involved amatlde space for the viewing of the video

clips prepared.

The other new seminars were planned to expandaiodis and treat separately the green
chemistry principles and different processes inedlin the production and use of biodiesel
and bioethanol which are the most widely used fuelthe world. Such developments
were planned following the interest generated anmgindents during the biofuel seminar
and practical session of the pilot interventiorneew seminars aimed at giving priority to
the use of renewable sources of energy and add¥leded issues such as the ‘food versus
energy crop’ debate and sustainability of the emmment. They also allowed more space
for the classification of biofuels and related gahénformation such as the difference in
the use and production of biofuels in differenttpaf the world. The change also allowed

more time for the use of visual resources suchhasshort video ‘Climate Change and
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Biofuels’ produced by the National Non-Food Crompm€e (UK). It also allowed students
to participate more in the seminars through disonsand questioning and to prepare
themselves better for the practical session whislolved the laboratory preparation and

analysis of biodiesel.

Given the students’ interest and participatiorhia practical session on biofuels in the pilot
study, it was also decided to extend the green idtgnlaboratory experience by adding an
extra practical dedicated to the synthesis of lgoa@able bioplastic. This second
laboratory session was meant to provide students another close encounter with the
real-life application of green chemistry principlesch as the use of renewable resources
and design for degradation. The laboratory expeg in green chemistry also allowed
students to prove that chemistry could in fact &edered green using less toxic and less

hazardous chemicals which generated harmless pgoduc

Another change that was made to the interventigarded the number and type of student
presentations. The pilot intervention allowed éhsessions for students to work in groups
on a short presentation about one aspect of greemistry after carrying out some
research mainly through the internet. Given thedesits’ crammed time-table, the
significant time required by students to collaberahd eventually produce such an ‘extra-
curricular’ assignment, and the limited potentiaboch activity to generate useful data for
the study, it was decided that the assignment wbaltransformed into a series of poster
presentations to be carried out over two one-heasiens. This was done to reduce this
extra commitment from students and convert it mtoequally meaningful but less time-

consuming exercise. Another reason was that ifern@tproduced by students was of
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acceptable standard it could then be used in adutallege based exhibition on green

chemistry.

All these changes required updating of most ofetiecational resources used in the pilot
intervention. This involved modifying the conteftsome of the presentations (computer
slide shows) preparing new background informatiogess (printed notes for students with
references for further reading / research) andtioganew worksheets and laboratory

instruction sheets for all student activities.

Another novelty was the launching of an originaggdato mark the introduction of green
chemistry in Maltese schools. The design (figude @as
created with the help of UK cartoonist David Daleda
featured a frog, recognised worldwide as a symbol o
sustainability, embracing the Maltese eight-pointeass.

This logo was launched during the main intervention

immediate visual impact to remind participants

Figure 5.1

continuously of the advent of green chemistry irltila Original logo used in
the main intervention

5.6 The Revised Intervention Package

Following the changes made to the pilot intervamtithe revised intervention package now
consisted of a set of nine classroom seminars oilwusthemes of green chemistry, a
number of activities assigned to students at tle afneach seminar aimed to re-enforce
what was learnt in class, two practical sessiorthénchemistry laboratory and two student

seminars involving the presentation of posters g by the same student participants.
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Table 5.3 shows the schedule of activities planfeedthe group of Maltese sixth form

students participating the main green chemistmrugntion during academic year 2009-10.

Table 5.3

Planned Schedule of Events of the Main Green Chentiig Intervention

Phase 1: October — December 2009

SESSION | EVENT DESCRIPTION
1 Seminar - A general introduction to green chemist
2 Seminar - The 12 principles of green chemistry
3 Seminar - Green chemistry and atom economy
4 Seminar - Green chemistry and fuel cells
5 Extra Christmas Seminar - An overview of themissussed and student
activities performed in phase 1.
Launching of student seminar presentations.
Phase 2: January — March 2010

SESSION | EVENT DESCRIPTION
6 Seminar - Green chemistry and liquid carbon diexi
7 Seminar - Green chemistry and degradable plastics
8 Seminar - An introduction to biofuels
9 Student Seminar - Students’ Poster Presentd®art ()
10 Student Seminar - Students’ Poster Presentd®art R)
11 Seminar - Green chemistry and biodiesel
12 Seminar - Green chemistry and biosynthesis Gfreth

Phase 3: April - May 2010
SESSION | EVENT DESCRIPTION
13 Practical Session 1 - Producing & analysing leedi
14 Practical Session 2 - Producing a biodegradabjadstic
15 Final Seminar - Follow-up to discuss resultsrafeg chemistry practicals
16 Conclusion & presentation of tokens of participatio all participants
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The whole intervention was divided into three plsaggth phase one consisting of four
seminars, phase two including five seminars andwieestudent presentation sessions and

phase 3 divided into two green chemistry pracsesisions.

Table 5.4 features a brief description of eachhefa@vents planned for the green chemistry

intervention during academic year 2009-2010.
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Table 5.4

Main Green Chemistry Intervention Plan - Part 1

Session

Duration

Theme & Brief Description of Planned Activities

1

1 hour

General Introduction to Green Chemistry

A seminar with a tutor presentation introducing thefinition, aims and
some applications of green chemistry. It presgnéen chemistry as a
powerful tool to achieve sustainability.

1 hour

The 12 Principles of Green Chemistry

Another classroom seminar with a presentation @xpig the meaning
behind each of the 12 universally accepted priesigf green chemistry
(first published in 1998 by P. Anastas and J. WRrtigat ensure that
chemical processes and products are clean and €afeen chemistry is
presented as a ‘reducing agent’ aiming to reduee materials / energy
requirements / use of toxic chemicals / pollutieveste products.

1 hour

Green Chemistry and Atom Economy

A third seminar with a presentation on the impdrtgreen chemistry
principle of ‘atom economy’ (originally developed IB. Trost in 1991)
which aims to minimise waste by-products and empgbkaseaction
efficiency by choosing greener chemical reactiopgotesses. This theme
is related to the mole concept and stoichiomeyudents will be shown
how to compare and determine the efficiency of amtbal reaction by
considering both percentage yield and atom economy.

1 hour

Green Chemistry and Fuel Cells

This seminar introduces the fuel cell to illustréteee green chemistry
principles: renewable resources, waste preventiwh iacreased energy
efficiency. The presentation refers to the elettemistry of the fuel cell,
some of its applications and technical limitatiémsts use. This theme is
linked to the traditional chemistry concept of ation and reduction and
to the theory of electrochemical cells.

1 hour

Green Chemistry and Liquid Carbon Dioxide

This session consists mainly in a presentationoaitity of solvents used
by the chemical industry in contrast with the u$diquid carbon dioxide
as an example of a ‘green’ (i.e. harmless and rbiotpng) solvent. The
presentation explains the conditions required todpce liquid or
supercritical carbon dioxide and some of its agplons in the chemical
industry. Reference is also made to the fundarheh&mistry concept of
phase equilibria and the theory of detergency.

1 hour

Green Chemistry and Degradable Plastics

This seminar focusses on the green chemistry ptincidesign for

degradation’ with a presentation dealing with theary of polymerisation
reactions, the chemistry of plastics, the problem ptastic waste /

recycling, photodegradation and biodegradabilityptdstic material. It

also distinguishes between photodegradable anddiadable plastics and
highlights advantages and disadvantages of usodgbradable plastics.
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Table 5.4 (continued)

Main Green Chemistry Intervention Plan - Part 2

Session

Duration

Theme & Brief Description of Planned Activities

7

1 hour

Green Chemistry and Biofuels

This seminar introduces biofuels as a concreteiggifan of the green
chemistry principle emphasizing the importance sfng renewable
rather than depleting resources. The sessiomeastlihe three different
classes of biofuels, raw materials used for theadpction and examples
of commonly used biofuels. It also discusses sgaeeral advantages
and disadvantages of using ‘green’ fuels over fdsels.

1 hour

Green Chemistry and Biodiesel

Following the introduction to biofuels, this semintbcuses on the
properties, uses and manufacture of biodiesel asxample of a green
fuel which is used to replace petroleum derivedgealie The tutor outlines
the chemistry of the transesterification reactifieranaking reference to
esterification reactions. The presentation endk wilist of benefits and
limitations in the use of biodiesel when comparegddtrodiesel.

1 hour

Green Chemistry and Biosynthesis of Ethanol

This seminar illustrates the green chemistry pples of renewable
resources, the use of catalysts and energy efégiema the fermentation
of sugars and other carbohydrate-rich biomass adyme alcohol. The
session compares the main methods of productioretbéinol and
discusses the ‘green’ options and current techyol@yailable.

Reference is also made to the basic chemistry aithals and the pros
and cons of replacing petrol with bioethanol inddensport.

10

2 hours

Green Chemistry Experiment 1: Producing & AnalysingBiodiesel

This practical session provides a hands-on oppitytdar students to
experience the laboratory preparation of biodietaiting from different
types of vegetable oils. It also gives them thencle to work out the
atom economy and percentage yield of the reactnmhcarry out some
qualitative analysis of their product, comparirg properties with those
of other fuels provided.

11

2 hours

Green Chemistry Experiment 2: Producing a Biodegrdable Bioplastic

This second practical session allows students e lamother hands-on
opportunity in green chemistry, this time experiagcthe making of a
biodegradable plastic starting from a renewablecBuch as potatoes
after having already learnt about the green cheynistedentials of
biodegradability. Students have to extract stérem the potato tubers,
convert it into a bioplastic and then test its gmies which make it
‘degrade naturally’ without polluting the environnte

12

2 hours

Student Poster Presentations

Two sessions dedicated to the presentation of fgoete various aspects
of green chemistry, prepared by different groupstofients.
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5.7 The Main Intervention Package Materials

The following is a short description of the mainckage materials prepared for the
classroom / laboratory intervention, including refece to some changes made from the

pilot intervention.

5.7.1 Seminar 1 — General Introduction to Green Chaistry

The idea behind this seminar was to introduce el concept of green chemistry,
presenting it to students as a new way of planmind doing chemistry by emphasizing
safety and minimising waste / pollution. The tufmesentation aimed at launching a
definition of green chemistry and linking its goalith the goals of sustainable
development. The first session aimed also to exptasgdents to some examples of real life
applications of green chemistry and to some orgainiss that were already involved in
research activity and in the teaching of this ne@aaf chemistry. Resources prepared for
this seminar included a video clip featuring unsigr students and professors of chemistry
sharing some ideas and experience on green chgnpstiving that it is in fact already

being taught in some universities and other edocatiinstitutions.

At the end of the seminar students were to beedvib describe in their own words their
first impression of green chemistry, writing aldwg statements summarising some of its
main aims. Unlike the case of the pilot interventithe first session does not make any
reference to the 12 ‘cardinal’ principles of gresremistry. It was thought that being the
first seminar students would be more engaged ane netaxed if they simply get to know
some basic facts about the very existence of thdeenporary development of chemistry

rather than being overwhelmed with the entire &datiles’ governing the new science.
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5.7.2 Seminar 2 — The Twelve Principles of Green @mistry

The second seminar was designed to explain tottitests how green chemistry is based
on twelve universally accepted principles that gasee that chemistry is rendered free of
hazards and free of pollutants... and so more swadilEn The main presentation of the
seminar aimed to simplify and explain each of thelte statements introduced by Anastas
and Warner in 1998 to serve as the main frameworktlie practice of green and

sustainable chemistry.

One of the changes made from the original semiresgmtation used in the pilot study was
to highlight the fact that several principles oégn chemistry emphasized the concept of
‘reduction’ applying it to various factors relatixthe production of chemicals, such as raw
materials, energy requirements, toxic and hazard@agents, pollutants and waste
products. This was done so that students would gaibetter understanding of the

interrelationship between the ‘rules of green clstryi.  Another novelty for this session

was the introduction of mnemonics to facilitate thgual presentation (and memorisation)

of the entire set of green chemistry principles.

The learning activity proposed for this seminar wagreen chemistry slogan competition.
Students would be given some time, to work in sigedups, and create a short slogan to
convey the message of one of the principles ofrgolemistry to a wider audience which
would include non-chemists. This exercise was miaancourage class participation and
provide more feedback to the researcher on thestuadents understood the basic concepts

of green chemistry.
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5.7.3 Seminar 3 — Green Chemistry and the Principlef Atom Economy

This session was planned to focus on the fundamgrean chemistry principle of ‘atom
economy’. The aim of the seminar was to explaiw o calculate the atom economy of a
given chemical reaction and show how this can el us measure the ‘greenness’ of a
reaction. Students were to be shown how a chemicaless can be rendered greener,
producing less waste, by choosing reactions, aplthening (or molecular) stage, with a
high atom economy. During the seminar student® we&pected to realise that a reaction
with a high percentage yield may still produceteofowaste. They would also learn how to
evaluate the efficiency of a reaction by considgrivoth the atom economy and the
percentage yield. Students would find out thathtigher the overall efficiency, the greener

will the reaction / process be.

The learning activity linked with this seminar iset of twelve problems each comparing
alternative methods of preparation of a specifiensital product. Each team (small group)
of students would be asked to calculate the peagenyield, atom economy and reaction
efficiency for two different synthetic routes oftlsame product and decide on the greener
option. In doing so students were expected toexpgie that green chemistry metrics such
as atom economy are important to consider in aeecure the sustainable production of

chemical products.

5.7.4 Seminar 4 — Green Chemistry and Fuel Cells

The main idea behind this seminar was to illusteateimber of green chemistry principles
involved in the use of fuel cells. The classroomespntation would explain the
electrochemical process involved to generate @tggtwithout causing any pollution and

without contributing to global warming. The stutkerwould then be shown various
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applications of fuel cells and they will be involiven a discussion on some advantages and

limitations in the use of such an alternative sewtenergy.

At the end of the seminar, students would be asks@ral questions related to the green
chemistry principles involved in the operation bétfuel cell, sources of hydrogen and
some advantages and disadvantages of using itr@sthect to other traditional sources of

energy relying mainly on fossil fuels.

5.7.5 Seminar 5 — Green Chemistry and Liquid Carborioxide

This seminar intended to introduce the idea thattorganic solvents commonly used by
the chemical industry can be replaced by safer ngreesolvents such as liquid or
supercritical carbon dioxide. Students would lekoa the use of green solvents by the
chemical industry is an important aspect of patiatprevention. They would also learn
how carbon dioxide gas, which is non-toxic and alaum in air, can be converted to the
liquid state or to a supercritical fluid and thesed in various applications such as dry
cleaning and extraction of essential oils, savimg énvironment from huge amounts of

toxic vapours from commonly used organic solvents.

The learning activity linked to this seminar aintedtest students on the understanding of
traditional chemistry and green chemistry princgpievolved in the use of green solvents
such as liquid / supercritical carbon dioxide. tAe end of the seminar students were
expected to know what the features of a green sblaee and discuss advantages and

disadvantages of using liquid carbon dioxide aaltarnative industrial solvent.
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5.7.6 Seminar 6 — Green Chemistry and Degradable ddtics

The sixth classroom seminar aimed to focus on tkergchemistry principle ‘design for
degradation’ which underlined the important aim gseen chemistry to eliminate the
accumulation of waste chemical products in the remvnent. Students would first be
reminded how plastics which are made from non-rebsv raw materials, have wide
applications in everyday life but are hard to ddgrand so cannot be disposed safely.
Participants would then be introduced to the chegnisf alternative polymers made from
renewable sources and designed with special feagoehat they degrade naturally into
harmless products. The seminar was also meantefiage students for a practical session

involving the preparation of one such type of bgrdelable plastic.

At the end of the seminar students would be inviteparticipate in an exercise similar to a
quiz where they would be challenged to answer seteof questions related with the use,
chemical composition and properties of degradabéstios and the green chemistry

principles involved in the production and dispasfatuch material.

5.7.7 Seminar 7 — An Introduction to Biofuels

This seminar was meant to introduce the green digmprinciples involved in the
production and use of biofuels. It was one of tleev sessions added to the main plan
following the interest but limited knowledge showy students on this topic during the
pilot intervention. It was also meant to give €nt$ an overview of developments made so
far, terminology used and some issues encountartds growing area of green chemistry
before being allowed the chance to take a closak & the green chemistry of the two

mostly used biofuels in the world.
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The main presentation aimed to explain how biofaets made from renewable resources
and why using them would not have an impact orcéttbon footprint. The seminar would
look at different types of biofuels which requirdferent raw materials and different
methods of production. Students would also bergive chance to discuss some of the
main advantages and disadvantages of producinmg bsofuels including the debate on
energy crops. Students would also be shown a shadeo clip on the link between

‘biofuels and climate change’.

At the end of the seminar students would be asketh$wer a number of questions related
to the main presentation and the video. The questin the students’ biofuels worksheet
would refer to the definition, different raw matds, green chemistry principles involved,

classification and advantages / disadvantagesofiidds over fossil fuels.

5.7.8 Seminar 8 — Green Chemistry & Biodiesel

This session would focus on the chemical compasitigroperties and production of

biodiesel as one of the most commercially importainfuels in the world and the only

biofuel available locally to date. A comparisonuld be made between the chemical
composition of biodiesel and petrodiesel. The sampresentation would deal also with
the chemistry of transesterification reaction whodmverts oils and/or fats into biodiesel,
relating it with the chemistry of the esterificatioeaction, covered in the core chemistry
curriculum. The session would also refer to béseid limitations in the everyday use of

biodiesel.

The learning activity associated with the seminamststs of another worksheet whereby

students would be asked to answer questions dealthgthe composition, raw materials
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and production of biodiesel. Students would beedgk compare properties of diesel with
those of petrodiesel and discuss advantages aadwvdistages in the use of this biofuel.
They would also be reminded that they would soomeha chance of experiencing the
laboratory preparation of biodiesel in a few weeksie, towards the end of the green

chemistry programme.

5.7.9 Seminar 9 — Green Chemistry and Bioethanol

This is the third in a series of seminars on bitsfusnd was meant to focus on the various
green chemistry principles involved in the commar@roduction of ethanol — the most

widely used biofuel in the world — by fermentatioinsugars and other raw materials rich in
carbohydrates. The seminar would discuss therdifteoptions available to synthesize
ethanol and would explain the features which reraesynthesis of ethanol a greener
process compared to catalytic hydration of etheudents would also be taught how
development in biotechnology has increased the eraofy renewable raw materials

(biomass) from which this biofuel can be producdthey would also have the chance to

view a short video clip related with the productafrbioethanol from biowaste.

As a learning activity, students would be askeexplain why bioethanol is considered as a
green fuel and why its production is a green precestudents would also be asked about
the steps required to utilise biowaste in the petida of this biofuel and the advantages /

limitations of replacing petrol by ethanol as al fiee transportation.
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5.7.10 Green Chemistry Experiment 1 - Producing anédnalysing Biodiesel

This is the first of two practical sessions inteshde provide an opportunity for students to
perform green chemistry experiments in a schoobraiory using safe chemicals / raw

materials and mild reaction conditions to produeg products.

The first green chemistry practical session invsliree synthesis of biodiesel starting from
different vegetable (cooking) oils and followed d&yumber of tests to analyse the quality
of the product and compare it to that of otherduelg. commercial biodiesel, petrodiesel,
petrol). The pilot intervention had included thpsactical session which however was
dedicated solely to the laboratory preparation iofugl from one type of vegetable oil.

The second part of the practical involving analydithe product and other samples of fuels
was added in the main intervention so that studentdd be able to test their product and

compare its properties with those of other fueksilable on the local market.

Eventually, students would be expected to writeabotatory report which includes
calculations such as percentage yield, atom econand/ reaction efficiency of the
transesterification reaction. They also have ®ngm to a number of questions related with

the experiment and the green chemistry principleslved in this preparation.

5.7.11 Green Chemistry Experiment 2 - Producing aiBdegradable Bioplastic

This second laboratory session was planned to giecamother chance for students to apply
green chemistry concepts in the laboratory by peodua biodegradable plastic from a
renewable resource. Students would again be eegheéctbe prepared for this session as
they would have already covered the relevant thead/green chemistry principles in the

seminar on the same topic of degradable plastithis practical was designed to extend
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the laboratory experience in green chemistry foitmgmhe positive feedback of students

who participated in the pilot practical session.

The experiment would involve extraction of starobni raw potatoes, conversion of starch
in the bioplastic and analysis of the product, udahg some tests on its biodegradability.
The students would be expected to submit a labgragport on this practical and answer a
number of questions related with terms encounterdélde experimental procedure, as well

as properties and uses of biodegradable plastics.

5.7.12 Students’ Poster Presentations

The number of students’ seminars organised in tlo¢ iptervention were meant to allow
students to prepare a short computer presentdbout @ne aspect of green chemistry after
being encouraged to carry out some research masihg internet resources. Given the
fact that students are already committed with sayrassignments as a result of a loaded
time-table, the seminars were transformed into mbar of (less demanding) short (5-10
minute) presentations, with each group of studergating a poster and using it to illustrate
what they would have learnt about a particular eispé green chemistry. All students
present for these sessions would be given the ehtmwote for the best presentation,
basing their judgement on a number of pre-setraiteThis would be done in a bid to
increase interest and participation from all stuslebut also to possibly provide further
evidence to the researcher on the students’ attathd understanding of different aspects

of green chemistry.

The lesson plans including aims, contents, studetntities and learning outcomes for each

of the nine classroom seminars are summarisapmendices 4-120n the other hand, the
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lesson plans of the two green chemistry laborasesssions planned for the final phase of

the intervention are shown appendices 13 and 14

The background information sheets which were preyitb students during the classroom
seminars were meant to serve as a set of printes o help students in the understanding
of the themes discussed during the seminars is.cl&sch information hand-out included
also a list of references for further reading. détts were also provided with a number of
worksheets to be used as part of the student tesiinked with the seminars, as well as
laboratory instruction sheets for the two greennuk#&y experiments. At the end of the
intervention, students were also supplied with nhadswers to correct any misconceptions
or inaccurate information / calculations which theyght have included in their work.
Appendix 15lists the number of slide shows (PowerPoint priedems) created for the
classroom seminars whilgppendix 16list the number of audio-visual resources (video
clips) used during the seminar8ppendix 1/hows the guidelines for the student seminar

presentations.

5.8 Chapter Summary

This chapter highlights the main features of thericulum intervention (intended
curriculum) aimed at introducing green chemistnatgroup of first year students enrolled

in the A-level programme of studies provided by iein sixth form college in Malta.

The students participating in this project alredthd a background of environmental

chemistry as this formed part of the O-level chémisurriculum. However the local A-
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level programme does not continue to build on wirad started in secondary education in
what appears to be a vacuum on environmentallyegléssues. The green chemistry
intervention was planned to fill this curricularpgly introducing a new methodology in
chemistry (referred to as green or sustainable ™t which is based on a set of
fundamental principles aimed primarily at protegtiluman health and the environment.
The chapter specifies the main objectives and iegrautcomes of the intervention and
then explains how the themes were chosen and gmetia a series of classroom seminars
and a laboratory session with a number of relattiwifes. This required the design of a
set of educational resources which formed parhefiitervention package used in the pilot

intervention with a group of students during acadeyaar 2008-2009.

The intervention package was revised upon compietidhe pilot study to allow a number
of changes. Such changes mainly involved extentlieghnumber of classroom seminars
and the laboratory experience in green chemistngl modifying the type of student
activities including those related with the studeeminars. All changes were also reflected

in the updated resources which formed of the m@aervention package.

The chapter then outlines the complete schedulevehts forming part of the green

chemistry intervention carried out with a differesdt of students during academic year

2009-2010 and describes briefly all the activitreslved.
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Chapter 6

THE IMPLEMENTED CURRICULUM

6.1 Introduction

This chapter tries to find out how the planned grekemistry intervention (the intended
curriculum) was implemented in the classroom abddatory during year 2009-2010. The
author describes what actually happened duringnieevention and explains whether the
activities (seminars, presentations, practicalisass written exercises, etc) were actually
carried out as planned or modified for some reasdrhe chapter also discusses the
difficulties encountered by students throughout ititervention and any other issues that

cropped up in due course.

6.2 Overview of the Learning Objectives of the Grae Chemistry
Intervention

The overall aim of the green chemistry classroord kboratory intervention was to
introduce green chemistry to a group of Maltesalestis studying A-level chemistry,
presenting it as an innovative and smarter metlogyobf doing chemistry in a more

sustainable way, minimising the impact on humartheend the environment.

One of the first objectives was to explain the gaheoncept of green chemistry and then

introduce the widely accepted basic principles Wwhiovern this new area of chemistry.
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Another objective was to relate aspects of greeamisiry to the traditional concepts of
chemistry taught at this level. The interventiosmsvalso expected to relate green chemistry
to real life situations and demonstrate how greesustainable chemistry was not only

theoretical but could also be applied in a schabbfatory and in a real life situation.

6.3 The Classroom Seminars

The classroom seminars represented the main compoofe the green chemistry
intervention package. Each seminar consisted meaentation by the teacher-researcher
on one aspect of green chemistry followed by audision and a brief learning activity.
The presentations were usually made using compstete shows (PowerPoint
presentations) prepared by the author, with thp bEbther resources such as video clips,
information hand-outs and other educational liteiet Learning activities usually involved
students collaborating in small groups to answenuanber of questions or work out
calculations related to the topic/s treated dutirgseminar. All seminars were held in one
of the college media rooms which was provided veitbomputer, projector, large screen
and audio visual equipment. The following were tig@n observations made during these

seminars.

6.3.1 Introducing the aims, definition and contexbf green chemistry
The first seminar introduced students to the newldvof green chemistry by highlighting
the important differences between this novel waydofng chemistry and traditional

chemistry. The seminar was based on a computesemiation through which the
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researcher / tutor explained the aims, definitimontext and some of the major

achievements of green chemistry since its inceptighe early 1990s.

Just before this presentation, students were divioito twelve small groups (each
consisting of two or three participants) with oiedent from each group being randomly
chosen to act as a team leader. This was maimg do encourage group work and
students’ participation in small groups, and fottérecoordination of all activities related
with the intervention. Such a teaching strategg waplied successfully in the pilot study

and was therefore retained for the main study.

The first general impression of the students oremgrehemistry was positive as can be
confirmed in the author’s field note entry on treyd

“All students attending the seminar were very ditenthroughout and some of

them even jotted down additional notes supplemgntine information

provided in the hand-out. Students continued th &d ask questions on

green chemistry even when the seminar was ovet, ithavhen students

normally rush out for the next lesson / break.”

(Field note: class seminar — 11/11/2009)

In actual fact students were not expected to capyndany notes during the presentation as
they were provided with the first of a series dbmmation hand-outs covering the salient
points of the topic discussed in class togetheh witist of references for further reading.
The latter included a number of internet websitéssame international organisations,

research centres and educational institutions whignre already involved in green

chemistry activities.

The presentation lasted about thirty minutes andestts appeared to have grasped the

main idea behind this new area of chemistry. Egdints had the chance to raise a few
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number of questions at the end of the tutor's enadian. The general feeling was that
students were completely unaware of such a devedopnm chemistry although they
remarked that that had done some topics in envieoah chemistry which they regarded

as somewhat related to the green chemistry theg just learning.

The learning activity of this first seminar consistof a short exercise where students were
asked to write a suitable alternative expressionédscribe in their own words the term

‘green chemistry’ and then write also five shortgstes to summarise some of the aims of
green chemistry. The exercise, given in the fofra avorksheet, was discussed by each

team, and included also space for student feedtwacthkis introductory seminar.

The session went as smoothly as planned excepa fechnical fault in the computer
speakers which forced the tutor to postpone shotiagarticipants some short video clips
related to the presentation. Another issue was ttiexe wasn't sufficient time for the
learning activity to be carried out as originallgqned. In fact the end-of-seminar exercise
was meant to stimulate a short small group disons&ading to a commonly agreed
response for every question asked in the workshidetvever, given the time required for
the tutor presentation, the space allocated fostiues / whole class discussion and for
announcements on the rest of the green chemistigrgmme, there was no room left for
the planned exercise to be carried out in clasencH students were allowed to keep the
‘activity worksheet’ and work on it as a team, lneir free time, before returning it to the
tutor by the following seminar. It was good taenthat students cooperated well in this
first learning activity and in fact all worksheet®re duly completed and returned (by the
team leaders) in their original ‘brown envelopestwo days’ time and ahead of the second

seminar.
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The interest generated among students througHitstiseminar on green chemistry could
be confirmed by instances such as when the onlgestuwho missed the seminar
(admitting that he had forgotten about the extrgpoagment) showed his genuine
disappointment for having lost the first chanceldarn more about the ‘new topic’ in
chemistry, which he said his colleagues had desdrds being ‘exciting’, ‘very different’

and ‘very enjoyable’.

6.3.2 Launching the Twelve Principles of Green Cheistry and Creating a Slogan

The second seminar was planned to focus entirelthertwelve key principles of green
chemistry upon which all research and other agwiof green chemistry were based. The
sessions started with students receiving a secand-but which included short notes and
relevant explanation on ‘the twelve principles greshemistry’ as proposed by green
chemistry founders Paul Anastas and John Warnethair influential book ‘Green
Chemistry — Theory and Practice’ (Anastas & Warri€998). The tutor presentation
involved the use of a second slide show introdu@ngd explaining briefly each of the
‘twelve principles’ with the aid of some of theip@ications in industry and in everyday
life. Students were also shown the documentanesshort video clips originally planned
for the first seminar, including one featuring tiews of a chemistry university student
and of chemistry professor Martyn Poliakoff (onelw# leading figures in green chemistry)
about their experience of green chemistry. Thegmtation and videos were well received

by the participants who appeared again very regephiroughout.

The student activity linked with this seminar was exercise which took the form of a

competition between the participating teams to ter@aslogan which best represents the
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spirit behind one of the twelve principles definiggeen chemistry. The tutor assigned
randomly one principle to each of the twelve teaams] students were allowed two days’
time to study the statement and come up with ahgaphrase that would summarise and
simplify the green chemistry concept in the formaofmessage intended for the general
public. The idea behind this exercise was to seether students were able to understand
the essence of the principle involved and re-prepbsn a relevant shorter version that
would appeal to the general public, which may bé&mniliar to scientific terminology.
Quoting from the author’s research diary:

“It was encouraging to note that all slogans werenstted by the stipulated

time even though some of the phrases proposed vather lengthy and

seemed to lack the required punch and clarity efniessage they were meant
to convey.”

(Field note — class seminar 18/11/2009)

The voting for the best slogan took place a moatérlin an extra session held just before
the Christmas recess. The students were each tjneefull list of proposed phrases /
slogans and each participant then had to indideeést or most favourite idea based on
simplicity, clarity of message and immediate impacta non-science audience. The sheets
were then collected and the number of preferencested by two of the team leaders.
Participants were not allowed to vote for theirpegive teams. The first two phrases
received the same number of points and so a sewotedwas required to establish the
overall winning slogan. The top three slogans were

. First  “Use more energy... and the earth will decay!
Use less energy... and the earth says hooray!”

This was a reference to the principle emphasizimggrteed to increase energy efficiency
during a chemical change / process.

. Second “For greener reactions, catalysts are the best,
As they are recycled and work without rest!”
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This slogan tried to explain the principle statih@t using catalysts is by far better than
using stoichiometric reagents.

. Third “Think of the end before you get to it!”

This was based on the principle which underlines ithportance to maximise ‘atom

economy’ through the careful planning of syntheathways.

The whole exercise served its purpose of enablindesits to understand better the main
messages imparted by the twelve fundamental pitggiphich inspire green chemistry. It
turned out also to be an enjoyable experience lfquaaticipants as can be confirmed by

this diary entry:

“... the green chemistry slogan competition alsoiliest an increased sense of
teamwork among students and, why not, some fureaoitement too.”

(Field note: class seminar — 16/12/2009)

Although this session was less intense than theodottory session of the pilot

intervention, it was still dominated by teachektalnd allowed very limited time for

teacher-student interaction. Looking back thingsld have been improved if participants
were provided with a simplified version of the sétgreen chemistry principles so that
more time would be allocated for whole class dismrsand answering questions. There
was also too much emphasis on the competitive agppebe slogan exercise which could
have been modified to a concerted effort by thelavlotass to produce a set of short and

simple statements promoting green chemistry ideasnon-science audience.

6.3.3 Improving Reaction Efficiency by Maximising Aom Economy
This seminar was entirely dedicated to the funddatemeen chemistry principle of ‘atom

economy’ originally proposed by Professor Barrysirm 1991. This concept introduced
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one important way of measuring the extent of ‘gresms’ of a chemical synthesis by
calculating the percentage conversion of raw mateinto the desired final product, taking
into account the balanced equation for the reactiod molar masses of reactants and
products. The tutor presentation included a nunobexamples of how atom economy is
calculated and how such a value can be used toamentipe efficiency of different ways of
producing the same chemical substance. Studesrts supplied again with a background
information handout which included notes and furtbeamples of calculations involving
atom economy and percentage yield, the latter baipgrallel concept already covered by

students for their O-level exam.

At the end of the presentation, each team was resi@ different problem in which
students were asked to calculate and compare #reeptage yield’, ‘atom economy’ and
‘reaction efficiency’ of two different synthetic utes which produce the same chemical
product. Then students had to determine whictheftivo was the greener method on the
basis of their calculations. On this occasiondetis had sufficient time to finish their
exercise in time and hand in their worksheets leyethd of the seminar. It could be noted
that some of the students had problems in worknegé calculations particularly in the use
of the mole concept. However, the fact that sttglerere working in small teams allowed
them to share their difficulties and learn from leather. Most of the teams fared well in
this learning activity indicating that the majoriof students were able to arrive at the
correct value of atom economy and then use it tduae the sustainability of a chemical
process. Students were later given a completefsetodel answers to the 12 problems
which the class had to work out during this exer@a such an important metric of green

chemistry.
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Although generally speaking the class performed wethis exercise indicating a good
understanding of the green chemistry principle im&d, one could observe that some of
the students struggled to solve, on their own, gtablem assigned to their team. This
confirms what was already highlighted in the litara review regarding the students’
difficulty to solve quantitative problems due teithlimited ability to apply basic maths to
chemistry calculations. This explains also whwas decided to introduce model answers
in the main intervention. In this case, the maaledwers allowed students the chance to
check all working involved in the calculations whiwere required to solve such problems
in atom economy and reaction efficiency. Classemion would have certainly been more

effective but this was not possible given the tamailable for the entire programme.

6.3.4 Generating Green Energy from Fuel Cells

The fourth of a series of seminars on green cheynigas dedicated to the concept of the
fuel cell as an alternative form of clean enerdjysirating a number of green chemistry
principles such as the use of renewable resoume®gasing energy efficiency and waste
minimisation. The main presentation outlined tlasib chemistry and technology of the
fuel cell as one of the alternative sources ofrciel@ergy. Students were informed that this
technology was already being implemented in the afsearious applications including
modern transport, electrical installations, computend other electronic equipment. The
presentation tried to illustrate how the fuel ceflerates, the electrochemical reaction
involved, classification based on the electrolyded) as well as advantages and limitations
of using such fuel to replace traditional sourcésepergy produced from depleting
resources. Participants were so interested inptiesentation that they asked several

pertinent questions at the end of the presentaiamn as why the technology was still
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expensive to date and how was it possible to oveecthe problem of providing a cheap

and steady supply of hydrogen to keep the fuelatelged.

The student activity linked to this seminar coresisbf a two-page worksheet where
participants were asked a number of questions ptaexthe basic features of fuel cells.
The worksheet was given to each of the team leaalethe end of the seminar. All
worksheets were completed and returned by the etliecsame week. Almost all teams
scored a high mark in this assignment indicatingeoagain a high level of interest and

understanding of the material discussed in class.

6.3.5 Concluding Phase One of the Intervention (Th€hristmas Seminar)
This ‘unscheduled’ seminar had no specific themd amas added to the first set of
seminars because of the need for extra time toleda@anfinished jobs and allow more

student feedback on the intervention.

The session started with a continuation of the iptessseminar theme where students were
shown the pending video clips on the fuel cell aien and applications. This took about
15 minutes, including also a short discussion, sitidents referring to further information
on the topic which they had accessed by searchmgveb. This was another confirmation
that students were being motivated by these semitvatake the initiative to do further

reading / personal research.

The second part of this session was dedicated edaiimching of the green chemistry

student research seminars whereby students weeztexpto carry out some team-based

research on a single aspect of green chemistriicplarly by referring to internet websites
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and other (online) educational resources alreadigated to them in the information hand-
outs (printed notes). Students were encouragedot& in small groups (using the usual
team set-up) and produce either a poster or a shorputer slide show to help them make
a presentation of their chosen theme to the restteotlass during one of the two student
seminars scheduled in early March 2010. Parti¢gperere informed that all presentations
were to be assessed and their marks were to fortropgerm two chemistry assessment.
This move was previously sanctioned by the chegng#partment in order to give credit to
students for their extra commitment towards thegesub(chemistry) particularly through

their participation in this educational project. tu&nts were invited to submit their

proposed ideas by the end of January 2010 for appleefore they start working on this

assignment.

In conclusion students were briefed on some otapées planned for the second phase of
the intervention which was to resume in January020They were informed that this
second part of the green chemistry programme waxhade the students’ presentations as

well as a laboratory experience.

Once again students showed their interest in g cimension of chemistry and appeared
quite enthusiastic about the idea of carrying aunhe form of research about it on their
own. Once the seminar was over, one of the stademarked that she found the subject
of green chemistry so appealing to her that sheghiit would be a pity if it would not be
included as a small section in the chemistry Adesydlabus as ‘it was easier to follow’
than some other traditional topics. Other studapigoached the tutor after this session to
ask more about the possible areas of interest ¢beld look up during their Christmas

holidays in view of the presentations they had teppre for the students’ seminar. The
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researcher considered this session as cruciab#iewed more breathing space for students
to voice their ideas and to get more involved ia gneen chemistry intervention. In the
same time, it served as another opportunity for tthter / researcher to obtain direct

feedback from the students on the intervention wines still in progress.

6.3.6 Opting for a Green Solvent such as Liquid /({percritical Carbon Dioxide

This was the first green chemistry seminar of &0 and marked the start of phase two
of the green chemistry intervention. The seminatuieed the use of liquid or supercritical
carbon dioxide as an example of a ‘green’ solvemtivcould replace more toxic solvents
in industry (e.g. in dry-cleaning and extractioneskential oils). Once again the seminar
started with a computer presentation complemenyed bumber of short video clips, on
the role of liquid phase carbon dioxide as a hasmbknd environmentally friendly solvent
which could potentially be used by the industryteasl of commonly used toxic organic
solvents. The short features shown to the studemtserned the use of liquid carbon
dioxide as a solvent in a dry cleaning operati@plé@cing a highly toxic organochlorine
solvent) and in the extraction of essential oilshsas limonene (from citrus fruit) and
caffeine from coffee. The students were again veugh attentive throughout the whole
presentation and were particularly engaged watckiwegshort videos about the unusual
role of carbon dioxide as a solvent. Some of thdents were again noticed taking down
notes during the presentation. They also askeewaduestions towards the end of the
seminar. This was further evidence that by thdinparticipants had learnt how green
chemistry was in this case applied through theafidearmless solvents and safer reaction
conditions, but also by making use of a renewaddgeurce (i.e. carbon dioxide) which does

not pollute.
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A short discussion followed at the end of the pnéstgon and the session concluded with
team leaders receiving the ‘brown envelope’ whiatiuded the student assignment related
to this seminar. The learning activity consistédcaoother short assignment which could

easily be carried out if participants followed tin@in seminar presentation. All envelopes
were returned in a few days’ time. Not all tearmsred high marks on this occasion but all
students were able to distinguish, for examplewbeh the advantages of green solvents
over other more commonly used solvents in industrigey also understood the conditions
required to convert gaseous carbon dioxide intauthesual liquid form or to a supercritical

fluid (an application to the curriculum topic oftf@ase equilibria’) before being used as a

solvent in several industrial applications.

6.3.7 Designing Plastic Material for Degradation

The next session of the green chemistry progranonsisted of a seminar on the production
and use of degradable plastics as another corapplieation of green chemistry. This seminar
was again well-attended by students and startddtiat distribution of background notes and
other colourful educational literature on biopolymeonated by the UK Non-Food Crop
Centre (NNFCC) based in York. The session was bsldisual in the media room on a
Wednesday morning and dealt with the green chegmigtimciples of ‘designing for
degradation’ and ‘using renewable rather than depgleesources’, with particular reference to

biodegradable plastics.

The tutor's explanation was again based on a shasv presentation which referred to the
properties, uses and chemistry of different typeplastic material. Reference was also
made to plastic waste disposal and the concepphatodegradation and biodegradation.

Students were able to follow most of the presematvhich included also a revision of the
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basics of polymerisation reactions, a referendbeaise and disposal of plastic material, an
outline of the chemical synthesis of degradablgmels and benefits versus limitations in
the use of such environmentally friendly plastictenal compared to other forms of
plastic. Participants were also shown a shortufeatoncerning the separation and
recycling of plastic and another one on the pradactf biodegradable plastic made from

corn flour.

Students attending this seminar were generallyrbbdgoduring the presentation and asked
a few questions on the content. Unfortunatelyaheasn’t enough time for a wider whole
class discussion due to the rather long presentatibich again involved the use of some

other audio-visual resources.

As in the case of previous sessions, the studdntitpgcconsisted of a written exercise
(worksheet) linked to this seminar topic, and thvas again given as extra work with
students being allowed some days to discuss inlgralps and answer the questions in
the exercise related to my presentation. All teaxeept one performed well in this
exercise providing evidence that most of the sttelerere able to understand the green

chemistry principles involved in the design, praiut, use and disposal of plastics.

6.3.8 Biofuels as a Renewable Form of Energy

The eighth session of the green chemistry intereenwas a seminar which introduced the
theme of biofuels underpinning green chemistry @pies such as ‘the use of renewable
resources’ as greener alternatives to other (Jimésources such as petroleum derived

fuels. On this occasion students were providedh hie usual background information
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hand-out and other printed educational literaturtewsletters) related to biofuels and

biomass, once again produced and supplied by tieQ@O\for this project.

The main focus of the seminar was a computer ptasen on the increasing importance of
producing and using biofuels in a global effortremluce reliance on fossil fuels. The
seminar dealt with different possible sources ofu®ls, a distinction between first, second
and third generation biofuels, some statistics lo use of biofuels in Europe and other
countries including Malta, and a discussion retatim the pros and cons of using biofuels.
Students participated actively in the discussiodh were later also shown edited parts of a
twenty minute documentary on Climate Change anditigact of using biofuels, also

produced and supplied by the NNFCC.

Judging from the students’ feedback, it appearatittiis session appealed to the students
and in fact several participants expressed theshwo be able to work on a presentation

related to this theme, given the progress regidterelate in this area of green chemistry.

Towards the end of the seminar, students were isdppith a new worksheet containing an
exercise related to the seminar topic. Once agams decided that students would be given
ample time to go through the questions (in workhee small groups and submit their

assignment for assessment. All worksheets wenenezt in time over the weekend and this

time all teams performed well in the exercise.

6.3.9 Producing Biodiesel from Edible QOil

This ninth classroom seminar followed two sessidieslicated to the students’ own

presentations which will be discussed in sectigh @. this chapter. It was, in a way, a
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continuation of the previous seminar which introehlistudents to the important role of
biofuels in green chemistry. This particular sessivas planned to focus mainly on the
process which produces biodiesel which is the ncostmonly used green fuel in the

European continent including Malta.

The presentation started with a comparison of themical composition and physical
properties of petrodiesel (a fossil fuel) with thas biodiesel (an alternative green fuel).
The tutor then explained how the properties of teisel allow it to be blended with
traditional diesel and to be used either as a maxtw on its own to replace mineral diesel
in fuel injection vehicles. Reference was also entaddifferent possible raw materials used
to produce biodiesel and the chemistry of the watesification reaction which converts
one type of ester (triglycerides present in vedetal) into another type of ester (fatty acid
methyl esters, FAMES) and glycerol (by-product)ngsmethanol and an alkaline catalyst.
The seminar also discussed a list of advantagesi@advantages in the use of biodiesel,
compared to diesel which is obtained by fractiahslillation of crude oil (a fossil fuel and
hence a depleting resource). Students did not ififthrd to follow the chemistry of
transesterification, which is the crucial step e tproduction of biodiesel. This is so
because they were already familiar with the chemnist esterification reactions which is

usually covered in class during organic chemistojures.

Some of the students wanted to discuss in morel de¢acontroversial issue of growing
crops for energy purposes instead of exploiting l@ngrow food or animal feed. Although
such a food-energy debate on biofuels was a vdeyaet and topical issue, the author
preferred to limit the class discussion to the csam and green chemistry principles

involved in the production of this biofuel Thisagvperhaps a missed opportunity which
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could have allowed students to explore and expitessiselves (even though for a few

minutes) on an important socio-economical aspegte@én chemistry.

The last part of the presentation was dedicateal valeo demonstration of a small-scale
preparation of biodiesel, which served as a renmtparation to one of the green
chemistry practical sessions which were plannedtlier same students as part of the

intervention package.

The learning activity took the form of another shexercise where students were asked a
number of questions related to the seminar pres@mtaQuestions concerned the difference
between the chemistry of mineral diesel and bi@diethe raw materials required for

biodiesel production, and details on reaction dom, reagents, products, and purification
steps involved in this chemical process. Studemte also asked to outline a number of
benefits and shortcomings in the use of biodieselpared to other fuels. All teams but one
performed very well in the exercise, giving accefgaanswers to most of the questions

asked.

6.3.10 Green Fuel from Sugars and Other Carbohydites
The last of a series of green chemistry seminais avther one related to biofuels, this
time dedicated to the production of bioethanol Wwhgregarded as the world number one

alternative fuel used to replace partly or compyepetrol in fuel combustion engines.

Students were again provided with printed notes eshatational literature on the subject

ahead of the presentation. They were remindedstnat notes and references were being

provided to enable them to expand their knowledgewy of the aspects covered during
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the seminars and to be included in their ‘greemustey file’ which they were encouraged

to keep throughout the entire programme.

The main presentation started with reference toritreasing demand for bioethanol which
the tutor explained was significantly diffused iouatries such as Brazil and the USA. A
comparison was made between the synthesis of dtfranoethene (produced by cracking
of petroleum) and its biosynthesis from sugarsdiynentation. Students were also taught
how biomass and other waste material (includingcalfjural waste and even domestic
waste) could potentially be used to produce thiduel. The presentation was concluded
by inviting students to help the tutor draw upst 6f advantages and disadvantages in the
use of bioethanol, compared to petrol, as a wagwauating the sustainability of the
product. Once again the presentation was straighdird and students found no problem
in following the explanations. It appeared thatdsints were unaware that ethanol was so
extensively used as a biofuel. This was no swpais unlike biodiesel, bioethanol is not
yet available from local service stations and iy onarketed here as a smokeless fuel for a

certain type of fire-place.

Participants were finally given a short assignmamtsisting of a set of questions on the
topic discussed during the seminar. In contragh wrevious assignments students were
given more time to work out and return the worksteesethis seminar happened to be the
last activity of the green chemistry interventiogfdre the Easter recess. All assignments
were returned by the team leaders after the E&éséark and in most cases the answers

given were reasonably correct.
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6.4 The Students’ Research Seminars & the Poster Bibition

The students’ seminars provided a window of opputyufor students to carry out some
research on their own, collaborate with each otretd then present their work to their
colleagues through a poster and a short (5-10 mjraxplanation. The students were quite
enthusiastic about this assignment and all tearme ga their proposals by the end of
January 2010. So each team of participants hadtabe month chance to research the
green chemistry topic of preference and come up aviposter highlighting the main points
which they learnt about it. Students were encaenlag use the internet, particularly the
resources indicated in the background informatioeess which they were given during the

main classroom seminars.

The original assignment for these student seminas a choice between a poster and a
PowerPoint presentation, but then, in order to cedaressure on students, it was decided to
scrap the computer slide show option, used in tlo¢ iptervention, as it was a more time-
consuming exercise for the students. There weraajor objections from students on this as
no team had started working on the assignmentdjirtie the change was announced. The
following is the complete list of posters prepalgdthe 12 teams of participants for the

students’ seminars.
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Table 6.1
List of Posters for Students’ Seminars

No. | Poster Title Team

1. | Maximising atom economy on an industrial scale. Lithium

2. | The production and use of degradable materials. Beryllium

3. | Ways of reducing pollution by applying green roisry. Boron

4. | Biofuels as renewable energy resources. Nitroge

5. | The fuel cell and other ways of using non-hazasdsources of energy. Oxygen

6. | The accumulation and prevention of toxic wastes. Fluorine

7. | Bioplastics from starch and from other renewabsources. Neon

8. | Waste minimisation and the use of renewableuress from organic | Hydrogen
material.

0. Increasing energy efficiency by the use of giemistry processes. Helium

10. | Using safer and non-hazardous solvents. Carbon

11. | Living a healthier life by appreciating andngsbiodegradable plastics. Magnesiy

12. | Bhopal (India) — 1984. How it occurred and Wwt@uld have been Sodium
done to prevent this disaster from happening.

m

The attendance and participation for the first etug’ seminar was very encouraging as the

majority of students turned up at the media roontHts session.

