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ABSTRACT

This study is the first attempt to develop, implement and evaluate a computer plus talk
teaching sequence with the purpose of enhancing 15-1 6 year s ol
understanding of chemical rate of reaction concept in Uganda. A total of 247 students
aged 15-16 years from two High Schools participated in the study. The experimental
class (C&TA) consisted of 108 students, 51 males and 57 females while the
comparison class (NTA) consisted of 139, 73 males and 66 females.

Based on recommendations in the literature that chemical rate of reaction is a difficult
topic to teach and learn, | developed a research-based teaching sequence on chemical
rate of reaction using a computer and talk approach, implemented this teaching
sequence in Uganda and evaluated this teaching sequence by making comparisons
with dédnor mal 6 t-leased teaching is a Reved approachhto pedagogy in
Uganda, so | had to train the experimental teacher for two weeks. The trainings were
very important in ensuring that the teacher acquired working knowledge about C&TA
prior to the actual implementation in the classroom.

The study investigated whether the students who followed the C&TA had better
understanding of the difficult areas (also called learning demands): (1) rate of reaction,
(2) proper orientation of reacting particles, (3) the relationships between activation
energy and chemical rate of reaction, (4) the effect of temperature and (5) the effect of
concentration of reactants on chemical rate of reaction. | undertook a quasi-

experimentalst udy t o assess the C&TAds i mpact.

inform discussion of what influenced its effectiveness, and inform decisions about
whether the C&TA sequence was implemented consistently with its design.

The statistical analyses of the post-test scores show that the experimental class
(C&TA) students demonstrated better understanding across all the five difficult areas
compared to the comparison class (NTA) students. The findings indicate that female
students benefited (a little) more from the intervention than male students. The results
show that the C&TA intervention had an effect of the same magnitude across the ability
range. Further findings show that C&TA support teaching large classes and that it is
possible for a teacher in Uganda to teach in a more interactive/ dialogic way with
relatively little training on the communicative approaches.

Evidence shows that aspects of the C&TA teaching sequence that were effective in

A

supporting studentsd | ear nivaregcomputer citmgatonsc a |

and modelling, teaching goals, worksheets, social constructivist perspective on
teaching and learning along with the communicative approaches.

Further findings show varied benefits and challenges from using C&TA. The teacher
and students perceived C&TA as a good method of teaching and learning. Indicating
that the use of a computer and talk approach (C&TA) is a feasible alternative teaching
approach to didactic teaching in science classrooms in Uganda. It also suggests that
C&TA could be adopted for teaching and learning other subjects.
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CHAPTER ONE
1 BACKGROUND OF THIS STUDY

1.1 Introduction

The purpose of this chapter is to present the background problems addressed in this
study, the Ugandan context in which the study has taken place, and to give general
descriptions of the thesis chapters.

This study centres on the innovative teaching and learning of the chemical rate of
reaction concept supported by the use of computer simulations and modelling, along
with talk approaches in a Ugandan context. This study is the first attempt in Uganda to
develop, implement and evaluate a computer plus talk teaching sequence with the
purpose of enhancing 15to01 6 year ol d st ud e nheshémicalmatcefr st an
reaction concept. Following my experience as a high school chemistry teacher, the
chemical rate of reaction concept poses challenges to students because of its abstract
nature for a whole variety of reasons which will become apparent throughout this
thesis. Previous studies also show that chemical rate of reaction is a difficult topic to
teach and learn (see Chapter Two for a detailed discussion). The design of the

teaching sequence draws upon research evidence and theories about science learning.

This thesis, therefore, describes the development, implementation and evaluation of a
computer plus talk approach (C&TA) teaching of six lessons which covers content on
chemical rate of reaction for Ugandan students, aged 15 to 16. The teaching sequence
draws on the social constructivist perspective of teaching and learning science, as well
as empirical studies of students' understanding of the rate of chemical reaction, and

their responses to teaching rate of reaction (including the use of computers).

1.2 The context of the study

The study was conducted in Uganda, a country with little past history of science
education research. The country is a presidential republic and is governed by a
democratic constitution. It has three arms of government: the executive, judiciary and
legislative. The President and the Cabinet are the executive heads of the country, and
the parliament is endowed with legislative powers. It is a country that is home to many
different ethnic groups, none of whom form a majority of the population. Around 40
different languages are regularly and currently in use in the country, but in school the
language spoken is English.

The selected high schools for the research are from the central region of Uganda

(Kampala and Luwero districts), and are approximately 32 kilometres from each other.



The central districts are the economic hubs of the country and therefore have well
equipped school computer laboratories compared to schools in other less developed

and poorer regions of the country.

1.2.1 Educational system in Uganda

The formal educational system in Uganda has a structure of seven years of primary
education, six years of secondary education (divided into four years of lower secondary

and two years of upper secondary school), and three to five years of post-secondary
education. The system has existed since the early 1960s.

The education system |l ays much empbumdsts on
schools focus on the quantity of the content covered, rather than the quality of the
studennhimd | ea

1.2.2 Perspective of teaching in Uganda

Drawing from my experience, generally teaching styles in Uganda are guided by
behaviourist theories of learning, emphasised during teacher training in colleges and
universities. The lesson objectives are spelled out in terms of what the learner is
expected to perform at the end of each lesson. Teaching is portrayed as a process
where the teacher is responsible for presenting the teaching materials, with no
recognition being given to the role of learners in coming to understand the material. |
use the term 'didactic’ to refer to such teaching.

The teaching process is therefore didactic and involves large classes with teachers
controlling learning contents and the entire class session. Normally learning is passive
and less interactive in science classrooms. From my experience as a science subject
teacher, this method of teaching is advantageous in the sense that it enables more
subject content to be covered within a short period. On the other hand, because the
teacher controls the entire class, change in activity which underpins active teaching
and learning science are rarely implemented. Thus, in the classroom environment, the

teacher is the 6égurud of al | knowl edge

Q

writing ideas on the chalkboard and conducting scientific demonstrations. The students
are given little room to respond to factual questions posed by the teacher and in return
receive positive reinforcement or rewards according to the behaviourist theory of
learning. A limited number of practical activities are conducted by students to provide
an opportunity for drill and practice, with individual students required to make
observations, and in most cases there is no sharing of results or holding discussions.

As such, small group teaching within a large class, which allows students to learn



activity through interaction and discussion within their groups, has not been used to

benefit teaching and learning science in Uganda.

These are some of the reasons why | was compelled to conduct a study on teaching

which is more interactive, a n d dr aws mor e on t he | earner s
scientific concept as such studentsdi deas are often Aresistant t
p.481).

1.3 The aims of the study

My focus in this study is to explore the use of a computer and talk approach (C&TA) as
an alternative teaching approach to didactic teaching in science classrooms. |
developed a research-based teaching sequence on chemical rate of reaction using a
computer and talk approach (C&TA), which was implemented in Uganda and evaluated
by making comparisons with &énormal 6 teaching
This teaching sequence involved the use of computers to simulate and model
behaviours of molecules during chemical reactions, and provided a platform for
classroom discussions as students interacted with the learning materials.

The lessons involved both children and teachers talking freely about the chemistry
concept, chemical rate of reaction. In this way the designed teaching sequence was
based on the reviewed literature on the importance of dalkdin making the meaning of
learning contents in a classroom (see Chapter Two for a detailed discussion). The aims
of C&TA were to enhance understanding of chemical rate of reaction by high school
children aged 15 to 16 in Uganda. If successful, the selected topic and the developed
teaching scheme ought to serve as a teaching model upon which future design

sequences for teaching science concepts using computer programs can be adopted.

1.4 Research questions
Building on the general aims, the study addresses four research questions:
1. Does t he computer and tal k approach [
understanding of chemical rate of reaction in this Ugandan high school context
in comparison with students follo wi ng énor mal 6 teaching?
2. Which parts of the teaching sequence are effective in supporting learning, and
which are less effective?
3. What are the major benefits and challenges of the implementation of a
computer and talk approach in the Ugandan context?
4. What are the teacher and studentsd percep

approach?



1.5 The study in outline

The study was constructed through three phases:
Phase 1: Design of the C&TA teaching sequence (see Chapter Four)
Phase 2: Implementation of the teaching sequence (see section 3.6)

Phase 3: Evaluation of the impact of the teaching sequence (see section 3.7)

The design phase involved analysing the Ugandan chemistry curriculum to identify the
target concepts to be taught, and how they relate to each other. This was followed by
reviewing empirical evidence about students' characteristic ways of thinking when
introduced to teaching about chemical rate of reaction. The next step was to identify
the difficulties that learners appear to have in understanding teaching about rate of
reaction by comparing the two in terms of the concepts used to generate explanations,
their epistemology and ontology, wh i ¢ h thg learreing demandsé Finally, | drafted
computer plus talk teaching instructions to address each aspect of the identified
learning demands. Computer simulations were used to simplify the understanding of
microscopic behaviour of atoms during chemical reaction while computer modelling
(spreadsheets) was used to provide a virtual environment for the students to perform
investigations (testing their theories and hypotheses) on the relationship between
temperature, concentrations and chemical rate of reaction. This was to enhance
s t u d eunderstahding of how a change in temperature or concentration affects the
chemical rate of reaction.

The design phase of the study, together with the rationale for the implementation
phase, is presented in Chapters Two, Three and Four of the thesis.

Chapter Two presents reviews of literature related to the study. The first section
presents reviews of I|iterature on stude
theory, as related to chemical reactions. The second section presents reviews of
literature on the theoretical perspectives on learning: sociocultural approach,
constructivist approach including the importance of talk in teaching-learning science,
and drawing on all these perspectives, a Social Constructivist Approach was taken in
this research. The third section presents reviews of literature on the capabilities of
computer simulations and modelling (spreadsheets) to facilitate science education;
research evidence from teaching chemistry concepts; implications for teaching
chemical rate of reaction, and the conceptual framework designed for this study.
Chapter Three presents the research methodology, including research aims, research
questions, the design of the study, sample selection, data collection methods, validity

and reliability of research instruments, data analysis procedures, ethical

nt so



considerations, the timeline of the study and methodological issues concerning the
approaches to data analysis.

Chapter Four presents the design and development of the C&TA teaching sequence
which includes the design of the teaching, analysis of chemistry syllabus for ordinary
level and text books, teaching goals, identification of learning demands and drafting
instructional design suitable for computer simulations and modelling (spreadsheets)
along with talk approaches to support the teaching and learning of the chemical rate of
reaction.

The implementation phase was conducted in Uganda as a case study. It was a quasi-
experimental study intended to discover whether the designed teaching approach (in
this case, C&TA) would make significant enhancements to students' understanding,
compared to what students might otherwise reasonably have been expected to
achieve. Therefore, one school was selected to serve as an experimental class, and a
comparison class with similar academic ability who followed normal teaching
approaches (NTA) was selected from another school for comparison purposes.

The evaluation phase involved the use of a base-line test before the teaching, as a
diagnostic test to establish equivalence levels of understanding of the students from
the selected sample schools. After the teaching, a post-test was used to compare
studentsd performance in the c¢cl ass ,withthe
class that followed the normal classroom teaching (NTA).

Analyses of the results of the base-line test and post-test were conducted by
comparing group mean scores using independent t-test. Also, correlation (Pearson r)
tests wer e conducted within t he grou
understandings had a statistically and practically significant influence on their final post-
test scores after the intervention. General Linear Model (GLM) procedures to model the

post test scores were conducted based on base-line test, group and gender, to

f ol

ps

determine if their effects predictedthefinal st udentsd @chi evement

The classroom observations (interactions) data were collected in order to allow for
comparisons to show how different the experimental and comparison teaching actually
were, with regard to the design features in C&TA (for example, dialogic talk). This
would enable advancement of hypotheses about the likely potential causes of any
differences noted in the post-test results.

For the C&TA to be useful across schools in Uganda, science teachers must see it as
feasible to implement, and their students must view it as productive. Therefore, in the
study, the interview data were also collected to explore students understanding

i mmedi ately after each teaching and al

SO

t



response to the benefits and challenges, as well as their perceptions about C&TA
compared with NTA, to teach and learn chemical rate of reaction concepts.

The evaluation phase of the study is presented in Chapters Five, Six, Seven and Eight

of the thesis.

Chapter Five presents coding schemes developed foranalys i hg st udentsod r e:
the base-line test, post-test and classroom interactions. The coding schemes for
classroom analysis were developed based on a sociocultural framework to gather
information on the teaching purposes, content, and approach, forms of teacher
intervention and patterns of interaction from the classroom interactions, coding

schemes of the interview data are also presented.

Chapter Six presents the base-line test and post-test analysis of total scores then items

scores. Chapter Six compares the performance of students who followed the computer

and talk approach (C&TA), to the performance of students who followed the normal

teaching approach (NTA) in science classrooms in a Ugandan context.

Chapter Seven presents an analysis of classroom interactions. This chapter compares

the actual teaching process in the C&TA and NTA classes.

Chapter Eight presents an analysis of the C&TA teacherd @ nd studentsd in
Thischapter covers t he t eptions after eahmlessosdandatthent s 6 [
end of the intervention. The C&TA t eac her and spdctivabeon majd@ per
benefits, challenges, perceptions, comparison between C&TA and NTA teaching
approaches are presented.

Chapter Nine presents discussions on findings regarding the main research
investigation and broader aspects of the C&TA teaching sequences; its benefits,
challenges and perceptions of the teacher and students. Thus, the first section will

consider the extent to which students who receive C&TA understand better the concept

of chemical rate of reaction, in comparison to students who follow the NTA. The second
section wildl deal with the effectiveness of
of chemical rate of reaction in comparison to NTA. The third section will cover aspects

such as the benefits, challenges and perceptions of the teacher and students about

C&TA teaching sequence.

The thesis concludes in Chapter Ten with brief summary of the full study, the
contributions of the study to science education, limitations of the study, implications for

science education and further research, and the final reflections on what | have gained

from the research process.

In the next chapter, | presentwhat the international l'iterat

understanding when learning the chemical rate of reaction concept in high schools.



CHAPTER TWO
2 LITERATURE REVIEW

2.1 Introduction

In this chapter, | present reviews of literature related to the study. The first section
presents reviews of | iterat urbasicodeassftolisioant s 6
theory, as related to chemical reactions. The second section presents reviews of
literature on the theoretical perspectives on learning: sociocultural approach,
constructivist approach including the importance of talk in teaching-learning science,

and drawing on all these perspectives, a Social Constructivist Approach was taken in

this thesis. The third section presents reviews of literature on the capabilities of
computer simulations and modelling (spreadsheets) to facilitate science education,
research evidence from teaching chemistry concepts, implications of teaching chemical

rate of reaction, and the conceptual framework designed for this study.

2.2 Reviewo f | iterature on studentsod6 understandi
reaction
Thissection offers a review of the | iterature

ideas of collision theory as related to chemical reactions. It also looks at the effects of
temperature, activation energy and concentration of reactants on chemical rate of
reaction. | will begin by making the general statement that students, in my experience,
often find it difficult to understand and explain in terms of collision theory how activation
energy, temperature and reactant concentration changes affect chemical rate of
reaction. In the literature, the n u mb e r of studies related to s
rate of reactions is limited, with many dating back to the late 1980s, and just a few from
recent studies. For example, Gorodetsky & Gussarksy, 1986; Cachapuz & Maskill,
1987; Van Driel & De Vos, 1989a; Justi & Ruas, 1997; Chuephangam, 2000;
Bozkoyun, 2004; AlgebralLAB, 2010; Cakmakci et al., 2006 and Cakmakci, 2005, 2010.
All of these studies indicate that throughout this period of time from the 1980s to recent
day, students often continue to develop views on chemical rate of reactions which are

not consistent with the scientific point of view.
221 I nsights into studentsod understandings of
reaction

This sub-section presents studentsd6 under st andings of the bas|

reactions are caused by collisions between patrticles of reactants.



In a broad review of chemical education, Gilbert et al. (2002) refer to a study by

Cachapuz and Maskill (1987) on chemical Kinetics - the idea of collision. The study

focused on the ability of students (aged 15 to 16 years old) to explain the term

6col |l Tlke osbudent sdé6 iideas about collisions w
association tests. The results obtained indicated that the majority of students with high
achievement abilities associated wor ds suc
O6mol eculed to the sti mubvuwkthevowrachieving siuddnts si o n &
associated O6mol ecul ebd wi t h C O kbvkrs, stheowords | n t
associated mainly originated from everyday me ani ngs: 6accident 6, 0 «
6car 6. A c c o ilbdri eha. (200@) revidwe Cathapuz and Maskill argued that

such a fAdifference may be expl eollisioasdfaoms t he
in sub-microscopic level, abstract entities in explaining the real and visible changes in

react i op. 297-298)e Gilbert et al. (2002) further explained that:

Al ow achieving students may be &abahgesit o und
reaction rate due to changes in the physical dimensions of solid reactants or the
concentrations of dissolved reactants, but only using superficial, inconsistent,

everyday less relevant terms instead ofasub-mi cr o | ev el 6col)lision

Gilbert et al. (2002) also refer to a study by Justi and Ruas (1997) of 16 year old
studentsdé ideas about the nature of matter,
reaction occurs. The study focused on which ideas students use to explain why
chemical reactions take place at different rates. The results indicated that half of the

student sample (n=42) expressed a continuous view of the matter, 38% believed a
chemical reaction is a result of particle interaction, while 80% of the students did not
express any ideas concerning the dynamic nature of particles. The results meant that
students did not use any ideas of the particles being constantly in motion (particulate

model).

AThus, when asked to explain why derehtf erent
rates, 59% of the students did not use the ideas of the particles being constantly in
motion / energetic (particulate model) to explain why chemical reaction takes place
at different rates. On the other hand, when the students were asked to explain how
reactant concentration, temperature, and catalysts influence the rate of chemical
reactions, the majority did use the collision particle model in an appropriate
mannero (p.297).
In this study, it seemed the students did not have ideas or an understanding of the
particulate nature of matter which explains that matter composes of large molecules
consisting of small particles or atoms which are in constant motion. Students should
have used the idea of such particles in explaining why chemical reactions take place at
different rates. Say for example, in the gaseous state the particles are completely

separate, they move very fast and collisions are more frequent which results in more



chemical reactions and the rate of reaction is higher. While in liquid, because of weak
forces between particles, movements of particles are slower, the collisions are not as
frequent as in gaseous states and therefore chemical reaction rates are moderate. In
solid, because of stronger forces that hold the particles, the particles are fixed in
position they do not move apart from vibrating, collisions tend to be less frequent and

so chemical reaction rates are lower.

Chuephangamdés (2000) investigation of miscon
of Mathayom Suka five Grade 11 students (age 16 to 18) using a test in Thailand,
revealed that 11.7 - 21.5% of t he studentsd answers were mi
students in the public secondary schools during their second semester of the academic
year participated in the study. The results of the study indicated that most common
misconceptions (21.5%) were about explanations of factors which affect chemical rate
of reactions; 6.2 - 18.9% of the misconceptions were on the meaning of the chemical
rate of reactions. Unfortunately no further details were provided in this study about the

nature of the misconceptions.

Cakmakci, et al. (2005; 2006; 2010) investigated the understandings of 108 high school

students (SS) (aged 15 to 16 years old), 48 university first-year students (UF) and 35
university third-y e a r (UT) st ud e rot chémicat &imetice jnt Tiurkay.s
Studentsd ideas were obtained through inter
classroom teaching of chemical kinetics. The results indicated that:

AAround B8d33% o35, UFaand UT students respectively, believed that
reaction rate is the period of time taken for a reaction to occur, reaction rate
increases as the reaction progresses (23, 13, and 3% of SS, UF, and UT,
respectively), reaction rate is constant (19, 6, and 6% of SS, UF, and UT,
respectively), reaction rate increases up to a maximum value, and remains constant
at this value (8, 25, and 54% of SS, UF, and UT, respectively), or the reaction rate
increases up to a maximum value and from this level decreases gradually to zero
when the limiting reactant is consumed (2, 10, and 9% of SS, UF, and UT,
respectively) were quite common among both secondary school and undergraduate
st ud eg2010450-451).

The results of this study indicated that students have difficulty in understanding that
chemical rate of reactions are normally higher at the beginning of the reaction and

decrease as the reaction comes to completion or a stop. In fact, this study further
highlights the need t o ifficuliies efsttee cremicaldraten df s

(@)
D

reactions at the secondary level, as it is evident that a number of students from the
secondary school showed a slightly higher percentage of misconceptions about

chemical rate of reaction.



10

Furthermore in the US, Mainland high school AlgebralLAB Project, an online learning
environment that focuses on building links between science and basic mathematics in
their project report (AlgebralLAB, 2010), the point is made that students hold basic
ideas that chemical reactions are caused by the collision of particles. It further
explained that Amany students have the
formation of product, when the truth of the matter is that many collisions do not go
anywhelrteoi.s cited in this project t hat
sample may collide without ever turning into products, and when creating a mental
picture of a successful collision, students must envision molecules that possess
both proper orientation and a sufficient amount of energya Proper orientation means
reacting atoms must be aligned in such a way that they bond together. For example,
consider the chemical reaction between NO3z and CO to produce CO, and NO,

NO;(g) +CO(g) = CO,(g)+NO2(9)

In this reaction, an atom of O is transferred from an NO3; molecule to a CO molecule.
The collision orientation most favourable for these to occur is that the O atom from NO;
must be near a C atom from the CO molecule at the moment of collision. This is
illustrated in the diagram below. The first pair of diagrams shows that even with the
correct orientation, colliding molecules with low energy do not result in the formation of
the chemical product. The second diagram shows that even with enough energy,
molecules with incorrect orientation bounce back without reacting and forming the
chemical product. The third diagram shows that molecules with enough energy and

correct orientation react and form a new product on collision.

*
REACTANTS - @ MOLECULES
moviNG Too L >+ Q0¥ ‘ @%@ & BOUNCE
W

SLOWLY (NO REACTION]

REACTANTS

#
EP MOLECULES
- ¥ BOUNCE
NOT FAGING N L7
RIGHT Wiy « *+00) ‘ -rb@

(NO REACTION)

REACTANTS

ENERGETIC CHEMICAL
& ﬂ{%@*‘.m}}? - E.] ' ﬁ REACTION
ORIENTED
CORRECTLY

Figure 2-1: Proper orientation of reacting molecules (John, 2002)
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2.2.2 Insightsi nt o studentsd understandings of the

rate of reaction

Inthissub-s ect i on, I present student s6 under st anc
chemical reactions from research studies conducted in late 1980s, as well as a recent

study.

In the literature Van Driel and De Vos, 1989a as cited in Gilbert et al. 2002,
investigated how students aged 15 to 16 used a collision model to explain chemical

rate of reactions after they have performed experiments. When asked to explain the

i ncrease of reaction rates at hi gher temper
particles6 with O6more collisionsdéd or O6a hig
with the scientific point of view. Most students also reasoned that when fast moving

particles collide with each other, it is very likely that these particles will bounce back

without a change or reaction occurring. Some students added that the molecules would

not have enough time to exchange atoms. In the review by Gilbert et al. (2002), it is not

clear whatever numbers of students were represented by the above ideas.

A further study from around this time was carried out by Gorodetsky and Gussarksy

(1986). This examined 12" Grade (aged 17 to 18 years old) high school students 6
misconceptions in a related area chemical equilibrium reaction. The students were
assessed on the taught concept of factors influencing chemical equilibrium reactions;

effect of catalyst, temperature and activation energy. The test was composed of

multiple choice questions mixed with correct answers and a distracter, 6 | do not k n
designed to reveal a particular misconception was then administered. The results

indicated that 25% of the students had misconceptions about temperature, and
perceivedt hemedi ati ng concept O6temperatured as gi
the rate of t h e Inrother avbrdsothese fifdimgs £ By@e¥t .that more

products are formed with an increase in temperature. This reasoning misses the point

that increasing temperature means the molecules gain kinetic energy and move faster.

Thus, increasing frequency of collisions and increased collisions means more chances

of reactions, so reaction takes place quicker. This is a kinetic theory which forms the

basis for the scientific view for the effect of temperature on chemical reactions.

In the study outlined earlier, Cakmakci (2005, 2010) found that 5% of the students
believed that the rate of an exothermic reaction is not affected by a rise in temperature.

It was noted that most of these students believed that increasing temperature



12

increases the rate of endothermic reaction. According to Cakmakci, students reasoned
that:

ASince the reaction gives out heat , a ris
reaction rate. However, if a reaction took heat (from its surroundings); the reaction
rate would increase with temperature. Because a rise in temperature increases the
rate of a react i onThig diterrativet cariception mostly drasa t o
because students tried to interpret the reaction rate and extent of the reaction by
using Le Chatelier's principle and thus confused the concept of reaction rate and
chemi cal e(Gakmakd, 2010, i 46D).
In fact, the scientific view is that for chemical equilibrium reactions, since endothermic
reactions occur with absorption of heat from the surrounding, the forward reactions are
favoured by an increase in temperature and for exothermic reactions, since the forward
reactions occur by release of heat to the surrounding, increasing temperature favours

backward reactions.

223 I nsight into studentsd understandings of

rate of reaction

This sub-s ect i on presents student sb under st andi
relationship to chemical reactions. In review, limited studies have been conducted on
studentsd understandings of the effect of a
come across, the evidence shows that students have difficulty in defining and

explaining how activation energy affects chemical rate of reaction. For example, the

literature of Bozkoyun (2004), as cited in Calik, (201 0) | i sted two stude
ideas about activation energy (Ea), as follows:

1 Activation energy does not affect the rate of reaction.
1 Activation energy is the highest point in number of molecules and kinetic energy
graph.

Similar students6 ideas were also repasrted
outlined earlier, in which the results revealed that:

AA few secondary s iffibutiieslin ingetpretthgeam erergyhpeofile d
diagram for a reaction and associating it with theoretical models. Such students

interpreted the diagram based on surface features of the diagram; for example,

they simply stated t hahi gihaecstti v@adii otn emet lgeg
Afactivation energy is the peak of the ener ¢

These ideas apparently develop in students since the term @ctivation energydis usually

explained using an energy graph or diagram below.
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Activation energy (Ea)

Lower activation energy
(Ea) using a catalyst

Energy level

Reactant

R Products

v

Reaction pathway

Figure 2-2: Energy level diagram for chemical reaction

Students easily misinterpret the graphical symbolic representation of activation energy
and they often have difficulties in explaining the energy profile diagram for a reaction
and linking it with theoretical representation. In fact the concept of activation energy is
mainly presented at the symbolic level (drawing upon an energy profile diagram), and
also the particulate level (the transition-state). At the peak of the activation energy
hump, the reactants are in the transition state, halfway between being reactants and
forming products. On an energy diagram, this is the difference in energy levels

between the reactants and the transition state.

According to Bozkoyun (2004) as cited by Calik (2010), students believe that activation

energy is heat energy. Bozkoyun argued that such confusion may be due to the
studentsd misunderstanding about heat and t e
by Cakmakci (2010), who reported that students show a lack of understanding of

activation energy and its connection to the rate of reaction.

According to Cakmakci, secondary school students think that:

fActivation energy is the energy released after a reaction. ...The second reaction
(with a higher Ea) is faster, because more energy is released. The faster a reaction
is, the mor e e rCakmakegi (2018:458)e| easedo

However, according to chemistry concepts the activation energy is the minimum kinetic
energy that reactants must go through to form products, and activation energy can be
thought of as a barrier that reactants must overcome in order to reach the transition
state. From a scientific point of view, the activation energy barrier can be lowered when
a catalyst is present. Thus, catalysts provide an alternate energy pathway in which the

potential energy barrier between reactants and products is lowered. For a chemical
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reaction to proceed at a reasonable rate, the reacting molecules should possess

energy equal to or greater than the activation energy.

2.2.4 Insightsintost udent s6 understandings of the eff

rate of reaction

This sub-secti on presents student so under standi
concentration and its relationship to chemical reactions. In the study outlined earlier,

Van Driel and De Vos (1989a) found that students held various explanations of the

effect of concentration. For example, to explain the effect of concentration, students

most commonly and correctly reasoned that Af
lead to fewercol | i si ons (per wunit of time)o. Ot her
solution particles are far apart from each other, but did not develop this line of

argument further.

In the study outlined earlier, Cakmakci (2005, 2006, and 2010) st ud e nt stibnsafonc e p
the relationship between concentration and the rate of reaction showed that:

firhe majority of the SS, one-half of the UF, and around one-third of the UT
responses included scientifically incorrect ideas. For instance, they argued that,
there is a linear relationship between the concentration of reactants and reaction
rate, and they did not anticipate the order of the reaction or the role of the solid
catalysto (p.1806) .

Firstly, this reasoning is only true for elementary reactions where reaction occurs in one

step. However, it is not informed by scientific collision theory which is used to explain
chemical rate of reaction. Scientifically, increasing the concentration of a reactant
simply means there are more particles which may collide and so react. More collisions

mean a faster reaction.

Secondly, in this case, the students attempted to answer the question based on a rate
equation, but they did not consider some of the variables in the rate equation, i.e., the
reaction order. Reaction order is defined as the power of concentration in the rate law
expression. The rate law is an expression indicating how the rate depends on the
concentrations of the reactants and catalysts. The relationship between rate and
concentration and the order of a reaction are experimentally determined and in this
study, ist ude nt sCakmakci,e2016, @.454)aThese asgects(of reaction
will not be dealt with in this study, since | will basically be looking at the elementary

reactions.
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Students also assume that mixing chemicals results in a constant reaction rate. He
argued that students largely do not understand the importance of concentration. His
results also indicated that students believed that when the concentration varies there is
no visual change, such as colour changes or bubbles that accompany it and are

surprised to see the speed of the reaction change each time.

23 Summary of studentsdé understandings of c¢h
From the above review fourk ey aspects about studenitasd un:
rate of reaction have been identified as follows:

2.3.1 Aspects students often understand which are consistent with the

scientific view

The particles of a substance move faster when it is heated
Faster moving particles leads to more collisions
Faster moving particles lead to a higher probability of collision

A rise in temperature increases the rate of endothermic reactions

N = —a —a _a

Common misconceptions/difficulties in this area:

1 Problems with using kinetic theory to explain behaviour of atoms at the
molecular level and relating these to macro and symbolic levels
Every collision leads to formation of a product
Fast moving particles may lead to particles bouncing off each other without a
reaction occurring: collision is too quick and energetic

1 Rate of reaction is constant throughout a reaction

1 Activation energy is the energy released after a reaction

1 Activation energy is the peak of the energy profile diagram

Common student thinking not informed by collision theory
1 Increasing temperature increases the amount of product

1 The rate of a reaction is directly proportional to the concentration of reactants

For the purpose of this study, studentsé m
(endothermic and exothermic) was not dealt with as emphasis was laidonthest udent s 6
alternative conceptions of the rate of reaction in section 2.3.2 at the lower level of high

school.
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2.4 Why understanding chemical rate of reaction is challenging

From the review, it is clear that students often do not understand the sub-microscopic
representations which relates to collision theory and the behaviour of the reacting

atoms during the chemical reaction. Refer back to the earlier example in section 2.2.1.

For that reason, to understand this concept, Johnstone (1982; 1991) suggested a
theoretical model explaining that teaching chemistry requires an understanding of the

behaviour of molecules at a molecular level, which is subsequently explained at
macroscopic and symbolic levels.

Johnstoneds theoretical mod el p r oesentatiensof a pr i
chemical matter and understanding of chemistry. This representation can be illustrated

as shown in the Figure 2-3 below.

Macroscopic

Microscopic Symbolic

Figure 2-3: Conceptual understanding of chemistry: A model for learning (Johnstone,
1982/1991)

These are frequently referred to as the macroscopic (physical phenomena),
microscopic (particles or atoms), and symbolic levels (chemical symbols, equations

and formulae).

Inlightof J ohnst one 6 smotdehabave, Bahumceadl. (2004) have argued that

students normally operate in the macroscopic level of matter, and do not simply follow

links between the macroscopic and microscopic levels. They further explained that,
because of t his, chemical ard rstademstfisd it bigiczlo me 7
to explain chemical phenomenao (p.302).

Such a similar line of argument is held by Gabel (1996):

AThe complexity of chemistry has implicati
We know that chemistry is a very complex subject from both the research on
problem solving and misconceptions éand f
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possess these misconceptions not only because chemistry is complex, but also

because of the way ted)concepts are taught ¢
Gabel (1996) argues that classroom teachers often move without knowing from one
level (microscopic, macroscopic and symbolic representation) to another during
teaching. The different teaching approaches often applied do not help students to
understand the relationship between the three levels, and yet each level may be
subject to more than one interpretation. This makes students easily confused about the
chemistry concepts (Nahum et al., 2004).
In relation to this, understanding the chemical rate of reaction requires the students to
conceptualise what happens at the microscopic level in order to link it to the
macroscopic level through proper symbolic representation. In doing so, students are
expected to envision and interpret symbolic representations for the chemical rate of

reaction in order to gain a proper understanding of the concept.

2.5 Teaching approaches adopted for chemical rate of reaction
In this section, | present the different approaches that have been used in attempts to

improve the teaching and learning of chemical rate of reaction.

Many authors and researchers have proposed ways of remedying st udent s6 | ea
difficulties of the chemical rate of reaction. For example, Van Driel (2002) used
laboratory work; Tezcan and Yilmaz (2003) reported the use of computer aided
instruction with commercial software (Akademedia 99), but their study did not take the

studentsd alternative conceptions into consi
pictorial anal ogy to facilitate stwatdoeon sd6 ul
6rate of reactioné; however, he did not inve

Bozkoyun (2004) as cited by Calik (2010) examined the effectiveness of conceptual

change using text oriented instruction, accompanied with analogies over traditionally

designed chemistry instruction on 10th Gr ade st udent s under st al
reaction concepts, and attitudes towards chemistry as a school subject. The study

showed that conceptual change using text oriented instruction accompanied with

analogies led to a better understanding of rate of reaction concepts, and was also

better in the el i mi nati on of st udent adbionaimechenisoyn c e pt i
instruction. This research also indicated that conceptual change texts and discussion

about the texts addressed t he students®é misconceptions.
oriented instruction accompanied with analogies provides alternative strategy to clarify

student sd misconceptions in chemistry concep
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Van Driel (2002) used small group discussion and hands-on experiments with students
in the first year of chemical education (aged 14 to 15 years). The students performed
and discussed the experiments in small groups (three to four students per group),
guided by questions in the course material, in order to facilitate the process of
explaining the observations. The students observed the appearance of iodine, resulting
in a brown colour, under various conditions (i.e., temperatures ranging from 5°C to 60
°c; different initial concentrations of the peroxodisulphate solution). The students were

then invited to explain their observations in corpuscular terms.

Van Driel argues that the corpuscular conceptions in the context of chemical kinetics
seem to have the potential to move students from primitive corpuscular views towards
more scientifically acceptable views. Although he was quick to recognise the limitations
of young studentsodo abilities to reason
argue from a hypothesis which is not based on empirical observations, saying he was
convinced that these students could gradually learn to become more proficient in using
corpuscul ar model s as explanatory t ool
explanations at this level contained deficiencies from a scientific perspective, and also
argued that he would prefer this approach in chemistry courses in secondary school to

an approach which merely leads to rote learning.

My argument is that in this approach of corpuscular conceptions, Van Driel (2002),
seemed to have ignored the importance of the teacher in helping the students to gain
meanings of the scientific ideas of chemical rate of reaction. This point in this study

was addressed through the dialogic teaching and the communicative approaches.

Chairam et al. (2009) used inquiry-based experiment for chemical kinetics that
incorporated the use of the predictioni observationi explanation (POE) sequence to
enhance Thai students' learning of chemical kinetics. Students with an age range of 18
to 19 years were asked to design the experimental procedure themselves, in order to
investigate the reaction of acids and bases. A number of variables were investigated
here by changing each separately, while maintaining all others constant, including solid
surface area, concentration, temperature and type of acid. Overall, the research
findings suggest that most students had a good understanding of chemical kinetics.
They were able to explain the changes in the rate of a chemical reaction, and also

developed a better conceptual understanding of chemical kinetics, both qualitatively
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and quantitatively. Whereas this study claimed an improved understanding of chemical
kinetics, | would argue that it actually said very little about what actually happened
during the chemical reaction at the sub-microscopic level, which is impossible to

observe in the reaction solutions. In addition, the nature of the method chosen, inquiry-

based though supported by a social constructivist approach, |l acked the
support in working thr oug h Thathsevhysrt thisdseudyf Is 0

used computer simulations and modelling which not only provided opportunity for the
students to discuss their ideas, but also visualise what actually occurs during the
chemical reactions. This was also supported by a social constructivist approach, using
di alogic teaching and communicati ve a

misconceptions were dealt with by the teacher.

Gilbert et al. (2002) observed one common issue across all the types of proposals that

have been made f or the i mprovement ahe chenticaldaenaf s 6

reaction. That i s, ithere has been no s
such proposals. Sometimes, it seems that the authors have actually implemented their

proposals, but there has been no accompanying inquiry into their effectiveness in

t e

mi

Ppproa

| €

ystem

promoting studentsd meaningful l earningo.

view of learning, in which teachers create situations for an active engagement with
st udent s ledqone, computerksimolations may help students in learning several
aspects of the chemical kinetics (rate of reaction). Computer assisted learning
programs have been suggested as ways to present teaching models (see Reid et al,
2000).

Following on from his early study, Calik et al. (2010) used computer animation and
gui de sheets to make abstract concepts

learning environment, foster individual learning, boost engagement with the learning of
chemistry and make connections among macroscopic, microscopic and symbolic levels
of representation. The study used a base-line test and post-test non-equivalent

comparison group design approach and the sample consisted of 72 Turkish Grade 11

students (aged 16 to 18 yearsold) sel ected from t wo Rateotfact

R e a ¢ tCorwepBTest comprising of 9 lead and 10 sub-questions (total 19 items) was

employed.

First, the teacher handed the student guide sheets out with questions that sought to

promote curiosityanddr aw out their prior knoweéxstidg e
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knowledge and enhance their attitudes towards chemistry education. Second, students
were asked to use computer animations and conduct a small group discussion of three
to four students by tracking the given directions in each student guide sheet. The
purposes of these activities were to help students identify their own pre-existing
knowledge, produce new ideas, and negotiate agreement on any disputes. They were
asked to write on the student guide sheets what they discussed in groups based on the
animations. Third, the teacher directly introduced the concepts and processes of rate of
reaction to students. In this stage, the students attempted to develop their
understanding of the concept and track their correct and incorrect knowledge claims.
Through this process, the teacher led students to a deeper understanding of the

concepts. Fourth, to elaborate studentsao

used animation and attempted to extend their newly structured knowledge to obtain a
deeper and broader understanding of the concept by following the given directions on
each student guide sheet. They also tried to apply their understanding of the concept to

cor

additional activities. In the final phase, the teacher assessed the st udent s 6

comprehension by means of questions at the bottom of each student guide sheet.

Calik et al's (2010) theoretical perspective and methodological aspects were identical
to my research study but the only significant difference is that while their intervention
involved the use of computer animation, my research intervention employed both the
computer simulations and modelling, and the geographical scope (context) may be
useful to researchers interested in making a comparison between the two very similar

ICT tools in terms of effectiveness to improving the learning.

By drawing from Calik et al (2010)6 secommendation for the need to utilize more than
one intervention model to effectively eliminate student alternative conceptions, my
study made use of a combination of computer simulations and modelling supported by
classroom talk in which the teacher interacts with students through interactive/dialogic
or interactive/authoritative, non-interactive/authoritative approach as the teacher works

with students to develop ideas in the classroom (Mortimer and Scott, 2003).

2.5.1 Areview of the teaching approaches: points arising from the literature

From the review, the following key teaching strategies have been identified from the
literature as approaches so far that have been employed to improve the teaching and
learning of the chemical rate of reaction:

1 use of computer aided instruction
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1 small group discussion and hands-on experiments
1 use of a pictorial analogy
9 use of conceptual change texts oriented instruction accompanied with analogies
9 use of inquiry-based experiment
1 use of computer animations
Further explorations of I CT intervention to

conceptions have been recommended (see for example, Cox, 2000; Hennessy, et al.
2007; Calik et al. 2010).

In review, | have not come across any study carried outon studentsdé | ea
chemical rate of reaction using computer simulations and modelling supported by
classroom talk in which the teacher interacts with students through interactive or non-
interactive and dialogic or authoritative approach, to make the scientific point of view
available to them, and to support them in being able to understand and apply it. |
therefore used computer (simulations and modelling) and talk approach in this study.

The details of this approach are outlined in Chapter Four of this study.

2.6 Thetheoretical underpinnings of the study: learning and teaching

In this section, | situate the present study within the relevant literature to provide the
rationale behind the research aims, research questions and also to inform the issues
presented in the discussion chapter of the thesis. The focus of the review is on the
theoretical perspectives on learning, including the importance of talk in teaching-

learning science, starting with socio-cultural points of view.

2.6.1 A socio-cultural perspective on learning-Vygot skyds approach

The current idea of sociocultural theory of learning comes from the work of Vygotsky
(1978). The advocates for this view of learning argue that learning takes place in a
social setting when a group of people collectively discuss ideas, and the individuals
participating make sense of what is being discussed (see for example, Driver et al.,
1994; Wells, 1999; Wertsch, 1991 & Howe, 1996). According to Tharp and Gallimore
(1988):

fithe sociocultural perspective has profound implications for teaching, schooling,

and education. A key feature of this emergent view of human development is that

higher order functons devel op out of s®cial interacti
Vygotsky (1978) argued that learning involves a passage from social contexts to
individual understanding. Thus, we first meet new ideas in social situations where

those ideas are rehearsed between people, drawing on a range of modes of
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communication, such as talk, gesture, writing, visual images, and action (Lemke,
1990). Vygotsky referred to these interactions as existing on the social plane. As ideas
are discussed during the social gathering, each participant is able to reflect on and
make individual sense of what is being communicated. The words, gestures, and
images used in the social exchanges provide the very tools needed for individual
thinking. Thus, there is a transition from social to individual planes, whereby the social
tools for communication become internalized and provide the means for individual

thinking.

Vygotskian theory has been directly drawn upon by a number of researchers in their
development of an account of science learning (see, for example, Driver et al. 1994;

Hodson & Hodson, 1998; Scott, 1998; Leach & Scott, 2002, 2003; Mortimer & Scott,
2003). Sociocultural accounts of | earning ca
counts: first, in the sense of specifying the social origins of learning, through the
interactions on the social plane, and second in recognizing the social context of the

scientific community for the development of scientific knowledge. The view of scientific

knowledge as a product of scientific community maps int o Bakhtinds notio
| anguage. That i s, a social |l anguage is fAa
society (professional, age group) within a
1934/1981, p.430). Thus, science can be construed as the social language that has

been developed within the scientific community. From this point of view, learning
science involves |l earning the soci al |l anguag
Mortimer & Scott, 2003).

Wertsch (1991) recommended that the different social languages that we learn

represent the @oolséo f a meditational t o dalfor talking ,and i whi c
thinking as the situation demandsa Furthermore, Wertsch sugge
not stop using perspectives grounded in everyday concepts and questions after they
master scientific discourseodo (1991, p.118).
1934/1987), ways of talking and thinking m:
According to Scott, et al (2007) Wertsch saw the learner developing disciplinary social

languages alongside these everyday ways of talking and thinking.

Following this line of argument, Mortimer and Scott (2003) view learning science in the
school setting as fdAbeing i ntsrobal sclooeldcience t he

language, and coming to see how these might be applied to diverse social,
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technol ogi cal and envi rivemé@adq:482) makes the same s 0 ([

point:
ALearning scienceéis seen to i nvsensewkhismor e
or her personal experiences but also being
have been established and found to be fruitful by the scientific community. Such
6ways of seeingb6 cannot b-@and & d lemreohappeng d 6 by
upon the consensual viewpoint of the scientific community he or she would be
unaware of the status of the ideaso.

Foll owing this point and the earlier argumen

is the product of the science community, it is clear that scientific knowledge is not there
to be discovered through close individual scrutiny of the natural world. Furthermore, the
scientific perspective is not necessarily the same as everyday ways of talking and
making sense of the natural world (Hodson & Hodson, 1998). For example, the
common i deas t hat 6pl ant s get food from t
language), differs from the scientific point of view where plants synthesize
carbohydrates from water and atmospheric carbon dioxide. Thus, alternative ideas
referred to about photosynthesis map into the Vygotskian notion of everyday or
spontaneous ways ordinary people talk about such things, and in this respect there is a
very real sense in which the scientific point of view (based on the concept of
photosynthesis) offers an alternative perspective.

In making the transition from Vygotskian views of learning to perspectives on teaching,
Mortimer and Scott (2003) argue that any science teaching must involve three
fundamental parts or phases. The details of these phases shall be elaborated in the

next section under the role of the teacher.

2.6.2 A sociocultural perspective: The role of the teacher

Following on from the ideas introduced in the previous section, Vygotskian theory
emphasises that it is the job of the teacher to make scientific facts available on the
social plane of the classroom, supporting students as they try to make sense of it.
Vygotsky refers to the role of the teacher as being that of supporting student progress
in the zone of proximal development (ZPD). The ZPD is a concept developed by
Vygotsky that brings together the progress in learning of the individual student with the
key role of the teacher in assisting that learning. Mortimer and Scott (2003) explained
t hat as frt iB engageed anc tmese linked processes of monitoring and
respondi ng, he or she is probing and worKki
student 6s existing understandings and their
They are working with the student in the ZPD. Therefore, drawing from Mortimer and

Scott (2003), it is possible to identify three fundamental phases of science teaching.
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In the first phase, the teacher must make (staging the scientific story) the scientific
ideas available on the social plane of the classroom. The aim of the staging process is,
to make the scientific point of view, or scientific story, available to students and to
support their learning of it. Mortimer and Scott (2003), Ogborn et al. (1996) and Sutton
(1992; 1995) have all suggested that the fundamental way in which the teacher
devel ops the scientific story is that i
seeks to convince the students of the reasonableness of the scientific story, which is
being staged on the social plane of the classroom.

In the second phase(supporting st ud e;rnhetedcher neddeto assist
students in making sense of, and internalizing, those ideas. The teacher acts to support
students as they gradually develop meanings for new scientific concepts, and gain

expertise and confidence in using them.

In the third and final phase (handing over responsibility to students); the teacher
provides opportunities for students to try out and practice the scientific ideas for
themselves, to make those ideas their own and gradually take responsibility for their
independent working. As the students gain in competence and confidence, the teacher
gradually hands responsibility over to them (Wood et al., 1976), recognizing their
increased capability for unassisted performance. This concept of handover follows
directly from the Vygotskian conceptualization of learning, as moving from assisted

performance (Mortimer and Scott, 2003) to competence and confidence performance.

2.6.3 Sociocultural perspective: review

In review, it is clear that the sociocultural perspective on learning set out here
emphasises the importance of social starting points for learning (the social plane). On
this social plane language provides the most important tool for communication.
Furthermore, according to the sociocultural perspective, the role of the teacher is
central in introducing scientific ideas to the learner and dialogue, interaction and
argument become internalised to form the basis for reflection, logical reasoning and the

formation of new concepts.

2.6.4 Constructivist perspectives on learning

We now turn our attention to a second perspective on learning which some claim has

been the most influential perspective in the last three decades. In literature, (Jenkins,

sat.i
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2000 as cited i n Bennett, 2003) comment 0.
escape any reference to constructivism among the papers published in the research

j o ur nJankisségoes on to suggest that research work within science education

draws more from constructivist perspectives. Bennett (2003) goesontoadd t hat f wh
it is arguable that constructivism has evolved to produce something close to an
underlying theory (a paradigm), it is undeniable that work in the area forms the largest
researchprogr amme in science educationo (p.25).

Lorsbach and Tobin (1992) have argued that constructivism is an epistemology, a
theory of knowledge used to explain how we know what we know. Thus, for the
constructivist, knowledge is constructed by the learner by drawing on prior knowledge
and personal experience, and lies in the mind of the beholder. According to Lorsbach
and Tobin, in an article explaining the implications of constructivism for practising
science teachers:

AThe construct i vi dstthatehe iordyttalmavhilabie o adkmsowes r

are the senses. It is only through seeing, hearing, touching, smelling, and tasting

that an individual interacts with the environment. With these messages from the

senses the individual builds a picture of the world. Therefore, constructivism asserts

that knowledge resides in individuals; that knowledge cannot be transferred intact

from the head of a teacher to the heads of students. The student tries to make

sense of what is taught by trying to fititwith hisor her experienceo (L
Tobin, 1992, p.5).

Al essi and Trollip (2001) concur and they ad
(or the only one that matters) is our individual interpretation of what we perceive and

that knowledge is not received from outside, but that we construct knowledge in our

headod. By t bonssructvistgsuggestrittat all knowledge is constructed from
prior ideas. They draw their accounts from the notionthatc hi | dr en6s mi nds
6bl ank sl ateds olrd 6teanpwli ovoh knowl edge is sim

child making sense of it according to their current ideas.

Consequently, constructivism can be understood as presenting a learning perspective
where learners through interaction with phenomena construct knowledge, develop and
share meaning of a phenomenon during interactions within a social context. In the case
of the school the social context is that of the classroom. Although the ideas of
constructivist focused learning theory have been contested among science educators
(Matthews, 1993; Phillips, 1995, Osborne, 1996; Suchting, 1992), it is generally agreed
(Fensham 1992; Bentley, 1998, p.244) that constructivism has had considerable
influence on curriculum thinking in science and clarifying the nature of scientific

knowledge. Thus, students learn through experience with phenomena as they make
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sense of them, evaluate their merits, and try to make sense of them within a socially
acceptable environment (the classroom) using their prior ideas. Some constructivists
(Mortimer and Scott, 2003) stress the role of social interactions in this process, while
others do not. For example, the work of Driver et al (1985) focuses on the individual
alternative conceptions of students and has no link to the social interactions which
might underpin those individual understandings. However, most constructivists have
the opinion that learning occurs when individuals incorporate new information into
existing mental ideas of the concept, build new mental models that can hold both old
and new ideas gained from the experience. Furthermore, all constructivists would
agree that knowledge construction requires the student to be actively engaged in
learning the process. Wheatley (1991) concurs and offers virtually the same argument
of the epistemological core of constructivism, saying:

firhe theory of constructivism rests on two main principles....Principle one states
that knowledge is not passively received, but is actively built up by the cognizing
subject....Principle two states that the function of cognition is adaptive and serves
the organisation of the experiential world, not the discovery of ontological
reality....Thus we do not find truth but construct viable explanations of our
experienceso (p.10).

This second principle introduces to further the idea that actually constructivism cannot
be o6certaindé if the external world which te
point of view, reality can only be understood through clear, viable explanations and
discussions within a socially acceptable environment (the classroom) using prior ideas.
Furthermore, Lorsbach and Tobin (1992), argued that in the constructivist classroom,
students should be given opportunities to make sense of what is learned by agreeing to
meaning, comparing old ideas to new knowledge, and deciding on the difference

between old ideas and what seems to be meant by new knowledge.

They argued that agreeing on the difference leaves the learner satisfied about new
knowledge in relation to old ideas. They further argued that negotiation is also possible
in a classroom through discussion, attentive listening, and making sense of the views
of others, and comparing individual understandings to those embedded within the

theories of peers.

2.6.5 Constructivist perspectives: The role of the teacher

Agreeing with a constructivist perspective on learning does not lead directly to a
specific approach to teaching (Millar, 1989). For example, Lorsbach and Tobin (1992)

argue that the constructivist viewpoint suggests that teaching science should be like
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the science that scientists actually do - it should be active and social to allow making
sense of knowl edge, as opposed to what

view that | would agree with, since the role of the teacher seems to be overlooked if the
students are expected to work like scientists. The key point is that the teacher must
introduce scientific ideas to the students and guide the learning as individual students

makes sense of the scientific point of view.

Nevertheless, it is possible to make more general statements about teaching which
follow from constructivist perspectives on learning, considering the characteristics of
the constructivist form of learning being more learner-centred, the teacher plays the
role of planning the learning task and being a knowledge facilitator. It is the teacher
who sets up the classr oom etmgain new Rnovdadde. It
is the teacher who encourages learners to share ideas with one another through
discussions. It is the teacher who probes and guides the learner by posing thoughtful,

factual questions rather than just providing learners with answers.

Accordingly, teacher participation and guidance, which bring out challenges and build

(0]

€ ne

upon learner s® own i deas, ateMeorncseird,er Bd95)i gni fi can

understanding of more abstract, general and explanatory knowledge frameworks

(Driver, et al, 1994). The nature of scientific ideas and processes means that

opportunities for talkingand t eacher sé explanations are

construction.

2.6.6 Constructivist perspectives: review

The key message which comes from the constructivist perspectives on learning relates
to the individual responsibility of the learner in making sense of new ideas, relating new
knowledge to existing understandings. In this way, the constructivist perspectives take
a similar point of view to the sociocultural approach in agreeing that meaning making

occurs within an individual as they think and reflect on what is being communicated.

2.6.7 Combining social and individual points of view: The perspective on

learning adopted in this study

In the preceding sections, | have outlined perspectives on learning: socially focused
(Vygotsky), and individually focused (Constructivism). Each has its strengths and here

| argue that the approaches are complementary.

vV e



28

By drawing attention to the social origins of learning, Vygotsky also emphasized the
role of the individual in the learning process through the process of internalisation. The

process of internalisation, as envisaged by Vygotsky, does not involve the simple

transfer of ways of per sonal sense making.
contemporaries, made the point i fionssth@thé ng tF
transferral of an external activity to pre-e xi sting o6éi nternal pl ane c
the process in which the pl aargumentsds thiatoan me d 0

individual makes sense of ideas being discussed during social interaction and relates
these talks to their prior ideas.

Leach and Scott (1995) strongly supported this view,ar gui ng At hat i ndi vi
must make sense of the talk, which surrounds them on the social plane, relating that
talk in a dialogicway totheir exi sting i deas (pdInthswas/thef t hi
internalisation process of sociocultural theory reflects the basic sense making step of
constructivism, and so the two points of view fit together and are complementary.
Dialogue, interaction and argument become internalised through individual sense
making to form the basis for reflection, rational reasoning and the formation of new

ideas.

Therefore the approach taken in this thesis is to draw on both perspectives, taking what
has been referred to as a Social Constructivist Approach (Leach and Scott, 2002). In
the last decade, this approach has advocated for an account of individuals as they
function in social contexts with an emphasis on the role of the teacher being that of
making the scientific point of view, or scientific story, available to students and to
support their learning as they gradually develop meanings for new scientific concepts,
internalize and gain expertise and confidence in using them (also see, Mortimer &
Scott, 2003).

2.6.8 Different theory alerts us to different aspects of teaching and learning:

A sociocultural view highlights the importance of language, scaffolding, conversation,
and interaction on the social plane which provides the opportunity for each participant
to reflect on and make individual sense of what is being communicated. The key point
here is that the studentds | earning is conc

dependent upon, the supporting activity of the teacher on the social plane.
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Constructivist views highlight the importance of individual sense making, alternative

conceptions of scientific views.

2.6.9 Approaches to teaching: The perspective adopted in this study

In considering the approach taken to teaching in this study, three different but related
perspectives were considered. The first consists of a series of theoretical points
derived from social constructivist theory. The latter two consist of more practical
perspectives relating to ¢6Dialogic teac

2.6.10 Implications for teaching: Derived from social constructivist theory

Building on the social constructivist perspective on learning as set out above, there are

some implications for the design of teaching.

First of all, effective teaching involves bringing together every day and scientific views,
examining differences in studentsé alt

viewpoints.

Secondly, effective teaching is language based: talk is fundamental as it does not
simply imply talking about science. It means using language as a medium of teaching
and learning science. Lemke (1990) argues that:

ftalking science means observing, describing, comparing, classifying,
analysis, discussing, hypothesizing, theorising, questioning, challenging,
arguing, designing experiments, following procedures, judging, evaluating,
deciding, concluding, generalising, reporting, writing, lecturing and in
teaching and through (@he | anguage

Thus, language is a system of resources for making meanings.

Thirdly, teachers provide access to scientific knowledge (no discovery possible). This
point is supported by Mercer (1995) who argues that students must be guided. Driver
et al. (1994) made a similar argument stating that participation and guidance which
brings o u t chall enges and builds upon | ear

understanding of more abstract, general and explanatory knowledge frameworks.

Last but not least, students need an opportunity to talk science for themselves (Lemke,
1990). That is, science teaching being seen as a social process which brings students

virtually close to a community of people who dalk scienced and that the individual

hi ngo

ernat

of s cC

ner so
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learner must make sense of the talk, which surrounds them on the social plane, relating

that talk in a dialogic way to their existing ideas and ways of thinking.

Bearing these general points in mind, the following approaches to conceptualising

teaching were developed in this thesis:

2.6.11 Implications for teaching: Dialogic teaching and other talk-based

approaches

The theoretical points discussed in the previous section about the importance of talk
have been investigated in practice by Alexander (2008, 2008b). In his work on dialogic
teaching, a talk approach was used to encourage pupils to think, learn and understand
ideas. This approach differs from the traditional question-answer, teacher-centered and

informal discussion.

Alexander et al. (2004, p.26-7 ) argues that di alogic

principles of collectivity, reciprocity, support, accumulation and purposefulness.o He
argues that dialogic teaching is a collective process in a sense that teachers work
together with learners to solve learning tasks, paying attention to each other and
sharing ideas; reciprocal because both the teacher and students listen and consider
each otherés views; supportive because

environment wher e noumuative beeause teachers awnd ctadgnds;
develop on their own and each o t h e r s,&haininyehans into logical lines of thinking
and enquiry; and purposeful in a sense that teachers plan and guide classroom talk

with specific learning goals in view.

These ideas have links to constructivist perspective because it recognises that in the
teaching and learning processes, the learners are active participants. On the other
hand, the actionsof t he teachersé and st ude n-tuftudal
and Bakhtinés noti on whiéh carde usad to medliateg classgoem

discussions.

Sociocultural researchers (Leach and Scott, 1995; Mortimer and Scott, 2003;
Alexander, 2001; and Mercer, et al. 2004/2007) have all argued that the learning of
science is a discursive process, with scientific ideas and ways of understanding being
learned through engagement in practical investigation and social interaction, as well as

individualized activity. According to this viewpoint, students are presented with

t each

earn

ar e
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alternative viewsandr equi red t o engage with each other

broaden their own theoretical understandings.

Sociocultural researchers have frequently described science teaching as a discursive
process, whereby students are introduced into a system of using language and other
representational means by teachers (Mercer, et al. 2004). In this line of argument,
Lemke (1990) proposed that science teaching should enable students to become
Afl uent speakers of sciencedo (p.24), while 1
ifstudents should be hel penhakdsgnse ohthe talk whichi e nc e

surrounds them, and in doing so, rel ate it
(p.44).

Mercer, et al. (2004) argued that modern sociocultural theorists (Wertsch, 1991; Wells,
1999 and Daniels, 2001) have all followed Vygotsky (1978) in stressing the importance
of language use and social interaction for the development of making sense of the
world, such as scientific ideas. For example, Barton (2004) argues that:

Al al ways felt that puprdldsas mooeeffedtively dtherten t h e
was more opportunity for them to talk about their ideas with the teacher and if there
was more time for the teacher to provide
during practical work and the abstract concepts theyrel at e @.37%).0 0o

These ideas of encouraging talk to support the learning process are consistent with the

social constructivist perspective to learning. Driver, et al. (1994) strongly supported this

view and suggested that scientific knowledge constructions involve both social

processes and individual understanding. Drawing from all these views, it is clear that

6tal ké is an important andia thé oekt section weevll beni ng

looking at a broad framework of classroom talk, the communicative approach and its

implications for teaching which this study adopted in the design of the teaching

sequence.
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2.6.12 Implications for teaching: The communicative approach

In the previous section we have emphasised the importance of talk. Mortimer and Scott
(2003) provide a useful framework in thinking about the talk in the classroom between
the teacher and students. This framework involves moving along two dimensions;
dialogic or authoritative and interactive or non-interactive, which can be represented as
in Table 2-1 below.

Table 2-1: Four classes of communicative approach

Interactive Non-interactive
Dialogic Interactive / dialogic Non-interactive / dialogic
Authoritative Interactive / authoritative Non-interactive / authoritative

Source: Adopted from Mortimer and Scott (2003, p. 35)

In planning the teaching, the framework provides the perspective of thinking about
different kinds of talk in which teachers can work with their students to develop specific
ideas in the classroom. For example, Alexander (2008) talks in general terms of
dialogic teaching while Mortimer and Scott (2003) identify four possibilities through
which the teacher can interact with (n38)e
with the focus of making sense of the specific view point. In the classroom, these
different kinds of talk may take the following form of interaction.

1 Interactive / dialogic: is an approach whereby the teacher asks, probes,
elaborates, supports and pr ompt s t he pupil sé
subject concept.

1 Non-interactive / dialogic: the teacher considers various points of view,
exploring and working on a range

1 Interactive / authoritative: the teacher leads students through a
sequence of questions and answers with the aim of reaching one
specific idea (e.g. scientific ideas).

1 Non-interactive / authoritative: the teacher presents one specific point of
view and makes a review. In this teaching approach, the teacher
controls the entire session and the subject content. There is ho room for
teacher-student interaction.

The different communicative approaches outlined above have been drawn upon to
design the computer and talk approach (C&TA) teaching sequence for this study. The

detail of the design teaching sequence is provided in Appendix 7.

St u
deas
of S 1
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2.6.13 Overall theoretical conceptualisation of teaching

In summary, overall in terms of theoretical perspectives, the literature suggests that
there is a strong link between sociocultural theory, constructivist theory, social
constructivist theory, dialogic teaching and the communicative approach. The

representation of the link can be illustrated as shown in figure 2-4 below:

Sociocultural Constructivism

Social constructivism Theory

\4
Practice

Dialogic teaching
Communication approach

Figure 2-4: Perspectives on teaching and learning: Theory and Practice

The link above provides perspectives on teaching and learning which can be drawn
upon to inform the design of the teaching, because it recognises that teaching is
cumulative over time, in that it involves bringing together every day and scientific views
(social constructivism theory); using talk to make meanings; teachers guiding and
providing scientific knowledge, and students talking science for themselves relating to
their ideas and ways of thinking. All of these, as we have seen, help in supporting

studentsd understandings of scientific ideas

It is with these ideas in mind therefore, that | found it reasonable to draw on both
sociocultural theory and constructivist theory, taking what has been referred to as a
social constructivist approach (Leach & Scott, 2002) along with the different
communicative approaches to provide theoretical perspectives for this study. In
section 2.8, the theoretical perspectives and communicative approach (talk
approaches) adopted here were used to develop the conceptual framework for the
implementation of a computer and talk approach (C&TA) teaching sequence to improve
student sd8 un thechamica rate df negction.Before this, | present a review

of literature on computer simulations and modelling in education.
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2.7 Review of literature on computer simulations and modelling in chemistry
education

In this section, | outline the capabilities of computer simulations and modelling to

facilitate science education; research evidence from teaching chemistry concepts and

application to teaching chemical rate of reaction. | will begin with the definitions and

benefits of computer simulations and modelling in teaching science subjects in

general.

2.7.1 Computer simulations and modelling

Thurman, (1993) and Rieber, (1994) defined simulation as a form of a real world
environment, with the feature for the user to interact with the phenomena. While Sauvé
et al. (2007) have defined it as a simplified, dynamic and accurate model of reality, that
is, a system used in a learning context to illustrate occurrence of phenomena. In
science teaching computer simulations are used to replicate dynamic systems of
objects in a real or imagined world (Akpan & Andre, 1999). Johnson et al. (1998)
argued that simulations are mostly appropriate in creating such an environment
because they provide high-level interactivity; strengthen ideas and theory acquisition
within the heart of learning. Thus, interactivity inherent in simulations allows learners to
see immediate results as they try out their theories about the concepts modelled
(Rieber, 1992; 1994). Simulations have been described by Alessi & Trollip (1991) as:

APower f ul technigues that teaches about

replicating it. Students are not only motivated by simulations, but learn by
interacting with them in a manner similar to the way they would react in real
situations. In almost every instance, a simulation also simplifies reality by omitting
or changing details. In this simplified world, the student solves problems, learns
procedures, comes to understand the characteristics of phenomena and how to
control them, or learns what actions to take in different situations.o

Alessi and Trollip (1991) further argued that, computer simulated instruction offers
opportunity to learners to observe and interact with a real world experience. They
explained that simulations allow virtual experiments and inquiry to be conducted in the
school science laboratory and that problem-based simulations allow students to
experiment with new models, monitor experiments and can help to improve the

understanding of difficult concepts.

Modelling software, as its name implies, encourages pupils to create, use and test their

own models (Scaife & Wellington, 1993; Jackson, et al. 2000). In science teaching the

S
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use of models has been linked to the importance of modelling activities and interactive
learning environments that associate constructivist learning with computer applications,
which allows students to interact with dynamic representations of models (Jackson, et
al. 2000). Following on from these two descriptions of simulations and modelling,
Dalgarno (1996) has argued that there is no clear difference between simulations and
modelling (also called microworlds) because both share similar features regardless of
which definition is chosen. In this study, therefore, simulations and modelling were
treated synonymously.

2.7.2 Benefits of using computer simulations and modelling in science

education

In the literature, simulations and modelling have been recognised as promoting critical
thinking; developing problem solving skills
(Mellar and Bliss, 1994), as well as improving cognitive understanding (Yildiz and

At ki ns, 1993) ; bettering studentsd concept r
to understand and gain experience of phenomena which are potentially hazardous and

not easy to replicate in the school science laboratory, where the time scale does not
permit and when used for O6évirtual d experi mei
thus allows more inquiry (Baggott and Nichol, 1998; Bennett, 2003; Boyle, 2004, Linn,

2004; and Hennessy et al., 2007); increase the salience of underlying abstract ideas-

helping students to visualise processes more clearly, and support the analysis of trends

and exploration of relationships between variables at sophisticated levels (Bennett,

2003; Hennessy, 2006).

Thus computer simulations and modelling can be used to support teaching and

learning science content knowledge and processes.

Computer simulations

A 4

Processes

& modelling Support Teaching and learning

»
|

A 4

Contents

Figure 2-5: Using computer simulations and modelling to support teaching science
processes and contents
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2.7.3 Use of simulations and modelling in teaching chemistry concepts:
Research evidence

In this section, | present the use of simulations and modelling in teaching chemistry
practical activities and abstract concepts. | begin by looking at the studies which have
explored the use of simulations and modelling in chemistry laboratory processes, and
then look at other studies which have dealt with applications of simulations and
modelling in teaching abstract chemistry concepts.

2.7.4 Use of simulations in teaching chemistry processes

Research suggests that computer simulations and modelling can help students to
investigate and understand complex models and processes which they cannot
investigate in a school science laboratory (Osborne et al. 2003). Such benefits of
simulations and modelling have been reported in other subjects, for example the use of
the simulated package, 6 Cr o c Py ¢ jetostdach electric circuits in physics
(Hennessy, 2007); use of simulation software to investigate the effect of temperature
on enzyme activity in biology (Hennessy, 2007); investigation of growth curve of micro-
organisms in biology (Huppert, et al. 1998 / 2002), were found useful and a
comparative investigation into the effectiveness of simulated laboratory instructions
d@ligital electronics circuitry§ versus traditional laboratory instructions in physics (Pyatt,
2007; Taghavi & Colen, 2009).

However, little has been reported on teaching chemistry processes. Rodrigues (2007)
reports on a project based on constructivist perspectives and simulated practical
experiments which depicts microscopic chemical interactions; acid-base neutralisation.
The project was piloted with three male pupils, age 15 to 16 years old, and a main
study was conducted with 21 pupils, age 14 to 15 years old. Working in pairs, the
pupils used simulations for up to five minu:
thinking fas s o asetheydouyla alayificationdronothedpéer or as they
reacted to screen shoto (p.4). Thaructioeand | t s i
prior knowledge played an i mportant role in
improved understanding of acid-base neutralisation reactions concept. This study
suggests that 6tal k6 was i mportantmomngrtheunder
pupils as they responded to the screen shot, an opportunity which was provided for by
computer simulations. Drawing from Rodrigues et al. (1999) there is still little available
use of simulations reported on practical work, more especially in teaching chemistry

subjects in secondary schools. In my opinion, since 1999 many researchers and
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instructional designers have had ideas about the use of computer simulations in
teaching science but actual implementation in the classroom and research are still at
infant stages.

The laboratory process requires students to perform experiments and coordinate their
results with theory in order to explain the underlying theory of chemical reactions.
Usually, students have to take measurements of volumes of reactants, mix and record
the time taken for the reaction to come to a stop. All these processes, from my
experience as a chemistry teacher, do not give students adequate time to focus on
relating the practical phenomena to the underlying theory of chemical reaction at the
sub-microscopic level to macroscopic level where understanding occurs. Simulations
and modelling, as we have already seen, can help students to have a clearer
understanding of what actually happens at sub-microscopic level during chemical
reaction. Understanding these enables students to map up the sub-microscopic level to
macroscopic level, thus improving their understanding of the chemical rate of reaction
concepts. However, for this particular study, | used simulations and modelling to

enhancestudent s & u n d ehe eshendcal date nfgeactidn.

2.7.5 Use of simulations and modelling in teaching chemistry concepts

As mentioned in section 2.7.2, simulations and modelling can be used for visual
representation of abstract molecular interactions and therefore provide the students
with the opportunity to observe molecular interactions alongside graphical
representation and chemical reaction formulae (Bodner, 1992). It has been argued that
the use of computers in chemistry lessons makes traditional molecular symbols visible
and clearer to the learner (Stieff & Wilensky, 2003). Stieff and Wilensky (2003) further
argued that using computers in chemistry lessons contrasts wi t h t he

chemistry lectures that rely almost entirely on verbal explanation of concepts meaning
student s have little opportunity t o

Furthermore, the use of computers in teaching is seen to encourage critical thinking,
conceptual understanding and discourages rote memorisation and algorithmic problem-
solving (Garnett & Kenneth, 1988). For example, Stieff and Wilensky (2003) hold that
using simulations and modelling to teach chemical equilibrium helped students to shift

from memorising ideas to explaining chemical equilibrium reaction concepts.

Literature also suggests that computer simulations and modelling facilitate the teaching
and learning of not only difficult concepts in chemistry, but chemistry as a whole. For

example, Oloruntegbe and Odutuyi (2003) have suggested that the often perceived

itrad

6obse
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difficult and abstract concepts in chemistry such as radioactivity, mole and
stoichiometry, electrochemistry, organic chemistry can be encoded or programmed into
computer software that teachers and students could utilize to make their teaching and

learning better.

At this point we will shift our attention to studies which have employed computer

simulations, modelling and other related tools such as animations, and see how such

i nterventions have enhanced t ea cstyicongepta hd

will attempt to show how such studies have informed my study.

Papageorgiou et al. (2008) investigated
understandings of particulate explanation for melting and evaporation below boiling
point. The study involved two Grade 6 pupils (aged 11 to 12 years). Computer
simulations were used to help pupils understand microscopic behaviours of particles of

substances undergoing melting and evaporation processes. Simulations were found to

beusefulini | l ustrating fAparticulate nature of

t

St

he

s ul

& gas) and the events of melting and evapor

experimental class was taught using simulations and the control class followed the
traditional instruction. The experimental class were supported and guided by the
teacher as they made predictions and observations along with group discussions. The
study was evaluated through individual interviews of pupils before and after (pre and
post interviews). The findings indicated that simulations helped pupils understand the
ideas of particles holding together and also the distribution of energy, especially during
evaporation. These ideas in my experience as a chemistry teacher are abstract, difficult

to understand and comprehend.

This study has given a clear application of simulations to engage pupils through

initiations of prior ideas by making predictions, drawing attention and discussions in the

group. This can hel p t h eisconeeptomsas they are baingd r e s s

supported by revealing nature of microscopic behaviours of particles under different

states of matter, as displayed by simulations. In this way pupils are able to envision

6bondingd and the O6eneingyhaei pupi bsadi amdet bu

strategy of using predictions and observations is core in my design teaching sequence

for this study. We shall return to this later in Chapter Four.
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In another study, Arcdac and Ali (2002) conducted a comparative study on relative
effectiveness of guided versus unguided computer-based instruction (simulations and
modelling) with respect to regular instruction. The study aimed at improving the
understanding of 74 Grade 9 students (aged 14 to 15 years) of the chemistry concept
6Boiling point el evat i oninaasacdndaryrseheokin fukeyp oi n't
Two classes received computer-based instruction under guided (n=25) and unguided
(n=24) conditions, while the third class (n=24) followed regular instructions.

Students in the regular class followed an instructional sequence, which matched the
sequence used for the computer-based instruction, with identical concept examples
and questions. However, although regular instruction proceeded in a questioni answer
format, students had limited opportunity to question, and no opportunity to inquire
about the factors affecting changes in boilingi freezing point, through direct
manipulation of variable attributes. Instead they were guided towards the expected
outcome, through teacher directed questioning.

Students in a Computer-Based Instruction class completed the instruction in the
computer laboratory. Each student worked on a separate computer individually. In one
group, students received computer-based instruction under unguided conditions, and
covered the topic by themselves. The teacher gave a short introduction and merely
presented the contents after which the students were left to work independently, with

the teacher only intervening to answer individual questions from students.

In the second group, students followed computer-based instruction under guided

conditions, projectedont o a screen as wel |l as from the s

The initial screens that displayed pictorial and graphical representations concerning the
boiling and freezing of pure water were presented to the whole class with subsequent
gquestions that were answered collectively. Representations of phase changes
corresponding to a solution (water C glycol) were observed, and related questions were
completed on an individual basis. The exploration phase was opened by the teacher
through the presentation of factors that affect boiling point elevation and freezing point
depletion. The students were given direction on how to manipulate the variable values
and calculate the resulting change in boiling-freezing point. No clear instruction was
given with regard to the control of variables during the inquiry process. Students came
up with individual designs and determined how solute-solvent characteristics affect the

changes in the boiling-freezing point of a solution.
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The final phase of instruction that consisted of five dill-in-the-blankbtype questions were
completed by individual students and was then reviewed by the teacher through whole

class participation.

Students in the three study groups were ass
El evati on and Freezing Point Depl etiono an
Attributes i n a Ceriottoaodfdll@vohg ifsSkuptier. i ment 0

The results indicated that the effectiveness of computer-based instruction increases
when learning is supported by teacher-direct guidance. They found that computer-
based instruction (with or without guidance) was observed to be more effective than
normal instruction in improving process skills, mostly for high level chemistry
achievement students. However, it was also found that, although the students who
received regular or guided computer-based instruction showed significant gain in
content knowledge, students under unguided conditions failed to construct the content

knowledge.

The point here is that, when computer-based instruction is supported by teacher
guidance, studentsd understanding of the <co
what my study is set to follow when using simulations and modelling in the teaching

and learning of the chemical rate of reaction.

In another study, Ozmen (2008) reported an investigation into the effect of computer-
assisted instruction (CAl) on conceptual understanding of chemical bonding and
attitudes towards chemistry. The study involved 50 students from Grade 11 (aged 14 to
15 years) of a secondary school in Turkey. The experimental class of 25 students
followed CAI, while the control class of 25 students were taught following the normal
teaching approach (talk and chalk), the dominant teaching method in Turkish high
schools. The students in the CAIl class were supported through regular classroom
instruction and PowerPoint presentations. The teaching intervention was then
evaluated using an Achievement Test, administered as base-line test and post-test.
The results indicated that the experimental class performed better than the control

class, and showed slight improved conceptual change.
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| would suggest that helping students overcome their alternative conceptions requires
the teacher supporting students through dialogic talk as they work with CAI to support
their learning, as they gradually develop meanings for new scientific ideas, internalise

and gain knowledge (see for example, Papageorgiou et al. 2008).

In another study, Stern et al. (2008) investigated the effect of interactive simulations in
improving Grade 7 st udent s06 understandings of the ki
middle schools located in the Northern Israel. The study involved three teachers and

133 students. Students were randomly assigned. Both the experimental and control
classes were first taught the topics: 6heat
from the matter and molecules, for seven periods. The students in experimental

classes were given three additional lessons using simulations to study the behaviour of

particles in the three phases of matter. Their study focused on the effect of temperature

change on the particles in gaseous phase, liquid phase and solid phase. The dynamic
representation of molecules took place during the computerised simulation. Three

lessons were selected and were structured in order to minimise the difference between

the teachers. Each lesson was accompanied by computerised worksheets with
questions to guide studentsdé observations.

their responses.

The results of the post test revealed that the students in the experiment group scored
significantly higher than those in the control group. Their findings suggested that the
simulations improved the understanding of the Grade 7 students, though it was
acknowledged that interactive simulations were insufficient to promote meaningful
learning. | agree with this point on insufficiency, and my argument would be based on
the nature of the software implementation. Analysing the process of implementation, it
is very clear that the simulations provided the learners with the opportunity to try out
their ideas, which perhaps was a good strategy but the teache r 6 s i nopeddokedv a s
leaving it to the software to provide feedback to students. Arguing from the Mortimer
and Scott (2003) point of view on the importance of talk to make meaning of science
concepts, students should have been supported by their teacher through dialogic-talk
and discussions when working with worksheets as they made their observations, which
would have helped them to learn more successfully. This finding re-echoes the
fundament al i mp o r tvew (L@78) that it i¢ Yheg jolt of they/téasher to

make scientific knowledge available on the social plane of the classroom, supporting
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students as they try to make sense of it through dialogue, a point which this study is set

to investigate.

In their study, Talib et al. (2005) investigate d student so conceptue
electrochemistry using computer-animated instruction. The study consisted of 85

university students. The students were assigned randomly to an experimental class

and control cl ass. The st ud dtained Gsingrfocessed nc e pt
interviews. The teaching method used was based on the constructivist approach with

students using interactive computer animated images to test their ideas. The
experimental class followed computer-animated instruction (CAnl) while the control

class followed conventional lecture instruction (CLI). The results indicated that the CAnl
experimental class had better explanations of the electrochemistry concept, thus had

undergone a conceptual change while for the CLI control classthe conce pt A r emai n e
unintelligible and implausi bl e nemyepniormitis er a
true that using the constructivist approach of teaching, results in some kind of
conceptual change as indicated by the results of this study. In my opinion, the

approach used however did not take into account the importance of the role of social

interaction and classroom talk as a tool for meaning making,and so | i mited s

conceptual change was realised in this study.

Morgil et al. (2005) conducted a comparative study between computer-assisted
learning and the traditional teaching of acids and bases. The study involved 84
students who attended chemistry education classes at Hacettepe University. The
experimental class followed computer-assisted instruction while the control class
followed traditional instruction. The two classes were evaluated using pre and post
achievement tests. The results indicated that on average the scores of the
experimental class had increased by 52 %, and for the control class by 32 %. When the
results were subjected to an independent test (t-test), it was confirmed that the
significant test favours the experimental class. The study pointed out that Computer-
Assisted Instruction when combined with the student-centered teaching approach is

more effective in terms of student achievement and attitude than traditional instruction.

In the most recent study, Calik et al. (2010) investigated 72 Grade 11 students (aged
16to 18 years) conceptual c h a ncgpes, using computet e o f
animation to illustrate oOrate of reactiond

students. The experimental class used computer animations and guide-sheets along
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with informal group discussion. The control class meanwhile followed the teacher

centred approach - traditional instruction (learners viewed as passive receivers). The

results indicated that the experimental class had an increased understanding
compared to the control class. The study further revealed that the students who

followed the computer animation instruction were able to overcome their
misconceptions. The results of this study were significant. Having students to work with

computer animation and worksheets to develop their understanding and track their

correct and incorrect knowledge claims was a good strategy, but this could perhaps

have been made even more effective if the teacher had given a more dialogic approach

through teacher lead discussion. For example, by combining teacher led classroom talk

while students work in groups provides powerful instruction and support which
ultimately resultinther educti on of studentso6é alternati ve
study useful because Calik (2010) recommends that further studies need to be
conducted in combination with other approaches, such as argumentation. Therefore,

this study further supports my research on i mproving studeé
chemical rate of reaction using computer S i
appr oa nhdgarian context.

In all these studies as we have seen, working with computers in teaching chemistry

concepts can be very useful but could be even more effective if they are accompanied

with more quality talk (Mercer, 1994) which includes good science talk. Those studies

which have included the use of talk tend to have shown better results (see for example,
Papageorgiou et al. 2008; Arcdac & Ali, 2002).

2.7.6 Using simulations and modelling for teaching chemical rate of reaction

In reference to the reviewed work in the above section and particularly on the use of
computer simulations and modelling, it is clear that few studies on the use of
simulations and modelling using computer and talk approaches have been reported. |
have decided that it merits carrying out a teaching intervention with simulations and

modelling using computer and talk approaches (C&TA).

Being highly interactive (Johnson et al. 1998) and increasing the salience of underlying
abstract ideas and allowing exploration of relationships between variables (Bennett,
2003; Hennessy, 2006), simulations and modelling provide a learning environment in
which learners can hold meaningful discussion as they interact with the learning

phenomena supported by the teacher as they make meaning of the learning concepts.
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As mentioned above, the attributes of simulations and modelling which simplify the
understanding of abstract ideas and relationships between different variables, form the
bases for the choice to be used in this study. These attributes will allow abstract
representations of reacting molecules during a chemical reaction. The concept of
reacting molecules being abstract requires that students have to envision particles
undergoing collisions, having proper orientations and subsequently combining to form a
new product. Using simulations and modelling to demonstrate the collisions might help
students to have a clearer understanding of what actually occurs during a chemical

reaction.

Another benefit of simulations and modelling is its potential to allow learners to try out
their ideas, for instance how temperature or concentration change might affect rate of

reaction.

In relation to this study, where students are required to conduct laboratory experiments
to determine rate of reaction, using simulations and modelling allows students to focus
their attention on the graphical interpretations of rate against temperature and rate
against concentration, as they manipulate the temperature variable or concentration
variable within the virtual laboratory experiment. It also helps students in testing their
theories and hypotheses thus, enhancing their understanding of how change in

temperature or concentration affects rate of reaction.

In the final section of this chapter, we shall look at the conceptual framework for the
integrat i on of computer simulations and model | ir

from the theory adopted for this study.

2.8 Conceptual Framework of the study

In this section, | present the overall conceptual framework for this study, bringing
together the social constructivism theory adopted in this study, chemical rate of
reaction concept and computer simulations and modelling in the teaching. Chemical
rate of reaction has been documented as a difficult topic in chemistry (see for example,

Gilbert et al, 2002). Other st udi es from the review repor

misunderstandings of the rate of reaction concepts, for example, 6 every col | i si c
to a product 6, 0f ast moving particles may
without a reactionoccurr i ng: <col l i sion is too quick and

constant t hr ough osaction®.2.2).eAll thase niscahcefftiene aise as
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the result of the abstract nature of the relationships between activation energy,
temperature, concentration of the reactants and chemical rate of reaction as explained
by the kinetic theory-ideas of collisions. Students tend to explain the scientific
phenomena involved in the chemical rate of reaction using their own words in order to
make meaning of their own perspectives and understandings; in other words, by using

their everyday language (Vygotsky, 1978).

By drawing from the social constructivist approach (Leach and Scott, 2002), the
theoretical perspective adopted for this study, such students misconceptions can be
addressed through effective teaching involving bringing together the everyday and

scientific views, examining differences 1in

ideas and the scientific view point. Having children talk in the science classroom has
been recognised as vital in this process as it does not simply mean talking about
science but doing science through the medium of language (see Lemke, 1990; Leach &
Scott, 1995 p.44; Leach & Scott, 2003).

All these views as we have seen,suggest that otal ko is

science and will have significant impact on the teaching of chemical rate of reaction
where students tend to have misconceptions. However, talk or dialogue alone in
science classrooms is not sufficient to make abstract concepts understandable where
there is need for the learners to visualise, create a mental model and build on the
acceptable scientific knowledge. Research in science education (Bennett, 2003) has
shown that science lessons are dominated by teacher talk and few opportunities are
provided for pupils to engage in small group discussions. This is where the computer

can play a role. In this study, the teaching involves the teacher using computer

simulations and model |l acfpesadbofdMowit meritahd

p. 35) to support studentsd wunderstandi
energy, temperature, concentration of the reactants and chemical rate of reaction as

explained by the kinetic theory or ideas of collisions.

In structuring the broad framework for this research study therefore, emphasis was
placed on the concept presentation levels (macroscopic-moles of molecules, sub-
microscopic-atoms taking part in the chemical reactions and symbolic-reactants
symbols & equations) and learners interaction with the computer simulated chemical
rate of reaction designed to i mprove th

reaction concepts.

an i

ngs

e st

u
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To effectively achieve the learning outcomes, emphasis was also placed on dialogic
teaching and a communicative approach providing a perspective on how the teacher
works with students to develop ideas in the classroom (Mortimer and Scott, 2003,

p.33). Below is an illustration of the interplay of all these aspects.



2.8.1 The Conceptual Framework

Dialogic teaching

Communicative approach

|
!

Concept Presentation Level Learnersd6 interacti mm wit

Scientific outcomes

. . ncrete expefen
Macroscopic -- moles of reacting Concrete experences

Independent /group exercises Problem-solving skills

molecules (physical phenomena)

Investigations within virtual world Hypothesising (what...if?), predicting

Microscopic - atoms taking partin [ »| Abstract Conceptualizations —— Thinking and reasoning

Recording, process data
the chemical reaction (abstract Demonstrations witlsimulation @ub-microscopic level) ]
Observing
Active Experiences

ideas) Communicating
Modelling
. Searching for patterns
Symbolic - reactants symbols and Group exercises
Others
equations Reflective observations

Motivation, attitude towards science
Group discussions

Figure 2-6: A schooli based model of a computer and talk approaches for teaching school science subjects

Ly
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The above framework can be used to provide ideas of thinking about how computer
tools along with the theoretical perspectives and communicative approach (talk
approaches) can be employed in teaching science concepts. It draws attention to the
analysis of concept presentation levels. For example, chemistry teaching as we have
seen takes place on three levels: sub-microscopic (abstract ideas), macroscopic level
(physical phenomena) and symbolic level (using equations, formulae and mathematical
representation). In this study, computer simulations and modelling along with talk
approaches are used to simplify abstract ideas at sub-microscopic level and even to
teach macroscopic and symbolic concepts. This framework was used to develop the
design of the teaching sequence implemented in this study (see Appendix 7 for further

detail). In the next chapter, | present the methodology used in this study.
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CHAPTER THREE
3 METHODOLOGY

3.1 Introduction

In this chapter, | present research aims, research questions, the design of the study,
sample selection, data collection methods, validity and reliability of research
instruments, data analysis procedures, ethical considerations, the timeline of the study,
and methodological issues concerning the approaches to data analysis.

3.2 The aims of the study

Earlier in the background (Chapter One) of this study, | indicated concerns with didactic
teaching, passive and less interactive learning in science classrooms in Uganda. The
purpose of the study is to explore the use of a computer and talk approach (C&TA) as
an alternative teaching approach to didactic teaching in science classrooms. In order
to achieve this, | developed a research-based teaching sequence on chemical rate of
reaction using a computer and talk approach (C&TA), which was implemented in

Uganda and evaluated by making comparisonswi t h 6 nor mal 6 t eac

This teaching sequence involved the use of computers to simulate and model
behaviours of molecules during chemical reactions and provided a platform for

classroom discussions as students interacted with the learning materials.

The lessons involved both children and the teacher talking freely about the chemistry
concept, chemical rate of reaction. In this way the designed teaching sequence was
based on the reviewed literature on the importance of talk in making meaning of
learning contents in a classroom (Chapter Two). The aims of C&TA were to improve
the understanding of chemical rate of reaction by high school children aged 15 to 16
years in Uganda. If successful, the selected topic and the developed teaching scheme
ought to serve as a teaching model upon which future design sequences for teaching

science concepts using computer programs can be adopted.

3.3 Research questions

To remind the reader, the study addresses four research questions:

hi

ng.

1. Does the computer and talk approach impro v e t he student so

understanding of chemical rate of reaction in this Ugandan high school context

in comparison with students following

6nc
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2. Which parts of the teaching sequence are effective in supporting learning, and
which are less effective?

3. What are the major benefits and challenges to the implementation of a
computer and talk approach in the Ugandan context?

4. Wh a't are the teacher and studentsd perc
approach?

3.4 The design of the study
To outline, the study involved three phases:
Phase 1: Design of the C&TA teaching sequence (see Chapter Four)
Phase 2: Implementation of the teaching sequence in Uganda (see section 3.6)

Phase 3: Evaluation of the impact of the teaching sequence (see section 3.7)

A total of about 247 students and two teachers participated in this study. The
participants for this study were students aged 15 to 16 years from two similar graded
high schools in the Central region of Uganda (Kampala and Luwero districts), which
were approximately 32 kilometres from each other. The selections of the schools were
based on the national intake grade points for the ordinary secondary education (O
level). The selected schools admit students with similar grades obtained in the Primary
Leaving Examinations (PLE). Therefore, the two schools and classes were matched to
allow for comparison between the experimental class and the comparison class.
Having two separate schools ensures that there is no leakage between the
experimental class and the comparison class. In addition, it helps to avoid complaints

among students when only one school is used in the study.

Designed teaching sequence of C&TA (Chapter Four) was used in the experimental
class, while the comparison class in a different school folowedthe o6 nor mal 6 t e
approach (NTA). The two teaching sequences were covered at the same time, each
using almost concurrently a set of six timetabled teaching sessions, covering a total of

240 minutes of contact time.

3.5 Research approaches and methods employed

The research approach used was a quasi-experimental design since | did not have
control over which students to assign to each class, as this is normally determined by
academic heads at schools (see also Johnson & Christensen, 2004), and | was not
able to make a complete random allocation of students. In review of the relevant

literature on the use of computers in science education, studies on the effects of
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computer tools on learning science are mostly conducted using quasi-experimental

design or true experimental design (see for example, Calik, 2010). However, the

experimental designs are rarely used due to difficulties in randomly assigning

participants to single groups, such as students in a classroom (Johnson & Christensen,

2004). In my study, since it involved students who make up a group, Johnson and

Christensen (200

experimental and single-c a s e

4) recommended

research

designo

t hat

(p.

n-such

300) .

C&TA on learning chemical rate of reaction, quasi-experiments provided an opportunity

to compare post-test results of students from classes that are not randomly selected

(Margoluis et al., 2009) whilst controlling for baseline differences.

The study employed mixed methods (qualitative and quantitative methods). Firstly,

research question 1 in section 3.3 is best answered quantitatively. The use of

guantitative results alone would be of limited value in showing the characteristics of

either the C&TA or NTA which made the difference of enhanci ng

t he

understanding. Therefore, a qualitative analysis of the classroom talk was used to

supply information about the nature of teaching (research question 2) in order to

provide an in-depth complementary analysis (Bryman, 2006; Kelle, 2006). Qualitative

analysis also provided evidence for research questions 3 and 4 about the teacher and

studentsd opinio

ns about

the benefits,

Secondly, another key point was the opportunity to be able to use the quantitative

method to provide insight for possible further exploration of the research findings. For

example, if in a comparison between two schools we found out that the scores of the

experimental class are significantly greater than the comparison class, then it would be

reasonable to assume that in a similar school in Uganda the same results would apply.

That is, we would get the same level of performance elsewhere when the study is

replicated (Punch, 1998: 247).

3.6 Implementation of the study

This section present implementation process: piloting the C&TA teaching sequence,

sample population and teacher training

3.6.1 Piloting the C&TA teaching sequence

Before the actual implementation of the study, an informal pilot teaching using the

C&TA to teach chemical rate of reaction concept was conducted at Centre for Studies

in Science and Mathematics Education (CSSME), School of Education, University of

st

chall
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Leeds, United Kingdom. The teaching presentation was carried out to show how the
actual teaching would be implemented in Uganda. To establish the validity of the C&TA
teaching sequence, the lessons were conducted in the presence of a Professor of
Science Education for his review, since face or content validity can be determined by
expert judgement (Gay, 2009). He commended that the C&TA teaching sequence was
adequately developed but made suggestions that the intervention teacher be trained on
dialogic approach of teaching and social-constructivist approaches to science teaching,
a theoretical framework adopted for the design of C&TA teaching sequence (Chapter

Two). | will outline the training of the teacher later in section 3.6.3.

3.6.2 Sample population

A purposeful sampling method (typical case study approach) was used to select two
high schools. Consideration was made based on background information about the
schools with more computers and a teacher-student level of computer knowledge. The
selected schools were then randomly assigned throughthe 6 si mpl e t ossing o
the experimental and comparison groups in order to minimise selection bias and risk of
confounding which possibly would have influenced the results of the study.

A total of 247 students aged 15 to 16 years from two high schools in central Uganda
participated in the study. The experimental class consisted of 108 students (51 males
and 57 females) while the comparison class consisted of 139 (73 males and 66
females). Two teachers aged in their early 30s with similar qualifications and
experience of eight years in chemistry teaching were involved in the study. Below is the

summary table showing the students sample population.