In the introduction to this seminar, students wemminded that their performance was

going to be assessed by the audience present5@fthof the mark being assigned by the

students themselves and the rest by the tutofacknall students were given an evaluation

sheet which included the list of poster presentatides and then explained how each

student had to award a mark (from 1 to 5) for ga@sentation, basing one’s judgement on

the content and clarity of poster, the way the teklivered the explanation and to what

extent, in their opinion, was it related to gredremistry. The idea of the students’

participation in the evaluation was to boost furttiee students’ interest in the subject by

increasing their level of participation through lslearning activities.
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In all, a total of seven presentations were madenduhe first session. Judging from the

interest and enthusiasm manifested by most of thdests before and during their

presentation of work, along with the attention reee by the rest of the class during the
same presentations, one could easily concludehbdirst student seminar was successful
in generating further interest in the subjectis ltrue that some of the participants resorted
to reading from a prepared note but the materiakgmted was very relevant to green
chemistry and reflected the students’ extra effioatle to explore and discover more about
it. At the end of the seminar, all evaluation skeeere collected so that no changes could

be made till the following students’ seminar sessio

The second students’ seminar was held a week Htdr this time it was attended
practically by the whole class. In all there wéoear presentations as one of the teams
backed out despite having prepared the posterhisrdccasion. The four presentations
delivered by the students were as interesting eptévious set of seven presentations and
it was rather disappointing that the work submittgdthe remaining team was below
standard and the two students concerned failedrtoup for any of the two days of the

seminar.

Students were satisfied with their participationthins activity and this was confirmed by
the fact that they suggested using their postersetoup a small exhibition on green
chemistry in some suitable area of the collegeet@jbpreciated by other college students.
The author took up this proposal and promised &k s&lvice (and relevant authorisation)
on the feasibility of such an event. Such anatite was further proof of the students’

growing interest in green chemistry.
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In his next encounter with the GC class, the autfare out the mark which each team
obtained for its presentation during the studesgshinar. The marks received by students
in this activity (a combination of tutor and stutdevaluation) ranged from 63% to 88%.

The only exception was the team which managedddyme a poster but then failed to turn
up for the seminars, thereby losing the chanceréggmt its work to the rest of the class.
The team concerned was awarded the lowest mark)(#eby being credited only for

the effort in preparing the poster. The guidelif@sthe students’ presentations together
with the evaluation sheet used by the studentdwtod during these seminars, are included

asappendices 17 and 18.

On the same occasion students were informed th#t boe chemistry department
coordinator and the college principal had approseithe green chemistry poster exhibition
and it was decided that the posters designed bgttlteents were to be displayed on fixed
stands in a prominent place in the chemistry depant wing, close to the lecture rooms
and laboratories. A total of 5 boards were madelavle for this exhibition which carried
the title “Green Chemistry — for a Sustainable Feityseeappendix 19 The exhibition
was launched in less than a week and attracteaa mamber of students and members of

the staff.

6.5 The Green Chemistry Laboratory Experience

The last activities of the intervention package ststed of a set of two green chemistry
experiments which did not form part of the A-levaboratory programme. The green

chemistry experiments did not replace the routix&nrenation-oriented practical sessions
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but were held in a different time slot which depethan the availability of the laboratory

facilities.

6.5.1  Producing and Analysing Biodiesel

The first green chemistry practical session wasldaberatory preparation and analysis of
biodiesel as an example of a biofuel made fromweaie resources. In his introduction,

the author explained that given the space limitatictudents were going to work in twelve
small groups and some of the tests were to be roaohfio the fume cupboard in order to

minimise potential hazards. All students were gie laboratory instruction hand-out

which included an introduction, a list of materialeagents required, safety precautions to
be observed, the experimental procedure, a sefdraesults, space for calculations and a

set of questions related to the experiment.

The first part of the practical session involve@ thynthesis of biodiesel starting from

vegetable oil (a renewable resource) and methaisolg aqueous potassium hydroxide as
the catalyst. Each group was provided with ona nfimber of cooking oils as its main raw
material, together with other reagents and glasswequired for this preparation. Students

were expected to write a laboratory report by the @f the session.

The second part of the practical consisted in sobeualitative tests to analyse and then
compare the properties of the freshly preparediésad (B1) with those of three samples of
fuels provided: commercial biodiesel (B2), minedasel (D) and petrol (P). The sample
of petrol was placed in a fume cupboard and treat®dr fire hazard due to its high
volatility and flammability and a low flashpoint.The students had to carry out a total of

five tests on every fuel sample including the bései they had just produced in this
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experiment. They had to test the products for @mbgs such as density, pH value,

combustion, freezing point and solubility in metblan

The students enjoyed doing this practical but ditlhrave sufficient time to complete the
full analysis of their product and the other fuahples. In fact most of the tests had to be
carried out in the form of a class demonstratiothwstudents taking note of the observed
changes to write their report. Towards the enthefsession it was decided that part of the
biodiesel produced would be stored in the laboyator further analysis which was then
carried out in the second laboratory session. Dedipese shortcomings, the outcome of
this session was still positive, considering thienest and cooperation of the 30 students
participating in their first direct experience atgn chemistry in practice. Besides this all
students seemed to have enjoyed doing such areiff@ractical session’ on a topic which

was already treated in some detail during the gohemistry seminars.

6.5.2  Producing a Biodegradable Bioplastic
The second practical session in green chemistrgdiat demonstrating several principles
of green chemistry through the laboratory prepamatind analysis of a biodegradable

plastic made from potato starch which is a renesvaddource.

Following a short introduction to this second grefemistry experiment, students were
given a hand-out with instructions on the labonatorocedure, safety precautions, space
for observations and results and a short exereisg¢ed to the same experiment. Students
were also given additional literature on renewalmé/mers including a pamphlet donated

by the NNFCC.
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The experiment was divided into three parts. I finst part, students had to extract a
small quantity of starch from a sample of potatbets (raw material) using a simple
techniqgue. The second part consisted in the ceiorerof starch into bioplastic. The
students who were again working in small groupsaaf or three, prepared two samples of
bioplastic solution, one of which included glyceraé an additive (plasticizer). The
solutions were colour-coded using green food cahgufor the sample containing glycerol
and red pigment to code the glycerol-free solutiofihe solutions prepared were then
poured into labelled petri-dishes and allowed tg dut for one week before final

inspection and analysis of the solid product.

The last part of the practical was meant to invalweple tests which students had to carry
out on the solidified samples in order to checkdhality of the starch-based polymers they
had just prepared. However, given the fact thaftfloduct was still in the drying stage, the
last part could not be performed and was left erfbllowing week to be concluded during

a laboratory follow-up session.

Towards the end of the session, students were edlow resume with their analysis of
biodiesel and other fuels started in the previowstal session. This included tests on

pH, combustion, solubility and freezing point.

It was evident that students enjoyed also theioms@chands-on experience in green
chemistry. They were particularly satisfied thdtey were able to synthesize
environmentally friendly products starting from amonly occurring raw materials rather
than traditional laboratory reagents which are iangncases toxic and / or hazardous

chemicals.
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6.5.3  Conclusion to the Green Chemistry Laboratgr Experience

The last session of the green chemistry intervaniias held to follow up and conclude the
students’ laboratory experience in green chemisigld over the previous two weeks.
During this session, the students were able toli$matheir reports by going over
calculations and sorting out difficulties which yhéad encountered in answering the

questions at the end of each practical hand-out.

The first part of this session consisted of a dis@n of results obtained in the biodiesel
practical. Students could also compare their ofadens and results of the tests they had

carried out on their product and on a number ofpdaruels provided.

The second part of the session was dedicated texgperiment on the preparation of the
biodegradable bioplastic. The students were peavidith the samples of the dry and
solidified plastic which they had produced the pvas week and which they had allowed
to dry out in the laboratory at room temperatuParticipants had the chance to inspect the
material produced and to notice the differenceexture between the soft and flexible
green-coloured starch-based polymer (which incluglgderol as an additive) and the red-
coloured plastic which was free of glycerol and leadharder and brittle texture. The
students also performed a number of tests on sdnttieecsamples of products they had
produced, particularly to illustrate the degradapibf the material with respect to other

non-biodegradable plastics.

Students were overwhelmed with the results obtainethis experiment and they were

extremely satisfied for having been successfulanverting a renewable resource such as
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raw potatoes into a biodegradable plastic. Thaauadded the following remark in his

research diary:

“You could read from their eyes the sense of satigfn for such an
achievement. Students were so pleased with wlest lad done that they
asked me whether they could take home a small satopshow it to their
parents and friends.”

(Field note: finalising laboratory reports — 04/2%10)

This session allowed enough time for studentsristi off their reports and hand them in
for marking. Hence the last session proved usefutonclude all the work performed
during the additional practical sessions and disthie outcome as a whole group. A copy
of ‘sample reports’ was also provided to the stislso that they could compare them with
their own work. These included typical observatiomade during the experiments,
calculations, results of tests performed, as welin@del answers to the relevant questions

asked in the same exercises.

6.6 Critical Analysis of Implemented Curriculum

There is no doubt that an appreciable effort waslaniay the author to reach the main
objectives of the intervention through the prograsrwh activities organised over a span of
seven months with a group of A-level chemistry stid participating in this case study.
The author has already indicated in this chaptet tenerally speaking most of the
activities were held according to the original platHowever a number of important
changes were made on the pilot intervention whiteelochanges were imposed as a result
of a number of unforeseeable circumstances and bmmiéations. The following is a short

critical analysis of some of the changes affectéti vespect to the pilot intervention and
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the intended curriculum and how things could hagenbmodified to improve the learning

outcomes.

6.6.1  Choice of Green Chemistry Topics

The theory of green chemistry was introduced viauaber of classroom seminars which
was increased from seven (in the pilot interventionten (in the main intervention). This
was done to allow more space for the explanatiorthef twelve principles of green
chemistry and to expand the section on biofuelangimore prominence to the separate
synthesis of biodiesel and bioethanol (the two nomshmercially important biofuels to
data). The seminars covered a good range of aspégreen chemistry so that students

could have a good grasp of the subject and alsblgeto be conversant in it.

If the author had to revise his choice of topiaswould have certainly reduced the content
on biofuels to allow space for the treatment oftaapofundamental area of green chemistry
such as Life Cycle Assessment. Life cycle assessiii€A) is a useful tool for green
chemistry as it evaluates the environmental impaéta chemical product or chemical
process “from cradle to grave”. Such a techniqudedmes the philosophy of green
chemistry as it illustrates how decisions are daken after examining every stage of the
life cycle of a product / process including the usle raw materials, manufacture,
distribution, use, possible re-use or recyclingd dhe ultimate disposal of any waste
products. Although LCA was considered as one efabssible themes for a class seminar,
it was later excluded for a number of reasons suscthe time required to explain the many
concepts involved (e.g. climate change, energywaat@r conservation, nutrient loading,
biodiversity, waste disposal, etc.), its relativalgak connection with the current A-level

chemistry curriculum and the students’ overall stfec background.
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6.6.2 Use of Teaching Resources & Space for Dission

The main resource used in the classroom seminass th@ computer (Powerpoint)
presentations, all prepared by the author, whidlluded the frequent use of custom
animation and short video clips to make the predem more lively and appealing.
Students were always provided with a backgroundrmétion handout just before each
presentation which included a summary of the sameegntation illustrated by diagrams
(where applicable) and a list of internet websftasfurther reference. The handout also
referred students to the A-level chemistry topissogiated with each seminar presentation.
Students were also occasionally given additionadt@d information such as Newsletters
and pamphlets published by organisations such asNiINFCC (UK) and the Green
Chemistry Institute of the American Chemical Sogiadll related to the topic of the
seminar. At times even the whiteboard was usethéyutor to emphasize or elaborate on
some point raised by the students during each seminAlthough the computer
presentations and accompanying audio-visual mateeae very effective as a teaching
strategy, the author believes that they would hiagen equally appealing if not more
effective had they been kept shorter (using fewkdes and other resources per
presentation). This would have allowed more sgacstudents to be directly involved in
the seminar through activities such as questiomingle class discussions and small group
exercises. In fact, one of the limitations of tdi@ssroom seminars was that there was not
sufficient time allocated for more student partatipn following each tutor presentation.
This was even pointed out to the author in theljaed comments made by the students at

the end of the intervention.
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6.6.3  Laboratory Work

There was an improvement of the green chemistrgrédbry experience from the pilot
study, but there were also a number of drawbackbenorganisation of such activities.
The fact that the number of green chemistry praltievas increased from one to two
sessions per student increased the students’ enegptmsthe applied side of green chemistry.
However it also created a problem in the logistioe to limited availability of the college
chemistry laboratories. In fact more sessions ddalve been required if the class were to
be divided into two smaller groups (to increaseesafas was the case of the pilot

intervention.

Besides this the type of practicals chosen requmeck time and it would have been more
appropriate had a third session been added or leadddration of each session been
extended by an hour. This could have relievedesttelfrom the pressure to complete all
tasks (e.g. reading instructions, following proaedy writing down results and

observations, working out calculations and compteteport) in the same session.

6.6.4  Learning Activities

The idea of dividing the class in small groupsfisafor the learning activities also had its
strengths and weaknesses. It certainly helpedaatiog group dynamics and increasing
student participation by involving practically alludents in the class in every activity. It
also facilitated the interaction between tutor andlents with team leaders keeping the rest
of their group continuously informed with the pregs of the programme and coordinating
discussion and any assignments including work atgogresentation. The main weakness
of this strategy was that the appointed leadergwet necessarily the best students for the

job and a few of them lacked basic leadershipskiBesides this, the work submitted did
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not always reflect the team effort as originallyeimded as each assignment was often
regarded as an extra homework with students sorestineferring to take it in turn to

tackle each exercise included in the *activity wsir&ets’.

The end-of-seminar assignments were meant to sevan immediate feedback for the
author to check whether students were able toVioknd grasp the concepts and theory
explained during each seminar. Although the pasditts generally did well in these

exercises, it was clear that for some of them & \ikee an extra burden especially when it
was given as an extra homework. One could perhaps been more creative by designing
different activities which need not necessarilyetédke form of a written assignment. For
example, the ‘slogan competition’ which was alsevpusly piloted, generated a lot of

interest among students and certainly reached itheo& urging students to hold small

group discussions on a focussed area of green strgniefore agreeing on a common
phrase. The same could be said of the postermegsms, which saw most of the students

competing with one another and trying their utnriostome up with a good presentation.

The implemented curriculum was similar in many waysthe intended curriculum and
reached the expected objectives and intended rgpmitcomes. Students were presented
with a programme which introduced them to an aéitve way of doing chemistry which
emphasizes safety and pollution prevention at tldecalar level. It also showed them
how green chemistry is related to traditional chetrgiand how it could be applied to real
life situations. It also gave students the opputyuto apply some of the principles of
green chemistry in a laboratory setting. The csimstly high attendance and active

participation of students in all seminars, labonagessions and other activities of the green

243



chemistry intervention suggests that participanésemeceptive and predisposed for this

curriculum innovation.

6.7 Chapter Summary

In order to explore how the intended curriculumemention was implemented in the
classroom and laboratory, the author tried to dlesdrow the planned activities took place
and how students reacted as the programme unfaldell after week. The author explains

also why certain changes had to be made and halergiiresponded to such changes.

The green chemistry intervention was divided it@é parts. The main section consisted
of a series of ten classroom seminars each of wichally included a tutor presentation
on a chosen theme, followed by classroom discussioh a short learning activity
involving direct participation of all students pees. Another section was dedicated to
students’ short presentations based on postertighithg some aspect of green chemistry.
The third part was reserved to the green chemiabgratory experience illustrating some

of the principles of green chemistry.

The chapter describes how each of the green chgmsisminars was organised, including
reference to the venue, student participation,hi@égcand learning resources used and the

student activity assigned at the end of each sessio

The chapter describes the students’ participatiotmé learning activities and how in most

cases the assignment which was originally planodzktcarried out in class in small teams
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ended up as a home assignment. Two of the leaaditigties that generated most interest
among students were the green chemistry slogan etitiop and the students’ poster
presentations. In the last part of the intervemtigarticipants were given the chance to
experience the applied side of green chemistry bsfopming two experiments, one

involving the laboratory preparation and analydibiodiesel, the other on the production

of a biodegradable bioplastic.

The chapter concludes with a brief critical anaysf some aspects of the implemented

curriculum, with particular reference to the choiok green chemistry topics, use of

teaching resources, laboratory work and learnirnigiges carried out by the participants.
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Chapter 7
THE ATTAINED CURRICULUM - PART 1

Data Analysis: Students’ Attitudes towards Chemistry and
Green Chemistry in Society

7.1 Introduction

This chapter analyses the data generated fromugssources to identify any changes in
students’ attitudes towards chemistry and greemm@iey in society, which had an

influence on the learning outcomes of the greenmistey intervention and hence on the
quality of the attained curriculum. The chaptethis first part of the analysis of attitudinal
data mainly obtained from the chemistry survey{pst A1 and post-test A2) and several
focus groups. It compares results obtained froem@C group (i.e. the set of students
participating in the green chemistry classroombbtatory intervention during academic
year 2009/2010) with the non-GC group (i.e. thesglaf chemistry students acting as a

control, without experiencing any green chemistrjhie same setting).

The analysis of students’ attitudes from data ctélé using various research instruments has
been carried out using the theoretical frameworkexadained in the methodology chapter.
The data analysed in this chapter involves only shelents’ cognitive attitudes about
chemistry (as a science) in society and their ¢ovgnattitudes about the value of emerging
field of green chemistry in society, both of whitm part of the ten dimensions describing

the self-reported students’ attitudinal responsekeé same analytical framework.
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7.2 Cognitive Dimension — Chemistry in Society (Imension 1)

The following were the most important attitudeseed on the influence of chemistry in
society as expressed by students from both the @Cttee non-GC classes. The account
includes also changes occurring in attitudes falgwthe period of classroom / laboratory

intervention.

7.2.1 Theme 1: Chemistry improves the guality of thman life

Students thought that chemistry or rather the dgtof the chemical industry supported by
research, has made a positive impact on humarnsaitidn. In fact, students from both the
GC and non-GC groups agreed tbaémistry contributes to the improvement of thalityu
of human life The chemistry survey found that such a consigerawas strongly
pronounced by both groups of students, with the ge@lip showing a more appreciable

increase in level of agreement from the pre-teshéopost-test pointitém C1: 69.7% —

83.3% GC; 80.6%- 86.1% non-GC).

During the focus group sessions at the post-intdime stage a number of participants
explained why they believed that chemistry was iatum the progress achieved by
mankind. The aspects of chemistry which were rfregjuently cited by students as being
synonymous with the achievements of chemistry ohela healthier lifestyle (thanks to the
progress made in medicine ‘supported by chemicaéareh’), the progress made in
technology, the discovery of new materials andafoggress in chemical and manufacturing

industry by better exploitation of resources arss$ laccumulation of waste.
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Students were particularly impressed with the impicchemistry on medical research.
They thought that medical research cannot do witlthemistry as medicines and other
pharmaceutical products are all designed and ssiséet as a result of knowledge acquired

from chemical research. Typical comments madedmyests include the following.

“Even medicine has improved our quality of life..edwcine derives from
chemistry... basically it's because of chemistry thathave a better quality of
life... Medicine... is a result of progress made byrukty.”
S-50 (non-GC group E)
There were several instances where students ackdged that medical research relied on
chemistry, citing the discovery of new insightsdideases and the role of newly designed

chemicals to fight such diseases. One studentireed how he considered chemistry to be

at the centre of cutting edge research such aséagion of the artificial cell.

“Yesterday, | was watching the news and saw howattiécial cell divides
spontaneously... | mean chemistry must have beertvéavdo create this
artificial cell.”
S-25 (GC group B)
Another point made by the students was that théugwa of technology could also be at
least partly credited to the achievements of chalmgsearch. They referred to the crucial
role of chemistry in the progress made by sciencd ® particular the input and

collaboration of chemists to develop new technology illustrated in the following

statement.

“You certainly cannot move on without chemistrys sdudent [S-26] said,
without chemistry man would not have gone to spaaewouldn’t have
made the first step on the moon and | think thabpbly we would not even
have a computer by now.”

S-24 (GC group B)

The general feeling among students was that pregrehieved over the years through

chemistry, by far outweighs any negative impact thecurred in the past as a result of
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chemical activity. The following comment made byan-GC participant summarises such

a favourable attitude held by the majority of stuideowards societal chemistry.

“If man failed to recognise the importance of cle&ny, the world would not
be as we know it today. Because with all the sgmd wrongs that it has
done, every sign of progress achieved was madeabyamd was the result of
chemistry research.”
S-63 (non-GC group F)
Participants also referred in particular to theigief new materials by chemists which
brought about significant changes in the typesoofroodities used by man in everyday life.

The following remarks were typical of those studehblding such a viewpoint on the

important contribution by chemistry towards a brefigality of life.

“Even for instance when you consider plastic mialewhich is used to
carry drinking water in it. It's important. Withub chemistry we would
never have arrived at creating this plastic bottle.

S-25 (GC group B)

The following student wanted to make the point tthet benefits of research activity in

chemistry were not only limited to medicine, bufact go beyond that.

“... it s not only medicine. | was in fact about teention the creation of

new and stronger materials with better functionalit more flexible, for

example... In cars, for example, you will find modearbon fibres,

lightweight and hence energy efficient.”

S-44 (GC non-group C)

All this is consistent with numerous studies shatimat students recognise the worldwide
achievements of science and technology and theoitant impact on society at large.
The same studies show that students show favouhtedes towards out-of-school

science, including chemistry (Haste, 2004; JenKindelson, 2005; Osborne & Collins,

2001; Sjgberg & Schreiner, 2006).
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7.2.2 Theme 2: Chemistry is still associated witbhvironmental degradation

In spite of the positive attitudes shown by studeatvards the impact of chemical activity
on the environment, more than half of the partictpavere also certain thahemistry (or

rather chemical activity) was still responsible fiorost environmental issugmrticularly

the large-scale disasters which occurred in diffeparts of the world since the industrial
revolution. Both the survey and the focus groupadaveal that such an attitude is
manifested by all students even though they kneawithwas not the intention of chemists
to create such problems. The survey shows thdt aucegative attitude towards social
responsibility of chemistry with respect to the ieonment became less pronounced
amongst the GC respondents but more meaningfulmilie non-GC group over the same

period of time.

A Mann-Whitney test on this survey item showed tthere was an almost significant
difference between the mean attitude of the twagsoof students at the post-intervention
stage:z-value = -1.808, p = 0.06@appendix 31 This indicates that the GC respondents
were less negative than their counterparts, atithe of the post-test, when associating
chemistry (or chemical activity) with commonly miemied environmental problems. One
of the possible reasons of the softer negativéudditaken by the GC group in this case
was the fact that the students concerned were awoaee of the presence and the potential
impact of important measures (including green clsény)i which are being taken to protect

the environment and some of them factored thibéir judgement.

During the small group discussions, some studeqiiimed that the main sources of past
problems associated with or attributed to chemisigjuded environmental degradation

from industrial activity and transportation, widgdublicised environmental disasters, mass
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destruction from warfare, crimes and terrorismwall as large scale experimentation. The

following was an argument brought about by onéhefdtudents on this matter.

“There were a couple of large-scale disasters lthis is the cost of

improvement... progress. That's how | see it. Th&b achieve progress and

improve you have to carry out experiments in somg ev another. You then

learn and improve from past mistakes.”

S-26 (GC group B)

However students also realised that part of thenhdone by the use of chemicals was
avoidable. For example, they noted that the aemmnts of chemical research run the risk
of being abused to the detriment of humanity. Sofrtbe students went as far as labelling
abusive polluters as ‘greedy’ or ‘selfish’ busimaes who were only interested in profit
making but did not really care about the environtnerThe chemical industry was

particularly blamed for turning a blind eye on ptilbn as it was primarily focussed on the

attitude of ‘making money and nothing else’.

7.2.3 Theme 3: Chemistry has an overall positivenpact on the environment

Although the ‘hand’ of chemistry was largely blaméxd being behind environmental
disasters that occurred in the not-so-distant ipadifferent parts of the world, participants
were still positive when they considered also taedjits that chemistry brought about as a

reaction to past mistakes. This could be noteddudents’ remarks such as the following.

“... first they discovered nuclear fission... by whibke Americans created the
atom bomb. But then they discovered that theydcosé the same (scientific)
principle to produce a power station.”
S-47 (non-GC group E)
The chemistry survey shows that about two thirdghefstudents in both groups believed

thatchemistry had an overall beneficial effect on thei@nment This implies that most
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of the students held a favourable attitude towalisactivities carried out under the

umbrella term of ‘chemistry’.

Students also realised that chemical research tsdagcoming increasingly important to
safeguard the environment. If one leaves out dieferences to green chemistry, which
are treated in other sections of this chapter,stififinds a number of students’ references

on how chemical research also left its positiveknmar environmental issues.

Similar findings from other studies confirm thaétimajority of school students believe that
chemistry plays an important role in solving enmireental problems and trying to improve
the quality of our lives (Bennett & Hogarth, 20@3lta & Tzougraki, 2004). Other similar
views emerged in a number of other studies citethénUK State of the Nation Report

2008 (Bennett, 2008).

7.2.4 Theme 4: Chemistry can do more for the envdnment

The general feeling among focus group particip@ntduding non-GC members) was that
chemists were doing their utmost to fight pollutiand avoid large scale environmental

problems.

Some of the students cited green chemistry as lmgiegof the most important reactions of
the chemistry community to fight pollution as theategy shifted from pollution control to
pollution prevention. This is how one GC studesferred to such a development in

chemistry aimed at mitigating the impact of chersiaa the environment.
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. in chemistry something concrete is being donehe Tact that chemists
came up with the idea of green chemistry, it mehas there is a serious
awareness and a strong will to do something tamgiliEven if it may simply be
something on a small scale... but there is a sigmfistart.”
S-14 (GC group D)
Students expressed themselves against the ideehémaistry was doing nothing to address

the environmental problems it has created in that. p®ne student reacted as follows to

show his disagreement to such a proposal.

“I think the term ‘nothing’ is too strong as a wbto use. It could be that they
(i.e. chemists) are not doing enough. It couldtz# we need to work harder,
to do more research, to invest more money, rathan ton less worthwhile
projects, on how to take better care of our envinent in order to protect and
conserve it for future generations.”

S-36 (non-GC group E)
Another student from the same focus group arguatttie growing public awareness on
environmental issues was another proof of the w&ffitwy chemists to prioritise such

problems and putting them in the limelight in thogl of tangible solutions.

“... all those involved, the chemistry experts, aoing their utmost to try and

solve the problems related to global warming, padi, etc. The fact that the

media is all the time speaking on these problemad.tle documentaries that

we watch on TV... So they are informing us on whdottw reduce the harm...

They are not keeping everything to themselves.”

S-55 (non-GC group G)

This study also revealed that students reckonddhbagotential of chemistry to protect the
environment is not yet fully exploited. In facktisthemistry survey found that the majority
of students in both groupsjected the idea thathemistry was doing enough to control the
different forms of pollution This attitude was more strongly expressed i latdsses by

the end of the year, with a sharper increase ielle¥ disagreement observed in the GC

class by the end of the intervention.
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On a similar note, the same survey revealed thdewbknowledging the continuous effort
by chemists to fight pollution, most students wewavinced thathemistry can do more to
protect the environmentin fact, results show that about 80% of studé&is both groups
held this view at the beginning of the year witlmdiva any changes occurring by the end of
the year. Such an attitude was confirmed eveondad groups with statements such as the

following:

“The problems are being addressed but this is mough. More research
needs to be done.”
S-48 (non-GC group E)
There were also isolated cases of students hirgmgpposite viewpoint, i.e. that they
consider that chemistry was doing nothing cona@tolve environmental issues. Some of

the GC students argued that it was only thanksit@iives such as ‘green chemistry’ that

something significant was being done to addredsifoamh problems in the long term.

The fact that students feel emotional on the liekwleen chemistry and the environment
confirms evidence from other work that studentshat level are very much sensitive to
world environmental problems and their initial cent would more likely transform into

interest for the scientific aspect of the same |@mois (Cooper, Elzerman & Lee, 2011;

Stearns, 1988).

7.3 Cognitive Dimension — Green Chemistry in Socigt (Dimension 6)

Both groups of participants aired also their viemasthe impact of the new field of green

chemistry on society, even though the non-GC giempd only guess or deduce responses
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from parts of the same chemistry survey or from eonformation that they might have
come across on a personal basis, beyond schookwsVon green chemistry were
particularly elaborate in the case of the GC sttglgmarticipating in focus group

discussions.

7.3.1 Theme 1: Green chemistry has a positive impaon human health and the
environment

Students forming part of the GC group were conundeat green chemistry had the
potential to improve the overall state of humanltheand the environment. This was
evident both in their responses in the chemistryesuas well as in their remarks during

the focus group sessions held at the end of thengrleemistry intervention.

The chemistry survey showed that almost all paaicts (from both GC and non-GC
classes) agreed thgteen chemistry has a positive impact on the qualit human life

Analysis of data shows that the GC participantsewapre unanimous on this viewpoint,
even though the non-GC group also showed a marksaBitive attitude on the possible

beneficial effect of their self-concept of greemhistry at the end of the year.

The GC patrticipants acknowledged that green chemestn make the difference in the
guality of their lives as it was aimed towards rm@dg pollution on a large scale and
reducing exposure to dangerous chemicals. Thsy thbught that green chemistry was
safer and eliminates or reduces risks to humartthe@thers realised that green chemistry
is not limited to a local situation but is benddicio all mankind. Most of them agreed that
it was an important development as it addressesmigtakes mainly associated with the

chemical industry. Students thought it also braugbout an improvement by saving
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energy, raw materials and money. The following wagpical comment made by a GC

student on the positive effects of green chemistgociety.

“The impact is definitely positive... it must be &atrimprovement... I'm sure
that if these reactions / processes are renderexbmgr, less toxic products
would be produced and this would have a positifecefon the state of the
environment. After all, this would leave a positeffect on all of us, too.”
S-26 (GC group B)

The following were some further arguments made thgents manifesting some of their

positive cognitive views on green chemistry atpbst-intervention stage.

“But in green chemistry, the emphasis is to avoiny gort of harm. Green
chemists are more concerned on the impact a chémproaess can have on
people.”

S-20 (GC group C)

“Green chemistry is now trying to fix the problemdaimprove the situation
from now on... taking extra care of our health angbahe environment.”
S-21 (GC group D)
One could easily notice that students forming pathe GC class were very eloquent and

at times almost passionate when expressing theesseln green chemistry and none of

them ever disputed its potential to boost the pasitnpact of chemistry on mankind.

7.3.2 Theme 2: Green chemistry is environmentallffiendly and is synonymous
with pollution prevention

Data from part B of the chemistry survey shows thathe end of the year, both sets of
students understood that green chemistry was amoaementally friendly approach of

practising chemistry which created less pollutidtowever the statements used by the GC
participants at the post-intervention stage torgefyreen chemistry were more complete
and focussed with respect to those given by thair@C counterparts as explained further

in chapter 9 dealing with students’ understandihgreen chemistry ideas.

256



The survey showed that the majority of non-GC sttglead a partial understanding of the
term ‘green chemistry’ by the end of the year, thig was probably achieved (as indicated
earlier) by intuition, by deduction from the typequestions asked in part A of the survey
and / or from other possible external sourcestad¢hvery few statements given by the non-
GC students covered ideas such as ‘design of sdfernative reagents’, ‘pollution

prevention’ or ‘sustainability’ which are all amotitge key aims of green chemistry.

The sharp contrast that emerged between the twgpgron the concept of green chemistry
is confirmed from the post-test results of the cisény survey which show that all GC
students declareithey possessed a good understanding of the temengchemistryihile
less than half of their non-GC counterparts wengfident about the exact meaning of the
term. A Mann-Whitney test confirmed that respond$esn the two groups were
statistically highly significant in the post-teskegcise: z-value = -4.989, p = 0.000

(appendix 3}

Analysis of another post-test iteshows that more students from the GC group, cordpare
to non-GC patrticipants, viewed green chemistry apr@active approach to pollution
prevention, i.e. an effort tprevent environmental pollution before it stattsoccur. A
Mann-Whitney test on item F6 found a significarffetience between the responses from

both groups of students:value = -2.944, p = 0.00@&ppendix 31).

Similar results were obtained in both groups whedents were asked whether it was true
that green chemistry principles used a new and morectefée approach to address

environmental problems In fact survey results indicated a substantiailyher level of
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agreement on this idea among GC participants. Maen-Whitney test on responses to
this survey item confirmed another significant eliince between the two groups at the

post-intervention stage:value = -1.997, p = 0.04@ppendix 31).

7.3.3 Theme 3: Green chemistry represents a boldfert by chemists to avoid
committing past mistakes

Students viewed green chemistry as a reaction &witrldwide chemistry community to
avoid committing past mistakes which spelled outoira number of large-scale
environmental disasters. This means that studemterstood the major role of green
chemistry as a sort of ‘preventive medicine’ reqdiby the chemical and related industries
in order to ensure that no more human lives are bgstoxic emissions and chemical

contamination. This was paraphrased by studerdsrimments such as the following.

“Green chemistry has grown in importance after isg the disasters
created in the past with traditional chemistry... th@m produced by past
experiments and other activity can be preventeddbiyg now.”
S-22 (GC group D)
All participants held a very high opinion of greehemistry, viewing it as an important
development of chemistry ‘to make up for past dagha@ne participant described it as a
‘remedy for the bad things that happened in th¢’ pasfirming the general feeling by his
colleagues that green chemistry was a concertemitdffy a movement of chemists to
counteract the failures of some of their predeassaod convert negative into positive

experiences of chemistry. Students saw in greemidtry ‘a long term investment’ by

chemists which aims at securing healthier futureegations.
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Members of the GC group also understood that tleeess behind such a ‘new way of
thinking and doing chemistry’ depended on the gabhdw many stakeholders and the

support of green chemistry education startingyaiuang age at school.

7.3.4 Theme 4: Green chemistry is feasible and sasable, but not easy to apply

The GC participants were also convinced that gaFsmistry was not simply theoretical
but could in fact be implemented successfully imynaays even though they realised this
was not a straightforward task. This was evidenthe way they responded to some
questionnaire items in the chemistry survey, andficned by the way they expressed
themselves during the focus group sessions. Onottiex hand, their non-GC counterparts
showed, in the same survey, that they were lessirmoed about the feasibility of green

chemistry.

Another distinct contrast resulted when studentevasked whether they agreed or not that
the principles of green chemistry were difficult &pply. The percentage of GC
respondents disagreeing with this was more thablddbe percentage of non-GC students
taking the same stand. This shows that the GGnelgmts were far more confident than
their non-GC schoolmates to express themselvesymgiabout the concept of feasibility
of the green chemistry principles. This was conéid by a Mann-Whitney test on this item
which pointed out another significant differencévimen the responses of the two groups at

the post-intervention stage:value = -2.789, p = 0.00&ppendix 31).

Despite being so sure about the viability of theegr chemistry enterprise, GC students
were very much aware that the fundamental prinsipfegreen chemistry were not always

easy to apply as it involved being extra carefuhia planning of chemical processes taking

259



into account many environmental considerationsis fotion came out during the focus
group discussions with students making frequerregice to phrases such as ‘it's not easy
being green’. However, students overwhelminglectgd the idea thareen chemistry
consists simply of a set of dreams that can neeerelalised by the chemical industry
Once again, the level of disagreement was subatiyrtigher in the GC class, producing a
sharper gap between the percentage of agreeindisagireeing respondents. The Mann-
Whitney test conducted on this questionnaire itemfioned that the two groups held a
significantly different point of view at the timé the post-testz-value = -2.207, p = 0.027

(appendix 31).

On the other hand, students were concordant omd#éee thatgreen chemistry is vital in

securing a sustainable future for the next generatiln fact there was a strong voice of
approval on this in both groups, with a slight etigethe GC participants. So students in
general had no doubt that green chemistry markadpartant step towards an improved

standard of living.

The two groups participating in the project respahuh a completely different manner at the
idea thagreen chemistry principles are too expensive tadszl on a regular basimplying
that green chemistry might not be economically idabin fact while the GC group disagreed
on the statement, the level of agreement was hightae non-GC class. A Mann-Whitney
test conducted on the survey results of this itemficned a very significant variation

between the responses from bativalue = -3.194, p = 0.00@ppendix 31).

GC participants were more confident that green dsteynwas in fact economically viable

despite being more stringent on the choice of mr#sgend synthetic pathways, as the use of
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hazardous materials includes a number of hiddets celated to the disposal, treatment and
regulatory costs. The GC group was convincedapplying green chemistry principles will
turn out to be economical even when one factotisarcosts of the investment required in the
greening of a chemical process. Such reasons panted out by a number of students
during the focus group discussions at the end efdgieen chemistry intervention. The

following is one example of what the students lwaskty on this.

“Even when we hear, for example that in Europgom reach a certain quota

of pollution you will have to fork out a hefty fine. So I think that the industry

would stand to gain by investing in greener tecbhag and new cleaner

technology... It would be wiser if you spend monaghwyou know is going to

give you a return rather than having to pay excesséines for nothing.”

S-25 (GC group B)

Results were even more contrasting when students wenfronted with the idea that
chemistry can never be rendered ‘green’ becauséigier energy consumption and
pollution problems About two thirds of the GC respondents disagi@®ethis compared to
about one fifth of the non-GC respondents adoptiegsame viewpoint. Students agreeing
that it was very difficult to implement green chetny successfully due to energy and
pollution considerations, was higher in the non-@&3s. A Mann-Whitney test carried out
on data generated by this survey item confirmet thare was a highly significant variation
between the groups in the way they responded $osthivey item by the end of the year:
value = -3.596, p = 0.000appendix 31). This confirmed that the GC students were more

convinced about the applicability of the green cisény concepts even when one considers

the ever increasing demand by the industry forggnand resources.

These results show that students from both cldssé® very basic idea of green chemistry
by the end of the year and acknowledged the fattithvas beneficial for the well-being of

present and future generations. However the GGpgaolopted more favourable cognitive
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attitudes towards it and were more optimistic ttamistry can one day be rendered truly
‘greener’, i.e. harmless, through the use of a#tewe materials and processes that would in

fact be worthwhile doing even on economic grounds.

7.4 Students’ Convergent and Divergent Views on Chastry & Green
Chemistry

The two groups of students participating in thi®jgct were found to share similar
cognitive attitudes towards chemistry in society significantly different attitudes towards

the value of green chemistry as a new science.

7.4.1 Cognitive Dimension — Chemistry in Society (iBhension 1)

Analysing the students’ cognitive attitudes towactiemistry (dimension 1 of the attitude
theoretical framework) there was a general conseaswong all students (GC and non-GC)
that chemistry improves the quality of human lifiedahas a positive impact on the
environment.  However students thought that cheyniss still associated with

environmental degradation and it has the potetdialo more to safeguard the well-being
of the environment. Students from the GC classeweund to be less negative in their
outlook towards the responsibility of chemistry gmvironmental issues. In fact, one of
the survey (questionnaire) items showed that thaeiaps of GC students were almost
statistically different from those of the non-GCrtpapants who were more adamant that
chemistry is synonymous with environmental degriadat The GC participants regarded
the very existence of green chemistry as one ofctinerete steps taken by chemists to

address pollution problems.
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7.4.2 Cognitive Dimension — Green Chemistry in Scatly (Dimension 6)

Another set of attitudinal responses (dimension®jered the students’ cognitive attitudes
towards the value of green chemistry as a sciefices. clear that both sets of participants
held very favourable attitudes towards green chegynés a science as they acknowledged
almost unanimously, its potential positive impant lmuman health and the environment.
The GC class showed stronger support towards thesvpoint at the end of the

intervention.

The two groups were however divergent in some ef fiimdamental views on green
chemistry. For example the GC class held a smamfly stronger view that green chemistry
represented an effort by chemists to prevent enmemtal pollution at source. The same
applies to their belief that green chemistry pples are effective to address environmental
problems. One survey item confirmed also thatGkeparticipants were significantly more
confident than their non-GC counterparts that thag a good understanding of green
chemistry by the end of the intervention. Anotbiearp contrast resulted when students from
both groups expressed themselves on the appliyabilgreen chemistry. The survey results
show that GC respondents were far more convincaa their non-GC colleagues that the
principles were also feasible. The same group sboavsimilar stronger attitude when it
rejected the suggestion that green chemistry wastaof wishful thinking that can never be
implemented by the chemical industry. This indésahow determined these students were

that green chemistry can truly make the differanc®ciety at large.

Significant differences were also registered inghedents’ responses on the sustainability
of green chemistry from the economic and envirortadgpoints of view. In fact the GC

group disagreed with the ideas that green chemigiis/too expensive to be used on a large
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scale and also that chemistry can never be rendard'green’ on the grounds of high
energy consumption and unavoidable pollution proisle The situation was very different
in the case of the non-GC class which showed anehly higher level of agreement (on

this questionnaire item) in both cases.

When the statistical results on this set of questdre items analysed in this dimension were
compared, students from both classes were fourithte an appreciably different general
view of green chemistry as a science with the diver@ans varying from 2.78 (GC) to 2.42
(non-GC). This means that by the end of the abassr/ laboratory intervention, the GC
class held an overall higher opinion on green cheynthan the control group and showed

less scepticism towards its feasibility and beseditindustry and society in general.

7.5 Chapter Summary

This chapter treats the main themes emerging froen data analysis describing the
students’ cognitive attitudes towards chemistry green chemistry in society before and
after a curriculum intervention with one of two gps attending a sixth form institution in
Malta. The findings show that the students’ adiis towards chemistry in society in the
two groups were more or less the same especiallyeapre-intervention stage. However
there were some important differences in the waytwo groups of participants viewed the

contribution of green chemistry to society, patiacly at the post-intervention stage.

Both groups of students recognised the achievenoémtsemistry to improve the quality of

human life particularly its significant input in éhprogress made by medicine, the
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development of new materials and the evolution @fdemn technology. This is very
concordant with previous research evidence showiagstudents of the same age usually

held favourable attitudes towards science and céteyrin society.

Participants also tended to agree that chemistrys wall responsible for most
environmental problems but this negative attitu@de ess pronounced within the GC class
by the end of the year. This indicates that thepgag@icipants were more confident on the

social responsibility of chemistry with respecetovironmental protection.

Participants tended to agree that green chemispgesents an important development of
chemistry which would further improve the alreaagitive impact of chemistry on society
for a number of reasons particularly related tdyp@n prevention and the conservation of
energy and resources. The GC group showed thdtad a significantly better
understanding of the role and general principlegreen chemistry than the control non-
GC group. The same GC participants also had afisggmtly stronger view that green
chemistry was a proactive approach to pollutionv@néion and that the green chemistry

principles were effective tools which may be usedddress environmental problems.

Members of the GC group were found to adopt a gepmttitude (compared to non-GC
participants) when expressing themselves favouralblgut important aspects of green
chemistry such as the feasibility of the key piites involved, its environmentally friendly

credentials and its economic viability especiaflyan industrial context. Evidence shows
that the GC group was generally more convinced attmiusefulness of green chemistry
and adopted a more favourable attitude towardshgnncompared to the other group of

students involved in the same programme of studies.
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Chapter 8
THE ATTAINED CURRICULUM — PART 2

Data Analysis: Students’ Attitudes about Learning Chemistry
and Green Chemistry

8.1 Introduction

This chapter continues to analyse the data genmkfede various sources to evaluate the
impact of the green chemistry intervention on tluglents’ attitudes towards chemistry and
green chemistry, especially through their learngxperience at school, in a bid to
understand the achieved curriculum. The chaptedsdeainly with the analysis of

attitudinal data generated from the chemistry spraed several focus groups involving
two groups of students attending the main sixtimfoollege in Malta during academic year
2009-10. It compares data obtained from the G&sc{axperiencing the green chemistry
classroom / laboratory intervention) with that obeéa from the non-GC class (which

served as a control group).

The second part of the analysis of students’ diisufrom the data generated from the
various research instruments was carried out usimg same theoretical framework
employed in the first part of the analysis (chapter The data analysed in this chapter
involves the remaining eight (out of ten) dimensiah the students’ attitudes as outlined in

the theoretical framework.
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8.2 Cognitive Dimension — Learning Chemistry at Sabol (Dimension 2)

Students expressed themselves on how they feltt &lobool chemistry at the beginning of
the year and then just a few weeks before sittorgttieir end-of-year exams, half way
through their two-year course at the sixth formleg®. The following were the main
cognitive attitudinal responses that emerged fromlysis of the survey and focus group

discussions.

8.2.1 Theme 1: A-level chemistry is a rather diftiult science subject

Students considered chemistry to be hard and difffor a number of reasons such as the
presence of abstract concepts, memory work invelvdifficult calculations, an

overburdened curriculum, irrelevant topics, repmtitof material, a perceived gap between
O-level and A-level chemistry and the influencenirpeople with a negative perception of

the subject.

Students argued that chemistry was more abstract dther sciences and that was one
factor that made chemistry harder for them to ustded. The following was one of the

typical comments made by students to support iBispoint.

“l think more students choose biology than cherngibecause (in biology) you
are learning on something that you can visualisee.g. the human body,
plants. On the other hand, in chemistry, you aealiehg with atoms... you
cannot see them with the naked eye and spot theifalpfor example.”
S-8 (GC group A)
Students admitted that some concepts were maderhaiith the use of chemical formulae
and equations and the use of complex models toaexphenomena such as chemical

bonding. This is concordant with research showilm science is always perceived by
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students to be theoretical and harder than otHgests for a number of reasons including
the use of unfamiliar terms and complex concepsb@ne & Collins, 2001; Parkinson et

al, 1998; Porter & Parvin, 2008).

The literature review suggested that students itifihrder to use and apply the chemical
concepts than to understand them. Gabel (1999)earghat the main problem with
understanding chemistry is the fact that instructowcurs mostly at the symbolic level

which happens to be also the most abstract levebmimunication.

Students were also concerned that A-level chemistijyded a lot of memory work and
tricky calculations which made the subject extrgmaddmanding. The following was one

of the arguments made one of the students in¢giard.

“Now | am feeling that | am forced to remember aartdetails by heart. As |
have to reason out so many concepts that for tamepou can make a mess of
the reasoning you are expected to explain and gnih-mixing things up. So |
find it better to play safe and possibly learn tigrby heart.”
S-66 (non-GC group F)
This agrees with literature evidence which shoveg the two factors which contribute to
the students’ perception of science as a diffisultject are the need to memorise facts ‘for

tests and exams’, and the mathematical skills reduor calculations (Osborne & Collins,

2001; Blenkinsop et al, 2006; Collins, 2011).

One other major difficulty encountered by studemés that of having to cope with a vast
examination syllabus in a limited time. They agree general that they did not have
sufficient time to assimilate all the material withey were expected to cover during the

course, particularly when one considers the longetthey spend at the college every day
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(sometimes till 5.00 pm) plus other commitmentshsas private tuition which allows them

little space for home study.

One of the problems often cited in attitudes stsitBehis students’ concern that the science
curriculum was overloaded with facts, leaving studdo struggle to cope with the content
whilst they are ‘frog-marched across the scientdicdscape’ (Osborne & Collins, 2001).
The general feeling of students in this study wesd there was too much content and that
material was too crammed, allowing little space d@mcussion mainly due to examination

pressures.

Another factor which according to students madeevel chemistry hard and less
interesting was the inclusion of material whichytle®nsidered to be detached from real
life or not directly relevant to their everydayd and their future career aspirations. The

following is an example of how one student felt @idarelevant’ curriculum material.

“Let’s take the case of ‘chemical equilibria’ just be more specific. To my
mind this is useless — you would not need it, youldvnever use it.”
S-24, GC group B

The topics of ‘periodicity’ and ‘chemical equililati were the ones that were most
frequently mentioned and regarded by students egetist relevant with respect to others
covered in class during their first part of theeA«l course at the college. One student (S-
26, GC group B) stood out and went against thengebutting the argument by saying that
topics / areas of chemistry which students indita@e ‘irrelevant’ were probably the least
fancied ones rather than the least important. &eample research evidence suggesting
that some aspects of science, and chemistry incpkat, are viewed by students as being

irrelevant and students found it hard to make lingsveen such topics and their everyday

lives (Cerini et al, 2003; Osborne & Collins, 2001)
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Another point made by students was what they pezdeas repetition of material, which
was probably a reference to overlapping parts efstbject matter. More than making it
harder, this was one possible point of studentsemtjagement from the subject at this

level. The following is a typical comment madehrs regard.

“They make it like a habit sometimes. Repeatimgsiime thing over and over
again. The student would feel bored. And it ssufidle a standard
procedure.”

S-24, GC group C

This is another finding which can be matched wiidence from other studies showing
that repetition of topics is one of the factors evhicontributes to a ‘growing

disenchantment’ with science (Collins, 2011). $&ntd may perceive such repetition as
lack of progression in the subject matter rathentla development or consolidation of

basic theory.

Students were particularly concerned about whay tensidered as an apparent gap
separating O-level and A-level chemistry, espegiallterms of content and concepts that

made the transition from one level to the othedbathan expected and far from seamless.

Some participants argued that some chemical conegptmade more difficult (tougher) as
they are taught in different stages, spaced outmionths if not years of classroom
explanation. This made some chemical conceptsaappde fragmented or discontinuous.
Some conceptual models explained at secondary, lexglatomic structure and electronic
configurations, were almost completely discardedradically transformed into new

concepts at sixth form level. The following re@ets the students’ line of reasoning on

this perceived interruption between O-level ancegel chemistry subject matter.
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“At times | have the sensation that I'm starting(iie. the subject) all over

again here for A-level and | might as well forgétabout the O-level stuff. |

don’t think they are so much related.”

S-44, non-GC group E

There are certainly different factors that contrébuo this imaginary gap between
secondary and post-secondary chemistry. One setfactors must be the lack of detalil
given by secondary school chemistry teachers tesiis asking for extended explanations
to specific queries, the main excuse being thatlttailed version of the answer would be
provided at a later stage. This has been refeéady Osborne & Collins (2001) as an ‘act
of bad faith’ considering that only a small fractiof students usually proceeds with
science at a higher level. Another factor is thieent structure of the O-level and A-level
curricula which gives a general sense of discoitynof chemistry concepts and topics

covered in class, and make it harder for studemtshtain a ‘seamless picture’ of the

subject.

Students from both groups shared the general tedfiat they were mostly discouraged
from choosing chemistry by members of their famalgd / or friends who had the
impression that the subject was harder than ther aptions. A good number of students
felt that they were influenced by this negativewpeint on chemistry of people close to
them, but some decided to simply ignore them. Thishat one student had to say on the
influence of other people on their decision to dethe subject and how this perspective

made the subject appear to be harder than it realéy

“... even the influence from the people... When Idiéecto opt for (A-level)
chemistry there were even some relatives who warprised and who
discouraged me with their comments because thegvedl it was so difficult.
But it was my choice.... It appears that peoplesaneply terrified when they
hear the term ‘chemistry’.”

S-11 (GC group A)
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Research confirms that students’ attitude towani®a science is in fact influenced by
peers and friends (Breakwell & Beardsell, 1992; &on & Oliver (1985); Talton &

Simpson, 1985).

8.2.2 Theme 2: Chemistry improves aptitude / achiement in other sciences

The majority of the chemistry survey respondentsigfint thaistudying chemistry improved
their aptitudes in other sciencesin fact students’ response on this survey iteas w
overwhelmingly favourable especially in the GC slasd there was almost no change in
such a student attitudinal response after the viaetgion. This implies that students
strongly believed that studying chemistry at scheat an advantage as it helped them to

study and perform better in the other sciences.

On the other hand, the same students were lesoramt onwhether doing well in
chemistry improved their chances to do well (aisopther non-science subjectdn fact
according to the data emerging from the survey)dkiel of agreement on such a possible
link between performance in chemistry and perforceain other non-science school
subjects was less than 50% in both groups, withenmarkable changes during the period

of the intervention.

8.2.3 Theme 3: A-Level chemistry lacks relevancend needs updating

One of the points of disengagement of students flmensubject seems to be its perceived
lack of relevance to everyday life and its appadstachment from the real world situations.
In particular students pointed out that topics tlwate sub-microscopic such as the atomic

structure and bonding, or those that were larggty®lic such as the periodicity of elements
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and compounds, were not as immediately relevarigmss that were more tangible such as

corrosion of metals and environmental chemistry.

Other participants particularly students belongiagthe non-GC group, brought up the
issue that the current A-level chemistry programsalmost devoid of any reference to
environmental matters. Students viewed this ass@mshortcoming as they thought that
environmental chemistry concepts and real-worldvgdas would have brought the subject
closer to their everyday lives, especially now the quality and sustainability of the
environment feature so prominently in current affand political agendas. The following

was one of the students’ opinions on this matter.

“But nothing is being taught here which actuallydicates to us or has
anything to do with the environment or our futur&ven though you may
realise what's going on at the molecular level..farsas what happened in the
past disasters... nothing is actually enticing ugdontinue) studying in the
future... nothing at all!”
S-42 (non-GC group E)
One particular student from the non-GC class maklat \eventually turned out to be the
only direct reference from his group on ‘green clstry’ during one of the focus group
discussions. He argued that he was disappointettam about such an important

development in chemistry from another subject rathan from A-level chemistry. The

following are his own words on how he discovereglittea of green chemistry.

“In fact the only green chemistry that | learnt alid happened to learn it from
environmental science and not from chemistry itsefrom a completely
different subject... and that’s really incredible!”
S-50 (non-GC group E)
The relevance of science to everyday life is ara avhich has long been of interest to

researchers into attitudes to science (Bennettd;20@rini et al, 2003). Research shows

that the more relevant the science curriculum tlbeenmterest it generates among students
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(Jenkins & Nelson, 2005; Murray & Reiss, 2005; Qskeo& Collins, 2001). Other
evidence indicates that the less relevant schaamingdtry was the more easily students get
disengaged with the subject (Barmby et al, 2008inCet al, 2003; Lyons, 2006; Murray
& Reiss, 2005; Osborne & Collins, 2001; Porter &g 2008; Ware, 2001b). A
common finding in such studies was that studentddctardly make any connection

between the science taught at school and theiesdtieyond the school precincts.

The students participating in this research stugheed that their chemistry programme
needs some changes to illustrate the progress rmgadehemistry and its impact on
contemporary society. This was the outcome ofr tresponse to the suggestion tha

chemistry curriculum needs being updated in orderdflect better the present and any
possible future contribution of chemistry to sogieThe idea could also be confirmed from
the various statements made by the participants fildferent focus groups who argued
that one of the important factors leading to stistedisengagement in chemistry at this

level was this lack of relevance to the real world.

This call by students to update the chemistry culum and make it more relevant to life
conforms very much with the need, expressed byarekers evaluating the ROSE study, to
‘humanise’ school science and show that science falsns part of the history of human
civilisation, and is a ‘corner-stone in our presemtodern world view' (Sjgberg &

Schreiner, 2010).
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8.3 Affective Dimension — Chemistry Theory (Dimensin 3)

Most of the students’ responses regarding learafnrghemistry theory, in both the survey
and focus group exercises could be regarded a$y @fective and partly cognitive.
Students explained why they enjoyed the chemissgdns / lectures and also what made
such chemistry theory appear at times to be undipgea One particular aspect
investigated in this section, as it relates to grelemistry, was the students’ interest in

environmental topics covered during chemistry tiidessons.

8.3.1 Theme 1: Chemistry is a subject that appeals to ymg students.

Despite knowing that it was a challenging subjext at times it may appear to be hard for
a number of reasons, students thought that schawhistry still appeals to young people.
The main factors which students thought make sctio@iistry interesting were the joy of
discovery of scientific reasons behind common dagnopmena, its usefulness and its

application in real life situations, and also thedents’ future career aspirations.

The following student explains why s/he was stillerested to study chemistry despite

being discouraged to do so by many other people.

. we are part of the younger generation and | fimtiemistry very
interesting... because for instance, I'm interested khnow more on the
chemistry of fireworks, what they are made of. #eo interested to know
more about chemistry of everyday life. And what kkonsuming... for
example, if I'm using a product... everything is lshea chemistry... and I'm
interested to know what it's made of.”

S-20 (GC group C)
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One point often mentioned by students to explaiy thley considered chemistry to be an
appealing subject is the fact that it is relatedttoer subjects (particularly biology) and to

everyday life as shown in the following statement.

“... when students realise that the two subjects|digip and chemistry) are so
much connected... then chemistry would be appeal;ngthe younger
generation, perhaps because once you know thagghéme so much related
and make a lot of sense then you would automaticaéint to learn more.
That’'s what | think!”
S-37 (non-GC group G)
This study found that students in general enjoyedentearning chemistry at sixth form
(post-secondary) level than at their lower seconaatucation. However several other
students from both groups claimed that they folreddubject to be alluring mostly at O-

level.

The chemistry survey found that students in botbugs always found chemistry to be
interesting in their secondary educatiorHowever this positive attitude was less strongly
manifested in both groups at the post-intervengiaige. A few number of students claimed
that they found O-level chemistry more interestamgl stimulating than A-level chemistry
for a number of factors. These include satisfactior discovering new scientific
knowledge, greater relevance to everyday life sitna (citing specifically environmental
topics as an example), a shorter examination sydlathe joy of experiencing for the first
time hands-on activities in a school laboratoryiemment, feeling less pressurised by

exams and the fact that concepts and calculati@ns l@ss complex.

One of the findings of the chemistry survey wag #tadents did not regret having chosen
chemistry as one of their A-level subjebtd there was an observable downward trend in

both groups, particularly in the non-GC class, hg &nd of the students’ first year
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experience at the sixth form college. In fact, twevey found that an overwhelming
majority thought they made a good choice at theinmegg of the year but numbers
dropped with time, the biggest drop occurring ie thon-GC. On the other hand, the
number of students admitting to have made the wrdmgce when opting for A-level
chemistry increased more appreciably in the nongBfip. It appears that the GC group
were more satisfied with their A-level course wieispect to their non-GC counterparts, by

the end of their first year at the college.

There is a strong indication that students enjayede chemistry at post-secondary level
than at secondary level. This was confirmed bgextis in both groups during their focus
group discussions. According to students partteigain such focus groups, their interest
to study A-level chemistry stemmed from a combomatof factors such as the students’
higher level of understanding of the subject, ttadility to correlate better the different
concepts / aspects of chemistry and so form a wmrelete picture of this area of science,
the practical sessions and their realisation thadysng chemistry did not rely solely on

rote learning. In fact some students claimed tiey liked chemistry at O-level mainly out
of a sense of curiosity to discover something nehile at A-level they felt more intrigued

to discover the ‘rest of the story’ as by that tinieey would have developed higher

cognitive skills and a broader scientific backgrdun

One of the non-GC patrticipants described why hielésk of an outsider once he made the
grade from O-level to A-level chemistry. He drdwe analogy of a curious person making
it to the other side of the fence which previoukigdered him from accessing to some

valuable information (the body of scientific knoage).
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“| see O-level chemistry as being in a place wajtlehind a closed gate. In
O-level chemistry, you're looking in from outsidedaobserve things occurring
from the outskirts. Once you're in for A-level yeunside and have to start
looking for all details... which you would not eveavé considered at O-level.
I mean if you try to explain the A-level details @ostudent doing O-level
chemistry, he would be overwhelmed.”

S-44, non-GC group E
Some students made reference to the more regblaral@ry experience they were gaining
at this level, which increased their level of ergyagnt in the subject. The following is a

typical comment made by one of the participantthisimatter.

“... unless you see things in front of your eyes...would not understand as
much as we’re doing now. You cannot compare aev@Hwith an A-level.
The A-level is better in many ways. You understaetter and in my case, |
am putting more of it into practice as | had no peo laboratory experience
before.”

S-61 (non-GC group F)

Students from both groups confirmed in the chemistirvey that they liked the subject so
much that they did not study it solely in ordemptss the exam and join university. In fact
the majority of students in both classes rejechedidlea that they were onigotivated to
study chemistry in order to pass the A-level exation and gain access to a university
course even though the level of disagreement decreaséd tme in both groups.
However, the exam motivation seemed to gain growitd time with students agreeing
with the survey statement increasing in both cases the same period of time, indicating
that the students’ intrinsic motivation in the sedijshifted to an extrinsic motivation as

students approached their end-of-term examination.

There was a minority of participants who admittedyt did not like the subject but only

chose to study it for other reasons such as caneéivation. The following was perhaps

the most direct statement representing such andsti
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“... to be honest | don'’t like chemistry very mudihchose it simply because |
want to become a doctor. Otherwise | hate it asilgject.”
S-48, non-GC group E
The fact that chemistry students at this level megenly motivated to study out of their
special interest in the subject could be confirrbgdesearch evidence showing that this
self-motivation was an important factor, even sigreto other factors such as career

prospects and teaching methods, which studentsidesad when deciding to pursue

science beyond the age of sixteen (Havard, 1996).

8.3.2 Theme 2: Students’ interest in chemistry iinked to achievement

Achievement was cited by a number of participastem@e of the factors that contribute to
the student’s interest in the subject at school affielct the students’ attitude to study

chemistry.

Several students from both groups (but mostly friive GC side) explained how they
decided to study chemistry post-16 after havingalisred they had an aptitude for science
in earlier education. One of these students hagl tthisay on how his achievement in

science influenced his decision to choose to sthidyscience subjects.

“... When | used to learn science during my first tygars in my secondary
school, | used to do well and then | said let metiome studying them (i.e. the
science subjects). And then | started getting nmaexested in science... So |
started becoming more intrigued... and | wanted seaver more. That's why
| decided to specialise in sciences.”

S-21 (GC group D)

This indicates that students who proved themsedoesl in science at the secondary level

of education stood a better chance of choosingneegat post-16.
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There was a general agreement among all studetitipants (GC and non-GC) that

chemistry has to be made more interesting in otddrelp students pass the A-level exam
In this case, students argued that if they wereenemgaged with the subject they stood
better chances of passing their A-level chemistgne This implies that students realised
that there was an important link between interasthne school chemistry and academic

achievement in the same subject.

The chemistry survey showed that consensus orvighigooint was stronger in the non-GC
group but there was a more remarkable increasevel bf agreement in the GC class over a
period of the classroom / laboratory. Hence thdestts’ message here was that they would
expect themselves to perform better in examinatibritey are better engaged with the

subject.

8.3.3 Theme 3: Learning chemistry is influenced bthe teaching approach

Students patrticipating in this study also expregbed views on the influence of teaching
on learning of chemistry especially at post-secondiavel. Most of the students agreed
that the teaching approach determines their levahderstanding of the subject while the
teacher played an important role in engaging stisdenth the subject during theory

lectures and laboratory sessions.

According to students one of the characteristicarofeffective teaching approach is the
ability of a teacher to dedicate time to explaithea than read or write notes. They also
admired a teacher who looks prepared and makesestitey presentations possibly with
the use of visual educational resources. Someestsdstrongly believed that they would

learn more if the teacher finds how to relate défe aspects of chemistry to the real world
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outside the classroom. Students would also ptefbave the teacher always on their side
by being sympathetic and helpful, and also by liggi confidence in them. They also
want the teacher to motivate them in the subjettterathan coach them to pass the

examinations.

The following is an example of how students expddbeir positive views on teaching of

chemistry.

“When | had teachers that showed a great deahtdrest... you would surely
remember things better... as you would feel thatt¢heher really wants to
give the lesson... that he or she is really motivate@ihis would certainly
leave the mark on you. It motivates you to study.”
S-55 (non-GC group G)
These findings are consistent with a plethora eéaech evidence that shows clearly that
one of the most significant factors determiningtadies towards science and science

subjects is the teacher quality variables (Ben&etiogarth, 2009; Osborne & Collins,

2001; Osbhorne et al, 2003; Schibeci & Riley, 19BiBhon & Osborne, 2010).

Students also expressed their dislike towards tegdpproaches which they regarded as
ineffective for science education. These includaracteristics of certain teachers such as
talking with the board and / or reading from textks, the inability to stop and explain, lack
of classroom activities, excessive and brisk teachenologues, poor communication of
ideas with students, transmission of facts with@lating them to real life situations and
putting too much emphasis on examinations. Stgdagteed that the teacher plays an
influential role in their engagement of the subjsct much so that one student remarked that

a ‘teacher could make or break you'!
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The following student’s remark exemplifies studémegative views on ineffective

teaching approaches, made by participants duriagsfgroup sessions.

“... iIf you have a teacher who just talks to the lshaeads from the book and
does nothing else, you wouldn’t be interested iatighgoing on! You end up
‘doodling’ and wasting time in class. And you wbuday: ‘We're having
chemistry now. How boring!”
S-10 (GC group A)
Students from the non-GC group had similar negatieevs on some ineffective teaching

methods which they had to endure in the past, péttiicular reference to their secondary

school teachers of chemistry and other scienceestthj

“At O-level | studied like a parrot and | had ndea on what | was studying...

the teacher was hopeless. And even now that dehees | have are quite

good... but it has affected me so much in the pasitill find chemistry more

difficult with respect to other subjects.”

S-34 (non-GC group F)

These findings are similar to students’ problensoasited with teaching as outlined in a
study by Tobias (1990) who reports how students nsedch up their difficulties they
encountered during science lessons with expressiocis as ‘the tyranny of techniques’,
‘the isolation of learner’ and ‘the struggle toesd in a sea of inattentiveness’. This could

more or less be reflected in the arguments broughty participants when discussing the

negative influence of some of their science seconigachers.

One commonly agreed idea among students wasving of teaching chemistry have to be
flexible and adapt to a changing societyThe chemistry survey shows a considerable
strong support from both groups towards the suggeghat teachers must change or
update their methods in order to make chemistryenappealing to students living in a
modern society. Consensus on this was even higitiein the non-GC group by the end

of the year.
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A Mann-Whitney test performed on the responsedi® item showed that the variation
between the groups was originally insignificant Blmost reached significance by the end
of the year:z-value = -2.103, p = 0.03fappendix 31). This may be interpreted that the
non-GC group were keener to see the teacher ref@omtemporary developments in
chemistry, something which the GC group had juspeeenced through the green

chemistry intervention.

8.3.4 Theme 4: The chemistry curriculum is enhanced bymironmental topics

Participants were almost unanimous that A-level mibgy programme would be
‘enhanced’ and become more interesting by includmgre direct references to
environmentally related issues. Although the ndh<udents did not refer specifically to
the term ‘green chemistry’ or ‘pollution preventian their discussions, they still held a
strong view on the importance of learning on theiremmental aspect of chemistry during

their A-level chemistry course.

The students cited a number of reasons suppotigig guggestion for a stronger reference
to environmental matters in the A-level chemisttyrculum. One of the main reasons
was that the subject becomes more concrete andbbst®ct. Students also thought that an
environmental chemistry section would bring A-legkemistry closer to the world outside
by treating the chemistry of specific real lifeusitions. They also felt that chemistry
students need to be more competent (i.e. more tdiaky literate) and conversant in
environmental chemistry when dealing with environtaé issues even out of school.
Another reason was that environmental chemistrytt@potential to make chemistry more
interesting as it deals with a whole range of défg aspects and concepts of chemistry and

relates also to other areas of science.
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The following argument was brought about by a n@-&udent sharing this affective
attitude towards school chemistry.

“l think that chemistry as it is now is too absttacThe environmental topics

are more effective in showing you the reality. [d&n a lot about the atoms

and so on... things that we cannot see with our apedsso the concepts are

difficult. But if you're talking about environmehttopics... basically the

environment is full of chemistry...”

S-63, non-GC group G

Students were aware that there wasn’'t much referémcenvironmental topics in their
chemistry programme and they were rather eagesvie Bnvironmental chemistry included
along with other topics or replace more abstrapeets of chemistry. They considered that

this would bring more of the ‘outside world’ intbe picture and make the subject more

relevant to their lives and hence more interedtirng

One recent study confirms that the inclusion oéamironmental context to the high school
chemistry curriculum, as suggested by the partitpaf this study, makes it easier for
students to connect between chemical concepts ealdlife problems. In this way,

students perceive chemistry as being more reletattieir lives and this increases their

motivation to learn the subject (Mandler et al, 201

8.4 Cognitive / Affective Dimension — Chemistry Practial Work
(Dimension 4)

The general feeling among students was that debpiteg challenging at times, students

liked doing chemistry experiments on their own amwda regular basis, in the school
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laboratory. Many felt that they were more engageith the subject in the laboratory,

though some indicated they experienced difficultiesng some of the practical work.

8.4.1 Theme 1: Students feel more engaged with chemistdyring practical sessions

Students thought that there should be more emplasis better preparation for the
chemistry practical sessions as the laboratory reeqpee provided a golden chance for
students to apply theory into practice and leaffemint laboratory skills and techniques,
especially in view of the A-level chemistry praeali@xam and possible future laboratory-
related jobs. Some students even stated that fiheyd A-level chemistry practical

sessions highly stimulating, helping them graspebbehe theoretical and often abstract

concepts learnt during the theory lectures.

However students were not so determined to geserdiatchemistry theory was more
interesting and exciting in the laboratory than time classroom In fact the chemistry
survey data showed that there were mixed viewpoartsthis, but agreement level
increased marginally in both groups and prevail@tinwthe GC group, by the end of the
year. This means that although students likedtisedavork, as could be seen from their
many comments in the focus groups, they could eatabtegorical that practical work in the
laboratory was always more interesting than what é@ne in class. The reasons could be
that practical sessions are also examination-ateraind at times tend to be hard as
explained in section 8.4.3. The GC group expresseslightly more positive attitude
towards practical work than their non-GC counteipaand this affective viewpoint

increased marginally by the end of the year.
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Students outlined a number of reasons to explaip thby still usually preferred doing

chemistry practical work than learning theory iasd. Students felt that practical work was
a captivating experience that allowed students ridetstand better the theory side of
chemistry, to apply what they learnt in class aachélp them memorise concepts and
theories through experimental observations andlteesurhis is how one of the students

expressed this viewpoint during one of the focumigrsessions.

“l think that laboratory work seems to motivate yoém learn the theory
because you know that you're going to apply forrgeli what you are
learning in class. You're not learning somethingeh is detached from you.”
S-18 (non-GC group D)
Practical work also gives students a sense of asheon the experiments they perform in
the lab and allows them to deal with unpredictaifeations and the use of hazardous and
toxic chemicals. It appears that this is exactlyatvthey like and what they expect in
chemistry practical sessions. Some of the studmshtstted that they invariably enjoy the

thrills, emotions, sense of adventure and eleménsuoprise. This was one of their

observations on this aspect of the students’ ppation in school practical sessions.

“But when you have to do it yourself you cannotdiceexactly what is going
to take place... you cannot anticipate whatever Wwidppen when you're
mixing chemicals... you can't really say what wilppan! And that makes the
practical even more exciting!”
S-4 (GC group C)
Other students observed that the fact that theg wkowed to deal with real life chemicals
that may be toxic or dangerous makes chemistry ewane stimulating. However it should

be noted that such contact with toxic and dangereagents was also found to keep other

students away from the subject.
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8.4.2 Theme 2: Students acknowledge the importance of emistry practicals

Students found that apart from being interestiragfical work brought chemistry closer to
the students’ everyday life and this helped therdewstand better the theory as can be

confirmed in the following statement made during o the focus group discussions.

“l think that the practical helps to consolidate eththeory... in order to
illustrate the theory in a more concrete way andpseyou also understand
how it is applied in real life.”
S-36 (non-GC group E)
Chemistry practicals allowed students to take mpgie of possible future scientific careers

involving work in scientific laboratories, as sugtgd by the student who made the

following observation:

“There should be more emphasis on practical workaose in the future we
are going to be working on these lines, mainly s going to work in labs
and we want to be hands on with these things.”
S-16 (non-GC group D)
Students could not avoid referring also to the faat they had to sit for a practical paper as
part of their A-level examination. Hence they wingher motivated to practise laboratory
procedures and techniques for the exam which hamhsiderable weighting (20%) of the

final mark. This is one of the students’ referenimesuch a motivation for laboratory work

in chemistry.

“... Yes you will remember more that way and for Akkevel exam, it carries
a lot of marks. That's why it is so important t@ to do them so frequently at
school.”
S-45 (non-GC group E)
Most of the students’ observations expressing taeiotions towards chemistry practical
work were consonant with the outcome of reseanatiies$ which show that practical work
in science helps students develop scientific skikeowledge and understanding of

concepts and theory (Cerini et al., 2003; Collg®l1; Toplis & Allen 2012).
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8.4.3 Theme 3: Chemistry practicals at A-level can be hd

Students also recognised the fact that chemisagtigals were not always plain sailing and
easygoing and at times provided challenging tadkislwmade it harder for them to cope
on their own without seeking help. Some studemeneadmitted that at times they felt

almost lost and helpless half way through an egeriti the chemistry laboratory.

According to students, problems which they commoahcountered during laboratory
work ranged from the difficulty to relate the chsiny theory with practice, working out
calculations on the spot (particularly those inuadvvolumetric analysis), coming across
new situations and applying new techniques withaowt prior knowledge or training or
explanation, and having to interpret observation r@sults of a particular analysis without

having covered the related ground work in classndguhe theory sessions.

The following argument was made by one of the sitgléo support his/her belief that
chemistry practicals were at times demanding amdpticated, or out-of-phase with the

theory learnt in class.

“l think that a greater level of integration is eded between theory and

labwork because you cannot simply focus on onecaspdy. Like, at school

right now, they (i.e. theory and practice) are tiexh as distinct subjects. We

did things in the lab that we shouldn’t have donemean we didn’t even know

we had it in theory.”

S-42 (non-GC group E)

There were many references during the focus gresgians to the difficulties which students
faced regularly such as when they come acrossrthmwas task of working out calculations
as part of the laboratory report in the case oedrpents involving physical chemistry. One

of the problems commonly cited by students wasr tibility to deal with simple

calculations probably because they are too muchstxt on doing other tasks such as
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following the instructions, taking correct readireged / or writing observations. According
to students, the real difficulty therefore arisesduse of the multitasking demands of some

of the practical sessions.

Students also felt concerned about the fact thattigal work was examinable. Some
expressed the view that there were so many passibibf what could crop up in the
practical paper that they were going to play iesad resort to rote learning even if they

knew that the practical examination paper was &mndywok type of exam.

It is evident that the students’ concern to do welthe practical examination affects the
element of excitement and fun which students uguedperience each time they carry out

experimental work in the school laboratory.

The fact that students found A-level chemistry pcat work hard and at times problematic
is congruent with literature showing that studemigtticipation in practical work may not
necessarily improve the learning of scientific capts (Toplis & Allen, 2012). The
effectiveness of practical work in the teachingsofence has in fact been challenged by a
number of authors such as Abrahams and Millar (2@d8 Toplis (2012) who found that
students were not always given a fair deal by tescto develop their own ideas during

practical activities.
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8.5 Behavioural Dimension — Studying Chemistry (Dimengsn 5)

Several ideas came up in the students’ mind whieedssbout the possibility of present and
future actions related to the fact that they wewvelyang chemistry at post-16. The survey
and focus groups revealed that students intendeeéaheir background of chemistry to
pursue a career track related to medicine, heath and to a lesser extent to the pure

sciences.

8.5.1 Theme 1: A-level chemistry students aspire for acgence-related career

Part of the chemistry survey intended to throw sdigie on students’ future aspirations
related to their choice to study chemistry at Aelleat the sixth form college. The survey
showed that the majority of participants in botbugrs wished to follow a medical career
track upon completion of their two year A-level ceelof studies. The survey data reveals
that the high level of interest in medicine persisthroughout the year with the non-GC
class showing a higher inclination than their G@ostmates. During the focus group
sessions some of the students explained that miin motivation to study chemistry at
this level was in fact to pass the A-level examdiemistry) with a good grade in order to

increase their chances of making it for the unifgiurse in medicine.

The other students showed that they were morenexdtIfor another science-related course
such as a B.Sc. in pure or applied sciences, oc.BnShealth care studies, with the GC
participants showing a greater interest in suckoopt Very few students were attracted to
non-science courses such as Education and Psygholdbere were also a minority of
students who had no idea about their future caredinations at the time of the survey

guestionnaires.
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The survey also revealed that the great majoritystafients in both classes said they
intended to choose a career / profession relatedhtemistry upon finishing their studjes
even though they were less ready to express sbehavioural attitude by the end of the
year. Indeed survey results show that the expdesdention by students to go for a
chemistry related job was notably higher in the &&%s in the post- intervention survey
(item D2: 80.0% GC; 63.9% non-GC). The same GC particgamre also clearly more
confident that studying green chemistry increadesr tmotivation to choose a career in
chemistry, with a higher consensus at the postuatgion stageifem D4: 46.7% GC;
38.9% non-GC) and a higher surplus of agreement digagreement on this matter

(+26.7% GC; +13.9% non-GC).

Considering the students’ strong ambition in megiaxpressed in the survey, the fact that
the same students showed also that they were higtdsested to choose a chemistry job
could mean one of two options. It may either mieat students considered medicine as a
chemistry-related job or that most students ainwedly their trade in a chemistry-related
profession as an alternative to the MD course ateusity which required top grades in

science subjects.

Most of the students also agreed that timeativation to choose a chemistry-related job
would increase if school chemistry was more relatecveryday lifei.e. if the A-level
course is more context oriented and includes mxaenples of applications of chemistry to
the real world. Consensus on this attitude linkstigdent motivation to relevance of the
subject remained practically the same in the G&schaut decreased appreciably in the non-
GC group by the end of the ye#@eM D3: 78.8% - 76.7% GC; 80.6%- 66.7% non-GC).

This indicates that the aspect of relevance inv&llehemistry was better valued by the GC
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group than by the other class and this affected thehavioural tendencies towards the

subject.

Another survey item challenged studewtsether they found it hard to imagine themselves
having a future career involving chemistryrhe number of students disagreeing with this
statement and so leaving the doors open to a figbrevith chemistry was initially high in
both groups but decreased by the end of the yeat natably in the non-GC claggem

D5: 72.2% - 60.0% GC; 80.6%- 38.9% non-GC). By the end of the year the GC grou

was clearly more open to a possible future careehemistry than the non-GC group.

The strong link between studying chemistry and watitbn for a chemistry—related job was
evident from many observations made by studentsngluiocus group discussions as

exemplified by the following comment.

“With chemistry and biology there is also an almosttain career. If you do
well in them, if you at least pass your exam, wietdthe mark)... | don’t
think there is anyone... or there are only very fewho actually don't find a
job in sciences like biology and chemistry.”
S-42 (non-GC group E)
This is similar to the findings of many surveys @riconfirm that one of the students’
main driving forces to learn science remains thesjpect to land a science-related career

(Koballa, 1988, Laforgia, 1988; Simon & Osbornel@)

Despite their strong interest by the students idionge as expressed in the chemistry survey,

the same exercise revealed that the majority alestis stillwanted to pursue further studies

in chemistry upon finishing their two year courdestudies at the sixth form collegén fact
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the chemistry survey data show that this behavidenalency was very strong in both groups

but more pronounced in the GC group towards theoétttk first year.

Given that university studies in chemistry moségd undergraduates and postgraduates to a

science career, such students’ interest to consitugying chemistry beyond A-level must be

strongly linked with their motivation to chooseaesce-related occupation.

8.5.2 Theme 2: Chemistry research is important but unappaling for students

Students also believed that society needed morpl@do pursue further studies and
research in chemistry, particularly to address niltgehe various environmental issues and

to support medical research and ongoing progressié@mce and technology.

The following was a typical student’'s statement enahliring one of the focus group

discussions, on the need to attract more peoplarty out research in chemistry.

“... for example in medicine, we are getting newights on diseases...
discovering new diseases or getting to know faatk sis a higher incidence of
certain types of cancer. All this requires morseaa&rch in chemistry so that
hopefully they would arrive at offering remediesy.5

S-45 (non-GC group E)

Participants were concerned that very few Maltégdents who studied chemistry post-16
decide to proceed with chemistry research at usityeflocal or overseas) or at some other

institution.

“... many people may have studied chemistry up tdexel, but they are
not furthering their studies and engage in any aesk at all.”
S-66 (non-GC group E)
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All this shows that more students realised the ingnze that society, particularly in Malta
should invest in more research in chemistry fordbmmon good, but only a few of them
indicated that they were ready (or maybe it wdktety early for them to decide by then) to

take a further step and consider the possibilityeahg involved in future research activity.

8.6 Cognitive Dimension — learning Green Chemistrat School
(Dimension 7)

The GC participants of this research investigati@de a number of points on the way they
viewed green chemistry with respect to the othetenrsd forming part of the current A-
level curriculum, why they thought it was worth linding in future programmes and the

most effective way of introducing it in school chistry curricula.

8.6.1 Theme 1: Green Chemistry is Distinct from Mastream Chemistry

Many GC participants regarded green chemistry tosbedifferent from traditional
chemistry studied at an advanced level that itdt@linost be treated as a separate subject,

a new area of science, distinct from the standaesnistry taught in schools till now.

Students gave a number of reasons to justify ttiaim that green chemistry was different
from the chemistry they were being taught at théege. First and foremost they thought
that green chemistry proposed fresh radical ideaiswere also more relevant and practical
than many other concepts of mainstream chemigthey also thought that unlike the local

A-level chemistry, it was related so much with #revironment. Students also considered
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green chemistry as an alternative way of thinkimgl @oing chemistry that was more

captivating than other traditional chemistry theory

The following was one of the relevant consideraionade by students to describe the

difference between ‘ordinary’ chemistry and ‘greehémistry.

“Now | see that green chemistry is more practichhrt normal chemistry

which has a more traditional approach. | don’trtkithat they influence each

other that much. It's more of a separate subje€@K it has to do with

chemistry... but even biology includes some chemrsi3’

S-30 (GC group B)

During the focus group discussions, students furtlaified this point by adding that there
was no emphasis in chemistry on studying altereateagents and reactions in order to
choose the ‘greener’ and more sustainable optibleice they considered green chemistry
to be a more intelligent way of looking at chemjistmce it considered the careful choice

between different options on producing chemical$ ewaluating them right from the very

beginning, i.e. from the design stage up to thatpafi their disposal.

Some items of the chemistry survey sought the q@paints’ view on any important
differences between the relatively new term ‘gredmemistry’ and the seemingly
synonymous term ‘environmental chemistry’ which masv been used for a while. The

survey found the following points which were relevto the study.

The GC patrticipants were significantly more confiidhan their colleagues thidtey had a
good background of environmental chemistryhile almost all GC students expressed
confidence in this, only about half of the non-G@up declared they had a good
understanding of environmental chemistryA Mann-Whitney test on this item (F1)

confirmed that there was a highly statisticallynsiigant variation between responses from
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the two groupsz-value = -3.202, p = 0.0Qwith a higher mean value obtained by the GC

group at the post-test sta@pendix 31).

Students were unsure that green chemistry was wd#fgrent from environmental
chemistry. However, a higher number of GC paréinig regardedreen chemistry is a
new dimension of environmental chemis&kyMann-Whitney test on the responses to this
item showed that the difference between the twouggoat the post-test stage was
appreciable (almost significant) with the GC graxpressing stronger support to the idea
that green chemistry could be considered as a durtievelopment to environmental
chemistry:z-value = -1.669, p = 0.09@ppendix 31).The survey confirmed also that the
GC group had a clearer picture than their non-Glidaltnates on the preventive role of
green chemistry in eliminating pollution, in corgravith environmental chemistry which

deals with pollution by ‘end-of-pipe’ solutions.

Students were aware that studying the principlegreén chemistry could be challenging,
requiring going deeper in the subject. It is cldaat they realised that green chemistry
involves more than what they had just experienoetieé introductory course. This is what

some of the students had to say on this matter:

“It seems that each green chemistry principle is stummary of all reactions
involved. It is true that the reactions may ineoBome complicated chemistry
and research but each principle puts everythingetbgr and makes it easier to
understand... even for those who are getting staitéd this area of
chemistry.”

S-26 (GC group B)

The GC students sensed that one would need to staddrthe properties of unusual

reagents and complex chemical reactions and migéd no deal with more calculations,
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complex chemical formulae and unfamiliar chemicplaions. Students therefore realised

that this would surely make it harder to studyghbject to a certain level.

8.6.2 Theme 2: Learning green chemistry has becom&reasingly important

Students agreed also that learning and studyingngceemistry has become increasingly
important for a number of reasons but mainly teeahe students’ awareness that radical
scientific decisions need to be taken at an eddagesin order to safeguard human health
and the environment. The following is a remarksedsby one of the students who

believed that green chemistry is needed to brirmgyiabhange.

“You will eventually realise that one needs a chamg mentality and ways of
doing chemistry in order to improve the situatiotis not a question of being
important but it's better for us and it's now a essity.”
S-30 (GC group B)
Results from the chemistry survelgow that virtually all participants believed tlifagreen
chemistry were to be included in the school cheynstogramme it would help students

raise their environmental awarenessn fact there was a broad consensus on this even

within the non-GC class who were not so well infedhabout this area of green chemistry.

One student referred to the learning of green chieynas becoming a ‘Hobson'’s choice’ as
it has become a must that students start studgimmething’ in a scientific way to improve
the situation of the environment. Another one shat ‘we are already feeling the pinch’,
with reference to environmental degradation, anat ih was therefore necessary for

students to be started with green chemistry befaveuld be too late.

Participants from both groups were almost unaninmmuthe importance of promoting the

green chemistry principles in Maltese educationgluding secondary schools The
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chemistry survey results show strong consensubismndea to introduce green chemistry in
schools, expressed at the post-intervention sta@his suggestion to introduce green
chemistry at an early stage of education was amefir during the focus group discussions.
The general opinions were that it makes chemistigreminteresting right from its

introduction, and that the earlier students areemivhe chance to know about green
chemistry the more natural will it be for them t@ involved in it and to try to apply it in

the near future. The following was one of the stud’ comments on this proposed early

introduction of green chemistry in schools.

“I believe that the introduction (to green chemygthas to be done at a young

age. If you are to coax more students to choosesubject, you will be helping

the scientists who are working on the forefrontlsat more people would be

involved later... which would lead to more opiniomsl gossible new ideas...

and (greener) innovations.”

S-26 (GC group B)

Some of the participants even suggested that itldvonake sense if green chemistry
features also in the list of practicals formingtpzfrthe coursework component of O-level

examination.

Opinions were almost equally divided in both groopstudents (when neutral respondents
are excluded) on whethé&rwas more important to study the foundationsteristry than

to introduce green chemistry in secondary schoalcation There was only a slight
surplus of agreement over disagreement at the értdeoyear. This data means that
towards the end of the year, students valued higigymportance of green chemistry and a
good proportion (more than 25%) felt that it wasaty important or even more important

than studying the fundamental principles of chemist

298



Some of the participants even suggested that alifigdpversion of the green chemistry
concepts could also be presented to younger stid¢ieinding primary or early secondary
(middle) schools. The majority of students werav@eer rather sceptical about this given
the basic chemistry background which they consdi¢nat is required by young pupils to
start understanding and appreciating at least suintiee general ideas of green chemistry.
This was a valid consideration by students as ¢xper the field indicate that green
chemistry cannot be introduced at such an earlyestd education as students would not

have sufficient background of science.

8.6.3 Theme 3: Green chemistry portrays a more pawe picture of chemistry

The chemistry survey results show that studentseaon the point that green chemistry
portrays a more positive picture of chemistry &edps them change the wrong perception
of other people that chemistry is the main causenefronmental hazardsThe majority of
students agreed on this point but the GC classtexgid a higher increase in consensus by

the end of the intervention.

The following was one of the students’ commentdarmg why they held such a positive

attitude towards learning green chemistry at school

“With green chemistry we would change our percaptof chemistry and
instead of disadvantages, we might start harpingenam the positive impact
of green chemicals and chemical processes on tieoement.”
S-11, GC group D
Students made several other observations on whyttlmight that green chemistry was
positive and the anti-thesis of ‘brown’ (pollutinghemistry. They mentioned the fact that

it was proactive, supporting the bold effort by rigs to transform all chemistry from a

potential source of pollution to an environmentdlgnign science. They considered that it
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provided ‘positive solutions’ rather than emphasigionly the danger and toxicity of
certain chemical substances. Students also thahghtgreen chemistry ‘throws bright
light on chemistry’ as it reveals the positive safechemistry that used to be obscured by
the sensational way the past environmental probleere reported, giving the full blame
to chemistry and related activities. This is hawve student put all this in a nutshell when

reflecting to the influence of green chemistry earhing chemistry.

“... students would say ‘so after all, it's not baddying chemistry”
S-8 (GC group A)

The student here is implying that by studying greleemistry students would be in a better
position that they would not be associated withegrdding chemistry that can generate

pollution on a large scale.

8.6.4 Theme 4: Students want green chemistry in ¢hA-level chemistry curriculum

The majority of GC students thought that they wacademically prepared to learn the
foundations of green chemistry. They also considi¢hat green chemistry is so useful and

fundamental that it deserves a place in the A-leliemistry curriculum.

Students who took part in the GC intervention agréwat they didn’t find it hard to

understand the gist of all the 12 principles whighide chemists to practice green
chemistry. They gave a number of reasons to stifipar claim about their ability to learn

about the fundamental principles of green chemisffney explained that the principles
involved are easier to follow than many other awttrchemistry concepts. They also
considered the statements describing the principesbeing clear and unambiguous,
involving the use of simple rather than complicatienins. Students also believed that the

same principles could easily be related to real difuations. Moreover, students realised
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that all ideas involved were coherent and compliiaagnto each other, focussing primarily

on the prevention of hazards and toxic waste duhegynthesis of chemical products.

Participants acknowledged however that studentd teebave the right background science
in order to be able to learn the basics of greeamisiry. In fact they supported the idea
that students needed to have a good background of ctmgnmsorder to understand (and

hence appreciate enough) the true role of greenmcstey. The chemistry survey results

show that the majority of students from both groagseed on this.

The GC students patrticipating in the focus growgsiems were mostly against the idea of
presenting green chemistry as a separate toplei\itlevel programme mainly because it
could be perceived as an extra burden to the dumaterial but also because they believed

it would be less effective than integrating it isting material.

One of the points made by students against haviegngchemistry introduced as a distinct
‘stand-alone’ topic in the A-level programme istttize curriculum is already crowded and
cannot allow being further expanded by adding neatenmal, as this would consequently
increase the pressure on teachers and studentsew of a corresponding broader

examination syllabus.

Another point made by students is that should geemistry be presented as a single
topic, it would be perceived as an isolated urtheathan a set of concepts linking to other
key concepts, theories and applications of chewistfhe following was the argument

made by one of the participants in this regard.
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“l personally think that students wouldn’t graspettull concept of it if it's

presented as a separate topic... because studentisl w@unt to relate it to

other topics... For example, they would benefit mérgou’re discussing

organic solvents and then refer to how solventslmargreener’ (with respect

to other commonly used solvents).”

S-26 (GC group B)

The alternative idea of most of the GC students twasmtroduce green chemistry by
integrating it in the existing curriculum ratheathpresenting it as a separate topic. They
were very keen about this and many of them put dodvsimilar suggestions on how they
thought this could be done. The students’ mairgesion was to introduce the key ideas
of green chemistry at some point (during theorypmactical sessions) where an immediate
link could be made with the other traditional cqntseor theories of chemistry. In this way,

students felt that green chemistry is not preseaednother topic but is embedded in

already existing topics without the need to extdmedexamination syllabus.

The chemistry survey found that the ideaimdegrating green chemistry in the A-level
curriculum in different stagewas supported by the majority of student participdut the

level of agreement was appreciably higher in theg&ip by the end of the year.

The final stand by the GC students reflects thev\oé a number of authors (Braun et al.,
2006; Parent et al, 2004) who were against the mleaeplacing existing chemistry

curriculum material with green chemistry or teachitnas a separate module.

Students thought also that green chemistry coutilyebe incorporated in the laboratory
programme, by replacing some of the repeated esexrdie.g. volumetric and qualitative
analyses) by green chemistry experiments. Dateergéed by the chemistry survey

confirms that an overwhelming majority of studerdgreed that thebest way of

302



demonstrating green chemistry principles was thropgactical sessions Support to this
viewpoint increased marginally in the GC class tapped in the non-GC group by the

end of the year.

Students showed concern on the fact thatcurrent chemistry syllabus was already vast
and adding new material such as the principles feg chemistry would lower their
chances of success in their crucial A-level exationa The chemistry survey data showed
that the level of students’ concern increased smtisily during the year in the GC group,
even though it was still less evident than thatrezged by the non-GC respondenss.
Mann-Whitney conducted on survey results of bothugs confirmed that the difference in
mean scores of responses measured at post-tesstatsically significant: z-value =

-2.003, p = 0.04%appendix 31).

The possibility of including green chemistry ascm+@xamination topic was also discussed
by the GC participants during the focus group sesswhich immediately followed the
post-tests. Students explained that they did ket the idea of having green chemistry
included in the examinable material as they thougig would turn out to reduce the
students’ interest in this new component of chawigtecisely because of its association
with the exam. Some thought that including greleenustry as an examinable topic might
even turn out to be counterproductive as studentgghtnget alienated from the ‘topic’
simply because of its being examination orientdthey preferred having it presented to

them as a non-examinable / optional topic / arezhefmistry.

Despite the students’ concern to the addition of meaterial to the examination syllabus, the

chemistry survey data reveals that students regyaeh chemistry as a fundamental area of
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chemistry and so deserved being considered induadievel chemistry syllabi and exanis.

fact, consensus on this idea was always higherf@@mat the post-intervention stage.

The fact that participants favoured the idea ofuding green chemistry in future chemistry
exams implies that students, once again, vieweeéngemistry as a priority and an
important component of modern chemistry about wisitldents had to be prepared in the

near future.

8.7 Affective Dimension — Green Chemistry Theory L&sons
(Dimension 8)

The students who were involved in the green cheynistervention enjoyed learning about
the new area of green chemistry for various reabomsnainly because it is very relevant
to the students’ everyday life, it appealed to stild who were already environmentally

sensitive and it also generated more interest amtuagents in school chemistry.

8.7.1 Theme 1: Green chemistry is relevant to the studasi everyday life

Students who were introduced to green chemistthisproject were very categorical that
they were pleased to learn about the radical caaagpsuch a new scientific field which
aim for a safer and more environmentally friendhemistry practice. They sensed that
green chemistry imparts positive feelings amonglestis and is also very relevant to
contemporary life. This was evident both in therostry survey responses and in the way

they spoke about their experience of learning alipdtiring the focus group discussions.
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The study found that introducing green chemistrg tiee potential to bridge the ‘gap’,

referred to by a number of participants, that sajearthe present curriculum dominated by
facts and fundamental principles / theories of asasnand a more relevant contemporary
chemistry that aims to reduce the impact of chehaicavity on the students’ personal lives

and society at large.

The following were some students’ observations mauaieng the focus group sessions,
explaining why they considered that green chemistryld bring school chemistry closer

and more relevant to everyday life.

“A lot of material covered in A-level chemistry hagthing to do with the real
world and isn’t so much useful to us. In contrgseéen chemistry is something
more concrete that can be applied... for instancereuce pollution and
protect nature.”
S-19 (GC group D)
Students also considered the relevance of greemistrg as a possible additional point of
engagement of students with chemistry. They sugdethat if green chemistry was so

relevant to the real life context that it would sequently generate more interest in the

chemistry classroom.

“If you actually relate it to everyday life chemmigtwould certainly be more
interesting... and green chemistry is very much eelab everyday life.”
S-6 (GC group C)
This contrasts with the finding from the same sttltgt one of the factors which students
found to make chemistry a difficult subject was ftresence of many irrelevant topics
covered in class during the lectures. So, accgrtbnstudents, green chemistry can make

the difference in the chemistry curriculum as @\pdes an opportunity for the subject to be

rendered truly more relevant and hence more apue#dithe students.
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Students also realised that since green chemisay wirtually ‘harmless’ and relevant,
more students might be attracted towards specigligi it, giving also a fresh impetus to
research in chemistry. They argued that for threesaeason, students might feel more

confident to choose careers related to chemistry.

8.7.2 Theme 2: Green chemistry generates more interestraong chemistry students

Students also liked green chemistry as they thoiigids ‘nicer’, ‘less boring’ and ‘more
easy going’ than other traditional topics of cherngiseven though others felt it involved

challenging concepts too.

Participants thought that green chemistry theorg wre interesting as it was not based
on learning facts and concepts by heart. Theytliglt it required higher cognitive skills

rather than memory recall as can be noted in thedmg student observation.

“Green chemistry does away with the idea that siuglhemistry involves a
lot of memory work... Green chemistry involves deepeérking... more
reasoning perhaps, even though you are borrowirgjdoeory from ordinary
chemistry.”
S-20 (GC group C)
Green chemistry also appealed to students bechagesaw it more linked to the practical
side of chemistry too. They thought that this emsdchemistry more enjoyable and ‘more
down to earth’ as it is the chemistry that one came across in everyday life. One
particular student remarked that once he startéiteéayreen chemistry, he became kind of
‘addicted’ to its ideas and he wanted to learn nmadyeut it as it became part of his life.

One of his colleagues admitted that she also fellly proud’ that she was learning

something which was going to be useful when she gy
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Some students thought that ‘with green chemisthgh@mistry seems to make more sense’
as it provided the tools to arrive at better akitre ideas of doing chemistry. For them it
also made a lot of sense as it was related toethleworld and affected the way of life of

present and future generations.

Another general feeling among the GC students was $chool chemistry would be
rendered more interesting with green chemistrytaslds new and positive ideas about

chemistry that are also feasible and related toyelay life.

Many GC participants declared that thexere more interested to learn about green
chemistry than some other more traditional topitsteemistry forming part of their A-level
programme of studiesIn fact according to the chemistry survey détathe end of the
classroom / laboratory intervention, the numbeG@f students agreeing on this stand was
more than double the number of disagreeing studeititen the same group. In contrast, a
lower number of students in the non-GC class supddhe same idea at the same point in

time.

One of the reasons given by students which madengteemistry more interesting than
other areas of A-level chemistry was that its cpteean be considered as modern and
unorthodox ideas in chemistry that made a lot okseas they concerned sustainability of
life on earth and aimed to protect human life dme gurrounding environment. They also
stressed the point that green chemistry was nattheory as it could easily relate to
everyday life. Some of the participants stated tihay started appreciating chemistry more
when they learnt about the development of greemddigy as it gave them the notion that

chemistry was alive and kept evolving too. OtHeisthat it also generated interest as it
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was regarded by many as the chemistry of the fugimee chemistry was gradually moving

towards greener techniques and technology.

Students argued that green chemistry was basedreative thinking. According to
students, green chemistry also gave them a seng@ad feeling’ by knowing that they
were learning how to use chemistry in a creativey wahout harming oneself and the

environment.

In order to highlight their enthusiasm towards te&ag green chemistry, students suggested
the need to ‘put more green chemistry in chemisand that one day ‘most of the A-level
chemistry is converted to green chemistry’. Thisniore or less the leitmotiv of promoters
of green chemistry education who believe that ggreen chemistry is fully integrated into
the mainstream chemistry instruction, there woudtl lme the need to use the designation
‘green’ any longer as the green chemistry conceyasld become part and parcel of all

chemistry courses (Ware, 2001a).

One of the findings of the survey was that studéetgeved thastudying green chemistry

would raise their interest to study chemistryin fact results show that the level of
agreement prevailed in the two groups. Althougihdents generally agreed that green
chemistry increased their interest to learn chemishey also indicated that it may not
necessarily affect their motivation to pursue fartstudies in chemistry. They argued that
motivation (particularly of the extrinsic type) deps on a number of factors including the

students’ future ambitions and so one can’t regdligeralise in this case.
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8.8 Cognitive / Affective Dimension — Green Chemist Practical Work
(Dimension 9)

It is very evident that the green chemistry pradtisessions in which the GC students
participated proved to be a memorable experierideey agreed that the green chemistry
experiments were enjoyable, very different and nsimmulating than most of the other

experiments forming part of the examination-orienpeogramme of practicals.