Table 3-1: Percentages of student sample population

Class Gender Total
Male Female
Experimental 51 (47.22%) 57 (52.77%) 108 (1009%)
Comparison 73 (52.52%) 66 (47.48%) 139(100%)
Total 124 (50.20%) 123 (49.80%) 247(100%)

Out of the 247 students, not all were available at the time of administering either the
base-line test or post-test. Full participation of the students in the base-line test and
post-test were affected by either the student being out of school due to financial issues
or sickness. The table below shows the number of students with complete data on both

the base-line test and the post-test.
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Table 3-2: Percentages of student sample with full base-line test and post-test data

Class Gender Total
Male Female
Experimental 48 (47.06%) 54 (52.94%) 102 (100%)
Comparison 53 (53.53%) 46 (46.47%) 99 (100%)
Total 101 (50.25%) 100 (49.75%) 201 (100%)

3.6.3 Teacher training

The teacher for the experimental class underwent staff development training (SDT) for
two weeks. During this time, | conducted mini teacher training workshops on the
different communicative approaches (Chapter Two), learning problems associated with
chemical rate of reaction drawing from research evidence, C&TA teaching sequence,
computer simulations and its usage in teaching chemical rate of reaction. The training
sessions were attended by four chemistry teachers in the experimental school.
However, only the teacher who was teaching chemistry in the selected class carried
out the teaching intervention. It was important to have other teachers on standby in
case of sickness or unforeseen circumstances that would interrupt the implementation.
Training on each aspect mentioned above lasted for two hours per day (see Table 3-
3).

The teacher training was conducted in January, 2011 during school holidays, one
month before the schools opened. The timetable was designed bearing in mind that
teachers normally have spare time during holiday periods. The training sessions were
very important in ensuring that the teacher acquired working knowledge about C&TA

prior to the actual implementation in the classroom.

In addition, | held meetings during the intervention with the C&TA teacher as often as
necessary to listen and provide feedback as a colleague on how best to apply C&TA in

teaching chemical rate of reaction.

In the experimental class, the teacher was specifically intended to guide students to
recognize and resolve everyday scientific views (misconceptions) and think with new
scientific meanings, in groups or in whole-class situations and individually using the

computer and talk approach.

The teacher for the comparison class did not receive any form of teacher training linked

to this study. The only information provided to the comparison teacher was that the
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exercise was about studentséunderstanding of chemical rate of reaction. In fact, there
was no clue given to him about his class being compared to another class following a
different approach of teaching. Effort was made to ensure that the comparison teacher
taught according to the traditional teaching approaches that he was accustomed to.
Alerting him of the intention would perhaps have made him change his teaching
methods, which would compromise the actual aim of comparing the C&TA and NTA.
Thus, in the comparison class, students were instructed with traditionally designed
chemistry textbook contents approved by the Ministry of Education and Sports
(MOE&S) . During the c¢classroom instructi on,
approach (practical, talk and chalk). Both groups received an equal amount of
instructional time and the same instructional content.

Also, both experimental and comparison classes were observed during the

implementation of the C&TA teaching sequence of chemical rate of reaction.



Table 3-3: Summary of C&TA Teacher Professional Development Programme

January Modules Monday Tuesday Wednesday Thursday Friday
2011 Time: 2 hours Time: 2 hours Time: 2 hours Time: 2 hours Time: 2 hours
WEEK 1 Concepts students find Why understanding Student sdéd |[Studentsd bagStudent séd |Student sbé ba
difficult to learn in chemical rate of ideas of collision Collision orientation ideas of ideas of:
chemical rate of reaction | reaction is theory Activation energy temperature concentration
challenging What international What international What international What international
studies say. studies say. studies say. studies say.
WEEK 2 Social constructivist Vygotsky accounts of | Social constructivist | Communicative lllustration with Review of
theory, Communicative chil dr en s | perspective approaches/ dialogic example communicative
approaches e.g. Interactive / approaches
Dialogic approaches dialogic; Non-interactive Dialogic
/ dialogic; Interactive / approaches
authoritative & Non-
interactive / authoritative
WEEK 3 Computer simulations What simulations & advantages Working through the Working through Working through the
and modelling modelling are teaching sequence the teaching teaching sequence
design sequence design design
WEEK 4 C&TA for chemical rate Overview of the Working through Activation energy Temperature concentration
of reaction teaching sequence computer Wor king thrgWorking thWorking th

simulations &
modelling

GG
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3.7 Evaluation of teaching approach: Data collection methods

In order to address research question 1, measurement s wer e made of
learning in experimental and comparison classes. This was achieved through the use

of base-line and post-tests. Research question 2 was addressed through use of

classroom observations and research questions 3 and 4 through interviews.

3.7.1 Base-line test

A base-line test was used as diagnostic test' to establish equivalence levels of
understanding of the students from the selected sample schools. A base-line test on a
related (but not identical) knowledge domain was administered followed by a post-test
focused on the specific topic which had been taught. The base-line test consisted of
closed and open ended questions based on prior concepts of states of matter and
kinetic theory of matter covered in the lower secondary level (Form Two). The base-line
test questions were derived directly from chemistry textbooks (Atkinson, 1979;
Holderness & Lambert, 1986).

3.7.2 The administration of the base-line test

The base-line test was administered to students at the start of the implementation
process during lesson one, Sso as to assess students
matter and Kkinetic theory of matter. Students were expected to demonstrate
understanding of what the molecules of solid, liquid and gas look like and to explain the
relationship between the kinetic energy of molecules and heat, and collision theory.
Testing the understanding of ideas on the above concepts is fundamental in teaching
and learning chemical rate of reaction. The base-line test consisted of 11 open-end

items (questions) and 6 closed ended items (questions).

3.7.3 Post-test

In order to address research question 1 (RQ1) a post-test” was designed to focus on
the concept of chemical rate of reaction as stated in the chemistry syllabus and
textbooks (Atkinson, 1979; Holderness & Lambert, 1986). The post-test consisted of 21

open-end items (questions).

! See appendix 8: Your understandings of particles and matter

% See appendix 9: Your understandings of chemical rate of reaction



57

This was done in accordance to Treagust (1988) who asserted that designing test
guestions should involve identification of the content through analysis of contents in

textbook; school science syllabus, literature review and reference books.

3.7.4 Aspects considered in designing the post-test questions

The post-test was designed in line with questions related to the concepts students find
difficult to understand as discussed in Chapter Two, the national curriculum (chemistry
teaching syllabus) and the content of the textbooks. The questions were designed in an
open ended format in order to allow the students to explain their ideas in as much
detail as possible. The aim was to gather an in-dept h i nsight
understandings of the concepts of chemical rate of reaction after the intervention.

3.7.5 The administration of the post-test

The post-t e st was administered odéunder exami
student $aft esrcotrlree i nterventi on. The aisnf
attainments and compare performance between the C&TA and NTA students, and also

to evaluate the two teaching methods, in order to make judgement about the

nat.

wa s

effectiveness of the C&TA teachingint er venti on in supporting

of chemical rate of reaction compared to the NTA. According to Leach et al. (2006),

post-t e st results also allow ascertainment

gains were consistent withthe amsof t he teaching (p.81)6

questions were not in favour of the students who followed the C&TA class, the post-test
questions were designed to match the national curriculum (chemistry teaching
syllabus) and the content of the textbook(s) for ordinary level secondary school (see
Appendix 9).

3.7.6 The validity of base-line and post-tests

Before administering the tests, both the experimental class and comparison class
chemistry teachers were asked to evaluate the items on the base-line test (diagnostic
test) and post-test for relevance to the stated chemistry concepts and the research
objectives. The content validity index (CVI) (Amin, 2005) for the instruments were
computed after the rating of the items in the base-line test (diagnostic test), and post-
test. The CVI is the proportion (s) of the highly ranked items in the questionnaire

regarded as relevant to address the research objectives.

of
. |

S
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The CVI of each test was obtained by drawing up the objectives which guided the
construction of the tests. Each test with its objectives was given to the experimental
class and comparison class chemistry teachers who were asked to independently give

a thorough critique of the items which specifically:

1. Linked each item with respective objective,

2. Assessed the relevance of the items to content addressed by the objectives,
3. Judged if the items adequately represented the content in the subject under
study.
They rated each item on a four-point scale as:
1. Not relevant. 2. Somewhat relevant. 3. Quite relevant. 4. Very relevant.
CVI for base-line test and post-test were obtained using the following formula:
Cvl = Number of items rated as relevant

Total number of items in the questionnaire
The content validity indexes (CVI) for base-line test and post-test computed were as
0.75 (75%) and 0.80 (80%) respectively.

The following results were obtained:

Table 3-4: Validity of the base-line test and post test

Instruments Not/ Quite/ Very | Total CVi
somewhat relevant items | value

relevant
Base-line test / 4 14 18 0.75

Equivalence Test
Post-test 4 16 20 0.80

For an instrument to be considered valid, Amin (2005) argued that it should have a CVI
of at least 0.60 (60%). In this case, the CVI for pre and post tests were well over 0.60

(60%) and therefore considered valid to address the research question 1 (RQ1).

3.7.7 Reliability of base-line and post-tests

The reliability of research instruments has been discussed and defined differently by
different authors. For example, in a review by Hammersley (1987), he cited the

following definitions:
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néThe reliability of a me a s ur iablity ofitmes t r u me
instrument to measure consistently the phenomenon i t is designed to
(Black & Champion, 1976: 222 and 234)

or

né Reliability refers the capacity of the
value when brought into repeated contact with the same state of nature. Thus, this
meaning of reliability is concerned with the stability of measured values under
constant conditionso(Johnston and Pennypacker, 1980: 190 and 191).

The above definitions have one thing in common, that is the idea of repeated
measurement to produce similar results or to put it differently, the consistency,

truthfulness or correctness of a measure instrument.

3.7.8 The piloted base-line and post -tests

As the base-line test and post-test questions had not been tested in any study before, it
was necessary to find out whether the structuring of the questions was appropriate for
students. It was intended to see whether students understood the questions asked, and

whether the questions were answered accordingly.

The base-line test and post-test were piloted in November 2010 before the main study
in two different classes in two schools for senior four students (S.4). The senior four
(S.4) were selected because the topic of chemical rate of reaction is covered in the

final year of ordinary secondary school.

The piloted tests were administered in school by a teacher who is also a personal
friend of mine. The students were given 40 minutes to complete each test and in each
set they were advised to write as much as they wanted, and were allowed to ask

questions if they did not understand the instructions.

The scores of 20 students were used in the pilot sample to answer the base-line and
post- tests. Their scores were subjected to a Cronbach Alpha Coefficient reliability
test, using SPSS version 19.

The reliability of Cr o n b aAlphas svas established as .52 for the base-line test and
.75 for the post-test. For the base-line test, the reliability was small because the base-
line test had few items (shorter) and was used to establish that the groups were

comparable before the teaching. According to Amin (2005), for research purposes, a
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minimum reliability of 0.7 and above indicates high reliability of the research
instrument. However, some items showed that they did not contribute well to the alpha
scale because th e i -valuds were higher when omitted. This was more evident with
base-line test items; possibly because this test has fewer items (see Appendix 13) for

details.

Furthermore, from the results of the piloted samples, the responses show that students
did have difficulty with the explanations for the chemical rate of reaction, although
according to the teacher involved in administering the questions, the items in the post-

test were comprehensible and within the content required in the curriculum.

3.8 Analysis of base-line and post-tests, interview and classroom talk:
Overview

This section provides a summary of the analysis, and procedures for the base-line test

and post-test scores of students from both the experimental and comparison classroom

observations and interviews. It begins with presentations of scoring (for marking) of

base-line test and post-test coding of classroom talks.

3.8.1 The data scoring, coding scheme and inter-rater reliability conformity /

agreement

This sub-section present scoring, coding schemes and inter-rater reliability conformity,

analysis descriptions of base-line test, post-test and interviews.

3.8.2 For base-line test and post-test scripts

The data analysis followed similar criteria suggested by Abraham et al. (1994) for
scoring and coding student responses.

classified as: Correct response (3 points) for responses that included all components of
the validated answers; partially correct response (2 points) for responses that included
at least one of the components of a validated response, but not all the components;
incorrect response (1 point) for responses that included illogical or incorrect

information, unclear information and no response.

Inter-rater reliability decision to assign scores to the student responses were agreed by
four (4) experienced chemistry teachers based upon the appropriate scientific

explanations or answers for the questions. | (the researcher) scored draft data

Stud
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responses separately and negotiated the classification. There was a high agreement

with 90% for post-test items. All disagreements were resolved by negotiation.

3.8.3 Analysis of items in the base-line test and post-test

The effectiveness of the teaching sequence
performances on base-line test and post-test items. St u d ebase-Bné test and post-
test item-level scores were entered into SPSS version 19 for processing and analysis.
Inferential statistics was used to compare the mean scores or achievement levels of
high school students who received computer and talk teaching instruction, with

students who received normal teaching instruction.

An analysis of the results of the base-line test and post-test was conducted by

comparing group mean scores using an independent t-test.

The results from the t-test were then used to explore if there was a statistically (and
practically) significant difference between the mean scores of the experimental and

comparison groups in terms of level of understanding of chemical rate of reaction.

Also Correlation (Pearson r) tests were conducted within the groups to ascertain if the
studentsd initial understandings had a stati
their final post-test scores after the intervention. Further analysis was conducted using
the General Linear Model (GLM) procedure to compare the post-test scores based on
base-line test, group (experimental or comparison), gender, group and gender
interaction to determine the extent to which their effects predictedt he f i nal stu

achievement level, the post-test outcomes.

This analysis ensures tha t any significant di fference
understandings of chemical rate of reaction is treated purely as due to the design

teaching intervention.

3.8.4 Semi-structured interview

In this study, semi-structured interviews were carried out with the students and the
teacher in the C&TA class as they offered some flexibility within the prepared questions

(also see Drever, 2003).
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According to Wilkinson and Birmingham (2003) an interview is a method which entails
a researcher asking questions and receiving answers from people. The interview is one
of the most widely used methods of data collection and is a resource intensive method,
as the researcher is required to elicit information from respondents on a one-to-one
basis. According to Kvale (1996) the interview is defined as a specialised form of
communication between people for a specific purpose associated with some agreed
subject matter.

The purpose behind interviewing the students was to investigate their understanding
after each lesson, at the end of the intervention, and to find out their perceptions of the
teaching. According to Verma and Mallick (1999), the interviews can explore in greater
detail and depth some particularly important aspects covered by the post-test (the
content of teaching) while according to Fraenkel and Wallen (1993), the interviews are
used to discover what respondents think or how they feel about something in this case,

the teacherés and studentsbé perception

3.8.5 Interview with the teacher

The purpose o f t he t eacher 6s gainrnievesron iuging compuger
simulations and modelling along with talk approach (C&TA) to teach and learn

chemical rate of reaction concepts.

As one of the aims of the study is to explore the effectiveness of the C&TA, it was
i mportant to obtain the teacherd6 percep
determine whether or not the C&TA has the potential to be used as an alternative
approach to NTA in classroom teaching and learning.

The questions asked are presented in Appendices 10 and 11.

The interviews with students are divided into the following:
1. Interview with the target group (follow up group) during intervention stages.

2. Interview with the focus group at the end of the intervention.

3.8.6 Interview with the target group

A semi-structured interview lasting for about ten minutes was conducted with each of

the same target students (five students) after each lesson in order to establish their

on

toi
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understanding. For example, after Lesson 1, the students were asked about some of

the taught content and were also asked about their perceptions of the teaching.

Thus, there were six interviews with this target group.

3.8.7 Interview with the focus group

20 minute semi-structured interviews were conducted in the experimental class (C&TA
class) with a focus group (eight students) at the end of the intervention in order to
obtain information regarding their perceptions of the use of C&TA teaching.

The structured questions asked are presented in Appendix 11.

It worth mentioning that because of limited time, it was not possible to conduct
interviews with individual students as a follow up on individual understanding during the

course of the intervention and after the post-test.

The interviews with the teacher and students were audio recorded for data analysis
and were carried out immediately after each lesson interview. There was one final
overall interview focussing on the benefits and challenges, as well as the perceptions
of the teacher and students about C&TA as compared with the NTA. The interview
results were used to provide evidence to answer RQ2 (after each lesson interviews
were used), and to address RQ3 and RQ4. The findings are presented in Chapter
Eight.

3.8.8 Analysis of interviews

The data obtained from the interviews were analyzed thematically, identifying common
similarities and differences in responses (Merriam, 1988; Yin, 1994). The thematic
analysis process was straightforward as the purpose was to explore students
understanding immediately after each teaching, and also to gather the teachers and
student sd response on ant percdptomseabdutt G&TA, ashal | e
compared with the NTA to teach and learn chemical rate of reaction concepts at the

end of the intervention.

3.8.9 Classroom observations

The classroom observations (recordings) were conducted in order to gather evidence

of classroom talk as well as to compare both classes (C&TA and NTA) and judge to
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what extent the C&TA actual teaching patterns / interactions were consistent with the

design of C&TA teaching patterns / interactions.

The C&TA teaching sequence is six (6) lessons long and all six (6) lessons were video
and audio recorded. Also six (6) lessons were video and audio recorded from the
comparison class (NTA). This is normally the time allocation for this content in
Uganda. Thispr ovi ded ¢l assroom data which all owed
studentsd actions when working on | earning ¢
design of teaching (Millar, et al. 1999). The evaluation of results of the teaching
process and the extent to which the teaching sequence was successful in meeting its

aims, was conducted to address research question two (RQ2).

3.9 Analysis of classroom observations (classroom talk)

The data were collected in order to assess how different the experimental and
comparison teaching actually were, with regard to the design features in C&TA (for
example, dialogic talk). This would enable the advancement of hypotheses about the
likely potential causes of any differences noted in the post-test results. Analysis of
which part of the teaching sequence worked and why; or which part did not work and

why it has not worked, were considered in the analysis.

Video recordings of classroom interactions collected were transcribed and patterns of
interaction were analysed to provide information on whether the recommended

teaching sequence was followed by the classroom teacher (Mercer, 1992: 1994b).

3.9.1 The framework for analysing the classroom talk

As the second aim of the study was to evaluate the effectiveness of the C&TA teaching
sequence, a conclusion could only be made by looking at the aspects of the teaching
activities and their staging by the teacher

learning.

To address this aim, an analytical framework based on socio-cultural perspective of
teaching and learning was considered appropriate in providing such detailed evaluation
of teaching sequences. The framework is based on five linked aspects, which focus on
ithe role of the teacher in making the scientific story available, and in supporting

students in making sense of that storyo(Mortimer & Scott, 2003, p.25). The five aspects
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are - purpose of teaching, teacher interventions, and content of the classroom

interactions, communicative approach and pattern of the talk.

Purpose of teaching: Mortimer and Scott, (2003, pp. 25-26) identified six teaching
purposes commonly employed by teachers at different phases of a lesson

1 opening up the problem

T exploring and working on the student

9 introducing and developing the scientific story

1 guiding students to work with scientific ideas and supporting internalisation

1 guiding students to apply, and expand on the use of, the scientific view, and

handing over responsibility for its use

1 maintaining the development of the scientific story
In this study, | chose to refer to the purpose of teaching as teaching aim drawn from the
curriculum. As the purpose of the talk is to be the learning aim the teacher will focus
the studentsd un dtee ferin amidkarvengionst cutlineduig the next

paragraph.

Teacher interventions: Scott, (1997) as cited in Mortimer and Scott, (2003) identified
six forms of teacher intervention; shaping ideas, selecting ideas, marking key ideas,
sharing ideas, checking student understanding and reviewing. Alexander et al. (2004,
p.26-7) supports this argument (see Chapter 2, section 2.6.11). This aspect is key in
carrying out this analysis because it allowsus to identify the

moves during teaching.

Content of the classroom interactions: in Mortimer and Scott, (2003) framework, the
analysis of the classroom interactions covers a range of content matter, which include
the scientific concept being taught, procedures of conducting science experiment and
classroom management (e.g., giving instructions). In carrying out analysis of the
content, specific focus has been given to three categories (Mortimer & Scott, 2003,
p.26):

1 every day-scientific

1 description-explanation-generalisation

1 empirical-theoretical
Fundamental to these three categories is their relationship in explaining the nature of
knowledge the teacher and students are talking about during classroom interactions
(see Mortimer & Scott, 2003, p.26 for more details). This aspect is important in this
analysis as it helped in the collection of evidence of talk to support the effectiveness of

the intervention which was talk based approach of teaching.

(@)

t
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However, | adopted a broad approach taking into account all the aforementioned range
of classroom interactions. The decision taken allows a comparison to be made

between C&TA and NTA which is didactic and characterised by less talk.

Communicative approach: In Mortimer and Scott, (2003), this concept lies at the
heart of the framework; it focuses on the ways in which the teacher works with his
students to address the different ideas that emerge during the lesson (p.27). Mortimer
and Scott, (2003) identify four classes communicative approach (refer to section
2.6.12).

Patterns of talk: the patterns of interaction that develop in the discourse as teacher
and students take turns in classroom talk includes the moves as Initiation, Response or

Follow-up (whether evaluation, comment or elaboration).

According to Sinclair and Coulthard (1975) educational classroom discourse (pattern of
talk) consists of an exchange structure which is identifiable by initiation and closure of
discourse in a dialogic situation, particularly between the teacher and student
classroom talk. Building on the early work of Hallidayd $1961) model which consists of
five ranks: lesson, transactions, exchange, move and act, Sinclair and Coulthard
(1975) argued that exchange structure i
framing and focusing moves used by the teacher to indicate that one stage of the
lesson has ended and another is beginning. These are indicated by a limited number of
mar ker s such as 6right o, 6okayb, owel |
opening, responding and follow-up moves which combine to make the teaching
exchanges. They argued that a number of exchanges combine to make transactions,
which combine to make the lesson. The moves are used to elicit, inform and direct in

classroom discourse.

An Initiation (1) is realized as an opening move which causes others to participate in
an exchange. Initiation may refer to a question from the first speaker to the second
speaker and requires the second speaker to use their memory to produce some
response. Initiation may also be a verbally given directive to the second speaker. As
argued by Andre (1979), instructional directions from the first speaker that do not
require an overt response from the second speaker are not characterised as a
question. It is important to note that not all questions asked by either the teacher or

students are initiations, some are considered as a type of follow up move. However,

nvol
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whenever a second question is asked, the first question is categorised as an initiation

and the second as an elaborative follow-up (to be explained later on) and not initiation.

A Response (R) is realized by an answering move, the function of which is to be an
appropriate reply to the opening move. In the classroom setting, response may take
two forms; the verb and non-verb reaction supplied by either the student or the teacher
to answer a certain question. This can be an initiation or an elaborative follow-up move.
Any statement uttered which does not answer a query of the questioner is not
categorised as a response but rather a second type of follow-up move, called a

6comment 6.

A follow-up move is realized as feedback (F) given to the second speaker. It is used

to let a learner know how well they have performed (as an evaluation). In some

incidents it actwually f ol HF)oferexample taik initiated s p e a
by the students, but does not, in itself, provide a clear response to that initiation.
Moreover, each turn can enclose two types of follow-up (for example, the teacher
comments on a pupil 6s aandtywmdich meansithat afadlow-ug | abor

move can be defined also as a statement spoken by the same speaker, following and
complementing their first, but of different-types of follow-up.

Richard (1998:184) argues that classroom feedback from the teacher to the students'
responses is either an acknowledgement that the answer is acceptable (for example,

by echoing, or, by a comment such as 'fine').

Sinclair and Coulthard (1975 pp.24-27) argued such classroom exchanges together
make up a transaction, and a series of transactions make up a lesson which is the
highest level of classroom discourse. The next section presents an approach to

analysis classroom discourse.

3.9.2 Analysis of transactional exchange structure / patterns of talk

According to Sinclair and Coulthard (1975), in carrying out the transactional analysis or
patterns of talk, the exchange is viewed as the smallest unit which can stand alone and
still make sense. For example, an exchange may consist of statement and counter-

statement, question and answer, or offer and acceptance.

Sinclair and Coulthard (1975) described such exchange in educational classroom as

consisting of I-R-F (initiation-response-feedback) discourse chains in which the teacher
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initiates the chain (normally by asking a question), a student responds, and the teacher
then gives feedback to the student (e.g. 'good’), before initiating another chain with

another question.

Richard (1998:184) argues that the structure of the IRF pattern (discourse) is usually
characterised by good deal of echoing oft h e st stateenant iy the teacher. While

Mor ti mer and Scott (2003) assert t hat teact
response may give feedback or elaborateon t he student s answer s
student in developing their own point of vi e w. They argued that [
di scourse, the teacher initiates the chain,
the teacherdés el aborative feedback (F) fro
response from the st 4lj ithis cabeRhe padterndof istevactiomn 6 ( p .
is I-R-F (F standing for feedback), rather than an I-R-E form.

According to Mehan (1979) the I-R-E form is a pattern of interaction characterised by
initiation-reply (response)-evaluation interaction in which the teacher initiates the chain
(typically by asking a question), a student responds, and the teacher then gives
evaluative feedback to the student before initiating another chain with another question.
Evaluative feedback may take the forms of appraising (e.g. 'very good'), affirming,
agreeing/disagreeing with, approving/disappr

I-R-F patterns of classroom interactions are common because teachers and students
regard question and answer routines as appropriate behavior for the classroom
(Musumeci, 1996). Walsh (2011) supports this arguing that students are socialized
right from an early age to answer questions and respond to prompts. Musumeci (1996)
pointed out that continuity of -R-F use in ¢l assrooms i stroldue t
power in a classroom. While Chaudron (1988) asserts in the exchange structure model

that the teacher has two statements to one from the pupil (initiation and follow-up).

However, in applying such approach to analysis of the classroom talk, Pilkington (1999)
argued that the transactional analysis does not help to capture details of the
characteristics of the classroom talk or moves in terms of education functions,

intentions (purposes) and content.

Therefore, in order to ensure that detailed evidence is collected on classroom
interactions and activitiest h a t are influenti al i naspgoo mot i n

cultural perspective described above was adopted in this study. Furthermore, the
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framework was also adopted so as to allow evaluation of the extent to which the
teacher followed the C&TA teaching sequence that was designed based on the

communicative approach framework.

The framework includes the teaching purposes, content, and approach, forms of
teacher intervention and patterns of interaction as illustrated in table 3-5. The
categorization of the patterns of talk includes the moves as Initiation, Response or
Follow-up (whether Evaluation, comment or elaboration). Here, | follow the different
moves for each lesson and put them in their order of occurrence in what is called the

patterns of talk or interaction.



Table 3-5: Summary of a Socio-cultural Framework for Analysing Classroom Talk

Teaching Content Forms of Teacher intervention Categories of talk Patterns of Communicative approaches
Purposes classroom talk/
discourse

Exploring and For example, The teacher and students (or student | -Initiation, I-R-F chain Interactive/dialogic I/D
working on Definition of rate  pairs or group) exploring ideas, R -Response,
st ud e news,6 of reaction generating new meanings, posing F -Feedback
guiding students genuine questions and offering,
to apply, and listening to and working on different
expand on the points of view (e.g. by Echoesi to
use of the emphasize the point/reinforce the
scientific view, correct answer/acknowledge an
and handing over answer as acceptable)
responsibility for
its use
Introducing and For example, The teacher leads students through a | -Initiation, I-R-E chain Interactive/authoritative 1/A
developing proper sequence of questions and answers R -Response
scientific story orientation of with the aim of reaching one specific E -Evaluation

reacting science point of view / intervenes to

particles , work on alternative conception

activation (through shaping, selecting and

energy (Ea) marking ideas) some aspect of the

content, with a view to developing
further the scientific ideas

Maintaining the For example, The teacher introduces, reviews or I'T initiation I Non-interactive/authoritative
development of effect of summarizes key scientific points and NI/A
the scientific temperature on  looks ahead to the next steps
story; reviewing rate of reaction
progress
Exploring and For example, The teacher considers various points N -Neutral N Non-interactive/dialogic NI/D
working on effect of of view, setting out, exploring and

st udennews 06

concentration on  working on the different perspectives

rate of reaction

Source: Developed from Mortimer & Scott, (2003)

0L
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The next section describes the patterns expected to be illustrated by the analysis.

3.9.3 Characterisation of the talk in C&TA teaching sequence

Building on the socio-cultural framework, the patterns expected to be illustrated by the
analysis will entail a mix of all four types of communicative approaches as
demonstrated by Mortimer and Scott (2003, pp.35, 105).

1 Interactive/dialogic-I/D (I-R-F pattern): The teacher seeks to elicit and explore
student sd ipdricalar issadwithuatseriassof6 genui ned quest.i

1 Non-interactive/dialogic-NI/D (N pattern): The teacher is in presentational mode
(non-interactive), but explicitly considers and draws attention to different points
of views (dialogic), possibly in providing a summary of an earlier discussion.

T Interactive/authoritative-I/A (I-R-E pattern): The teacher typically leads the
students through a sequence of instructional questions and answers with the
aim of reaching one specific point of view.

1 Non-interactive/authoritative-NI/A (I-pattern): The teacher presents a specific
point of view.

In Chapter Seven, | have selected episodes to illustrate each of these teaching

purposes and to characterise the classroom talk along the communicative approach.

3.10 Analysis codes for classroom interactions

To collect evidence on teaching activities (purposes, content, and approach, forms of
teacher intervention and patterns of interaction) presented in section 3.9, coding
schemes were adopted from suggestions made by Mortimer and Scott, 2003, pg. 69;
Edwards and Mercer, 1987; Lemke, 1990; Scott, 1998; Alexander et al. 2004, p.26-7

that, the patterns of interactions in a science classroom featured words such as:
questions, initiation to (introduce ideas, explore ideas, review ideas, summarise ideas),
response to (answer questions), motivation, selecting, marking students key ideas,
shaping students ideas and evaluation of st
In addition, at the point of analysing the classroom talk, | first explored excerpts of the
classroom teaching in more detail, thereby generating more detailed categories coming

from the classroom talks. Thus, | conducted a 6 g r oamalysis®(&trauss and Corbin,

1998) of the teacher-students interactions to offer insight into the patterns of classroom

talk. In this respect, | focused on the transcribed data and inductively generated more
categories (featured words) during teacher-students classroom talk. To accomplish
this, | was Oflexibled and O6open to helpful
Gappropriat eness, litya intuitivenedss,i receptiwty, and semditivitipdi
(Strauss & Corbin 1998:5, p.6). It was a developing and continuous process, or
6evolving pr oc e s)swhich (in€olvedr fimding key Phdaes or words
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statement between the teacher and students as they took turns during classroom talk.

The key phrases or words provided codes which were used to identify the teaching

purposes, content, and approach, forms of teacher intervention and patterns of

interaction. Detailed codes, their meanings and examples are presented in Chapter

Five (section 5.11).

3.11 Summary of the research instruments to address the research questions,
expected data type and data analysis

Table 3-6 below shows research instruments, the data type and how the research data

will be analysed.

Table 3-6: Instruments, data types and data analysis

Research question Data type Instruments Analysis
RQ1 (Quantitative Base-line testand  Base-line test Content validity index (CVI)
data) Post-test scores (N=201) and Cronbach alpha
Post-test t-test establish statistically
(N=201) significant difference between

mean scores of the
experimental and comparison
classes

correlation (Pearson r) to
establish relation between
predictor variable and the post-
test scores

General Linear Model ( GLM)
to establish relationship
between post-test, fixed effects
(intervention or not) , groups,
gender & base-line test
(predictor variable)

Analysis of items responses
Descriptive statistics
(frequencies, percentages,
error bars and histograms and)

were used

RQ2 (Qualitative data) Descriptive Video and Video & audio analysis-
observation of audio recording identification of patterns of
verbal & non | classroom interaction (Discourse-analysis)
verbal behaviour  observation

(6 lessons)
Interview guide
Teacher (N=1)
Target group
students (N=5)

RQ3 (Qualitative data) Teacher / Interview guide  Thematic analysis- identification
st udent s ¢ Teacher (N=1) of themes / patterns of ideas
thoughts, ideas, Focus group
reasoning students (N=8)

RQ4 (Qualitative data) Teacher/ Interview guide  Thematic analysis- identification
st udent s Teacher (N=1) of themes/ patterns of ideas
attitudes, Focus group
feelings, students (N=8)

motivation,
interests
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3.12 Ethical considerations: Research procedure / Ethical issues

In carrying out this study, | have endeavoured to follow the ethical guidelines for
research issued by the British Educational Research Association, BERA (2004). The
first step was to seek the approval of the research study from the AREA Faculty
Research Ethics Committee, University of Leeds for clearance to conduct the study?®.
Secondly, | obtained a covering letter of introduction from the School of Education,
University of Leeds which | presented to the Uganda National Council of Science and
Technology (UNCST) for clearance to conduct the study’. UNCST successfully
registered and granted the permission for the research to be conducted. Thirdly, |
made contacts with identified high schools and permission was successfully sought
from the Head of School to allow the participation of the teacher and students in the
research study. The informed consent forms were signed by the Head of School, the
teacher and students agreeing to take part in the study®.

In this study, three main ethical issues were identified, namely; 1) the confidentiality
and anonymity of the participants and their schools, 2) informed consent, and 3)

protection from harm or benefit.

3.12.1 Confidentiality / anonymity

Protection of the identity of the participants and maintenance of the confidentiality of

data/records is general practice by researchers while conducting any research.

According to BERA (2004), the confidenti

al

data is considered t lfeeseanholn thi$ stutlypthe informatiort o n d u ¢

obtained has been kept strictly confidential and anonymous. The results of statistical
and other analyses of data have been published in a non-attributable and aggregated
form. Also, the lessons video and audio recorded to collect data on classroom activities
has not been used as classroom teaching films and kept securely. As suggested by Hill,
(2005) there has been no identification of students, teachers or schools in research
analyses and presentations. Thus, adequate care has been taken to ensure the

confidentially and anonymity of the participant schools in the publishing of the results. |

® See appendix 1: AREA Faculty Research Ethics Committee, University of Leeds
4 See Appendix 2: Uganda National Council of Science and Technology (UNCST) Approval
Research Certificate

®> See Appendix 4: Participant Consent Form [Head teacher/Teacher Form B] and Appendix
6: Participant Consent Form [Student Form B].
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minimised any form of threat to the participants during classroom video and audio
recordings and assured the teacher that the recordings were for my personal study,

and that analysis may be made accessible by my supervisors in case they wish to see.

3.12.2 The informed consent of participants

According to Cocks (2006) informed consent is a process of provision of information by

the researcher, the potential of thepar t i ci pant 6s understanding

making a response to it. Clark (1995) argues that informing the participants and
obtaining their consent affects their behaviour and the results of the study. My
approach for dealing with this ethical issue was to first introduce myself, explaining my
institutional affiliation and the intentions of the research study. | then explained how
students could benefit from this kind of teaching approach. This openness encouraged
the head teacher, teacher and students to respond freely without expectations beyond
those | had explained. | then provided the head teacher, teacher and student
participants with an information sheet® about the study, and they all consented by

signing the consent forms or with written agreements (Gallagher, 2009).

3.12.3 Protection of participants from harm

According to AARE (2009), research design should minimise the risk of significant
harm to the research participants. Similarly, Belmont Report (1979) argues that it is the
responsibility of the research investigators to maximise benefits for the individual
participant and society while minimising risks of harm to the individual. While Amin,
(2005) suggested that an honest and thorough risk or benefit calculation (i.e., the ratio
of risks to possible benefits) must be performed before any research is carried out. For
this study, there were no risks but potential benefits were that students would, or it was
hoped that students would, even learn better.

Inregards t o this, studentsdé nor mal cl ass
That is, the same concepts were taught as planned in the school syllabus and

calendar.

® See Appendi: Information sheet [Head teacher / Teacher Form A]
and Appendix Sinformation sheet [Student Form A]

esso
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To ensure that the comparison class was not demotivated, both the experimental class
and comparison class came from different schools. Deprivation of the comparison class
of the benefits of C&TA was resolved after intervention through remedial classes for
the comparison class. The C&TA teaching sequence, computer simulations and

modelling tools were given to the comparison class for use as revision lessons.

3.13 Time and duration of the study

The data collection was conducted between the periods of December 2010 to June
2011, as shown in table below. The period for teaching chemical rate of reaction is 24
periods for the whole content. The total period for chemistry lessons per week is four,
each lasting 40 minutes.

Thus, the total time of teaching was 160 minutes per week. The teaching sequences
for this study did not cover the whole 24 periods because it focused on - collision

theory, activation energy, temperature and concentration of the reactants.



Table 3-7: Fieldwork Timetable (December 2010 to June 2011)

Week 1
Activity

Week 2
Activity

Week 3
Activity

Week 4
Activity

Week5
Activity

December 2010 Arrival in Uganda Research permit
negotiation of access

from UNCST

Interview of 4 teachers Interview
Transcriptions

January 2011

February 2011  Schools open

(School programs)

Beginning of term 1
examination
(School programs)

Contacts with
identified schools

Training of teachers

Diagnostic /
Equivalence test

Implementation of
lesson 3

School Holidays

Schools visits

Training of teachers

Transcriptions of
diagnostic test

Implementation of
lesson 4

School Holidays

Implementation of
lesson 5

March 2011 Implementation of Implementation of
lesson 1 lesson 2

April 2011 Examination periods Examination periods
End of term 1 End of term 1

May 2011 School Holidays Implementation of

lesson 6
June 2011 Post-test
Key

UNCST: Uganda National Council of Science and Technology

9.
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3.14 Some methodological issues concerning the approaches to the data

analysis
Inthisstudy,ananal ysi s of the st ude-tedtikehswasmpeadnse o
out using three classified criteria specified in section 3.8.2, and were coded as correct
response (3 points), partially correct response (2 points) and incorrect response (1
point). The analysis of the items presented in Chapter Six does not include students6
alternative ideas and reasoning since the major aim of the analysis was to compare
student sd performance (the mean scor e ) wi t
responses which are scientifically correct.

The analysis of classroom interactions did not include student-to-student talk and
teacher talk to small student groups during student group discussions since these were

inaudible in most lessons.

This is because technically, it was not possible to record a clear exchange of words
between students as they shared ideas with their peers during group discussions. The
challenge was a lack of audio recorders which would have made it possible to record

group discussions.

Therefore, the whole class interactions analysis in Chapter Seven represents the ideas

agreed on by group members as each group presented their ideas.

In the next chapter, the approach to designing the teaching sequence is presented.
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CHAPTER FOUR
4 DESIGN OF TEACHING SEQUENCE

4.1 Introduction

This chapter presents the design of the C&TA teaching sequence which includes the
approach used in the design of the teaching, analysis of chemistry syllabus for ordinary
level and text books, teaching goals, identification of learning demands and drafting
instructional design suitable for computer simulations and modelling (spreadsheets),
along with talk approaches to support the teaching and learning of chemical rate of
reaction to senior four students, aged 15 to 16 years.

4.2 Overall Approach

The approach adopted was drawn from a strand of the Evidence-Based Practice in
Science Education (EPSE) research project, based at the University of Leeds, UK.
According to EPSE, students often hold prior ideas about the phenomena addressed in
science lessons which differ from them (see Leach & Scott, 2002). These ideas often
differ from the scientific view in many ways, posing difficulties for learners and must be
overcome in order to understand the scientific view points. Leach and Scott (2002)

characterisedt hem t hrough 6l earning dermgforchs 6. They

a. Conceptual form, for example, the prior understanding of natural world by the
learner is different from the scientific one.

b. Epistemological form, characterized by the difference in the explanation of
things between the learner and scientists.

c. Ontological forms, characterized by the way we talk about things (Leach &
Scott, 2002).

To address the learning demands in understanding chemical rate of reaction, | started

by identifying likely initial conceptions (and difficulties) of students, around relevant

chemistry curriculum content (chemical rate of reaction) in Uganda. | then identified

the differences between these two areas in terms of the concepts used to generate
explanations, their epistemology and ontology i whi ch gi ve o611 edtheni ng d
identified 6t eachi ng goals6 to address thosed | ear:
lessons to address those teaching goals using teaching approaches based upon
communicative approach (Mortimer and Scott, 2003), and Leach and Scot
constructivist perspective on teaching science in formal settings to inform the design of

the teaching sequence.
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4.3 Implication for design of teaching
Building on the concept of the different forms of learning demands as set out above, |
have adopted guidelines outlined by Leach and Scott (2002) to inform the teaching
sequence:
a. ldentifying the school science knowledge to be taught.
b. Considering how this area of science is conceptualized in the everyday
reasoning of students.
c. ldentifying the learning demand by appraising the nature of any differences
(conceptual, epistemological and ontological) between a and b.
d. Designing the teaching intervention to address each aspect of this learning
demand:

i.  ldentifying the teaching goals for each phase of the intervention
ii. Planning a sequence of activities to address the specific teaching goals
iii. Specifying how these teaching activities might be linked to appropriate
forms of classroom communicative approach (p.127).

Following these guidelines, the expected school science knowledge about chemical
rate of reaction was identified from the national curriculum, school syllabus and text

books.

4.4 Analysis of chemistry curriculum
An analysis of the Ugandan national chemistry syllabus for ordinary secondary school
level identified the following topics.

Table 4-1: Chemistry syllabus for ordinary secondary school level

Chapter 1: Introduction to Chemistry Chapter 9: Carbon and its compounds
Chapter 2: States of matter Chapter 10: Sulphur and its compounds
Chapter 3: Mixtures Chapter 11: Nitrogen and its compounds

Chapter 4: The periodic table / Bonding & Chapter 12: Mole concept
structure of atoms

Chapter 5: Chemical Formulae & Equations  Chapter 13: Chemical rate of reaction

Chapter 6: Compounds Chapter 14: Energy changes and
chemical reactions

Chapter 7: Oxygen and its compounds Chapter 15: Applied chemistry-Organic
chemistry

Chapter 8: Hydrogen and its compounds

Source: UCE Chemistry Teaching Syllabus, National Curriculum Development Centre (2008)
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From the above list of topics, chemical rate of reaction (Chapter Thirteen) is taught in
the final year of the ordinary secondary level. The units covered under Chapter

Thirteen; chemical rate of reaction are as follows:

Table 4-2: Chemical rate of reaction concepts

Unit 13: Chemical rate of reaction

13.1 Definition of chemical rate of reaction
1 Collision theory
91 Proper orientation of reacting particles
13.2  Factors that affect rates of reaction:
13.2.1 Temperature
§ Activation energy, Ea
§ Graphical plot and interpretation of temperature against time
§ Graphical plot and interpretation of temperature against rate

13.2.2 Concentration of reactants
§ Graphical plot and interpretation of concentration against time
§ Graphical plot and interpretation of concentration against rate

13.2.3 Surface area of reactants

13.2.4 Pressure

13.2.5 Catalyst

13.3  Applications of rates of reactions

13.3.1 Preparation of oxygen from H,O,.

13.3.2 In contact process / manufacture of sulphuric acid

13.3.3 Haber process / manufacture of ammonia

13.3.4 Manufacturer on nitric acid.

The units selected as the focus for this study were 13.1, 13.2.1 and 13.2.2. These units
were selected to specifically offer scientific explanations to the difficult aspects of
chemical rate of reaction, collision theory and proper orientation of reacting particles,
temperature, activation energy, Ea and concentration. In the next section, the science

knowledge taught in Uganda under this concept is presented.

45 Chemical rate of reaction: School science knowledge

According to the Ugandan national curriculum, school syllabus and text books, the
knowledge about chemical rate of reaction to be taught in school science can be
summarised as:

1. Chemical reactions occur only when the reacting molecules collide with the
correct orientation. That is, unless the alignment is favourable, the reaction will
not be successful. Of course, as the overall number of collisions increases, it
becomes more likely that a collision with a favourable orientation will occur

hence the rate of the reaction would increase.
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2. A rate of chemical reaction is the amount of products formed per unit of time or

the amount of reactants used up per unit time: Rate = amount/time.
In solution, this amount is in moles per litre (or grams per litre). If the time is in

seconds, then the units of rate are mol dm®/ s or mol I'*s™. Mol I''s? is read as

Aimol es per litre per secondo. The amount

depends on the concentration of the reactants present. At the beginning of a
reaction, the concentration of the reactants is high. Hence the reaction is fast.
As the reactants get used up, the reaction slows down. Then, when there are no
more reactants, the reaction stop.

The molecules must collide with enough energy to overcome the activation
energy barrier. The activation energy barrier can be lowered when a catalyst is
present. Thus, catalysts provide an alternate energy pathway in which the
potential energy barrier between reactants and products is lowered.

Increasing the temperature gives the reactants molecules more kinetic energy,
thus more high energy collisions can occur. Thus, reaction rate depends on
temperature because as the temperature increases the reactant molecules are
moving more rapidly and coming into contact with each other more often, which
increases the reaction rate.

Concentration refers to how close together the solute particles are in a given
solution. The higher the concentration, the higher the frequency of collision.
Thus, as concentration of reactants increases, molecules of the reactants are
more likely to come in to contact with each other, which increases the rate of
reaction. (Spiers & Stebbens, 1973; Atkinson, 1979; Holderness & Lambert,
1986)

rate of reaction from the reported literature (see Chapter Two).

46 Chemical rate of reaction:reviet udent so

From the review we have seen in Chapter Two, students hold alternative ideas about

chemical rate of reaction and such misconceptions / difficulties can be summarised as:

1

Problems with using kinetic theory to explain behaviour of atoms at the
molecular level and relating these to the macro and symbolic levels

Every collision leads to a product

Fast moving particles may lead to particles bouncing off each other without a
reaction occurring: collision is too quick and energetic

Rate of reaction is constant throughout a reaction

un

und
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9 Activation energy is the energy released after a reaction

9 Activation energy is the peak of the energy profile diagram
Common students thinking not informed by collision theory

1 Increasing temperature increases the amount of product

1 The rate of a reaction is directly proportional to the concentration of reactants

A comparison between school science knowledgeand st udent sd alaser nat
carried out in order to establish the learning demands.

4.7 Learning demands
The following learning demands were identified. Learning in this area requires students
to:

1 Develop abstract scientific concept that particles must collide in the correct
orientation for an effective collision to occur leading to the formation of
products.

I Understand that particles must have enough kinetic energy to produce an
effective collision in the context of explaining the activation energy barrier. That
is, for a reaction to occur, the collision needs to be forceful enough to break the
existing chemical bonds of the reactant, i.e. the energy barrier.

T Understand that increasing the temperature will cause particles to move faster
with more kinetic energy. That the particles therefore collide more often and
with greater energy. That these two things mean there are more successful
collisions per second and therefore a faster rate of reaction, NOT that when
particles that move very fast collide with each other, it is likely that these
particles Obounce backdé without reacting.

1 Understand that increasing the concentration of a reactant simply means there
are more particles which may collide and so react. More collisions mean a

faster reaction.

1 Understand that rate of chemical reaction is the amount of products formed per
unit of time. That the amount of products formed in a given time depends on
the concentration of the reactants present. That at the beginning of a reaction,
the concentration of the reactants is high. Hence the reaction is fast. That as
the reactants get used up, the reaction slows down. That when there are no
more reactants, the reaction stops, NOT for example, that the rate of chemical

reactions cannot be altered (as reported in the literature).


javascript:def('/Glossary/glossaryterm.aspx?word=Activation%20Energy',%20500,%20500);
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I now define the design of the teaching sequence with specified learning goals,

teaching activities and classroom discourse aimed at improvin g student s

understanding of chemical rate of reaction.

4.8 Teaching goals

By the end of chemical rate of reaction topic in secondary education, the Ugandan

national curriculum specifies that the learner should be able to:

a.
b.

Define the term O0rate of reactionbd
Discuss collision theory:
i. Particles must have enough kinetic energy to produce an effective
collision that leads to a reaction and formation of new product
ii. Particles must collide in the correct orientation for an effective collision
to occur
Explain the term activation energy and how this affects the number of effective
collisions and formation of the products in a reaction
Explain how varying the temperature affects the rate of reaction
Interpret graphically how temperature affects rate of reaction
Explain how varying the concentration affects the rate of reaction

Interpret graphically how concentration affects rate of reaction

4.9 Teaching approaches: review

I n

following teaching strategies have been used in other researcht o i mpr ove

order to address studentsd | earning

learning of chemical rate of reaction (refer to Chapter Two for details and how these

strategies have informed this study).

1

1
1
1

|

use of computer aided instruction (Tezcan &Yilmaz, 2003)

small group discussion and hands-on experiments (Van Driel 2002)

use of a pictorial analogy (Fortman, 1994)

use of conceptual change texts oriented instruction accompanied with analogies
(Bozkoyun, 2004)

use of inquiry-based experiment (Chairam et al., 2009)

use of computer animations (Calik et al., 2010)

For this study, | developed a teaching sequence to support meaningful learning of

chemical rate of reaction using computer programmes (simulations & modelling) and

di f

stu
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talk approach (C&TA). The C&TA was intended to enhancest udent s under st
chemical rate of reaction, based on the importance of talk as emphasised by social

constructivist perspectives on teaching and learning (Mortimer and Scott, 2003).

The teaching sequence involved three key phases described in Chapter Two, section

2.6.2: 1) the teacher staging scientific view of chemical rate of reaction during class

session; 2 ) The teacher supporting studentso6 i ni
simulations and talk approaches; and 3) the teacher providing the opportunity to

students to try out and practice chemical rate of reaction ideas they have learnt. That

is, the teacher hands over responsibility to students (See Mortimer & Scott, 2003).

Since the students were required to discuss their ideas in a group around the
computer, a set of ground rules for talk and operating the computer was to be followed
as outlined below:

4.10 Ground rules for talk

1. Everyone should have a chance to talk.
2. Everyonebds ideas should be carefully
3. Each member of the group should be asked:

1 What do you think?

1  Why do you think that?
Look and listen to the person talking.
After discussion, the group should agree on a group idea.

(Wegerif & Mercer, 1996, p.58)

as

4.11 Computer and talk teaching sequence for chemical rate of reaction

In this section, | present the teaching sequence that was designed to encourage
classroom talk. Students discuss the rate of reaction concept with their peers while the
teacher guides them to make meaningful understanding using a computer based and

talk approach.

4.12 Overview of the teaching sequence
Overall the teaching sequence involved moving between three key phases: 1) Staging
scientific view point; 2) Supporting student internalisation; and 3) Handing-over

responsibility to the students (See Mortimer and Scott, 2003).

For collision model (CM) to explain the chemical rate of reaction, the following sub-
topics were considered: Temperature (T) and concentration (C), the following steps are

to be followed by the teacher.
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To ensure continuity, the sequence was designed to allow the teacher to move back
and forward between lessons. The first lesson covered an overview on ideas of
Collision theory; proper orientation of reacting particles; activation energy; effect of
temperature and concentration of the reactants. In dealing with the second lesson, the
teacher reviews lesson 1 before tackling lesson 2, and so on when dealing with
lessons 3, 4, 5 and 6 to ensure links are created between the previous lessons.

Lessons 1, 2, 4 and 5 are to provide opportunities for the teacher to stage the concept
of chemical rate of reaction and also for the learners to internalize the chemical rate of
reaction concept before they are left on their own to try out and practice chemical rate
of reaction ideas that they have learnt in lessons 3 and 6.

The summary flows of the lessons sequence are as shown in the figure 4-1 below.

Lesson 1: CM H Lesson2: T H Lesson 3: T

Staging )
& supporting Handing-over

student o
responsibility to students

Internalisation

. Lesson 4: C H Lesson 5: C H Lesson 6: C

Figure 4-1: Teaching sequence design to ensure continuity links between lessons

4.13 Mode of interaction
The sequence was designed to maximise students learning by incorporating various
forms of classroom interaction. The sequence involved:

1 Using different modes of interaction between the teacher and students in
different episodes. The teacher explores different approaches which included:
Interactive/Dialogic; Non-interactive/dialogic; Interactive-authoritative and Non-
interactive/ authoritative.

Opportunities for student-student talk in pairs and small groups.

Developing the idea of the collision model for describing, explaining and
predicting the chemical rate of reaction phenomena under change in
temperature and concentration of reactants.

In the next section, | present the outlines of the teaching sequence.
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4.14 Outline of the Teaching Sequence

The teaching intervention for this study consisted of six lessons out of an eight lesson
sequence. The other two lessons literature show that students often have no
challenges in understanding the concepts that are involved within them. This section
provides a summary of the teaching plan in broad terms of the content covered and the
activities involved through the six-lesson sequence. The school timetable followed
during the intervention was divided into 40 minutes, with lesson sessions lasting for

one or two periods.

In lesson 1 (episode 1.0); the teacher starts by administering base-line test questions
to students to assess their understanding of states of matter and kinetic theory of
matter. Students are expected to demonstrate understanding of what the molecules of
solid, liquid and gas look like and to explain the relationship between the kinetic energy
of molecules and heat, and collision theory. The results of the base-line test are used
to provide a measure of equivalence of studentséunderstanding before the intervention

between the experimental and the comparison groups.

In lesson 1 (episode 1.1-1.3); the teacher performs precipitation reaction by adding
barium chloride solution to dilute sulphuric acid to initiate discussion on how the
reaction can be increased or decreased. The teacher introduces the concept of rate of
reaction, definition of the term rate of reaction; explanation of collision theory with
respect to rate of reaction, factors that affect the rate of reaction to the whole class
(social plane of the classroom). This is followed by group discussion where students
are engaged using worksheets and share ideas while working with computer
simulations. The teacher provides support during group discussion through probing,
scaffolding and helping them to make sense of, and internalize, those ideas. The
teacher provides support and assists them to see what happens to the rate when
temperature changes. Groups share their discussions and explanations with the class.
Group discussions and explanations are relayed to the whole class. During the whole
class discussion, the teacher emphasizes that for reaction to occur the molecules must
possess enough energy and proper orientation of the reacting particles or atoms.
Proper orientation means atoms must be aligned in such a manner that they bond

together.
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From collision theory when temperature increases the reactant molecules are moving
more rapidly and coming into contact with each other more often, which increases the
reaction rate. Thus, increasing the temperature gives the reactant molecules more
kinetic energy, thus more high energy collisions can occur. There must be a minimum
amount of energy (activation energy) that reacting particles must have to form the

activated complex and lead to chemical reaction / form products.

Lesson 2 (episodes 2.1-2.2); starts with revisiting the effect of temperature on
chemical rate of reaction. In this session laboratory experiments are conducted. The
teacher prepares and conducts an experimental demonstration to show the effect of
temperature on the chemical rate of reaction. The students are engaged in groups
using worksheets, performing the experiment by measuring volumes, recording
temperature change and plotting graph of rate against temperature and drawing
conclusions using ideas of collision theory. The teacher provides support during real
laboratory experiments. Groups share the results of their discussions with the class.
Group results are relayed to the whole class. During the whole-class discussion, the
teacher emphasizes that the graph shows rate of reaction increases with increase in
temperature - thus, high temperature less time taken, the higher the rate of reaction
and that from collision theory, when temperature increases the reactant molecules are
moving more rapidly and coming into contact with each other more often, which

increase the reaction rate.

In lesson 3 (episode 3.1); the teacher substitutes real experiment with computer
virtual learning environment using Excel spreadsheets to model the effect of
temperature change on chemical rate of reaction. This lesson involves students
modelling the effects of temperature change on the rate of reaction. Students make
predictions, hypothesizing or asking 6 wh at i f ?,&ndgliscess and shars their
ideas in groups. The teacher provides support and assists them in investigating what
happens to the rate when temperature changes. The teacherre | ays st udent s o
the whole class. The teacher provides opportunities for students to try out their ideas,
develop theories and test these themselves, and to make those ideas their own and

gradually take responsibility for their independent working.

Lesson 4 (episode 4.1-4.2); other ways of increasing chemical rate of reaction are
revisited (review of episode 1), the resulting ideas are shared and the teacher

introduces the concept of effects of concentration on rate of reaction to the whole class
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(social plane). This is followed by group discussions where students are engaged in
groups using worksheets and share ideas while working with computer simulations.
The teacher provides support during group discussion through probing, scaffolding and
helping them to make sense of, and internalize, those ideas. The teacher provides
support and assists them to see what happens to the rate when concentration
changes. Groups share their discussions and explanations with the class. Group
discussions and explanations are relayed to the whole class. During the whole class
discussion, the teacher emphasizes that, increasing concentration of a reactant simply
means there are more molecules coming into contact with each other more often,
which increases the reaction rate. Thus, the more particles that there are in the same
volume, the closer to each other the particles will be. This means that the particles
collide more frequently with each other and the rate of the reaction increases.

Lesson 5 (episode 5.1-5.2); starts with a revisiting of the effect of concentration on
chemical rate of reaction. In this session laboratory experiments are conducted. The
teacher prepares and conducts an experimental demonstration to show the effect of
temperature on the chemical rate of reaction. The students are engaged in groups
using worksheets, performing the experiment by measuring volumes, recording time
taken for the reaction to end, and plotting a graph of volume of thiosulphate against
time or rate (1/time), and drawing conclusions using ideas of collision theory. Groups
share the results of their discussions with the class. Group results are relayed to the
whole class. During the whole class discussion, the teacher emphasizes that rate of
reaction increases with increase in concentration. That is, high concentration less time
taken, the higher the rate of reaction and that from collision theory increasing
concentration of a reactant simply means there are more molecules coming into
contact with each other more often, which increase the reaction rate.

In lesson 6 (episode 6.1); the teacher substitutes the real experiment with computer
virtual learning environment using an Excel spreadsheets to model the effect of
concentration changes on chemical rate of reaction. This lesson involves students
modelling the effects of concentration change on the rate of reaction. Students make
predictions, hypothesizing or asking 6 wh a t i f ?,@ndgliscess and shars their

ideas in groups. The teacher provides support and assists them to see what happens

to the rate when concentration changes.

whole class. The teacher provides opportunities for students to try out their ideas,
develop theory and test their theory themselves, make those ideas their own and

gradually take responsibility for their independent working.

The
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In the next section we will look at the detailed aspects of the teaching plan.

415 Det ai |l ed

t eachi

ng

sessions

based

on

This section of the chapter presents further illustrations of the detailed aspects of the

planned teaching sequence in terms of specific learning and teaching functions

attributed to the chosen teaching / learning activities, as well as indications of the

pattern of changes in communicative appro a ¢ h

416 Lesson 1:

reaction (Computer simulations)

Teaching & learning
activities

Episode 1.0 (administering
of base-line test)
Episodes 1.1-1.3 (double
period, 80 minutes)

1. Whole class
/social plane
discussion

(interactive / dialogic)

2. Small group
discussion
( Non-interactive /
dialogic)

Episode 1.2
3. Whole class
presentation
(Non-interactive /
authoritative)

4. Whole class
discussion
(interactive/authoritative)

Episode 1.3
5.  Small group
discussion
(Non-
interactive/dialogic)

Teacher role

Performs a precipitation
reaction to prompt
discussion about factors
which affects chemical rate
of reaction

Elicit & explore students
ideas

Prompts further activity
within groups, draws &
presents from the different
point of view on the
blackboard list of factors
which affects chemical rate
of reaction

Circulates groups probes,
scaffold and note content
of discussion

Present the definition of
chemical rate of reaction

Prompt discussion
focuses attention to
determination of rate of
reaction from amount of
product formed in a given
time /reactant use up in a
given time.

Address misconceptions/
alternative views

Manages learners in
groups

Provide worksheet for
group work

Prompt discussion on how
temperature affects

Learner role (interaction
with computer & real
experiment)

Respond with suggestions/
answers

Consult in groups about
factors that affects
chemical rate of reaction

Discussion proceed with
group leaders taking the
notes

Group comes to
agreement & report their
ideas

Make sense of and
internalize the concept

Discuss the meaning of
their various ideas

Use worksheet to discuss
and share ideas in group
discussion, proceed with
group leaders taking the
notes

Each group briefly reports

6cycl eb

during

Chemical rate of reaction - effect of temperature on rate of

Learning gains

Defining rate of reaction as
amount of product formed

per unit time or amount of

reactants used up per unit

time

Determination of a rate of
reaction from product
formed in unit time

Rate = product/time; units
are in g/sec, dm*sec or s™
cm¥sec or s

Behaviour of reacting
particles when temperature
is increased or decreased

commu |



6.Whole class/
social plane
(interactive/authoritative)

7. Whole class
(Non-
interactive/authoritative)
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chemical reactions

Ask learners to make
predictions and test their
prediction using computer
simulations

Probes / explore on
learners ideas

Circulates groups probes
and scaffold and note
content of discussion

Prompt discussion
focuses attention to
orientation of reacting
particles, collision of
particles & activation
energy, Ea

Address misconceptions/
alternative views

Present the relationship
between temperature,
activation energy, Ea &
chemical rate of reaction
Explains effects of
temperature on chemical
rate of reaction sing
collision theory

experiment investigation)

Teaching & learning
activities

Episodes 2.1-2.2 (double
period, 80 minutes)

1. Whole class

(Non
interactive/authoritative)

2. Whole class/
social plane

(interactive/authoritative)

Teacher role

Present and conduct an
experimental
demonstration showing on
effect of temperature on
chemical rate of reaction,
reading of thermometer,
Explains how to use &
record stop clock time

Ask learners what results
indicate by way of the
marked cross on a piece of
paper disappearing when a
solution mixture of sodium
thiosulphate & HCl is
placed over the paper

Ask learners to write down
the equation for the
reaction.

Proves, scaffolds & notes

to class their observations
from the computer
simulations

Discuss the meaning of
their various ideas about
orientation of reacting
particles, collision of
particles & activation
energy, Ea

Make sense of and
internalize the concepts

Learner role (interaction
with computer & real
experiment

Make sense of and
internalize the concept

Discuss the meaning of
their various ideas why the
marked cross disappear
Write down equation for
the reaction and share with
the whole class

That for reaction to occur,
the molecules must
collided, posses enough
energy & have proper
orientation of the reacting
particles

That when temperature
increases, the reactant
molecules are moving
rapidly & coming into
contact with each other
more often (frequent), this
increases the reaction rate

That for reaction to occur,
the molecules must
possess enough energy &
proper orientation of the
reacting particles

That there must be
minimum amount of
energy that reacting
particles must have to form
the activated complex &
lead to reaction and this
energy is called activation
energy

Effect of temperature on rate of reaction (Laboratory

Learning gains

Procedural, measuring &
recording skills

Observational skills
Development of
explanation ability
Symbolic representation of
a chemical reaction



Episodes 2.2
3. Small group
discussion
(Non-
interactive/dialogic)

4.  Whole class
(Non-
interactive/authoritative)
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content of discussion

Manages learners in
groups

Provide worksheet for
group work

Provide real laboratory
experimental activity,
reaction between solutions
of sodium thiosulphate &
HCI

& manages learners in
groups

Provide worksheet for
group work

Prompt discussion on how
temperature affects
chemical reactions
Probes / explore on
learners ideas

Ask learners to plot &
explain using collision
theory the shapes of
temperature against time
or temperature against
1/time

Circulates groups probes,
scaffold and note content
of discussion

Present relationship
between temperature and
time, temperature and rate
(1/time)

Explain how affect
chemical rate of reaction
using collision theory

computer spreadsheets)

Teaching & learning
activities

Episodes 3.1 (double
period, 80 minutes)

1. Whole class /social
plane discussion
(interactive /

authoritative)

2. Small group
discussion
(Non-
interactive/dialogic)

Teacher role

Provide modelling tool-
spreadsheets to prompt
discussion on relationship
between temperature and
time; temperature and rate.
Engages learners by
asking what the graph
would look like.

Scaffolds & notes content
of discussion

Manages learners in
groups and prompts to
make prediction, instruct
them to carry out modelling
temperature and note
down the effect on rate
and time for the reaction to

Investigation of effect of
temperature on rate of
reaction using solutions of
sodium thiosulphate & HCI

Use worksheet to discuss
and share ideas in group
Discussion proceed with
group leaders taking the
notes

Each group briefly reports
to class their observations
from the real laboratory
investigation of effect of
temperature

Make sense of and
internalize the concept

Learner role (interaction
with computer & real
experiment

States and explains the
shape of graph

Make predictions,
hypothesis and share
ideas in group

Discussion proceed with
group leaders taking the
notes

Each group briefly reports

Analysis and interpretation
of temperature-time graph
or temperature-rate graph
Explain shapes of graph

That rate of reaction is
directly proportional to
change in temperature

That when temperature
increases the molecules
are moving more rapidly
and coming into contact
with each other more often
(frequent), which increase
the reaction rate (this
collision theory)

Effect of temperature on rate of reaction (Modelling with

Learning gains

Analysing results and
hypothesizing



3. Whole class/
social plane

(interactive/authoritative)

4.  Whole class
(Non
interactive/authoritative)
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Teaching & learning activities

92

finish

Circulates groups probes,
scaffold and note content
of discussion

Ask learners what happens
to change time , rate and
the shape of the graph as
the vary temperature from
70,60 * 50 * ,40 * 30
% 25 *and from 25 *,30 *
40 oc 50 oc 60 oc 70 oc
Address misconceptions/
alternative views

Present shape of graph
that remain the same
whether experiment is
carried out beginning with
the higher temperature and
reducing to low
temperature or beginning
with the low temperature to
higher temperature

to class their observations
from the computer
modelling

Discuss the meaning of
their observations

Make sense of and
internalize the concept

Focus on analysing and
hypothesizing

Relationship between
temperature & rate;
temperature & time

Rate of reaction decreases
with increase in
temperature

Time taken for the reaction
to finish reduces with
increase in temperature.

Effect of concentration on rate of reaction (Computer

Teacher role

Episodes 4.1-4.2 (double period,

80 minutes)

Learner role
(interaction with
computer & real
experiment

1. Whole class /social
plane discussion
(interactive / dialogic)

2. Whole class
(Non-interactive/authoritative)

3. Whole class /social
plane
(Interactive / dialogic)
Episodes 4.2
4. Small group discussion
(Non-interactive/dialogic)

5. Whole class/ social
plane

Prompts discussions
other ways apart from
temperature which
increases chemical rate
of reaction

Present explanation of
effect of concentration on
rate of chemical reaction

Prompts discussion on
how concentration affect
the rate of reaction

Manages learners in
groups

Provide worksheet for
group work

Prompt discussion on
how concentration
affects chemical
reactions

Ask learners to make
predictions and test their
prediction using
computer simulations

Probes / explore on
learners ideas

Circulates groups
probes, scaffold and note
content of discussion

Prompts discussion
further
Asking learners about

Respond with
suggestions/ answers

Make sense of and
internalize the concept

Respond with
suggestions/ answers

Use worksheet to
discuss and share ideas
in group

Discussion proceed with
group leaders taking the
notes

Each group briefly
reports to class their
observations from the
computer simulations

Each group briefly
reports to class their
observations from the

Learning gains

That increasing the
concentration of a
substance in solution
means that there will be
more particles per dm? of
that substance

Behaviour of reacting
particles when
concentration is
increased or decreased

Actively reflect on conflict
mismatch between
|l earnerds pr



(interactive/authoritative)

6. Whole class
(Non-interactive/authoritative)
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their predictions,
addresses learners
alternative view
Present relationship

between concentration
and time, concentration

and rate (1/time)
Explain how affect

computer simulations

Make sense of and
internalize the concept

chemical rate of reaction

using collision theory

experiment investigation)

Teaching & learning

activities

Episodes 5.1-5.2 (double
period, 80 minutes)

1. Whole class

(Non

interactive/authoritative)

2. Whole class/
social plane

(interactive/authoritative)

Episodes 5.2
3. Small group
discussion
(Non-

interactive/dialogic)

Teacher role

Present and conduct an
experimental
demonstration showing on
effect of concentration on
chemical rate of reaction,
reading of thermometer,
Explains how to use &

record stop clock time

Ask learners what results
indicate by way of the
marked cross on a piece of
paper disappearing when a
solution mixture of sodium
thiosulphate & HCl is
placed over the paper

Ask learners to write down
the equation for the
reaction.

Addresses misconceptions/

alternative views

Manages learners in
groups

Provide worksheet for
group work

Provide real laboratory
experimental activity,
reaction between solutions
of sodium thiosulphate &
HCI & manages learners

in groups

Learner role (interaction
with computer & real

experiment

Make sense of and

internalize the concept

Discuss the meaning of
their various ideas why the
marked cross disappear
Write down equation for
the reaction and share with

the whole class

Investigation of effect of
concentration on rate of
reaction using solutions of
sodium thiosulphate & HCI
Use worksheet to discuss
and share ideas in group
Discussion proceed with
group leaders taking the

notes

scientific point presented
by the teacher

That rate of reaction is
directly proportional to
change in concentration

That when concentration
increases the molecules
are coming into contact
more often / frequent
which increases the
reaction rate (this
collision theory)

Effect of concentration on rate of reaction (Laboratory

Learning gains

Procedural, measuring &

recording skills

Observational skills
Development of
explanation ability
Symbolic representation of

a chemical reaction

Analysis and interpretation
of concentration -time
graph or concentration -
rate graph

Explain shapes of graph



4.  Whole class
(Non-

interactive/authoritative)
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Provide worksheet for
group work

Prompt discussion on how
concentration affects
chemical reactions
Probes / explore on
learners ideas

Ask learners to plot &
explain using collision
theory the shapes of
concentration against time
or concentration against
1/time

Circulates groups probes,
scaffold and note content
of discussion

Present relationship
between concentration and
time, concentration and
rate (1/time)

Explain how affect
chemical rate of reaction

using collision theory

computer spreadsheets)

Teaching & learning
activities

Episodes 6.1 (double
period, 80 minutes)

1. Whole class
/social plane
discussion

(interactive /
authoritative)

2. Small group
discussion
(Non-
interactive/dialogic)

Teacher role

Provide modelling tool-
spreadsheets to prompt
discussion on relationship
between concentration and
time; concentration and
rate.

Engages learners by
asking what the graph
would look like.

Addresses misconceptions/
alternative views

Manages learners in
groups and prompts to
make prediction, instruct
them to carry out modelling
concentration and note
down the effect on rate
and time for the reaction to
finish

Circulates groups and
scaffold and note content
of discussion

Each group briefly reports
to class their observations
from the real laboratory
investigation of effect of

concentration

Make sense of and That rate of reaction is

internalize the concept directly proportional to

change in concentration

That when concentration
increases the molecules
are coming into contact
more often / frequent
which increases the
reaction rate (this collision
theory)

Effect of concentration on rate of reaction (Modelling with

Learner role (interaction Learning gains
with computer & real

experiment

States and explains the
shape of graph

Make predictions,
hypothesis and share
ideas in group

Discussion proceed with
group leaders taking the
notes

Each group briefly reports
to class their observations
from the computer
modelling

Analysing results and
hypothesizing
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3. Whole class/ Ask learners what happens  Discuss the meaning of Focus on analysing and
social plane to change time , rate and their observations hypothesizing
the shape of the graph as
(interactive/authoritative) the vary concentration Relationship between
from,50 cm ®,40 cm 2,30 concentration & rate;
cm *,20cm * 10 cm ®and concentration & time

from 10 cm 3,20 cm 2,30
cm?®,40cm®,50cm®
Addresses misconceptions/
alternative views

4.  Whole class Present shape of graph Make sense of and Rate of reaction decreases
(Non that remain the same internalize the concept with increase in
interactive/authoritative) whether experiment is concentration
carried out beginning with
the higher concentration Time taken for the reaction
and reducing to low to finish reduces with
concentration or beginning increase in concentration.

with the low concentration
to higher concentration

This is the intended sequence and how it was implemented in practice will be
investigated in Chapter Seven.

Appendix 7 offers a detailed extension of the above account of the whole teaching
sequence, with more specificity both of lesson content worked examples and of

particular various forms of classroom interaction activities.

The next chapter presents the coding schemes, their meanings and examples.
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CHAPTER FIVE
5 THE CODING SCHEMES

5.1 Introduction

The purpose of this chapter is to justify the coding schemes developed for the analysis
of student s0O0 r e stgstpalasseoem intemactions and theirstarview data.
This is to aid future replication of the study.

5.2 The data coding schemes and Inter-rater reliability conformity / agreement
In this section, | present the coding schemes and inter-rater reliability for the post-test,

interviews and classroom talk.

5.3 For post-test scripts

This section presents the coding schemes devel oped for the analy
responses in the post-test. The coding was carried out to standardise the coding
categories for the individual items of each learning area in order to ensure that all
responses were similarly coded and scored. The coding schemes data followed similar

criteria suggested by Abraham et al. (1994) for scoring and coding student responses.

Studentsd responses to test items were cl as:
responses that included all components of the validated answers; 6 par ti ally ¢
response (coded 2)06 for responses that i ncl

validated response, but not all the components; 6i ncorr ect response |
responses that included illogical or incorrect information, unclear information and no

response.

As explained in Chapter Three, the post-test serves a major purpose to compare the
performances of the students who followed the computer and talk approach (C&TA)

teaching sequence with those who followed the normal teaching approach (NTA).

As previously mentioned (section 3.7.4), the post-test questions were used to make an
evaluation of the teaching in order to investigate whether the students who followed the
C&TA had a better understanding of the difficult areas (learning demands) as identified

in section 4.7.

In order to carry out the analysis, the coding categories in each learning area were

developed to ensure that the responses to the two groups, experimental class and
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comparison class, were similarlyc o d e d . Thus, from anal yses, S
and performance in each learning area can be evaluated, and the evidence collected
used to make judgement about the effectiveness of the C&TA teaching sequences

when the comparison is made between the experimental and comparison classes.

5.4 Inter-rater reliability conformity / agreement

Inter-rater reliability decisiont o assign codes to theagreedhydent s
four experienced chemistry teachers based upon the appropriate scientific explanations

or answers for the questions. | coded draft data responses separately and negotiated

the classification. There was a high agreement with 90 % for the post-test items. All
disagreements were resolved by negotiation.

5.5 The coding schemes and categories
As explained in section 3.7.4, the item questions were designed to allow the students
to explain their ideas about the concepts of chemical rate of reaction in as much detail

as possible after the intervention.

The accepted answers to the key concepts of chemical rate of reaction were developed

mainly from the analysis of chemistry text books (see section 4.4), some were taken

from the content of the C&TA teaching worked example (Appendix 7). St udent s 6
responses have been presented in this chapter in order to show examples of the
responses analysed from the student sdsfopapers
definition/determination rate of chemical reaction; proper orientation of the reacting

particles; activation energy, Ea of reacting particles; using collision theory to explain

the effect of temperature on reacting particles, and using collision theory to explain the

effect of concentration on reacting particles are presented.

The following are discussions on the coding schemes for learning demands which

relate to their individual item in the post test.

5.6 Definition/determination rate of chemical reaction
Question 2b presents students with data about the amount of gas collected over a
period of ti me. S if 40cc@’rot gas isacellected in $0ksecongds wiih

1M HCI aci d. Wh a't is the rate of reaction?596
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The following are descriptions of how the r
6partially correct responsed and Oincorrect
Question 2b

The answer can be found in the textbook as, rate of chemical reaction is that rate of
reaction is the amount of product formed per unit of time or the amount of reactants
used up per unit time. That is, Rate of reaction = amount/time. In solution, this amount
is in moles per litre (or grams per litre). If the time is in seconds, then the units of rate

aremol I/sormol I's*. Mol I's’i s read as fAmoles per |itre p

Correct response (coded 3)
Following the above account taken from the textbook, we consider all components as
validated responses / answers as:

Rate =amount of product/ time,
Rate =40/10
Rate =4cm?®/sorcm’®s®
Examples of responses from the students whic

6 Rat e of r =Amountobgas collected/ time taken
= 40 cm®/ 10 seconds
=4cm®/ second. &
6Rat e of r =valanteftimataken
= 40 cm®/ 10 seconds
=4cm®*/ s. 6
Partially correct response (coded 2)
For responses that included at least one of the components of a validated response,

but not all the components as shown in the following examples:

b) If 40 cm’ of gas is collected in 10 seconds with 1M HCl acid. What is the rate

of reaction?

U-0.

./,/

ol 7=
Incorrect response (coded 1)

For responses that included illogical or incorrect information, unclear information and

Nno response.
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Example of responses from the students which were code d as Oi ncorrect

shown below:

b) If40 cm’ of gas is collected in 10 seconds with 1M HCI acid. What is the rate

of reaction?

Uode ol romohion (s . 40 x\0
R
1 OC
|

5.7 Proper orientation of the reacting particles

Questions 3di, ii, and iii present students with data about reacting particles under
different scenarios (A, B &C) where sometimes they miss or collide. In question 3di,
students were presented with pictures and were asked to draw reacting particles in; a
state of missing each other and a head on collision. In question 3d ii students were
then asked to state the two cases they have drawn, which collision results into a
reaction. Question 3d iii required students then to explain their answer in 3d ii in terms

of proper orientation of the reacting particles.

Questions 3di, ii & iii

The answers can be found in the textbook as, chemical reactions occur only when the
reacting molecules collide with the correct orientation. That is unless the alignment is
favourable; the reaction will not be successful. Of course, as the overall number of
collisions increases, it becomes more likely that a collision with a favourable orientation
will occur hence the rate of the reaction would increase. Thus, proper orientation

means atoms must be aligned in such a manner that they bond together.

Question 3di
Correct response (coded 3)
Students are asked to draw the missing pictures (in A & C) to show what might be

happening to the particles in each case.

Following the above account taken from the textbook, diagrams in A and C below were

considered correct

r
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A B C

accepted as correct accepted as correct

—0 '\"\o .

Particles miss each A glancing collision A head on coIIi;E.
other
Question 3dii

We consider all components as validated responses / answers as:

6Co6 or 6collision C results into a react:

Incorrect response (coded 1)
For responses that included illogical or incorrect information, unclear information and

No response.

Examples of responses from the students whi
are shown below:

6Collision A0 or o6collision A results int
60B6O

Question 3dii
We consider all components as validated responses / answers as:

Reacting particles or atoms or molecules or ions must be aligned in such a way
or manner that they bond together, react and form product.

Examples of responses from the studespo®nwhkdc
shown below:

dhe collision C will result into a reaction because according to proper
orientation, it is aligned in a way that the particles bond together which will

result into formation of productséo
6l n C particl es claalse makesthein to&dnd tggetked thevebyi
reaction taking place and products for min
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Partially correct response (coded 2)
For responses that included at least one of the components of a validated response,
but not all the components as shown in the following examples:

6A head on <collision (C) resulted into
facing or near each other hence forming ¢

0A head on collision | eads to higher <cha
place since reactions require the particles to meet for they cannot react when
there is no meeting / collisiono.

Incorrect response (coded 1)

For responses that included illogical or incorrect information, unclear information and

no response.

Examples of responses fromthe st udent s which were coded as
are shown below:

6Collision A results into a reaction bece
between them which transfers reaction energy between the particles hence
making them to reactd

6 Wh e nticlgs are properly oriented, they require kinetic energy and increase
the rate of movement thus easy collision; products are formed in a short time
possibled

5.8 Activation Energy, Ea of reacting particles

Questions 3b, 3ci and 3cii present students with data about activation energy, Ea for

chemical reaction to occur.

The answers can be found in the textbook as activation energy, Ea involves recognition
that the molecules must collide with enough energy to overcome the activation energy-
barrier. There must be a minimum amount of energy that reacting particles must have
to form the activated complex and lead to chemical reaction / form products.

Question 3b

In 3b, students were asked to determine activation energy, Ea from a graphical

representation below.

250

PE

50

I

Reaction pathway


javascript:def('/Glossary/glossaryterm.aspx?word=Energy',%20500,%20500);
javascript:def('/Glossary/glossaryterm.aspx?word=Activation%20Energy',%20500,%20500);
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Correct response (coded 3)
Following the above account taken from the textbook, we consider all components as

validated responses / answers as:

O0Ea =50250
Ea = + 200 KJOo.

Partially correct response (coded 2)
For responses that included at least one of the components of a validated response,
but not all the components as shown in the example below

6Activation complex are formed and the PE

Incorrect response (coded 1)
For responses that included illogical or incorrect information, unclear information and

Nno response.

Examples of responsesf r om t he students which were <cod

are shown below:

60Activation energy for this reaction is &
6Activation energy is at 506
6Activation energy is 250 KJ©b
6280 = 150KJ6
O0Ea = 250/50 = 5KJ©o
Question 3ci

In item 3ci, students were asked to explain as best as they can what is meant by
activation energy, Ea.

Correct response (coded 3)

We will consider all components coded as validated responses / answers as:

@Activation energy, Ea is minimum amount of energy, required by reacting
particles, to form the activated complex and in order for the chemical reaction to
occur or take place / lead to chemical reaction / form productsd

Examples of responses from the students whioc
shown below:

60Activation energy is the minimum energy
collide and reach the activated compl ex i



103

O0Activation energy is the minimum energy
activationcomplex and form product so.

O0Activation energy is the minimum amount
have to form an .activation compl exd

Partially correct response (coded 2)

For responses that included at least one of the components of a validated response,

but not all the components as shown in the following examples:

6Activation energy i s he mini mum amount

t
have to form a product 6
6lt is the minimum amount of energyataker
productd
Incorrect response (coded 1)
For responses that included illogical or incorrect information, unclear information and
nNo response. Examples of responses from the

responseb6 are shown bel ow:

6 1 t higbesttpding of a reaction pathwayd

60Thi s i s t he mini mum energy possessed I
effective collisionb
Question 3cii

In question 3cii, students were asked to explain the relationship between activation

energy and chemical rate of reaction.

Correct response (coded 3)
We will consider all components coded as validated responses / answers as:
O0Hi gh act i Veads fastan chemical regciiond
Examples of responses from the studert arwhi c
shown below:

OFor reaction to take place the particl es
to be formed, therefore if the activation energy is high, the rate of a chemical
reaction will increasebo

6The higher the act ithechamial rate of eeactop.,Thet he f
lower the activation energy, the slower the chemical rate of reactiond

60When the activation energy is high, t he
and if the activation energy is low, the chemical rate of reaction will be lowd
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Partially correct response (coded 2)
For responses that included at least one of the components of a validated response,

but not all the components as shown in the following examples:

6The activation ener gy d et eas produotssaret h e

f or med?®d

6Reactants in any chemical reacti oder must
to simulate their reactiond
Incorrect response (coded 1)
For responses that included illogical or incorrect information, unclear information and
noresponse. Examples of responses from the st
responseb6 are shown bel ow:
60The higher the activation energy, t he

ver.sab

6l n activation energy and c hreastancparticles at e

occurs which results into reaction hence productsisf or me d 6

6Chemical rate of reaction is the amount

time while activation energy is the increase of the reaction pathway according to
the energybd

5.9 Using collision theory to explain effect of temperature on reacting particles
Questions 1b, 1bi, 1bii and 1biii present students with data about effect of temperature

on chemical rate of reaction.

The answers for these questions can be found in the chemistry textbook as chemical
rate of reaction is directly proportional to change in temperature. That is, when the

temperature increases, the reaction takes less time or a shorter time to come to stop.

From collision theory: When temperature increases the reactant molecules are moving
more rapidly and coming into contact with each other more often, which increases the
reaction rate. Thus, increasing the temperature gives the reactant molecules more

kinetic energy, thus more high energy collisions can occur.

C

L
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Question 1b
In question 1b students were asked to identify which class carried out the experiment

at the highest temperature from the table below

Class Time for tree to disappear in
seconds

A 120

B 200

C 150

The answer to this guestion was categori se
responsed because it had only two options.

Correct response (coded 3)

6 C| A sasried out the experiment at highest temperature .6

Partially correct response (coded 2)
For responses that included at least one of the components of a validated response,

but not all the components:

Incorrect response (coded 1)

For responses that included illogical or incorrect information, unclear information and

nNo response. Examples of responses from the
responsed6 are shown bel ow:

06Cl Bsarried out the experiment at the hig
6The highest tBe2ndp0edr.at ur e i s i n
6Cl Ewsth. 20060
6Cl €6 s
Question 1bi

In question 1bi, students were asked to plot a graph of temperature (°C) against time

(s) using the data below.

Temperature (°C) 30 40 50 60 70
Time taken (s) 80 40 20 10 5
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Correct response (coded 3)
We will consider all components coded as validated responses / answers as:

1) Plot a graph of temperature (° C) against time (s) in the table below.
AemPealiiz Co)@mainst e <)

,
(
4
i
[
s
\d

Exampl e of responses from the students

shown below:
i) Plot a graph of temperature (° C) against time (s) in the table below.
B(Awh i ‘\Cm[’cw‘ﬁuim X Y- nu -]fmr_.
h U

“sl'r. B 3B ke 5068 IE r—
:nﬁﬁsj

Partially correct response (coded 2)
For responses that included at least one of the components of a validated response,

but not all the components, as shown in the following example:

1) Plot a graph of temperature (° C) against time (s) in the table below.

e
e

S
Pac

whi
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Incorrect response (coded 1)
For responses that included illogical or incorrect information, unclear information and

No response.

Example of responses from the students whi ch wer e coded as 6i

shown below:

1) Plot a graph of temperature (°C) against time (s) in the table below.

- BEE

15

8o

AS

30
>

T

o 30 3¢ AD 56 £9 B %O

Question 1bii
In question 1bii students were asked to use the graph to describe in as much detail as

they can the effect of temperature on the time taken for the reaction to finish.

Correct response (coded 3)

OWhéemperature increases the time taken
Examples of responses from the students whi

6The graph shows that the | ower the temj

reaction to finish while at higher temperatures the reaction takes a much shorter

ti med

O6When the temperature is increased, t

low and when the temperature is decreased, the time taken for the reaction to
finishishi g.h 6

OWhen the temperature is.increased, t he
O0When temperature is high, the time i
time i.s higho

O0When temperature is increased, the ti

Partially correct response (coded 2)
For responses that included at least one of the components of a validated response,

but not all the components (Not applicable in this question)
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Incorrect response (coded 1)
For responses that included illogical or incorrect information, unclear information and
nNo response. Examples of responses from the
response6 are shown bel ow:
@As the temperature is increased, the time taken for the reaction to finish is
higher compared to the time taken for the reaction to start...6

060The increase in temperature speeds up tl
hence increase in temperature increases t

6Due to the temperature there was a sl ow
time to finish since the higher the temperature the slower the reaction and the
lower the temperature, the higher the rate of reactiond

Question 1biii
In question 1biii students were asked to use the collision theory to explain the effect of
temperature on rate of reaction as best as they can in terms of particles.
Correct response (coded 3)
We consider all components as validated responses / answers as:
&hen the temperature increases, particles gain kinetic energy, move faster,
collide more frequently with each other and hence form products fasterd
Examples of responses from the students whic

6When the temperature is high, the rate
gain kinetic energy, they move at a faster rate colliding faster and hence
products are formed at .a higher rate and

O6When the temperature increases, the pai
frequency of collisions increases, therefore products are formed faster and this
increases the rate of reactionandthus a short. ti me takeno
Partially correct response (coded 2)
For responses that included at least one of the components of a validated response,
but not all the components as shown in the following examples:
d’he higher the temperature, the higher the rate of collisions whereas the lower
the temperature the | ower the.rate of col

060The increase in temperature increases t
enables the reaction to occur fastero

—~ O
> -

he high t e mpestharmoavament af atens/maesules hence in
e rate .of reactiono

060The higher the temperature, the higher
the temperature the | ower the.rate of col

=

0 Wh e n iing the tengperature,thek i net i ¢ energy increase:
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Incorrect response (coded 1)

For responses that included illogical or incorrect information, unclear information and

no response. Example of responses from the ¢
response6 is shown bel ow:
6When the temperatures are high, the react
reaction which is not the case when the t

5.10 Using collision theory to explain effect of concentration on reacting
particles
Questions 2c¢, 2di, 2dii and 2diii present students with data about effect of

concentration on chemical rate of reaction.

The answers for these questions can be found in the chemistry textbook as
concentration refers to how close together the solute particles are in a given solution.
Increasing the concentration of a substance in solution means that there will be more
particles per dm? of that substance. From collision theory - increasing concentration of
a reactant simply means there are more molecules coming into contact with each other
more often, particles collide more frequently with each other and the rate of the

reaction increases.

Question 2c

In question 2c¢ students were asked to compare rate if 0.5 M HCI acids are used
instead of 1M HCI when reacted with a Calcium carbonate

Correct response (coded 3)

We will consider all components coded as validated response / answer as:

6The rate woul d de cduetadeereaserin molesdoftHEI6 / sl ov

Examples of responses from the students whic

6The rate wild. decrease because of .decr esc
6The rate of the reaction wil/ reduce be
acid as been reducedbo.

6The high the concentration, t baetiorhwillg h e r
decrease since it decreases from 1MHCI to 0.5MHCI&

Partially correct response (coded 2)

For responses that included at least one of the components of a validated response,

but not all the components as shown in the following examples:

dher ate would be sl ower 6
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Incorrect response (coded 1)

For responses that included illogical or incorrect information, unclear information and

nNo response. Examples of responses from the
response6 are shown bel ow:

6 Iwe used 0.5M HCI acid the rate would still remain constant because

concentration does. not collide with ti me¢
6The rate of reaction remains the same e
t hat i s, Mol arity doesnodt af fect rate of

6 Rat e i =valumea xdoncentration/time = 40 x 0.5/10= 20 /10 = 2 cm 3
per second?d

Questions 2di and 2dii

Questions 2di and 2dii present students with the graph obtained for reaction: CaCOj;

(s) + 2HCI (aq) CaCl, (aqg) +H20 () + CO (9)

The answers to these questions were categorisedas o6corr ect oncogetpons e

response6 because they had only two options.

Concentration

v

Time (s)
Question 2di

In question 2di students were asked to name the position calcium carbonate reacts
fastest on the graph.

Correct response (coded 3)

We will consider all components coded as validated responses / answers as:

6Position calcium caAk®donate reacts fastes

Examples of responses from the students whic

6Position Ad
6Ab
Partially correct response (coded 2)

For responses that included at least one of the components of a validated response,
but not all the components.
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Incorrect response (coded 1)

For responses that included illogical or incorrect information, unclear information and

no response. Examples of responses from the
response6 are shown bel ow:

€al cium carbonate. reacts fastest at CO
6Co
6At position B6©®
060The calcium carbonate.reacts faster in g
0 Pogsi tDi6o
Question 2dii
In question 2dii students were asked to name the position the concentration of
hydrochloric acid is highest
Correct response (coded 3)

We will consider all components coded as validated responses / answers as:
O0Position the conarieacitisighestasAdéof hydr ochl

Examples of responses from the students whic

dhe concentration of hydrochloric acid i:
O0Position AD
0AD

Partially correct response (coded 2)

For responses that included at least one of the components of a validated response,

but not all the components (Not applicable in this question)

Incorrect response (coded 1)
For responses that included illogical or incorrect information, unclear information and
noresponse. Examples of responses from the students
response6 are shown bel ow:

®6

6Co

6Position C6O
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Question 2diii
In question 2diii students were asked to use the collision theory to explain as best as
they can in terms of particles generally why the reaction time is short if the

concentration is higher?

Correct response (coded 3)
Following the above account taken from the textbook, we consider all components as
validated responses / answers as:

0l ncreasing conc e rtnumbdr ofaeacting particlesgoereusit t h
volume, particles become closer to each other, the chances of particles colliding
more frequently is high and products form fasterd

Exampl es of responses from the students whic

&hen the concentration is higher, the number of particles in a given solution
are increased meaning that the particles will be closely packed together and as
they try to move they will end up colliding with each other resulting to the
formation of productsh ence t he high rate of reaction

6When the concentration is high, t he num
the given volume. The particles come into contact with each other. The collision
frequency increases. The chances of the particles to react with each other
increases hence productsarefor med f aster i.n a shorter t

Partially correct response (coded 2)

For responses that included at least one of the components of a validated response,

but not all the components as shown in the following examples:
6Hi ghly concentrated substances have man
when other solution or substance reacts v

6The higher the concentrati ontheodteoftlhee r e a
reactionb

6l n a higher concentration,

the particl e
i ncreases the.rate of reactiono

Incorrect response (coded 1)

For responses that included illogical or incorrect information, unclear information and

nNo response. Examples of responses from the
responsed6 are shown bel ow:

6When the concentration is high, it i ncr
particles hence takes less time for particles to collide with each other so they
take shorter time for the reactions to oc
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6The more the concentration the | ess tio
tends to burn up the particles reducing their numbers hence the rate of reaction
becomes. fastero

6Si nce t hation ofoha acie is high, this will create a very large surface
area for the particles to react thus it v

6A high concentration of the acid increa
reactions take place and hence increasingtherateof r eacti ono

Question 2e

In question 2e students were asked to explain why a reaction carried out with 1M HCI
solution with Magnesium under room temperature (25°C) and reaction carried out with
0.5M HCI solution heated to a temperature of 35°C with same amount of Magnesium

can have similar rate of production of the gas (10cm? per second).

The answers for these questions can be found in the chemistry textbook as the effects
of concentration and temperature can be compensated by the each other in a chemical
reaction.

Correct response (coded 3)
We will consider all components coded as validated responses / answers as:

6The reduction, in concentration, was ¢
temperature and hence similar rate. Or the concentration reduced, particles

were therefore fewer but the increase in temperature 25-35 °C, increased the

kinetic energy of the particles and the rate increased to 10cm®°per secondd .