8.8.1 Theme 1: Practical work in green chemistry is higly stimulating

Most of the students taking part in the green clsamlaboratory experience thought that a
green chemistry practical session instils posifieelings amongst sixth form students.
Students gave a number of reasons why they likedgdsuch practical work in green

chemistry.

Students liked the idea of having been able toterteeir own ‘green’ product during the

green chemistry practical session. This gave tlhebetter sense of ownership on the
experiment and a great satisfaction that they weneg something positive, using harmless
raw materials to produce a harmless but usefulymodThis is how one student expressed

his/her affective attitude towards the green chegngractical work.

“Even the fact that you can produce biodiesel, dgample. The fact that you
can do chemistry by doing biodiesel from vegetallle that's fantastic and it
makes you feel good... It would be different the fhat you are doing
something so positive... that you are producing youm ‘green’ product.”
S-11, GC group A

Students also liked the idea of taking a break fttwn routine of programmed A-level

practicals, with newly designed practicals involyigreener reagents and greener synthetic
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procedures. The following was a typical commentenhy students to illustrate such an
attitude.

“I think that there should be more green chemigixperiments because these

are certainly more interesting. Not that the otharen’t but, for example,

when you consider what we did... converting potatarchkt into a

biodegradable bioplastic. That was certainly mameeresting than doing

the usual titrations.”

S-24 (GC group B)

Students also realised that laboratory work madeagier for them to grasp the basic
concepts involved in green chemistry as it providedirect hands-on experience. They
found this to be a more effective way of learninmge;mn chemistry. Students were also
fascinated by the fact that they could see greemddiry being applied, thereby proving

that it was not only theoretical but truly feasibl&he following was a relevant observation

made by GC students in this regard.

“Even the practicals that we did... of the potata, égample. It was fun and
we saw it happening in front of our eyes. It caally happen! You can really
produce biodegradable plastic and so better stuftlie environment.”
S-10 (GC group A)
Students also felt that such labwork related teigrehemistry brought students closer to
the real world outside than the other conventidalbratory exercises. This was another

aspect that raised the students’ interest in godemmistry experimental work as can be

confirmed through student observations such afotleaving one.

“Even when you consider the fact that plastic isnaterial that we are in
continuous contact with... we touch it and use ifrequently... and then you
learn how to produce it in a rather simple way...ttheakes green chemistry
extremely interesting.”

S-29 (GC group B)

One could clearly notice that students were exthgnsatisfied with their first green

chemistry laboratory experience, with students iewit as a new challenge and
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particularly happy with the results obtained frdm experiments. Some of the participants
even stated that it was the most unforgettable reetqpee they ever had in a school
laboratory and that it made up for the practicasgms which they described as being

‘monotonous’ and ‘repetitive’ activities.

8.8.2 Theme 2: Green chemistry experiments shoulik included in A-level
chemistry

Students from both groups showed a favourableud#itowards the idea of introducing
some practical work related to green chemistrhedchool laboratory programme at sixth
form level. This attitude was more strongly pronoced by the GC class at the end of the
intervention. In fact, following the students’ peipation in a set of green chemistry
laboratory sessions, GC participants expressed dhless very favourably on the
importance of experiencing such green chemistrgtiwa work. The chemistry survey
datashowed that a higher percentage of students itGtheclass agreed at this point that
practical work in A-level chemistry would be morgeful and interesting if designed to
illustrate green chemistry principlesAgreement level on this concept increased irh bot

groups of students but more appreciably in the @QOmby the end of the intervention.

It is clear that GC students were very keen aboeit new laboratory experience in green
chemistry and they strongly supported the ideapfacing some of the standard / classical
experiments associated with the A-level exam, wétv green chemistry procedures. Their
outstanding voluntary participation (an averag@&aut of 28 out of a class of 30), for the
green chemistry practical sessions, as well asotleewhelming enthusiasm of students
during both sessions was a further confirmatiort #tadents were highly stimulated to

participate and be directly involved in this tyddaboratory work.
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The same GC students explained that they wereregtyegratified that they were able to
produce with their own hands and then carry outiralyver of tests on two ‘green’ products
starting from renewable raw materials, and in thene time relate their work with a
number of important chemistry and green chemistigciples. They remarked several
times, in and out of the lab, that these two pcatsessions in green chemistry gave them a
higher sense of satisfaction and introduced indbléege laboratory a touch of modern
concepts of chemistry which they regarded as beiage contemporary and more relevant
to them than most of the other traditional expentabwork carried out in a typical sixth

form chemistry lab.

The students’ positive attitudes towards learnirgeg chemistry in the laboratory proves
right authors such as Parent et al (2004) who stgdehe integration of green chemistry
concepts in the A-level chemistry curriculum thrbug number of effective strategies

which include the use of green chemistry laboratxyeriments.

8.9 Behavioural Dimension — Studying Green Chemistry (ibnension 10)

The green chemistry participants thought that legrgreen chemistry can increase their
chances to take a future career in chemistry andhit also help them in other unrelated
occupations. The following were some of the coteeafeveloped by students on their

‘action’ attitudes towards studying green chemistry
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8.9.1 Theme 1: Green chemistry can motivate studenfor a chemistry-related
career

Students from both groups, but particularly frora C class, declared thettidying green
chemistry would improve student motivation to takea future job related to chemistry
This was mostly evident from the data gatheredhéerahemistry survey which showed that
there was a higher proportion of students supppttis idea than others disagreeing with

it. Support was substantially higher in the cas@0 respondents at the end of the year.

When the idea was brought up in the focus grougudsons, there was a general
agreement among the GC participants that whoever intarested in choosing a career
related to chemistry would soon require some baxkyt of green chemistry, given the
special attention it is already receiving all ottee world and the positive impact it leaves
on the chemistry community, industry and societiage. The following were some of the
considerations made by a student on the need foe stadents to study green chemistry

for a chemistry-related job.

“It's proposing young people to actually realiseatht’s better to be efficient,

it is better to be green than to run normal cherhpr@acedures, even when you

consider that you’re making more money... as in tmglrun, it's more

profitable anyway. So then, when you actually caméhink of it, it's the

future generations that count. In their jobs, thegpuld actually need to

implement the green chemistry concepts.”

S-6 (GC group C)

One patrticipant even suggested that green chensistyld be even offered as a subject on
its own to sixth formers especially for those studavho may be already inclined to use it
for future work or to specialise in it later onvabrk or at university level. His point was
that it was so distinct from traditional chemisthat it could perhaps be provided as an

option on its own, parallel to mainstream chemistryrientate students earlier to careers

related to green chemistry. This is how he exgessmself on this proposal.
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“But it was just crossing my mind that in the fleysomeone might want to

work in something having to do with green chemising you have to study

and qualify for it... It may therefore be introddcas a subject on its own... in

the same way that there is ‘pure maths’ and ‘agpheaths’. Then whoever is

interested would have the opportunity of choosiragia main option.”

S-18 (GC group D)

Students therefore realised that green chemistsyle@oming so prominent that all those
who wished to pursue further studies or aspirduatee a job related with chemistry, would
soon discover that they need a sound knowledgheoptinciples and applications of this

area of chemistry.

8.9.2 Theme 2: Green chemistry provides students with me opportunities

Students belonging to the GC class thought thahileg green chemistry was ideal for
those wanting to specialise in it at universitydev Few of them however indicated that
they would consider taking such an option. ThéoWing is an example of a student who

already considered the possibility of specialisimgreen chemistry.

“l think that if | were to choose to go deeper imeenistry | would certainly opt
for green chemistry. Because honestly speakirggkspg for myself, it's the
most interesting part of chemistry that | came aerso far.”
S-20 (GC group C)
Others did not share the same inclination but thbagout the need for chemistry students
to consider committing their future to green chergis They suggested that students
should be encouraged to specialise further in gceemistry by providing the right courses

at university level. Some GC participants showesrtconcern on lack of opportunities to

date to specialise in green chemistry.

“It could be that someone gets intrigued with gredremistry and would like
to specialise in it... but till now there aren’t ampenings at all in green
chemistry (referring mainly to the local univer3ity and so it would be a
problem.”

S-23 (GC group A)
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The chemistry survey confirms that all studentsardgdgreen chemistry research as an
important investment to safeguard a healthier fatawilisation In fact students from both
groups were almost unanimous on this with noneheimt opposing the idea at the post-
intervention stage. This implies that the studeatsstude towards chemistry research is
similar to the ‘important-but-not-for-me’ syndronreferred to in the literature review
chapter to describe some of the students’ attittmletudying science at post-16. Itis clear
that students are aware of the importance of reseaork in the various areas of chemistry
and particularly in green chemistry but stop shatrieast for the time being, from giving it

a serious consideration for their personal futwadamic aspirations.

8.10 Points of Convergence and Divergence betwedmetTwo Groups

8.10.1 Cognitive Dimension — Learning Chemistry abchool (Dimension 2)

1. A-level chemistry is a rather difficult sciensgbject

Students from both groups agreed that A-level chegnivas a difficult science subject for
a number of reasons such as the need to learraetbstncepts, dependence on memory
work and calculations, an overburdened curriculurelevant content, repetition of topics,
a perceived gap between O-level and A-level mdtemal the negative influence of

relatives and friends.

2. Chemistry improves aptitude / achievement irrpftiences

The groups were also in agreement that studyingnistiey improved their aptitudes in
other sciences, but not necessarily in other namse subjects. However there was a
stronger support from the GC group that studyingnuistry improved their chances of

success in the other sciences and also in the sdhgects.
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3. A-level chemistry lacks relevance and needs timgla

Students also agreed, in general, that the culweat A-level curriculum lacked relevance
and needed being updated to reflect better theeptesd future contribution of chemistry
to society. There was an increase in support ® ithiboth groups during the period of
intervention but particularly in the non-GC grouphigh therefore perceived A-level

chemistry to be less relevant, compared to the &Gy

8.10.2 Affective Dimension — Chemistry Theory (Dimasion 3)

1. Chemistry is a subject that appeals to youndestis

Students thought that despite being consideredrasdasubject, chemistry still appeals to
young people, the main reasons being the joy dfodering scientific phenomena, its
usefulness and application in real life and its astpon students’ career aspirations.
Students agreed that they always found chemisthetmteresting in secondary education
but this viewpoint lost some ground by the endhefyear. They also did not regret having
chosen chemistry as one of their A-level subjedike GC group was more satisfied with

such choice than the non-GC group at the end ofe¢he

Participants also indicated that they enjoyed mdmemistry at post-16 level than at
secondary level for a number of factors includingitér understanding, correlation of
different topics, regular laboratory experience bass reliance on rote learning.  Students
denied that their main motivation was passing tteareto enter university. Disagreement
on this was higher in the GC group meaning thatnibwe-GC students were more exam-

motivated in chemistry than their GC counterpayt$hie end of the year.
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2. Students’ interest in chemistry is linked toiagkhment

A number of participants thought that students’eiiest in chemistry is linked to
achievement in the subject. They also favoureddba that chemistry needs to be made
more interesting to help students to pass theiev&llexam. Support to this idea increased
in both groups but more importantly in the GC groepen though the non-GC group

showed a stronger support by the end of the inttioe.

3. Learning chemistry is influenced by the teachkapgroach

The teacher was found to play an important rolerigaging students with the subject. In
fact students from both groups explained what thedieved were the factors characterising
effective and ineffective teaching and how thesapsHd their attitudes to chemistry at
school. Students admired teachers who dedicated for explanation, who related
different aspects of chemistry to the real worlthowvere sympathetic and helpful and who
motivated them in the subject. In contrast the¥ildid teaching methods characterised by
‘chalk and talk’, reading from textbooks, lack edpdanation, poor communication of ideas,
transmission of facts unrelated to life and exagiger emphasis on exams. There was a
stronger support from the non-GC group that wayseathing chemistry must be adapted

to a changing society.

4. The chemistry curriculum is enhanced by envirental topics

There was also a general agreement by studentghthaf-level chemistry curriculum
would be enhanced and made more interesting bydimm more direct references to
environmentally related topics. Students thouglat this would make the subject more
tangible and less abstract and increase the sgidatility to be conversant in

environmental chemistry.

317



8.10.3 Cognitive / Affective Dimension — Chemistr{?ractical Work (Dimension 4)

1. Students feel more engaged with chemistry duysnagtical sessions

Students from both groups expressed themselvesifably about chemistry practical work
in the school laboratory, citing a number of reassuach as the way it helped them apply
theory to practice, learn laboratory skills andhteques, memorise concepts through
observations, earn a sense of ownership of theriexpets and experience positive feelings
and emotions. They were however uncertain on venethemistry was in fact always
more interesting and exciting in the laboratoryntliva the classroom even though the GC
group registered a higher number of respondents preferred practical from theory

lessons by the end of the year.

2. Students acknowledge the importance of chemisagticals

Participants also acknowledged the importance ehubtry practicals as they felt these
brought chemistry closer to their everyday life dredped them understand better theory
learnt in class. Chemistry practicals were alsaveidd by students as an opportunity to

experience the working environment of possiblereitaboratory-based jobs.

3. Chemistry practicals at A-level can be hard

Students also recognised the fact that chemistagtigals can be hard at times with
problems ranging from difficulties to relate theowith practice, solving complex

calculations, dealing with unpredictable situatiamsl facing new techniques / procedures
without being suitably prepared. They also felina®rned that practical work was
examinable as this added extra pressure on themednded the element of excitement and

fun usually experienced in a science laboratory.
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8.10.4 Behavioural Dimension — Studying ChemistryQimension 5)

1. A-level chemistry students aspire for a sciemtated career

Students intended to use their background of cheis pursue a career track related to
medicine, health care or the pure sciences. Mbgh® students aspired mainly for
medicine with such motivation being slightly higharthe non-GC group. There were
more students in the GC group who were interesteather (non-medicine) science

careers.

Both groups of students claimed that they intentdedhoose a science-related career but
such an intention was stronger in the GC grouphbyeind of the year. Similarly more GC
participants desired a chemistry-related job uparsting their studies. It is therefore
evident that GC students were more open to a fessiéreer involving science or

chemistry than the non-GC participants.

Students from both classes also thought that madivao choose a chemistry-related
occupation would increase if school chemistry wasrarrelated to their everyday life.

Such a viewpoint was also more strongly favourethieyGC class implying that the aspect
of relevance in chemistry was better valued in thisup. Relevance was also related to

career aspiration.

2. Chemistry research is important but unappedbtngtudents

There was a general agreement among studentsatiatysneeded more people to carry
out further studies and research in chemistry. él@wvery few students showed that they
were already inclined in research activity at tinel ef their first year of post-secondary

studies.
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8.10.5 Cognitive Dimension — Learning Green Chemist at School (Dimension 7)

1. Green chemistry is distinct from mainstream ciseam

Green chemistry was viewed by the GC participamtsetvery different from traditional A-

level chemistry as it proposed fresh radical idehsh render chemistry more relevant and
practical in many ways. It was also viewed by ipgrants as environmentally friendly and
student friendly. By the end of the interventiddC students showed that they were
significantly more confident in having a good urslanding of green chemistry and that
they recognised that green chemistry was a new rdime of (but not equivalent to)

environmental chemistry. The survey showed alsd the GC students had a clearer
picture than their non-GC colleagues on the gersms of green chemistry. They also
realised that learning chemistry turns out to ballehging especially when one goes

deeper in the subject.

2. Learning green chemistry has become increasinggrtant

The GC participants strongly believed that learniggeen chemistry has become
increasingly important for a number of reasons aglo raise awareness among students
of the urgent need to take radical scientific deais at an early stage to safeguard human
health and a sustainable environment. There vimead consensus among all participants
that green chemistry would also help raise studemgironmental awareness and that it
was important to promote green chemistry even corsgary education. In both cases, the
viewpoints were more strongly favoured by the GQ@ugr of participants. Students’
opinions were divided on whether it was more imgatrtto learn the foundations of
chemistry than the basics of green chemistry. Witaat surprising here was that more than
25% of students thought that learning green cheynisas almost more important than

learning basics of chemistry at secondary level.
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3. Green chemistry portrays a more positive pictdrehemistry

Students agreed that green chemistry imparts aiy@spicture of chemistry and might help
in changing the wrong perception that chemistrghésroot of all environmental evil. This
attitude was more strongly favoured by the GC cthas the non-GC group at the end of
the year. The reasons given by students to supipeirt claim was that it was proactive,
harmless, relevant and provided positive solutiatiser than emphasizing only danger and

toxicity of chemicals.

4. Students want green chemistry in the A-levehuk&y curriculum

The majority of students wanted green chemistrioto part of future A-level chemistry
curricula even though they did not agree about lthet way to implement such a
curriculum development. The GC participants clartiet they did not find any particular
problems in learning the basic principles of greeemistry. However students believed
that a good background of chemistry is requiredaioyone to be able to understand and

appreciate the true role of green chemistry.

There was a stronger support among non-GC pantitspgor the introduction of green
chemistry as a separate topic at the post-intanvergtage. In contrast the GC class
favoured the idea of integrating green chemistrythe A-level programme in different
stages as they thought this would be more effectimd puts less pressure on the
examination syllabus. Survey data revealed thatnthjority of students from both sides
agreed that the best way of demonstrating greemishry principles was through practical
laboratory sessions with such proposal being mwoagly favoured by the GC class. The
same survey showed that the groups respondedadtiffeito the idea that introducing green

chemistry might jeopardise the students’ chancesitgeed in A-level chemistry. The GC
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class was in fact less concerned on this. Bothggagreed that green chemistry should

even be considered for future exams even thougle stodents preferred to keep it as a

non-examinable option.

8.10.6 Affective Dimension — Green Chemistry TheorfDimension 8)

1. Green chemistry is relevant to the studentsiyelay life

Participants forming part of the GC class thoudt#t tgreen chemistry imparts positive
feelings among students and was relevant to thaests’ everyday life. It also had the
potential to bridge the gap between the presemtcolum laden with facts and traditional
principles and theories of chemistry and a moreeviait contemporary chemistry
emphasizing the impact of chemistry on societywds evident that GC students felt more
confident to discuss the aspect of relevance irmedtey at the post-intervention stage as
they were convinced that green chemistry was nmmreddiately connected to the outside
world than mainstream chemistry which for them udeld several irrelevant topics. They
considered that such relevance of green chemistrgased the students’ engagement with

chemistry.

2. Green chemistry generates more interest amosmishry students

The GC group of students thought that they likesegrchemistry for a number of reasons
but particularly because it was more enjoyables lesing, more down to earth and more
easy-going than other traditional topics of chemjseéven though the concepts involved
were rather challenging. They also liked the faet it adds new and positive ideas about
chemistry and is more related to everyday life e)pees. The survey found that GC
students expressed a higher interest (with redpesbn-GC students) in green chemistry

than in other traditional topics of A-level chemyst At the end of the intervention, GC
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students thought that green chemistry concepts wene interesting because they were
modern and unorthodox ideas which made a lot @nsific sense as they aimed to protect
human life and the surrounding environment. Sttalpreferred green chemistry because
it gave them a sense of good feeling and was closttre outside world. They also liked
the fact that they could apply it on a small sdalehe school laboratory. Some GC
participants suggested the need to ‘put more grhemistry in chemistry’ and wished that
one day most of the A-level chemistry would be @ied to green chemistry. There was a
general agreement among the two groups that stgdyieen chemistry would raise the

students’ interest to study chemistry.

8.10.7 Affective Dimension — Green Chemistry Praatal Work (Dimension 9)

1. Practical work in green chemistry is highly silating

Students who experienced the classroom / laboratdgrvention thought that green
chemistry practicals instilled many positive fegénamong students, by giving them a
sense of achievement for being able to apply gatemistry, providing fresh ideas for
chemistry laboratory sessions and proving thatrgaemistry is in fact feasible and also
relevant to real life situations. Students alsdised that laboratory work made it easier for

them to grasp the basic ideas of green chemistry.

2. Green chemistry experiments should be includestlievel chemistry

Participants from both groups favoured the ideantoducing green chemistry in the
school laboratory programme at sixth form levelheTchemistry survey showed that a
higher percentage of GC students agreed that paagtork in A-level chemistry would be
more useful and interesting if it included greeerolstry. The best proof that GC students

enjoyed doing green chemistry experiments was theilive participation in two green
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chemistry practical sessions which they regardeda dmemorable experience’ and a
‘highly stimulating exercise’. Students were partarly overwhelmed that they were able
to produce and test a number of useful productélking use of renewable raw materials

in place of traditional chemical reagents.

8.10.8 Behavioural Dimension — Studying Green Chestry (Dimension 10)

1. Green chemistry can motivate students for a @dignrelated career

Students agreed also that studying green chemistnyd improve their motivation to choose
a chemistry related job. This attitude was morensgfly pronounced within the GC group,
garnering higher consensus and a weaker oppoditian the non-GC class. The GC
participants argued that in the near future, stisdould soon be needing green chemistry to

carry on with further studies in chemistry or td gy a chemistry oriented job.

2. Green chemistry provides students with new dopdies

There was general agreement among students thah greemistry research was an
important investment for a healthier future cialisn. GC students recognised also the
importance of green chemistry research particulanythose wishing to specialise in it but

only few of them expressed their inclination tosioby the end of the intervention.

8.11 Chapter Summary

This chapter analyses the students’ attitudinglaeses towards the learning of chemistry
and green chemistry at school. Students’ attitedesategorised in themes and grouped in

eight of the ten dimensions forming part of theotletical framework of analysis. The
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findings show that the two groups of students lellumber of similar attitudes towards
school chemistry and to a certain extent even &zmrchemistry. However, there were
some important differences between the ways the gmaops of participants responded
towards certain aspects of chemistry theory antcodarly towards the learning of green
chemistry as a new area of science that does rdiogm part of the college (A-level)

chemistry curriculum.

The analysis found that GC students regarded A-lgvemistry to be more relevant, and
that the same students were more satisfied (tharG@) with having chosen the subject at
A-level. They were also more favourable with tea that chemistry has to be made more

interesting to help students pass their exams.

As regards green chemistry, the GC participantsehbdtter picture of this area of science
and considered it as a new dimension of environah@hiemistry. They felt that it imparts

a more positive picture of chemistry and helpsdisa environmental awareness among
students. They also thought that learning greeamdstry has become increasingly

important for a number of reasons.

The GC group felt that green chemistry should kegrated in A-level chemistry at
different stages of the curriculum and that thet besy of demonstrating green chemistry
principles was through practical work. The sanmmugrsaw green chemistry as being more
relevant to everyday life than mainstream chemiatg had the potential to bridge the gap
between the present curriculum and a more conteampchemistry. The GC students also
expressed a higher interest in green chemistrycsohian traditional topics of the A-level

programme. The group showed also a stronger \hetvdhemistry as a subject was more
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interesting and enjoyable in the laboratory butcpecals would become even more

interesting and useful with green chemistry.

The GC students were also more open (with respdtiet other group) to a possible career
in chemistry and believed that motivation for sactareer would be increased if chemistry
was made more relevant. They also thought tha&ngceemistry would also improve their

motivation to choose a chemistry-related job.
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Chapter 9
THE ATTAINED CURRICULUM — PART 3

Data Analysis: Students’ Knowledge and Conceptual
Understanding of Green Chemistry

9.1 Introduction

This chapter analyses data collected from the skqaestionnaire of the chemistry survey
to determine any changes in students’ knowledgeleral of conceptual understanding of
green chemistry as a result of a classroom / |latigrantervention, and hence evaluate the

attained curriculum.

The first section of the questionnaire (pre-test &8 post-test B2) asked students for
personal details similar to those collected in Padf the first questionnaire (pre-test Al

and post-test A2). This data was processed isgbgon dealing with student profiles.

The second section of the questionnaire concernedtigns on various aspects of green
chemistry tackled in class or in the laboratoryimgithe main green chemistry intervention
(academic year 2009 — 2010). The first twelve tjoes were based on each of the 12
principles (general guidelines) which characterggeen chemistry while the last three
questions tested students on general ideas of gtemmistry. Some of the questions were
divided in two or three sub-questions, which wdleaaalysed separately, bringing the total

number of analysed items (questions or sub-questiortwenty four.
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The pre-test B1 was administered separately tdwioesamples of students (the non-GC
and GC-groups) in the first week of November 200Bile the post-test B2 was applied to
the same students in another two separate occasidhe first and second week of May

2010. Each test was completed in about 50 minutes.

9.2 Statistical Analysis of Data Collected in ParB of Survey

The questions in part B (pre-test B1 and post-B&t of the Chemistry Survey were
analysed using the scheme included in methodolbgpter (see tables 4.12) based on five
levels of understanding, from level 0 (no undemtag) to 4 (sound understanding).
Students were also asked to express how confidemamnfident they were to answer each
guestion, based on a five-point scale from 1 (wamgonfident) to 5 (very confident), as
described also in methodology chapter (table 4.I®)e questionnaire used (pre-test B1

and post-test B2) in the chemistry survey is inetbdsappendix 21

The detailed results of data analysis, includirgggbveral statistical tests carried out on this
part of the chemistry survey and related to thigptér are displayed in displayed in the
tables shown imppendices 33-41 The following tables (table 9.1, 9.2 and 9r®jude a

summary of the results of the statistical analgaisied out on each of the 24 survey items.
Table 9.1 compares data from the two groups dwaah session of the survey while table
9.2 compares pre-test data with post-test datarwgach group. On the other hand, table
9.3 summarises the results of a Mann-Whitney testparing the differences between the

individual students’ pre- and post-test scoreseftivo groups.
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Table 9.1

Summary of results - comparing data of GC group wit non-GC (control) group
(using the Mann-Whitney U-test, 2-tailed)

ITEM PRE-TEST DATA POST-TEST DATA
Non-GC versus GC Non-GC versus GC
z-value p-value Significance z-value p-value Significance
1(a) -0.633 0.524 ns - 3.253 0.001 mn
1(b) -1.576 0.115 ns - 3.976 0.000 1
2(a) - 1.562 0.118 ns -1.704 0.088 ns
2(b) - 1.467 0.142 ns - 5.443 0.000 1
2(c) -2.137 0.033 O -4.294 0.000 1
3 - 2.236 0.025 O -2.076 0.038 O
4 - 0.102 0.919 ns -1.452 0.146 ns
5(a) 0.000 1.000 ns -1.438 0.151 ns
5(b) - 0.043 0.966 ns -2.182 0.029 O
6(a) -1.071 0.284 ns - 3.866 0.000 1
6(b) -2.234 0.025 O - 3.789 0.000 1
7(a) - 0.658 0.510 ns -5.152 0.000 1
7(b) -0.787 0.431 ns -4.412 0.000 HEN
8(a) -0.984 0.325 ns -2.611 0.009 mn
8(b) -1.126 0.260 ns - 1.587 0.112 ns
9(a) -1.463 0.143 ns -1.491 0.136 ns
9(b) -1.828 0.068 ns -2.244 0.025 0
10(a) -1.118 0.264 ns -2.780 0.005 W
10(b) -0.015 0.988 ns -2.130 0.033 O
11 -1.194 0.232 ns -2.941 0.003 W
12 - 0.558 0.577 ns -2.277 0.023 O
13 -1.722 0.085 ns -5.121 0.000 1
14 -1.778 0.075 ns - 6.376 0.000 1
15 - 2.426 0.015 O - 3.576 0.000 1
PRE-TEST: N (non-GC) = 35; N2 (GC) = 32; POST-TEST: Nj (non-GC) = 36; N2 (GC) =30
p-values: >0.050 non-significant ns
0.010-0.050 significant [
0.001-0.010 very significant [
<0.001 extremely significant /777
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Table 9.2

Summary of results - comparing Pre-test with Postest data (same group)
(using the Wilcoxon Signed-Rank test, 2-tailed)

ITEM NON-GC GROUP GC GROUP
Pre-test versus Post-Test Pre-test versus Post-test
z-value p-value Significance z-value p-value Significance
1(a) -0.834 0.404 ns - 2.307 0.021 O
1(b) - 0.038 0.970 ns -4.167 0.000 1
2(a) - 3.500 0.000 g -2.477 0.013 O
2(b) - 0.683 0.495 ns -4.360 0.000 1
2(c) -1.414 0.157 ns - 3.630 0.000 1
3 - 2.296 0.022 O -1.310 0.190 ns
4 - 0.379 0.705 ns - 0.881 0.378 ns
5(a) -1.710 0.087 ns - 3.737 0.000 1
5(b) - 2.659 0.008 mN - 3.896 0.000 1
6(a) - 3.043 0.002 mN - 4.066 0.000 1
6(b) - 1.588 0.112 ns - 4.063 0.000 1
7(a) - 1.340 0.180 ns -4.344 0.000 1
7(b) - 0.266 0.790 ns - 4.408 0.000 1
8(a) -1.976 0.048 O - 2.355 0.019 O
8(b) - 0.526 0.599 ns - 1.399 0.162 ns
9(a) - 1.005 0.315 ns - 3.020 0.003 mn
9(b) - 0.122 0.903 ns - 3.052 0.002 mN
10(a) - 1.049 0.294 ns -2.288 0.022 0
10(b) -0.220 0.826 ns - 2.066 0.039 O
11 -1.521 0.128 ns - 2.407 0.016 O
12 -1.162 0.245 ns - 2.507 0.012 O
13 - 1.907 0.057 ns -4.013 0.000 1
14 2.698 0.007 mN - 4.580 0.000 1
15 0.381 0.703 ns - 1.466 0.148 ns
N1 (non-GC) = 35; N, (GC) =30 (excluding respondents who participated in only one survey)
p-values: >0.050 non-significant ns
0.010-0.050 significant [
0.001-0.010 very significant [
<0.001 extremely significant /777
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Table 9.3

Mann-Whitney Test using Difference between Pre-tesind Post-test Scores
(Understanding Data)

Group Mean Std. Dev | Std. Error z-value p-value | Significance

Diff 1(a) GC 0.40 0.855 0.156 -2.749 0.006 [T
Non-GC -0.11 0.963 0.163

Diff 1(b) GC 1.97 1.650 0.301 -4.262 0.000 oT
Non-GC 0.00 1.475 0.249

Diff 2(a) GC 0.93 1.874 0.342 -0.014 0.988 ns
Non-GC 1.06 1.434 0.242

Diff 2(b) GC 2.13 1.592 0.291 -5.258 0.000 OT
Non-GC -0.11 1.051 0.178

Diff 2(c) GC 1.10 1.470 0.268 -4.708 0.000 oT
Non-GC -0.14 0.601 0.102

Diff 3 GC 0.20 0.805 0.147 -0.874 0.382 ns
Non-GC 0.31 0.758 0.128

Diff 4 GC 0.13 0.819 0.150 -1.294 0.196 ns
Non-GC -0.06 1.235 0.209

Diff 5(a) GC 0.97 1.245 0.227 -1.734 0.083 ns
Non-GC 0.37 1.262 0.213

Diff 5(b) GC 1.03 1.098 0.200 -1.300 0.194 ns
Non-GC 0.71 1.426 0.241

Diff 6(a) GC 1.97 1.586 0.290 -3.323 0.001 T
Non-GC 0.66 1.136 0.192

Diff 6(b) GC 2.13 1.871 0.342 -3.606 0.000 OT
Non-GC 0.43 1.596 0.270

Diff 7(a) GC 1.53 1.106 0.202 -4.844 0.000 OT
Non-GC -0.31 1.430 0.242

Diff 7(b) GC 2.03 1.377 0.251 -4.616 0.000 oT
Non-GC -0.06 1.748 0.295

Diff 8(a) GC 0.67 1.241 0.227 -1.069 0.285 ns
Non-GC 0.43 1.170 0.198

Diff 8(b) GC 0.37 1.402 0.256 -0.262 0.793 ns
Non-GC 0.17 1.823 0.308

Diff 9(a) GC 1.07 1.639 0.299 -2.035 0.042 C
Non-GC 0.23 1.497 0.253

Diff 9(b) GC 1.27 1.818 0.332 -2.809 0.005 [T
Non-GC 0.06 1.083 0.183

Diff 10(a) |GC 0.50 1.137 0.208 -1.070 0.284 ns
Non-GC 0.23 1.140 0.193

Diff 10(b) |GC 0.37 0.964 0.176 -1.280 0.200 ns
Non-GC -0.09 1.522 0.257

Diff 11 GC 0.80 1.562 0.285 -3.142 0.002 [T
Non-GC -0.51 1.821 0.308

Diff 12 GC 0.47 0.937 0.171 -0.672 0.502 ns
Non-GC 0.26 1.197 0.202

Diff 13 GC 0.93 1.015 0.185 -2.133 0.033 C
Non-GC 0.40 1.143 0.193

Diff 14 GC 2.83 1.783 0.325 -6.261 0.000 OT
Non-GC -0.66 1.305 0.221

Diff 15 GC 0.37 1.245 0.227 -1.096 0.273 ns
Non-GC -0.06 1.434 0.242

p-values: >0.050 non-significant ns 0.001-0.010 very sigaifit 77
0.010-0.050 significant 0 <0.001 extremely significani/ 77
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9.3 Ideas on Waste Prevention

Question 1 of part B of the chemistry survey concerned theegrchemistry principle

emphasising pollution prevention byaste minimisation’. It is the approach which is

frequently described as ‘prevention is better toare’. In this question, students were
asked:

(@) to suggest three possible measures in ordemiiomise or prevent environmental
pollution;

(b) to explain what they understood when they réedphrase ‘pollution prevention at

the molecular level'.

Baseline analysis of this question showed thatesttedalready had a good idea of what is
meant by ‘pollution prevention’ but could not redat to the planning stage of a chemical
reaction or process which occurs on a large scadechemical industry. A Mann-Whitney

test showed there was no significant differencevben the ways the two groups answered

question 1 at the pre-intervention sttgble 9.1, appendix 38)

Both groups of students gave reasonable responspsestion 1(a) at the post-intervention
stage, with frequent references to the use ofradtere cleaner sources of energy, recycling
and using 3Rs for waste management, the use dfti@teonverter and treatment of flue

gas emissions. Other responses referred to apased use of public transport, using
biodegradable materials and treatment of waste poialisposal. Post-test data analysis
showed that there was a significant increase imtimaber of GC students showing sound

understanding in this question.
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In part (b), non-GC students almost showed no ahanghe understanding level of the
concept involved. Although these non-GC resporgldned to give rather detailed
explanations of the phrase in question, none omtheferred clearly to the idea of
‘designing’ a tailor-made chemical with a specsigt of properties including low toxicity
and ‘planning’ a chemical process to ensure thlatesctants and products are safe to
human health and the environment. A few of theaugjint that the phrase referred to some
extreme measure to prevent pollution but then daiteelaborate on this. In many cases
responses were rather vague or generalised antbtlig¢fer to any specific technique used

to achieve pollution prevention.

By the end of the year, some GC students were tabéxplain in their own words the

essence of the principle of waste minimisationdfgming to the importance of the concept
of ‘molecular design’ in the planning of chemicahctions / processes. The following are
some examples comparing GC students’ responsesestiogn 1(b) before and after the

green chemistry intervention.

Table 9.4
Comparing responses of GC participants to questiofi(b)

Student | Pre-test Response Post-test Response

S-5 “I have no idea.” “Preventing pollution by sy and
making sure that the chemicals used r{T;nd
those produced do not cause any harm to
the environment.”

S-13 “Preventing pollution at the“Making sure that most of the atoms of the
level that it can be preventegdreactants are transferred to the desired
Above this level it is natural.” | product rather than in a side product |or
waste product.”

One could note that the GC responses were moregeduat the post-test stage proving

that students were able by then to associate pwilyarevention with a careful evaluation
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by chemists of the consequences of chemical syisthethe planning stage. Students also
understood the need of the intended action of ki@enest to intervene during the planning
of a reaction, a feature which was completely abgethe non-GC responses in the same

post-test.

A Mann-Whitney test confirmed that the two groupstoidents responded to both parts of
question 1 in a significantly different manner la¢ fpost-intervention stagéables 9.1 &
9.3, appendix 39).This was mostly due to a better interpretatiorihef spirit behind the

green chemistry principle of waste minimisation.

9.4 The Principle of Atom Economy

Question 2 of the chemistry survey (part B) tested the stuslemt their knowledge of
percentage yield and the fundamental green chgmminciple of ‘atom economy.’
Students were given an equation representing ttegifesation reaction between ethanol
and ethanoic acid and they were then asked:

(@) to calculate the ‘percentage yield’ of the teacfrom data provided;

(b) to explain the term ‘atom economy’;

(c) to calculate the ‘atom economy’ of the sametiea.

The GC group showed an initial higher level of kfemlge / understanding of the term
‘percentage yield’ than their non-GC counterpakewever, the level of understanding of the
principle of ‘atom economy’ was very low in bothogps at the start of the year with none of

the students being able to define the term and warrkorrectly the given calculation.
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By the end of the year, there were more studentsth groups who could work out the
percentage yield problem in part (a). This coulcekplained by the fact that students were
exposed to such calculations in due course thralglcurricular topic dealing with moles
and stoichiometry. In parts (b) and (c) concegrilme concept of ‘atom economy’ the non-
GC group fared rather badly and showed they stitl ho idea on what it was all about,
achieving very low mean scores (less than 1.0higdurvey, both in the pre-test and in the

post-test.

The GC participants performed better in the post-teghen answering question 2 even
though they still found themselves more confideatculating percentage yield than
calculating atom economy. In fact GC respondemntsiezed a higher mean level of

understanding in the three sub-questions by theoétite year.

When analysing the students’ explanations of then tatom economy’ it was clear that
none of the students were able to recall the edafihition as given in class during the

intervention and so responses varied considerabdhawn in the following examples.

Table 9.5
Comparing responses of GC patrticipants to questio@(b)

Student | Pre-test Response Post-test Response

S-1 “Never heard of it.” “Atom economy is the mas$ atoms of
desired products on the mass of atoms| in
reactants.”

S-10 “Never heard of this term“lt is the amount (number) of molecules pf
before.” reactants which form the products. It is the
planning / designing processes in which |as
much of the reactants are converted to [the
products as possible.”
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In the above cases, students still managed to limelén their own words the principle of
atom economy without actually memorising any speaxpression to define the term.
Other students used simpler alternative phraseshaddthough did not qualify the term,
were acceptable and confirmed how the studentsecoed still grasped the idea behind the

green chemistry principle involved.

The Mann-Whitney tests confirmed that the two gsogb students also responded in a
significantly different way when asked to explamdacalculate the atom economy of the
reaction(tables 9.1 & 9.3, appendix 39)None of the non-GC respondents were in fact
able to do this and some of them even declaredhkgtnever came across the term before.
As for the GC group, more than half (56.6%) attesddb solve the problem (compared to

13.3% in the pre-test) but only 16.6% arrived at¢brrect answer.

The fact that GC students struggled to carry omtpg calculations explains why the
overall level of understanding of the group in diogs2 was lower than that achieved in
other questions of the same survey. It also cmsfithat students in general find it hard to
deal with chemistry calculations as indicated bywwenber of researchers in chemistry

education, cited earlier in the literature review.

9.5 Planning Less Hazardous Chemical Syntheses

Question 3of part B of the chemistry survey concerned theeegrchemistry principle that
aims to desigfless hazardous chemical synthesesi order to produce substances that are

less toxic or non-toxic to human health and tharenment. In this question students were
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asked to choose between three different ways (Atr B) of producing a given amount of

pure substance X and then justify their choicee Tthniques were described as follows:

¢ Technique A — involving small amounts of expensarel hazardous reagents and
water;

¢ Technique B - involving large amounts of cheap and-hazardous reagents and
water;

¢ Technique C — using small amounts of expensive lmmhrdous reagents and large

amounts of an inexpensive but highly inflammablieesat.

Students were almost unanimous in their decisiofavour option B both in the pre-test
and in post-test. In most cases students redlsddhe benefits of using safer reagents in
the synthesis of chemical products, would outweaglty other considerations on the

method. However there was little reference topitoperties and / or use of solvents.

When one looks at the reasons given by studentshioosing between the three proposed
techniques, one could note that the emphasis onetltmomical aspect was more
pronounced in the non-GC group responses whileptigity of the majority of GC
respondents was safety to human health or theamaent. Moreover only students from
the GC group referred to the fact that the techagas also chosen because it made use of
water which is considered as the commonest grekmrgo The following table shows

some of the GC students’ responses to questioef@redand after the intervention.
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Table 9.6
Comparing responses of GC participants to questioB

Student | Pre-test Response Post-test Response

S-1 “Technique B. “Technique B.

It needs a minimum amount pBecause it uses reactants that are cheap
expenses on substances amed non-hazardous, and water as a solvent,
none of the substances arall being environmentally-friendly as they

dangerous to handle.” don’t pollute.”

S-25 “Technique B. “Technique B.
It is the most economical andrhe substances are non-hazardous jand
non-hazardous.” cheap as well and the solvent is distilled

water which is also non-hazardous.”

Although the responses are similar there is mdereace to the fact that the solvent (the
main resource) used is water which is also morar@mwentally friendly compared to

other solvents traditionally used in industry, whare often toxic / hazardous / polluting.

The Mann-Whitney test confirmed that there wasgaiicant difference between the way
the two groups responded to question 3 at the etitkanterventior(appendix 39and this
was mainly due to the more complete reasoning rhgdsudents to defend their choice on
the basis of the data provided and the chemicatyples involved. There were several GC
students who referred also to the fact that theeslused (i.e. water) was recyclable unless
heavily contaminated. Some of the GC participanated that the question did not make
any reference to the cost-effectiveness of thenigcies which should also be factored in to

decide about the most sustainable method of prmauct
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9.6 Designing Safer Chemicals

Question 4 addressed the green chemistry principle proposiieg‘design of safer
chemicals’having desired properties but low toxicity. Stoidewere invited to choose the
best out of five different combinations of propestifor a newly designed chemical
substance. The properties considered were toxmgcificity (i.e. how effective it was to
its target application) and the overall cost ofduction. Students were expected to base
their evaluation on safety of product, but alsoitsrefficacy and the cost-effectiveness to

produce it, in other words on the basis of all imi@ot aspects of sustainability.

The majority of students from both groups favounption A both in pre-test and post-test,
l.e. low toxicity and high specificity but no in@itton on cost of production. There were
few respondents who preferred option E which mehat the new material was highly
specific and cheaper but had unknown (or unprovexicity. The number of students
choosing an alternative option (i.e. B, C, D oririE)he post-test was higher in the non-GC
group with the set of properties E being the seamodt favoured option. The fact that
there were more non-GC students who chose thi®mogk) is further proof that some
students from the non-GC class regarded the ecaabraspect more importantly than
environmental considerations when evaluating ptogseof new chemicals, showing also a
greater detachment from the principle involved his tquestion. One of these students
defended his / her choice (i.e. option E) by expha that the chemical industry would

only be looking at the economic side in the usedpction of chemicals....

“....even if this produces a lot of toxic waste.”

(S-64, non-GC, post-test).

339



This however contrasts with statements made byr (tBE€) students who declared that
they ruled out option E precisely because of itknaavn toxicity which was a risky and
hence an unacceptable alternative. The follownegexamples of how some GC students

responded differently before and after the intetioen

Table 9.7
Comparing responses of a GC participant to questiod

Student | Pre-test Response Post-test Response
S-14 Option E Option A

“Because even though ‘A’ has‘Even though ‘A’ might be morg
the best features to prevenexpensive than ‘E’, option ‘A’ is the safest
pollution, the price is importantchoice since future generations might
as an expensive substangcsuffer if it has a high toxicity... and it i

Ul

would be useless.” not worth the risk.”

S-23 Option A Option A
It is best for use in a lab, as it [SLow toxicity is important so it proves tp
accurate and not too toxic.” be less hazardous, and its high specifi¢ity

ensures that it only serves its function|to
the full (generating less waste).”

The first example shows how the student had a ahahgeart, in the interval between the
two tests, giving more weight to the human heattth safety aspect in the sustainability of
a newly designed chemical, thereby adopting a gobemistry viewpoint. In the second

example the student realised that specificity afgests was an important requirement in

the design of chemicals in order to avoid wastg piomducts.

Even though there was a slight improvement in lefelnderstanding of both groups,
results of the chemistry survey showed that this wae of the few cases whereby there
was no significant difference between the pre-dest post-test responses of the two groups

of participantgtables 9.1 & 9.3; appendix 39)lt should however be pointed out that the
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GC group, once again, had the edge on the non-G@pgegistering a higher mean level
of understanding in the post-test mainly due tof#ioe that reasoning was once again more
closely associated with the green chemistry pets@ecwith a higher emphasis, for

example to features such as specificity and lowctyxof the newly designed substance.

9.7 Using Benign Solvents & Safer Conditions

Question 5tested students on the properties and types wésts used during chemical
reactions and processes. It was based on the ghesnmistry principle which emphasised
the importance ofusing safer solvents and reaction conditions' Question 5 was divided

in two parts:

¢ Part (a) asked students to name any TWO hazarddogio solvents.

¢ Part (b) then asked them to explain the term ‘gssdvent’ and give one example.

Most of the students in both groups showed anainick of basic scientific knowledge in
answering question 5(a) at the beginning of the,y@anaming commonly used toxic or
hazardousreagents’ such as hydrochloric acid, sulphuric acid or amimaather than
toxic / hazardoussolvents; particularly at the pre-intervention stage. Oh##6o of non-
GC respondents and none of the GC students managgek a partially correct answer to
the same question in the pre-test. The survey stidivat most of the non-GC students
repeated the same mistake in the post-test bygcitoncentrated inorganic acids as
examples of hazardous / toxic solvents, with oely feferring to correct examples such as

benzene, ether, aromatic or chlorinated organwesds.
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The GC students quoted better examples of toxiazatdous solvents in the post-test
indicating they were more knowledgeable by the ehdhe year on the use of such
substances (mostly organic) as solvents in greantgies in many laboratory / analytical
techniques and some industries. There were algerfarrong references to substances
such as acids and alkalis. The most popular exaofgbxic / hazardous solvents given by

this class in the post-test were benzene, propaadg@erchloroethylene (PERC).

Students fared better in answering question 5(it) wiany of them knowing or deducing
that a ‘green solvent’ was non-toxic or non-hazasd®r environmentally friendly.
However there were some students who declaredhiae@yever heard about the term at the

pre-intervention stage.

There was an improvement in the quality of respsms@uestion 5(b) in both groups in the
post-test survey. There were less students st#tiagthey did not know about green
solvents in the non-GC group. As in the case efdhginal pre-test, the most frequently
mentioned example of a green solvent among noniGdests was water (cited by 25% of

students in pre-test; 42% in post-test).

The GC students gave more complete descriptiortheotterm ‘green solvent’ with the
following table comparing responses given by memloérthis group just before and after

the intervention.
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Table 9.8
Comparing responses of GC participants to questioB(b)

Student | Pre-test Response Post-test Response
S-15 “It is a solvent that doesn[t“This is a solvent that is non-toxic and
pollute the atmosphere.” non-hazardous. It does not harm the

environment. E.g. bioethanol.

S-26 “It means that the solvent used i$reen solvent refers to chemicals |[in
neither hazardous nor toxic, butvhich reactions occur, which arerft
still carries out and performs thehazardous and toxic to the environment.
act of a solvent efficiently.” An example of such solvent
supercritical carbon dioxide whic]
replaces PERC.”

S5 0

S-30 “An organic solvent. Example:“A solvent that does not produge
ethanoic acid. toxicity. E.g. water.”

Once again one can note how GC responses develdffetime to the point that students
were confident enough to include an example okamsolvent in their post-test explanation.
It must be noted that most of the students in lgotdups could figure out the meaning of
‘green solvent’ in the post-test even if they hadar encountered the term in chemistry at
school. However, while non-GC students limitedirtrtexample to water (cited by 14
students) and a couple of incorrect responses exiamples given by the GC students
included a wider range of solvents, indicating @3&t students had a better understanding of
the term and knew by that time of more examplesobfents regarded as ‘greener’ options
by chemists with respect to traditional organicvents. It could be added that all GC
students gave a reasonably correct definition m#eg solvent’ but some of them failed (or

forgot) to include an example in their response.

A Wilcoxon Signed-Rank test confirmed that theresvaahighly significant improvement
of the GC post-test responses to both parts oftigues, over the ones given earlier in the

pre-test(appendix 41). Furthermore, a Mann-Whitney test indicated thedreé was a
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significant difference between the ways the twougsoof students responded to question
5(b) at the end of the year with the GC group gajra higher mean level of understanding

of the concept involvethppendix 39).

9.8 Designing for Energy Efficiency

Question 6concerned the use of ‘fuel cells’ as a clean@raditive source of energy. The
question was linked to another principle of gre@emistry stressing the importance to
‘increase energy efficiencyby minimising energy requirements and possiblyyag out
chemical processes at ambient temperature andupees3 his question was divided into
two sections and asked students:

(@) to explain the chemistry involved in the fuel calhd

(b) to name two advantages of fuel cells over otheliticanal sources of energy.

Only very few students had a faint idea of ‘fuel€erior to the intervention and only one

GC student showed that s/he knew that it involvedekectrochemical reaction between
elemental hydrogen and oxygen to form water andyre electricity. Both groups had a
very low mean level of knowledge / understandinthatpre-intervention stage with many
students declaring that they had never heard abheuterm (fuel cell) before or that they

did not know anything about it or how it works. u@¢nts who attempted to answer
guestion 6(a) gave incorrect explanations showinag they had a misconception. There
was only a minor improvement in the way non-GC ehid answered this question at the
post-intervention stage but the quality of respergigen by the GC group to both parts of

the question at the same point in time was siggnifily better.
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The following table shows how GC participants imyo their response to question 6(a)
over the period of the classroom intervention whasked to explain the operation of a fuel

cell.