Examples of responses from the students whic

én the first experiment the concentration was high therefore the number of
particles was increased and the frequency of collisions was also increased
therefore leading to a high rate of reaction. In the second experiment, the
temperature was high and the particles gained kinetic energy leading to more
collision hence products formed faster therefore the rate of reaction increased.
Inclusion, the increase in temperature compensated for the decrease in
concentration and the increased in concentration compensated for the decrease
in temperatured.

6The increase in temperature in the seco
the amount of hydrochloric acid which was reduced therefore increased
temperature increased the kinetic potential of the particles and the rate of

collisiond .
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Partially correct response (coded 2)
For responses that included at least one of the components of a validated response,
but not all the components as shown in the following examples:
dhe higher the temperature, the faster the reaction and the higher the
concentration the faster the reaction thus same rate of reactioné .

O60When the concentration was decreased an
the kinetic energy increased hence there was a faster collision and products
were formed fastero .
Incorrect response (coded 1)
For responses that included illogical or incorrect information, unclear information and
nNo response. Examples of responses from the
responsed6 are shown bel ow:

d'he reaction is the same because when 1M of HCI solution needed its
temperature 25°C and hence when the concentration of HCI was lowered to
0.5M, the temperature of the solution was increased to 35°C hence they have
similar rate of reactionbo.

6The two experi ment gactiorabecauseads thé tenaperatureat e o0
is increased, the time taken for the rate of reaction to occur will increase thus

forming their products fastero.

5.11 Coding schemes for classroom talk

This section presents the coding schemes used to analyse the classroom talk or
patterns of interactions between the teacher and students in a science classroom. The
coding schemes were derived from two main sources, namely from the review of the
existing literature (refer to Chapter Two) and from the classroom talk excerpts. The
coding schemes are developed based on a sociocultural framework to gather
information on the teaching purposes, content, approach, forms of teacher intervention
and patterns of interaction from the classroom interactions (for details, refer to Chapter
Three).

According to literature, (see, in particular, Mortimer and Scott, 2003, pg. 69; Edwards
and Mercer, 1987; Lemke, 1990; Scott, 1998; Alexander et al. 2004, p.26-7) the
patterns of interactions in a science classroom featured words such as, questions,
initiation to (introduce ideas, explore ideas, review ideas, summarise ideas), response
to (answer questions), motivation, selecting, marking students key ideas, shaping

students ideas and evaluation of student so6 i
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In addition, as mentioned under section 3.9.1,a figrounded anal ysi so
studentsbdclassroom talk was carried out, paying attention to evidence of engagements,
tailored to making meaningful understanding of chemical rate of reaction in the
classroom. The use of grounded analysis allowed for the establishing of more codes
from the classroom excerpts. These codes were initiation to factual questions [I(fgs)]
and initiation to check / confirm understanding [I(cu)], response to factual questions
[R(fg)] and response to confirm understanding [R(cu)], classroom management moves
(Cmm) and echoi ng st udenot seiforcé dhe acpreedt answer or

acknowledgement of an answer as acceptable.

Drawing from the sociocultural framework for analysing classroom talk presented in
Chapter Three for this coding purpose, | first distinguished whether an initiation by the
teacher was a question aimed at factual ideas or to explore ideas, or to introduce
ideas, or to review or summarise ideas. Secondly, | focused on the nature of teacher
follow-up moves and the functions that they performed. Attention was given to the
teacher intervention such as shaping ideas, selecting ideas, marking key ideas, sharing
ideas, evaluation of ideas, checking student understanding and reviewing. Attention
was also given to classroom management moves such as prompts (6 urry upd,
directives (dvrite downd or d@raw the diagramd. | also coded the student moves in
response to the teacher initiations which includes response to factual questions,
response to explorative questions, response to confirm understanding as well as

initiation to seek clarity from the teacher.

Table 5-1: The Coding Schemes

Categories of Meaning Example
talk
Code
(i) Initiation to introduce ideas O6we are going to | ook
(by teacher) chemical reactions oc
owell, in studying fe&

chemical reaction, their effects centres on
the kinetic thWe rwi lolf
concentrat i on 6 6

6 Letds | ook at the ¢
I(r) Initiation to review ideas @k, in the previous lesson we saw that
(by teacher) when you increase the temperature the

molecules of reactants gain kinetic energy,
move fast, collide more frequently and the
rate at which products are formed also

increases?o6, 6what el s
&e said that the rate is proportion or
increases with increece

&h at ot her factors di
finished temperatureé¢é
factors which affect chemical rate of




116

I(e)

I(fq)

I(s)

I(cu)

R (aeq)

R(fa)
R(cu)

Echoes /
Feedback

N(F)

S(pi)

M(i)

S(i)

E()

Cmm

Initiation to explore ideas
(by teacher)

Initiation of factual questions
(by teacher)

Initiation to summarize ideas/
share ideas (by teacher)

Initiation to check / confirm
understanding (by teacher)
Response to answer
explorative question (by
student)

Response to factual

questions (by student)
Response to confirm
understanding (by student)
Echoes i to emphasize the
point/ reinforce the correct
answer/ acknowledge of an
answer as acceptable

Neutral feedback - by offering
listening, considering different
views and ideas left floating
on the social plane of the
classroom

Selecting parts of ideas /
Focus attention on a particular
student response; overlook a
student response

Marking key ideas / Repeat an
idea / enact a confirmatory
exchange with a student
Shaping ideas, modifying and
correcting the ideas /

paraphrase a si

response differentiate
between ideas/ rephrasing
students ideas

Motivation

Evaluation of ideas

(by teacher)

Classroom management
moves

reaction?

6So how would we defi
6another definition?:¢
woul d h adapreynt?hdi, ndghate | s
else?609 So how does this

react i on 26ées theScoossw h y
di sappear ?6
60What are these
form are CaCOs? 6

Therefore, rate of reaction is defined as the
amount of product (s) formed in a given time
or the rate at which reactants are used up in
a reaction. This is also expressed as Rate =
Product/time, unitsdm®/ sec 66 6
Therefore, if atoms of reactants in a
reaction are well oriented, the two will
combine and we shall say the reaction has

bubbl

taken place.

6l't is clear?d or Oar
are together?506
Ouhméchange ,o0fi tr e &c fai
l i neéb,

6Powder 86, oO6Carbon dic
6Yesd or o6yes Siré or
6yeahé speed of react
6yes, comparing the 't

@ollisions, faster movement, products may
be form not the product is formed very fast 6

OWhen these col haskos

6Yes, atoms move sl ov

oub, O6give yc
th your respc
t i s otrr Wev&ror
that is very gooddquitec
bestEx@actdyd, O6yedhatisl ¢
goodd,t hMaytesi.s t he r el
OPl ease, write this ¢
hurry up with the dre
and we continue...You are abits | ow! &,
want you to be attent

0t hank vy
i

happy w
6Yesét ha
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In practice, a successfully dialogic interactive lesson which involves the above
classroom talks or moves can be characterized along communicative approaches

presented in Chapter Three (section 3.9.3).

5.12 Coding procedure and Inter-rater reliability conformity / agreement

The coding was done manually by labeling turn (statement) according to their
meanings. Inter-rater reliability was carried out by both supervisors to ensure that the
codes were robust enough to produce consistent results. Both supervisors concluded
that the codes were sufficient and robust enough to produce the desirable results.

In Chapter Seven, the codes are used to show the patterns of talk and forms of
teacher intervention that were influential in pr omot i ng student $hé

chemical rate of reaction concept.

5.13 Coding schemes and analysis of the interview data

The aim of this sub-section is to give an overview of how | coded the transcribed
interview data.

Bearing in mind that there are many approaches to analysing qualitative data, a few
methodological approaches were reviewed. For example, the grounded theory (Strauss
and Glaser, 1967) in which the researcher approaches data with a blank mind and lets
the data speak for itself, this approach was considered as unfeasible for this part of the
study as the interview questions were semi-structured to collect specific data about the
intervention. Another example is the thematic approach to qualitative data analysis
described by Braun and Clarke (2006).

Thematic anal ysi s 6i s a method for i d
(t hemes) within the data. It organi ses
(Braun and Clarke, 2006. p.79). According Braun and Clarke (2006, p.87), this process
involves six phases:

1. Familiarisation by reading the data, noting down initial ideas

2. Generating initial codes by coding interesting features of the data

3. Searching for themes by pulling together codes into potential themes

4. Reviewing themes by checking if themes work in relation to coded extract and

und e

enti f

the entire data set, generating a themat.

5. Defining and naming themes through on-going analysis to refine the specifics of
each theme
6. Producing a report for the final analysis
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Although the analysis process of the interview data was quite straightforward, adaption
of some steps of the Braun and Clarkeés
themes was inevitable (to be explained later) in section 5.13.3.

After each lesson, data were collect from the target group of students and the teacher.
The purpose of these interviews was to gaini mmedi ate feedback

understanding from both the students and the teacher.

At the end of the teaching intervention, data were collected from the teacher and
students about their views on the benefits, challenges, as well as their perceptions
about C&TA as compared with the NTA to teach and learn chemical rate of reaction
concepts.

5.13.1 Coding and analysing after each lesson target group interviews

Semi-structured interview questions (see appendices 10 and 11) were used, focusing
on the studentsd understanding of t he
perceptions of teaching. Here the themes were predefined so neither the grounded
theory nor Braun and lebppliekesd approach c¢

5.13.2 Coding and analysing end of the intervention interviews

Semi-structured interview questions used were linked to the two main research
guestions. RQ3 which focused on discovering the major benefits and challenges of the
implementation of the computer and talk approach, and RQ4 which focused on the

teacher and studentsdé perceptions of t h

In RQ3 and RQ4, it can be seen that the main / major themes were predefined by the
main research questions. The semi-structured interview questions were designed to

collect these specific data from the teacher and students.

However, in the process of putting the data into themes and after reading, data became

familiar to me; | noted that sub-themes could be identified.

5.13.3 Identification of sub-themes

In order to identify and structure the sub-themes, | adapted Braun and Clarke®& (2006)
steps 5 and 6. | did not carry out any initial coding, searching for themes and reviewing
themesasdescrib ed i n Br aunphase? 3 &l 4 sincenda themes were
predefined. | evaluated, defined by bolding, [bracketing] and tried to refine the sub-

themes instead since the main themes were predefined. From the responses link to the

app

taug

oul d

e co
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main themes, | directly identified phrases to derive my sub-themes. This was also

guided by the semi-structured interview questions.

According to Braun and Clarke (2006), their
refine the themes you will present for your analysis and analyset he data withir
(p.92). | made sure that the names given to the sub-themes were @oncise, punchy, and

i mmedi ately give the reader a sense of what
In the table below, | present the themes, an example on how sub-themes were derived,

define sub-themes and refined/identified sub-themes.



Table 5-2: Coding schemes for RQ3

Main themes

Example on how sub-themes were derived

Define sub-themes

Refined/identified sub-themes

Benefits OWith computers in fr oalltAlleagerto seewhatit
eager to see what it was they were learning]. You was they were learning & 1 Increase attentiveness and engagement
see when you enter the computer lab and the All fight for computers to
students [all fight for computers to ensure that ensure that they are
they are going to do the things themselves] 6 going to do the things f Makes abstract concepts clear and
fi lhas given me a lot of understanding of how we themselves understandable/ Bring clarity to abstract
can [make such abstract information to be made Make such abstract concepts
simpler] especially to these juniorso information to be made
Using computer simulations [brings clarity to simpler & brings clarity to
abstract concepts and t h abstract concepts and
understanding]. therefore bet
understanding
Challenges Using computers [required one to have skills and Required one to have

was a challenge], unless one had somebody to
help them operate the machine.

Simulations had a challenge in that when
investigating the effect of temperature on rate, there
is possibility of using single collision and many
collisions. However, using many collisions were
more  suitable for investigating effect of
concentration. This because when using many
collisions it was confusing as it would appear as if
the atoms are moving fast, a phenomenon only
affect by change in temperature. So [it was upon
the teacher to make this distinction clear that
when investigating temperature, use single
collision and use many collisions for
investigating effect of concentration.]

skills and was a
challenge

Make this distinction
clear that when
investigating
temperature, use single
collision and use many
collisions for
investigating effect of
concentration

1 Lack of computer skills and competence

1 Lack of evaluation knowledge of the learning
software

0ct



Table 5-3: Coding schemes for RQ4

Main themes

Example on how sub-themes were derived

Perceptions

[C&TA allows clear flow of information].

In terms of studentso6 u
has done much indeedo a
said [students had been able to see the
behaviour of reacting particles and had
understood the concept] of chemical rate of
reaction.

&ome students were not free with teachers; they
had the attitude that the teacher was unfriendly,
but during C&TA lesson, [they interacted with
their friends, the normal people they chatted
with her everyday and would go through these
friends to get their queriest o t he I ea

Define sub-themes Define/ identified sub-themes
C&TA allows clear flow of 1 CA&TA allows clear flow of information
information

T C&TA enhances stude
Students had been able to see the understanding
behaviour of reacting particles and
had understood the concept

They interacted with their friend, 1 C&TA bridges the gap between teacher
the normal people they chatted and students

with her everyday and would go

through these friend to get their

gueriest o t he teacher

Tt

As part of Chapter Eight, the main themes and sub-themes are presented following an analysis of interviews with the teacher and students.
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CHAPTER SIX
6 ANALYSIS, PRESENTATION AND INTERPRETATION OF
BASE-LINE TEST AND POST TEST RESULTS

6.1 Introduction

In this chapter, | present the analyses of the base-line test and post-test from a case
study conducted on the use of a computer and talk approach (C&TA), as an
alternative approach to normal teaching approach (NTA) in science classrooms in a

Ugandan context.

This chapter presents evidence to support research question 1, that students who
follow C&TA achieve better learning outcomes compared to the students who follow
the oO6nor mal 6 The avaéncenggtheredNoh &g learning outcomes will
also be used to show whether the teaching goals were effective in supporting
students learning. This will provide some answers to research question 2 on parts of
the C&TA teaching sequence that were effective in supporting learning, and which

were not.

The results of the post-test are presented in line with the learning aims. The
studentsdé achievement |l evel s as the o
approach (C&TA) compared to the normal teaching approach (NTA) have been
presented. The results are presented in the form of tables, error bars, histogram

bars and figures.

This chapter will be mainly limited to the presentation of the findings and brief
explanation of the findings, while a comprehensive discussion of their interpretation

and possible implications will be offered in Chapter Nine.

6.2 Base-line test and post-test analysis
In order to address research question 1, analysis has been completed by comparing
the experimental class and comparison class scores in the base-line test, post- test

and by analysing further the students fesponses to the test items.

6.21 Anal ysis of st achievenentd | evel of

Research question 1 investigates whether students who received the computer and

talk approach (C&TA) better understand the concept of chemical rate of reaction in

ut come
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comparison to the students who followed the normal teaching approach (NTA). This
sub-section, therefore, presents the results obtained from the independent t-test
carried out on the base-line test and post-test to justify whether there was a
statistical and practical significant difference between the mean scores of the
students in the experimental class (C&TA class), and the comparison class (NTA
class) in terms of their level of understanding the concept of chemical rate of

reaction.

Results from a correlation test (Pearson r) conducted within groups and overall will

be presented to ascertain if the studentsod i
practical significant i nf | utesh sceres after thehe st u
intervention.

Also, the results from General Linear Model (GLM) will be presented to provide a
detailed analysis of any effect of the base-line test, group and gender on the post-

test outcomes.

We will begin with by looking at the results obtained from the base-line test.

6.2.2 Mean score and the independent t-test for the base-line test scores

The base-line test analysis shows that the mean score of the comparison class was
higher (10.36) than that of the experimental class (9.42), with a mean score
difference of -.945.

Table 6-1: Base-line test mean scores of the comparison class and experimental class

Group N mean Std. Std.

Deviation Error

mean

Base-line Comparison 107 10.36 3.710 .359
Test Scores Experimental 105 9.42 2.882 .281

When these mean scores were subjected to an independent t-test for equality of
means, the t-test result showed that there was a statistical difference in the base-
line test mean scores between the comparison class and the experimental class (t=
-2.070, df=210, p=.040, equal variance assumed, effect size r= .195; -.141, as

measured by point-biserial correlation). This shows that the comparison class mean
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score was significantly higher than that of the experimental class, although its

practical significance is less and is much smaller (< 1 mark).

The finding above is further confirmed as in the error graph figure 6-1, bothgr ou p s 6

scores have shown approximately normal distribution as in figure 6-2.

Group —Normal

Comparison Experimental

1007

95% Cl BaselineTestScores
Frequency

0= T T T T T T T T T
a 5 10 15 2o 0 5 10 135 20

T T
Comparison Experimental

Group BaselineTestScores

Figure 6-1: Error bar graph of base iline Figure 6-2: Histogram bar showing base-line
test scores test scores distribution

This result indicated that before the intervention the comparison class had a better
understanding of state of matter and the kinetic theory of matter compared to the

experimental class.

6.2.3 Mean score and independent t-test for the post-test scores

An independent t-test analysis was done to compare the achievement levels of
students who received the C&TA teaching instruction with students who received

NTA instruction. The results obtained are presented in the table below.

Table 6-2: Post-test mean scores of the comparison class and experimental class

Group Std. Error
N Mean  Std. Deviation Mean
Post Test Comparison 131 14.447 6.8935 .6023
Scores Experimental 104 26.957 6.4812 .6355

The finding above shows that the post-test mean score of the experimental class
was higher (26.96) compared to the comparison class (14.45) with a mean score

difference of 12.51.
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The t-test results show that there was statistical difference in the post-test mean
scores between the experimental class and the comparison class (t=14.19, df=233,
p< 0.001, equal variance assumed, effect size r=.681 as measured by point-biserial

correlation).

The finding above is further confirmed as in the error graph figure 6-3, suggesting
that the mean scores from post-test for the comparison class were much lower than
that for the experimental class. The scores of each group were approximately
normally distributed as shown by histogram bars (figure 6-4).

— Normal

Group

Comparison Experimental

300
201 an

200

1 3 | |

10.09

95% CI PostTest Scores
Frequency

H

T T T T T T T
-100 00 100 200 300 40.0-100 00 100 200 300 400

T T
Comparison Experimental PostTest Scores

Figure 6-3: Error bar graph of post- test Figure 6-4: Histogram bar showing post- test
scores scores distribution

6.2.4 Relationship between base-line test and post-test scores

The scatter plot below shows scores for base-line test on the X-axis (horizontal axis)
and post-test on the Y-axis (vertical axis). The pattern of association shows that
increasing values of post-test generally correspond to increasing values for base-

line test and the different groups.

The fact that the separate lines of best fit (green and blue) are more or less parallel
indicates that the intervention had an effect of the same magnitude across the ability

range.
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Group
40.04
O Comparison

() Experimental
- ™ Comparison
“ Experimental

30.0

w0

PostTestScores

10.07

07

BaselineTestScores

Figure 6-5: Relationship between base-line test and post-test scores

To quantify the relationship between post-test scores and base-line test scores, the
Pearsonés correlation coefficient (r)
overall for the base-line test scores and post-test scores as shown in the table

below.

Table 6-3: Relationship between post-test and base-line test scores

Correlation coefficient (r) test R n p r* =shared
variance= effect
size

Within experimental class .353 102 <0.01 125 (12.5%)

Within comparison class .509 99 <0.01 .259 (25.9%)

Overall correlation 195 201 <0.01 .038 (3.8%)

The correlation between the base-line test and post-test of the comparison class
was stronger than that of the experimental class. However, the correlation test
shows that in both c¢cl asses, student sb

their final post-test scores.

tests

I ni ti
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For the comparison class, effect size is (r’=.259).That is, 25.9% of the variation in

one score is shared with the other score.

For the experimental class, the relationship shows a smaller effect size (r’=.125)
compared to the comparison class. That is, 12.5% of the variation in one score is
shared with the other score.

The overall correlation shows that there was a statistically significant relationship
between the base-line test scores and the post-test scores (relationship, r (n=201) =
0.195, p < 0.01). However, this is actually quite a small effect size (r?=.038).

The correlation overall is low but the correlation for the comparison class is relatively
high. This means that in general it does not matter where the student in the
comparison class started from in the base-line test, they scored higher in the post-

test and therefore this weakens the correlation overall.

6.2.5 Further analysis of post-test in terms of base-line test, group and
gender effects

Further analysis was conducted using the General Linear Model (GLM) procedure to

compare the post-test scores based on base-line test, group and gender to

determine if their effects predictedt he f i nal studentsdhe poate hi even
test outcomes.

That is, post-test (outcomes) = base-line test + group + gender + Gender * Group

interaction.

6.2.6 The main effect and interaction effect (Group with Gender effect)

Table 6-4: General Linear Model results

Source Partial Eta
Df F Sig. Squared
Base-line test 1,196 48.037 .000 197
Group 1,196 212.778 .000 521
Gender 1,196 .001 .981 .000
Gender * Group 1,196 4,203 .042 .021

a. R Squared = .543 (Adjusted R Squared = .534)
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The adjusted R? = .534 indicates that 53.4% of variation in post-test is accounted for
using these predictor variables (gender and group).

The results also show that the base-line test had a statistical significant main effect,
F (1, 196) = 48.037, p< .001, partial eta squared = 0.197, thus the base-line test was

a significant main predictor for post-test scores.

The results show that there was a substantial main effect for the group, F (1, 196) =
212.778, p < .001, partial eta squared = .521, a confirmation that the intervention
had a substantial positive effect on the post-test scores.

The results also show that gender had no statistical significant main effect, F (1,
196) = .001, p= .981, partial eta squared = 0.000, thus gender was not a significant
main predictor for post-test scores.

However, the results indicated that the interaction between gender with group was
statistically significant, F (1, 196) = 4.203, p=.042, partial eta squared = .021. This
implies that gender and group combinations predicted, albeit weakly, the outcome of
the posti test scores.

There is some suggestion in the profile plots in figure 6-6 below that females
generally benefited (a little) more from the intervention than did males. On average,
controlling for any difference on the base-line test, the girls do not do as well by 1.8
marks in the comparison group, but do better by 1.7 marks in the experimental
group. In other words, girls seem not to perform as well under the normal teaching,
but appear to perform better under the C&TA. However, the size of the apparent

effect is very small and needs further research.
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Estimated Marginal Means of PostTestMark

Gender

— Female
Male

30.09

23.07

20.07

Estimated Marginal Means

13.07

10.07

T T
Comparison Experimental

Group

Covariates appearing in the model are evaluated at the following values: EquivalenceTestMark = 10.11

Figure 6-6: Interactive effect between groups with gender

6.2.7 Learning aims - analysis of ltems responses

The results in this sub-section show the performance of the experimental class and
comparison class in the post-test items matched to the learning outcomes. It
presents the findnhgs on Ugandan studentsé wunderstand

taught aspects of chemical rate of reaction in order to answer research question 1.

The responses were coded using similar coding schemes, as stated in Chapter
Five.

In each table and figure presented, the two classes are categorised as experimental
class and comparison class, and the coding schemes for each category are labelled
as follows:

1 Correct response
1 Partially correct response
1 Incorrect response

We will now turn our attention to the descr i pti ve statistics of

performances in meeting the learning demands presented in section 4.7.
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628 Student s6 per f posttesniteras i n t he

In this part, a descriptive analysis of each item is presented using percentages and

histogram bars.

The teaching intervention was

understandings of chemical rate of reaction in line with the Ugandan national

designed

curriculum aims. In order to ascertain the achievement of these learning aims,
st ude njpossés on thes post-test were evaluated with regards to a number of
aspects of a grasp of the concept of chemical rate of reaction. Although the test
used included three questions with sub-sections totalling 20 items on the question
sheet, detailed analyses were considered only for questions which were more linked
to the evidence obtained from the research literature (see Chapter Two) as
students having difficulties (learning demands) in understanding certain aspects of

chemical rate of reaction. It was decided that analyses should focus on the post-test

The section in each learning area presents the analyses of results and brief

discussions based on the percentages of achievement under each criterion.

6.2.9 Determination of rate of chemical reaction

t em, st udent sif 4@’ &f gaais ¢olected in A0
th 1M HCI What is the
The results for question 2b are presented in table 6-5 and figure 6-7. It can be seen

For t his i

seconds wi aci d.
that 74.3% of students in the experimental class compared to 29.0% in the

comparison class were able to correctly determine the rate of chemical reaction.

Table 6-5: Percentages of students indicating ability to determine chemical rate of
reaction by class

Studentsd6 achievement

Experimental class Comparison class

) Incorrect  Partially Correct Incorrect  Partially Correct
Questions response  correct response | response correct response
response response
10.5% 15.2% 74.3% 52.7% 18.3% 29.0%

Q2b Determination  of
rate of chemical

reaction

Wi

t h

guesti

rate

(0]
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g " response
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Figure 6-7: Percentages of students indicating ability to determine chemical rate of
reaction by class (Q2b)

This shows that the experimental class had a better ability to determine chemical
rate of reaction compared to the comparison class.

6.2.10 Proper orientation of the reacting particles

For this item, students were presented with pictures and were asked in question 3di
to draw reacting particles in - a state of missing each other and a head on collision,
in question 3d ii students were asked to state the two cases they had drawn, which
collision results into a reaction, and question 3d iii students were asked to explain
their answer in 3d ii in terms of proper orientation of the reacting particles.

The results for questions 3di, 3dii and 3diii are presented in table 6-6 and figure 6-
8. It can be seen that 66.7% of students in the experimental class compared to only
33.6% in the comparison class were able to correctly draw an illustration of reacting
particles; a state of missing each other and a head on collision.

Also from the table 6-6, 95.2% of students in the experimental class compared to
only 55.0% in the comparison class were able to correctly name collision which
results into reaction. Furthermore, the results indicated that 44.8% of students in the
experimental class, compared to only 13.0% in the comparison class, were able to
correctly explain collisions which resulted in chemical reaction in terms of proper

orientation of reacting particles.
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Table 6-6: Percentages of students indicating understanding of collision which results
into a chemical reaction

St u d e achisvément level

Experimental class Comparison class
) Incorrect  Partially  Correct Incorrect Partially Correct
Questions respons  correct respons | response correct response
e respons e respons
e e
Q3di Drawing illustration  2.9% 30.5% 66.7% 44.3% 22.1% 33.6%
of reacting
particles
Q3dii  Naming collision 4.8% 0.00% 95.2% 45.0% 0.00% 55.0%
which results into
reaction
Q3dii  Explaining 25.7% 29.5% 44.8% 71.8% 15.3% 13.0%
i collisions which
results into
reaction in terms
of proper
orientation of
reacting particles
100 LW
30
0
718
70 e
s &0
S ] . . . .
e M Drawingillustration of reacting
2] 1 articles
£ 0 el P
]
£
a8 0 3 33, B Naming collision which resultsinto
3595 3 reaction
30 2575 7
321
3 M Explaining collisions whichresults
into reaction in terms of proper
orientation of reacting particles
Incorrect Partially Correct |Incorrect Partially Correct
response correct response|response correct response
response response
Experimental class Comparison class
Class and performance

Figure 6-8: Percentages of students indicating understanding of collision which result
in a chemical reaction (3di, 3dii and 3diii)

It is clear that the experimental class had a better level of understanding of chemical

reaction in terms of proper orientation of reacting particles.
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6.2.11 Activation Energy, Ea of reacting particles

For this item, students were asked in question 3b to determine activation energy, Ea
from a graphical representation, in question 3ci to explain activation energy, Ea and
question 3cii to explain the relationship between activation energy and chemical rate

of reaction.

The results for questions 3b, 3ci and 3cii are presented in table 6-7 and figure 6-9.
It can be seen that 60% of the students in the experimental class compared to only
3.1% in the comparison class were able to correctly determine activation energy;
Ea.

Also from the table 6-7, 27.6% of students in the experimental class compared to
only 5.3% in the comparison class were able to correctly explain activation energy,
Ea of the reacting particles. Furthermore, the results show that 46.7% of students in
the experimental class compared to only 11.5% in the comparison class were able
to correctly explain the relationship between activation energy, Ea and chemical rate

of reaction. These results are presented in the table below.

Table 6-7: Percentages of students indicating understanding of activation energy, Ea

St ud eachisvément level

Experimental class Comparison class
Questions Incorrect  Partially Correct Incorrect Partially Correct
response correct response response correct response
response response
Q3b Determination of 34.3% 5.7% 60% 94.7% 2.3% 3.1%
activation energy,
Ea
Q3ci  Explaining 21.9% 50.5% 27.6% 68.7% 26.0% 5.3%
activation energy of
reacting particles
Q3ci  Explaining 51.4% 1.9% 46.7% 86.3% 2.3% 11.5%
i relationship
between activation
energy & chemical
rate of reaction




134

100 L

90 LT

20

70
_ a0
& 60 ; . — .
= 514 o~ : B Determination of activation energy,
@ . )
w50 = 467 _ Ea
—
=
¥ a0 &
= EAEE ® Explaining activation energy of
o 30 4 E: - reacting particles

" 3
20 1 i Explaining relationship between
115 L :
10 - - - activation energy & Chemical rateof
- s 311 reaction
o .
Incorrect Partially  Correct |Incorrect Partially Correct
response correct response [response correct response
response response
Experimental class Comparison class
Class and performance

Figure 6-9: Percentages of students indicating understanding of activation energy, Ea
(Qns 3b, 3ci and 3cii)

It is clear that the experimental class had a better level of understanding of
activation energy, Ea and relationship between activation energy, Ea and chemical

rate of reaction compared to the comparison class.

6.2.12 Graphical interpretation of the effect of temperature on chemical rate of

reaction

For this item, students were asked in question 1b to identify which class carried out
the experiment at the highest temperature, and question 1bii to use the graph to
describe in as much detail as they can the effect of temperature on the time taken

for the reaction to finish.

The results for questions 1b and 1bii are presented in table 6-8 and figure 6-10. It
can be seen that 91.4% of the students in the experimental class compared to
80.2% in the comparison class were able to correctly identify an experiment carried
out at the highest temperature, given different times for the reaction to stop.

Also from table 6-8, 76.2% of students in the experimental class compared to 58%
in the comparison class were able to correctly explain the effect of temperature on
time taken for the reaction to stop / finish. These results are presented in the table

below.
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Table 6-8: Percentages of students indicating ability to interpret graphically the effect
of temperature on chemical rate of reaction

St ud eachisvément level

Experimental class Comparison class
Incorrect  Partially Correct Incorrect  Partially Correct
Questions response  correct response | response  correct response
response response
Q1b Identifying experiment 8.9% 0.0% 91.4% 19.8% 0.0% 80.2%
carried out at the
highest temperature
Q1bii Explaining the effect of 21.9% 1.9% 76.2% 40.5% 1.5% 58.0%
temperature on time
taken for the reaction
to finish
100
914
a0
20 2
70
G0
i 50
@ 305 M |dentifying experiment carried
g 40 out at the highesttemperature
2]
£ 30
a 719
. L5 M Explainingthe effect of
5 temperature ontime takenfor
10 = Le the reactionto finish
o - b i
Incorrect Partially Correct [Incorrect Partially Correct
response correct responseresponse correct response
response response
Experimental class Comparison class
Class and performance

Figure 6-10: Percentages of students indicating ability to interpret graphically the
effect of temperature on chemical rate of reaction (Qns 1b and 1bii)

It is clear that the experimental class had a better ability of interpreting graphically

the effect of temperature on chemical rate of reaction compared to the comparison

class.
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6.2.13 Using collision theory to explain effect of temperature on reacting
particles

For this item, students were asked in question 1biii to use the collision theory to
explain the effect of temperature on rate of reaction as best as they can in terms of
particles.

Table 6-9 and figure 6-11 present the results for item Q1biii where students were
asked to use collision theory to explain the effect of temperature on reacting
particles. The results show that 61% of students in the experimental class compared
to only 5.3% in the comparison class were able to correctly explain. These results
are presented in the table and figure below.

Table 6-9: Percentages of students indicating ability to use collision theory to explain
the effect of temperature on reacting particles

Student sd achel evement

Experimental class Comparison class
Incorrect  Partially Correct Incorrect  Partially Correct
Questions response correct response | response correct response
response response

0 0 0 0 0 0
Q1biii Using collision 18.1% 21.0% 61.0% 48.9% 45.8% 5.3%

theory to explain
the effect of
temperature on

reacting particles

70

&1

@ Incorrectresponse

M Partially correct
response

Percentage (%)

W Correctresponse

Experimentalclass  Comparison class

Classes

Figure 6-11: Percentages of students indicating ability to use collision theory to
explain the effect of temperature on reacting particles (Qnlbiii)
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This shows that the experimental class had a better ability of using collision theory
to explain the effect of temperature on reacting particles compared to the

comparison class.

6.2.14 Graphical interpretation of the effect of concentration on chemical rate

of reaction

For this item, in question 2c students were asked to compare rate if 0.5 M HCI acid
is used instead of 1M HCI when reacted with a calcium carbonate, in question 2di to
name the position calcium carbonate reacts fastest on the graph and in question 2dii
students were asked to name the position that the concentration of hydrochloric acid

is highest.

The results for questions 2c, 2di and 2dii are presented in table 6-10 and figure 6-
12. It can be seen that 45.7% of students in the experimental class compared to
35.7% in the comparison class were able to correctly compare rate of reaction
between 1M and 0.5M hydrochloric acid solution (item Q2c).

Also from the table 6-10, 92.4% of students in the experimental class compared to
69.5% in the comparison class were able to correctly locate on the graph the
position when calcium carbonate reacts fastest (Q2di). Furthermore, the results
indicate that 91.4% of the students in the experimental class compared to 72.5% in
the comparison class were able to correctly locate on the graph the position the
concentration of hydrochloric acid is highest (Q2dii). These results are presented in
the table below.
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Table 6-10: Percentages of students indicating ability to graphically interpret the

effect of concentration on rates of reaction

St udeachisvément level

Experimental class

Comparison class

Incorrect  Partially Incorrect | Incorrect  Partially  Correct
response  correct response | response  correct response
Questions response response
Q2c Comparing the rate 54.3% 0.0% 45.7% 64.1% 0.0% 35.7%
of reaction between
1M and 0.5M HCI
Q2di  Ability to locate 7.6% 0.0% 92.4% 29.8% 0.8% 69.5%
position of fastest
reaction on the
graph
Q2dii  Ability to locate 8.6% 0.0% 91.4% 26.7% 0.8% 72.5%

position of highest
concentration on

the graph

100

a0

a0 725

GO5
- 70
=2
T G0 54E 8 Comparingthe rate of reaction
& e betwaen 1M and 0.5M HCl
=
§ ag - EL
2 30 4 B Ability to locate position of
fastestreaction onthe graph
20
10 655
0.20.2 U Ability to locate position of
0 1 B highest concentration onthe
ncorrect Partially Correct Incorrect Partially Correct graph
response correct responseresponse correct respons
response response
Experimental class Comparison class
Class and performance

Figure 6-12: Percentages of students indicating ability to graphically interpret the
effect of concentration on rates of reaction (Qns 2c, 2di and 2dii)

These results show that the experimental class had a better to ability to compare

rate of reaction between different concentrations of the same reactant, graphically

interpret on the graph positions for - fastest rate of a reaction and highest

concentration compared to the comparison class.
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6.2.15 Using collision theory to explain effect of concentration on reacting
particles

For this item, students were asked in question 2diii to use the collision theory to
explain as best as they can in terms of particles generally why the reaction time is
short if the concentration is higher.

Table 6-11 and figure 6-13 presents the results for item Q2diii where students were
asked to use collision theory to explain the effect of concentration on reacting
particles. The results show that 27.6% of the students in the experimental class
compared to only 1.5% in the comparison class were able to correctly explain.
These results are presented in the table and figure below.

Table 6-11: Percentages of students indicating ability to use collision theory to
explain the effect of concentration on reacting particles

Studentsd achievement

Experimental class Comparison class
Incorrect  Partially Correct Incorrect  Partially Correct
Questions response  correct response | response  correct response
response response

0 0 1 0 0 0
Q2diii Using collision 18.1% 54.3% 27.6% 67.2% 31.3% 1.5%

theory to explain
the effect of
concentration on

reacting particles

30
70 i Z

H Incorrectresponse

M Partially correct
response

Percentage %)

i Correctresponse

Experimentalclass  Comparison class

Classes

Figure 6-13: Percentages of students indicating ability to use collision theory to
explain the effect of concentration on reacting particles (Qn2diii)
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This analysis shows that the experimental class had a better ability to use collision
theory to explain the effect of concentration on reacting particles compared to the

comparison class.

6.2.16 Explanation on why two experiments under different conditions can

have similar rate of reaction

For this item, students were asked in question 2e to explain why a reaction carried
out with 1M HCI solution with magnesium under room temperature (25°C) and
reaction carried out with 0.5M HCI solution heated to a temperature of 35°C with
same amount of magnesium can have a similar rate of production of the gas (10cm?®

per second).

Table 6-12 and figure 6-14 of results show that 52.4% of students in the
experimental class compared to only 3.8% in the comparison class were able to

correctly explain item 2ei. These results are presented in the table and figure below.

Table 6-12: Percentages of students indicating ability to explain why two experiments
with different conditions can have similar rate of reaction

Studentsd achievement

Experimental class Comparison class
_ Incorrect  Partially Correct Incorrect  Partially Correct
Questions response correct response | response correct response
response response
38.1% 9.5% 52.4% 85.5% 10.7% 3.8%

Q2e(i) Explain why two
experiments with
different
conditions can
have similar rate

of reaction
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Figure 6-14: Percentages of students indicating ability to explain why two experiments
with different conditions can have similar rate of reaction (Qn2e i)

This analysis of the students responses show that the experimental class had a
better ability to explain that the effects of concentration and temperature can be
compensated by the each other in a chemical reaction compared to the comparison
class.

6.3 Summary evidence to answer research question 1 (RQ1)

1. The statistical analyses showed that there was good evidence that C&TA
had astrongeffect compared to NTA in enhancing
of chemical rate of reaction.

2. The findings indicate that the C&TA suppc
of chemical rate of reaction a little more compared to the male students.

3. The findings also indicate that the C&TA teaching sequence had an effect of
the same magnitude across the ability range.

4. The sequences of t he activities wer e
understanding of chemical rate of reaction. It was evident that C&TA
teaching favoured more st udentsé wunderstanding of:
reaction (74.3% of C&TA students compared to 29.0% of NTA students)
followed by understanding effect of temperature on chemical rate of reaction
(61% of C&TA students compared to 5.3% of NTA students), then
understanding activation energy, Ea (60% of C&TA students compared to
3.1% of NTA students), understanding proper orientation of reacting particles
(44.8% of C&TA students compared to 13.0% of NTA students) and an

understanding of the effect of concentration on chemical rate of reaction was
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least supported (27.6% of C&TA students compared to 1.5% of NTA
students). This confirms the difficulty of this concept.
5. The statistical analyses show that :

1 The designed acti vities wer e abl e ental
needs in learning the chemical rate of reaction.

1 The teaching goals and learning outcomes in the lessons were
achieved in addressing students understanding of rate of reaction,
proper orientation of reacting particles, activation energy, Ea, the
effects of temperature and concentration on chemical rate of reaction.

1 The students in C&TA class were more able to conceptualise
behaviour of molecules at a molecular level (microscopic) and relate
to the macroscopic and symbolic levels.

I The students in C&TA class were more able to generate detailed
scientific explanations of the concepts of chemical rate of reaction.

These learning gains were attributed to the features of C&TA teaching sequence
which will be presented in Chapter Seven, Chapter Eight and discussed in Chapter

Nine.

suppo
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CHAPTER SEVEN
7 ANALYSIS, PRESENTATION AND INTERPRETATION OF
CLASSROOM TALK

7.1 Introduction

This chapter presents evidence relating to RQ2. The results were obtained through
transcriptions and analyses of recorded audio-video episodes of classroom talk.

So far, in Chapter Six | presented evidence indicating that students in the
experimental class achieved significantly higher learning gains in relation to being
able to apply scientific explanations to aspects of chemical rate of reaction, collision
(kinetic) theory / orientation of reacting particles or atoms, temperature, activation
energy, Ea and concentration. The evidence from the post-test supports the
following claim: students from the experimental class achieved significantly higher
learning gains / understanding in the relevant concepts of chemical rate of reaction
than students from the comparison class who followed the NTA. This is an effect of
the use of the designed teaching intervention, C&TA. This claim, however, is rather
limited in that it says nothing about which characteristic(s) of the use of C&TA might
have made a difference. This is because the student learning outcome does not
provide direct evidence about the effectiveness of C&TA in supporting learning.
Research question 2 seeks to identify which parts (features) of the teaching
sequence are effective in supporting learning and which are less effective.
Therefore, an analysis of classroom interactions based on the sociocultural
framework was carried out to provide details of the teaching activities and their
staging by the teacher t hat was influential
specifically those intended to address the learning demands (Leach & Scott, 2002).
It focuses on forms of various communicative approaches, patterns of interaction

and forms of teacher intervention to maximize studentsélearning.

7.2 Areview of the classroom talk coding schemes

To collect evidence on teaching activities (approaches, forms of teacher intervention
and patterns of interaction) coding schemes which draw on the sociocultural
framework were used as a tool for analyzing the C&TA and NTA teaching

sequences.
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Thus the coding schemes to be applied in this section of analysis are:

Initiation to introduce ideas [I(i)]; Initiation to review ideas [I()];
Initiation to explore ideas [I(e)]; Initiation of factual questions [If(q)];
Initiation to summarize ideas/sharing ideas [I(s)]; Initiation to
check/confirm understanding/ checking understanding [l (cu)];
Response to answer explorative question [R(aeq)]; Response to
factual questions [R (fq)]; Response to confirm understanding [R
(cu)]; Echoes; Neutral feedback (N/F); Selecting parts of ideas [S
(pi)]; Shaping ideas [S(i)]; Marking key ideas [M(i)]; Motivation (M);
Evaluation of ideas [E(i)] and Classroom management moves (Cmm)

For details on these codes see Chapter Five, table 5-1.

7.3 Generated chain patterns of interaction

Generated chain patterns of interaction inform of [I(i)] or [I(r)] or [I(s)] or [I(i)-R(aeq)-
E(i) or I(i)-R(aeq)- N (F), derived from the coded turns of talk between the teacher
and students for each lesson episode, will be used to illustrate how the chain of
interaction was developed during classroom interactions. It will provide a detailed
account of the purpose of the talk, the content of the talk, the different types of
communicative approaches used during each lesson as illustrated in the review in

the next section and evidence of teacher support to students learning.

7.4 Areview of the characterisation of the classroom talk
Drawing from the socio-cultural framework outlined earlier in Chapter Three, the
expected key differences will be drawn from the use of communicative approaches

(CA) with their purposes in supporting

1 Interactive/dialogic-I/D (I-R-F pattern): The teacher seeks to elicit and
expl ore student articuladissaeswithas senes of
6genuined questions (open quest
to various different responses from students).

1 Non-interactive/dialogic-NI/D (N pattern): The teacher is in
presentational mode (non-interactive) working with small groups but
explicitly considers and draws attention to different points of view
(dialogic), possibly in providing a summary of an earlier discussion.

1 Interactive/authoritative-lI/A (I-R-E pattern): The teacher typically
leads the students through a sequence of instructional questions and
answers with the aim of reaching one specific point of view.

1 Non-interactive/authoritative-NI/A (l-pattern): The teacher presents a
specific point of view.

For details on characterization of classroom talk see section 3.9.

To derive the key differences, patterns of interaction (e.g. I-R-E) have been obtained

from the chain patterns of interaction developed during the classroom talk between

stude

i ons

W
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the teacher and students. The patterns of interaction are then linked to their

respective CA as described under the characterisation of the talk above.

The frequency counts (tallies) of the occurrence of CA were conducted to determine

the proportion of CA use during each lesson.

The frequency counts were converted to percentage frequency in order to show the
proportion of the particular CA used in each lesson. Percentage frequencies were
determined by computing the relative frequency of each CA: by dividing the
frequency (f) by the number of observations (n= total number of CA): that is, (f +
n). Thus:

Relative frequency = frequency + number of observations in the lesson

The percentage frequency is found by multiplying each relative frequency value by
100. Thus:

Percentage frequency = relative frequency X 100 =f + n X 100

For example in C&TA class, Lesson 1 Episode 1.2.1, the generated chain patterns
of interaction is:

[11 ()-[I (e)-R (aeq)-F]-[I (e)-R (aeq)-Ei] - [I (e)-Raeg-E (i)-Echoes]-[I(e)-R
(aeq)-E ()]-[I ()] [I (r) ]- (Ne-R(aeq)-E ()-M ()I-[ I(e)-R (aeq)-N(F)- [I (e)-R
(aeq)-E)]-[I (e)-R(aeq)-1(i) & I(e)-R (aeq)-I (e)-R (aeq)-(E (i)- Echoes]- [I (e)-
R (aeq)-E() I-[ I(e)-R(aeq)-E ()]- [ I(s)]

The bracket acronym(s) in full:

Acronym Phrase (s) or word (s)

0] Ideas

(e) Explore

n Review

(s) Summarise

(aeq) answer explorative question

(pi) Part of ideas

(fq) factual question

And the corresponding patterns of interaction are:
[1]-[I-R-F]-[I-R-E]-[I-R-E]-[I-R-E]-[I-R-E]-[I]-[1]-[I-R-E]-[I-R-F]-[I-R-E]-[I-R-E]-[I-
R-E]-[I-R-E]-[I]

Frequency of [I]- NI/A is 4; [I-R-E]-I/A is 9; [I-R-F]-I/D is 2 and the respective

percentage proportions are 4/(4+9+2)x100 = (26.7%); 9/(4+9+2)x100 = (60%) and

2/94+9+2)x100 = (13.3%).
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7.5 Presentation of the analysis of classroom talk
The presentation of the analysis follows Mortimer and Scott (2003) three key phases
(see section 2.6.2 for a detailed discussion): staging scientific view point;

supporting student internalisation and handing-over responsibility to the students.

In the first part of the classroom analysis, commentary will be used to highlight the
communicative approach modes of interactions to summarise activities and the

forms of teacher 0s | detoelassomnti on f or each epi

In the second part, in explaining the key differences between the experimental class
(C&TA) and comparison class (NTA), commentaries are made based on the
percentage proportion of the CA, its intended purpose along with the forms of
teacher intervention used to support students understanding.

Finally, a comparison of the planned C&TA (see section 4.15) and the actual
teaching will be evaluated and presented to determine the extent to which the

teacher had indeed followed the C&TA pattern designed in the teaching sequence.

7.6 Selections and analyses of lesson episodes

The C&TA teaching sequence had six lessons, each lasting 40 minutes (that is, 240
minutes altogether).

The selections of the lesson episodes for analyses were conducted based on five
areas that students find difficult to understand. The main aim is to show how the
teachings of the five areas were conducted in the C&TA class and NTA class in

order to draw significant differences in the two approaches.

In the subsequent sections, | will present C&TA teaching activities used to address

the areas students find difficult to understand (learning demands), along with

analysis of classroom talk. | will also present analysis of the corresponding NTA
teaching activitiesd fionr otrhdee rs anoe gacvcoenttehxe r e
on why C&TA proved more wuseful and hel pful

chemical rate of reaction.
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7.7 L1 Episode 1.2.1: Chemical rate of reaction

It is important to point out that analysis of episode 1.1 is not presented because it
was a starter activity that the teacher used to explore students ideas on various
factors which affect chemical reaction. Therefore, analysis of episode 1.2 was
carried out and presented as it was about the concepts that students find difficult to
understand (learning demand).

7.7.1 L1 Episode 1.2.1 Learning gains: Definition / determination

One area of chemical rate of reaction where the experimental class (C&TA class)
performed significantly better in relation to the comparison class (NTA class) was
the knowledge of application of the definition of rate of reaction to determine rate of
chemical reaction from the amount of product form in a given time (definition).
Students in the experimental class (C&TA class) obtained 74.3% compared to only
29% in the comparison class, on the fact that rate = amount of product / time, unit

cm®/s or cm®/s™ (in this case rate = 40/4 = 4 cm®/s or cm® s™).

7.7.2 Episode 1.2.1Teaching determination of rate of reaction in C&TA class:

Patterns of interaction
7.7.3 Staging the scientific story

Teaching about this aspect of chemical rate of reaction was conducted by way of
reviewing the work on collision theory drawing from the ideas of behavior of atoms
in the three states of matter. The teacher got students to recall arrangements of
particles and how particles behave if temperature increases through a mixture of

communicative approaches, exploring students

774 Supporting studentsdé internalisation

Table 7-1: Episode 1.2.1. Whole classroom interaction

Turn Codes Remarks

1T: | Well, in studying factors that affects rate of | (i)
chemical reaction, their effects centre on the kinetic
theory of matter.

When you recall, how are patrticles in states of : 1(r)
matter arranged

Are they arranged in the same way? I (e)
2SS | No! (Chorus) R (aeq)
3T: OK. N (F) Acknowledgement

feedback

So where are they more spaced - is it in gases, : | (€)
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liquids or solids?

4SS | in gases, they are more (chorus) R (aeq)
5T: Yes E(i), 6yesd to mean
Ingaseséso we have what Echoes i to emphasize the point/
theory. reinforce the correct answer/
acknowledge of an answer
as acceptable
Can anyone tell us what happens to particles if the = | (e)
temperature to 40°C?
6S: The atoms move faster R (aeq)
7T: Yes, E(i) 6yesd6 to mean
Actually the atoms wil!/ Echoes éI_Echoesé to e
point
And what if it is increased to 60°C, then to 80°C? I (e)

8S: At 60°C, atoms will be moving rapidly and at 80°C, R (aeq)
atoms will be moving more rapidly.

9T: |yeséthat is true E(i)

yes, in chemical reaction, the atoms will move | I (s)
rapidly, collide and react to form products

Generated chain patterns of interaction: | (i)-[l (€)-R (aeq)-F]-[l (e)-R (aeq)-Ei] - [l
(e)-Raeqg-E (i)-Echoes]-[I(e)-R (aeq)-E ()]-[I(s)]

The generated chain patterns of interaction in this episode show that the classroom
talk was developed through I-pattern linked to non-interactive/authoritative when
the teacher was introducing the concepts on factors which affect chemical rate of
reaction; I-R-F-pattern (interactive/dialogic) where the teacher explores different
points of view by engaging the students in sequences of turn-taking; I-R-E-pattern
(interactive/authoritative) where the teacher moved towards the effect of
temperature on rate of reaction and concludes the lesson using I-pattern (non-
interactive/authoritative) to summarise the key ideas. The forms of teacher

intervention denoted in brackets are present in table 7-2.

The key features of this episode of the lesson are summarized as in the table below.
Table 7-2: Episode 1.2.1. Key features of the teaching process

Teaching purpose Factors affecting chemical rate of reaction

Content States of matter and collision theory

Communicative Approach Non-interactive/authoritative; Interactive/Dialogic;
interactive/Authoritative and non-interactive/authoritative

Patterns of interaction [N-[1-R-F]-[I-R-E]-.-.-[1]

Forms of teacher intervention Introducing ideas, exploring, evaluating and echoing,

sharing ideas and summarising ideas
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Commentary: It is observed from above excerpt that the teacher used non-
interactive/authoritative (NI/A), interactive/dialogic (I/D), interactive/authoritative (I/A)

and non-interactive/authoritative (NI/A).

The teacher began the lesson in a non-interactive/authoritative way, introducing and

developing ideas of chemical rate of reaction with a focus on the states of matter

and the kinetic theory of matter. He interac
about states of matter. He also interacted authoritatively by asking questions and

waiting for students to answer; used strategies such as evaluating, sharing ideas

and echoing to emphasize the point/reinforce the correct answer/acknowledge an

answer as acceptable to the whole <cl a@amss. He
chemical reaction, the atoms will move rapidly, collide and reacttof or m pr oduct s
before moving onto relate these ideas of movement of particles to chemical rate of

reaction as follows:

Table 7-3: Episode 1.2.2. Whole classroom interaction

10T: . Ok.. in chemical reaction, the atoms will move rapidly, collide and react to ; I (r)

form products I (e)

So how would you then define rate of reaction?
11S: 1 think éis the speed at which reac R (aeq)
12T: | yeah, E (i)

speed of reaction M (i)

,_another definition? I (e)
13S: uhméchange of reaction R (aeq)
14T: © ok!

another definition? | (e)
15S: . the degree of reaction R (aeq)
16T: |éls it degree of hotness or col dnes|E@i/ (e
17S:  the degree of change in a given time R (aeq)

18T: | Listen, | want us to consider, if two people are competing in eating 100g of : | (i) & |
food. How will you tell that A is eating faster than B? (Here, the teacher uses | (e)
analogy to arrive at the definition of rate of reaction)

19S: | | will see the quantity of food A is taking at the given time R (aeq)

20T: i how will you measure what | am eating how will you know the quantity of : | (e)
food | am eating?

21S: 1 wi || compare of the twoéwhich (wh R (aeq)
22T: : Yes E(i),

comparing the twoé Echoes

what else? I (e)
23S: | measure the time taken for 100g to get finished R (aeq)
24T: | | think this would be quite besté E(i)

so how would we then define the rate of reaction? I (e)
25S: | the amount used in a given time R (aeq)
26T: | very good E(i)

if you have A reacting with B, the product would be AB I(s)

A + B—» AB, we measure the time AB is formed or the rate at which A
and B are disappearing, that would be the rate of the reaction.

Therefore, rate of reaction is defined as the amount of product (s) formed in
a given time or the rate at which reactants are used up in a reaction. This is
also expressed as Rate = Product/time, units dm®/sec

Now we are going to use computers for today, make predictions, test our
predictions using computer and explain our observations on the effect of
temperature on rate of reaction.
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Generated chain patterns of interaction: [I(r)]-[()e-R(aeq)-E(i))-M(i)]-[I(e)-R(aeq)-
N(F)-[I(e)-R(aeq)-E()]-[I(e)-R(aeq)-I(i)&I(e)-R(aeq)-I(e)-R(aeq)-(E(i)-Echoes]-[I(e)-
R(aeq)-E(i)]-[I(e)-R(aeq)-E()]-[I(s)]

The generated chain patterns of interaction in this episode show that the classroom
talk was developed through I-pattern linked to non-interactive/authoritative when
the teacher was reviewing the concepts on collision which results in chemical
reaction leading to formation of a chemical product; I-R-E-pattern
(interactive/authoritative) where the teacher move was towards the definition of
rate of reaction; [|-R-F-pattern (interactive/dialogic) where the teacher explores
different points of views by engaging the students in sequences of turn-taking; and

concludes the lesson using I-pattern (non-interactive/authoritative) to summarise

the key ideas. The forms of teac her i ntervention used

understanding are indicated in brackets and presented in table 7-4.

The key features of this episode of the lesson are summarized as in the table below.
Table 7-4: Episode 1.2.2. Key features of the teaching process

Teaching purpose Define the term 6rate of r

Content Determination/ Definition of rate of reaction

Communicative Approach Non-interactive/ authoritative; Interactive/authoritative;
Interactive/dialogic; and Non-interactive/authoritative

Patterns of interaction [1-[I-R-E]-[I-R-F-[I-R-E]-[I-R-E]-.-[I]

Forms of teacher intervention Introducing ideas, exploring ideas, evaluating students ideas,

echoing ideas, sharing ideas and summarising ideas

Commentary: In this part of the lesson, it is observed from the above excerpt that
the teacher used non-interactive/authoritative (NI/A), interactive/authoritative (I/A),
interactive / dialogic (I/D), and non-interactive/authoritative (NI/A).

The teacher began the lesson in a non-interactive/authoritative way, reviewing:
0 O. K chemical reaction, the atoms will move rapidly, collide and react to form
productsa The teacher then interacted dialogically to develop ideas about rate of
reaction through explor i ng and working on student

fhow would you then define rate of reaction?0 This lead to responses in which the

(0]

students were required to Othinkwasthatthebgues s

teacher was looking for. Forex amp | e, when &6t he degree
the teacher seizes the phrase and initiates a confirmatory exchange with students
(turns 16 to 17). The exchange serves the two functions of evaluating and
disapprovingthes t udent 6 s r e s [sade, she teacHemhasta lpurpose,es@

he uses an analogy to help students think about the definition of rate. He draws

of

r

(S
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students to consider two people (A and B) competing in eating 100g of food (turn

18) to derive the definition of rate of reaction.

He then further interacted authoritatively asking questions such as ¢how will you tell
that A is eating faster than B? dand then waiting for students to answer, he used
strategies such as exploring 0 what else?0 evaluating, sharing ideas and echoing,
for example, fcomparing the twoo (turn 22) to emphasize the point and reinforce the
correct answer, as well as acknowledging an answer as acceptable to the whole
class. He then summarises the key ideas, such as therefore, rate of reaction is
defined as the amount of product(s) formed in a given time, or the rate at which
reactants are used up in a reaction. This is also expressed as Rate = Product/time,
unitsdm® secd (turn 26).

7.7.5 For Episode 1.2.1 Teaching determination of rate of reaction in NTA

class: Patterns of interaction
7.7.6 Staging the scientific story

In this lesson the teacher used a graph of the volume of hydrogen evolved with time
when magnesium is reacted with hydrochloric acid through a mixture of
communicative approaches, dowpihthernexnsgctiont udent s

777 Supporting studentsod internalisation

Table 7-5: For Episode 1.2. Whole classroom interaction

Turn Codes Remar
ks

1T: First and foremost when you look at 0.5M, 1M and 2M ' | (e)
which one has got the highest concentration?
uhméyes

2S: 2M R (aeq)
3T: 2M édo weé all agree on t hg¢kE(i)-Echoes
& | (cu)
4S: yeséit is 2M in chorus R (cu)
5T: 2M we all agree on that édg¢Echoes & |
Because, t hat me ans c o nthe (cu)
higher the number of moles in a particular liquid or | (s)
substance then that wildl bi I (cu)
is clear? Are you through? Cmm
Monitors and checks student
that?

Points to note

By the way as we are carrying out this experiment
remember we are investigating on the effect of
concentration, but put in mind that we have already
looked at temperature. So in order not to affect our
investigation or experiment, we assumed we are carrying
out this experiment at a constant temperature because
you might ask what if the
not bring in temperature he
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constant.
The volume of hydrogen increases along AB because Mg  I(cu)
reacts with HCI to give Hy
simple equation. (Transcribes equation on board) I(cu)
Mg (s) +2HCI (aq) —» MgCl; (ag)+ H+ (9)
I (e)
I(s)
Teacher cautions the students make sure you balance | I(cu)
the equationé. write that si
Teacher carries on with the interpretation of the graph , at
point BC, the graph remains constant because all the Mg
is used up and the reaction is complete
By the way sometimes you can be given figures and you
can be asked to plot a graph.
But is Everything clear?
Are you sure! Are we together?
So nowéuhméwhat n o r tma rate y of
productioné what nor mal |y
productionéthe rate of pr
éhow do we calculate rate?
Rate always involve timeé.
get whatever you have gotten in that period of time, then
you divide by that time. It is that clear?
6SS: yes in chorus
TT: when they say the rate of production that will mean we : | (i)
shall divide the amount of hydrogen produced within a
given time and we shall know the rate which hydrogen i | (s)
has evolved. I (cu)
So we get the hydrogen produced divide by the time then
we shall get rateéis that ¢
8S: Yes R (cu)
oT: for this we shall have 200 cm® divide by 4 minutes and | | (e)
what shall we get?
10S: | 50 cm®/ minutes R (aeq)
11T: good, the unitsédepends on |E®@i)&IlI(s)
If you are sure of your mathematics you can use min | I (cu)
‘. are sure?
12SS: somehowé R (cu)
13T: If not then use per minute or second i f in s ()&l (e)
you calculate the next?
14SS:; | é
15T: so in conclusion we shall find that the rate is higher when : | (s)
the concentration is high
Therefore, the reaction i € l(cu)
clear?
16SS: |y e s é ihatus ¢ R (cu)
17T: use this table to plotéeit i
But have you all wunderstoo
Can you be able to answer any questions on those two | | (cu)
factors?
18SS: .yesé in chorus R (cu)
19T: So we are okéwith thatéare I(cu)
Nicolas! éare you ok with <c
20S: not really R (cu)
21T: not really why? Where is the problem? | (e)
22S: graph R (aeq)
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23T: the graph, once you are drawing the graph just plot  I(r)

ti meéput it underscmd &y ruern
like the graph we have ju
example 2,3 & 4 (i)

In our next lesson we shall carry out an experiment to
determine the effect of concentration on rate of reaction.
We will still use the same solution of sodium thiosulphate
and hydrochloric acid, but we shall be varying the

concentration.
24T: Nicholas, are you now comfortable? M
25S: Yeah!

Generated chain patterns of interaction: [l (e)-R (aeq)-E (i)- Echoes]-[I (cu)-R
(cu)-Echoes- | (cu)-I (s)-I (cu)-Cmme-I (cu)-I(cu)-I(e)-I (s)-I (cu)-I (i)-1 (s)-I (cu)-R
(cu)l-[I (e)-R(aeq)-E(®)]-[I (s)-1 (cu)-R (cu)-I(s)-1(e)-N-1 (s)-I (cu)-R (cu)-I (cu)-R (cu)-I
(cu)-R (cu)-1(e)-R (aeq)-I(r)-1(i))-M]

In this episode the generated chain patterns of interaction show that the classroom
talk was developed through the I-R-E-pattern (interactive/authoritative) where the
teacher moves towards the definition rate of reaction. The patterns of reaction show
wide spread use of I-pattern linked to non-interactive/authoritative, and also show
less engagement of the students in the lesson. The forms of teacher intervention
indicated in brackets are presented in table 7-6.

The key features of this episode of the lesson are summarized as in the table below.

Table 7-6: For Episode 1.2. Key features of the teaching process

Teaching purpose Define the term 6rate
Content Determination/ Definition of rate of reaction
Communicative Approach Interactive/authoritative; Non-

interactive/authoritative; Interactive/authoritative;
Non-interactive/authoritative

Patterns of interaction [I-R-E]-[1-[I-R-E]-[1]

Forms of teacher intervention Exploring, checking stuc
echoing, classroom management moves,
evaluating, reviewing and motivating students

Commentary: From the above excerpt, it is clear that the teacher used
interactive/authoritative (I/A), non-interactive/authoritative (NI/A),
interactive/authoritative (I/A) and non-interactive/authoritative (NI/A).

He interacted authoritatively to develop ideas about rate of reaction through
exploring and working on st ué éwhéngdulookate a s
0.5M, 1M and 2M which one has got the highest concentration?0 Waiting for the
students to answer, he used strategies such as evaluating, sharing ideas, echoing

to emphasize the point, reinforce the correct answer and acknowledge an answer as

acceptable to the whole class and checking understanding.

by
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He then moved on to present notes through dictation in a non-interactive-
authoritative way, characterised more by classroom management moves. He
presented a summary of how chemical rate of reaction can be obtained when
products and time for the reaction is given in non-interactive/authoritative way (turn
5). He further interacted authoritativelye x pl ori ng and wor ki n
asking questions and waiting for students to answer (turn 9-14). He used strategies
such as evaluating and checking understanding. In turns (17-25), he gave out an

assignment as a follow up exercise for students.

7.7.8 L1 Episode 1.3.1 Learning gains: Proper orientation of reacting

particles

Another area where the experimental (or C&TA) class performed significantly better
than the comparison (or NTA) class was the understanding of collision which results
into a chemical reaction. Students in the experimental class obtained 95.2%
compared to 55% in the comparison class, on that fact that particles must collide in
correct orientation for effective collision to occur leading to reaction, bonding and

product formation.

7.7.9 Episode 1.3.1 - Teaching proper orientation of reacting particles in
C&TA class: Patterns of interaction

7.7.10 Staging the scientific story

In the episode 1.3.1 (continuation), the teacher put students in groups to explore the
microscopic behavior of molecules during a chemical rate of reaction. Students
worked in groups exploring, making predictions and trying their predictions using a
computer simulated model of rate of reaction. The teacher used worksheet activities
to engage students in group discussions through non-interactive/dialogic (NI/D). As
the groups worked through the worksheet, the teacher provided support through
probing, scaffolding and helping them to make sense of, and internalize those ideas,
as they navigated computer simulations of rate of reaction. Group discussions and
explanations were relayed to the whole class in which a student responded as part

of a group to teacher prompts through communicative approaches as follows:
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7711 Supporting dernaldaiont sé i n

Table 7-7: Episode 1.3.1. Whole classroom interaction

Turn Codes Remarks
1T: When the temperature increases, I (i)
What do you think would happen? | (e)
2S: I think molecules A and BC combine quickly to form AB and C R
(aeq)
3T: Yes E(i)
Products may form S(i)
Anything else? | (e)
4S: The reactants reduces very fast and the product is formed very fast R
(aeq)
5T: OKé a s s u mi negamgleoifrwe are subject to heat in this room, | N (F) Elaborative
peopl e might start knocking or follow-up
other in terms of chemistry
Is what we shall refer to as? I (e)
6S: There will be a lot of collisions and faster movements of particles R
(aeq)
7T: Thank you E(i)
Collision Mi
Echoes
When these collisions are ok, for example Oboso if you are colliding : | (e)
with her (Victoria) and she is facing you, what do you think will
happen?
8S: Laughter changes direction R
(aeq)
9S: Bounced back [laughter] R
(aeq)
10T: : May bounce back , yeah! Echoes | Neutral
& N (F) : feedback
look hereéassuming we have Oboso Use
particle Bé and bebaase they wéra fading gachh analogy /
other it means the two particles are in what we called proper : | (e) metaphor
orientation. But if Victoria changes posture, Oboso may not find it
comfortable hugging her, then é?
11S: | he reaction will not take place R
(aeq)
12 T: | Take for example Oboso and Victoria is facing each other, when they

knock on each other and they fa&
were facing each other, we call it proper orientation.

Therefore, if atoms of reactants in a reaction are well oriented, the two
will combine and we shall say the reaction has taken place.

When atoms collide they must be properly oriented that is why in the
simulations there were many collisions but very few products being
form because they were not properly oriented.

Therefore, in any chemical reaction, the collision may occur, but if the
orientations are not very clear (properly aligned), the product will not
occur (formed)

Proper orientation means atoms must be aligned in such a manner
that they bond together. For example, consider the chemical reaction
between NaOH and HCI to produce NaCl and H,O

NaOH (aq) + HCI (ag) —— NacCl (aq) + H20 (I) [ written on the
blackboard]

In this reaction, atom of Cl is transferred from HCI to Na atom and OH
to H atom. The collision orientation most favourable for these occur
are that, Cl atom from HCI| must be near a Na atom from NaOH at the

moment of collision.

I(r)
1(s)

Generated chain patterns of interaction: [I(i)]-[I(e)-R(aeq)-E(i)-S(i)-]-[I(e)-R
(aeq)-N(F)]-[I(e)-R (aeq)-E(i)-M(i)i Echoes]-[le-R (aeq)-R (aeq)-Echoes & N (F)]Ji le-
R (aeq)-[ 1(r)-1 (s)]
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This episode showed that the generated chain patterns of interaction of the
classroom talk were developed through I-pattern, linked to non-
interactive/authoritative when the teacher introduced the lesson; I-R-F-pattern
(interactive/dialogic) where the teacher explores different points of views by
engaging the students in sequences of turn-taking; |-R-E-pattern
(interactive/authoritative) where the teacher moves towards the concept of proper
orientation, and concludes the lesson using I-pattern (non-
interactive/authoritative) to summarise the key ideas. The forms of teacher
intervention used to support studentsd undei

presented in table 7-8.

The key features of this episode of the lesson are summarized in the table below.

Table 7-8: Episode 1.3.1. Key features of the teaching process

Teaching purpose To explain that particles must collide in the
correct orientation for an effective collision to
occur

Content Proper orientation of reacting particles

Communicative Approach Non-interactive/authoritative;

Interactive/authoritative; Interactive/dialogic;
Interactive/authoritative and non-
interactive/authoritative

Patterns of interaction [N-[I-R-E]-[I-R-F]-[I-R-E]-[I-R-F]-[1]
Forms of teacher intervention Introducing ideas, exploring ideas, shaping
studentso6 ideas, mar ki n

echoing ideas, reviewing and summarising ideas

Commentary: It is observed from the above excerpt that the teacher used non-
interactive/authoritative (NI/A), interactive/dialogic (I/D), interactive/authoritative (I/A)

and non-interactive/authoritative (NI/A).

In this part of the lesson, the teacher prompted discussion on collision orientation of
reacting particles when temperature is increased through a non-
interactive/authoritative way reviewing, iwhen the temperature increases, patrticles
get ener gy @ hea alse mterhcted authoritatively by asking questions
such as, Avhat do you think would happen?6 and waiting for students to answer,
using strategies such as evaluating and shaping ideas (turns 2 to 3). The teacher
then interacted dialogically to develop ideas about collision orientation of reacting
particles through exploring and working on s
using illustrations (turns 3 to 5). He further interacted authoritatively by asking
questions and waiting for students to answer, and used strategies such as

evaluating, marking key ideas, sharing ideas and echoing to emphasize the
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point/reinforce the correct answer/acknowledge an answer as acceptable, and make
available to the whole class (turns 5-10).
He then presented a review and summary of the proper orientation in a non-

interactive/authoritative way (turn 12).

7.7.12 For Episode 1.3.1 - Teaching proper orientation of reacting particles in

NTA class: Patterns of interaction

Point to note, the excerpt presented is the only section and refers to the content we

are discussing.

7.7.13 Staging the scientific story

In this part of the lesson, the teacher presented ideas of collision in a non-

interactive- authoritative way, as follows:

7714 Supporting studentsod internalisation

Table 7-9: For Episode 1.3.1. Whole classroom interaction

Turn Codes | Remarks

1T: Ok, we are going to look at the rate at which chemical reactions | I (i)
occur. The rate of reaction depends on the frequency of collision i I (s)
between the reacting molecules. The greater the frequency of : | (cu)
collision, the faster the reaction and the higher the rate. What this
means is that for a reaction to place there must be collisions

bet ween t he reacting mol ecul
reactionséare we together?
2SS: yes (in chorus) R(cu)

Generated chain pattern of interactions: [I(i)-1(s)-I(cu)-R(cu)]

The generated chain patterns of interaction in this episode show the teacher used I-
pattern linked to non-interactive/authoritative, and it shows no engagement of the
students in the lesson. The forms of teacher intervention indicated in brackets are
presented in table 7-10.

The key features of this episode of the lesson are summarized in the table below.

Table 7-10: For Episode 1.3.1. Key features of the teaching process

Teaching purpose To explain that particles must collide in the correct
orientation for an effective collision to occur

Content Proper orientation of reacting particles

Communicative Approach Non-interactive/authoritative

Patterns of interaction No interaction

Forms of teacher intervention Introducing ideas, summarising ideas and checking

understanding
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Commentary: It is observed from above excerpt that the teacher used non-
interactive/authoritative (NI/A) in introducing and summarizing ideas about the
proper orientation of reacting particles. It is evident that the teacher used a didactic
approach and there was passiveness on the side of the students during the lesson.
Thus, there were no teacher and student interactions enabled by questions, other
than a brief move by the teacher to check whether students were following his
explanations O0are we together? (Turn 1).

7.7.15 L1 Episode 1.3.2: Learning gains: Activation energy, Ea and chemical

rate of reaction

In this area, the experimental (or C&TA) class performed better than the comparison
(or NTA) class. For example, students in the C&TA class obtained 46.7%, compared
to 11.5% in the NTA class, on the fact there must be a minimum amount of energy
that reacting particles must have to form the activated complex and lead to reaction,
and this energy is called activation energy, and that high activation energy leads to

faster chemical reaction.
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7.7.16 Episode 1.3.2: Teaching activation energy, Ea and chemical rate of
reaction in C&TA class: Patterns of interaction

7.7.17 Staging the scientific story

In this session the teacher presented the relationship between temperature,
activation energy, Ea and chemical rate of reaction using computer simulations.

The teacher provided support and assisted students to see what happens to the rate
when activation energy, Ea changes.
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Figure 7-1: Simulations depicting different energy levels

The teacher used the energy level graph to explain the concept of activation energy,
Ea. Expl ai ni nga nmintmare aneountnodl energy ihat the reacting
particles must have to form an activation complex and this minimum energy is called

activation energy, Ea as follows:
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7718 Supporting studentsd internalisation

Table 7-11: Episode 1.3.2. Whole classroom interaction

Turn Code : Remarks

S
1T: éok now. . . l et us | 0ol temmpenatare is  I(r)
increased, the two are colliding at a high rate but when you had the
temperature low, the collisions where there but less products were | I(i)
formed
Note: when | am increasing the temperature, the energy also
increases. If the energy does not go beyond activation energy, Ea, : I(s)
the reaction does not occur. When particles collide, they need
enough energy for them to react and form a product.

When atoms collide they must be properly oriented that is why in
the simulations there were many collisions but very few products
being form because they were not properly oriented.

Therefore, in any chemical reaction, the collision may occur, but if
the orientations are not very clear (properly aligned), the product
will not occur (formed)

Generated chain pattern of interactions: [I(n)-I (i)-1(s)]

The generated chain patterns of interaction in this episode show that the teacher
used |-pattern linked to non-interactive/authoritative and shows no engagement of
the students in the lesson. The forms of teacher intervention indicated in brackets
are presented in table 7-12.

The key features of this episode of the lesson are summarized in the table below.

Table 7-12: Episode 1.3.2. Key features of the teaching process

Teaching purpose Explain the term activation energy and how this affects
the number of effective collisions and formation of the
products in a reaction.

Content Activation energy, Ea

Communicative Approach Non-interactive/authoritative

Patterns of interaction No interaction

Forms of teacher intervention Reviewing ideas, introducing ideas and summarising
ideas

Commentary: The teacher began the lesson in a non-interactive/authoritative
(NI/A) way, reviewing the effect of temperature and relating it to develop ideas about
activation energy, Ea. He used strategies such as reviewing, introducing and
summarising the key ideas to maintain understanding the activation energy, Ea
concept.

The teacher used the computer simulated energy level graph to explain the concept
of activation energy, Ea. The simulation clearly helped and brought out the idea of
rising energy levels of the reactants visibly to students, and they would see that

when the energy was high and reaction takes place within a short time.
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7.7.19 For Episode 1.3.2: Teaching activation energy, Ea and chemical rate of

reaction in NTA class: Patterns of interaction

The teacher used the activation energy diagram’ to explain the concept of activation

energy, Ea and how it is related to chemical reaction as follows:

7720 Supporting studentsdé internalisation

Table 7-13: For Episode 1.3.2. Whole classroom interaction

Turn Codes Remarks

1T: Also for this collision to occur molecules must possess certain | | (i)
minimum energy called activation energy, Ea. This is the energy | | (s)
barrier which must be overcome for the reaction to take place. In | | (cu)
reaction therefore, only those molecules moving at high speed
have enough energy for collisions to result in a reaction. Is that

clear?
2SS: yes (in chorus) R (cu)
3T: The activation energy can be represented using an activation | I(i)

energy diagram. | am going to draw and please, | expect | Cmm
everyone to draw éin your note

Generated chain pattern of interactions: [l (i)-I (cu)-R (cu)-I (i)-Cmm]

The generated chain patterns of interaction in this episode show that the teacher
used I-pattern linked to non-interactive/authoritative, and shows no engagement
of the students through explorative questions during the lesson. The forms of
teacher intervention indicated in brackets are presented in table 7-14.

The key features of this episode of the lesson are summarized in the table below.

Table 7-14: For Episode 1.3.2. Key features of the teaching process

Teaching purpose Developing ideas about activation energy;
maintaining development of activation energy

Content Activation energy, Ea

Communicative Approach Non-interactive/authoritative

Patterns of interaction No interaction

Forms of teacher intervention Introducing ideas, summarising ideas, checking
understanding and using classroom management
moves

Commentary: In this session the teacher presented the relationship between
activation energy, Ea and chemical rate of reaction in a more non-
interactive/authoritative (NI/A) way introducing, developing and summarising ideas
about activation energy, Ea. It is evident that the teacher used a didactic approach

and there was passiveness on the side of students during the lesson. Thus, there

" The activation energy diagram is presented in Chapter Two (section 2.1.3, figure 2-2)
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was no teacher and studentsod6 interaction
move by the teacher to check whether students were following his explanations and
the use of classroom management moves... fplease, | expect everyone to draw in
your note booksd (Turn 3). This pattern of class interaction, non-
interactive/authoritative (NI/A) in teaching and learning is aimed at making science

points of view clear to the students.

7.7.21 L1 Episode 1.3.2: Learning gains: Effect of temperature on chemical

rate of reaction

Another area where the C&TA (experimental) class performed statistically
significantly better than the NTA (comparison) class was in the understanding of the
effect of temperature on chemical rate of reaction. The students in the C&TA
(experimental) class obtained 61 % compared to only 5.3 % in the NTA
(comparison) class on- when temperature increases, the reactant molecules are
moving rapidly and coming into contact with each other more often (frequent), this

increases the reaction rate (this is collision theory).

7.7.22 Episode 1.3.2: Teaching effect of temperature on chemical rate of
reaction in C&TA class: Patterns of interaction

7.7.22.1 Staging the scientific story

In the episode 1.3, the teacher put students in groups to explore the microscopic
behavior of molecules when temperature is increased or decreased during a
chemical rate of reaction. The teacher used worksheet activities to engage students
in group discussions through non-interactive/dialogic (NI/D).
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Figure 7-2: Simulations used to investigate effect of temperature on chemical rate of
reaction (Source: PHET Sims)
The simulations were used to depict what happens to reacting particles when the

temperature is increased or decreased.
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Students worked in small groups, making predictions, testing, discussing and
sharing before explaining their ideas to the whole class. The teacher circulated,
providing support and assisting students to see what happens to the rate when

temperature changes.

7.7.22.2 Supporting students6é internal
During the whole interaction, the teacher gave opportunities to the different groups
to share their ideas with the whole class. The teacher used this opportunity to

address the stvacreeptiosst al ternat.i

A student responded as part of a group to teacher prompts through a mixture of

communicative approaches as follows:

Table 7-15: Episode 1.3.2. Whole class interaction

Turn Codes Remarks
1T: €so wha't happened when you i i1 (e)
particles?
2S: :éthe atoms move faster R (aeq)
3T: éyese ¢ E(i)
Atoms are seen to be moving faster Echoes
Can | hear from another group? I (e)
4S: |ét her e ar e sians dnd fasteomovements bfiparticles R (aeq)
5S:  |think molecules A and BC combined quickly to form AB and C R (aeq)
6S: | The reactants reduces very fast and the product is formed very fast | R (aeq)
7T: iéyes E()
Collisions, fastermovement , products may S(pi), S(i) &
Echoes
So how does this affect rate of reaction? I (e)
8S: éthe reaction takes place in a R (aeq)
increased, the atoms move faste
9T: éok N (F) Neutral
feedback

The atoms move fasteréand combi|M()

Someone from another group? | (e)

10S: | There is rapid movement and product C forms when A and B i R (aeq)
c omb i n e ést fata tof reaction and temperature increase
respectively

11S: | é a't high temperature mol ecul eg R (aeq)
gain kinetic energy and collide

12T | Yes, E(i)
Molecules gain kinetic energy and collide. M () &
EchoeS
Session 2
13T = So What happen when you decrease temperature? | (e)
14S: | ét he atoms move sl ower R
(aeq)
15T: i éyes E(i)
At oms move sl owlyé S(i)
Can | hear from other groups? | (e)
16S: | There are no collisions and éuh| R
(aeq)
17S: | Molecules move slowly R
(aeq)

18T: | OKé N Neutral

sat
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feedback
So how does this affect rate of reaction? I (e)
19S: éthe reaction takes pl aceéin R
atoms take long to combine (aeq)
20T: iéyeahé E(i),

At oms take long to collideé Mi 6 Mi 6
Marking
key
idea(s)

Can we hear from other members in other groups? I (e)

21S: | There is slow movement and al s| R
product formedérate of react i ((aeq)
temperature.

22S: Mol ecul es move sl dceheygydeareases.t h e R

(aeq)

23S: | The molecules start moving slowly because the molecules loose | R
kinetic energy (aeq)

24T: 1 é Yeahée é E(i)
There is less collision due to low kinetic energy S(pi) &

S(i)

Any group? I (e)

25S: | Particles move slowly causing the reaction to take place slowly R

(aeq)

26S: | Molecules move slowly and collision decreases due to decrease in i R
energy (aeq)

27T: 1é Yeaheée ¢é E(i)
There is less collision due to low kinetic energy Spi & S(i)
Any group? I (e)

28S: | Particles move slowly causing the reaction to take place slowly R

(aeq)

29S: | Molecules move slowly and collision decreases due to decrease in i R
energy (aeq)

30T: i él ess collision. E(i),

éok now | et us |l ook her e, w s e
increased, the two are colliding at a high rate but when you had the
temperature low, the collisions were there but less products were | I(r)
formed
When the temperature is increased, the particles gain kinetic : I(S)
energy, they start to move, as they move, they happen to collide,
as you continue to increase the temperature collision also
increaseséthe number of collis
number of collisions increases and the particles are properly
oriented, then the rate at which the products are formed also
doesé. what? increases
Therefore, in explaining, we a
kinetic energy, collisions increases, particles collide with each
other and as they collide with each other, they are able to form the
product in a very short time.

Generated chain patterns of interaction: [[I (e)-R (aeq)-E (i)-Echoes]- [I (e)-R
(aeq)-R (aeq)-R (aeq)-E (i)i Echoes]-[l (e)-R (aeq)-N(F)-M (i)]-[I (e)-R (aeq)-R (aeq)-

R (aeq)-Ev-S ()]-[! (e)-R (aeq)-R (aeq)-N(F)I-[I (e)-R (aeq)-Ev-M ()]l (e)-R (aeq)-R
(aeq)-R (aeq)-E()-S (pi) & S (i)]-[le-R (aeq)-R (aeq)-Ev-S (pi) & S ()]-[I (e)-R (aeq)-

R (aeq)-E(M)] i [I (r)-1 (s)]

The generated chain patterns of interaction in this episode show that the classroom

talk was developed throu g h a communi cat i v el-R-E-patterno a ¢ h
(interactive/authoritative) where the teacher6 snove was towards the effect of

temperature on chemical rate of reaction; I-R-F-pattern (interactive/dialogic)

o
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where the teacher explores different points of views by engaging the students in
sequences of turn-taking and concluded using I-pattern  (non-
interactive/authoritative) to summarise the key ideas. The forms of teacher
intervention used to support studentsd undei

presented in table 7-16

The key features of this episode of the lesson are summarized in the table below.

Table 7-16: Episode 1.3.2. Key features of the teaching process

Teaching purpose To explain how varying the temperature
affects the rate of reaction using collision
theory

Content Effect of temperature on chemical rate of reaction

Communicative Approach Interactive/authoritative; Interactive/dialogic;
Interactive/authoritative; Interactive/dialogic;
Interactive/authoritative and Non-
interactive/authoritative

Patterns of interaction [I-R-E]-[I-R-E]-[I-R-F]-[I-R-E]-[I-R-F]-[I-R-E ] 4]

Forms of teacher intervention Exploring ideas, echoing, marking key ideas,

selecting ideas, shaping ideas, evaluating,
reviewing and summarising ideas

Commentary: In this part of the lesson, the teacher prompted discussion on
behavior of reacting particles when temperature is increased or decreased through
interactive/authoritative (I/A), interactive/dialogic (I/D), interactive/authoritative (I/A),
interactive/dialogic (I/D), and presented a summary of the effect of temperature on

chemical rate of reaction in a non-interactive/authoritative (NI/A) way.

He also interacted authoritat iideaslbyaskinpa expl or
question-0 é s o what happened duemegeraturg to the pamiates?é a s e

(turns 1-7) and waiting for students to answer; he used strategies such as

evaluating, sharing ideas and echoing to reinforce the correct answer/acknowledge

of an answer as acceptable to the whole class.

The teacher then interacted dialogically to develop ideas about the effect of
temperature on rate of reaction exploring ar
a question - 6so how does t hi s tiod (fum 7-9). Ha used o f re
strategies such as marking key ideas and neutral feedback to encourage students to

think deeply about their responses during the interaction.

The teacher further interacted authoritati ve
misconception that dhere is rapid movement and product C forms when A and B
c o mb i that ié rate of reaction and temperature increase respectivelyd(turn 10).

He used strategies such as evaluating, and shaping ideas (turns 11-13).
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There was further use of interactive/dialogic and neutral feedback to encourage

students to think deeply about their responses during the interaction (turns 14-16)

The teacherds focus was on reaching the sci ¢
authoritatively (turns 16-26). He used strategies such as motivation, marking key

ideas and selecting parts of studentsd ideas
and evaluating studentsodo ideas.

The teacher concluded this lesson by making a review and summarising ideas on
how temperature affects rate of reaction in a non-interactive/authoritative way (turn
28).

7.7.23 For Episode 1.3.2: Teaching effect of temperature on chemical rate of

reaction in NTA class: Patterns of interaction
7.7.24 Staging the scientific story

In this session of the lesson, the teacher prompted discussion on how temperature
affects the rate of reaction in an interactive authoritative (I/A) and presented a
summary on the effect of temperature on chemical rate of reaction in a non-

interactive/authoritative way as follows:

7725 Supporting studentso6 internalisation

Table 7-17: For Episode 1.3.2. Whole classroom interaction

Turn Codes Remar
ks

1T: We want to begin with by looking at temperature. How does temperature 1 (i)
affect the rate of reaction? Can | have someone to explain? Yes | | (e)

Shawaé
2S:  The rate of a chemical reaction increase with temperature R (aeq)
3T: The rate of a chemical reaction inl(e
4SS | Temperature (chorus) R (aeq)
5T: Not with the temperature but with increase in temperature E(i) &

S()

So the rate of a chemical reaction increases with increase in temperature. | | (s)
We will begin with note in our next lesson, ok. I (i)

Generated chain patterns of interaction: [l (i)]-[l (e)-R (aeq)-I (e)-R (aeq)-E (i)]-[I
(s)-1 ()]

The generated chain patterns of interaction in this episode show that the classroom

talk was developed through I-pattern (non-interactive/authoritative) when the
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teacher was introducing the lesson; I-R-F-pattern (interactive/dialogic) where the
teacher explored different points of views by engaging the students in sequences of
turn-taking; I-R-E-pattern (interactive/authoritative) where the teacherd smove was
towards the effect of temperature on chemical rate of reaction; and concluded the
lesson using I-pattern (non-interactive/authoritative) to summarise the key ideas.
The forms of teacher intervention wused
indicated in brackets and presented in table 7-18.

The key features of this episode of the lesson are summarized in the table below.

Table 7-18: For Episode 1.3.2. Key features of the teaching process

Teaching purpose To explain how varying the temperature
affects the rate of reaction using collision
theory

Content Effect of temperature on chemical rate of reaction

Communicative Approach Non-interactive/authoritative;
Interactive/authoritative and Non-
interactive/authoritative

Patterns of interaction [1-[-R-EJ-[N

Forms of teacher intervention Introducing, exploring, evaluating , shaping ideas,

sharing ideas and summarising

Commentary: It is observed from above excerpt that the teacher used an
interactive/authoritative (NI/A) approach to introduce andexplor e st udent sé
askingaqueston-6 € so how does temper at udtennlddnfl e ct
waiting for students to answer. He then used strategies such as evaluating, shaping

ideas, sharing ideas and making it available to the whole class.

The teacher concluded this lesson by summarising ideas on how temperature

affects rate of reaction in a non-interactive/authoritative way (turn 5).

7.8 L2 Episode 2.1-2.2: Learning gains: Graphical interpretation of how
temperature affect chemical rate of reaction

In this area, the C&TA (experimental) class performed better than the comparison

(or NTA) class. For example, students in the C&TA (experimental) class obtained

76.2 % compared to 58 % in the NTA (comparison) class, on the fact that when the

temperature increases, the reaction takes less time or a shorter time to come to a

stop.
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7.8.1 Episode 2.1 - 2.2: Teaching graphical interpretation of relationship
between temperature and time of chemical reaction in C&TA class:
Patterns of interaction

7.8.2 Episode 2.1.1: Staging the scientific story

In this lesson, the teacher engaged students in groups to investigate the effect of
temperature using a solution of sodium thiosulphate and HCI. He performed a
demonstration to show students the experimental procedures, determination of plot
scales, reading thermometers and recording a stop clock through a non-
interactive/authoritative (NI/A) approach. Students in groups used worksheet
activities to discuss through non-interactive/dialogic (NI/D) and present their results.

Students in small groups performed the experiment, discussed their results in
groups and plotted graphs for temperature against time and temperature against
rate. The teacher provided support through probing, scaffolding and helping them to

make sense of, and internalize those ideas, as students worked in their groups.

783 Supporting studentsdé internalisation

During whole interaction, the teacher gave opportunities to the different groups to
share their ideas with the whole class. The teacher used this opportunity to address

the studentsdéd alternative conceptions.

Students responded as part of a group to teacher prompts through a mixture of
communicative approaches as follows:
Table 7-19: Episode 2.1-2.2. Whole class interaction

Episode 2.1.2: Turn Codes Remarks

1T: So why does the cross disappear? I (e)

2S: Uhm the cross disappears because of the formation of | R (aeq)
the vellow precipitate of sulphur

3T: Yeahé E(i)
Formation of yellow precipitates of sulphur Echoes
éanything else? I (e)

4S: The reaction takes place; it forms yellow precipitate R (aeq)
which abstracts the ¢ross

5T: Yeahé the reaction takes plE(®) &
which abstracts the cross Echoes
é...athina.else? I.(e)

6S: | think, it is due to the change in colour of the solution | R (aeq)
after.reaction

7T:  OK well, E()
A reaction occurs; yellow precipitate of sulphur formed | (s)
abstracts the cross.
Episode 2.2: Turn

8T: So what is the shape of vour araph? I.(e)
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9S: It is a straight line R (aeq)
10T: Mmmmé oKk N (F)
Anyone with a curve? is the slope a negative or positive? I (e)
11SS:  Positive (chorus) R (aeq)
12T: Positive E(i) / Echoes
So how do we interpret the graph? yes Linda I (e)
13L: Temperature increases with rate R (aeq)
14T: Thank you Lindaéis it the temM()I(e)
rate affecting the temperature the language matter!
15L: As temperature increases, the rate will also increase R (aeq)
16T: .very goodé E(i)
As the temperature increases, the rate also increases. I (s)

Generated chain patterns of interaction: [l(e)-R(aeq)-E(i)-Echoes]-[I(e)-R(aeq)-
E(i) & Echoesil(e)-R(aeq)-E(@)]-[I(s)]-[I(e)-R(aeq)-N(F)]-[I(e)-R(aeq)-E(i)/Echoes]-
[I(e)-R(aeq)- M(i)-1(e)-R(aeq)-E(D)]-[I(s)]

The generated chain patterns of interaction in this episode show that the classroom
talk was developed through an I-R-E-pattern (interactive/authoritative) where the
teacherd snove was towards the concept of formation of sulphur when HCI and
sodium thiosulphate are reacted; I|-R-F-pattern (interactive/dialogic) where the
teacher explores different points of views on graphical interpretation of the effect of
temperature on chemical rate of reaction by engaging the students in sequences of
turn-taking. The pattern is repeated through the episode and concludes the lesson
using l-pattern (non-interactive/authoritative) to summarise the key ideas. The
of teacher interventi used to

f or ms on

in brackets and presented in table 7-20

The key features of this episode of the lesson are summarized as in the table below.

Table 7-20: Episode 2.1-2.2. Key features of the teaching process

Teaching purpose To interpret graphically how temperature affects
rate of reaction

Graphical interpretation of the relationship between
temperature and time/rate of reaction

interactive authoritative; Non-interactive authoritative
Interactive/dialogic; interactive authoritative;
Interactive/dialogic; interactive authoritative;
Interactive/dialogic; and Non-interactive authoritative
[I-R-E]-[1]-[I-R-F]-[I-R-E]-[I-R-F]-[I-R-E]-[1]

Exploring, echoing, evaluating marking key ideas and
summarising key ideas

Content

Communicative Approach

Patterns of interaction
Forms of intervention

the the teacher used an

tati

Commentary: In this part of lesson,

interactive/ authori ve appr oasolitiontgets

cloudy and the cross disappears (turn 1). He then engages the students through an

interactive/dialogic way to exploreand wor k on studentsod i

suppor

expl or

deas |
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-6so what is the Dfum@Beandwaiting orustudents t@gmswer.

He then used strategies such as evaluating, echoing and neutral feedback to

encourage students to think about their responses during the interaction. The
teacher then interacted authoritatively (1/
ideas - @anyone withacurve? Ist he sl ope a negativédleuwed positi
strategies such as evaluating, and shaping ideas echoing to reinforce the correct

answer and acknowledge an answer as acceptable and making it available to the

whole class (turn 12).