Table 9.9
Comparing responses of GC participants to questiofi(a)

Student | Pre-test Response Post-test Response

S-3 “Don’t know what a fuel| “Fuel cells convert chemical energy info
cell is.” electrical energy and use hydrogen as their
source of fuel. Hydrogen passes overn a
catalyst, and then joins with oxygen, forming
water as a by-product.”

S-9 BLANK (no response) “Fuel cells work via an attechemical
reaction that converts the chemical enefgy
stored in a fuel directly into electricity. Fusl|i
oxidised at the anode, electrons flow throygh
an external circuit to do electrical work and the
oxygen is reduced at the cathode.”

One can note how detailed and clear were the pastiescriptions provided by the three
students involved to explain the chemistry of thel fcell. In both cases, the GC students
expressed themselves confidently in the post-teshe mode of operation of the fuel cell
even though descriptions were not necessarily cet@mpl It was evident that students
understood well that it was an efficient methodcohverting chemical into electrical
energy which did not result in any form of polluti@as these were the advantages most

frequently cited by GC respondents in answering (arof the question.

The Mann-Whitney tests conducted on the data gteteray question 6 (both parts)
confirmed the significant difference between theo tgroups of students at the post-
intervention stage, with the GC group showing agaihigher level of knowledge and

understanding of the green chemistry principle ined (table 9.3, appendix 39).
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9.9 Using Renewable Feedstock

Question 7concerned the use of biofuels as another altematurce of energy and was
meant to reflect the spirit behind the green chemniprinciple supporting theuse of
renewable resources’ In this question, students were asked:

(a) to explain what they meant by ‘renewable feedstogiving also an example; and

(b) to give an example of a biofuel and name anotheamtdge (other than renewability)

of biofuels over other traditional fuels.

Baseline analysis of this question showed thatesttedin both groups did not have a clear
idea of the term ‘renewable feedstock’ and founidartd to give a suitable example. Non-
GC respondents did slightly better in part (b)lo$ tquestion, at the pre-intervention stage,
mainly by quoting more correct examples of biofustgl / or by describing better some

advantages of the use of biofuels over other fuels.

There was no marked improvement in the qualityesiponses to question 7 by non-GC
students, by the end of the year. It appearssiiaie of the students in this group did not
differentiate between raw materials required fa poduction of biofuels and the biofuel

itself. In fact some of the students even inclu@eimal waste’ as a possible biofuel!

In the case of the GC class, the situation charsigraficantly with most of the students
being able to relate better on the subject of l@lsfand alternative sources of energy, by
the end of the intervention. The following tableows how the concept of renewable

feedstock developed in GC students over the p@fidide intervention.
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Table 9.10
Comparing responses of GC participants to questioii(a)

Student| Pre-test Response Post-test Response

S-6 “Type of energy that can IbéRenewable feedstocks are sources of fuel
used over and over agai which are replenished over a short period of
Example: wind.” time and thus they will not run out. E.p.

vegetable oil.”

S-9 “Sources of energy which cahA renewable feedstock is a material that
be renewed and used over gnidn’t depleted after use but which |is
over again. E.g. sunlight.” continuously available; one can obtgin

chemicals / energy from it. Example: starch.”

It is clear that students realised during the pest-that the term ‘renewable feedstock’
referred to a raw material supplied from non-depieresources that is used to produce
energy (and chemicals) correcting their earlieaitigat it could refer to other ‘renewable’

forms of energy.

The number of GC students who were able to merdtoeast one correct example of a
‘renewable feedstock’ for energy production duritige post-test, was 76.6%. This
contrasts sharply with the lower percentage of @@h-participants, 19.4%, who also
succeeded to identify correct examples of alteveatenewable sources of energy in the

same exercise.

The most common examples of biofuels given by th& @goup in the post-test were
‘bioethanol / ethanol’ and ‘biodiesel’. On théhet hand the most frequently mentioned
advantages of biofuels in the same post-intervergixercise were ‘less polluting source’

and ‘relatively cheaper to produce’.
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The GC students’ level of understanding of the ephan question 7 changed significantly
in due course indicating that students in the GSsmoved from a low level to a very high
level of understanding of the green chemistry cphan the use of renewable energy

resources, by the end of the year.

A Wilcoxon Signed-Rank test carried out on the dmaerated by question 7 showed that
unlike the case of the non-GC clgsppendix 4Q)there was a significant change in the

type of responses given by GC students before fi@dthe interventiorfappendix 41) On

the other hand a Mann-Whitney test confirmed that&C students’ post-test responses to
the same questions were significantly better thase of their non-GC counterparts, with

students showing higher confidence in explainirgguees of the green chemistry principle

on the use of renewable energy resou(appendix 39).

9.10 Reducing Derivatives

Question 8 focussed on the green chemistry principle emphagithe need tdavoid
chemical derivatives'through unnecessary conversions during the indiigiroduction of
chemical products. The question invited studeptsevaluate between two different
synthetic procedures - the ‘old’ method A and ‘th@v’ method B, requiring a different
number of steps, reagents and solvents, which pobduce the same type of drug.

Students were invited:

(@) to name two possible benefits of using method Bjclwhnvolved less steps
(chemical transformations) and hence the formatwnless chemical intermediates

(derivatives);
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(b) to name two other important considerations theyldvowake before deciding on which
Is the better method for the industrial productéthe chemical product (i.e. the drug).
Students from both groups performed fairly wellthims question during the pre-test with
most of them reaching at least a partial understgndevel (level 3). One wrong
assumption frequently cited by students in thisstjoa was that method B was better as it
would be a faster synthetic route. This was comsidl@s a misconception as the question
did not indicate anything about the kinetics of tkactions involved in each step of the

methods under consideration.

Amongst other factors that students thought onels\é® consider before deciding on the
better or greener method, students mentioned stfdtyman health, cost-effectiveness of

process, pollution problems and percentage yielgt@duct.

There was a notable improvement in the non-GC resggoto this question in the post-test.
The same cannot be said of question 8(b) were Hamge was minimal. The GC

respondents showed a higher level of understandirnmpth sections of this question but
particularly in question 8(a) during the post-tegercise, with students reaching level 4

increasing from 31% (pre-test) to 73% (post-test).

The GC students referred more or less to the sategaries of benefits (cited in pre-test)
of the new method B over the traditional method.&, greater economic viability, being

less polluting and requiring less resources / nesgesolvents. The same applies to part
(b) of the question regarding alternative consitiena made before choosing the better

method. Frequent responses by GC students incladedomic feasibility of methods,
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toxicity of reagents / solvents / by-products, Healazards and pollution-related problems.
Other aspects which according to GC students otmlite factored in before taking a
decision included the yield of the product, atorarexny of reaction, overall time required
to complete the process, the efficiency and voluafe®lvents used, the cost of production
(including energy consumption) the conditions ugelether mild or drastic), renewability
of reagents, the presence of any safety hazardg;lability of any by-products and eco-
friendliness of entire process. Very few of thesklitional ‘green’ considerations were
pointed out by the non-GC group at the same pastvantion phase. This means that the
GC respondents regarded the term ‘better’ to bersymous with ‘greener’ and hence
responded from a green chemistry perspective. ddasgs given by non-GC students were
again taken from a business point of view evenghdtey included also some economical

/ safety considerations.

The following table shows how GC responses chamg@dtime when students were asked

about the benefits of the process which involved lshemical transformations.
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Table 9.11
Comparing responses of GC participants to questioB(a)

Student | Pre-test Response Post-test Response
S-10 “l. Lessnoney spent (less| “1. A shorter process with a fewer different
expenses). reagents reduces the risk of unwanted fumes

2. Less time taken. Itis | OF toXic chemicals.

also less complicated.” 2. Less reagents / solvents are used and
wasted.”
S-28 “1. The method found is | “1. There will be less waste of chemicals.
faster and also... 2. It will minimise side products

2. Itinvolves less reactants(pollution), some of the extra reagents of
leading to an economy of | method A might have been harmful, so it wjl
substances.” be better if they are not used.”

The key terms used by the GC students to explarbdnefits were ‘less reagents’, ‘less
solvents’, ‘less waste’ and ‘less pollution’. Thisnfirms again that students remained

focussed on the main aims of green chemistry.

Considering the GC and non-GC data generated fnensurvey (part B) one can infer that
there was a significant difference between the aesgs provided by the two groups of
students to question 8(a) at the post-intervensimge(appendix 39). The difference in

responses to 8(b) was non-significant but stillagtable considering the difference in the
mean level of understanding shown by the two granasmswering this sub-question in the

post-test.
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9.11 Preferring Catalysts from Stoichiometric Reagets

Question 9dealt with the green chemistry idea that encowgdge‘use catalysts rather
than stoichiometric reagents’in an effort to reduce energy requirements andaedhe

use of excessive reagents. Students were asked:

(@) to explain why catalysts are considered as mora@mmentally friendly than other

(i.e. stoichiometric) reagents involved in the teats;

(b) to give an example of a catalysed reaction thakdcmplace the traditional synthesis
of ethanol from ethene (which involves the userafther catalyst but requires more drastic

conditions).

Baseline analysis of question 9 showed that maa thalf of the students in both groups
did well in answering part(a) of question 9 (invaly basic knowledge of chemistry), but
only one student from both groups gave a corresgarse to part (b). Many students from
both groups did not even attempt part (b) indigatinat although students were surely
familiar with the biochemistry of fermentation, @pic covered even in O-level biology,

they were unable to relate it as a possible way@fiucing ethanol on a commercial scale.

There was hardly any improvement in the qualityresponses given by the non-GC
students to question 9 at the post-interventiogestaEnvironmental benefits of catalysts
which were frequently cited by non-GC students wheefact they are recyclable and that
they do not produce any harmful products. In gbjt only two non-GC respondents
referred in the post-test to fermentation of sugars possible greener alternative method

of production of ethanol.
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Post-test responses by GC participants to pardf(@uestion 9 were very similar to the
ones given in the pre-test. However there wasanger reference to the fact that using
catalysts would bring down the demand and henceswoption of energy during a

chemical process, producing less harm to the emwviemt.

The following table compares some responses taigune3(a) made by GC students before

and after the intervention.

Table 9.12
Comparing responses of GC participants to questiof(a)

Student | Pre-test Response Post-test Response

S-7 “They are less harmfuFfThey do not produce toxic waste during
because they aren’t consumechemical reactions. They reduce the time |for
completely. They hern[).‘the reaction to occur and also reduce engrgy
speeding up the reaction, thuseeded for this reaction.”

emitting less waste.”

S-9 “They are renewablg “Because they can be used all over again jand
Reagents can be polluting.” | never be used up; so they would be less
polluting and would be cheaper than buying
substances again every time. They do |not
give off or produce other substances whjch
can be hazardous.”

Once again one can easily note the differencedrtythe of response of the GC students in
the post-test, which included important green clsémiconcepts such as using less energy,
saving on resources and being less polluting. Aco¥on Signed-Rank test showed that
unlike the use of the non-GC group, there wereisogimt changes in the way GC students
responded to both parts of questio(eppendices 40, 41)The fact that the mean level of
knowledge / understanding in part (b) was low ewethe post-test indicates that most of
the GC students still found it hard to recall (khedge) that ethanol can also be produced

on a large scale with fermentation of sugar whiadpces ‘bioethanol’. The problem here
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was not the understanding of the principle involvéul fact other data collected during the
green chemistry intervention suggests that the @@ests did not find any particular
problem in understanding the green chemistry ppiesi involved in this alternative

‘greener’ synthesis of ethanol.

9.12 Designing Materials for Degradation

Question 10dealt with the green chemistry principle whichpings chemists to try and
‘design (new chemicals) for degradationin order not to persist in the environment and
create waste.

The question was divided into two parts:

+ Part (a) asked students to explain what was meaihiddegradable’ plastics;

¢ Part (b) asked them to explain how the productibrbiopolymers would help in

safeguarding a healthier environment.

Baseline analysis to this question showed thatestisdseemed quite familiar with the
concept of biodegradable plastics with the majasityhem showing that they had sound /
partial understanding on this aspect of green céieyni Most of the participants were able
to give a partial or complete meaning of the tebnodegradable plastic’. They also

referred to several ways they thought such plastedd help protecting the environment.

Post-test responses by the non-GC group to thistigneshowed a similar pattern to the
ones in the pre-test and gave similar results. eGrgain, students forming part of the GC

class showed they had developed a higher levehdénstanding in the interval between
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the two surveys. Another Wilcoxon Signed-Rank wstfirmed that unlike the non-GC
responses there was a significant difference betwiee pre-test and post-test responses

given by the GC students to both parts of questidfappendices 40, 41)

It could be noted, for example, that the descrigigiven by GC students to explain the
term ‘biodegradable plastic’ were more completéhatpost-intervention stage, with many
of them describing how biodegradation of such pagsnis brought about. Table 9.13
shows some examples of how GC students’ descripiotianged from the pre-test to the

post-test survey.

Table 9.13
Comparing responses of GC participants to questiotiO(a)

Student | Pre-test Response Post-test Response

S-18 “After they are used up, thg “These are organic plastics derived frgm
can be broken down to simp| renewable resources such as starch. When
molecules. Then they are r{ they are disposed of, they disintegrate into
formed and can be used again harmless species without polluting the
environment.”

S-21 “Plastics that eventually “Plastics that can break down by the
decompose.” effect of light, water or other conditior|s

such as acidic / alkaline media, withgut

producing harmful by-products.

Degradation usually takes place by the
action of microorganisms such as bactefia,
fungi and yeasts.”

One can note that certain important features abmategradability such as the conditions
required for degradation and products formed wenéted in the GC pre-test responses.
The same could be said of descriptions given byt mbthe non-GC students before and

after the intervention.
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The GC students’ responses to part (b) were alse mlaborate even though they covered
more or less the same ideas referred to by theQ@mparticipants in their responses.
These include reduced pollution of the environm@nmith reference to all forms of

pollution including visual), saving wildlife, redad need for incineration of plastic waste,
reduced volume of waste in landfills. A Mann-Wleyntest on relevant data revealed a
significant difference between the post-test resperof the two groups in both sections of

guestion 1qappendix 39)

9.13 Real-Time Analysis for Pollution Prevention

Question 1lreferred to the green chemistry principle recomanem‘real-time analysis

for pollution prevention’. This principle emphasizes the need to monitosally all
reactions occurring during a chemical process dleoto anticipate and avoid the formation
of toxic and hazardous products. The questioncask&dents to suggest measures which
need to be taken in order to avoid the productiomgh amounts of hazardous by-products

during a chemical process which may involve a sesfdarge-scale chemical reactions.

Students in general did not fare very well in thigestion at the pre-intervention phase but
this was mainly due to the notable number of sttelefmo were unable to give some kind
of response. The non-GC group registered a sjigigher mean level of understanding on
this question at the time of the pre-test, but axM#/hitney test established that such a
difference between the groups was not signifi¢appendix 38) The same non-GC class

however fared worse in the post-test (with meamwe/dhlling from 1.74 to 1.24) when
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answering the same question with many studentstim@gdo irrelevant or unacceptable

responses.

A Wilcoxon Signed-Rank test comparing responseshiegynon-GC students before and
after the intervention showed that any differen@es wminor and non-significaii@ppendix
40). In contrast there was a clear improvement ingunedity of responses given by the GC

students in the post-te@tppendix 41)

Several proposals made by GC students in the psstd answer question 11 included
direct references to green chemistry principleshsag the use of alternative, less toxic /
less hazardous reagents, use of greener solveom$inwous monitoring of reaction

conditions and choosing more efficient reactiongh(vihnigher atom economy & yield).

There were a few GC students who came up withdba of installing control measures at
various points of the chemical process and cartyageal-time analysis to minimise waste
and prevent pollution as suggested by one of tmeiptes of green chemistry. Table 9.14
illustrates how responses to question 11 changsdnme of the GC participants from pre-
test to post-test, with students, once again shpWwow they their arguments (at the post-
intervention stage) were influenced by an incraasinderstanding and knowledge of green

chemistry concepts.
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Table 9.14
Comparing responses of GC participants to questiofl

Student | Pre-test Response Post-test Response

S-6 “One must try to reduce th “Use of green solvents.

amount of the reactants whiq Use of non-toxic reagents.

produce the hazardous produ¢ Controlling the process at every stage
but still keep the reactiof ofthe reaction.”

working properly.”

S-21 “Do not use excessive reager] “Check continuously whether conditions
Always take precautions.” under which the reaction is made are
correct. See whether any catalysts may
be used. Make sure that the proper
solvents, temperature conditions, etc. are
employed.”

So the GC students understood that if one werevd@aany pollution from an industrial

process, one has to monitor closely and continyoaislsteps and reactions involved in
order to be able to correct in time any faulty &ftons leading to an eventual accumulation
of waste material. The fact that students were abhrrive at using such logic at the post-
intervention stage indicates that GC students limgptad the green chemistry viewpoint,
leaving no stone unturned in order to prevent piolfuat every possible source during a

chemical process.

A Wilcoxon Signed-Rank analysis on pre-test andt-pest data from question 11
confirmed a significant difference in responsesegiby the GC participants on the two
occasions(appendix 41) Furthermore a Mann-Whitney test established gmifstant

difference in the quality of responses given by e groups of students to the same

question at the post-intervention stdtable 9.3, appendix 39)
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9.14 Inherently Safer Chemistry for Accident Prevetion

Question 12was the last of the series of questions baseti®@iwelve principles of green
chemistry, and emphasized the importance of takiagessary measures in orday

minimise the potential for accidents’ during the production of chemicals. In this
question, students were asked to choose betweerdififerent sets of precautions which
could be taken by the industrial chemists to prevea possibility of fires, explosions and

large-scale environmental disasters.

Baseline analysis showed that, generally spealstuglentsn both groups arrived at the

correct choices. However most of the students radhenly to one of the options and then
went on to explain the relevant precaution. Thaltoaumber of references made by
students to the three correct options C, D and & almost the same in both groups and
even justifications were similar, typically consgigf of a short phrase or sentence. Option
C was by far the favourite choice as students ceghit to be the safest / most important
measure to be taken. However the reasoning waalways scientifically logical. There

was no significant difference between the respogses by the two groups in the pre-test

where they showed similar level of understanding.

Analysis of the post-test data shows that the tyualiresponses improved slightly in the non-
GC group, but more appreciably in the GC groughengeriod between pre-test and post-test.
The Wilcoxon Signed-Rank tests conducted separatetiie data from both groups confirmed
that there was no major development in responseofGC group(appendix 40)but a

significant change in the GC responéagpendix 41). In fact the GC respondents showed a
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significantly higher level of understanding of tbencept referred to in question 12 with an

increase in number of students referring to optiGndd and E and improved quality of

arguments supporting their choices.

The following are some examples illustrating hows@ning evolved in the GC students’

responses to question 12.

Table 9.15
Comparing responses of GC participants to questiot2

explosions and thermal pollution.”

Student | Pre-test Response Post-test Response
S-6 “Option C “Options C, D, E
They should try to usq Non-toxic and non-hazardous chemicals pre
catalysts, for exampld safer for the workers. By using renewable
instead of toxic substance| sources of energy, pollution at the source is
because it would do th{reduced. High temperatures and pressures
same job at a cheap{ may cause river pollution if warm water or
environmental cost.” solvents are released there.”
S-21 “Option C “Options C, E
To be safer.” They shouldn’t use toxic reagents becalise
these might not only harm the environment
but also the people living in it. Also suc¢h
high temperatures and pressures should|not
be used due a higher probability (of

One could notice that GC students showed greatesiderations in their post-test

responses, referring to more than one possible equesice if the precaution is not

followed. Furthermore, in both cases, studentsiciened both the safety of workers and of

the environment when discussing the different prgeas, which once again, overlaps with

the spirit and aims of green chemistry.
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As in the case of the pre-test, the most populaicehby both groups of students in the
post-test was option C. There were fewer referemgethe GC respondents to option A
and option B which do not necessarily prevent pimiuand environmental accidents, and

were the least options that could be associatddgvéen chemistry.

A Mann-Whitney test carried out on post-test ddtavsed that once again, a significant

difference was registered between the responses &y the two groups of participants by

the end of the interventigappendix 39)

9.15 _Thoughts about Green Chemistry

Question 13simply invited students to explain in their ownrd® what they thought was
the meaning of the term ‘green chemistry’. Studemntre not expected to recall the
definition of the term by heart but only to suggastatement summarising the main aims

or role of green chemistry, including reference@nportant features such as:

¢ pollution prevention (and not pollution controlefmediation);
. the design / use of environmentally friendly reagérsolvents;
. the design / use of safer chemical reactions /qu%es.

Analysis of pre-test data showed that both grougesady had a hint that green chemistry
was associated with the environmental aspect oimidtey even though some of them
declared that they had never heard about the tefordat school or elsewhere. Most of

the answers made a direct or indirect referenemwronmental protection and / or pollution
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prevention. In fact the concept of pollution pneten was referred to by about 50% of

students (16 non-GC and 18 GC participants) onoiteasion.

The following is a sample of non-GC students’ msttresponses throwing light on the
students’ early perception of green chemistry dftesing been asked on various aspects of

the subject in the rest of the survey.

“I am not informed on this term. But | think thiathas to do with chemistry
about the environment”
S-43, non-GC, pre-test
“The branch of chemistry which takes into consitlerathe consequences a
chemical reaction can have on the environment.”
S-61, non-GC, pre-test
In most cases, students associated green chemvgtnyenvironmental chemistry and
thought that it was more or less the same ‘braméh¢chemistry that was interested in
discovering, understanding and containing enviramaleproblems. The GC pre-test
statements on green chemistry weren’'t so diffeem made similar references to an

‘environmentally friendly chemistry’ that was paxlarly interested in the chemistry of the

environment and in solving pollution problems bywctical means.

The mean level of understanding in this questiorasueed at the pre-intervention stage
showed that both groups already possessed a partg@rstanding of the term ‘green
chemistry’, with some degree of alternative conicept This was probably achieved by
deduction from the content of the rest of the qoastor from the connotation of the term
‘green’ which usually evokes environmental friendss. A Mann-Whitney test confirmed
that there were no important differences betweenstatements given by the two sets of

students to answer question 13, in the pre-testsefappendix 38)
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There was a slight improvement in the quality afp@nses given by the non-GC group to
guestion 13 by the end of the year. However ndnthe responses in the test could be
regarded as a full definition of the term ‘greerlistry’, in the sense that there was little
or no reference to important concepts such asgdeand ‘manufacture’ of safer chemicals

to achieve pollution prevention.

The GC participants showed an even more evidentrawgment from their original
perception of green chemistry and confirmed theyevable to produce a more complete
statement to describe it. In fact the mean lefelnalerstanding of this group increased to a
point that it approached a sound understandingl.leve Wilcoxon Signed-Rank test
comparing the statements related to question 18dfaa significant difference in the
responses made by GC participants before and thfteinterventionappendix 41) This
contrasts with the insignificant change observetheaxnon-GC group over the same period

of time (appendix 4Q)

In their post-test responses, 80% of the GC stsdantuded a direct reference to pollution
elimination or minimisation, which is the essentgm@en chemistry, and one student even
referred to green chemistry as ‘sustainable cheyhisthich is the second most frequently
used alternative designation to green chemistrighofigh there were similar references in
the non-GC responses, such a feature was not asraat and frequent as in the case of

the GC class post-test data.

The following statement summarises the contrastvéen the overall idea of green
chemistry generated by the two groups. The nong@&Qp thought of an environmentally

friendly science that aimed primarily towards sgiatthe use of chemicals.
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“Chemistry designed to be beneficial or at leasin-harmful to the
environment.”

S-48, non-GC, post-test
In contrast the following table shows how GC resjmris developed their idea of green
chemistry over the period of the intervention, witiore refined statements / descriptions

which included most of the features which are idelliin the aims and definition of green

chemistry.
Table 9.16
Comparing responses of GC participants to questiofh3
Student | Pre-test Response Post-test Response
S-9 “Using chemicals which “Green chemistry is a new philosophy [of

are good for  thg chemical research and engineering that
environment and do ndtencourages the design of products and methods
pollute.” to minimise the use of toxic and / or hazardous
substances, thus polluting less the
environment.”

S-10 “Chemistry which| “Green chemistry is studying ways and means
concerns the environmentto design processes which include less harmful
and is done in favour of thereagents or produce less harmful products| It
environment.” involves designing safer processes which will
not harm the environment and which wiill
prevent pollution. It can also be call¢d
sustainable chemistry.”

S-21 “Don’t know!” “Green chemistry is a revolutiary way of
looking at and treating today’s environmental
crisis. It devises chemical methods to reduce
pollution, take care of the environment, redyce
costs of production, etc., in a conscious effort
to reduce harm to the environment.”

In their statements students referred to green tignin different ways, describing it as a
‘new philosophy of chemical research’, ‘designirajes processes’ and ‘a revolutionary
way of looking at and treating today’s environmémtasis’. Another student referred to

this new area of chemistry in a rather ‘poetic’ vagcribing it as follows:
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“Green chemistry is the ‘bandage’ by which scigtstiare trying to heal the
wound they inflicted on the environment in the pdstonsists of a set of rules
that help people to take care of the environmenmtth® good of future

generations.”

S-44, GC, post-test

All this indicates that the aims and role of gredremistry managed to captivate the

students’ imagination and this is what led to tigh level of understanding.

A Mann-Whitney analysis on post-test data confirmesignificant difference between the

two groups even with respect to questiontaBle 9.3, appendix 39)

9.16  _Explaining the Principles of Green Chemistry

Question 14was highly specific as it challenged studentsqaan briefly any three of the
12 fundamental principles upon which green chemistis based. Students were expected
to make statements which matched as closely ashpmsdath any three of the 12 different

concepts that served as guidelines to whoever wdatstudy or practice green chemistry.

Baseline analysis showed that the majority of sttgléen each group claimed that they
never heard anything about green chemistry priasiphnd / or failed to make any
suggestions at the pre-intervention stage. Thecese up with a number of ideas which
they thought could form part of the list. Theseluwled suggestions such as reducing /
eliminating pollution or hazardous chemicals, redgdhe use of toxic reagents and using
non-toxic / less toxic / less hazardous chemicdlse mean level of understanding at the

beginning of the year was very low in both groupthwhe non-GC class doing better due
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to a higher number of suggested concepts. A Mahitndy test however established that
there was no significant difference between the ¢naups in the pre-test with respect to

this survey item{appendix 38)

Post-test responses showed that the non-GC fareskwiban the pre-test with a higher
number of students choosing not to answer the mmest his indicates that students were
still not confident enough to write about conceglaited to green chemistry by the end of
the year. One of the non-GC students made it ¢hesirs/he was not yet conversant on
green chemistry and cited ‘acid rain’ as the oglyeén’ topic s/he was familiar with. The
types of suggestions given by the rest of the stisd@ this group were very similar to the
ones made earlier by the same participants inrégst. Some of these respondents made
it very clear that green chemistry was never disedsn class as it did not form part of the
examination syllabus. Other suggested that ‘grgatblicity’ is required if these principles

were truly regarded as fundamental ideas of cheynist

Responses to this question resulted in the mostfisignt change in level of knowledge
and understanding experienced by GC students dtinegost-test with the mean score
increasingly sharply from 0.67 (pre-test) to 3.p0gt-test). In fact, on this occasion, the
GC respondents gave a good account of some ofrden grinciples of green chemistry,
with 80% of the group being able to recall and ekphell three of these principles and
hence reaching level 4 of the understanding scHftere were three students who, for some

reason, failed to answer this question by the énldebexercise.

Analysing the students’ responses to question id finds that the most popular principles

quoted by students were waste minimisation (16reefees), designing safer chemical
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procedures (16), maximising atom economy (11), mising energy requirements (9) and
using renewable raw materials (8). The followiagaisample of responses to question 14,

made up of statements describing the three prieipt green chemistry:

» “Designing safer chemicals: chemical products sthdag designed to affect
their desired function while minimising toxicity.

* Prevention: it is better to prevent waste thamreattor clean up waste after it
has been created.

 Reduce derivatives: unnecessary derivatisation Idhtse minimised or
avoided if possible because such steps requiretiauiai reagents and
generate waste.”

S-8, GC, post-test

* “Use safer solvents. This encourages us to opthi®muse of solvents which
are non-hazardous and non-toxic.

» Use renewable sources of energy: use energy sosuodsas light energy,
biomass and wind to produce energy. Such resouwtoegot produce /
produce very little harmful waste.

* Maximise atom economy. This encourages scienistsarry out reactions
that do not waste chemicals.”

S-28, GC, post-test
The quality of the statements provided by the G§poedents to explain some of the
principles of green chemistry confirm that the gromas very knowledgeable about the
fundamental ideas which define green chemistry hat énd of the green chemistry
programme. Most of the GC respondents did not lsiime@morise and recall a list of terms
or phrases from their notes but were also ableephnase them using simple language
which shows again that they were confident to do Bofact there were no repetition of
statements and students expressed themselves iiifieerd way to describe the same
principle of green chemistry, sometimes adding aleacrete examples. This is, for

example the way two different students chose tda@xghe green chemistry principle of

atom economy in the post-intervention questionnaire

“Maximising atom economy when we will make suretthe use substances
that don’t produce a lot of waste at the end ofrdaetion.”
S-5, GC, post-test
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“Atom economy — as much of the reagents usednsearnted into the product.”
S-25, GC, post-test
Students were able to explain in a rather diffeveay that the principle of atom economy
was all about finding ways of converting reactante products without creating waste or
by-products. Once again this showed a high leyeurderstanding of the concept

involved.

The responses given by the GC group covered adb&even out of the twelve principles
of green chemistry, proving that students had adgmeerview of the basics of this new
area of chemistry by the end of the programme. Nhaen-Whitney test carried out on
post-test responses confirmed that there was aenegly highly significant difference
between the ways the two groups expressed thensseltieis questiofftable 9.3, appendix

39).

9.17  Benefits of Green Chemistry

The last questiomUmber 15) of part B of the chemistry survey asked studémtgive one
practical example of how they thought human ciatien could benefit from green
chemistry. Students were expected to give a eve@xample of how society can benefit
directly or indirectly from the practice of greehemistry. Any general statements made
by students on the usefulness of green chemistrichashowever lacked specific examples,

were accepted as a form of partial understandirigisfquestion.
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Despite the fact that practically all students athbgroups had claimed at some point in the
pre-intervention stage, that they knew nothing artipular about green chemistry, the

majority of students still chose to answer thisgjioa giving their view on the matter.

It could be noted that in their pre-test responsesst students made a correct guess of
what some positive effects of green chemistry wdnddut then failed to elaborate on how

the environment and human health could be bettegsarded through its application.

The post-test responses by the non-GC patrticigantgiestion 15 were more or less the
same in term of quality as those given in the pset-t This implies that by the end of the
year, the non-GC students did not develop the rallyi vague idea they had about how
green chemistry could be useful to society at largéxamples of ideas by non-GC
respondents showing lack of knowledge of green dteyrincluded references in the post-
test questionnaire to ‘separation of rubbish’, use of materials’, producing ‘less
expensive chemicals’, ‘recycling’ materials deriviedm nature, and simply ‘becoming
more aware of the environment. Some of these sidage more closely linked to

environmental science or environmental chemistay tto green chemistry.

The GC participants performed better in questioratlehe post-intervention stage with a
higher number of students achieving sound undetstgn(level 4). The most popular

responses by GC participants included: a cleamess polluted environment, a healthier
lifestyle, reduced global and more efficient useeafth resources. Analysis showed there
was an improved quality of statements (by the G&3)l describing the ways (examples)
green chemistry could be of benefit to mankindbl&®.17 illustrates some changes in GC

students’ responses to this question before aed thie classroom intervention.
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Table 9.17
Comparing responses of GC participants to questioth5

Student | Pre-test Response Post-test Response

S-19 “Having less pollution thus| “It can benefit from new ways of doing the
preserving life for future same things, but doing them without producing
generations.” pollution, like driving a car on biofuels and

using biodegradable plastics. And also helping
to avoid disasters which could effect and kil| a
lot of people, making industries safer.”

S-29 “Healthier environment.” “By adopting such Hmds as (thosg
involving) biofuels and greener solvents, e

are cleaning the air we breathe. We are
eliminating diseases such as asthma and [also
cancer. The cleaner the air, the better jour
lifestyle is for us and for our generation.”

)14

The emphasis of most of the GC respondents was lwettar quality of the environment
(less toxic / hazardous waste) and a healthier(liferer incidence of diseases and living
longer) as a result of reduced pollution, partidylahat originating from the chemical

industry. One factor which was frequently cited $tydents was the exploitation of
renewable energy resources with particular referd@ncthe use of biofuels. One of the
students referred to green chemistry using thegehia life-saving methodology’, thereby

realising the preventive approach of green chemiptimarily aimed to save human lives.

There was a noticeable improvement in the expressedledge of green chemistry within
the GC class from the pre-intervention to the porvention stage, indicating that the
average student attained a partial understandindpemeal benefits of green chemistry by
the time of the post-test. This was approximabelg level higher than that achieved by the
non-GC participants in the post-test showing a ligigignificant difference between the
two groups as confirmed by a Mann-Whitney test efewant post-test survey data

(appendix 39)
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9.18 Conclusions

Data analysis of the second part of the chemisiryey reveals that there was no major
difference in the initial (pre-intervention) knowlige and understanding of green chemistry
possessed by the two groups of students partingpatithis project. The situation changed
at the end of the intervention where the GC growgs Wiound to have gained a sound
understanding of the basic principles of green abtgynand became conversant with some
aspects of it. This contrasts with the non-GC grof students who did not show any

progress in their conceptual understanding of #mesaspects of chemistry despite having
been minimally exposed to green chemistry througtrtparticipation in the chemistry

survey and their attendance to an educational pestebition organised by other students

in the same college during the period of the irgation.

The following were the main findings of the anatysf data generated by the students’

responses in questionnaire B forming part of themaktry survey.

The Pre-Intervention Stage

Students had no idea about green chemistry befoee classroom and laboratory
intervention and they perceived it, at this pomtime, as being more or less equivalent to
environmental chemistry which aims to identify, arstand and quantify rather than solve
problems related to the earth’s environmeftseries of Mann-Whitney tests conducted on
the responses given by the two groups of studdmiwed that there was no significant
statistical difference in the way students expreéssemselves on the majority of aspects of
green chemistry which featured in part B of thenoiséry survey at the pre-intervention

stage.
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The Post-Intervention Stage

The situation changed radically by the end of titervention where evidence shows that
there was a significant disparity between the wdy §&udents responded to questions
regarding concepts related to green chemistry, eoepto the way the non-GC students
answered to the same set of questions. In facgnwhe Mann-Whitney test was carried
out on data generated by part B of the chemistryesuat the post-intervention stage, it
emerged that there was a statistically signifiahfierence between the two groups on the
majority (19 out of 24) of survey items in the ptestt exercisgtable 9.1, appendix 39)
Analysis of the post-intervention data from the sasurvey showed that the GC group
attained a higher level of knowledge / understamdm all aspects of chemistry / green
chemistry tested by the same exercise. In factitban level of understanding of the GC
group was consistently higher than that of the @@hgroup at the post-intervention stage.
This includes the five items where no statisticallynificant change was detected using the

Mann-Whitney test.

How the Groups changed with Intervention

When one compares the pre-test data with postdtdat obtained from the same group of
students, one finds that the responses given b@group changed more evidently with
respect to those of the control (non-GC) group.e Thange did not simply consist of a
build-up of knowledge of green chemistry which &mi$ acquired as a result of the
classroom and laboratory intervention. Neither waa question of understanding and
dishing out terms and vocabulary related to grdeamistry. The change was even more

radical as it involved clarifying vague ideas analrecting some misconceptions on
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environmental aspects of chemistry through theahainderstanding of a set of chemical

principles which fall under the umbrella term oégn chemistry.

In fact students from both groups could alreadgteglat the beginning of the year, to the
environmental side of chemistry giving their viears features such as sources of energy,
toxicity of reagents and solvents, use of cata)ysdfety considerations and pollution from
the production and use of chemicals. However thg which GC students dealt with such
concepts at the end of the year was found to befisigntly different as ideas developed,
reasoning was more profound and students gainefideone in their arguments or

explanations forming part of the survey responses.

The survey found that the average sixth form cheynistudent is usually able to deal
superficially with environmental terms such as be$, pollution prevention and
renewable sources of energy. However the sameerstudould not necessarily be
knowledgeable and sufficiently prepared to be cosam in this relatively new area of
chemistry now referred to as green chemistry. B® ¢tlassroom intervention was
instrumental in changing the students’ outlook tasachemistry providing them with a
new green chemistry perspective which allows themevaluate better any future

achievements of science and particularly chemistry.
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9.19 Chapter Summary

This chapter analyses the students’ responsestinfoie chemistry survey concerning the
students’ knowledge and conceptual understandirggesn chemistry, by making use of a
number of criteria as described in the methodologgpter. The results of this analysis
were tabulated and a number of nonparametric stalisests were carried out to measure
any significant differences between the two groofpstudents (GC vs non-GC) at the pre-
test and post-test stages (Mann-Whitney test),adsmlto detect any significant changes in
responses occurring within the same group followihg period of the classroom

intervention (Wilcoxon Signed-Rank test).

Part B of the chemistry survey consisted of a §guestions concerning various aspects of
green chemistry, with most of them related direttlythe twelve fundamental principles
which characterise green chemistry. The studeetgonses to each of these questions
were analysed by comparing statements and other glavided at the pre- and post-
intervention and highlighting important changes mad the way students’ answered the
same questions. Reference was also made toistdtemhalysis mainly by referring to the
outcome of the nonparametric Mann-Whitney testspanmg the two sets of participants
and the Wilcoxon Signed-Rank tests to compare énfopnance of each group before and

after the intervention.

The main finding of this exercise was that the gvoups of students taking part in the
survey started the year with very limited knowledgel understanding of green chemistry
but one of the groups ended the year with a diffteteaggage of ideas on this new

development of chemistry. In fact it was foundtticantrary to the non-GC group,
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members of the GC class were evidently more knoydebdle and held a better
understanding of many of the facets of green cheyness presented in the chemistry
survey, by the end of the intervention. More thlat the green chemistry intervention
served to equip students with a new frame of mimdickv enables them to interpret and
discuss more thoroughly some important aspectsiehse, particularly those related to

chemistry for a sustainable environment.
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Chapter 10

CONCLUSIONS

10.1 Introduction

This research investigation sets out to addresmtie research question:
“How do Maltese sixth form students respond to timeorporation of green chemistry in

the A-level chemistry curriculum?”

In an attempt to answer this question the authed to address the following relevant sub-
questions:

1. In what ways do students’ attitudes change by tholy aspects of green chemistry
in the core A-level curriculum?

2. What understanding of green chemistry ideas isldped by students who do or do
not experience the green chemistry intervention?

3. What are the effects of the green chemistry intéroe on the students’ views of

studying chemistry beyond A-level?

In order to resolve such a research inquiry, thiaaucollected data from two groups of
Maltese sixth form students (forming part of thensacohort) prior to the classroom /
laboratory intervention and then upon completiontted same intervention. The green
chemistry intervention package was applied onlgrie of the groups (the GC class) while
the second group (the non-GC class) acted as aotonf theoretical framework was

developed to facilitate the analysis of pre-intati@n and post-intervention data related to
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the students’ attitudes. The twelve principlegmen chemistry, originated by Anastas and
Warner (1998) were then applied together with ao$etriteria (adapted from Calik and
Ayas, 2005) to analyse the data collected relatethé students’ understanding of green

chemistry concepts.

This chapter discusses the main research findingshaw these helped in answering the
research questions. It then discusses the mainitmaion of this work to knowledge. The
chapter also reflects on some methodological isetiise study including some limitations
of the method used. It also considers some readlesbn the intervention package and on the
research instruments used, and discusses some infiphcations of the study for policy and

practice. The chapter concludes with some gereraments on the overall project.

10.2 Main Research Findings

This section attempts to answer the research guasin the light of the main findings of
the study. It refers to the results of the analysi the data gathered from participants
through the use of various instruments including themistry survey (questionnaires),

focus groups, research diary and other documents.

10.2.1 The Main Research Question

How do Maltese sixth form students respond tortherporation of green chemistry in the
A-level chemistry curriculum?

The study found that Maltese sixth form studenéted very positively to the introduction

of green chemistry and showed a great deal ofaateéhrough their voluntary participation
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in all activities that formed part of the classrodénaboratory intervention. In fact, even
though they knew that green chemistry was not deduin their A-level programme of
studies, students honoured their commitment tahattegularly for a number of weekly
seminars which discussed basic theory and conoéfitss new area of science. They also
accepted to take part in a number of learning giets/through which they showed that they
were able to understand the different aspects e¢rgrchemistry that were presented to
them in class. The students appeared to be paricengaged with the ideas of green
chemistry right from the very first seminar tillethaboratory sessions which allowed them

a close encounter with the practical side of tHges.

By the end of the intervention, the GC studentsptetb a more positive attitude towards
chemistry as a science (eitgm C1: 69.7% — 83.3%) and even towards school chemistry
(tem E2. 63.6% — 80.0%). They also developed a higher degree wir@mmental
awareness and a critical mind which enabled theexpress themselves with confidence
on several features of green chemistry. For exa@@ participants still felt, by the end of
the year, that despite all worldwide efforts, ch&nyi was still not doing enough to control
pollution (tem C3: 39.4 - 53.3%). They also showed a significantly strongesitive
attitude (with respect to the control group) tovgatke applicability of green chemistry as
could be confirmed by statistical tests on itemsF8), F13, F14, F15 and F16 of part A of
the chemistry survey, with p-values lower than (rD&ll cases (appendix 31). This higher
sensitivity of the GC students towards the envirentrcould also be confirmed in the way
they spoke about the various environmental wortibj@ms and the way they perceived the
impact of green chemistry on society during focusug discussions (as explained in

chapter 7). GC students also showed a sharperatmind both in the way they tackled
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certain questions in part B of the chemistry surfeeg. questions 11 and 12) as well in the

way they argued on the future role of chemistrihm post-intervention focus groups.

The study also showed that participants were sohneoeavinced about the usefulness of
green chemistry that they agreed almost unanimdbsllyit should be incorporated in the
A-level curriculum and future examinations. Indestddents realised that the current
curriculum needed to be updated to reflect impdrteantemporary developments in
chemistry such as the case of green chemistryy &lse thought that one of the best ways

of learning green chemistry was through the uggadtical work in the school laboratory.

10.2.2 Sub-question 1

In what ways do students’ attitudes change by oy aspects of green chemistry in the
core A-level curriculum?

One of the main findings of this study was thategrehemistry managed to change the
students’ attitudes towards societal chemistrye $trvey showed, for example, that their
initial negative attitude towards social resporigipiof chemistry with respect to the
environment became less pronounced amongst thee§imdents but more meaningful
within the non-GC grouptém C5: 57.6% - 53.3% GC; 55.6» 66.7% non-GC) over the
same period of time. The green chemistry inteigaralso succeeded to bring about new
ideas and considerations among students aboutubevalue of chemistry in sociegnd
this was very evident in the way GC students exgaeshemselves during the focus group
discussions, which gave stronger indications ors tiian the survey findings. The
intervention therefore helped students reflecth@nunique contribution of green chemistry
to human civilisation. It is evident that studergsognised, by the end of the intervention,

that the advent of green chemistry gave a furtisesbto the positive impact of chemistry
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on society, particularly in the health and enviremtal sectors. Students acknowledged,
for example, that green chemistry has the potetdiahake the difference in the quality of
human life as it targets pollution prevention inanprecedented way. Evidence shows that
the same students who experienced the interventimerstood that green chemistry
represents a radical reaction by chemists all tdwemworld to prevent scientists and other
people from committing past mistakes which clairttezlisands of human lives throughout
the years and ended up in environmental nightmardgferent parts of the world. Hence
students realised also that green chemistry hagddtential to correct the public perception
that chemistry is a dirty scientific discipline whiends up generating toxins and pollution.
This is due to the fact that according to the satndents, green chemistry was proactive,
harmless and provided positive solutions. Thiwhait students meant to say when stating
that ‘green chemistry throws bright light on chenyisand that ‘after all, it is not bad

studying chemistry’.

In contrast, the control (non-GC) group had a [@sstive viewpoint on the consequences
of chemical activity on the environment. Evidersteows that these students were still
adamant by the end of the year, that chemistry vesponsible for environmental
degradation The typical sixth form students thought that grelkamistry was more or less
the same as environmental chemistry and they fediptecal about its aims and
applicability. They agreed, for example, that anafstry that claims to be ‘green’ may be
too expensive to be used on a large scale ancthigahistry can never be rendered truly
eco-friendly for a number of considerations, sustthe high energy consumption and the
unavoidable amount of pollution and waste produmgthe chemical industry. It is clear

that by the end of the intervention, unlike the @aCticipants, the non-GC students did not
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change their original perception on the value @&mistry in society and did not revise their

views on its overall impact on mankind.

The study confirmed findings of other studies iadilcg that students found A-level
chemistry to be a difficult subject for a numberredsons such as the learning of abstract
concepts, emphasis on memory work, the mathematkdid needed to solve calculations,
an overburdened curriculum, the negative influefroen family and friends, and also
because of the inclusion of irrelevant materiatudgnts also perceived a significant gap
separating the content covered at O-level andgregented at A-level, to the extent that
some thought that it was as if they were startimgrghing afresh. Students were also
particularly concerned that A-level chemistry ladkelevance to everyday life and agreed
that the local curriculum needs to be revampecfiect better the ongoing contribution of

chemistry to the progress achieved by mankind.

One important finding of the study was that studgdrticipating in the green chemistry
intervention thought that green chemistry woulahgrabout a number of fresh and radical

ideas to the A-level curriculum rendering the sabjmore relevant, more practical and
more appealing. The study found that studentseperd green chemistry to be so close to
their everyday lives that they felt it had the moi@ to bridge the space between the
current curriculum full of fundamental facts andaédished theories of chemistry and

contemporary chemistry which focussed also onrtigact of chemistry on society.

The study found that students liked green chemistrya number of other reasons such as

the fact that it was less abstract, more down-ttheand more easygoing with respect to

the other topics and areas of chemistry. In flagtdame students were confident that apart
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from being environmentally friendly, green chemygended to be also student friendly as
it added flavour and spice to the subject by iniclgdnodern and unorthodox, yet positive
ideas that made a lot of scientific sense apanh fronnecting immediately with the outside
world. They also liked the idea that green cheamisbuld also be applied on a small scale

in the school laboratory where they could see &dtion at a close range.

The general feeling among students who experietfeedreen chemistry intervention was

that the inclusion of green chemistry would raise students’ interest and motivation to

learn and study chemistry. This explains why thme students saw the need ‘to put more
green chemistry in chemistry’ and why they wishbdttone day, ‘most of the A-level

chemistry would be transformed to green chemistry’.

There is abundant evidence showing that students emethusiastic and felt stimulated
doing practical work in green chemistry. The stufbund that green chemistry
experiments provided students with what they dbedrias ‘one of the most memorable
experiences’ they ever had in a school laboratoBata shows that green chemistry
practicals instilled very positive feelings amorigdents giving them a sense of pride and
achievement for being able to put some of the grg®emistry principles to practice,
proving also that they were feasible and not justotetical. The green chemistry
experiments appeared to restore also the eleménesmjoyment and excitement in the
laboratory which students found to be somewhat iteckn other routine chemistry
practical sessions. Students were so much satisfith the green chemistry laboratory
experience that they strongly favoured the idemdafding it in future A-level chemistry

programmes. The students were convinced that grattical sessions were more useful
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and more appealing than some other analytical dioes which make use of standard

techniques and conventional reagents.

10.2.3 Sub-question 2

What understanding of green chemistry ideas is Idped by students who do or do not
experience the green chemistry intervention?

This research investigation showed clearly thatstuelents who were exposed to green
chemistry were able to master the key ideas whielacterise this newly emerging area of
science. In fact there is sufficient evidence shgwthat students found no particular
difficulties in absorbing the basic concepts ofegr&ehemistry so much so that they were
even able to apply them in the laboratory, carnysmme individual research work and then

make a short presentation, and discuss some ralategpts in class.

The GC participants had the chance to prove thettetstanding of green chemistry
throughout the entire intervention and particulariythe post-intervention survey. They
were found to be able to deal confidently with qiees related to different aspects of
green chemistry including waste minimisation, ateeconomy, toxicity and safety of

reagents and solvents, energy efficiency, renewabsources, chemical derivatives,
catalysts, biodegradability and preventive meastweavoid (chemical) accidents. The
analysis of the students’ responses in the chgmstrvey showed clearly that the GC
students were more prepared to tackle the questimt®nly by recalling facts, but also by
applying the new green chemistry logic which thead hjust acquired throughout the
intervention. In most cases, the responses giyahédtwo groups of students were found
to be significantly different, with the GC studest®wwing a significant improvement in the

way they addressed the same questions at the terggntion stage.