The teacher further interacted authoritatively to develop ideas about interpreting a
graph of temperature against time of reaction

ideas by askingaquestion-6 s o how do we i nYesglingadb(rhl12). he gr a
Heusedthed6 mar ki ng key i deasq@glLisndadegyespoms e xwhr
i ncortreemcpter@t ur e i nc (tamBeveas markednandriratinted 6a

confirmatory exchange (turn 14) which served the two functions of evaluating and
disapproving the s t u dserespofise which helped Linda to rethink her response
correctly (in turn 15).

The teacher concluded this lesson by summarising ideas on how temperature

affects rate of reaction in non-interactive/authoritative (NI/A) way (turn 16).

7.8.4 For Episode 2.1 - 2.2:Teaching graphical interpretation of relationship
between temperature and time of chemical reaction in NTA class:

Patterns of interaction
7.8.5 Staging the scientific story

In this lesson, the teacher used a graph of volume of oxygen produced with time to
explain the relationship between temperature and rate of reaction.

A graph of volume of oxygen produced with time
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7.8.6 Supporting student internalisation

The teacher conducted the teaching as follows:

Table 7-21: Episode 2.1-2.2. Whole classroom interaction

Turn Codes Remarks
1T: Draw the diagram, we shall use graph to show the volume of oxygen
being produced at different time as time goes.
This is the time in minutes Cmm
Hurry up with the drawing
[Supervises student work as the draw the graph from the blackboard] Cmm
Wh a't is this space foréyou need
with me in my class? | want you to be serious! I (cu)
Pl ease, hurry up and we continuece
Soé has Everyone finishes the grz¢
2SS: Replies in chorus, o6yesbd R (cu)
3T: So when you | ook at that graph ¢&
well and you may not get the expl Cmm
| want you to be attentive
These are two different experiments
They are saying in the first experiment, when we carried out the first : 1(i)
experiment, we are plotting volu
We will use the minutes because, seconds look very small
When you look at the temperatures, t; and t, we find that at t, after 2
minutes we had already acquired 800 cm® of oxygen but as we carried | | (e)
out another experiment at t; we were using 4 minutes. So if | pose a
guestion, which one was at high temperature?
4S: t2is higher R (aeq)
5T: Do we all agreeéis it clear? E() /Icu
So that is why we are saying t; > t1. It that clear?
So they wildl ask you to explain |I(u)
you why the curve goes flat? I (i)
That means the whole of hydrogen peroxide has decomposed. Is that
clear? He pauses to allow students digest what he has just explained.
[Teacher carries on with interpretation]
We have point A, B and C they will ask you to explain the shape of the
curve. I (s)
So the volume of oxygen produced or Evolved increases along AB as
the reaction progresses. Along BC the volume of oxygen remains
constant due to the completion of the reaction
What do | mean? |t means that t
that clear? That is why like we cannot produce more oxygen because | | (cu)
the reaction has stopped, Hydrogen peroxide is finished. Assuming
initial we are decomposing hydrogen peroxide to form oxygen when the
experi ment wenté on as time gthe
volume of oxygen is only 800 cm® that is why the curve went
flaté..then they ask you why?
It comes flat when all hydrogen has decomposed. | hope we are all
together
6S: Replies in chorus, 6yes Sirb R (cu)
TT: Ok! Let write , dictates notes Cmm
Points to note about the graph
The volume of oxygen produced or Evolved increases along A, B & | I(i) & Icu
C é A Bs that clear?
| think you see this éis it clea i
we are |l ooking at that a | ong
constant ééthe volume of oxygen r
oxygen remains constantkeuereaotic
completion of the reactioné due t
What do | mean by that? What do | mean by that? It means reaction
has been completed! I's that <cl ea
more oxygen because the reactionhasst oppedét hat me
peroxide is finishedéthat is what
to the basic idea of chemistryéat
as time goes you begin see the curve rising.
The volume of oxygen remains constant due to the completion of the : | (s) & |
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reaction (cu)
At temperature t; the maximum volume of oxygen is 800 cm?® is got
after 4 minutes while at high temperature t, the volume of oxygen, 800
cm?® only obtained after 2 minutes.

So the decomposing of hydrogen peroxide is found to be faster at
hi gher temperatureé So are we o0k

8S: Yeséin chorus R (cu)

9T: That means you can be fully able to explain this factor

Generated chain patterns of interaction:[Cmm-Cmme-I(cu)-R(cu)-Cmm-I(s)]-[I(e)-
R(aeq)-E(®)/1(cw)]-I(cu)i 1(i)-1(s)-1(cu)-R(cu)-Cmm-I(i)&I(cu)-1(i)-1(s)& I(cu)-R(cu)]

The generated chain patterns of interaction in this episode show that the classroom
talk was developed through I-pattern (non-interactive/authoritative) when the
teacher was introducing the lesson. There was limited use of I|-R-E-pattern
(interactive/authoritative) where the teacherd snove was towards the graphical
interpretation of effect of temperature on chemical rate of reaction; and concludes
the lesson using l-pattern (non-interactive/authoritative) to summarise the key
i deas. The forms of teacher intervention wus

are indicated in brackets and presented in table 7-22.

The key features of this episode of the lesson are summarized as in the table below.
Table 7-22: Episode 2.1-2.2. Key features of the teaching process

Teaching purpose To interpret graphically how temperature
affects rate of reaction

Content Graphical interpretation of the relationship
between temperature and time/rate of reaction

Communicative Approach Non-interactive/ authoritative;
Interactive/authoritative ~ and ~ Non-interactive/
authoritative

Patterns of interaction [N-[I-R-E]-[1

Forms of teacher intervention Introducing , with little exploring of ideas, checking

understanding, using classroom management
moves and summarising ideas

Commentary: It is observed from the above excerpt that the teacher used a non-
interactive/authoritative (NI/A) approach in introducing and developing ideas about

the graphical interpretation of the relationship between temperature and time of

chemical reaction to come to a stop or finish. It is evident that there was no teacher

and student interaction lead through questions, except the use of classroom
management moves, f or example O6hurry up wi th dr awi
whether students had completed drawing the graph (turn 1).

The teacher also made a brief attempt of using interactive/authoritative (I/A) to

expor e studentsd i dead Hiw hposnengwas qaute shii gm t

and waiting for students to answer (turns 3-4). He used an evaluative strategy as a
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follow up feed, d @ we al | agreed (turn 5) to make th
class.

For the remaining part of this lesson the teacher used a didactic approach and there
was passiveness on the side of students during the lesson. Thus, there was no
teacher and student interaction lead through questions, except a little move by the
teacher to check whether students were following his explanations (turns 5-9).

It is evident from the excerpt that the non-authoritative approach used shows there
was poor engagement as chances for students to speak out their ideas, to think
about what the teacher presented and to exercise more control over the talk and
learning were limited. This was due to the strong transmission of ideas from the
teacher and limitation in elaborative questions for the students to explain their views.
It happened largely also because the teacher assigned the role of explanation and
giving judgment to himself and restricted the role of students in the lesson.

7.9 L3 Episode 3.1: Handing over responsibility to students in C&TA class
(computer modelling using spreadsheets)

In this episode, the laboratory investigation of the effect of temperature, the C&TA
teacher substituted the real experimental data with virtual environmental data using
computer spreadsheets as a modeling tool. The teacher interacted authoritatively
(I/A) showing the students how rate of reaction changes temperature when it is
altered using computer spreadsheets. He then engaged students in group
discussions through a non-interactive/dialogic (NI/D) approach to make predictions,
hypothesize,or ask Owhlhat adtwh&do &t 2 pandjanatyse tresultsnbg
changing temperature value while they observe its effect on reaction time or rate

through graphical display.
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Figure 7-3: Graphical interactive spreadsheets for investigation of effect of
temperature on chemical rate of reaction (Source: designed & developed by Moses
Odongo, researcher)

Students responded as part of a group to teacher prompts through a mixture of
communicative approaches as follows:

Table 7-23: Episode 3.1.Whole classroom interaction

Turn Codes Remarks
1T: Soéhow does ti me change when | (e)

temperature? Can someone explain?
2S: | the time decreases R (aeq)
3T:  Yes E(i),

Time decreases with increase in temperature Echoes

And how does the temperature graphically change with time can : | (e)
you explain this?

4S: : As the temperature increases, the time for the reaction : R (aeq)
reducesédecreases

5T: | Good E(i)

Also note that the shape of the graph remains the same whether | I(r)
you carry out your experiment beginning with higher temperatures
and concluding with the lower temperature or you start with lower : Is
temperature and increasing temperatures. The plot of your graph
show that the time against temperature graph is still a curve
depicting increase in temperature leads to decrease in time for
the reaction. And the plot of 1/time (rate) against temperature
shows that rate increases with increase in the temperature of the
reactants

Generated chain patterns of interaction:

[I(e)-R(aeq)-E(i)-Echoes]i [I(e)-R(aeq)-E()]-[I(r)i I(s)]

The generated chain patterns of interaction in this episode show that the classroom

talk was developed through the I-R-E-pattern (interactive/authoritative) where the

teacherd sove was towards the graphical interpretation of effect of temperature on

chemical rate of reaction; and concluded the lesson using I-pattern (non-
interactive/authoritative) to summarise the key ideas. The forms of teacher
intervention used to support studentsd undei

presented in table 7-24.
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The key features of this episode of the lesson are summarized in the table below.

Table 7-24: Episode 3.1. Key features of the teaching process (Handing over
responsibility to students)

Teaching purpose To interpret graphically how temperature
affects rate of reaction

Content Graphical interpretation of the relationship
between temperature and time/rate of reaction

Communicative Approach Interactive/authoritative and Non-interactive /
authoritative

Patterns of interaction [IFR-E] 4]

Forms of teacher intervention Teacher talking with individual groups, exploring
ideas, echoing, reviewing and summarising key
ideas

Commentary: In this part of the Ilesson, the teacher used non-

interactive/authoritative; non-interactive/dialogic; interactive/authoritative and non-
interactive/authoritative. During whole class session, he used an interactive
authoritative approach in guiding students to apply and expand their ideas about the

relationship between temperature and time/rate of reaction by asking a question -
6soéhow does time change when you increase
someone explain?6 (turns 1-5) and waiting for students to answer. He used

strategies such as evaluating, reviewing ideas, sharing ideas and echoing to

reinforce the correct answer and making these ideas available to the whole class.

He then presented a summary of the relationship between temperature and time or

rate of chemical rate of reaction in a non-interactive/authoritative (NI/A) way (turn 5).

Furthermore, the use of computer modelling using spreadsheets was found to be

quite effective, and helped to engage in hypothesizing, or aski ng dovhat i f
6what about?6. This helped in enhancing st uc

between temperature and time or rate of chemical reaction.

7.9.1 For L3 Episode 3.1: Handing over responsibility to students in NTA

class

In this episode, the teacher carried out an experimental demonstration on how to
investigate the effect of temperature using a solution of sodium thiosulphate and
HCI. He performed a demonstration to show students the experimental procedures,
determination of plot scales, reading thermometers, reading and recording a stop

clock as follows:
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Table 7-25: For Episode 3.1. Whole classroom interaction

Turn Codes | Remarks
1T: So last time we looked at effect of temperature on chemical rate of | I(r)
reaction and we said we can determine rate decomposing hydrogen
peroxide and then measure the volume of oxygen gas produced /
Evolved at time interval. 1(i)
Today we want to conduct an experiment to determine rate of reaction
using by reaction two chemical sé I(cu)
thiosulphate and Hydrochloric acid. Both sodium thiosulphate and
hydrochloric acid are colourless liquids as you see, do we all see?
2S: Yes in chorus R (cu)
3T: Now when the two are added or mixed, the resultant solution goes : I (i)
cloudy. This because when they r
sodium chloride, water, sulphur dioxide and sulphur. This is shown by
this reaction: (transcribes equation on board)
[Sodium suphate + hydrochoric acid — Sodium chloride + water +
sulphur dioxide + sulphur]
[Teacher proceeds with explanation]
The sulphur produced makes the solution appears cloudy. It takes some
time to for the sulphur to appear and its appearance depends on the
temperature at which the reaction is taking place. I(cu)
That meanséthat means we can be a
it appears at different temperatures and compare temperature at which it
takes a shorter time. Are we together?
4SS: |[Yes siré (Chorus) R (cu)
5T: Ok ébut before we do thatéwe sha: l 5T:
measure the temperatures. We will also need the stop clock to measure | 1 (s)
émeasure what? é The time the sul
also need measuring cylinders and b Cmm
So |l etds take down these procedur

write down the procedures on the blackboard [teacher gives directive]
Procedure: Mark a cross with blue or black ink on a piece of paper.
Measure 50 cm® of 0.2M sodium thiosulphate solution into 250 cm?®
beaker. Add 10 cm?® of 2M hydrochloric acid to the thiosulphate and at
once start the stop clock. Shake gently for the solutions to mix well and
place over the cross. Watch the cross through the solution from above
the beaker. Stop the clock when the cross disappears. Record the time
taken for the yellow precipitate of sulphur to appear in the table below.
Repeat the experiment with different temperatures as indicated in the
table.

So you are required to follow these procedures to carry out this
experiment and answer the questions that follow. | expect you to hand in
your work for makingé.

Questions

[Write an ionic equation for the reaction above

Plot a graph of rate against temperature ( the rate of a reaction may be
found by dividing 1 by the time taken (1/t)

From the graph, work out the rate of reaction or calculate the gradient
(slope) of the graph and state its units. ]

Generated chain patterns of interaction: [I(r)-I(i)-1(cu)-R(cu)-1(i)-1(cu)-R(cu)i I(i)-
I(s)-Cmm)]

The generated chain patterns of interaction in this episode show that the teacher

used I-pattern linked to non-interactive/authoritative and it shows no engagement

of the students through explorative questions during the lesson. The forms of

teacher intervention indicated in brackets are presented in table 7-26.
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The key features of this episode of the lesson are summarized as in the table below.

Table 7-26: For Episode 3.1 Key features of the teaching process (handing over
responsibility to students)

Teaching purpose To interpret graphically how temperature
affects rate of reaction

Content Graphical interpretation of the relationship
between temperature and time/rate of reaction

Communicative Approach Non-interactive/ authoritative

Patterns of interaction No interaction

Forms of intervention Reviewing, introducing , checking understanding,

using classroom management moves and
summarising ideas

Commentary: It is observed from the above excerpt that the teacher used non-
interactive/authoritative (NI/A) guiding students to apply and expand their ideas
about the relationship between temperature and time/rate of reaction. It is evident
that the teacher used a didactic approach and there was passiveness on the side of
students during the lesson. Thus, there was no teacher and student interaction lead
through questions, except a little move by the teacher to check whether students
were following his explanations and the use of classroom management move for
exampl e, 6take dowantheése eppeceéedymwmasto hand

mar kingé (turn 5).

7.10 L4 Episode 4.1 Learning gains: Effect of concentration on chemical rate
of reaction

Another area where the C&TA (experimental) class performed statistically significant
better than the comparison class, was the understanding of effect of concentration
on chemical rate of reaction. Students in the C&TA class obtained 27.6% compared
to only 1.5% in the NTA (comparison) class on the idea that increasing
concentration of a reactant or substance in solution means that there will be more
particles per dm3 of that substance. That is, increasing concentration of reactant
simply means there are more molecules coming into contact with each other more

often, which increases the reaction rate (this is collision theory).

7.10.1 Episode 4.1. Teaching effect of concentration on chemical rate of

reaction in C&TA class: Patterns of interaction
7.10.2 Staging the scientific story

In this lesson, the teacher began by recapping the previous lesson. He pointed out
to the class that o6we have dealt fully with
(pressure, surface area, catalysis and concentration) but for today, we will look at

concentrationbo.
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The teacher then introduced the concentration concept authoritatively by stating that
6increasing the concentration of the substal
more particlesperdm®*of t hat substance6.

The teacher then observed that when investigating the effect of one factor, all other

factors must be kept constant.

Simulations with fewer to many reacting particles
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Figure 7-4: Simulation used to investigate effect of concentration on chemical rate of
reaction (source: PHET)

The teacher put students in groups to explore the microscopic behavior of
molecules using a computer simulated model when the concentration of the

reactants are increased or decreased during a chemical rate of reaction.

Students worked in small groups, making predictions, testing, discussing and
sharing their ideas before explaining them to the whole class. The teacher used
worksheet activities to engage students in group discussions through non-

interactive/dialogic (NI/D). The teacher provided support through probing,
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scaffolding and helping them to make sense of, and internalize, those ideas as

students worked in their groups.

7103 Supporting studentsodo internalisation

During whole interaction, the teacher gave opportunities to the different groups to
share their ideas with the whole class. The teacher used this opportunity to address
the studentsd alternative conceptions.
Students responded as part of a group to teacher prompts through a mixture of
communicative approach cycles as follows:

Table 7-27: Episode 4.1. Whole class interaction

Note:*Hi ghl i ghted statements show studentso6 misconc
Turn Codes Remarks
1T: €so what happened when y ou i nl(e)
particles
2S: | the rate of reaction is high and collision is high R (aeq)
3T: Yes é N (F) Neutral
feedback
4S: | It increases the collision between the particles and formation of | R (aeq)
products
5S: ' The rate of reaction of the molecules is high since they are more R (aeq)

6S: | The particles gain kinetic energy causing them to move rapidly and | R (aeq)
collisions increase hence, an increase in the rate of reaction

7S:  The particles are seen moving rapidly at a higher rate and colliding : R (aeq)
with each other very faster [quickly]

8S: It caused increase in the collision of particles hence increasing the | R (aeq)
rate of reaction, even more products are formed

9S: Increase in concentration increases the number of particles R (aeq)

10T: i é. yeahé N (F)
So how does this affect rate of reaction? | (e)

11S: | It increases t he number of pai R(aeq)
increase in collision and the rate of reaction is increased

12T: i Yeaheée. N (F)

13S: Increase in concentration causes increase in the number of | R (aeq)
particles which reduces the distance between the particles which
increase collision per unit time hence leading to increase in the rate
of reaction

14T: 1 é o k . N (F)

Let me hear from Abonyods group: |l (e

15S: | It leads to high rate of reaction, the molecules move at a faster rate | R (aeq)
colliding, hence the products are formed in a short period of time

16S: | The molecules are seen to be moving at a high speed due to high | R (aeq)
[increase] concentration

17T: i1ét hank you so muchté M

yes another group I (e)

18S: | When the concentration is high, the number of particles are high | R (aeq)
and more kinetic energy is gained causing the particles to move
rapidly increasing collision, hence an increase in the rate of reaction

19T: | OK N (F)

€ another group | (e)

20S: | The more crowded the particles are, the more often they collide with | R(aeq)
each other, based on the kinetic theory, since they gain more kinetic
energy hence increasing the rate of reaction

21T: |[lcan we hear from another groupéll (e

22S: | Leads to particles gaining kinetic quickly and move faster since they | R(aeq)
are many, hence collision occurs and the rate of reaction increases

23T: . Your group pleaseté I (e)

24S: | When concentration increases the numbers of particles increase : R (aeq)
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and collide with each other faster and more collisions lead to faster
rate of reaction

25T: . SoéWhat when you decrease conce |l (e
26S: | The rate of reaction is low R (aeq)
27T: i1énodsé N (F)
Yeséany el se? | (e)
28S: | It decreases the collision between the particles and formation of | R (aeq)
products
29S: | The rate of reaction of the molecules is low since they are few R (aeq)
30S: | The molecules are seen to be moving at low speed since they are | R (aeq)
little due to decrease in concentration.
31S: | The particles lose kinetic energy causing them to move slowly and | R (aeq)
collision decreases hence a decrease in the rate of reaction
32S: | The particles collide at a low rate since they are few in number and | R (aeq)
have relatively bigger spaces in between them making them move
randomly
33S: | It causes decrease in the collision of particles hence low rate of | R (aeq)
reaction, hence less products are formed
34S: | Decrease in concentration decreases the number of particles R (aeq)
35T: | OKé N (F) Neutral
feedback
So how does this affect rate of reaction? I (e)
36S: i éreduces the number of paedetreasee R (aeq)
in collision and the rate of reaction
37T: Yeahteé N (F)
Another group I (e)
38S:  Causes decrease in number of particles which the distance | R (aeq)
between the particles which reduces collision per unit time hence
leading to a decrease in the rate of reaction.
9T: 1 él et 6s hear from another group | (e)
40S: | As the concentration decreases, the rate of reaction also i R (aeq)
decreases. The molecules move at a relatively slow velocity hence
the collision rate is low leading to a slower rate of product formation
41T:  Anot her groupé | (e)
42S: . The number of molecules in the reaction decreases. This decreases | R (aeq)
kinetic energy of the molecules thus decreasing the collisions and
rate of the reaction per second.
43T: | Ok é . N (F)
44S: . When the concentration is low, the number of particles is less and i R (aeq)
kinetic energy gained causing the particles to move slowly
decreasing collision, hence a decrease in the rate of reaction.
45T:  é . uhm! ? N (F)
46S: | The less crowded the particles are, the less they are to collide with | R (aeq)
each other since they have low kinetic energy hence decreasing the
rate of the reaction
47T: éok é N (F)
Can we hear from another group | (e)
48S: | It leads to the particles taking long to gain kinetic energy since they i R (aeq)
are few hence particles move relatively slowly therefore collision
takes long to occur hence reaction rate decreases.
49T: Ok. .. any groupéyes N (F) &l
(e)
50S: | When concentration decreases the number of particles decrease. | R (aeq)
The collision is slower which leads to low rate of reaction
51T: iéok now how did the test change E(i)&M
i ncrease in concentration incre
Assuming we are in class, a person show up with a cane (stick), he | I(i)) & |
finds in 3 people in the classroom. Another person show with a | (e)
cane (stick), he finds in 40 people, who will find caning easier?
52S: . The one with 40 peopl eé R (aeq)
53T: Exactlyéhas high number of peop E(@) &I

When you increase particles to 10 for example, you have not
increase speedéso when you are
are increasing the number of particles in a given volume. When
particles are many (high), collisions per second with each other is
easier. So the speed at which the particles are colliding has not

(s)
I(r)
I (s)
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been increased. Speed is only associated with gain in kinetic
energy and this, class! It only happens when temperature is
increased not with concentration!

Generated chain patterns of interaction: [I(e)-R(aeq)-N(F)-R(aeq)-R(aeq)-R(aeq)-
R(aeq)-R(aeq)-R(aeq)-N(F)-[I(e)-R(aeq)-N-R(aeq)-N(F)]-[I(e)-R(aeq)-N(F)i I(e)-
R(aeq)-I(e)-R(aeq)-1(e)-R(aeq)-1(e)-R(aeq)-N(F)]-[I(e)-R(aeq)-R(aeq)-R(aeq)-R(aeq)-
R(aeq)-R(aeq)-R(aeq)-N(F)]i [I(e)-R(aeq)-N(F)]-[I(e)-R(aeq)-I(e)-R(aeq)-le-R(aeq)-
N-R(aeq)-N-R(aeq)-N(F)Ji [I(e)-R(aeq)-N(F)]i [I(e)-R(aeq)-E()) & M-]-[I() & I(e)-
R(aeq)-E()]- [I(s)-1(n)-I(s)]

The generated chain patterns of interaction in this episode show that the classroom

talk was developed through an I-R-F-pattern (interactive/dialogic) where the

teacher explores different points of views by engaging the students in sequences of

turn-taking; I-R-E-pattern (interactive/authoritative) where the teacheré move was

towards the effect of concentration on chemical rate of reaction; and concludes the

lesson using an I-pattern (non-interactive/authoritative) to summarise the key

ideas. The forms of teacher interventon used to support student ¢
are indicated in brackets and presented in table 7-28.

The key features of this episode of the lesson are summarized as in the table below.

Table 7-28: Episode 4.1. Key features of the teaching process

Teaching purpose To explain how varying the concentration
affects the rate of reaction using collision
theory

Content Effect of concentration on chemical rate of
reaction

Communicative Approach Interactive/dialogic; interactive/authoritative and
Non-interactive/authoritative

Patterns of interaction [I-R-F]-[I-R-F]-[I-R-F]-[I-R-F]-[I-R-F ] é-R-E]-[I-R-
El-[1]

Forms of teacher intervention Exploring, evaluating, motivating  students,

reviewing and summarising key ideas

Commentary: In this part of the lesson, the teacher prompted discussion on
behavior of reacting particles when concentration is increased or decreased in an
interactive/dialogic (I/D), interactive authoritatively (I/A), interactive /dialogic (I/D),

interactive authoritatively (I/A), and non-interactive /authoritative (NI/A) way.

The teacher then interacted dialogically to develop ideas about the effect of
concentration on rate of reaction exploring
guestions -6 &o what happened when you increase concentration of the particles?6
a n do hévs does this affect rate of reaction?6(turns 1-2 4 ) ., whabhsppens when
you decrease concentration of the particles?6  a®&o dow does this affect rate of

reaction?6 (turns 24-49). He used strategies such as motivation and neutral
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feedback strategies to encourage students to think through their responses during

the interaction.

He then interacted authoritatively to develop and maintain ideas by asking a
question -6 h o w d ied chanbeeyour prediction?d (turns 51-53) and waiting for
students to answer. He also used strategies such as evaluating, sharing ideas and
echoing to reinforce the correct answer or acknowledge an answer as acceptable,

and made it available to the whole class.

The teacher concluded this lesson by making a review and summarising ideas on
how concentration affects rate of reaction in a non-interactive/authoritative way (turn
53).

7.10.4 For Episode 4.1: Teaching effect of concentration on chemical rate of

reaction in NTA class: Patterns of interaction
7.10.5 Staging the scientific story

In this lesson, the teacher prompted discussion on how concentration affects the
rate of reaction and presented a summary of the effect of concentration on chemical
rate of reaction as follows:

7106 Supporting studentsdé internalisation

Table 7-29: For Episode 4.1. Whole classroom interaction

Turn Codes | Remarks
1T: So today |l etds |l ook at another effe:l()
effect of concentration cmm
Why do you write conc. you should write it in full! _ I (e)
How does concentration affect the rate of reaction? Can | have someone to
explain? Yes
2S: the rate of reaction is proportional i R (aeq)
3T: | Whatis it proportional to? 1 (e)
4S: ‘concentrationémurmurs R (aeq)
5T: I beg your pardonéOsuna 1 (e)
6S: the rate of proportional toé. murmurs
7T: Let ds take chemistry simple So the  Cmm
concentration. What does that mean? The higher the concentration, the higher : |(s)
the rate of reaction
Letds write something ¢é

Generated chain patterns of interaction: [I(i)-Cmm-I(e)-R(aeq)-I(e)-R(aeq)-I(e)-
Cmm-I(s)]

The generated chain patterns of interaction in this episode show that the teacher

used I-pattern (non-interactive/authoritative), and it shows no engagement of the



183

students through explorative questions during the lesson. The forms of teacher

intervention indicated in brackets are presented in table 7-30.

The key features of this episode of the lesson are summarized as in the table below.

Table 7-30: For Episode 4.1. Key features of the teaching process

Teaching purpose To explain how varying the concentration
affects the rate of reaction using collision
theory

Content Effect of concentration on chemical rate of
reaction

Communicative Approach Non-interactive/authoritative

Patterns of interaction No interaction (with limited interactive/dialogic)

Forms of teacher intervention Introducing ideas, limited exploring, using
classroom management moves and summarising
key ideas

Commentary: In this lesson the teacher was more authoritative with a limited
interactive/authoritative approach, which was not well developed and to introduce

and explore student sd i-dewadees bopcensratidniaffegt a que
the rate of reaction? Can | have someone to explain?é(turn 1), and waiting for

students to answer. He used a marking key idea strategy, for example, student 6 s
response which was incomplete ¢ he r ate of reaction is pr o]
(turn 2), was used to initiate an elaborative question, d&vhat is it proportional to?6

(turns 3-5), to encourage the students to continue the thought. The teacher also

used a classroom management move to encourage students to like the subject, for

example & etmdke c hemi st ry s i nbpforedorcluding the lessory By
summarising key ideas and sharing the ideas with the whole class in a non-

interactive/authoritative way (NI/A) (turn 7).

7.11 L5 Episode 5.1 Learning gains: Graphical interpretation of how
concentration affect chemical rate of reaction

In this area, the C&TA (experimental) class performed better than the NTA

(comparison) class. For example, students in the C&TA (experimental) class

obtained 92.4 %, compared to 69.5 % in the NTA (comparison) class, on the fact

when the concentration increases, the reaction takes less time or a shorter time to

come to stop.

7.11.1 Episode 5.1. Teaching graphical interpretation of relationship between
concentration and time of chemical reaction in C&TA class: Patterns of

interaction
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7.11.2 Staging scientific story

In this lesson, the teacher engaged students in groups to investigate the effect of
concentration using a solution of sodium thiosulphate and HCI. He performed a
demonstration to show students the experimental procedures, determination of plot
scales and recording a stop clock through non-interactive/authoritative (NI/A).
Students then used worksheet activities to discuss through non-interactive/dialogic
(NI/D) and present their results.

Students in small groups performed the experiment, discussed their results in
groups and plotted graphs for concentration against time and concentration against
rate. The teacher provided support through probing, scaffolding and helping them to
make sense of, and internalize those ideas as students worked in their groups.

7113 Supporting studentsdéd internalisation

During whole class interaction, the teacher gave opportunities to different groups to
share their ideas with the whole class. The teacher used this opportunity to address

the studentsdéd alternative conceptions.

Students responded as part of a group to teacher prompts through a mixture of
communicative approaches as follows:
Table 7-31: Episode 5.1 Whole class interaction

Turn Codes Remarks

1T: Soéhow does concentration af f 1 (e)
disappear?

2S: The higher the concentration of the thiosulphate the less time that | R (aeq)
will be taken for the cross to disappear

3T: éoké N(F)
Can we hear from another group? I (e)

4S: The higher the concentration of the thiosulphate the less time it | R (aeq)
takes for the cross to disappear and vice versa

5T: éoke N(F)

6S: The concentration of thiosulphate kept on increasing with time i R (aeq)
because the concentration also kept reducing

7T éoké N (F)
can we hear from another group | (e)

8S: The higher the concentration of thiosulphate, the less it will take for | R (aeq)

the cross to disappear and the lower the concentration of
thiosulphate, the more time it takes for the cross to disappear

9T: € Another groupéyes. | (e)

10S: When the concentration is high, collision is faster hence a short | R (aeq)
time is taken for the cross to disappear and when concentration is
low collisions are slower hence a long time is taken for the cross to
disappear.

11T: égood E(i)

What is the effect of concentration of thiosulphate on the rate of | | (e)
this cross to disappear?

12S: The higher the concentration of the thiosulphate the higher the rate | R (aeq)
of reaction

13T. Ok é N (F)
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14S: The higher the concentration of thiosulphate, the higher the rate for i R (aeq)
the cross to disappear while the lower the concentration of
thiosulphate the lower the rate for the cross to disappear
15T: OK N (F)
Anot her groupéyes | (e)
16S: Increase in concentration of thiosulphate leads to the increase of i R (aeq)
the rate of the cross to disappear and decrease in concentration
leads to the decrease of the rate of the cross to disappear
17T: Yeah another group N & |
(e)
18S: The more the concentration of thiosulphate, the faster the rate of | R (aeq)
reaction and products are formed in less time / short period of time
19T: OK N
Anot her groupé yes I (e)
20S: When the concentrate is high the rate at which the cross | R (aeq)
disappears is higher while when the concentration is low the rate at
which the cross disappears is lower
21T: OK, we have all completed and plotted our graph, and can | now : | (e)
get each groupéo6s interpretati
relationship between volume and rate?
22S: As volume increases, the rate also increase R (aeq)
23T: Yeséthat is péde relationshi E(i)
Increase in the volume of the thiosulphate increases the rate, that | | (s)
is what the graph is saying
éeok, using the collision theoryl(e)
affect rate of reaction
24S: | When the molecules are increased, they gain kinetic energy which | R (aeq)
give them the motion to move causing collision and hence increase
in rate of reaction
25T: When do we get kinetic energy? | (e)
26SS: iWhen we are dealing with temper R (aeq)
27T: When there is no temperature effect there is no gain or lost in | S(i)
kinetic energy. When dealing with concentration forget about the
kinetic energy.
Letds hear from another group | (e)
28S: When the volume of thiosulphate is increased, the space between | R (aeq)
the molecules is reduced causing the high collision hence high rate
of reaction
29T: éok N (F)
Can we hear from another group I (e)
30S: When the volume of thiosulphate increases its increase the i R (aeq)
concentration of the particles therefore there is more collision
among the particles thus the time increases
31T: eok e N (F)
Yes, your group please | (e)
32S: When volume of thiosulphate is increased the number of particles | R (aeq)
increases and they move faster and starts colliding faster per unit
time hence increase in the rate of reaction.
32T: éuhm yeah N (F)
Another groupéyes. | (e)
33S: When the concentration is high, the molecules are closely packed | R (aeq)
resulting to frequent collisions hence a high reaction rate while
when concentration is low, the molecules are fairly spaced, the
collisions are reduced hence a low rate of reaction
34T: Good, | happy with your responses E@) & M
When we increase concentration: I(r
atoms or ions or molecules. This means increase in concentration, : Is

means reduction in space, means more particles will collide,
means the frequency of collision increases, more products form
and the rate also increases

In the next lesson we will be in the computer lab. We shall find
values indicated on the table like these ones. You will be changing
the values, and the graph will also be changing. It will be up to you

to change the values (hypothesizing and theorizing)

10}
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Generated chain patterns of interaction: [I(e)-R(aeq)-N(F)]-[I(e)-R(aeq)-N-R(aeq)-
N(F)I-[I(e)-R(aeq)-I(e)-R(aeq)-E(i)]-[I(e)-R(aeq)-N-R(aeq)-N(F)]-[I(e)-R(aeq)-N]-[I(e)-
R (aeq)-N(F)l-[I(e)-R(aeq)-I(e)-R(aeq)-E(i)-1(s)]-[I(e)-R(aeq)-I(e)-R(aeq)-S(i)-1(e)-
R(aeq)-N(F)]-[I(e)-R(aeq)-N(F)I-[I(e)-R(aeq)-N(F)-[I(e)-R (aeq)-E(i) & MI-[I(r)-I(s)-1()]

The generated chain patterns of interaction in this episode show that the classroom

tal k was devel oped t hrough thea |-R&@attenuni cat i
(interactive/dialogic) where the teacher explores different points of views by

engaging the students in sequences of turn-taking, the I-R-E-pattern
(interactive/authoritative) where the teacher6 snove was towards the effect of
concentration on chemical rate of reaction, and concluded the lesson using I-pattern
(non-interactive/authoritative) to summarise the key ideas. The forms of teacher
intervention used to support studentsd undei
presented in table 7-32.

The key features of this episode of the lesson are summarized as in the table below.

Table 7-32: Episode 5.1. Key features of the teaching process

Teaching purpose To interpret graphically how concentration
affects rate of reaction

Content Graphical interpretation of the relationship
between concentration and time/rate of chemical
reaction

Communicative Approach Interactive/dialogic; interactive/authoritative;
Interactive/dialogic; interactive/authoritative;
Interactive/dialogic; interactive/authoritative; and
Non-interactive/authoritative

Patterns of interaction [I-R-F]-[I-R-F]-[I-R-E]-[I-R-F]-.-.[I-R-E]-[I-R-F]-.-.-[I-
R-E]-[I]
Forms of teacher intervention Exploring, listening & considering various views,

shaping and working stu

Commentary: In this lesson, the teacher interacted dialogically to develop ideas

about the relationship between concentration of reactants and time/rate of reaction
through exploring and working on-8$bodent so
does concentration affect the time for the cross disappear?d(turn 1), and waiting for

students to answer. He then used a neutral feedback strategy to encourage

students to think deeply about their responses during the interaction (turns 3-7). The

teacher then interacted author i t ati vely to exploring and w
ideas by inviting more responses @an we hear from another group?d(turns 7-11).

He used an evaluative strategy, f or examgmloagdp pr &i si ng stude

responses.

He then interacted dialogically t o expl ore student sbd i deas a

concentration on rate of reaction by asking a question T 6 w h ia the effect of
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concentration of thiosulphate on the rate of this cross to disappear? and waiting for
students to answer. He used a neutral feedback strategy to encourage students to

think through their responses during the interaction (turns 11-19).

The teacher further interacted authoritatively to develop ideas about interpreting a

graph of relationship between concentration of reactants and time/rate of reaction,
exploring and working on studemtWda&ati deast hte
relationship between volume and rate?0(turn 21). He used an evaluative strategy
affirming studentsO6 responses and eleaborati
students (turn 23).

The teacher dialogically continues to explore and workonst udent s6 i deas by
students to apply and expand their ideas by drawing and explaining the effect of

concentration on rate of reaction using the collision theory, such as 6 O,Kising the

collision theory, can you explain how concentration affects rate of reaction?d ( t ur n
23) . This | ed to responses in which the stu
the acceptable answer that the teacher was looking for. For example , a student ¢
response (turn 24) had a mi scowhclegomptedn o6t he)
the teacher to seize the phrase and initiate a confirmatory exchange with the

students, by asking &vhen do we get kinetic energy?6 (
serves the two functions of allowing students to rethink their responses and the

teacher to address the misconception that d@vhen there is no temperature effect

there is no gain or lost in kinetic energy. When dealing with concentration forget

about the kinetic energyd(turn 27).

There was a brief interactive/authoritative calling for more responses (turn 32) and
the use of evaluative and motivation strategytoac k nowl edge stsuadent s o

acceptable to the whole class.

The teacher concluded this lesson by making a review and summarising ideas on
how concentration of reactants affects rate of reaction in non-

interactive/authoritative way (turn 34).
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7.11.4 For Episode 5.1: Teaching graphical interpretation of relationship

between concentration and time of chemical reaction in NTA class:

Patterns of interaction

7.11.5 Staging the scientific story

In this lesson, the teacher used a graph of volume of hydrogen produced with time

to explain the relationship between concentration and rate of reaction.

A graph of the volume of hydrogen evolved with time is then plotted for all the
different concentrations of HCI, as below. Draws graph on board.

2.0 mal dr®

1.0 mol drre?

0.5 maol dm?

Volume of H, in cm®

Time

The teacher conducted the teaching as follows:

on

7116 Supporting studentsdé internalisatd.i
Table 7-33: Episode 5.1. Whole classroom interaction
Turn Codes Remarks
1T: | A graph of the volume of hydrogen Evolved with time is then plotted : | (e)
for all the different concentration of HCI as below
First and foremost when you look at 0.5M, 1M and 2M which one has
got the highest concentration?
uhméyes
2S:  2M R (aeq)
3T: 2M é Ev,
Do weé all agree on thatéuhm? Echoes
& | (cu)
4S: |lyeséit is 2M in chorus R (cu)
5T: '2M we al |l agdoweall agree?t hat ¢é Echoes
Because, that means concentrati &l(cu)
number of moles in a particular liquid or substance then that will be : 1 (s)
greater the concentrationéit is  I(u
Moni tors and checks st udeththad?d n o Cmm

Points to note

By the way as we are carrying out this experiment remember we are
investigating on the effect of concentration, but put in mind that we
have already looked at temperature. So in order not to affect our
investigation or experiment, we assumed we are carrying out this
experiment at a constant temperature because you might ask what if
the temperature is changed. ¢é Do
assume temperature is constant.




189

The volume of hydrogen increases along AB because Mg reacts with
HCI to give Hydrogen gas éyou
(Transcribes equation on board)

Mg (s) +2HCI (ag) —MgCl. (aq)+ H+ (9)

Teacher cautions the students make sure you balance the | | (cu)
equationé. write that simple equa
Teacher carries on with the interpretation of the graph , at point BC, | | (cu)
the graph remains constant because all the Mg is used up and the
reaction is complete

By the way sometimes you can be given figures and you can be
asked to plot a graph.

But is Everything clear?

Are you sure! Are we together?

8S: | yes R (cu)

Generated chain patterns of interaction: [l(e)-R(aeq)-Ev/Echoes]-[l(cu)-R(cu)-
Echoes & I(cu)-I(s)-I(cu)-Cmm-I(cu)-I(cu)-1(e)-I(s)-I(cu)-R(cu)]

The generated chain patterns of interaction in this episode show that the classroom
talk was developed through I-R-E-pattern (interactive/authoritative), where the
teacherd sove was towards the effect of concentration on chemical rate of reaction
and concluded the lesson using I-pattern (non-interactive/authoritative) to
summarise the key ideas. The forms of teacher intervention used to support

studentsd understanding are indic-384t ed

The key features of this episode of the lesson are summarized as in the table below.

Table 7-34: Episode 5.1. Key features of the teaching process

Teaching purpose To interpret graphically how concentration affects
rate of reaction

Content Graphical interpretation of the relationship between
concentration and time/rate of chemical reaction

Communicative Approach Interactive/authoritative and Non
interactive/authoritative

Patterns of interaction [I-R-E]-[1]

Forms of intervention Limited expl or i ng, echoing,

understanding, using classroom management moves
and summarising

Commentary: From the lesson excerpt above, the teacher used
interactive/authoritative, introducing and developing ideas about the graphical
interpretation of the relationship between concentration of reactants and time/rate of

chemical reaction to come to a stop or finish.

It is evident at the beginning that there was teacher and student interaction, lead
through the question, d@vhich one has got the highest concentration?6 (turnl), and
waiting for studentsd response (turn

of strategies such as checking whether students were following his explanations and
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the use of <c¢classroom man ag®adearnidthanctear,earef o r

we together?6 He used an evaluative strategy as a follow up feed, d@o we all
agree?d (t ur n Bo)reinforeectieaarracy answer and making it available to

the whole class (turn 5).

For the remaining part of this lesson, it is evident from the excerpt that the teacher
used an authoritative approach, and shows that there was poor engagement as in
chances for students to speak out their ideas, to think about what the teacher
presented and to exercise more control over the talk, and learning was limited.
Again, there was a strong transmission of ideas from the teacher and limitation in
elaborative questions for the students to explain their views (turn 5).

7.12 L6 Episode 6.1: chemical rate of reaction (computer modelling using

spreadsheets)

7.12.1 L6 Episode 6.1: Handing over responsibility to students in C&TA class

In the next session of the laboratory investigation of the effect of concentration, the
teacher introduced and substituted the real experimental data with virtual
environmental data using computer spreadsheets as a modeling tool in a non-
interactive/authoritative way (NI/A). The teacher engaged students in group
discussions through non-interactive/dialogic (NI/D) to make predictions,
hypothesized or asked, 6 wh at i f ? & w laa tdHe albocaskeéd?juestions and

analysed results by changing the concentration value while they observed its effect

on reaction time or rate through graphical display.

d9- g Modelling with spreadsheetish - Microsoft Excel Chart Tools

o) 9 - [ Modeling with spreadshect b - Mictosoft Exel ChartTools ~
) )
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Figure 7-5: Graphical interactive spreadsheets for investigation of effect of
concentration on chemical rate of reaction (Source: designed and developed by
Moses Odongo, researcher)

Students responded as part of a group to teacher prompts through a mixture of

communicative approaches, as follows:

e X
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Table 7-35: Episode 6.1.Whole classroom interaction

Turn Codes Remarks
1T: Ok, in todayds | esson we shall I(r)
dealt with temperature effect on rate of reaction using spreadsheet. We
are expected to model the effect of concentration using the computer : I(i)
spreadsheet. You will work in group. Ok, | want you to pay attention to
the shape of the graph? Here we will assume we are done another
experiment. You will change the value of concentration the way you
want! While changing the values, leave the time alone, vary
temperature only while observing
2T:  How does time changes when you increase the reaction : | (e)
concentration?
3S: | The time decrease R (aeq)
4T:  Yes é E(i)
the time decreases with increase in the reaction concentration Echoes
éand how does the concentration | (e
you explain this?
5S: | As the concentration increases, the time for the reaction | R (aeq)
reducesédecreases
6T:  Goodéal so note that t he shape ¢ E()

whether you carry out your experiment beginning with higher
concentrations and concluding with the lower concentration or you start
with lower concentration and increasing concentration.

For example, when you start from 10 through 90 or from 90 through to
10 the graph remains the same. Increasing the volume goes with its
corresponding time or rate.

The plot of your graph show that the time against concentration graph
is still a curve depicting increase in concentration leads to decrease in
time for the reaction. And the plot of 1/time (rate) against concentration
shows that rate increases with increase in the concentration of the
reactants.

You have to understand that the shape of the graph for example; time
(y-axis) against volume (x-axis), it has to be a curve (going down left to
right); rate (y-axis) against volume (x-axis), it has to be a curve (going
upwards from left to right).

For time (y-axis) against temperature (x-axis), it has to be a curve
(going down left to right); rate (y-axis) against temperature (x-axis), it
has to be a curve (going upwards from left to right)

O6Let these curves be in our mind

I(r)

I(s)

Generated chain patterns of interaction: [I(r)-I(i)-]-[I(e)-R(aeq)-E(i)-Echoes]i

[I(e)-R (aeq)-ED)]T [I(r)-1(s)]

The generated chain patterns of interaction in this episode show that the classroom
talk was developed through I-pattern (non-interactive/authoritative) when the
teacher was introducing the lesson; I-R-E-pattern (interactive/authoritative) where
the teacher6 snove was towards the effect of temperature on chemical rate of
reaction and concluded the lesson using I-pattern (non-interactive/authoritative)

to summarise the key ideas. The forms of teacher intervention used to support

studentsd understanding are

ndi c-86t ed

The key features of this episode of the lesson are summarized as the table below.

n

br
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Table 7-36: Episode 6.1. Key features of the teaching process (Handing over
responsibility to students)

Teaching purpose To interpret graphically how concentration
affects rate of reaction

Content Graphical interpretation of the relationship
between concentration and time/rate of chemical
reaction

Communicative Approach Non-interactive/authoritative;
Interactive/authoritative and Non-
interactive/authoritative

Patterns of interaction [N-N-R-E]-[I-R-E]-[1]

Forms of teacher intervention Reviewing, introducing, exploring, echoing and

summarising key ideas

Commentary: In this lesson, the teacher used a non-interactive/authoritative (NI/A)
approach, reviewing how computer spreadsheets were used in the previous lesson
to model the effect of temperature on rate of reaction, and introducing that the effect
of concentration of reactants on rate of reaction will be modeled in similar way (turn
1). He then engaged students in group discussions in a non-interactive/dialogic way
(turnl).

The teacher then interacted authoritatively exploring and guiding students to apply
and expand their ideas about the relationship between concentration of reactants
and time/rate of reaction, by asking a queston-6 how does ti me change
increase the reaction concentration?d(turn 2), and waiting for students to answer.
He used strategies such as evaluating, sharing ideas and echoing (turn 4) to

reinforce the correct answer and making these ideas available to the whole class.

He then presented a summary of the relationship between concentration of
reactants time, and rate of chemical rate of reaction in a non-interactive/authoritative
(NI/A) way (turn 5).