383



Evidence shows that the GC group did not learndadrtile new green chemistry principles
by heart but their frame of mind evolved with tinme such a way that they gradually
adopted a new green chemistry perspective whighedethem answer the questions more
confidently at the post-intervention stage. Anelysf the pre-test responses shows that
both groups of students could relate, at the beginof the year, to environmental
chemistry topics such as atmospheric pollution,ai@ne layer, sources of energy, toxicity
of chemicals and safety considerations. Howewersurvey responses given at that point
in time lacked any reference to features which mdefsustainability, this being the
overarching leitmotif of the principles of greeneahistry. In contrast, the answers
provided by the GC participants towards the enthefyear were more focussed and better
articulated, and showed a higher level of undedstenof the essence of green chemistry
and sustainable development. The fact that GCestsdvere able to grasp the basics of
green chemistry, was already indicated throughoeitdifferent phases of the intervention,
but particularly during the learning activities, btaatory experience and poster
presentations during the students’ research sesmirfaurther evidence of the GC students’
understanding of green chemistry concepts was #iality to discuss with confidence,
with the use of related terminology, the differaspects of green chemistry in class during

the seminars and focus group sessions upon complettithe intervention.

Besides learning about new facts and theories an thomake chemistry less toxic and
more sustainable, students participating in themhemistry intervention also developed
a higher sensitivity towards the environment arsb @ sharper mind which enabled them
to think more critically on the environmental impad chemistry and on how chemistry
can be rendered safer and more sustainable. Ead#ows that other students at the same

level of education and following the same coursstoflies, but who did not experience the
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same intervention, did not develop the same leketitical thinking on the environmental

side of chemistry, over the same period of time.

This is consistent with other studies showing tbtatdents who are exposed to green
chemistry would improve their critical thinking antbmmunication skills which are

required in order to understand better the contektsustainable development (Parrish,
2007). 1t is also congruent with other sourceditefature suggesting that understanding
green chemistry helps students address betteroemvental issues as they feel they can

contribute to solving problems in a familiar cortt@aack et al, 2005).

10.2.4 Sub-question 3

What are the effects of the green chemistry intdéroe on the students’ views of studying
chemistry beyond A-level?

The study found that sixth form students studyingeyel chemistry intended to use the
background of the subject to follow a science-eslatareer but were mainly interested in
medicine, followed by health sciences, with only fshowing interest in the pure sciences.
For many students, the prime motivation to studgneistry was to follow a medical career
track for which they wanted good grades in theiexel sciences. The survey showed that
the GC participants had a stronger inclination tfiy end of the year) than other students,
to choose a science-related career and also agstrambition for a chemistry-related job.
Evidence shows that despite the general motivaioora medical career, this group of
students was more open to a possible future caneehemistry than the rest of the
students, by the end of the intervention. Thesindicated, in fact, that studying green
chemistry improved the students’ motivation to cd®a chemistry-related job. The green

chemistry participants also felt that students wigho pursue further studies in chemistry
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or those aspiring for a chemistry-related job wasddn be requiring a good background of
green chemistry. This explains why the same stisdeslieved that more students need to

be enticed to study and specialise in this aredemistry.

The students also thought that research in greemiskry was an important investment for
a healthier future civilisation while a few of theiaminority) declared that if they were to
specialise in chemistry they would seriously coesithe area of green chemistry, getting
the approval of the other members of the focus grouone of the sessions held at the end
of the intervention. This proves that the inteti@m also had a positive effect on students’

behavioural attitudes towards studying chemistry.

10.3 What the Thesis has Contributed to Knowledge

The study has contributed to knowledge in at leastdifferent ways. The first consists of
the development of a structure which provided thgrapriate mechanism to process data
gathered from the students participating in thiglgt The second original contribution to
knowledge consists of the main findings of thisecatudy on the first group of sixth form

students from Malta to have been introduced tgtireciples of green chemistry.

The structure which helped in the systematic aimmlyd data was based on two
frameworks. The first theoretical framework prcadthe platform that allowed the
students’ responses to be mapped against tendatatudimensions which reflect the
students’ attitudes towards chemistry in genera green chemistry in particular. This

conceptual framework is based on the latent proeesspoint of attitudes and has the
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potential to be adapted and used in future attialdstudies particularly those related to the
introduction of other curriculum innovations in exace subjects at the different levels of
education. The second framework used to extradt amalyse students’ data on the
understanding of green chemistry is the establisie¢af 12 principles which characterise
the same field. In fact part of the chemistry syr{questionnaires) used in this study was
designed to ask students questions related totdtengents defining these basic principles
of green chemistry. The students’ responses sopgait of the survey were then analysed
adapting a set of assessment criteria used by ods&archers to gauge the level of

understanding in similar studies.

This work can be considered as an original casgysttithe first ever group of students to
be taught green chemistry in a Maltese pre-unitergistitution. It includes rich

information on the students’ voices expressingrtheaction to the possible introduction of
one of the most important recent developments emstry, in the A-level curriculum.

The study indicated that students reacted posytimatl were predisposed and sufficiently
prepared to learn about this new area of chemislitye students felt that green chemistry
provided an important missing link that existedwssn the current curriculum which was
loaded with facts and theories of chemistry and litdd reference to the environmental
context, and a curriculum which would reflect bettke contribution of chemistry to

society including its pivotal role to secure a austble environment. The study also found
that with green chemistry students raised theiirenmental awareness, their interest to
study chemistry and their motivation to follow aedhstry-related career. Evidence
suggests also that students were particularlygud with the practical side of green
chemistry. Further evidence shows that apart fgaming knowledge and understanding

of green chemistry, students who experienced thgesobom / laboratory intervention also
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developed a more positive perspective of chemesdra science as well as a critical mind
that allowed them to be familiar with aspects adegr chemistry. Further evidence of the
positive impact of the intervention package wasftwt that one of the students who had
participated in this project and who is currenthading for a degree in pharmaceutical
sciences has chosen green chemistry as an argaeadflssation for his undergraduate
dissertation. This suggests that the first greleenustry experience in Malta generated
sufficient interest and motivation among studepotshie extent that participants involved

considered it for future studies and career.

This case study therefore sheds light on someudksits’ aspirations for curricular changes

and may be referred to by other researchers imsgieducation to evaluate the impact of

prospective changes in the teaching of sciencestshat post-16.

10.4 Reflections on Research Methodology

The main strategy adopted in this research invasbig was the case study approach. Yin
(1994) suggested that in order to carry out a chsey, the researcher must possess or
develop a number of skills such as being able korakevant questions and interpret the
responses, being a good listener, and being aladapt and be flexible in order to react to
different situations. The researcher is also etgokto be knowledgeable on the issues
being studied and be as unbiased as possible tprangnceived ideas. The author of this

study did his utmost to achieve all this throughitvet entire investigation.
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The methodology used in this study attempted terjpmet the students’ reaction to the
introduction of the new area of green / sustainablemistry in the A-level chemistry
curriculum. The author recognises that there wsmme limitations in the design and
application of this methodology even though hedthés best to minimise their effect in the
various phases of the project. Part of theseditoihs derive from the use of the case study

approach itself while others arise from the othesigih features adopted in the same study.

One of the main disadvantages of a case studyeigxtent to which the findings can be
generalised to other similar situations. Howeveather than emphasizing on
generalisability, the study attempts to promotelatability’ by allowing readers to
recognise, through the rich description of eveatsumber of similarities to their very own
situation, thereby establishing the basis for theadled ‘naturalistic generalisation’ (Stake,
1978). Although this investigation was a case taarried out in a unique sixth form
institution in Malta, the intervention package desid for this study could certainly be
applied in other institutions and similar technigu®uld be adopted or adapted to extract

and analyse data from other students embeddethilaseducational settings.

Specific limitations of the study include the udetwo randomly chosen different groups
belonging to the same cohort of sixth form studanitds the fact that research evidence was
mainly based on data collected from questionnaares focus groups, which both have

their own disadvantages.

As regards the samples of students patrticipatinthis study, it was assumed that the

groups were comparable as both included studerits avsimilar mixture of family and

cultural backgrounds and with similar academic ifjgations. The only important
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disparity was in gender ratio as one of the gro(tpe GC class) was predominantly
composed of female students, while the other wa® finalanced. No major gender-related
issues emerged from the results obtained in thaystiHowever, one cannot exclude the
possibility that some of the differences noted leetwthe GC (experimental) group and
non-GC (control) group could have partly derivednirsuch a different gender make up

rather than because of the green chemistry intéoren

In the case of the main research instruments, thestepnnaire method (applied in the
chemistry survey) is limited in the amount of infation that can be elicited from the
respondents while the focus group is more difficialt analyse and is prone to lack
reliability. The measures taken to safeguard takdiwy and reliability of the research

instruments used were discussed in section 4.1ieahethodology chapter.

One of the potential risks linked to a teacheraed®er is his / her influence on the type of
data collected. The author was very much awarguoh a risk that he made it a point to
remain as detached as possible during data calfectvith as minimum interference as
possible from his side. This included adoptinghastral a position as possible especially
during the focus group discussions and refrainmognfinteracting with respondents during

the pre-test and post-test chemistry surveys.

Another point worth mentioning is the fact that teacher-researcher had no direct contact
with the non-GC group, except for his role in thie-pand post-intervention data collection
stages. In fact, the author was only assignedimsteyear chemistry A-level class (the GC
group) at the time of the project, with the restha teaching load mainly involving contact

(lectures / practicals / tutorials) with secondrystaidents. This inability of the author to
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establish regular teaching contact with the nonge@lip throughout the intervention may
have had an effect on some of the conclusions e suf the differences between the
groups could have resulted from the different teagkexperienced by the students rather

than the curriculum intervention itself.

There is also the possibility that the additioreddhing hours received by the GC group
(but not by the control group) could have playedmportant role in some of the findings
of this research investigation. This is due tofdw that students’ knowledge and attitudes
are likely to change to some extent with every rearning opportunity given to them

including this type of classroom / laboratory intamtion.

Another possible danger in this type of study earout by an individual researcher is the
possibility of researcher bias in the collectionalgsis and interpretation of data. Bell
(2006) refers to bias as ‘the old enemy’ which tetwlinvade research, almost inevitably,
because of the human nature of researchers. cBrasccur in a number of ways and may
be deliberate or unintentional. Miles and Hubern{a894) warn that one has to be
extremely cautious especially in what appear tariments of illumination’, that is, when

things seem to ‘come together’, as the researclagrstil be wrong by basing evidence on
‘overweighted facts’ whilst ignoring or forgettingther important, and maybe more
obvious, situations or facts. In order to minimtke risk of such bias, the author was
constantly vigilant, gave a detailed descriptiordafa with frequent use of verbatim quotes
from participants and triangulated as much as ptessiy referring to data from multiple

sources to put more weight to claims made duriegriterpretation of data.
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In the case of the interviews (which include fogusups), it has been suggested that the
researcher may find it hard to be objective andha same time put the interviewees at
ease. The author counteracted this by always e&tmfy honesty in the purpose of the

research and by showing integrity when conductlihfipaus group sessions.

10.5 Some Reflections on the Intervention Package Research
Instruments

One of the early stages of the research project dembcated to the planning of an
intervention package aimed at introducing, in deative way, the fundamental principles
of a newly emerging area of chemistry to studentdysng A-level chemistry. At the time
when the project was started, green chemistry vilsnsaking its way in university
curricula and was about to make its debut in theetoevels of education. It had not yet
been proposed to Maltese students at the secondgyst-secondary levels of education.
Hence, creating the intervention package from ih@tdd resources available was a
challenging task especially when one considersttigamaterial to be presented had to link
to the current local chemistry curriculum whicharlg lacked references to environmental

matters.

With the benefit of hindsight and considering th@imobjectives of the intervention
package, the author believes that the intervemamkage could have been more effective
if more emphasis was placed on the choice of nateri the planning stage of the
intervention. This could have involved proposingvider range of areas of focus as the
basis for the pilot intervention package. This ldooave allowed a longer programme of

activities for the pilot intervention and a deemsmaluation resulting in a more refined
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programme for the main study, possibly coveringi@ewor a more representative section

of green chemistry.

There is also plenty of room for improvement of teksources used in the intervention.
The animated slide shows and frequent use of shdeb clips were certainly effective
from the pedagogical point of view to make the s&mnitopics more interesting for
students, but the content was extensive and ccaNeé been kept more concise to allow
more space for the subsequent student-teacheradtiter and the learning activities
planned for the same session. This was in facthoemed upon by students in the focus
group discussions of the main study but was unfatiely not highlighted earlier by

students in the pilot study.

The learning activities, especially those linkedhe seminars, could also have been varied
and not limited to written assignments which weeecpived by some students as an ‘extra
classwork / homework’. The slogan competition, tpogresentations and laboratory
exercises turned out to be more challenging buticdy more inspiring for students than

the written activities.

The organisation of the green chemistry laboraéyerience (consisting of two two-hour
practical sessions and a follow up session) pravatether tough challenge for the author
and participants. In fact, time-table restrictiamsl the limited availability of the chemistry
laboratories created logistic problems, which tiaesl into insufficient space and time for
students to complete the entire procedures anck whi¢ laboratory report in the same
session. The situation could have been rectifigth students (within the same group)

being concurrently assigned different tasks, cgtiown on procedures and writing tasks,
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and allocating more time for students to reflectobservations and results... and to enjoy
more the session. Alternatively, the ‘rush’ coblire been avoided by extending the same
material and techniques over more sessions to alogents to carry out procedures at
their own pace and devote more time for observatitm be made and results to be
compared and interpreted. Having been so importastimulating students to learn the
subject, one could also have considered addingaat lnother two laboratory sessions in
order for the researcher to be able to evaluaterbie impact of the practical side of green

chemistry in the students’ understanding of thgesb

The research instruments used could also haveibg®oved further. The first part of the
chemistry survey (questionnaire A) could have baesigned in a way to elicit responses
which were more directly linked to the ten dimensiaof the conceptual framework of
analysis of attitudinal data. This would have sheelot of time in data analysis and
ensured that there was a more balanced distribuifodata on the ten dimensions of
attitudes proposed in the framework. The secomtdgbdhe survey (questionnaire B) could
have included more open-ended questions allowisgamdents to express themselves at
more length on some aspects of green chemistryutithecessarily covering the whole set
of twelve principles involved. This could haveoalled better assessment of the type of

knowledge and understanding gained by studentseapbint in time.

The focus groups could also have been organiseblate data in a more effective way.
Different focus groups could have been assignel different sets of stimulus statements
covering a wider range of aspects of learning ceagni green chemistry. In fact, using a

limited pool of statements led to a lot of overiapthe data collected from the different
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groups of students. Besides this a longer lisstatements would have ensured that

discussions returned data covering all dimensidniseotheoretical framework.

Another instrument which could have been bettelatqn was the research diary. Some
of the journals could in fact have been more dedaib capture more usable data through a
richer description of the situations unfolding hetclass or in the lab, during and after the

activities forming part of the intervention.

It should however be noted that the programme oiviaes involving the students’

participation in this study was carried out accogdio plan, with only minor changes from
the original schedule. Students appeared alwagas# and overall satisfied with their first
experience of learning green chemistry. They vegpaally satisfied with the contribution
and feedback they were able to give throughouptbgct, particularly through their input

in the focus group sessions at the end of thevieteion.

10.6 Implications of this Work for Policy and Pracice

This study showed that by being both ‘environmédyntédiendly’ as well as ‘student

friendly’, green chemistry has the potential toveeas a much needed new point of
engagement for adolescent science students inetraihg of chemistry. In fact young
students studying science subjects at A-level avally well-informed and rather sensitive
on environmental topics and that is why green chemgiwas so well received by the

participants of this project.
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When one considers that the local O-level chemistiryiculum dedicates a whole section
to the impact of chemistry on the environmentsitlifficult to explain why the (local) A-

level curriculum is still limited in its referencdas environmental issues. One of the
findings of this study was that sixth form studestsongly believe that the chemistry
curriculum would be enhanced by including environtaktopics as these would make the

subject more relevant to their everyday life, mgkinalso more appealing too.

This study suggests it would be timely for localieation authorities to revise their policy
in science education to reflect better the humdmeaements in science including progress
made towards the sustainability of the earth. @deemistry, which has now been around
for more than twenty years, is right at the heddustainability and hence there is a strong
case for it being promoted and taught at all lee¢leducation. The findings of this study
point to the need for green chemistry to be givigh Ipriority by local educational policy
makers when contemplating future changes in schaooicula and public examination

syllabi.

The study showed that sixth form (A-level) studehtsd sufficient background of
chemistry to be able to understand the main comscaeptl theory of green chemistry.
However the same students prefer having such cthadpsed into the regular chemistry
programme rather than having green chemistry pteden them as an extra separate topic.
These students’ voices echo similar ideas fromraosloeirces suggesting that one of the
most effective way of introducing green chemistrhigh school / sixth form level was by
integrating it in different parts of the curriculu(Braun et al, 2006; Parent et al, 2004).
The project found that green chemistry would alsddught effectively through the use of

laboratory experiments.
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The study also showed that the introduction of greleemistry in the A-level chemistry

curriculum brings about a radical change in the staglents start looking at chemistry as it
empowers them with a new frame of mind that alltlvesn to judge better the sustainability
of chemical products and chemical reactions. lild/@lso possibly attract more students to

pursue further studies in chemistry and eventwapire for a chemistry-related career.

Finally, chemistry educators involved in such adamental curriculum change would need
to be trained accordingly to be able to adapt eéortbw challenge. They need to be well-
supported not only through the availability of ufthteaching resources but also by being
given the chance to attend professional developnfi@rservice) courses run by the

university or by an alternative competent instaati

10.7 Conclusions

This research investigation collected and analgistd from a group of students attending a
Maltese sixth form institution in an effort to pide evidence to describe how they

responded to the introduction of green chemistth@mainstream A-level curriculum.

The study shows how the author designed an inteorerpackage aimed at helping
students understand the fundamental principleswedan the theory and practice of green
chemistry. The data generated by the applicatiamrmumber of research tools at different
points of the intervention were then analysed usintpeoretical framework and the 12
principles of green chemistry together with a caenpgntary assessment scheme developed

from other sources encountered in the literatundeve The effectiveness of the
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intervention package was tested by applying a moskedl in other research projects related

to curriculum evaluation.

The analysis of data found that students reactedpasitively to the introduction of green

chemistry as this raised significantly their insdra the subject. Green chemistry allowed
them to view chemistry with a new frame of mindwaling them to think more critically on

the effects of chemical products and chemical changn human health and the
environment. The green chemistry intervention dsfped in improving the chances of
students to further their studies in chemistry amdchoose a chemistry-related career.
Perhaps the best proof of this is the fact thatafrté@e students who had been involved in
the main intervention has chosen green chemistrastgess the quality and safety of
solvents used in the pharmaceutical industry asqidnis undergraduate research project
(leading to a degree in pharmaceutical scienc&h)s is just one concrete example of the

impact the green chemistry intervention had onesttsl participating in this project.

Above all, this study shows that the introductioh green chemistry in the A-level
curriculum is welcome by students as it includeséhaspects of science that are valued by
them in real-life situations and in different corte Evidence shows that green chemistry
has the potential to engage students with the subpeit gives a more positive picture of
chemistry, adds relevance, deals with contempogamyronmental issues and proposes a

new chemistry at the centre of sustainability.

The author hopes that this project served as a sh@dieicational contribution to the goals

of the decade 2005-2014 which had been declargdeoynited Nations as the ‘decade of

education for sustainable development’.
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Appendix 1

Pilot Intervention

Record of Activities (Year 2008-2009)

Session Date & Time | Theme Activities & Attendance
Seminar 1 Thu 06.11.08 | Students’ Attitudes towards Pre-test A
Learning Chemistry & Green
(11.00) Chemistly i (40 students)
Seminar 2 Fri 07.11.08 Students’ Un_derstanding of Pre-test B
(09.00) Green Chemistry Concepts (40 students)
Seminar 3 Wed 26.11.08 | SEMINAR: Students divided in 12 groups: teams Ato L.
(13.00) A General Introduction to Two PowerPoint Presentations
Green Chemistry * Introduction to Green Chemistry
» The 12 Principles of Green Chemistry
Slogan Competition
(38 students)
Seminar 4 Wed 03.12.08 | SEMINAR: PowerPoint Presentation
(13.00) Green Chemistry and Atom Worksheet 1
E
conomy (39 students)
Seminar 5 Wed 10.12.08 | SEMINAR: PowerPoint Presentation
(13.00) Green Chemistry and Fuel Worksheet 2
Cell
ers (35 students)
Seminar 6 Wed 17.12.08 | Follow up to Seminars 3, 4 Green Chemistry: Innovations for a Cleaner
(13.00) and 5. World (22-min video produced by the

Education & International Activities Division,
American Chemical Society, 2000).

Feedback + results of Slogan Competition.

Presentation of information/token pack to
students donated by Green Chemistry Centre
(York), Green Chemistry Institute (USA) and
Agenda bookshop (Junior College, Malta).

Launching of Students’ Seminars.
(35 students)
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Session Date & Time | Theme Activities & Attendance
Seminar 7 Wed 04.03.09 | SEMINAR: PowerPoint Presentation
(13.00) Green Chemistry and Liquid Worksheet 3
Carbon Dioxid
arbon Bioxide (32 students)
Seminar 8 Wed 11.03.09 | SEMINAR: PowerPoint Presentation
(13.00) Green Chemistry and Worksheet 4
D dable Plasti
egradable Plastics (39 students)
Seminar 9 Wed 18.03.09 | Students’ Research Seminar A | Presentations by teams B, E, I, K.
(13.00) (39 students)
Seminar 10 Tue 24.03.09 | Students’ Research Seminar B | Presentations by teams A, G, J, L.
(10.00) (38 students)
Seminar 11 Wed 25.03.09 | Students’ Research Seminar C | Presentations by teams D, F, H, (C).
(13.00) (34 students)
Seminar 12 Wed 22.04.09 | SEMINAR: Two PowerPoint Presentations
(13.00) Green Chemistry and *  Introducing Bio fuels
Biofuels *  Producing / Using Bioethanol
»  Producing / Using Biodiesel
Worksheet 5
(35 students)
Seminar 13 Wed 29.04.09 | A Green Chemistry Two hour Practical Session for half the class:
(13.00) Experiment (1): Synthesis and | teams A, B, C, D, E, F
' Analysis of Biodiesel
nalysis of Blodiese Laboratory Report
(20 students)
Seminar 14 Wed 06.05.09 | A Green Chemistry Two hour Practical Session for half the class:
(13.00) Experiment (2): Synthesis and | teams G, H, |, J, K, L
' Analysis of Biodiesel
nalysis ot Blociese Laboratory Report
(18 students)
Seminar 15 Fri.08.05.09 Students’ Attitudes on Post-test A
Learning Chemistry & Green
(09.00) Chemistry (37 students)
Seminar 16 Tue 12.05.09 | Students’ Understanding Post-test B
(10.00) (37 students)
Seminar 17 | Wed 13.05.09 | Follow up to Practical Short (22 minute) video on ‘Climate Change
(13.00) Sessions (Seminars 13 & 14). | and Biofuels’, produced by the National Non-

Review of Results,
Calculations & Conclusions.

Food Crops Centre (NNFCC), York, UK.
Results of Students’ Seminar Presentations.
(35 students)
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Session Date & Time | Theme Activities & Attendance
Session 18 Tue 12.05.09 | Focus Discussion Group X Discussion based on a number of issues
(09.00) related to Green Chemistry and Education.
(9 students)
Session 19 Fri 15.05.09 Focus Discussion Group Y Discussion based on a number of issues
(08.00) related to Green Chemistry and Education.
(7 students)
Session 20 Fri 15.05.09 Focus Discussion Group Z Discussion based on a number of issues
(09.00) related to Green Chemistry and Education.
(8 students)
Session 21 Fri 15.05.09 Celebration marking end of Pizza party attended by the Maltese sixth form
(16.00) Pilot Study. college Head of Chemistry Department
' (Subject Coordinator)
(36 students)
Session 22 Tue 19.05.09 | Conclusion Presentation of ‘Token of Participation’ to all
(09.00) students of Group 6A.

(38 students)
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Appendix 2

Main Intervention

Record of Activities (Year 2009-2010)

Session | Date Time | Theme Activities (& Attendance)
1. Wed 28-10-09 | 09:00 | Students’ Attitudes on Learning | Survey: Pre-test A1 for GC class.

Chemistry & Green Chemistry (33 students)
2. Tue 03-11-09 13:00 | Students’ Attitudes on Learning | Survey: Pre-test A1 for non-GC class.

Chemistry & Green Chemistry (36 students)
3. Wed 04-11-09 | 09:00 | Students’ Understanding of Survey: Pre-test B1 for GC class.

Chemistry / Green Chemistry (32 students)
4, Thu 05-11-09 | 12:00 | Students’ Understanding of Survey: Pre-test B1 for non-GC class.

Chemistry / Green Chemistry (35 students)
5. Wed 11-11-09 | 09:00 | CLASS SEMINAR: Students divided in 12 teams: H to Mg.

A General Introduction to PowerPoint Presentation

Green Chemistry Worksheet 1A

(32 students)

6. Wed 18-11-09 | 09:00 | CLASS SEMINAR: PowerPoint Presentation + Video Clips

The Twelve Principles of Slogan Competition

Green Chemistry (29 students)
7. Wed 25-11-09 | 09:00 | CLASS SEMINAR: PowerPoint Presentation

Green Chemistry and Atom Worksheet 2A

Economy (24 students)
8. Wed 02-12-09 | 09:00 | CLASS SEMINAR: PowerPoint Presentation

Green Chemistry and Fuel Worksheet 3A

Cells (31 students)
9. Wed 16-12-09 | 11:00 | CHRISTMAS SEMINAR: Video Clips (Fuel Cells)

End of Phase One Slogan Competition (Voting & Results)

Launching of Student Seminars
(29 students)

CHRISTMAS RECESS
19-12-2009 — 03-01-2010
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Session | Date Time | Theme Activities (& Attendance)
10. Wed 13-01-10 | 11:00 | CLASS SEMINAR: PowerPoint Presentation + Video Clips
Green Chemistry and Liquid | Worksheet 4A
Carbon Dioxide (29 students)
11. Wed 20-01-10 | 11:00 | CLASS SEMINAR: PowerPoint Presentation + Video Clips
Green Chemistry and Worksheet 5A
Degradable Plastics (31 students)
12. Wed 24-02-10 | 11:00 | CLASS SEMINAR: PowerPoint Presentation + Video Clips
Green Chemistry and Worksheet 6A
(Introduction to) Biofuels (30 students)
13. Wed 03-03-10 | 11:00 | STUDENTS’ RESEARCH Presentation by first six teams
SEMINAR Evaluation Sheet
Poster Presentation 1 (25 students)
14. Wed 10-03-10 | 11:00 | STUDENTS’ RESEARCH Presentation by second six teams
SEMINAR Evaluation Sheet
Poster Presentation 2 (29 students)
GREEN CHEMISTRY FOR A SUSTAINABLE FUTURE
Poster Exhibition held at the College Chemistry Department
Tue 16 March - Thur 15 April 2010
15. Wed 17-03-10 | 11:00 | CLASS SEMINAR: PowerPoint Presentation + Video Clips
Green Chemistry and Worksheet 7A
Biodiesel (30 students)
16. Wed 24-03-10 | 11:00 | CLASS SEMINAR: PowerPoint Presentation + Video Clips
Green Chemistry and Worksheet 8A
Biosynthesis of Ethanol (30 students)
EASTER RECESS
27-03-2010 - 11-04-2010
17. Tue 20-04-10 12:00 | GREEN CHEMISTRY A two hour practical session for GC
LABORATORY EXPERIENCE 1 | class. Students working in 12 teams
Producing & Analysing Laboratory Report
Biodiesel (30 students)
18. Tue 27-04-10 12:00 | GREEN CHEMISTRY A two hour practical session for GC
LABORATORY EXPERIENCE 2 | class. Students working in 10 teams
Producing a Biodegradable Laboratory Report
Bioplastic (26 students)
19. Tue 04-05-10 12:00 | Follow up to GC practical Discussion on results, calculations &
sessions conclusions.
(27 students)
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Session | Date Time | Theme Activities (& Attendance)
20. Tue 04-05-10 13:00 | Students’ Attitudes on Learning | Survey: Post-test A2 for GC class .
Chemistry & Green Chemistry (30 students)
21. Thu 06-05-10 09:00 | Students’ Attitudes on Learning | Survey: Post-test A2 for non-GC class.
Chemistry & Green Chemistry (36 students)
22. Thu 06-05-10 12:00 | Students’ Understanding of Survey: Post-test B2 for non-GC class.
Chemistry / Green Chemistry (36 students)
23. Tue 11-05-10 12:00 | Students’ Understanding of Survey: Post-test B2 for GC class.
Chemistry / Green Chemistry (30 students)
24, Fri 07-05-10 08:00 | Focus Discussion Group A Discussion based on a number of issues
(GC class) related to learning and understanding
chemistry and green chemistry.
(7 students)
25. Fri 07-05-10 09:00 | Focus Discussion Group B Discussion based on a number of issues
(GC class) related to learning and understanding
chemistry and green chemistry.
(7 students)
20. Mon 10-05-10 | 14:00 | Focus Discussion Group E Discussion based on a number of issues
(non-GC class) related to learning & understanding
chemistry.
(10 students)
27. Fri 14-05-10 08:00 | Focus Discussion Group C Discussion based on a number of issues
(GC class) related to learning and understanding
chemistry and green chemistry.
(9 students)
28. Fri 14-05-10 09:00 | Focus Discussion Group D Discussion based on a number of issues
(GC class) related to learning and understanding
chemistry and green chemistry.
(7 students)
29. Fri 14-05-10 12:00 | Focus Discussion Group F Discussion based on a number of issues
(non-GC class) related to learning & understanding
chemistry.
(7 students)
30. Fri 14-05-10 14:00 | Focus Discussion Group G Discussion based on a number of issues
(non-GC class) related to learning & understanding
chemistry.
(7 students)
31. Mon 24-05-10 | 09.00 | Conclusion Presentation of ‘Token of Participation’ +

book tokens to all students of GC class.
(30 students)
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The Green Chemistry Intervention Package

Appendix 3

(Main Study)

Session Date Title Type of Activity
1 Wed 11-11-09 | A General Introduction to Green Chemistry Classroom Seminar
2. Wed 18-11-09 | The Twelve Principles of Green Chemistry Classroom Seminar
3. Wed 25-11-09 | Green Chemistry and Atom Economy Classroom Seminar
» avoiding waste by applying the green
chemistry principle of atom economy
4. Wed 02-12-09 | Green Chemistry and Fuel Cells Classroom Seminar
» providing cleaner energy from renewable resources
instead of fossil fuels
5. Wed 16-12-09 | Christmas Seminar: Conclusion to Phase 1 Classroom Seminar
* launching of student seminars
*  green chemistry slogan competition
6. Wed 13-01-10 | Green Chemistry & Liquid Carbon Dioxide Classroom Seminar
» using safer solvents for chemical processes
7. Wed 20-01-10 | Green Chemistry and Degradable Plastics Classroom Seminar
»  design for degradation
8. Wed 24-02-10 | Introduction to Biofuels Classroom Seminar
» using renewable rather than depleting resources
9. Wed 03-03-10 | Students’ Poster Presentations — Part 1 Student Seminar
10. Wed 10-03-10 | Students’ Poster Presentations — Part 2 Student Seminar
1. Wed 17-03-10 | Green Chemistry and Biodiesel Classroom Seminar
» synthesis of biodiesel from renewable resources
12. Wed 24-03-10 | Green Chemistry and Bioethanol Classroom Seminar
»  biosynthesis of ethanol from sugar & other
carbohydrates
13. Tue 20-04-10 | Green Chemistry Laboratory Experience 1 Laboratory Session
» producing and analysing biodiesel from cooking oil
14. Tue 27-04-10 | Green Chemistry Laboratory Experience 2 Laboratory Session
»  producing a biodegradable bioplastic from potatoes
15. Tue 04-05-10 | Conclusion Classroom Seminar

* including follow-up to practical sessions
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Appendix 4

Seminar 1. General Introduction to Green Chemistry

Aims

. To launch the concept of green chemistry, presgntiras a novel way of doing
chemistry rather than a new branch of chemistry.

. To introduce the definition of green chemistry din#t the goals of green chemistry
with the goals of sustainability.

. To introduce some real life applications of grebaruistry.

. To make students aware that green chemistry is lmging taught and practised all

over the world.

Content of Presentation

The presentation starts with a reference to sontheomany products and benefits of the
chemical industry but also to some environmentdllupon problems resulting from the

activity of the same chemical industry. Studentsthhen be shown some short video clips
(less than 5 minutes each) to illustrate some laogde historical environmental disasters

which are often cited and tarnish the public petioapof chemistry.

Green chemistry is presented as one of the possihiions to address pollution problems
originating from the chemical industry. It is hdhat the definition of green chemistry is
launched. The tutor explains how the aims of grelkemistry overlap with those of

sustainability, and describes how green chemisteypowerful tool to achieve sustainability
of the world. The tutor then gives some concretargles of real world application of green

chemistry and concludes by listing a number of benen practising green chemistry.
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This presentation does not refer to any of the g finciples of green chemistry but a
simplified version of the set of concepts is in@ddin the first information handout

supplied to the students at the beginning of tieirs&r. The information sheet also makes
reference to some national / international orgdinisa and research centres working in
green chemistry, and gives examples of publicatengreen chemistry. It also includes a

list of websites related to green chemistry agtigiich as research and education.

Student Activity

The first activity for students involves a shoremise whereby each group has to write a
suitable alternative term to describe green cheynimbd then write also short phrases
summarising the main aims of green chemistry. &itglare also asked to indicate the part

of the presentation that the liked most in theodtrction to green chemistry.

Learning Outcomes

By the end of this introductory session, studehtaikl be able:

. to have a general idea about the aims of greenishrgrand sustainability;

. to relate green chemistry with a new and safer whydoing chemistry which
prevents hazards and pollution;

. to realise that green chemistry encourages crittwaking and careful planning of
chemical reactions and processes;

. to understand that green chemistry is not onlyritezal but is also practical.
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Appendix 5

Seminar 2: The 12 Principles of Green Chemistry

Aims

. To introduce and explain the theory behind eachthef 12 universally accepted
principles of green chemistry.

. To emphasise that these principles are to be redaad guidelines that need to be
observed by all chemists in order to ensure tHatremical processes and products

are clean and safe to human health and the envaoinm

Content of Presentation

The presentation starts with a reminder of thenitedn and aims of green chemistry and
then proceeds with an introduction to the 12 pples of chemistry which characterise
green and sustainable chemistry. The principleseaplained one by one, using both the
original text used by Anastas and Warner in thefienence text ‘Green Chemistry: Theory
& Practice’ (Anastas & Warner, 1998) and a simetifiversion in order to make it easier

for students to grasp the main concepts involved.

Students are then provided also with two acronyrsetve them as mnemonics and also to
help them visualise in a simpler way the main ideglsind the principles of green chemistry.
The presentation concludes by describing green islignas a sort of ‘reducing agent’
(borrowing the term used when dealing with the itiaaal concept of oxidation and
reduction) as the principles suggest that greemigtiey aims_to reduce a number of factors
involved in the production of chemicals such asi naaterials, energy requirements, the use

of hazardous and toxic reagents, pollutants andevpaieducts.
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Following the main presentation, the students de ahown selected parts of a video
‘Green chemistry: innovation for a cleaner worlgyblished by the American Chemical
Society, and short video clips featuring students professors of chemistry sharing some
ideas and their own experience of green chemisthe information sheet to be handed out
to students during this seminar includes both tigiral version, a simplified version and
a summary of the 12 principles of green chemisay,well as references for further

reading.

Student Activity

At the end of the seminar, students are invitedake part in a competition for the best
‘slogan’ for green chemistry. Each of the 12 geuwyd participating students will be

assigned one of the principles of green chemistdywaill be invited to create a short phrase
(slogan) representing the key message of the pleaivolved. In this exercise, students
will be encouraged to use simple language thatbsannderstood even by non-chemists.
The same students will later be asked to vote &odse the most favourite message after

being shown the 12 submitted slogans.

Learning OQutcomes

By the end of this session, students should be able

. to realise that green chemistry is inspired bytaotguidelines referred to as the ‘the
twelve principles of green chemistry’;

. to understand that the principles of green chegnigitm to reduce energy, material
resources, risks, waste and pollution;

. to realise that green chemistry is a smarter wagoaig chemistry which is however

not always easy to achieve.
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Appendix 6

Seminar 3: Green Chemistry & Atom Economy

Aims

. To focus on the green chemistry principle of ‘at@eonomy’ which is a way of
measuring the extent by which a chemical reactigracess is considered to be ‘green’.

. To show students how careful planning of a chemiealtion / process can be
rendered greener by creating less waste products.

. To relate the relatively new concept of ‘atom egogbwith ‘percentage yield’,
explaining that both need to be factored in to eat® the efficiency of a chemical

reaction / process.

Content of Presentation

The seminar starts with an introduction of the greleemistry principle of ‘atom economy’,
first proposed by Prof Barry Trost in 1991, whidrreed him the US Presidential Green
Chemistry Challenge Award in 1998. Students amarréed that not all chemical reactions
are equally efficient; many of them are indeed lyighefficient with a large proportion of
reactants ending up as waste products and cotgptat pollution. They are also told that
the objective of every chemical synthesis is toveonthe maximum amount of raw material
to the final product. Students are then remintiatl dtne way of measuring the success of a
chemical process was by calculating the percentagiel. Students are told that by
calculating the atom economy, one would measurerhaeh of the reactant atoms would be
converted into the desirable product. It is panbet that a reaction with a high percentage
yield may still produce a lot of waste. Hence stud learn that reaction efficiency is a

product of percentage yield and atom economy aaidtiie higher the overall efficiency the
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greener will the chemical reaction / process béeyTare also told of other considerations

which need to be taken in order to evaluate thee'lgness’ of a chemical reaction or process.

The information handout to be given to studentsustes the definition of related terms
such as reaction selectivity, yield, atom economg eeaction efficiency. It emphasizes
the importance of the application of such concéptsertain chemical industries dealing

with large volumes of chemicals which can therefawtentially produce a lot of waste.

Student Activity

The activity planned for the end of this seminangsts of a set of 12 different problems,
each comparing two separate reactions which protheesame chemical product. Each
group of students is assigned one of the problemahich they have to calculate the
percentage yield, atom economy and reaction efftgiefor each of the two synthetic
routes indicated. The group has then to decid¢hengreener (i.e. most efficient and

environmentally friendly) method of synthesizing fharticular target product.

Learning OQutcomes

By the end of this seminar, students should be able

. to understand the concept of atom economy andhpeitance to prevent pollution at
the molecular level (i.e. the planning stage ofrgwhemical reaction);

. to calculate the atom economy of a given reactiod ase it, together with
percentage yield, to calculate reaction efficieraryd compare the greenness of
different reactions;

. to recognise the importance of applying atom economhe chemical industry in

order to make better use of resources and gerlesst@vaste and pollution.
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Appendix 7

Seminar 4. Green Chemistry & Fuel Cells

Aims

. To explain how the operation of the fuel cell inved a number of green chemistry
principles.

. To explain the electrochemical process of the fiedl which generates electrical
power makes use of renewable raw materials withmducing any waste.

. To explain the current limitations in the applicatiof fuel cell technology.

Content of Presentation

The presentation starts with a reference to threergchemistry principles, namely ‘waste
minimisation’, ‘use of renewable resources’ ancreasing energy efficiency’. Students
are reminded that energy is traditionally produbgdcombustion of fossil fuels but this
creates pollution and contributes to global warmagart from making use of non-
renewable resources. The fuel cell is then preseas a green alternative source of energy

which is safer, renewable and non-polluting.

The tutor then goes into the detailed electrochieynad the fuel cell and refers to different
types of fuel cells that have been produced so fatudents learn that the overall redox
reaction of the fuel cell is similar to the comboistof hydrogen which produces water as the
only product and heat energy. In fact the onlynulsal product of fuel cells is warm water.
Students are also shown several applications diiéiecell (e.g. to power transport vehicles,
cellular phones and remote devices such as sp#icacdaweather stations). They will also

discuss some of the advantages and the main dlii€un the use of fuel cells such as the
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storage and continuous supply of hydrogen. Theeptaon concludes that the fuel cell is
one example of the use of renewable sources ofjygmvenich do not pollute, which also
represents one of the missions of green chemidbyring the seminar, students are also

shown video clips of the fuel cell in operationgddhe use of the hydrogen fuel cell in cars.

The information handout gives further details andgchms of fuel cells and makes
specific reference to their use in public transpord space shuttles. The information also
refers to different types of fuel cells, comparititeir applications, advantages and

disadvantages. The sheet also includes a ligfefences for further reading.

Student Activity

At the end of the seminar students are assigned avilvorksheet asking them to recall
important features of a fuel cell such as chenrgattions involved, the use of electrolytes
and classification. They are also asked about safntige applications of fuel cells and to

write a list of advantages and limitations in tise of fuel cells.

Learning OQutcomes

By the end of this session, students should be able

. to understand the green chemistry principles ireelw the operation of the fuel cell;

. to recognise that the electrochemical process wedblis greener compared to
combustion of fossil fuels;

. to realise the sustainability of producing cleaergg from renewable resources with
fuel cells providing one feasible option for futyg@wer generation and transport;

. to know that fuel cells are already in use;

. to recognise that there are still some limitationthe wider use of fuel cells.
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Appendix 8

Seminar 5: Green Chemistry & Liquid Carbon Dioxide

Aims

. To explain how carbon dioxide can be converted he liquid phase or to a
supercritical fluid under special conditions.

. To explain how liquid or supercritical carbon dideican be used by the industry in
place of other toxic solvents.

. To explain how the properties of liquid or supdrcal carbon dioxide make it an

ideal ‘green solvent’ in various industrial process

Content of Presentation

The presentation starts by highlighting the impatrigreen chemistry principle concerning
the use of safer solvents. It makes referencehéo ilnportance of solvents in the
production and purification of chemicals by the mieal industry. Students learn how
many of the solvents used are toxic and/or hazardad most of them are volatile and end
up being lost to the atmosphere. Reference is r@mdelist of commonly used volatile
organic solvents indicating also those that arectoxdangerous. Then, students are asked
to consider whether chemical processes can 3@l pgace in the absence of solvents or by
replacing toxic ones with harmless alternativeseyrare told that this is possible and that
one such harmless solvent which was recently fdone an ideal candidate to replace

toxic organic solvents is in fact liquid or supdical carbon dioxide.

Students could then compare the properties ofdigarbon dioxide with those of a toxic

organic solvent such as PERC (perchloroethyleng&,bR,2-tetrachloroethene) which is
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used in dry cleaning operations. The tutor thderseto the phase diagram of carbon
dioxide to explain the conditions required for carldioxide gas (or solid — dry ice) to be
converted to the liquid state or to a supercrititaild. Reference is also made to the
chemistry of detergency to explain how a specialase active agent was developed in
order to be able to switch from the toxic solveBRZ to non-toxic carbon dioxide in the

dry cleaning process.

During the presentation, students could view soneetwideos showing how liquid carbon
dioxide can be produced from dry ice and how thmeséquid carbon dioxide is used in
different industrial processes such as extractiolinmnene from orange peel and in dry

cleaning.

The information handout prepared for students seferthe phase diagram (which forms
part of the A-level chemistry curriculum) to explanow liquid or supercritical carbon
dioxide can be obtained from gaseous or solid .stitalso explains the new role of liquid
carbon dioxide as a green solvent and in moderncléigning operations, as well as in
other applications such as decaffeination of coffBeference is also made to other green

solvents, particularly water and ionic liquids ohigh research is still ongoing.

Student Activity

The student activity linked to this seminar corssist another exercise where students are
asked to answer several questions on the chenosistgmmonly used organic solvents and

the safer alternatives referred to in the presemtat They are also asked to explain the
conditions required to convert dry ice to carbooxdie and to explain terms used such as

surface active agent and green solvent. Studeaetsalao asked to list a number of
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advantages and disadvantages of using liquid /reufeal carbon dioxide over other

traditional solvents used in the chemical industry.

Learning Outcomes

By the end of this session, students should be able

. to be familiar with the use of the term ‘green ol and recognise the properties
which distinguish a green solvent from other cominpoised solvents;

. to interpret a phase diagram and use it to undetskeow carbon dioxide can be
converted from a gas (or solid) to the liquid gpeseritical fluid state;

. to know what makes carbon dioxide an ideal solwemdustry;

. to appreciate the important role of green solvéntsinimise waste and safeguard

human health and the environment.
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Appendix 9

Seminar 6: Green Chemistry & Degradable Plastics

Aims

. To underline the green chemistry principle ‘dedigndegradation’.

. To explain that plastic is usually made from nonewgable raw materials.

. To highlight the special properties of plastic whinake it widely used in everyday life.
. To highlight the problems associated with plastaste disposal.

. To introduce the chemistry involved in degradatidplastic.

Content of Presentation

The green chemistry principle ‘design for degramtdtis introduced at the beginning of
the presentation, stressing that one of the impbesns of green chemistry is to eliminate

the accumulation of waste in the environment.

Students will first look into different types, pregpies and uses of plastics and then discuss
some important advantages and disadvantages ofubeiwith respect to other materials.
They will then refer to the chemistry of polymetisa reaction which produces different
types of polymers which are usually difficult togidade after being used. Reference is
made to official statistics showing the amount lasc waste generated locally and the
amount collected for recycling purposes. Studkgasn that biodegradability could help to
solve the problem of plastic waste disposal. Atinision is then made between the
composition and disposal of biodegradable and mlegjiadable plastics. The presentation
concludes with a comparison between the severaradges and some disadvantages of

using degradable plastics with respect to the us@on-degradable plastic material.
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During the seminar students are shown a short vitipoconcerning recycling of plastic

and another one on the production of biodegradabktic made from corn flour.

The information sheet provided to students inclugésrences to problems associated with
plastic waste disposal and explains how, over #ersy researchers tried to address this
problem by developing different degradable plastaterials. It also refers to the difference
between photodegradation and biodegradation. Hmeldut also compares recycling of

plastic with biodegradability as two ‘green’ sotuts to address disposal of plastic waste.

Student Activity

At the end of the seminar, students are askedsdweamseveral questions on plastics related
to their use, chemical composition, classificatéonl waste disposal. They are also asked
what chemical features make certain plastics noddgradable and those making others
biodegradable. Students are also invited to coenpaivantages and disadvantages of
using biodegradable plastic and explain why grdemustry supports research into the use

of such degradable material.

Learning OQutcomes

By the end of this session, students should be able

. to understand how green chemistry addresses prslassociated with plastic waste;

. to know the chemical features that distinguish letw degradable and non-
biodegradable plastic;

. to recognise that biodegradation is a greener optith respect to other methods of
plastic waste disposal,

. to distinguish between advantages and disadvanitages of biodegradable plastic.
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Appendix 10

Seminar 5; An Introduction to Biofuels

Aims

. To give an overview of the expanding area of grebemistry which concerns
research on the use of alternative sources of griargrder to reduce reliance on
fossil fuels and minimise pollution.

. To distinguish between the different types of be$u

. To compare properties of biofuels with those dfiitianal fossil fuels.

Content of Presentation

The tutor presentation starts with a referencénéogreen chemistry principle concerning
the use of renewable resources. The tutor theimedethe term ‘biofuel’ and mentions
different raw materials which can be used to predswach biofuels. The tutor explains
why biofuels are considered as carbon dioxide atut8tudents are then introduced to the
classification of biofuels, giving some examplesdistinguish between first generation,
second generation and third generation biofuelshis Ppresentation ends by making
reference to some examples of biofuels used faspart following by a discussion on the
general advantages and disadvantages of usingelsotwer the traditional petroleum

based fuels.

The information handout given to students in tlesar refers to several examples of
organic materials that are useful for the productid biofuels. It also outlines the main
differences between the different classes of bisfudt also highlights some important

advantages and disadvantages in the use of biofuels
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Student Activity

The student activity linked to this seminar invavan exercise with a set of questions
directly related to the classroom presentation anldsequent discussion on biofuels.
Students are asked to give a definition of ‘biofust a number of commonly used
biofuels and raw material that could be convertedbiofuels. One question refers
specifically to one of the green chemistry prineipkhich concerns the use of non-
renewable resources. Students are also askedfecediiate between biofuels and fossil
fuels, and also to distinguish between first armbred generation biofuels. They are asked
to describe what a third generation biofuel is aothpare advantages with disadvantages

of using biofuels.

Students are also shown selected parts of a vBietuels and Climate Change’ produced

by the UK National Non-Food Crop Centre.

Learning Outcomes

By the end of this session, students should be able

. to recognise that biofuel production uses renewedileer than depleting resources;

. to realise that biofuels are generally less pailythan fossil fuels;

. to distinguish between the different types of b&$udepending on the raw materials
used for their production;

. to follow the ongoing debate on the pros and cdmsaxucing and using biofuels.

420



Appendix 11

Seminar 8: Green Chemistry & Biodiesel

Aims

. To explain composition, properties and productidrbiodiesel as one of the most
important biofuels in use to date.

. To differentiate between the chemical compositibpairodiesel and biodiesel.

. To explain the process involved that converts t#w material (oils / fats) into
biodiesel.

*  To show students how the use of biodiesel conebtwvwards a healthier and more

sustainable environment.

Content of Presentation

The presentation starts with a comparison betwleerchemical composition of petrodiesel
(a typical fossil fuel) and biodiesel (a renewablel). It refers to the raw material

required for its production and then explains thhemgistry involved in the

transesterification reaction which converts vedetalil (or animal fat) into a mixture of

methyl esters which make up biodiesel. Referescmade to the nature of reactants,
catalyst, main product and by-product involvedhrs treaction, comparing it to a similar
reaction (of which students are familiar) knowneaterification. Students are then shown
two short video clips, one showing the laboratooywersion of vegetable into biodiesel,
the other reviewing the chemistry of the transégtation reaction. Students are also
allowed to take part in the discussion with tutarsmme of the benefits and limitations in

the use of biodiesel, compared to petrodiesel.
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The information handout provides students with tinghlights of the presentation
including differences between properties of diegsetl biodiesel, and the conditions,
reactants and products of the transesterificatrocgss. It also reminds students of some

advantages and disadvantages in the use of bihdiese

Student Activity

At the end of the seminar students are asked a ewwfbquestions such as the basic
difference between the chemical composition ofqukésel and biodiesel, raw materials
required for biodiesel production, the type of teacinvolved, conditions of reaction and
the type of product and by-product formed. Stusl@n¢ also asked how ‘used cooking oil’
can also be recycled to produce this biofuel. They also invited to list a number of

advantages and disadvantages of using biodiedelr@spect to petrodiesel.

Learning Outcomes

By the end of this session, students should be able

. to realise that biodiesel is a green fuel made frenewable resources;

. to know that it is significantly different in cheoal composition from ordinary
diesel,

. to know that it is produced by a reaction knowrfteensesterification’ involving a
change from one type of ester into another;

. to recognise that producing and using biodieséleiseficial to the environment but
there are also some disadvantages (e.g. cost dugion and being unsuitable in

cold weather).
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Appendix 12

Seminar 5: Green Chemistry & Bioethanol

Aims

. To compare synthesis of ethanol from ethene (dérivem petroleum) with the
biosynthesis of ethanol from sugar.

. To explain how production of bioethanol underlimesumber of principles of green
chemistry.

. To explain why the biosynthesis of ethanol is cdesed as a greener process
compared to the catalytic hydration of ethane.

. To compare benefits with limitations in the prodoct and use of bioethanol,

compared to petrol.

Content of Presentation

The presentation starts by an overview of the plas of green chemistry which are
involved in the production and use of bioethanbhe tutor explains that bioethanol is the
most commonly used biofuel in the world and is uséter as a fuel in its pure form
(E100) or as a petrol additive for a smoother costiba (higher octane rating) and to

reduce toxic emissions.

Students learn that ethanol can be manufactureal large scale in one of three ways: by
hydration of ethane, by fermentation of sugars pifdrmentation from waste biomass.
Reference is made to the fact that worldwide prtdocof ethanol is largely based on
fermentation of crop biomass (93%) with Brazil do8A being the major producers of

bioethanol. The tutor then compares the two meahriques used to produce ethanol.
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Students learn how ethanol is usually produced ftatalytic hydration of ethene, the raw
material being obtained by the process of crackingetroleum (fossil fuel). On the other
hand they are also shown how bioethanol can beupestion a large scale by the process
of fermentation of sugar from various energy cropgse tutor refers to the conditions,
reagents, and chemical reactions involved in bottgsses. Reference is also made to
statistics showing an upward trend in the productibbioethanol across Europe over the
period 2004-2006. The tutor also explains how thiaeol could be alternatively be
produced from other biomass and waste materialdeBits will learn that the production
of bioethanol from such material involves the hygss of polysaccharides (such as
cellulose) and separation of sugars (by ion excharas two extra steps before the
fermentation step. They are also told how develmmn biotechnology has made it
possible to use genetically modified bacteria tovenst sugars obtained from biomass and
waste into ethanol. The presentation concludesdmparing several advantages with

some disadvantages in the use of bioethanol, cedparpetrol.

During this seminar students will also be given ¢hance to view two short video clips,
one concerning the conversion of corn into fuek thther showing production of

bioethanol from other organic matter (biowaste).

The information handout prepared for this seminglans why bioethanol is regarded as
a green fuel. It refers to the different raw miaierrequired and techniques used in the
manufacture of ethanol and bioethanol. It expldios/ bioethanol is the main biofuel

produced in America and used in the whole worldeRece is also make to a number of

advantages and disadvantages in the productionsandf bioethanol, compared to petrol.
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Student Activity

The worksheet which students are given at the dnthedo seminar asks a number of
guestions related to the presentation. Studente ba explain what features makes
bioethanol a ‘green fuel. They are asked to wdkemical equations to represent the
synthesis of ethanol from ethene and the fermemtaif glucose to produce bioethanol,
naming also the catalyst used for each reactidrey Bre also asked about the raw material
used in the preparation of bioethanol and to erplaims such as ‘energy crop’. Students
are also required to calculate the volume of carlioride produced (measured at s.t.p.)
upon burning in air one litre of alcohol. They #nen asked to name two alternative raw
materials that may be used to produce bioetharlti@two extra steps required for their
conversion to ethanol, compared to the conventidéerahentation of sugar from plants.
They also have to outline the advantages and disddges of using bioethanol as a petrol

substitute in cars.

Learning Outcomes

By the end of this session, students should be able

. to know that ethanol can be synthesized in thestrgibooth from renewable and non-
renewable resources;

. to recognise that fermentation of sugars is a greg@mocess when compared to
synthesis from ethene (obtained from petroleumiy, iasolves milder conditions and
the use of renewable raw material,

. to realise that bioethanol is a greener fuel coegbdo petrol, and can be used to
transport vehicles;

. to appreciate that there are benefits but also sinaebacks in the replacement of

petrol by bioethanol.
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Appendix 13

Green Chemistry Experiment 1
Producing and Analysing Biodiesel

Aims

. To demonstrate the application of the green cheyntinciple ‘using renewable
resources’.

. To give an opportunity to the students to practjsgen chemistry in the laboratory
making use of relatively harmless raw materialsafents to produce biodiesel.

. To allow students evaluate the efficiency of thansesterification reaction by
calculating the atom economy and percentage yield.

. To enable students to compare some of the propatibiodiesel with those of other

fuels.

Laboratory Procedure

The practical session is divided in two parts, firs involving the synthesis of biodiesel
and the second part dedicated to the analysiseoptbduct obtained in part A and of a

number of fuel samples provided.

In part A, students are required to prepare a sawifghe biofuel making use of the sample
of cooking oil provided together with methanol gmatassium hydroxide, and following a
simple procedure involving heating the mixture ttemperature of 5. On allowing to
stand, the product separates into two layers, émehiwh is crude biodiesel. This is then
separated by means of separating funnel and washextal times with distilled water to
remove any soap formed by a side reaction (alkdiydrolysis of ester). The freshly

prepared biodiesel is then transferred to a flaskveeighed.
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In part B, students have to carry out a numbeestiston their product (B1) and compare
observations and results with those obtained wiensame tests are carried out on
samples of petrodiesel (D), commercial biodies&?)(Bnd petrol (P). The tests involve

determination of density, pH, freezing point, cormsiitan and solubility in methanol.

Reporting Results & Calculations

In part A, students are required to calculate tbesdy of the vegetable oil provided and
that of the biodiesel produced, both measured@hrtemperature. Then from the results
obtained, students will calculate also the pergpntgield of biodiesel. They are also
required to calculate the atom economy of the &stesification and comment on reaction

efficiency.

The students then have to answer a number of questelated with the synthesis of
biodiesel such as whether they observed any chdvegesen the physical appearance of
the raw material and main product, how did theyaasothat a reaction had taken place and
why did biodiesel need to be washed with distilieter. They are also asked to calculate
the percentage vyield of a typical commercial praiducof biodiesel (using data provided).
They also have to state why biodiesel is considexegreener fuel with respect to

petrodiesel and one disadvantage of diesel oveodliesel (or mineral diesel).

In part B, students had to complete a table ofltes@mparing a number of properties of

the product obtained with those of the samplesielsfprovided. They are also expected

to make some inferences on the results obtainea fine various samples.
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Learning Outcomes

By the end of this session, students should be able

. to be familiar with the chemistry and conditions ‘tfansesterification’ which
converts vegetable oil to biodiesel,

. to work out the atom economy and percentage yieédreaction;

. to compare some of the properties of biodiesel witdse of other fuels;

. to recognise that biodiesel is produced from aweide resource and is a greener

fuel with respect to mineral diesel.
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Appendix 14

Green Chemistry Experiment 2
Producing a Biodegradable Bioplastic

Aims

. To demonstrate the application of two green cheyntinciples: ‘using renewable
resources’ and ‘designing for degradation’.

. To give an opportunity to the students to practjseen chemistry in the laboratory
by producing a biodegradable plastic from a rendsvedsource (potato tubers).

. To allow students to carry out simple tests on gheduct and comment upon its

biodegradability.

Laboratory Procedure

The experiment was divided into three parts, tha tionsisting of the extraction of starch
from potatoes, the second part involving conversibnpotato starch into a polymer

(bioplastic) and the last part concerning the asisalgf the product.

In the first part, students have to extract stdroim the potatoes provided using a very
simple technique requiring grating and grinding pdtatoes, adding water, mixing,
allowing mixture to stand, separating the starchdeganting and drying it by gentle
heating. In the second part, students are requirgatoduce two types of bioplastic, one
including glycerol as a plasticizer and the otherl@ding this plasticizer. They have to
boil two separate mixtures of starch, water anditedilacid for a few minutes, adding
glycerol to one of the mixtures and making surd tha resulting solution has a neutral
pH. The mixtures are then coloured differentlyingsgreen food colour for the mixture

including glycerol and red colouring matter for econd mixture. The mixtures are then
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poured onto separate petri dishes and allowed yoodit for a few days at room

temperature.

Reporting Observations & Results

The analysis part will be carried out in a weekisetto allow enough time for drying. The
samples will then be inspected for hardness andistamcy, and for their reactivity with
water, dilute acid / alkali and concentrated acadkAli. Then students have to determine
whether there were any differences between theeptiep of the green coloured plastic
(which included glycerol) and the red plastic prod(which had no glycerol). Students
also have to explain why they thought that the pobavas biodegradable and how could

they carry out a test to prove biodegradability.

The students will also have to answer a numbeupplementary questions concerning the
raw material and the polymerisation reactions nesglito produce plastics. They are also
asked to explain terms such as ‘biodegradable’ ‘aimglastic’. Students will have to

write a list of advantages and at least one disatdga of using such material. They also

have to name some uses of biodegradable plastics.

Learning Outcomes

By the end of this session, students should be able

. to distinguish between petroleum derived plastit bioplastics;

. to understand the green chemistry principle of egyddability;

. to realise that biodegradable plastic can be prediuc a safe way and disposed of
safely too;

. to relate some advantages and limitations in teeofi®iodegradable plastics.
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Appendix 15

List of computer slide shows used in main seminars

Introduction to green chemistry: pollution pretren and sustainability

(31 slides)

The twelve principles of green chemistry. (4des)

Green chemistry and atom economy. (40 slides)

Green chemistry and fuel cells. (45 slides)

Green chemistry and liquid carbon dioxide. ¢B&es)

Green chemistry and degradable plastics. (@8l

Green chemistry and biofuels. (37 slides)

Producing and using biodiesel. (25 slides)

Producing and using bioethanol. (26 slides)
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Appendix 16

List of video clips used during main seminars

SEMINAR: Introduction to Green Chemistry

Time (min:sec)

1. | Cuyohoga river fire, 1969 00:54

2. | Seveso disaster, 1976 03:53

3. | Bhopal gas tragedy, 1984 02:27

4. | Challenger disaster, 1986 04:33
SEMINAR: The 12 Principles of Green Chemistry

5. | Green chemistry: innovations for a cleaner world 20:00 (edited)

6. | Going green in chemistry: undergraduate, Uni@ggon, USA 01:36

7. | Professor Martyn Poliakoff, Univ of Nottinghabk 02:30

8. | Professor Terry Collins, Carnegie-Mellon UnigA) 01:28

9. | Professor Guy Bertrand, Univ of California Riide, USA 02:44
SEMINAR: Green Chemistry and Fuel Cells

10. | How fuel cells work 03:17

11. | Demonstration on the hydrogen fuel cell car 05:10

12. | Hydrogen fuel cell and fuel cell powered cars 03:42

13. | Hydrogen fuel cell electric bike 04:34
SEMINAR: Green Chemistry and Liquid Carbon Dioxide

14. | How to produce liquid carbon dioxide from dry ice 1:89

15. | How dry cleaning works 01:38

16. | Extracting limonene from orange peel using liguadoon dioxide 02:52

17.| Using liquid carbon dioxide in dry cleaning opeoat 01:44
SEMINAR: Green Chemistry and Degradable Plastics

18. | Producing biodegradable plastics from corn flowar(d Univ, Taiwan) 01:23

19. | Recycling of plastic (North Carolina, USA) 01:51
SEMINAR: Green Chemistry and Biofuels

20. | Biofuels and climate change (National Non-Food CZemtre, UK) 22:33 (edited)
SEMINAR: Green Chemistry and Biodiesel

21. | The chemistry of the transesterification reaction 1:56

22. | Converting vegetable oil to biodiesel 04:03
SEMINAR: Green Chemistry and Bioethanol

23. | Converting corn into fuel 01:59

24. | Producing bioethanol from cellulosic material @B:5

25. | Producing bioethanol from biowaste 02:41

26. | Ethanol: the hidden panacea (National Corn-to-eliResearch Centre, USA) 14:47
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Appendix 17

Student Seminar Presentations

(Main Study)

Green Chemistry Educational Project
Chemistry Department
Maltese Sixth Form College

Guidelines for Presentations

All work has to be related to the principles of Green Chemistry
discussed during seminars.

Each presentation may be delivered by one or more students (per
team) and should not exceed 10 minutes.

Each team is encouraged to produce and present:

(@) aPOSTER (size of standard chart, portrait format), with
appropriate captions and labelled illustrations, or

(b)  ashort PowerPoint (or alternative computer) PRESENTATION,
including not more than 12 slides (maximum 75 words per
slide), on the researched topic.

A hard copy (on A4-size paper) of poster / material used has to be
submitted to tutor before each presentation.

All material has to include:

. the title of the presentation;

. the name of all participants (team members);

. any sources of reference (websites, books, other literature).

Dateline for submission of material: Monday 16™ February 2010.

All material will be presented by teams during the student research
seminar sessions starting in the first week of March 2010.

mfc - 12/09
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Appendix 18

Students' Seminar Presentations 2010

Green Chemistry Educational Project 2009-10
Chemistry Department
Maltese Sixth Form College

Poster Presentation - Evaluation Sheet

Assign a mark next to each presentation by choosing one of the following score:
5 = excellent; 4 =very good; 3 =good; 2=fai rlygood; 1 = fair

Name: Team: Date:
Team Title of Poster Presentation Mark
H. Waste minimisation and the use of renewable resources

from organic substances.

He. Increasing energy efficiency by the use of green chemistry
processes.

Li. Maximising atom economy on an industrial scale.

Be. The production and use of degradable materials.

B. Ways of reducing pollution by applying green chemistry.

C. Using safer and non-hazardous solvents.

N. Biofuels as renewable energy resources.

0. The fuel cell and other ways of using non-hazardous

sources of energy.

F. The accumulation and prevention of toxic wastes.

Ne. Bioplastics from starch and from other renewable resources.

Na. Bhopal (India) - 1984.
How it occurred and what could have been done to prevent
this disaster from happening.

Mg. Living a healthier life by appreciating biodegradable plastics.
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Appendix 19
The Students’ Poster Exhibition

Students’ posters displayed in
exhibition “Green Chemistry — for a Sustainableureit
on 16th March 2010

435



Appendix 20

Chemistry Survey

Part A2

This test is intended solely for research purposes. No information given by the respondents will be
published without the prior consent of the participants in this educational project. This research
study is being carried out by Mr. M. Fenech Caruana in conjunction with the Department of
Educational Studies at the University of York (UK).

Section A: PERSONAL INFORMATION

1.

Name 2. Date

Age last birthday 4.  Group/ Class

School last attended before applying for JuGioitege.

State Secondary School [] Church Secondary Schoéll
Private Secondary Schodll Other [] Specify
(Please tickY] the appropriate box)

For how long (full scholastic years) have yoweretudying chemistry before
starting your A-level course at the Junior College?

0 years[] 1 year[] 2 yeard ] 3 year§]
More than 3 years 1  Specify
(Please tickv] the appropriate box.)

Do you intend to pursue further studies upoisiimg the Junior College?
Yes [] No [ Undecided_]

(Please tickv] the appropriate box)

If yes, please specify any course you wish to fello

University L1  Course:
MCAST [1 Course:
Other [ Course:

What other subjects (apart from Chemistry ansteSys of Knowledge) are you
studying at the Junior College?

Advanced level:

Intermediate level:
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Answer each question in sections B to D by circling the number corresponding to the statement that
indicates your opinion. Numbers are only used as codes and have nothing to do with marks.

Section B: CHEMISTRY AT SCHOOL

1. Atsecondary level, | always found chemistrpéointeresting.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

2. Chemical concepts are always abstract and dliffic understand.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

3.  Chemistry is more interesting and exciting i lboratory than in the classroom.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4
4. | study chemistry only to pass examinations gogkibly make it to university.
Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

5.  Studying chemistry has to be made more intergsti order to make it easier to

pass exams.
Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

6.  Studying chemistry improves your aptitudes i dther sciences.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4
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10.

Students perform better in other subjects i tthe well in chemistry.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

| do not regret having chosen chemistry as émeyoA-level subjects.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

Ways of teaching chemistry must change in otdeappeal more to students
living in today’s society.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

The chemistry curriculum needs to be updatedeptace some existing topics
with new ones to reflect better the present andréutontribution of chemistry to

society.
Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

Section C: CHEMISTRY AND SOCIETY

Chemistry contributes to the improvement ofdhality of human life.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4
Chemistry has a beneficial effect on the envirent.
Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4
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Chemistry is doing enough to control the promurctand release of toxic

substances on land, in the sea, or in the atmospher

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

Chemistry tries to protect the environment bgniifying possible sources of
pollution and treating pollutants, but it shoulddmng more than that.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4
Chemistry is still responsible for most enviremtal problems.
Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

Section D: CAREERS IN CHEMISTRY

1.

| want to pursue further studies in chemistryie@ving the Junior College.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

| intend to choose a career / profession inngivchemistry upon finishing my

studies.
Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

Showing how chemistry relates to everyday lifakes me more interested in

choosing a career / profession involving chemistry.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4
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4.  Studying ‘green chemistry’ makes me more integesn choosing a career /
profession involving chemistry.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4
5. Ifind it hard to imagine myself have a careprdfession involving chemistry.
Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

Section E: GREEN CHEMISTRY AS PART OF SCHOOL CHEMISTRY

Read the following paragraph and then answer the questions in sections E and F by circling the
number corresponding to the statement that indicates your level of agreement.

Green chemistry, which is sometimes known also as ‘sustainable chemistry’ refers to the design and
introduction of chemical products and processes that reduce or eliminate the use and production of
substances that are hazardous to human health or the environment. It encourages the use of
environmentally friendly and safer chemicals and chemical processes that: reduce waste, eliminate the
need for costly treatment of pollutants, produce safer products and reduce the use of energy and
resources. Green chemistry is therefore regarded as ‘preventive medicine’ for the environment.

1. It is important to start promoting the basicnpiples of green chemistry in
secondary and post-secondary schools.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

2.  Green chemistry helps us change the wrong peocepf people that chemistry is
the main cause of environmental hazards.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4
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Students are generally more interested in lagriaibout green chemistry than
about more traditional topics.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

Studying green chemistry makes me more intedeste studying general
chemistry.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

Practical work can be more useful and intergsifirdesigned to illustrate green
chemistry principles.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

It is more important to study the foundationchbémistry than to introduce green
chemistry in secondary schools.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

Green chemistry is a fundamental area of cheynastd should be considered in
future examination syllabi and examination papers.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

The best way to introduce green chemistry t@vel students is by studying it as
a separate topic.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4
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10.

11.

12.

Green chemistry is ideally integrated in thegoamme of studies in different
stages throughout the A-level programme.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

The best way of demonstrating green chemistngiples is by designing relevant

practical sessions.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

Adding the principles of green chemistry toadmeady vast examination syllabus
would make it harder for students to pass the A&llexamination in Chemistry.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

It is useless studying green chemistry for ¥eleif there are yet no suitable

textbooks and educational resources available.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

Section F: VIEWS OF GREEN CHEMISTRY

1.

| think | have a good understanding of what igant by ‘environmental

chemistry’.
Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

442




| think | have a good understanding of what eant by ‘green chemistry’.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

‘Environmental chemistry’ and ‘green chemisiayé pretty much the same thing.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

‘Green chemistry’ is just a more catchy term‘@mvironmental chemistry’.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4
Green chemistry is a new dimension of envirortaleznemistry.
Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4
Green chemistry tries to prevent pollution befibistarts.
Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

Increasing awareness and practice of green shtymiould have a positive
impact on the quality of our lives.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4
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10.

11.

12.

13.

Learning about green chemistry increases thel vawareness of students about

environmental problems.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

Green chemistry is vital in securing a sustdmélture for the next generations.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

Green chemistry principles address environnhgmtédblems by using a new and

more effective approach.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

A sound background knowledge of general cheyistneeded to understand the

role of green chemistry.

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

Investing in green chemistry research is agsafie® to a healthier future

civilisation.
Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4
The principles of green chemistry are diffidolapply.
Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4
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14. Green chemistry consists of a set of dreantscranever be implemented by the

15.

16.

industry.
Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4
Green chemistry principles are too expensivegetased widely.
Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4

Chemistry can never be rendered ‘green’ as iadmprocesses always consume

huge amounts of energy and create some form afitpail

Strongly disagree Disagree Neither agree nor Agree Strongly agree
disagree
0 1 2 3 4
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Appendix 21

Chemistry Survey

Part B2

This test is intended solely for research purposes. No information given by the respondents will be
published without the prior consent of the participants in this educational project. This research
study is being carried out by Mr. M. Fenech Caruana in conjunction with the Department of
Educational Studies at the University of York (UK).

Section A: PERSONAL INFORMATION

1. Name 2. Date

3.  Age last birthday 4. Group/ Class

5.  School last attended before applying for Ju@ioltege.
State Secondary School [] Church Secondary Schoall
Private Secondary Schoadll Other L] Specify

(Please tickv] the appropriate box)

6. For how long (full scholastic years) have yoerbstudying chemistry before starting
your A-level course at the Junior College?

0 years[] 1 year[] 2 yearsg | 3 year§]
More than 3 years ]  Specify

(Please tickv] the appropriate box.)

7. Do you intend to pursue further studies uporsfiimg the Junior College?
Yes [ No [ Undecided_]
(Please tickv] the appropriate box)
If yes, please specify any course you wish to fello
University L1  Course:
MCAST [1 Course:
Other [ Course:

8. What other subjects (apart from Chemistry andteSys of Knowledge) are you
studying at the Junior College?

Advanced level:

Intermediate level:
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Section B: UNDERSTANDING GREEN CHEMISTRY CONCEPTS

(@) Pollution can be prevented in a number ofjsvaSuggest THREE measures
which may be taken in order to minimise or prevamtironmental pollution.

(b) What do you understand by the phrase ‘poliufioevention at the molecular
level'?

How do you feel about your answer to question 1?

Very unconfident | Unconfident | Neither confident nor unconfident | Confident | Very Confident

1 2 3 4 5

(Circle the number corresponding to your levetoffidence.)

Ethanol reacts with ethanoic acid to producgleithanoate (an ester) and water.
C:HsOH + CHCOOH =— CHCOOGHs + HO

(@) If 65 g of the ester are obtained startingnfeé6 g (1 mole) of ethanol and 60 g
(1 mole) of ethanoic acid, calculate the ‘perceatgigld’ in this reaction.

(b) Explain what is meant by the term ‘atom ecopom

(c) Work out the  atom economy’ of the above teac

How do you feel about your answer to guestion 2?

Very unconfident | Unconfident | Neither confident nor unconfident | Confident | Very Confident

1 2 3 4 5

(Circle the number corresponding to your levetonfidence.)
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A given amount of pure substance X may be swibd using one of the following
techniques:

Technique A: uses small amounts of substances, F and G, lsatly lexpensive and
hazardous reagents, and distilled water.

Technique B: uses large amounts of substances H and |, bethgbrelatively
cheap and non-hazardous, and distilled water.

Technique C: uses small amounts of substance F and G (expemsizardous) and
significant amounts of solvent W (inexpensive) wrgdighly inflammable.

Which of the three techniques A, B, and C would ghoose? Technique:
Give a reason for your answer.

How do you feel about your answer to question 3?

Very unconfident | Unconfident | Neither confident nor unconfident | Confident | Very Confident

1 2 3 4 5

(Circle the number corresponding to your levetoffidence.)

A new chemical substance Y has been designed tiesearch laboratory. The
substance may have the following features:

(A) [ low toxicity, high specificity (i.e. highly efféige for its target application);
(B) [ low toxicity, low specificity;

(C) 0 high toxicity, high specificity;

(D) [ high toxicity, low specificity;

(E) [ unknown toxicity, high specificity, lowest cosiiqe.

Which of the above do you think would have thet Ise$ of requirements for future
use by the chemical industry?

(Please tick¥7the appropriate box)
Give a reason for your answer.

How do you feel about your answer to guestion 47

Very unconfident | Unconfident | Neither confident nor unconfident | Confident | Very Confident

1 2 3 4 5

(Circle the number corresponding to your levetonfidence.)
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(@) Many solvents used in laboratories or byitlkestry are hazardous and highly
toxic. Name TWO solvents that are either hazasdw toxic, or both.

(b) Explain what is meant by the term ‘green sotyeiving an example.

How do you feel about your answer to question 5?

Very unconfident | Unconfident | Neither confident nor unconfident | Confident | Very Confident

1 2 3 4 5

(Circle the number corresponding to your levetonfidence.)

Lots of energy is consumed everyday in every @iathe world. Producing energy is
expensive and contributes to environmental polfutio

One example of a clean form of energy is that jolexy by the ‘fuel cell’.
(&) Explain the chemistry involved when a ‘fuell’ae operating.

(b) Name TWO advantages of fuel cells over tradai sources of energy.

How do you feel about your answer to question 6?

Very unconfident | Unconfident | Neither confident nor unconfident | Confident | Very Confident

1 2 3 4 5

(Circle the number corresponding to your levetonfidence.)
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7.

Fuel prices are generally high because fuelsharmally produced from crude oil
(petroleum) which is considered as a non-renew@bldepleting) source of energy.
People are now using also alternative fuels (ddbéfuels’) made from ‘renewable
feedstocks’.

(@) Explain what is meant by ‘renewable feedsthaksing ONE example.

(b) Give ONE example of a ‘biofuel’ and ONE addlital advantage of biofuels
over fossil fuels.

Example of biofuel:

Additional advantage:

How do you feel about your answer to question 7?

Very unconfident | Unconfident | Neither confident nor unconfident | Confident | Very Confident

1 2 3 4 5

(Circle the number corresponding to your levetoffidence.)

A particular drug was synthesised using Methadwlving:
* 5 major reactions
» atotal of 12 different reagents
* 6 different solvents.

Research chemists found a new way, Method B, adfyming the same drug using:
* only 3 major steps
» 7 different reagents
e only 2 solvents.

(@) Name TWO possible benefits, if any, of usilhg hew method B which
involves the use of less derivatives.

(b) Name TWO other considerations one would maierke deciding that method
B is better than method A for industrial production

How do you feel about your answer to question 8?

Very unconfident | Unconfident | Neither confident nor unconfident | Confident | Very Confident

1 2 3 4 5

(Circle the number corresponding to your levetonfidence.)
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10.

A ‘catalyst’ is a substance which speeds upemtal process without itself being
used up at the end of the overall reaction.

Catalysts are considered more environmentallydiiethan stoichiometric reagents
(i.e. the other reagents that react completelynduai reaction).

(@) Give TWO reasons why catalysts are more ‘benig the environment than
other reagents.

(b) Give ONE example of a catalysed reaction tizat be used commercially to
replace the synthesis of ethanol from ethene.

How do you feel about your answer to question 9?

Very unconfident | Unconfident | Neither confident nor unconfident | Confident | Very Confident

1 2 3 4 5

(Circle the number corresponding to your levetonfidence.)

One way of reducing waste is through recyclintgowever some useful materials
such as plastics are rather difficult to be reaycl®©ne method of dealing with the
huge amounts of plastic waste is to design ‘bicaéagiole’ polymers (biopolymers).

(@) Explain what is meant by ‘biodegradable’ ptast

(b) In what ways will the production of biopolynsehelp in safeguarding a
healthier environment?

How do you feel about your answer to question 107

Very unconfident | Unconfident | Neither confident nor unconfident | Confident | Very Confident

1 2 3 4 5

(Circle the number corresponding to your levetonfidence.)

451



11.

12.

A chemical process consunmere time, energy and resources, and generateg
pollution unless specific measures are taken.

What needs to be done to ensure that a partichlemical process (which may
involve several chemical reactions) would not pealhigher quantities of hazardous
by-products than what is expected?

How do vyou feel about your answer to question 117?

Very unconfident | Unconfident | Neither confident nor unconfident | Confident | Very Confident

1 2 3 4 5

(Circle the number corresponding to your levetofffidence.)

In 1984, an accidental release of a highlydexibstance (methyl isocyanate) from a
pesticide plant in Bhopal, India, killed about 4)00eople within a short time and
injured tens of thousands who had to receive halspigatment. Similar industrial
accidents do occasionally happen and create emagntal disasters.

In order to prevent such accidents, chemists mast to:

(A) [ possibly use a narrower range of chemicalsduasiry;
(B) [ possibly use lower amounts of chemicals per prioloic
(C) U possibly use only non-toxic, non-hazardous reagent
(D) [ possibly reduce pollution at the source;

(E) [ possibly avoid the use of high temperatures arsdgures.
(Please ticki7the appropriate box/es)

Give a reason for your choice.

How do you feel about your answer to guestion 12?

Very unconfident | Unconfident | Neither confident nor unconfident | Confident | Very Confident

1 2 3 4 5

(Circle the number corresponding to your levetonfidence.)
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13. Explain in your own words what is meant by &rehemistry’?

14. There are twelve principles of green chemigiigt highlight important chemical
concepts that need to be practised in order t@aafd a sustainable environment for
future generations. Briefly explain ANY THREE obietse principles:

15. Give ONE practical example of how the humanlisation can benefit from green
chemistry.
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Appendix 22

Project: Greening the Chemistry Curriculum
in Maltese Educational Institutions

Focus Group Discussion Plan - 2010

Students’ attitudes and understanding of chemistry green chemistry concepts

MAIN FOCUS

in the advanced level chemistry curriculum

Introduction

Explain the ‘rules of the game’ — set of simjistructions on how to make the best
out of the session by keeping focus on issues lgtyissed.

2. The importance of expressing oneself as freelyossible.

3.  Use of voice recorder + camera, and data protect

4.  Encourage participation of all members of theugr

Ice-breaker

5. Students introduce themselves (e.g. name, tgcdtimily, previous school, main

interests or hobbies, current studies, aspiratiomgte ambitions, etc.).

Stimuli Cards (include statement in italics for green-chemistriugents)

6.

Tutor reads out the following statements, eachtgd on a separate card.
Participants then decide whether they agree owithteach statement by sticking on
a coloured label on which they write their codeiti@s). A green label means
agreement while a red label implies disagreememhe student may choose not to
use any label if s/he is undecided on a partiagkare.

Statement 1: Chemistry can make the difference in the quality of our lives.

Green chemistry aims to improve safety in human health and the
environment.

Statement 2: Chemistry was instrumental in the progress achieved by mankind.

Studying green chemistry has become increasingly important.

Statement 3: Chemistry is doing nothing to address the environmental problems it has

created in the past.

Green chemistry safeguards future generations from past mistakes.
With green chemistry, students acquire a more positive picture of
chemistry.

Statement 4: The A-level chemistry programme is no longer relevant to everyday life.

Chemistry would become more relevant to us if one understands the
basics of green chemistry.

Statement 5: More than ever, the world today needs people studying and doing

research in chemistry.
Green chemistry should only be studied at university level or
limited to research work.
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Statement 6:

Statement 7:

Statement 8:

Statement 9:

Statement 10:

Statement 11:

Statement 12:

7.  Tutor and participants then sort out statemaat®rding to labels and then choose 3
cards with the highest no. of green labels (showmgsensus) and another 3 with the

Studying chemistry at secondary level (for O-level exam) was far more
enjoyable than studying it at sixth form level (for Intermediate or A-
level exams).

Green chemistry gives an extra motivation to students to study and
specialise in chemistry.

The A-level chemistry curriculum is overburdened with unnecessary
topics and activities.

Green chemistry concepts should not be presented as a separate
topic but integrated in the main A-level chemistry programme.

Chemistry is a science subject that no longer appeals to the younger
generation.

Chemistry would become increasingly popular with the inclusion of
green chemistry topics.

Learning chemistry would become more interesting with the inclusion
of environmental topics.

There is room for green chemistry concepts in the A-level chemistry
curriculum.

Understanding key chemistry concepts depends mostly on the teaching
approach and facilities available to students.

Green chemistry principles are relatively simple and
straightforward to understand.

Learning chemistry at this level helps students understand better the
crucial role of chemistry for a sustainable future.

Hence, green chemistry should be made compulsory and examinable
at sixth form level.

More emphasis should be laid on laboratory work in A-level chemistry.
One concrete way of illustrating green chemistry principles is by
introducing green chemistry experiments in the A-level chemistry
programme of studies.

highest no. of red labels (showing disagreement).

8.  Tutor and participants then discuss one issueqgfothe six chosen) at a time.

Conclusion

9. Tutor asks participants (depending on time ramg) whether they would like to

add anything to what was already stated or whetieyr wanted to discuss any of the
remaining statements. At this point, students @lag share their general views on

the introductory programme in green chemistry whiay had just been involved.

10. Presentation of a gift pack (including matefriaim the UK Green Chemistry Centre
and some stationery items) to each participant.

Mario Fenech Caruana
May 2010
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Chemistry Survey (Part A) Results

Appendix 23

ACTUAL COUNT

Table 1: Results from Chemistry Survey (Part A — 8ction B)

AGREEING DISAGREEING NEUTRAL
(%) (%) (%)
ltem Group Pre-test A1 | Post-test A2 | Pre-test A1 | Post-test A2 | Pre-test A1 | Post-test A2
Bl GC 23 16 2 1 8 13
non-GC 30 22 2 5 4 S
B2 GC 1 2 17 13 15 15
non-GC 4 4 15 18 17 14
B3 GC 10 10 11 7 12 13
non-GC 9 10 11 10 16 16
B4 GC 5 9 25 16 3 5
non-GC 8 13 24 17 4 6
B5 GC 19 21 5 3 9 6
non-GC 29 30 3 1 4 5
B6 GC 30 27 1 0 2 3
non-GC 30 29 3 1 3 6
B7 GC 15 13 5 6 13 11
non-GC 11 13 7 5 18 18
B8 GC 28 23 2 2 3 5
non-GC 31 21 0 7 5 8
B9 GC 20 18 3 1 10 11
non-GC 21 28 4 2 11 6
B10 GC 22 22 2 5 9 3
non-GC 23 29 0 1 13 6
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Appendix 23 (continued)

Table 2: Results from Chemistry Survey (Part A — 8ction C)

AGREEING DISAGREEING NEUTRAL
(%) (%) (%)
Item Group Pre-test Post-test Pre-test Post-test Pre-test Post-test
Al A2 Al A2 Al A2
C1 GC 23 25 2 0 8 5
non-GC 29 31 3 2 4 3
C2 GC 21 17 3 4 9 9
non-GC 25 21 1 1 10 14
C3 GC 4 6 13 16 16 8
non-GC 8 7 19 21 9 8
C4 GC 28 24 1 0 4 6
non-GC 29 29 0 0 7 7
C5 GC 19 16 6 4 8 10
non-GC 20 24 6 2 10 10
Table 3: Results from Chemistry Survey (Part A — 8ction D)
AGREEING DISAGREEING NEUTRAL
(%) (%) (%)
Item Group Pre-test Post-test Pre-test Post-test Pre-test Post-test
Al A2 Al A2 Al A2
D1 GC 28 23 0 5 5 2
non-GC 30 26 3 6 3 4
D2 GC 30 24 0 3 3 3
non-GC 28 23 4 4 4 9
D3 GC 26 23 2 4 5 3
non-GC 29 24 2 7 5 5
D4 GC 17 14 2 6 14 10
non-GC 17 14 10 11 9 11
D5 GC 4 2 24 18 5 10
non-GC 1 11 29 14 6 11
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Table 4: Results from Chemistry Survey (Part A — 8ction E)

Appendix 23 (continued)

AGREEING DISAGREEING NEUTRAL
(%) (%) (%)
Item Group Pre-test Post-test Pre-test Post-test Pre-test Post-test
Al A2 Al A2 Al A2
El GC 31 28 0 1 2 1
non-GC 30 31 4 1 2 4
E2 GC 21 24 0 1 12 5
non-GC 24 25 3 4 9 7
E3 GC 16 14 4 6 13 10
non-GC 13 10 7 9 16 17
E4 GC 19 13 4 5 10 12
non-GC 16 20 13 10 7 6
ES5 GC 19 25 1 1 13 4
non-GC 22 25 5 3 9 8
E6 GC 9 9 11 8 13 13
non-GC 12 11 13 10 11 15
E7 GC 21 16 4 7 8 7
non-GC 24 22 3 4 9 10
E8 GC 17 13 8 11 8 6
non-GC 14 21 12 9 10 6
E9 GC 14 19 6 3 13 8
non-GC 14 17 3 6 19 33
E10 GC 29 27 0 2 4 1
non-GC 31 28 0 1 5 7
E1ll GC 14 17 6 7 13 6
non-GC 24 25 8 4 4 7
E12 GC 7 14 18 13 8 3
non-GC 16 20 10 5 10 11
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Appendix 23 (continued)

Table 5: Results from Chemistry Survey (Part A — 8ction F)

AGREEING DISAGREEING NEUTRAL
(%) (%) (%)
Item Group Post-test A2 Post-test A2 Post-test A2
F1 GC 27 0 3
non-GC 20 5 11
F2 GC 30 0 0
non-GC 16 6 14
F3 GC 9 9 12
non-GC 9 11 16
F4 GC 9 10 11
non-GC 14 7 15
F5 GC 19 0 11
non-GC 18 2 16
F6 GC 26 2 2
non-GC 23 5 10
F7 GC 29 @) 1
non-GC 30 1 5
F8 GC 28 0 2
non-GC 33 0 3
F9 GC 27 0 3
non-GC 30 0 6
F10 GC 27 0 3
non-GC 22 1 13
F11 GC 20 2 8
non-GC 22 2 12
F12 GC 26 0 4
non-GC B2 0 4
F13 GC 3 17 10
non-GC 8 9 19
F14 GC 2 22 6
non-GC 7 16 13
F15 GC 4 13 13
non-GC 14 5 17
F16 GC 3 19 8
non-GC 14 8 14

459




Chemistry Survey (Part A) Results

Appendix 24

PERCENTAGE SCORES

Table 1: Results from Chemistry Survey (Part A — 8ction B)

AGREEING (%)

DISAGREEING (%)

NEUTRAL (%)

Item Group Pre-test Post-test Pre-test Post-test Pre-test Post-test
A1 A2 A1 A2 A1 A2
Bl GC 69.7 53.3 6.1 £ 24.4 43.3
non-GC 83.3 61.1 5.6 13.8 111 25.0
B2 GC 3.0 6.7 51.5 43.3 45.5 50.0
non-GC 11.1 111 41.7 50.0 47.2 38.9
B3 GC 30.3 33.3 gele 23.3 36.4 43.3
non-GC 25.0 27.8 30.6 27.8 44.4 44 .4
B4 GC 15.2 30.0 75.8 53.3 9.1 16.7
non-GC 22.2 36.1 66.7 47.2 111 16.7
B5 GC 57.6 70.0 15.2 10.0 27.2 20.0
non-GC 80.6 83.3 8.3 2.7 11.0 13.9
B6 GC 90.9 90.0 3.0 0 6.1 10.1
non-GC 83.3 80.6 8.3 2.8 8.3 16.7
B7 GC 45.5 43.3 15.2 20.0 39.4 36.7
non-GC 30.6 36.1 194 13.9 50.0 50.0
B8 GC 84.8 76.7 6.1 6.7 9.1 16.7
non-GC 86.1 58.3 0 19.4 13.9 22.2
B9 GC 60.6 60.0 9.1 £ 30.3 36.7
non-GC 58.3 77.8 111 5.6 30.6 16.7
B10 GC 66.7 73.3 6.1 16.7 27.3 10.0
non-GC 63.9 80.6 0 2.8 36.1 16.7
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Appendix 24 (continued)

Table 2: Results from Chemistry Survey (Part A — 8ction C)

AGREEING DISAGREEING NEUTRAL
(%) (%) (%)
Item Group Pre-test Post-test Pre-test Post-test Pre-test Post-test
Al A2 Al A2 Al A2

C1 GC 69.7 83.3 6.1 0 24.3 16.6

non-GC 80.6 86.1 8.3 5.6 111 8.3
C2 GC 63.6 56.7 9.1 13.3 27.3 30.0

non-GC 69.4 58.3 2.8 2.8 27.8 38.9
C3 GC 12.1 20.0 39.4 53.3 48.5 26.7

non-GC 22.2 19.4 52.8 58.3 25.0 22.2
C4 GC 84.8 80.0 3.0 0 12.1 20.0

non-GC 80.6 80.6 0 0 19.5 19.5
C5 GC 57.6 53.3 18.2 13.3 24.3 33.3

non-GC 55.6 66.7 16.7 5.6 27.8 27.8

Table 3: Results from Chemistry Survey (Part A — 8ction D)

AGREEING DISAGREEING NEUTRAL
(%) (%) (%)
Item Group Pre-test Post-test Pre-test Post-test Pre-test Post-test
Al A2 Al A2 Al A2

D1 GC 84.8 76.7 0 16.7 15.1 6.7

non-GC 83.3 72.2 8.3 16.7 8.4 111
D2 GC 90.9 80.0 0 10.0 9.1 10.0

non-GC 77.8 63.9 111 111 111 25.0
D3 GC 78.8 76.7 6.1 13.3 15.2 10.0

non-GC 80.6 66.7 5.6 194 13.9 13.9
D4 GC 51.5 46.7 6.1 20.0 42.4 33.3

non-GC 47.2 38.9 27.8 30.6 25.0 30.5
D5 GC 12.1 6.7 72.2 60.0 15.2 33.3

non-GC 2.8 30.6 80.6 38.9 16.7 30.6
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Appendix 24 (continued)

Table 4: Results from Chemistry Survey (Part A — 8ction E)

AGREEING DISAGREEING NEUTRAL
(%) (%) (%)
Item Group Pre-test Post-test Pre-test Post-test Pre-test Post-test
Al A2 Al A2 Al A2
El GC 93.9 93.3 0 3.3 6.1 3.3
non-GC 83.3 86.1 111 2.8 5.6 11.1
E2 GC 63.6 80.0 0 3.3 36.4 16.7
non-GC 66.7 69.4 8.3 111 25.0 19.5
E3 GC 48.5 46.7 12.1 20.0 39.4 33.3
non-GC 36.1 27.8 13.9 25.0 44.5 47.2
E4 GC 57.6 43.3 12.1 16.7 30.3 40.0
non-GC 44.4 55.6 36.1 27.8 19.4 16.4
ES GC 57.6 83.3 3.0 3.3 39.4 13.3
non-GC 61.1 69.4 13.9 8.3 25.0 22.2
E6 GC 27.3 30.0 33.3 26.7 39.4 43.3
non-GC 33.3 30.6 36.1 27.8 30.5 41.7
E7 GC 63.6 53.3 12.1 23.3 24.2 23.3
non-GC 66.7 61.1 8.3 111 25.0 27.8
ES8 GC 51.5 43.3 24.2 36.7 24.2 20.0
non-GC 38.9 58.3 33.3 25.0 27.8 16.7
E9 GC 42.4 63.3 18.2 10.0 39.4 26.7
non-GC 38.9 47.2 8.3 16.7 52.7 36.1
E10 GC 87.9 90.0 0 6.7 12.1 3.3
non-GC 86.1 77.8 0 2.8 13.9 19.4
Ell GC 42.4 56.7 18.2 23.3 39.4 20.0
non-GC 66.7 69.4 22.2 111 111 19.4
E12 GC 21.2 46.7 54.5 43.3 24.2 10
non-GC 44.4 55.6 27.8 13.9 27.8 30.6
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Appendix 24 (continued)

Table 5: Results from Chemistry Survey (Part A — 8ction F)

AGREEING DISAGREEING NEUTRAL
(%) (%) (%)
Item Group Post-test A2 Post-test A2 Post-test A2
F1 GC 90.0 0 10.0
non-GC 55.6 13.9 30.5
F2 GC 100.0 0 0
non-GC 44 .4 16.7 38.8
F3 GC 30.0 30.0 40.0
non-GC 25.0 30.5 44.4
F4 GC 30.0 33.3 36.7
non-GC 38.9 194 41.7
F5 GC 63.3 0 36.7
non-GC 50.0 5.6 44.4
F6 GC 86.7 6.7 6.7
non-GC 63.9 8.3 27.7
F7 GC 96.7 0 3.3
non-GC 83.3 2.8 13.9
F8 GC 93.3 0 6.7
non-GC 91.7 0 8.4
F9 GC 90.0 0 10.0
non-GC 83.3 0 16.7
F10 GC 90.0 0 10.0
non-GC 61.1 2.8 36.1
F11 GC 66.7 6.7 26.7
non-GC 61.1 5.6 33.3
F12 GC 86.7 0 13.3
non-GC 88.9 0 11.2
F13 GC 10.0 56.7 33.3
non-GC 22.2 25.0 52.7
F14 GC 6.7 73.3 20.0
non-GC 194 44 .4 36.1
F15 GC 13.3 43.4 43.3
non-GC 38.9 13.9 47.2
F16 GC 10.0 63.3 26.7
non-GC 38.9 22.2 38.9
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Appendix 25

Chemistry Survey (Part A) Results
COMPARING POST-TEST MEANS OF TWO GROUPS

Post-test A2

Comparing Means of Two Groups

GC Group (n=30) versus Non-GC Group (n=36)

Section B: Chemistry at School

Question BlL | B2 | B3| B4 | BS | B6 | B | B8 | B9 | B10
GC Group 257 150 220 1.7 283 307 223 2.800p2.73
Non-GC Group| 2.56| 1.58| 1.9/ 194 3.14 3.11 214 250 311 3.08

w
(6

Chemistry at School

Mean (Responses 1-6)
= N
[ n N n w
I ——

o
(%2}
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B1

B2

B3
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B5

B6

Question Number

B7

GC Group 4A E Non-GC Group 6A

B8

B9

B10
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Appendix 25 (continued)

Post-test A2

Comparing Means of Two Groups
GC Group (n=30) versus Non-GC Group (n=36)

Section C:. Chemistry and Society

Question Ci1 C2 C3 C4 C5
GC Group 3.13 2.50 1.63 2.90 2.50
Non-GC Group 3.17 2.81 1.47 3.06 2.92

Chemistry and Society

ini

Question Number

N
n

N

=
"

Mean (Responses 1-6)
=

o
wn

o

GC Group4A E Non-GC Group 6A
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Appendix 25 (continued)

Post-test A2

Comparing Means from Two Groups
GC Group (n=30) versus Non-GC Group (n=36)

Section D: Careers in Chemistry

Question D1 D2 D3 D4 D5
GC Group 2.70 2.80 2.83 2.27 1.27
Non-GC Group 2.75 2.69 2.92 2.08 1.67

Careers in Chemistry

3.5
3
0
- 25 +—
(7]
a
g 24—
Q.
0
3 1.5 +—
c
5 11—
=
0.5 +—
0
D1 D2 D3 D4 D5

Question Number

GC Group4A E Non-GC Group 6A
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Appendix 25 (continued)

Post-test A2

Comparing Means from Two Groups
GC Group (n=30) versus Non-GC Group (n=36)

Section E:  Green Chemistry as Part of School

Chemistry
Question El E2 E3 E4 E5 E6 E7 E8 E9 | E10| E11 | E12
GC Group 3.202.87|2.2712.3312.90| 2.00| 2.30| 2.03| 257| 3.03| 253 2.00
Non-GC Group| 3.25| 2.67| 2.03| 2.28| 2.78| 1.94| 2.72| 2.31| 2.31| 2.92| 3.08| 2.64

Green Chemistry as Part of School Chemistry

w
%

w
]
|
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Mean (Resopnses 1-6)
[EEY
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o
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GC Group4A E Non-GC Group 6A
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Appendix 25 (continued)

Post-test A2

Comparing Means of Two Groups
GC Group (n=30) versus Non-GC Group (n=36)

Section F: Views of Green Chemistry (1)

Question F1 F2 F3 F4 F5 F6 F7 F8

GC Group 3.00 | 3.27| 2.03| 1.97 2.703.13| 3.40| 3.37

Non-GC Group 244 | 2.28| 1.94 225 242258 | 3.25| 3.22

Views of Green Chemistry - Part 1

25 +—
15 +—
1
0.5 +—
0 -
F2 F3 F4 F5 F6 F7 F8

F1

Mean (Responses 1-6)
N
|

Question Number

GC Group4A E Non-GC Group 6A
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Appendix 25 (continued)

Post-test A2

Comparing Means of Two Groups

GC Group (n=30) versus Non-GC Group (n=36)

Section F: Views of Green Chemistry (2)

Question FO | FI0 | F11 | F12 | F13 | F14 | F15 | F16
GC Group 3.20 | 3.10| 2.83 3.27 1.430.97 | 167 1.37
Non-GC Group 3.36 | 2.75| 2.67| 3.17 2.06 156 | 2.36| 2.28

Views of Green Chemistry - Part 2

Mean (Responses 1-6)
N
|

F9

F10 F11 F12 F13 F14 F15

Question Number

GC Group4A ® Non-GC Group 6A

F16
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Appendix 26

Tests of Normality:
Chemistry Survey (Part A) — Post-test ‘Attitudes’ Cata

Kolmogorov-Smirnov Shapiro-Wilk

ltem Statistic df p-value Statistic df p-value
Bl 0.279 66 0.000 0.858 66 0.000
B2 0.239 66 0.000 0.870 66 0.000
B3 0.233 66 0.000 0.878 66 0.000
B4 0.264 66 0.000 0.876 66 0.000
B5 0.288 66 0.000 0.823 66 0.000
B6 0.281 66 0.000 0.810 66 0.000
B7 0.219 66 0.000 0.876 66 0.000
B8 0.293 66 0.000 0.830 66 0.000
B9 0.217 66 0.000 0.856 66 0.000
B10 0.306 66 0.000 0.827 66 0.000
C1 0.274 66 0.000 0.790 66 0.000
Cc2 0.219 66 0.000 0.871 66 0.000
C3 0.258 66 0.000 0.888 66 0.000
C4 0.313 66 0.000 0.775 66 0.000
C5 0.225 66 0.000 0.874 66 0.000
D1 0.334 66 0.000 0.797 66 0.000
D2 0.311 66 0.000 0.818 66 0.000
D3 0.273 66 0.000 0.838 66 0.000
D4 0.199 66 0.000 0.906 66 0.000
D5 0.176 66 0.000 0.896 66 0.000
El 0.287 66 0.000 0.724 66 0.000
E2 0.355 66 0.000 0.793 66 0.000
E3 0.217 66 0.000 0.900 66 0.000
E4 0.231 66 0.000 0.900 66 0.000
E5 0.356 66 0.000 0.754 66 0.000
E6 0.241 66 0.000 0.850 66 0.000
E7 0.247 66 0.000 0.870 66 0.000
ES8 0.285 66 0.000 0.858 66 0.000
E9 0.274 66 0.000 0.856 66 0.000
E10 0.351 66 0.000 0.769 66 0.000
El1 0.225 66 0.000 0.846 66 0.000
E12 0.220 66 0.000 0.900 66 0.000
F1 0.379 66 0.000 0.755 66 0.000
F2 0.323 66 0.000 0.833 66 0.000
F3 0.220 66 0.000 0.836 66 0.000
F4 0.204 66 0.000 0.891 66 0.000
F5 0.317 66 0.000 0.776 66 0.000
F6 0.320 66 0.000 0.827 66 0.000
F7 0.265 66 0.000 0.770 66 0.000
F8 0.343 66 0.000 0.737 66 0.000
F9 0.264 66 0.000 0.778 66 0.000
F10 0.278 66 0.000 0.830 66 0.000
F11 0.247 66 0.000 0.858 66 0.000
F12 0.296 66 0.000 0.780 66 0.000
F13 0.236 66 0.000 0.868 66 0.000
F14 0.182 66 0.000 0.881 66 0.000
F15 0.247 66 0.000 0.892 66 0.000
F16 0.207 66 0.000 0.899 66 0.000
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Appendix 27

Tests of Normality:
Chemistry Survey (Part B) — Pre-test ‘UnderstandingData

Kolmogorov-Smirnov Shapiro-Wilk
Item Statistic df p-value | Statistic df p-value

1(a) 0.374 65 0.000 0.635 65 0.000
1(b) 0.362 65 0.000 0.702 65 0.000
2(a) 0.442 65 0.000 0.637 65 0.000
2(b) 0.472 65 0.000 0.537 65 0.000
2(c) 0.520 65 0.000 0.266 65 0.000
3 0.420 65 0.000 0.647 65 0.000
4 0.332 65 0.000 0.823 65 0.000
5(a) 0.472 65 0.000 0.497 65 0.000
5(b) 0.326 65 0.000 0.794 65 0.000
6(a) 0.484 65 0.000 0.404 65 0.000
6(b) 0.287 65 0.000 0.775 65 0.000
7(a) 0.219 65 0.000 0.887 65 0.000
7(b) 0.251 65 0.000 0.859 65 0.000
8(a) 0.221 65 0.000 0.872 65 0.000
8(b) 0.296 65 0.000 0.721 65 0.000
9(a) 0.337 65 0.000 0.805 65 0.000
9(b) 0.487 65 0.000 0.404 65 0.000
10(a) 0.359 65 0.000 0.764 65 0.000
10(b) 0.402 65 0.000 0.700 65 0.000
11 0.242 65 0.000 0.842 65 0.000
12 0.419 65 0.000 0.608 65 0.000
13 0.375 65 0.000 0.671 65 0.000
14 0.404 65 0.000 0.623 65 0.000
15 0.413 65 0.000 0.652 65 0.000

df = degrees of freedom
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Appendix 28

Tests of Normality:
Chemistry Survey (Part B) — Post-test ‘Understandig’ Data

Kolmogorov-Smirnov Shapiro-Wilk
Statistic df p-value | Statistic df p-value

1(a) 0.295 65 0.000 0.781 65 0.000
1(b) 0.188 65 0.000 0.858 65 0.000
2(a) 0.324 65 0.000 0.707 65 0.000
2(b) 0.267 65 0.000 0.809 65 0.000
2(c) 0.406 65 0.000 0.520 65 0.000
3 0.476 65 0.000 0.461 65 0.000
4 0.351 65 0.000 0.788 65 0.000
5(a) 0.319 65 0.000 0.808 65 0.000
5(b) 0.331 65 0.000 0.774 65 0.000
6(a) 0.237 65 0.000 0.803 65 0.000
6(b) 0.345 65 0.000 0.689 65 0.000
7(a) 0.233 65 0.000 0.849 65 0.000
7(b) 0.279 65 0.000 0.755 65 0.000
8(a) 0.345 65 0.000 0.736 65 0.000
8(b) 0.366 65 0.000 0.633 65 0.000
9(a) 0.285 65 0.000 0.781 65 0.000
9(b) 0.459 65 0.000 0.556 65 0.000
10(a) 0.366 65 0.000 0.743 65 0.000
10(b) 0.343 65 0.000 0.733 65 0.000
11 0.260 65 0.000 0.825 65 0.000
12 0.464 65 0.000 0.552 65 0.000
13 0.330 65 0.000 0.722 65 0.000
14 0.279 65 0.000 0.728 65 0.000
15 0.358 65 0.000 0.799 65 0.000

df = degrees of freedom
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Appendix 29

Tests of Normality:
Difference between Pre-test and Post-test Scores‘Ohderstanding’ Data

Kolmogorov-Smirnov Shapiro-Wilk
Difference Statistic df p-value | Statistic df p-value
Diff 1(a) 0.260 65 0.000 0.888 65 0.000
Diff 1(b) 0.182 65 0.000 0.938 65 0.003
Diff 2(a) 0.314 65 0.000 0.799 65 0.000
Diff 2(b) 0.241 65 0.000 0.906 65 0.000
Diff 2(c) 0.373 65 0.000 0.654 65 0.000
Diff 3 0.370 65 0.000 0.769 65 0.000
Diff 4 0.250 65 0.000 0.898 65 0.000
Diff 5(a) 0.278 65 0.000 0.880 65 0.000
Diff 5(b) 0.211 65 0.000 0.888 65 0.000
Diff 6(a) 0.261 65 0.000 0.828 65 0.000
Diff 6(b) 0.245 65 0.000 0.885 65 0.000
Diff 7(a) 0.151 65 0.001 0.955 65 0.020
Diff 7(b) 0.161 65 0.000 0.945 65 0.006
Diff 8(a) 0.188 65 0.000 0.920 65 0.000
Diff 8(b) 0.221 65 0.000 0.903 65 0.000
Diff 9(a) 0.234 65 0.000 0.924 65 0.001
Diff 9(b) 0.421 65 0.000 0.689 65 0.000
Diff 10(a) 0.345 65 0.000 0.792 65 0.000
Diff 10(b) 0.232 65 0.000 0.895 65 0.000
Diff 11 0.187 65 0.000 0.936 65 0.002
Diff 12 0.321 65 0.000 0.829 65 0.000
Diff 13 0.236 65 0.000 0.875 65 0.000
Diff 14 0.197 65 0.000 0.865 65 0.000
Diff 15 0.229 65 0.000 0.918 65 0.000

df = degrees of freedom
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Appendix 3C

Statistics on Chemistry Survey (Part A) Pre-test Data - Part 1

(using Mann-Whitney U test, 2-tailed)

Group N Mean Std. Deviation z-value p-value

B1 GC group 33 2.79 0.781 -1.054 0.292
Non GC group 36 2.94 0.791

B2 GC group 33 1.42 0.708 -1.012 0.311
Non GC group 36 1.64 0.867

B3 GC group 33 1.97 0.918 -0.120 0.904
Non GC group 36 1.94 0.955

B4 GC group 33 1.12 0.992 -0.241 0.810
Non GC group 36 1.28 1.256

B5 GC group 33 2.64 1.141 -1.444 0.149
Non GC group 36 3.03 0.878

B6 GC group 33 3.39 0.609 - 0.568 0.570
Non GC group 36 3.17 1.000

B7 GC group 33 2.36 0.822 -1.026 0.305
Non GC group 36 2.17 0.910

B8 GC group 33 3.09 1.011 -1.212 0.226
Non GC group 36 3.39 0.728

B9 GC group 33 2.61 0.788 -1.305 0.760
Non GC group 36 2.53 0.910

B10 GC group 33 2.82 0.846 -0.178 0.858
Non GC group 36 2.89 0.820

Ci GC group 33 3.00 1.031 -0.229 0.818
Non GC group 36 3.06 0.984

Cc2 GC group 33 2.73 0.876 -0.803 0.422
Non GC group 36 2.92 0.841

c3 GC group 33 1.64 0.822 - 1.006 0.314
Non GC group 36 1.42 1.052

Ca GC group 33 3.09 0.723 -0.167 0.867
Non GC group 36 3.08 0.692

Cc5 GC group 33 2.45 0.971 -0.058 0.954
Non GC group 36 2.47 0.878

D1 GC group 33 3.42 0.751 - 0.658 0.510
Non GC group 36 3.25 0.937

D2 GC group 33 3.39 0.659 -0.499 0.618
Non GC group 36 3.17 1.028

D3 GC group 33 2.94 0.899 -1.172 0.241
Non GC group 36 3.17 0.878

D4 GC group 33 2.55 0.905 -1.007 0.314
Non GC group 36 2.28 1.059

D5 GC group 33 1.12 1.219 -1.121 0.262
Non GC group 36 0.75 0.841
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Appendix 30 (continued)

Statistics on Chemistry Survey (Part A) Pre-test Data - Part 2

(using Mann-Whitney U test, 2-tailed)

Group N Mean Std. Deviation z-value p-value

E1l GC group 33 3.30 0.585 -0.607 0.544
Non GC group 36 3.03 1.082

E2 GC group 33 2.82 0.727 -0.154 0.877
Non GC group 36 2.78 0.959

E3 GC group 33 2.48 0.906 -1.236 0.216
Non GC group 36 2.14 1.046

E4 GC group 33 2.67 0.957 -1.602 0.109
Non GC group 36 2.22 1.149

E5 GC group 33 2.79 0.740 -0.032 0.975
Non GC group 36 2.72 0.974

E6 GC group 33 1.88 0.992 -0.477 0.634
Non GC group 36 1.97 1.000

E7 GC group 33 2.55 0.869 -1.480 0.139
Non GC group 36 2.86 0.961

E8 GC group 33 2.27 1.126 - 0.545 0.585
Non GC group 36 2.11 1.304

E9 GC group 33 2.27 0.719 -0.529 0.597
Non GC group 36 2.42 0.770

E10 GC group 33 3.12 0.650 -0.278 0.781
Non GC group 36 3.03 0.810

El1l GC group 33 2.24 0.867 -2.573 0.010 sig
Non GC group 36 2.83 1.183

E12 GC group 33 1.55 1.063 -2.905 0.004 sig
Non GC group 36 2.44 1.252
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Appendix 31

Statistics on Chemistry Survey (Part A) Post-test Data - Part 1
(using Mann-Whitney U test, 2-tailed)

Group N Mean Std. Deviation z-value p-value

B1 GC group 30 2.57 0.679 -0.329 0.742
Non GC group 36 2.56 0.939

B2 GC group 30 1.50 0.820 - 0.056 0.956
Non GC group 36 1.58 0.841

B3 GC group 30 2.20 0.805 -1.088 0.277
Non GC group 36 1.97 0.845

B4 GC group 30 1.77 1.006 - 0.458 0.647
Non GC group 36 1.94 1.351

B5 GC group 30 2.83 0.913 -1.385 0.166
Non GC group 36 3.14 0.762

B6 GC group 30 3.07 0.583 - 0.489 0.625
Non GC group 36 3.11 0.785

B7 GC group 30 2.23 0.898 - 0.557 0.578
Non GC group 36 2.14 0.833

B8 GC group 30 2.80 0.961 - 0.906 0.365
Non GC group 36 2.50 1.254

B9 GC group 30 2.70 0.750 -2.103 0.035 sig
Non GC group 36 3.11 0.919

B10 GC group 30 2.73 1.048 -1.220 0.222
Non GC group 36 3.08 0.770

C1 GC group 30 3.13 0.681 - 0.643 0.520
Non GC group 36 3.17 0.910

Cc2 GC group 30 2.50 0.861 -1.234 0.217
Non GC group 36 2.81 0.856

C3 GC group 30 1.63 1.066 - 0.589 0.556
Non GC group 36 1.47 1.055

c4 GC group 30 2.90 0.548 - 1.006 0.314
Non GC group 36 3.06 0.674

C5 GC group 30 2.50 0.861 -1.818 0.069
Non GC group 36 2.92 0.906

D1 GC group 30 2.70 0.988 -0.785 0.432
Non GC group 36 2.75 1.339

D2 GC group 30 2.80 0.887 -0.279 0.780
Non GC group 36 2.69 1.142

D3 GC group 30 2.83 0.913 -0.783 0.434
Non GC group 36 2.92 1.180

D4 GC group 30 2.27 1.015 - 0.683 0.495
Non GC group 36 2.08 1.180

D5 GC group 30 1.27 1.048 -1.490 0.136
Non GC group 36 1.67 1.171
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Appendix 31 (continued

Statistics on Chemistry Survey (Part A) Post-test Data - Part 2
(using Mann-Whitney U test, 2-tailed)

Group N Mean Std. Deviation z-value p-value

El GC group 30 3.20 0.805 - 0.450 0.653
Non GC group 36 3.25 0.874

E2 GC group 30 2.87 0.681 - 0.936 0.349
Non GC group 36 2.67 0.793

E3 GC group 30 2.27 0.907 -1.148 0.251
Non GC group 36 2.03 1.028

E4 GC group 30 2.33 0.959 - 0.027 0.979
Non GC group 36 2.28 1.137

ES GC group 30 2.90 0.759 -0.737 0.461
Non GC group 36 2.78 0.832

E6 GC group 30 2.00 0.830 -0.123 0.902
Non GC group 36 1.94 0.924

E7 GC group 30 2.30 1.208 -1.346 0.178
Non GC group 36 2.72 1.111

E8 GC group 30 2.03 1.066 -1.108 0.268
Non GC group 36 2.31 1.142

E9 GC group 30 2.57 0.679 - 1.050 0.294
Non GC group 36 2.31 1.009

E10 GC group 30 3.03 0.718 -0.951 0.341
Non GC group 36 2.92 0.692

Ell GC group 30 2.53 1.167 -2.003 0.045 sig
Non GC group 36 3.08 1.079

E12 GC group 30 2.00 1.287 -1.973 0.049 sig
Non GC group 36 2.64 1.073

F1 GC group 30 3.00 0.455 - 3.202 0.001 sig
Non GC group 36 2.44 0.773

F2 GC group 30 3.27 0.450 - 4.989 0.000 sig
Non GC group 36 2.28 0.849

F3 GC group 30 2.03 0.850 - 0.350 0.726
Non GC group 36 1.94 0.754

F4 GC group 30 1.97 0.999 -1.273 0.203
Non GC group 36 2.25 0.841

F5 GC group 30 2.70 0.596 - 1.669 0.095
Non GC group 36 2.42 0.604

F6 GC group 30 3.13 0.819 -2.944 0.003 sig
Non GC group 36 2.58 0.806

F7 GC group 30 3.40 0.563 - 0.594 0.552
Non GC group 36 3.25 0.770

F8 GC group 30 3.37 0.556 -0.973 0.330
Non GC group 36 3.22 0.591

F9 GC group 30 3.20 0.610 -1.169 0.243
Non GC group 36 3.36 0.723

F10 GC group 30 3.10 0.548 -1.997 0.046 sig
Non GC group 36 2.75 0.806

F11 GC group 30 2.83 0.986 -0.879 0.380
Non GC group 36 2.67 0.862

F12 GC group 30 3.27 0.691 -0.720 0.471
Non GC group 36 3.17 0.609

F13 GC group 30 1.43 0.774 -2.789 0.005 sig
Non GC group 36 2.06 0.955

F14 GC group 30 0.97 0.928 -2.207 0.027 sig
Non GC group 36 1.56 1.107

F15 GC group 30 1.67 0.884 -3.194 0.001 sig
Non GC group 36 2.36 0.798

F16 GC group 30 1.37 0.809 - 3.596 0.000 sig
Non GC group 36 2.28 1.031
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Appendix 32

Cronbach’s Alpha Test of Reliability on Part A of Chemistry Survey

Cognitive Attitudes Towards Chemistry in Society Dimension 1)

Reliability Statistics

Cronbach's Alpha | Cronbach's Alpha Based on Standardized Items No of Items
0.722 0.724 3
Inter-ltem Correlation Matrix
Iltem C3 C4 C5
C3 1.000 0.478 0.576
C4 0.478 1.000 0.345
C5 0.576 0.345 1.000

Cognitive Attitudes Towards learning Chemistry at £hool (Dimension 2)

Reliability Statistics

Cronbach's Alpha | Cronbach's Alpha Based on Standardized Items No of Items
0.717 0.718 3
Inter-ltem Correlation Matrix
Item B2 B9 B10
B2 1.000 0.506 0.508
B9 0.506 1.000 0.361
B10 0.508 0.361 1.000

Affective Attitudes towards learning Chemistry Theay at School (Dimension 3)

Reliability Statistics

478

Cronbach's Alpha | Cronbach's Alpha Based on Standardized Items No of Items
0.733 0.738 4
Inter-ltem Correlation Matrix

Item Bl B4 B5 B8

B1 1.000 0.470 0.470 0.238
B4 0.470 1.000 0.395 0.400
B5 0.470 0.395 1.000 0.509
B8 0.238 0.400 0.509 1.000




Cronbach’s Alpha Test of Reliability on Part A of Chemistry Survey

Appendix 32 (continued)

Behavioural Attitudes towards studying Chemistry Dimension 5)

Reliability Statistics

Cronbach's Alpha | Cronbach's Alpha Based on Standardized Items No of Items
0.818 0.820 5
Inter-ltem Correlation Matrix

Item D1 D2 D3 D4 D5

D1 1.000 0.789 0.537 0.283 0.488

D2 0.789 1.000 0.677 0.296 0.621

D3 0.537 0.677 1.000 0.399 0.453

D4 0.283 0.296 0.399 1.000 0.227

D5 0.488 0.621 0.453 0.227 1.000

Cognitive Attitudes towards Green Chemistry in Soaity (Dimension 6)

Reliability Statistics

Cronbach's Alpha | Cronbach's Alpha Based on Standardized Items No of Items
0.786 0.799 13
Inter-ltem Correlation Matrix

ltem F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 | F14 F15 | F16

F4 1 1.000 | 0.119 | 0.229 | 0.038 | 0.038 | 0.132 | 0.193 | 0.035 [ -0.034 | 0.286 | 0.262 | 0.142 | 0.018
F5 | 0.119 | 1.000 | 0.265 | 0.278 | 0.159 | 0.098 | 0.220 | 0.227 | 0.170 | 0.131 | 0.245 | 0.018 [ -0.022
F6 ] 0.229 | 0.265 | 1.000 | 0.278 | 0.288 | 0.406 | 0.302 | 0.003 | 0.205 | 0.303 | 0.422 | 0.330 | 0.305
F7 | 0.038 | 0.278 | 0.278 [ 1.000 | 0.507 | 0.500 | 0.374 | 0.157 | 0.508 | 0.103 | 0.446 | 0.299 [ -0.041
F8 ] 0.038 | 0.159 | 0.288 | 0.507 | 1.000 | 0.497 | 0.362 | 0.026 | 0.413 | 0.164 | 0.364 | 0.322 | 0.191
F9 | 0.132 | 0.098 | 0.406 | 0.500 | 0.497 | 1.000 | 0.500 | 0.172 | 0.565 | 0.042 | 0.268 | 0.224 [-0.013
F10 | 0.193 | 0.220 | 0.302 | 0.374 | 0.362 | 0.500 | 1.000 | 0.245 | 0.508 | 0.171 | 0.308 | 0.303 | 0.058
F11 | 0.035 | 0.227 | 0.003 | 0.157 | 0.026 | 0.172 | 0.245 | 1.000 | 0.198 | 0.125 | 0.112 | 0.116 | -0.076
F12 ]-0.034 | 0.170 | 0.205 | 0.508 | 0.413 | 0.565 | 0.508 | 0.198 | 1.000 | 0.047 | 0.247 | 0.281 | 0.048
F13 | 0.286 | 0.131 | 0.303 | 0.103 | 0.164 | 0.042 | 0.171 | 0.125 | 0.047 | 1.000 | 0.443 | 0.308 | 0.304
F14 ] 0.262 | 0.245 | 0.422 | 0.446 | 0.364 | 0.268 | 0.308 | 0.112 | 0.247 | 0.443 | 1.000 [ 0.596 | 0.385
F15 | 0.142 | 0.018 | 0.330 | 0.299 | 0.322 | 0.224 | 0.303 | 0.116 | 0.281 | 0.308 | 0.596 | 1.000 | 0.517
F16 ] 0.018 [ -0.022 | 0.305 | -0.041 | 0.191 | -0.013 [ 0.058 | -0.076 | 0.048 | 0.304 | 0.385 [ 0.517 | 1.000
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Cronbach’s Alpha Test of Reliability on Part A of Chemistry Survey

Appendix 32 (continued)

Coanitive and Affective Attitudes towards Green Chenistry at School (Dimensions 7, 8, 9)

Reliability Statistics

Cronbach's Alpha | Cronbach's Alpha Based on Standardized Items No of Items
0.717 0.729 12
Inter-ltem Correlation Matrix

ltem E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12

E1 1.000 | 0.131 | 0.191 | 0.442 | 0.125 | 0.313 | 0.395 | 0.127 | 0.109 | 0.060 | 0.104 [ 0.051
E2 0.131 | 1.000 | 0.158 | 0.232 | 0.147 | 0.011 | 0.185 | 0.314 | 0.183 | 0.486 | 0.228 | 0.065
E3 0.191 | 0.158 | 1.000 | 0.653 | 0.375 | 0.426 | 0.220 | -0.045 | 0.372 | 0.234 | 0.115 | 0.060
E4 0.442 | 0.232 | 0.653 | 1.000 | 0.225 | 0.333 | 0.370 | 0.115 | 0.154 | 0.226 | 0.217 | 0.090
E5 0.125 | 0.147 | 0.375 | 0.225 | 1.000 | 0.329 | 0.176 | -0.019 | 0.320 | 0.369 | 0.087 | 0.107
E6 0.313 | 0.011 | 0.426 | 0.333 | 0.329 | 1.000 | 0.110 | 0.069 | 0.163 [ 0.178 | -0.068 | 0.132
E7 0.395 | 0.185 | 0.220 | 0.370 | 0.176 | 0.110 | 1.000 | 0.234 | 0.205 | 0.038 | 0.256 | 0.096
E8 0.127 | 0.314 | -0.045 | 0.115 [ -0.019 | 0.069 | 0.234 | 1.000 | 0.149 [ 0.241 [ -0.091 | -0.259
E9 0.109 | 0.183 | 0.372 | 0.154 | 0.320 | 0.163 | 0.205 | 0.149 | 1.000 | 0.204 | 0.180 | 0.164
E10 | 0.060 | 0.486 | 0.234 | 0.226 | 0.369 | 0.178 | 0.038 | 0.241 | 0.204 | 1.000 | 0.185 | 0.212
E11 ] 0.104 | 0.228 | 0.115 [ 0.217 | 0.087 | -0.068 | 0.256 | -0.091 [ 0.180 | 0.185 | 1.000 | 0.144
E12 ] 0.051 | 0.065 | 0.050 [ 0.090 | 0.107 | 0.132 | 0.096 | -0.259 | 0.164 | 0.212 | 0.144 | 1.000
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Appendix 33

Chemistry Survey (Part B)
Data from Pre-test B1 — non-GC Group (N=35)

Question SuU PU PUSA SA NU Mean

(Level 4) (Level 3) (Level 2) (Level 1) (Level 0) Level

n % n % n % n % n %
1 (a) 8 | 23| 24 | 69 2 0 0 1 3 | 3.09
1 (b) 1| 3 23 3 5 | 14 | 18 | 51 | 1.11
2 (a) 1| 3 0 30 | 86 4 | 11 | 0.97
2 (b) 0|0 6 | 17 6 25 | 71 | 0.57
2 (c) 0[O0 0|0 11 | 30 | 86 | 0.20
3 0 0 23 | 66 8 |23 9 2.51
4 4 | 11| 19 | 54 5 | 14 11 2.49
5 (a) 0| O 5 14 0 | 0| 25| 71 14 | 1.14
5 (b) 4 | 11| 16 | 46 4 | 11| 3 9 8 | 23| 214
6 (a) 0| O 0 0 0 4 | 11 | 31| 89 | 0.11
6 (b) 7 | 20| 16 | 46 2 2 6 8 | 23 | 2.34
7 (a) 1| 3 12 | 34 9 | 26| 8 | 23 5 | 14 | 1.89
7 (b) 8 | 23 5 14 5 | 14| 9 | 26 8 | 23 | 1.89
8 (a) 6 | 17| 15 | 43 | 10 | 29| 2 2 2.60
8 (b) 15 | 43| 11 | 31 3 19 3 3 2.91
9 (a) 10 | 29 | 16 | 46 0|0 7 | 20 2 2.71
9 (b) 0[O0 1 3 O | 0| 5 | 14| 29| 83 | 0.24
10 (a) 7 | 20| 16 | 46 39 3 6 | 17 | 2.43
10 (b) 7 | 20| 22 | 63 1|3 2 3 9 | 2.80
11 3 |9 9 26 3 | 9| 13| 37 7 | 20 | 1.66
12 0| O 24 | 69 4 11| 4 | 11 3 2.40
13 1 | 3 18 | 51 | 11 | 31| 2 3 2.34
14 0| O 13 | 37 0| 3 19 | 54 | 1.20
15 0| O 19 | 54 11| 8 | 23 4 | 11 | 2.09

Key:

SU = sound understanding; PU = partial understanding; PUSA = partial understanding with
specific alternative conception; SA = specific alternative conception; NU = no understanding;
N = total number of respondents; n = number of students per level of understanding.
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Appendix 34

Chemistry Survey (Part B)
Data from Pre-test B1 — GC Group (N=32)

Question SuU PU PUSA SA NU Mean

(Level 4) (Level 3) (Level 2) (Level 1) (Level 0) Level

n % n % n % n % n %
1 (a) 4 | 13| 26 | 81| 2 | 6 0 0 0 3.06
1 (b) 0[O0 13| 2 | 6 9 23 | 72 | 061
2 (a) 10 | 31 0 0 | 0| 14 | 44 7 | 22 | 1.69
2 (b) 0[O0 2 | 6 27 | 84 | 0.28
2 (c) 0[O0 0 0|0 31 | 89 | 0.00
3 3 9 25 | 72| 3 | 9 1 2.91
4 2 6 19 | 59| 7 |22 13 0 2.59
5 (a) 0| O 0 0 0O | 0| 32 |100| O 0 1.00
5 (b) 1| 3 19 | 59| 4 |13 6 | 19 | 2.22
6 (a) 1| 3 0 2 26 | 81 | 0.34
6 (b) 4 | 13 9 28| 1 18 | 56 | 1.41
7 (a) 2 | 6 9 | 28| 5 |16]| 14 | 44 2 6 1.84
7 (b) 4 | 13 4 | 13| 3 | 9| 14 | 44 7 | 22 | 150
8 (a) 10 | 31| 10 | 31| 11 [34| 1 3 0 0 2.91
8 (b) 18 | 56 | 12 | 34| 0 | 0| O 0 2 3.38
9 (a) 5|16 | 15 [ 43| 1 | 3| 3 9 8 | 25 | 219
9 (b) 0[O0 0 0 0|0 2 6 30 | 86 | 0.06
10 (a) 7 [ 22| 19 |59 1 | 3| O 0 5 | 16 | 2.72
10 (b) 6 | 19| 20 | 57| 1 | 3 1 3 13 | 2.72
11 0| 0 11 | 34| 2 | 6| 8 | 25 | 11| 34 | 141
12 0| O 23 | 72| 6 | 19| 1 3 2.56
13 0| O 26 | 81| 3 0 0 3 9 2.63
14 0|0 6 | 19| 1 0 0 25 | 78 | 0.63
15 0| O 27 | 84| 1 3 9 1 3 2.69

Key:

SU = sound understanding; PU = partial understanding; PUSA = partial understanding with
specific alternative conception; SA = specific alternative conception; NU = no understanding;
N = total number of respondents; n = number of students per level of understanding.
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Appendix 35

Chemistry Survey (Part B)
Data from Post-test B2 — non-GC Group (N=36)

Question SuU PU PUSA SA NU Mean

(Level 4) (Level 3) (Level 2) (Level 1) (Level 0) Level

n % n % n % n % n %
1 (a) 4 | 11| 28 | 78| 3 | 8 1 /3| 0| 0| 300
1 (b) 0|0 19| 5 | 14| 8 | 22| 16 | 44| 1.08
2 (a) 13 | 36 O | 0| 19 | 53| 4 |11| 1.97
2 (b) 0|0 3 | 8 11| 27 | 75| 0.44
2 (c) 0[O0 0|0 34 | 94| 0.06
3 0 0 32 | 89| 2 | 6 0| 283
4 1 3 20 | 56| 9 | 25| 6 |17 O | O | 244
5 (a) 1| 3 8 | 22| 2 | 6| 22|61 8 | 1.50
5 (b) 5 | 14| 22 | 61| 8 | 22| 0 | O 3| 281
6 (a) 0| O 5 | 14| 1 | 3| 10 | 28| 20 | 56| 0.75
6 (b) 6 | 17| 23 |64 1 | 3| 3 | 8| 3 | 8| 272
7 (a) 3| 8 7 |19 2 | 6| 21|58 3 | 8| 161
7 (b) 9 | 25 7 19| 1 | 3| 8 | 22| 11 |31| 1.86
8 (a) 14 | 39 9 | 25| 13 (36| 0 | O 3.03
8 (b) 20 | 56 8 | 22| 2 |6| 3 |8 3.08
9 (a) 10 | 28| 18 | 50| 5 (14| 1 | 3 2.92
9 (b) 2 | 6 0 0 1 1 | 3] 32|89 031
10 (a) 4 | 11| 23 | 64| 2 4 |11| 3 | 8 | 258
10 (b) 6 | 17| 22 | 61| 4 11| O | 0| 4 |11| 272
11 3 | 8 8 | 22| 0 | 0| 10 | 28| 15 | 42| 1.28
12 1| 3 26 | 72| 4 | 11| 4 |11| 1 | 3 | 261
13 0| 0 29 | 81| 6 |17 0 | O 1| 3| 275
14 0| 0 4 |11 ] 1 5 | 14| 26 | 72| 0.3
15 0| 0 20 | 56| 2 7 |19| 7 | 19| 1.97

Key:

SU = sound understanding; PU = partial understanding; PUSA = partial understanding with
specific alternative conception; SA = specific alternative conception; NU = no understanding;
N = total number of respondents; n = number of students per level of understanding.
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Appendix 36

Chemistry Survey (Part B)
Data from Post-test B2 — GC Group (N=30)

Question SuU PU PUSA SA NU Mean

(Level 4) (Level 3) (Level 2) (Level 1) (Level 0) Level

n % n % n % n % n %
1 (a) 17 | 57| 10 | 33| 3 |10 O [ O | O | O | 3.47
1 (b) 11 | 37 8 | 27| 3 |10| 4 |13| 4 | 13| 260
2 (a) 18 | 60 0 0 0 | 0| 10 |33]| 2 | 7| 273
2 (b) 8 | 27 7 23| 7 | 23| 5 |17| 3 |10| 240
2 (c) 5 | 17 1 3 0 10 | 33| 14 | 47| 1.10
3 3 |10| 26 | 87| 1 0| O 3.07
4 3 |10| 19 | 63| 4 | 13| 4 |13| O 2.70
5 (a) 1| 3 15 | 50| O 10 | 33| 4 | 13| 1.97
5 (b) 9 | 30| 19 | 63| 1 1 /13| 0| 0| 320
6 (a) 8 | 27| 11 | 37| 1 3 (10| 7 | 23| 233
6 (b) 19 | 63| 10 | 33| O 0|0 1 | 3| 353
7 (a) 14 | 47| 11 | 37| 4 (13| 1 | 3| 0 | 0| 327
7 (b) 22 | 73 6 |20 0 | O 2 | 7 0 | 0| 360
8 (a) 22 | 73 4 | 13| 3 |10 1 | 3| 0 | 0| 357
8 (b) 22 | 73 6 20| 1 | 3 0|0 1 | 3| 360
9 (a) 14 | 47| 12 |40| 3 |10| 1 | 3| 0 | 0| 330
9 (b) 8 | 27 2 7 1 |3 O | 0| 19 | 63| 1.33
10 (a) 11 | 37 | 17 |57 | 2 | 7 O |0| O | 0| 330
10 (b) 13 | 43| 13 | 43| 2 | 7 o |o0o| 2 |7/ 317
11 2 | 7 16 | 53| 0 | 0| 10 33| 2 | 7 | 220
12 2 | 7 27 | 90| 1 | 3 0 0O | 0| 303
13 16 | 53| 14 [ 47| 0 | O 0 0O | 0| 353
14 24 | 80 3 (10| 0 | O 0 3 | 10| 3.50
15 9 | 30| 16 [ 53| 2 | 7 3 /10| 0 | 0| 3.038

Key:

SU = sound understanding; PU = partial understanding; PUSA = partial understanding with
specific alternative conception; SA = specific alternative conception; NU = no understanding;
N = total number of respondents; n = number of students per level of understanding.
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Chemistry Survey (Part B)

Appendix 37

Comparing Mean Levels of Understanding

Question Non-GC Non-GC Change GC GC Change
Mean Level Mean Level Mean Level Mean Level
(Pre-test B1) | (Post-test B2) (Pre-test B1) | (Post-test B2)
1 (a) 3.09 3.00 -0.09 3.06 3.47 +0.41
1 (b) 1.11 1.08 -0.03 0.61 2.60 +1.99
2 (a) 0.97 1.97 +1.00 1.69 2.73 +1.04
2 (b) 0.57 0.44 -0.13 0.28 2.40 +2.12
2(c) 0.20 0.06 -0.14 0.00 1.10 +1.10
3 2.51 2.83 +0.32 291 3.07 +0.16
4 2.49 2.44 - 0.05 2.59 2.70 +0.11
5 (a) 1.14 1.50 + 0.36 1.00 1.97 + 0.97
5 (b) 2.14 2.81 + 0.67 2.22 3.20 + 0.98
6 (a) 0.11 0.75 + 0.64 0.34 2.33 +1.99
6 (b) 2.34 2.72 + 0.38 1.41 3.53 +2.12
7 (a) 1.89 1.61 -0.28 1.84 3.27 +1.43
7 (b) 1.89 1.86 -0.03 1.50 3.60 +2.10
8 (a) 2.60 3.03 +0.43 291 3.57 + 0.66
8 (b) 291 3.08 +0.17 3.38 3.60 +0.22
9 (a) 2.71 2.92 +0.21 2.19 3.30 +1.11
9 (b) 0.24 0.31 + 0.07 0.06 1.33 +1.27
10 (a) 2.43 2.58 +0.15 2.72 3.30 + 0.58
10 (b) 2.80 2.72 -0.08 2.72 3.17 +0.45
11 1.66 1.28 -0.38 1.41 2.20 +0.79
12 2.40 2.61 +0.21 2.56 3.03 +0.47
13 2.34 2.75 +0.41 2.63 3.53 +0.90
14 1.20 0.53 -0.67 0.63 3.50 +2.87
15 2.09 1.97 -0.12 2.69 3.03 +0.34
GLOBAL 1.83 1.95 +0.12 1.81 2.90 +1.09

485




Appendix 38

Chemistry Survey (Part B)
Statistical results comparing PRE-TEST data of nonsC group versus GC group
(using Mann-Whitney U test, 2-tailed)

Item Non-GC Group (N=35) GC Group (N=32) o
z-value | p-value Significance
Mean SD SEM Mean SD SEM
1(@) 3.09| 0.74f 0.13 3.06 044 0048 -0433 0524 ns
1(b) 1.11 | 1.35| 0.23 0.61 109 029 -149/6 0105 ns
2(a) 0.97 | 0.62] 0.10 1.69 164 0329 -1562 0.1 ns
2(b) 0.57 | 0.98] 0.17 0.28 0.78 033 - 1.4]67 0.142 ns
2(c) 0.20 | 0.58| 0.10 0.0d 0.00 0490 -21837 0.0 O
3 251 | 0.78| 0.13 291 069 012 -2286 0.0 ad
4 249 | 1.12| 0.19 259 080 014 -0.1p2 0919 ns
5(a) 1.14 | 0.85] 0.14 1.0C 0.00 0.90 0.000 1.000 ns
5(b) 2.14 | 1404 0.24 2.22 124 0232 -0.043 0966 ns
6(d) | 011| 032 o009 034 o087 o015 -1d71 0284 ns
6(b) 234 | 147 0.25 1.41 166 029 -2234 0.0 O
7(a) 1.89 | 1.13] 0.19 184 111 040 -0.58 0510 ns
7(b) 1.89 | 1.51| 0.26 1.50 132 0233 -0.787 04B1 ns
8(a) 2.60 | 1.03] 0.17 2.91 0.8 016 -0984 0.325 ns
8(b) 291 | 1.29| 0.22 3.38 100 028 -1.16 0.260 ns
9(a) 271 125 0.21 2.19 149 046 -1.463 0.143 ns
9(b) 0.24 | 0.61| 0.10 0.06 026 0034 -1.88 0.068 ns
10(@) | 2.43| 1.38] 0.23 272 128 043 -1.118 0.464 ns
10(b)| 2.80| 1.11] 0.19 2.72 1.20 041 -0.15 0988 ns
11 166 | 1.30] 0.22 1.41 1.29 0433 -1.194 0.2B2 ns
12 240 | 1.01] 0.17 2.56 0.84 015 -0958 05/7 ns
13 234 | 097 0.16 2.63 091 036 -1.72 0085 ns
14 1.20 | 1.43| 0.24 0.63 120 041 -1.74/8 0.0/5 ns
15 209 | 112 0.19 2.69 0.78 014 -24p6 0.0 O
SD = Standard Deviation SEM = Standarddeiof the Mean
p-values: >0.050 non-significant ns
0.010-0.050 significant U
0.001-0.010 very significant 7
<0.001 extremely significant /777
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Appendix 39

Chemistry Survey (Part B)

Statistical results comparing POST-TEST data of norGC group versus GC group

(using Mann-Whitney U test, 2-tailed)

Item Non-GC Group (N=36) GC Group (N=30) L
z-value | p-value Significance
Mean SD SEM Mean SD SEM
1(a) 3.00| 053] 0.09 3.47 0.68 012 -3.253 0.0 W
1(b) 1.08 | 1.18] 0.20] 2.60 145 047 -39/6 0.0 1
2(a) 1.97 | 158 0.2 2.73 160 049 -1.404 0.088 ns
2(b) 0.44 | 0.88] 0.15 2.40 138 024 -5443 0.0 1
2(c) 0.06 | 0.23] 0.04 1.10 147 047 -4294 0.0 1
3 283 | 051 0.08f 307 03¢ 007/ -20r6 0.0 O
4 244 | 081 0.13}] 270 084 01 -1.4p2 0.146 ns
5(a) 1.50 | 1.03] 0.17 1.97 125 043 -1438 0.1b1 ns
5(b) 281 | 0.75 0121 320 06 032 -2182 0.0 O
6(a) 0.75| 1.05| 0.1 2.33 15 049 -3.86 0.0 1
6(b) 272 | 111, 019 353 082 035 -3.789 0.0 1
7(a) 161 1.15 0.19 3.2} 083 0315 -51352 0.0 1
7(b) 186 | 164 0.277 360 081 015 -4412 0.0 o
8(a) 3.03| 0.88] 0.15 3.57 082 015 -2411 0.0 mN
8(b) 308 | 132, 0220 360 08 03 -1.587 0.1j12 ns
9(a) 292 | 1.02f 0.17 3.3C 079 015 -1491 0.136 ns
9(b) 0.31| 0.98| 0.16f 1.33 183 033 -2244 0.0 0
10(a) | 2.58| 1.11 0.18 3.3( 0.60 011 -2.480 0. W
10(b) | 2.72| 1.11} 0.19 3.17% 1.05 0.39 -2330 0.0 O
11 1.28 | 1.43| 0.24 2.20 119 042 -29%1 0.0 N
12 261 | 084 014 303 032 006 -224/7 0.0 O
13 274 | 061, 0104 353 051 0409 -51r1 0.0 1
14 0.53| 1.00f 0.17] 3.50 12 042 -6.376 0.0 1
15 197 | 125 0213} 303 08 026 -3.97/6 0.0 1

SD = Standard Deviation

p-values:

>0.050

0.010-0.050
0.001-0.010

<0.001

SEM = Standarddeof the Mean

non-significant ns
significant [
very significant 7

extremely significant /777
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Appendix 40

Chemistry Survey (Part B)
Statistical results comparing NON-GC GROUP data (Pe-test vs Post-test)
(using Wilcoxon Signed-Rank test, 2-tailed)

Item | Non-GC PRE-TEST (N=35) | Non-GC POST-TEST (N=35) -
z-value | p-value | Significance
Mean SD SEM Mean SD SEM
1(a) 3.09| 0.74 0.13 297 0.57 0.1d -0.834 0404 ns
1(b) 111 | 1.35 0.23 1.11 1.18 0.20 -0.038 0970 ns
2(a) 0.97 | 0.62 0.10 2.03 1.56 0.26 -3.900 0.0 o
2(b) 0.57 | 0.98 0.17 0.46 0.89 0.15 -0683 04P5 ns
2(c) 0.20 | 0.58 0.10 0.06 0.24 0.04 -1414  0.1p7 ns
3 251 | 0.78 0.13 283 051 0.09 -2.2p6 0.0 O
4 249 | 112 0.19 243 081 0.14 -0.3F9  0.7p5 ns
5(a) 1.14 | 0.85 0.14 151 1.04 0.18 -1.710 0.087 ns
5(b) 211 | 141 0.24 283 0.79 0.13 -2.6p9 0.0 N
6(a) 0.11| 0.32 0.05 0.77 1.06 0.18 -3.043 0.0 N
6(b) 234 | 147 0.25 2.77 1.09 0.19 -1.588 0.102 ns
7(a) 189 | 1.13 0.19 157 1.14 0.14 -1.340 0.180 ns
7(b) 189 | 151 0.26 1.83 1.6b 0.29 -0.66 0.7p0 ns
8(a) 260 | 1.03 0.17 3.03 0.89 0.15 -1.976 0.0 O
8(b) 291 | 1.29 0.22 3.09 1.34 0.23 -0.9926 0509 ns
9(a) 271 125 0.21 2.95 1.03 0.17 -1.J05 0.315 ns
9(b) 0.23 | 0.60 0.10 0.40 1.0P 0.19 -0.1g2  0.903 ns
10(a)| 2.43| 1.38 0.23 266 1.03 0.1} -1.449 0.294 ns
10(b) | 2.80| 1.11 0.19 271 113 0.14 -0.220 0.826 ns
11 1.74 | 1.29 0.22 1.23 1.48 0.24 -1.521 0.1p8 ns
12 240 | 101 0.17 266 0.80 0.14 -1.162 0.25 ns
13 234 | 0.97 0.16 274 061 0.1d -1.907 0.0 ns
14 1.20| 143 0.24 0.54 1.00 0.171 2.698 0.0 N
15 209 | 112 0.19 2.03 1.2p 0.21 0.3%1 0.7p3 ns

SD = Standard Deviation SEM = Standarddeiof the Mean
p-values: >0.050 non-significant ns
0.010-0.050 significant U
0.001-0.010 very significant [
<0.001 extremely significant /777
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Appendix 41

Chemistry Survey (Part B)
Statistical results comparing GC GROUP data (Pre-tst vs Post-test)
(using Wilcoxon Signed-Rank test, 2-tailed)

Item GC PRE-TEST (N=30) GC POST-TEST (N=30) o
z-value | p-value Significance
Mean SD SEM Mean SD SEM
1(a) 3.07| 0.45 0.0 3.47 0.68 012 -2307 0.0 O
1(b) 0.63 | 1.10f 0.20, 2.6(Q 145 047 -4.167 0.0 o
2(a) 1.80| 1.63] 030 2.73 160 049 -2477 0.0 O
2(b) 0.30 | 0.75| 0.14 2.40 1383 024 -4360 0.0 1
2(c) 0.00 | 0.00| 0.00F 1.20 147 047 -3.630 0.0 1
3 287 | 068 0.12) 304 03 0.0/ -1.310 0.1p0 ns
4 257 | 082 0.15 270 084 015 -0.881 0.3)8 ns
5(a) 1.00 | 0.00]{ 0.00 1.97% 125 043 -3.137 0.0 1
5(b) 217 | 126, 023 320 066 032 -3.86 0.0 1
6(a) 0.37 | 0.89] 0.1 2.33 15 049 -4066 0.0 1
6(b) 140 | 167 031 353 08 015 -4063 0.0 1
7(a) 1.73 | 1.05 0.19 3.27 083 015 -4344 00 1
7(b) 157 | 133 024 360 081 015 -4408 0.0 1
8(a) 290 | 0.88] 0.1q 3.57 082 015 - 2.455 0.0 0
8(b) 323| 119/ 0220 360 08 016 -1.399 0.162 ns
9(a) 223 | 148 0.277 3.3 0.79 0.315 -3.g20 0.0 mN
9(b) 0.07 | 0.25| 0.05 1.33 183 033 -3.052 0.0 mn
10(a) | 2.80| 1.21} 0.27 3.3( 060 011 -2488 0.0 O
10(b) | 2.80| 1.13] 0.2 3.17 105 039 -2066 0.0 O
11 1.40 | 1.33] 0.24 2.2¢ 110 02 -24p7 00 O
12 257 | 086, 0.16f 3.03 032 006 -257 0.0 O
13 260| 093 017, 353 051 0409 -4.013 0.0 1
14 0.67 | 1.24) 0.23] 3.50 122 042 -430 0.0 1
15 267 | 080 015 303 089 016 -1.466 0.148 ns

SD = Standard Deviation

p-values:

>0.050

0.010-0.050
0.001-0.010

<0.001

SEM = Standarddeof the Mean

non-significant

significant

very significant

extremely significant
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List of Abbreviations

ACS American Chemical Society

A-level Advanced Level

AM Advanced Matriculation

AQA Assessment & Qualifications Alliance

AS Advanced Supplementary

BSc Bachelor of Science

CAQDAS Computer Assisted Qualitative Analysis Saitey
CCEA Council for the Curriculum, Examinations & Assment (N. Ireland)
CEFIC European Chemical Industry Council

CIE Cambridge International Examinations

CIEC Chemical Industry Education Centre

EU European Union

EuCheMS European Association for Chemical & Molac@8ciences
FAMEs Fatty Acid Methyl Esters

GC Green Chemistry

GCE General Certificate of Education

GCEdNet Green Chemistry Educational Network

GCI Green Chemistry Institute

GCN Green Chemistry Network

GCSE General Certificate of Secondary Education
GEMs Greener Education Materials for Chemists

IB International Baccalaureate

IEA International Studies of Educational Achievernen
IM Intermediate Matriculation

ITS Institute of Tourism Studies

IUPAC International Union of Pure & Applied Chensist
JCQ Joint Council for Qualifications

LCA Life Cycle Analysis
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MCAST
MD

MW
NCHE
NEHA
NNFCC
NRC
OCR
OECD
OFSTED
O-level
OPPT
PERC
REACH
ROSE
RSC

SD

SEC

SEM
SPSS
SQA

TAP
TIMSS
UK
UNWCED
US (or USA)
USEPA
WJIEC-CBAC
WSR

Malta College of Arts, Science & Technology
Doctor of Medicine
Mann-Whitney (test)

National Commission for Higher Education
National Environment Health Association

National Non-Food Crop Centre

National Research Council

Oxford, Cambridge & RSA Examinations

Organisation for the Economic Cooperation &&epment
Office for Standards in Education, Children's Sexsiand Skills
Ordinary Level

Office of Pollution Prevention and Toxics

Perchloroethylene

Registration, Evaluation, Authorisation & Region of Chemicals
Relevance of Science Education

Royal Society of Chemistry

Standard Deviation

Secondary Education Certificate

Standard Error of the Mean

Statistical Package for the Social Sciences

Scottish Qualifications Authority
Thesis Advisory Panel

Third International Mathematics & Science @tu
United Kingdom

United Nations World Commission on Envirommhé& Development
United States of America

United States Environmental Protection Agency
Welsh Joint Education Committee

Wilcoxon Signed-Rank (test)
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