Furthermore, the use of computer modelling using spreadsheets was found to be
quite effecti v e, and helped to engage in hypothesiz
about ?6. Thi s hel ped i n enhancing student s

between concentration of reactants time and rate of chemical reaction.

7.12.2 For L6 Episode 6.1: Handing over responsibility to students in NTA

class

In the next lesson, the teacher used a non-interactive/authoritative approach to carry

out an experimental demonstration on how to investigate the effect of concentration
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using a solution of sodium thiosulphate and HCI. He performed a demonstration to
show students the experimental procedures, determination of plot scales, reading

and recording a stop clock as follows.

7123 Supporting studentsod internalisation
Table 7-37: For Episode 6.1. Whole classroom interaction
Turn Code Remar
S ks

1T: : In our last experiment we looked at the effect of temperature on the rate of : 1 (r)
reaction between a solution of sodium thiosulphate and Hydrochloric acid.
Today we shall also use the solution of sodium thiosulphate and
Hydrochloric acid to determine how concentration affects the rate of : I (i)
reaction between sodium thiosulphate and Hydrochloric acid
Reaction equation is still the same (Writes the equation on the board)
Sodium suphate + hydrochoric acid — Sodium chloride+
water + sulphur dioxide + sulphur
Teacher <continues with explanatio
makes the solution appears cloudy. It takes some time for the sulphur to
appear and it appearance depends on the concentration at which the
reaction is taking place. I (cu)
We shall determine the rate at which sulphur it appears at different : | (s)
concentration and compare concentration at which it takes a shorter time.
Is that clear?
This time we shall not use the thermometer because as we said last time | | (cu)
when dealing with concentration, we keep the temperature constant.
We shall need the stop clock agai rrCmm
take to appear. We shall also need measuring cylinders and beakers. Are
we together and is that clear?

So |l etés take down these procedur e
write down the procedures on the blackboard
Procedure:

a. Mark a cross with blue or black ink on a piece of paper. Measure
50 cm® of 0.2M sodium thiosulphate solution into 250 cm?®
beaker. Add 10 cm® of 2M hydrochloric acid to the thiosulphate
and at once start the stop clock. Shake gently for the solutions to
mix well and place over the cross. Watch the cross through the
solution from above the beaker. Stop the clock when the cross
disappears. Record the time taken for the yellow precipitate of
sulphur to appear in the table below.

b. Pour away the mixture and rinse the beaker thoroughly, then
place 40 cm® of thiosulphate and 10 cm? of distilled water into it.
Add 10 cm® of the acid and follow the procedure above, again
recording the time taken for the cross to disappear.

c. Repeat procedure (b) for the rest of the mixtures as shown in the
table below. Complete the table. And answer the following
guestions below

I will carry out the first experiment to show you how to performance and |
wi || expect you to follow the proc
going to measure into the beaker 50cm?® of 0.2M sodium thiosulphate and
place it over the cross (X) on the paper, | will also measure 10 cm?® of 2M
hydrochloric acid, then add the two together and start the stop clock.
When the cross disappears, | will stop the clock and record the time taken
for the yellow precipitate of sulphur to appear.
| would like you to do the remaining sets of the experiments, please make
sure you follow the procedures well.
Questions
1. Plot a graph of volume of thiosulphate (y-axis) against time (axis)
2. How does the concentration of thiosulphate affect the time for the
cross to disappear?
3. What is the effect of concentration of thiosulphate on the rate of
this cross to disappear?
4. Why do we plot volume rather than concentration of thiosulphate
in (2)?
5. Plot a graph of volume of thiosulphate against 1/ time.
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6. Calculate the gradient (slope) of the graph in (6) and state its
units.

2T: | Please, you have to hand in your work at the end of the lesson for | Cmm
mar kingé. Everyone should hand i 1 G)

When we meet next time we shall be look another factor which

rate of reaction. We shall look at the effect of surface area of

reactants to rate of reaction.

Generated chain patterns of interaction: [I(r)-I(i)-I(cu)-I(s)-I(cu)-Cmm-Cmm-I(i)]

The generated chain patterns of interaction in this episode show that the classroom

talk was developed through I-pattern (non-interactive/authoritative) when the

teacher was introducing the lesson and summarizing the key ideas. The forms of
teacher intervention used t o support stude
brackets and presented in table 7-38.

The key features of this episode of the lesson are summarized as in the table below.

Table 7-38: For Episode 6.1. Key features of the teaching process (Handing over
responsibility to students)

Teaching purpose To interpret graphically how concentration
affects rate of reaction

Content Graphical interpretation of the relationship
between concentration and time/rate of chemical
reaction

Communicative Approach Non-interactive/authoritative

Patterns of interaction No interaction

Forms of teacher intervention Reviewing, introducing, using classroom

management moves and summarising ideas

Commentary: In this lesson, the teacher used a non-interactive/authoritative (NI/A)
approach, reviewing the previous lesson about using the solution of sodium
thiosulphate and hydrochloric acid to investigate the effect of temperature on rate of
reaction and introducing that the effect of concentration of reactants on rate of
reaction will be invested using a solution of sodium thiosulphate and hydrochloric
acid (turn 1).

It is observed from the above excerpt that the teacher used non-
interactive/authoritative, guiding students to apply and expand their ideas about the
relationship between concentration of reactants and time/rate of reaction. It is
evident that the teacher used a didactic approach and there was passiveness on the
side of students during the lesson. Thus, there was no teacher and student

interaction lead through questions, except a little move by the teacher to check
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whether students were following his explanations, such as d&s that clear?, it is
c | e aan® the use of classroom management move, f o r exampl e, 0t ak

these proceduresband 61 expect you to hand in your Wwo

7.13 Key differences arising from C&TA and NTA teaching approaches

This section brings together the summaries of the two teaching approaches in order
to draw significant differences in the two approaches. The presentation of the
differences is done lesson by lesson drawing from the key features of the lesson
episode as summarized at the end of each lesson analysis by the class in the
previous sections. It focuses on the teaching purpose and communicative
approaches (CA) used, drawn directly from the generated patterns of class
talk/interaction. Descriptive frequencies, percentages, graphics and commentaries
have been used to show the key differences in the use of CA in the experimental
class (C&TA) and comparison class (NTA).

The description of the key differences between C&TA and NTA is done lesson by
lesson, based on the reviews of the coding schemes and the characterisation of

talks presented in section 7.2 and section 7.4 respectively.
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7.13.1 L1 Episode 1.2.1. Comparison between experimental class and
comparison class patterns of interaction and communicative approach
(CA)

The findings in table 7-39 show that in the experimental class (C&TA class), 60 %
of the teaching was conducted using I/A, compared to 22.2 % in the comparison
class (NTA class). The teaching purpose in this episode aims at developing ideas
about rate of reaction. The teaching intention requires an approach which allows the
joint development of this idea which could only be achieved by using I/A, whereby
the teacher leads the students through a sequence of instructional questions and
answers with the aim of reaching one specific point of view, in this case defining rate
of reaction. I/A allows the teacher to intervene to work on alternative conceptions
(through shaping, selecting and marking ideas) for some aspects of the content,
with a view to developing further the scientific ideas, whichsupported the stu

understanding of the definition of rate of reaction.

The findings also show that 13.3 % of the teaching was also conducted using the I/D

approach in the experimental class (C&TA). This approach is used to elicit and

expl ore st uden tpart&ular isseeqis thimcase the defmition of rate of

reacti on) and it aims to inform the teache
opportunity for misconceptions to be addressed.

Furthermore, it is evident from the results that 77.8 % of the teaching in the

comparison class (NTA class) was conducted using NI/A, compared to 26.7 % in the

experimental class (C&TA class), to present and maintain the development of
studentsd understanding; revi ews studentso
the definition of rate of reaction. T h e resul ts show NTA teact
interventions consisted of questions (initiation) to confirm understanding [l(cu)]

whether students followed his explanations with limited initiation of explorative

questions [I(e)], use of classroom management moves (Cmm) and student
response mainly to confirm understanding [R(cu)] with limited responses to

explorative questions [R (aeq)].
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definition

of t

he

term

6rate

Experimental class

Comparison class

Chain patterns
of interaction

[ ()-[1 (e)-R (aeq)-FI-[I (e)-R (aeq)-Ei]
- [I' (e)-Raeg-E (i)-Echoes]-[I(e)-R

(aeq)-E ()I-[I ()]

[ (") ]- (De-R(aeq)-E ()-M ()]-[ I (e)-R
(aeq)-N(F)- [I (e)-R (aeq)-E(DI-[I (e)-
R(aeq)-I(i) & I(e)-R (aeq)-I (e)-R (aeq)-
(E (i)- Echoes]- [l (e)-R (aeq)-E(i) ][
I(e)-R(aeq)-E (i)]- [ I(s)]

[I (e)-R (aeq)-Ev/Echoes]-[I (cu)-R
(cu)-Echoes- | (cu)-I (s)-I (cu)-Cmm-I
(cu)-I(cu)-1(e)-1 (s)-1 (cu)-1 (i)-1 (s)-
(cu)-R (cw)l-[I (e)-R(aeq)-E(@)]-[I (s)-I
(cu)-R (cu)-I(s)-1(e)-N-I (s)-1 (cu)-R
(cu)-I (cu)-R (cu)-1 (cu)-R (cu)-I(e)-R

(aeq)-1(r)-1(i)-M]

Patterns of
interaction

[]-[I-R-F]-[I-R-E]-[I-R-EJ-[I-R-E]-[I-R-
EJ-[I]-[1]-[I-R-E]-[I-R-F]-[I-R-E]-{I-R-E]-

[I-R-E]-[1]-[1-[1]-[1]---R-E]-[1-[1]-[1]

[I-R-E]-[I-R-E]-[I]
Frequency of CA Frequency | Percent CA Frequency | Percent
ggg;?a%wig%e -NIA 4 26.7% | [-NUA 7 77.8%
in class talk [-RE[A 9 60% | [-R-EJVA 2 22.2%

[I-R-F]-I/D 2 13% [I-R-F]-I/D 0

[N]-NI/D 0 [N]-NI/D 0

7.13.2 L1 Episode 1.3.1: Comparison between experimental class and comparison

class patterns of interaction and communicative approach (CA)

The findings in table 7-40 show that in the experimental class (C&TA class) the

t eacher 6s

use of

CA was

equally

compared to the teaching in the comparison class (NTA class) which was conducted

only using NI/A (100 %). The results show that C&TA was also conducted using
NI/D and this comprised of 14.2 %. This means that 14.2 % of the teaching in C&TA

was carried out using small group work to give the students an opportunity to

develop their understanding of the proper orientation of reacting particles.

The results show that the C&TA teacher used I/A (28.6 %) to introduce and develop

ideas about the proper orientation of reacting particles through shaping, selecting,

marking ideas, evaluating ideas and this supp or t e d

the proper orientation of reacting particles.

t he

student sbo

Also, the results indicate that the C&TA teacher used I/D (28.6 %) to elicit and

expl ore

st u d e nthes goper orientation @ beacting particles using a

series of 6 genui ne 6 offeting distenirg riosdifferent ideas, and echoes to

emphasize the point, reinforce the correct answer, and acknowledge an answer as

acceptable and worked on different points of view. Furthermore, it was evident that

of

u

r

di s%)r i but ed
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C&TA teacher used NI/A (28,6 %) to mai nt ai n t he devel opment
understanding of proper orientation of react
and summarize key ideas about the proper orientation of reacting particles. The
results show that the NTA teacher employed only NI/A to teach the concept of
proper orientation of reacting particles. Also, results show thatthe NTA t eacher 6s
forms of interventions consisted of questions (initiation) to confirm the understanding

(l'cu) and st usdmamlyte éonfirmeusderstandirg [R(cu)].

Table 7-40: Teaching proper orientation of reacting particles

Experimental class Comparison class
Chain patterns of [ O (&)-R (aeq)-E®)-S()-I-[I (e)-R | [ ()-I(s)-I(cu)-R (cu)]
interaction (aeq)-N(F)I-[I(e)-R(aeq)-Ev-M(i)i
Echoes]-[le-R (aeq)-R (aeq)-Echoes &
N (F)]i le-R (aeq)-[ I(r)-I (s)]
Patterns of [1]-[1-R-E]-[I-R-F]-[I-R-E]-[I-R-F]-[I] No interaction
interaction
Frequency of CA Frequency | Percent CA Frequency | Percent
Communicative [1]-NI/A 2 28.6% [I]-NI/A 2 100%
approach (CA) in
class talk [I-R-E]-I/A 2 28.6% [I-R-E]- 0
I/A
[I-R-F]-I/D 2 28.6% [I-R-FI- 0
I/D
[N]-NI/D ** 1 14.2% [N]-NI/D 0

** Qccurrence in group discussion

7.13.3 L1 Episode 1.3.2: Comparison between experimental class and comparison

class patterns of interaction and communicative approach (CA)

The results in table 7-41 show that in the experimental class (C&TA class) the
teacher used 75 % NI/A and 25 % NI/D, to teach the concept of activation energy,
Ea compared to the comparison class (NTA) where the teacher used 100 % NI/A.
The results mean that the C&TA teacher used NI/A (75 %) to present and maintain
t he devel opment of student sbd understanding
st ud epmogres® and summarize key ideas about activation energy, Ea. It also
means that 25 % NI/D of the teaching in the C&TA class was carried out in small
groups to give the students an opportunity to develop their understanding of the
activation energy, Ea. The use of computer simulations in the C&TA class aided
understanding as students were able to see that when the energy level was high,
the reaction takes place within a short time; and that when energy level was low, the

reaction takes a longer time to occur.

Also from the table 7-41 the results show that the NTA teacher employed only NI/A

to present the concept of activation energy, Ea. The NTA teacher6 dorms of
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intervention were che c ki ng student sifculjundeudepanBedtd ng e b
confirm understanding [R(cu)] and classroom management moves (Cmm). As

such,t hi s approach was not supportive to the s
by the post-test, that only 3.1 % of NTA students were able to provide a correct

explanation of activation energy, Ea.

Table 7-41: Teaching activation energy, Ea and how this affects the number of
effective collisions and formation of the products in a reaction

Experimental class Comparison class
Chain patterns of | [I(r)-I ()-I(s)] [I (0)-I (cu)-R(cu)-I(i)-Cmm]
interaction
Patterns of (1-00-01] (11-01]
interaction
Frequency of CA Frequency | Percent CA Frequency | Percent
Communicative [1]-NI/A 3 75% [1]-NI/A 2 100%
approach (CA) in
[I-R-F]-1/D 0 [I-R-F]- 0
I/D
[N]-NI/D ** 1 25% IN]- 0
NI/D

** Occurrence in group discussion

7.13.4 L1 Episode 1.3.2: Comparison between experimental class and
comparison class patterns of interaction and communicative approach
(CA)

The findings of the teaching in table 7-42 show that in the experimental class
(C&TAclass),t he t eacher 6s us eN/A{16.TW), /A B3 W),il/Bed of
(16.7 %) and NI/D (8.3 %) compared to the teaching in the comparison class (NTA

class) which was conducted using NI/A (75 %) and I/A (25 %).

The results mean that 8.3 % of the teaching in C&TA was carried out in small

groups to give the students an opportunity to develop their understanding of the

effect of temperature on chemical rate of reaction.

Also, from table 7-42, the results show that the C&TA teacher used I/A (58.3 %) to

introduce and develop ideas about the effect of temperature on chemical rate of

reaction through shaping, selecting, marking ideas, evaluating ideas and this
supported the students & under standing of the effect of
of reaction. It is evident from the results that NTA teacher used 25 % I/A with a
limteduseofi ni ti ati on of explorative questions (|

to explorative questions [R (aeq)].
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Furthermore, results indicate that the C&TA teacher used I/D (16.7 %) to elicit and

A

explore studentsé ideas about the effect of

usingaseriesof 6 genui ne & offening Istening to different ideas, echoes, to
emphasize the point, reinforce the correct answer, acknowledge of an answer as
acceptable, and worked on different points of view. It was also evident that the
C&TA teacher used NI/A (16.7 %) to present and maintain the development of
student s6 understanding of the effect of

t e mp e

revi ews student so p zeo kpy edsas abaub dhe effecnmfa r i

temperature on chemical rate of reaction. The results show that the NTA teacher
employed NI/A (75 %) and I/A (25 %) to teach the concept of the effect of

temperature on chemical rate of reaction.

Table 7-42: Teaching effect of temperature on chemical rate of reaction

Experimental class Comparison class

Chain patterns E[I (e))-RR ((aEQ))-IE (i()'i'l'z(éhﬁes]_] [[II (t?)-)RR(a(GQ)-I)? EI')?)[]f? §e|)(?] (aeq)-1 (e)-R (aeq)-E
i i aeq)-R (aeq)-E (i)i Echoes]-[I (e)-R (aeq)- | ()]-[I (s)-I (i

of interaction N(Fc;-M (i)]-[lq(e)-R (aeq)-R (aeq)-R (aeq)-Ev?S

-1 (e)-R (aeq)-R (aeq)-N(F)I-[I (e)-R (aeq)-

Ev-M (i)]-[I (e)-R (aeq)-R (aeq)-R (aeq)-Ev-S

(pi) & S ()]-[le-R (aeq)-R (aeq)-Ev-S (pi) & S

]-[1 (¢)-R (aeq)-R (aeq)-E[®] T [I (-1 ()]

Patterns of [I-R-E]-[I-R-E]-[I-R-F]-[I-R-E]-[I-R-F]-[I-R-E]-{I- | [I]-[I-R-E]-[I]-{]
interaction R-EJ-[I-R-E]-{I-R-E}I]
Frequency of CA Frequency Percent CA Frequency | Percent
Communicative | [I]-NIVA 2 16.7% [-NI/A 3 75%
approach (CA) [I-R-E] 7 58.3% [I-R-E] 1 25%
i -R-E]- .o -R-EJ- 0
in class talk UA VA
[I-R-FJ- 2 16.7% [I-R-F]- 0
I/D I/D
[N]-NI/D 1 8.3% [N]- 0
** NI/D

** Qccurrence in group discussion

7.13.5 L2 Episode 2.1-2.2: Comparison between experimental class and
comparison class patterns of interaction and communicative approach
(CA)

The findings in table 7-43 show that in the experimental class (C&TA class) the
teacher 6s wuse ofNI/AC@R5 %)d/m(Br7.5 %)elD (26 #6) and NI/D
(12.5 %), compared to the teaching in the comparison class (NTA class) which was
conducted using NI/A (85.7 %) and I/A (14.3 %).
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The results mean that 12.5 % of the teaching in C&TA was carried out in small
groups to give the students an opportunity to develop their understanding of the

graphical interpretation of the effect of temperature on chemical rate of reaction.

Also, from table 7-43, the results show that the C&TA teacher used I/A (37.5 %) to

introduce and develop ideas about the graphical interpretation of the effect of

temperature on chemical rate of reaction through shaping, selecting, marking ideas,

evaluating ideas,and t hi s supported t hgeoftBetgiaphegalit sd un
interpretation of the effect of temperature on chemical rate of reaction. It is evident

from the results that the NTA teacher used 14.3 % I/A.

Furthermore, results indicate that the C&TA teacher used I/D (25 %) to elicit and

explorest udent s6 i deas about graphical interpret
chemical rate of reaction using a seriesof 6 ge nui n e 6 ofteling kstering s

different ideas, echoes to emphasize the point, reinforce the correct answer,
acknowledge an answer as acceptable, and worked on different points of view. It

was evident that the C&TA teacher used NI/A (16.7 %) to present and maintain the

devel opment of studentsdéd understanding of t}
of temperature on chemic a | rat e of reacti on; revi ews
summarize key ideas about the graphical interpretation of the effect of temperature

on chemical rate of reaction.

The results show that the NTA teacher employed NI/A (85.7 %) and I/A (14.3 %) to

teach the concept of the effect of temperature on chemical rate of reaction. The
results show that the NTA teacherds for ms
questions (initiation) to confirm understanding [l(cu)] whether students were

following his explanations with limited initiation of explorative questions [I(e)], use of
classroom management moves (Cmm) and st u doesa ttes gonfirme s p

understanding [R(cu)] with limited responses to explorative questions [R (aeq)].
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Table 7-43: Teaching graphical interpretation of the effect of temperature on chemical
rate of reaction

Experimental class Comparison class
Chain patterns of [I (e)-R (aeq)-E (i)-Echoes]-[I (e)-R | [Cmm-Cmm-l (cu)-R (cu)-Cmm-I
interaction (aeq)-E (i) & Echoes il (e)-R (aeq)- | (s)]-[l (e)-R (aeq)-E (i)/I (cu)]-l (cu)

E@)]-[I (S)I-[I (e)-R (aeq)-N (F)I-[I (e)-R | 11()-I (s)-I (cu)-R (cu)-Cmm-I ()& I

(aeq)-Ev/ Echoes] - [I (e)-R (aeq)- | (cu)-1(i)-I (s) & I (cu)-R (cu)]

M(i)-1 (e)-R (aeq)-E ()] - [1 (s)]
Patterns of [I-R-E]-[I]-[I-R-F]-[I-R-E]-[I-R-F]-[I-R- (1]-0-R-EJ-[-011-01-011-11]
interaction El-[I
Frequency of CA Frequency | Percent CA Frequency | Percent
Communicative [1]-NI/A 2 25% [1-NI/A 6 85.7%
approach (CA) in [I-R-EJ-I/A 3 375% | [I-R-E)- 1 14.3%
class talk I/A

[I-R-F]-I/D 2 25% [I-R-F]- 0

I/D
[N]-NI/D ** 1 12.5% | [N]-NI/D 0

** Occurrence in group discussion

7.13.6 L3 Episode 3.1: Comparison between experimental class and
comparison class patterns of interaction and communicative approach
(CA)

The findings in table 7-44 show that in the experimental class (C&TA class), the
teacher 6s use of NI@A40 &, riip (4D o dnd NID (20 %)
compared to the teaching in the comparison class (NTA class) which was conducted

only using NI/A.

The results mean that 20 % of the teaching in C&TA was carried out in small groups
to give the students an opportunity to further develop their understanding of the

graphical interpretation of the effect of temperature on chemical rate of reaction.

Also, from table 7-44, the results show that the C&TA teacher used I/A (40 %) to
introduce and develop ideas about the graphical interpretation of the effect of
temperature on chemical rate of reaction through shaping, selecting, marking ideas,
evaluating i deas and this supported the student.

interpretation of the effect of temperature on chemical rate of reaction.

Furthermore, results indicate that the C&TA teacher used NI/A (40 %) to present
and maintain the development of student so under standi nc

interpretation of the effect of temperature on chemical rate of reaction; reviews
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student sd pr ogrze key idemsnaboutsthe mnahical interpretation of
the effect of temperature on chemical rate of reaction. The results show that the
NTA teacher employed only NI/A to further teach the concept of graphical
interpretation of the effect of temperature on chemical rate of reaction. The NTA
teacher 6s f or ms of i ntervent itionh 0o canirMm si st ed
understanding [I(cu)], use of classroom management moves (Cmm) and student

response mainly to confirm understanding [R(cu)].

Table 7-44: Teaching graphical interpretation of the effect of temperature on chemical
rate of reaction (handing over responsibility to students)

Experimental class Comparison class
Chain patterns of [l (¢)-R (aeq)-E (i)- Echoes]i [l (e)-R | [I(r-1(i)- (cu)-R(cu)-I (i)-I (cu)-R(cu)
interaction I(i)-1(s)-Cmm]
Patterns of [I-R-E]- [I-R-EJ-[1] (11-011-011-01-[11 (No interaction)
interaction
Frequency of CA Frequency | Perce CA Frequency | Percent
Communicative nt
class talk
[I-R-E]-I/A 2 40% [I-R-E]- 0
I/A
[I-R-F]-I/D 0 [I-R-F]- 0
I/D
[N]-NI/D** 1 20% [N]-NI/D 0

** Occurrence in group discussion

7.13.7 L4 Episode 4.1: Comparison between experimental class and
comparison class patterns of interaction and communicative approach
(CA)

The findings in table 7-45 show that in the experimental class (C&TA class), the
teacher 6s use o NVAQA.43%)MA (14.2064), 1/Db(57.14 %) and
NI/D (7.14 %), compared to the teaching in the comparison class (NTA class) which
was conducted using NI/A (100 %).

The results mean that 7.14 % of the teaching in C&TA was carried out in small
groups to give the students an opportunity to develop their understanding of the

effect of concentration on chemical rate of reaction.

Also, from table 7-45, the results show that the C&TA teacher used I/A (14.29 %) to
introduce and develop ideas about the effect of concentration on chemical rate of

reaction through shaping, selecting, marking ideas, evaluating ideas and this
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supported the st uddthe efféct ofi comcentratian am chénmicgl

rate of reaction.

Furthermore, results indicate that the C&TA teacher used I/D (57.14 %) to elicit and
explore studentsbd i deas about the &effect
reaction using a series of 6 gneu i ne 6 q offermg listenmg tp different ideas,

echoes to emphasize the point, reinforce the correct answer, acknowledge an
answer as acceptable, and worked on different points of view.

It was also evident that C&TA teacher used NI/A (21.43 %) to maintain the
devel opment of studentsd understanding of

rate of reacti on; revi ews zetkayddeas tbouw thgpr ogr e s

effect of concentration on chemical rate of reaction. The results show that the NTA

teacher employed only NI/A to teach the concept of the effect of concentration on

t

chemical rate of reaction. T h e NTA teacheros f or ms of i nt

limited explorative questions (le), | i mi t ed student sb response

questions [R (aeq)] and classroom management moves (Cmm).

Table 7-45: Teaching the effect of concentration on chemical rate of reaction

Experimental class Comparison class
Chain patterns of | [I(e)-R(aeq)-N(F)-R(aeq)-R(aeq)- I())-Cmm-I(e)-R (aeq)-I(e)-R (aeq)-
interaction R(aeq)-R(aeq)-R(aeq)-R(aeq)- N(F)]- | (€)-Cmm-I (s)]
[I(e)-R(aeq)-N-R(aeq)-N (P)I-I(e)-
R(aeq)-N(F) 7 I(e)-R (aeq)-I(e)-R

(aeq)- I(e)-R(aeq)-I(e)-R (aeq)-N (F)]-
[I(e)-R (aeq)-R (aeq)-R (aeq)-R (aeq)-
R (aeq)-R (aeq)-R (aeq)-N (F)] 1 [I(e)-
R (aeq)-N (F)]- [I(e)-R (aeq)-I(e)-R
(aeq)-le-R (aeqg)-N-R (aeqg)-N-R
(aeq)-N(F)] T[i(e)-R(aeq)-N (F)] Tl
(e)-R (aeq)- E(i) & M-]- [I(i) & I(e)- R
(aeq)-E (i) I- [ 1 (s)-1(n-I(s)- ]

Patterns of [I-R-FI-[I-R-F-[I-R-F-[I-R-FI-[I-R-F] - | [IJi [IkRé] [ 1] (No i
[I-R-F] -[I-R-F] -[I-R-F]-[I-R-E}-[I-R-E]-

interaction i
Frequency of CA Frequency | Percent CA Frequency | Percent
communicative [I]-NI/A 3 21.43% | [I]-NVA 2 100%
approach (CA) in (F=2)
class talk [I-R-E]-I/A 2 14.29% | [I-R-.] 0
[I-R-F]-1/D 8 57.14% | [I-R-F]- 0
I/D
[N]-NI/D** 1 7.14% [N]- 0
NI/D

** Occurrence in group discussion



205

7.13.8 L5 Episode 5.1: Comparison between experimental class and
comparison class patterns of interaction and communicative approach
(CA)

The findings in table 7-46 show that in the experimental class (C&TA class) the
teacher 6s use ofNIKLE.69,MA (23.08 €0, I/Do(61.4 %) and
NI/D (7.69 %) compared to the teaching in the comparison class (NTA class), which
was conducted using NI/A (75 %) and I/A (25 %).

The results mean that 7.69 % of the teaching in C&TA was carried out in small
groups to give the students an opportunity to develop their understanding of the

graphical interpretation of the effect of concentration on chemical rate of reaction.

Also from table 7-46, the results show that C&TA teacher used I/A (23.08 %) to

introduce and develop ideas about the graphical interpretation of effect of
concentration on chemical rate of reaction through shaping, selecting, marking

ideas, evaluating ideas, and this supported the ¢theudents
graphical interpretation of effect of concentration on chemical rate of reaction.

Furthermore, results indicate that the C&TA teacher used I/D (61.4 %) to elicit and
explore studentsdé ideas about the graphical
on chemical rate of reaction using a seriesof 6 genui ne 6 oftpung Isstening n s ,

to different ideas, echoes to emphasize the point, reinforce the correct answer,

acknowledge an answer as acceptable, and worked on different points of view.

The results further show that the C&TA teacher used NI/A (7.69 %) to maintain the

devel opment of studentsd understanding of t|
rate of r eact i on; revi ews st udezs key ddeap abougthee ss anc
effect of concentration on chemical rate of reaction. The results show that the NTA

teacher employed NI/A (75 %) and I/A (25 %) to teach the concept of the graphical

interpretation of effect of concentration on chemical rate of reaction. The NTA
teacheros f or ms of intervention consisted
understanding (lcu), classroom management moves (Cmm), limited explorative

questions [I( e ) ] , [ i mi t e chsestb exglaative guiestione [R(@ewy)] and

student sd responses tRcugonfirm understanding
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Table 7-46: Teaching graphical interpretation of the effect of concentration on
chemical rate of reaction

Experimental class Comparison class
Chain patterns [I(e)-R(aeq)-N (F)]-[I(e)-R (aeq)-N-R | [I(e)-R(aeq)-Ev/Echoes]-[I(cu)-
of interaction (aeq)-N(F)]-[I(e)-R  (aeq)-l(e)-R(aeq)- | R(cu)-Echoes & I(cu)-I(s)-I(cu)-

E()]-[I(e)-R (aeq)-N-R (aeq)-N (F)]-[I(e)- | Cmm-I(cu)-I(cu)-I(e)-I(s)-I(cu)-
R (aeq)-N]-[I(e)-R (aeq)-N(F)I-[ I(e)-R | R(cu)]

(aeq)-1(e)-R (aeq)-E()-1(s)]-[I(e)-R
(aeq)-l(e)-R (aeq)-S(i) -I(e)-R (aeq)-N
(F) I- [I(e)-R (aeq)-N(F) I-[I(e)-R (aeq)-
:\(l()l]:) - [I(e)-R (aeq)-E() & MI-[I(r)-I(s)-
i

Patterns of g—'Fii':[]l-g-Féi':[]l-[ll?-Ff:iE[]l-g-ll?:iF][-llléRl-:']:]-[[Il-R [I-R-E]-[1]-[1]-{1]
interaction FLLR L]
Frequency of CA Frequency | Percent CA Frequency | Percent
communicative [-NI/A 1 7.7% [-NI/A 3 75%
approach (CA) in
class talk [I-R-E}-/A 3 23.1% [I-IF;-AE]- 1 25%
[I-R-F]-I/D 8 61.5% | [I-R-F]- 0
I/D
[N]-NI/D** 1 7.7 [N]- 0
NI/D

** Occurrence in group discussion

7.13.9 L6 Episode 6.1: Comparison between experimental class and
comparison class patterns of interaction and communicative approach
(CA)

The findings in table 7-47 show that in the experimental class (C&TA class) the
teacher 6s use o N/ACQK.14c%9,iid (28.53 B)dandd\Ni/D (14.29 %),
compared to the teaching in the comparison class (NTA class) which was conducted

only using NI/A.

The results mean that 14.29 % of the teaching in C&TA was carried out in small
groups to give the students an opportunity to further develop their understanding of
the graphical interpretation of the effect of concentration on chemical rate of

reaction.

Also from table 7-47, the results show that the C&TA teacher used I/A (28.57 %) to
introduce and develop ideas about the graphical interpretation of the effect of
concentration on chemical rate of reaction through shaping, selecting, marking
i deas, evaluating i deas and this supported

graphical interpretation of the effect of concentration on chemical rate of reaction.

Furthermore, results indicate that the C&TA teacher used NI/A (57.14 %) to present

and mai nt ai n t he devel opment of studentsé
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interpretation of the effect of concentration on chemical rate of reaction; reviews
student sd pr ogrze key idemsaboutsthe gnahical interpretation of
the effect of concentration on chemical rate of reaction. The results show that the
NTA teacher employed only NI/A to further teach the concept of graphical
interpretation of the effect of concentration on chemical rate of reaction. The NTA
teacheros f reentiors consisted ofnquestions (initiations) to confirm

understanding [I(cu)] and classroom management moves (Cmm).

Table 7-47: Teaching graphical interpretation of the effect of concentration on
chemical rate of reaction (handing over responsibility to students)

Experimental class Comparison class

Chain patterns of | [I(0-1()-]-[I(e)-R(aeq)-E(i)-Echoes]i [1("-1()-1(cu)-I(s)-I(cu)-Cmm-Cmm-
interaction [I(e)-R (aeq)-EM] [I(r)-I(s)] 16)]
Patterns of (1I- [1-0-R-E]-[I-R-E]-[1]-[1] (1I-011-[1-[11 (No interaction)
interaction
Frequency of CA Frequency | Percent | CA Frequency | Percent
communicative [1-NI/A 4 57.14% [1]-NI/A 4 100%
approach (CA) in
class talk [I-R-E]-I/A 2 28.57% I[}/_AR-E]_ 0

[I-R-F]-I/D 0 [I-R-F]- 0

I/D
[N]-NI/D** 1 14.29% | [N]-NI/D 0

** Occurrence in group discussion

7.13.10 Overall summary of classroom talk analysis

Overall, the results demonstrate that by employing mixed CA, the C&TA class was
able to support sng wfdhe rchemiéal raten af eeactonh aoncept
more compared to the NTA class, as confirmed by post-results in the previous
sections.

The table 7-48 and figure 7-6 below show that overall the key features of the C&TA
teaching sequence, which supportedthest udent s6 wunder st andi

reaction, consisted of teacher lead questions through I/A (35.3 %) to introduce and

develop keyideas; st udent s0 response t R (asgktpdughd/Bt i ve

(282 %) toelictande x pl or e st siahcdengageteni ofl udents in small
group work through NI/D (9.4 %) and reviewing (summarising) key scientific points
through NI/A (27.1 %). In comparison to NTA teaching, it was clear that there was a
tendency of the teacher to present the scientific views to the students through NI/A
(87.2 %), and limited use of I/A (12.8 %). It was evident that NTA teachings were
carried without an explorative approach through I/D, and small group work through

NI/D. As such the NTA students were not actively involved in their learning process

ng

of

q
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and t he teacher was not i nfor med of t he st

chemical rate of reaction.

Table 7-48: Overall results of classroom talk

Communicative approach (CA) NI/A I/A I/D NI/D

Experimental class 23 (27.1 %) | 30 (35.3%) | 24 (28.2%) | 8 (9.4%)

Comparison class 34 (87.2%) | 5 (12.8%) 0 (0%) 0 (0%)

100
90
30
70
60
50
40
30
20 -
10 -
0 -

87.2

HNI/A

HI/A
/D
ENI/D

Percentage (%)

Experimental class Comparison class

Classes

Figure 7-6: Overall percentage use of CA by Experimental and Comparison classes
across all six lessons

Tables of key features of the lessons provide evidence on the use of varieties of CA

teaching strategies t o support student sbo u
included the teacher 6s f or ms ideas, marking key vent i o
i deas, shaping student s 6to empleasize the kewidebsy at i n g,
sharing ideas, reviewing and summari sing ke

understanding of chemical rate of reaction.

These forms of strategies were less frequently employed by the NTA teaching as
the NTA lessons were more characterised by the use of NI/A (a didactic approach)
and strong transmission of i deas from the
intervention were mainly classroom management moves (Cmm). For example, take
down notes, draw up the diagrams, hurry-up, and initiation to confirm understanding
(lcu)ysuch as: Oar g6 lwe itso gceltehabra??6d c|l ear 2?6 wer e v
the NTA class. This approach offers poor engagement, as chances for students to
verbalise their ideas are limited and does not then inform the teacher of the
student so l evel of understanding and knowl

support to promote studentsd wundersdlsandi ng
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explain why the NTA class students achieved lower scores in applying scientific

explanations to aspects of chemical rate of reaction.

|t is clear t hat the studentsé responses f
explorative questions [R(aeq)] which required students to think before responding,
whereas studentsd responses from the NTA cl a

[R(cu)] that they were following what the teacher said.

Overall, it can be seen that the teaching in the experimental class (C&TA class) was
mor e supportive to t he student so l earning

comparison class (NTA class).

In the next section, | present the actual teaching patterns in reference to the C&TA
planned teaching patterns, so as to make an evaluation about the teaching, in order
to judge to what extent the C&TA actual teaching patterns consisted of, with the

design of C&TA teaching patterns.
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7.14 Comparison between the Planned C&TA and Actual Teaching (AT)
Patterns

In this section, | present comparisons between the planned C&TA teaching

sequence (see section 4.15) and Actual Teaching (AT) patterns in order to

ascertain whether the teacher followed the design of C&TA teaching patterns.

Lessons teaching patterns Pattern altered /

included
L1: Episode 1.2.1
Definition /determination of rate of
chemical reaction
Planned C&TA NI/A & I/A
Actual Teaching (AT) NI/A- I/A & I/D Included: I/D
NTA Actual Teaching I/A & NIJA
L1: Episode 1.3.1
Proper orientation of reacting particles
Planned C&TA NI/D- I/A & NI/A
Actual Teaching (AT) NI/D- NI/A-I/A & 1/D Included: I/D
NTA Actual Teaching NI/A
L1: Episode 1.3.2
Determination of activation energy, Ea
Planned C&TA NI/D-I/A & NI/A
Actual Teaching (AT) NI/A & NI/D
NTA Actual Teaching NI/A
L1: Episode 1.3.2
Effect of temperature on chemical
reaction (collision theory)
Planned C&TA NI/D-I/A & NI/A
Actual Teaching (AT) NI/D-I/A-1/D & NI/A Included: I/D
NTA Actual Teaching NI/A & I/A
L2: Episode 2.1-2.2
Graphical interpretation of temp. effect
on chemical rate of reaction: Real
laboratory investigation
Planned C&TA NI/A-I/A-NI/D & NIA
Actual Teaching (AT) NI/A-NI/D-1/D & I/A Included: I/D

NTA Actual Teaching

NI/A & I/A

L3: Episode 3.1

Graphical interpretation of temp. effect
on chemical rate of reaction: Virtual
laboratory investigation-computer

modelling

Planned C&TA I/A-NI/D-I/A & NI/A

Actual Teaching (AT) NI/A-NI/D & I/A

NTA Actual Teaching NI/A & I/A (more real laboratory
investigation)

Planned C&TA
Actual Teaching (AT)
NTA Actual Teaching

L4: Episode 4.1

Effect of concentration on chemical
reaction (collision theory)
I/D-NI/A-1/D-NI/D-I/A & NI/A
NI/A-NI/D-1/D & I/A

NI/A

L5: Episode 5.1

Graphical interpretation of
concentration effect on chemical rate of
reaction: Real laboratory investigation
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Planned C&TA NI/A-I/A-NI/D & NI/A
Actual Teaching (AT) NI/A-NI/D-1/D&I/A Altered and included:
I/D
NTA Actual Teaching I/A & NI/A
L6: Episode 6.1
Graphical interpretation of
concentration effect on chemical rate of
reaction: Virtual laboratory
investigation-computer modelling
Planned C&TA I/A-NI/D-I/A & NI/A
Actual Teaching (AT) NI/A-NI/D & I/A
NTA Actual Teaching NI/A (more real laboratory investigation)

Comparing the details of the planned C&TA teaching sequence presented in
Chapter Four and Actual teaching patterns, it can be seen that the teacher, to a

large extent, followed the sequence of interactions.

7.15 Summary evidence to answer research question 2 (RQ2)

1. The evidence from analysis showed that C&TA teaching had more use of
interactive/authoritative (I/A) and non-interactive/dialogic (NI/D) than the NTA
teaching sequence. There was a total absence of non-interactive/dialogic
(NI/D) patterns in the NTA class which indicated a lack of group work and
discussions supported by the teacher. As pointed out earlier, this lead to
poor engagement as chances for NTA students to speak out their ideas and
to think were limited, subsequently resulting in low level of understanding
and low performance in the post-test, compared to the C&TA class.

2. The implementation of the C&TA provides some evidence that the teacher
worked together with his students in ways that were generally in line with the
C&TA teaching sequence.

3. The use of computer simulations, modelling spread sheets and worksheets
provided opportunities for the students to discuss and share their ideas in
groups. The computer simulations made abstract ideas of chemical reaction
clearer and more understandable to the C&TA class. In addition, the
computermodel | ing spread sheet hel ped to dev
understanding of the relationship between temperature, concentration of
reactants and time or rate of chemical reaction to come to a stop or finish.
This was more interactive as they worked together in their respective groups.

4. Furthermore, the session on the whole classroom interaction, where different
groups presented ideas about the content proved helpful as the teacher
used the opportunity to address students

of chemical rate of reaction.
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CHAPTER EIGHT
8 ANALYSIS AND PRESENTATION OF INTERVIEW
RESULTS

8.1 Introduction

This chapter presents evidence to support research questions 3 and 4. Chapter
Eight covers the C&TAt eac her an d rcaptionsdatten éashdesspneand at
the end of the intervention. The results presented were obtained through

transcriptions and analyses of interviews with the C&TA teacher and students.

82 The teacher and studentsdé perceptions aft
In this sub-section, | present results of the follow up interviews taken immediately
after each | esson on the studentso6 understan

lesson.

8.3 Lesson 1 episode 1.2-1.3 Chemical rate of reaction- Effect of temperature
on rate of reaction

831 The teacheranhs percepti

After the lesson, the teacher said that although he had not evaluated fully, the
lesson was very interesting. He explained that the process was interesting because
students were able to clearly observe the behavior of atoms with the computer
simulations,and t hat t henjcdyasbsl edmmenadf what did.work
out, he said that some students were probably not able to get on with the computer

usage, but there was no hard time.

The C&TA teacher said in terms of studentséunderstanding, using C&TA had done
much indeed. He said that students were able to see what happens to reacting
particles when temperature increases or decreases. He pointed out that, @ctually
not only the students but including mysel fé
pace when temperature i s He wentroe®sadhatohe decr e
simulated energy diagram level was good because students would clearly see that
when temperature increases, kinetic energy, KE also increases. This means that as
temperature increases, more molecules will have higher KE, thus the fraction of
molecules that have high enough KE to exceed the minimum energy (activation
energy, Ea) needed for a reaction also increases, and this really was useful in
bringing out the relationships between temperature, activation energy, Ea and rate

of reaction.
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According to the teacher, the lesson was understood by most students.

832 Students target groupd0s perceptions

During the interview after the end of the lesson, the students (eight) in the target
group were able to correctly define rate of reaction. They stated that:

s the amount of products formed per unit

They observed that using the simulations made it more understandable:

o1 found no big chall enge act uad | vy, b
understandable, more than just watching when they are adding reactants
and you do not see anything taking place. Yet they tell you this is produced,

new products are formed and there. is noth
o1 Il i ked t hdit, wheese tyoursge the atonms colliding to form
productsé this made it easier to remember

The students were also able to correctly state and explain the effect of temperature
on rate of reaction. For example:

6the increase i n t eincpease amtthe ratee oflreactions t ot |
hence more collisions between atoms and more products are formed.6

0 T hdecreases in temperature leads to low rate of reaction hence less
products are formed.6

O0When the temperature is isasminaesngat, t he |
the same ti me, hence making more product s
the molecules made the collisions faster.6

The students said that the lesson was more practical and enjoyable.

8.4 Lesson 2 episode 2.1-22 Effect of temperature on rate of reaction
(Laboratory experiment investigation)

841 The teacherds perception

The teacher said the lesson was good and students were able to follow the
instructions and carry out the practical work. He observed that there was general
involvement of the students, and it was clear that members in groups had shared
responsibility, measuring volume of reacting solutions, recording reaction time,
heating, and at least everyone was seen to be involved. In terms of understanding,
he said the lesson was well understood by students. Referring to the gr oup s 6
responses, he said the explanations students gave were correct, meaning that they

understood the lesson.
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842 Students target groupbds perceptions

At the end of this lesson, the target group of students were able to use the ideas
from the computer to explain what was happening in the solution during the
experiment to determine rate of reaction. The following is what they had to say:

7

ol think the computer thing brings the
solution because last time we saw the molecules colliding in the computer,
so now we knew what was taking place in the solution.6

dhe chemicals ...the chemicals also tend to move...the chemical themselves
move because when you heat the solution...take for example, when you boil
water...the water starts to move...those atoms between water molecules they
are the ones that get heat up...they are the ones that starts moving...so, |
think you just apply that to the solution...if the temperature increases, the
solution also tend to...move.6

dhe way | see it, there in the computer we were using A and BC on the
reactant side but on the product side we were getting AB and C. That is why
here we got water, gas and yellow precipitate. The water and gas are in the
form of C while the yellow precipitate was the AB we were getting there in
the computer6

The students also said the lesson was good and interesting, and that working in

groups was helpful, as one student explained:

dt is better, if you are in groups for example, like you have an idea, you know
how to state it but you do not know how to explain, other members can help
in giving the explanations. So when you combine your ideas you end up with
good explanations and answers.6

They all said that the lesson was good, interesting and they were able to understand
the concept.

8.5 Lesson 3 episode 3.1: Effect of temperature on rate of reaction
(Modelling with computer spreadsheets)

851 The teacherds perception

For this lesson, the teacher said that, fthe lesson was ok!0 He stated that it was
time saving, saved chemicals, and it brought out the same ideas that students would
get if they had done another practical. He also said that, it was clear to students
because the graphs had similar shapes, as they had plotted and he believed they

understood the relationship between temperature and rate of reaction.
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852 Students target groupd0s perceptions

After the lesson, the target group of students were able to use graphs to explain the
relationship between temperature and time/rate of reaction. The following is what
they had to say:

& think, the idea of practice with computer allows you to see the relationship
between temperature and rate of reaction...it was just a summary of what we
had learnt because | understood things from the previous lesson.6

¢ saw that when you increase the temper at

d-or me it was ok...everything was programmed well. | enjoyed because you
could try with any number...change temperatures but the shape of the
graphs would still remain just like how we plotted in the practical exercise.d

It was evident that students also enjoyed and understood the lesson, as remarked
by one student:

d-or me it was also good because | learnt so many ideas from there and
made me happy! o

This indicated that students had understood how changing temperature affects time

or rate of reaction to come to a stop or finish.

8.6 Lesson 4 episode 4.1: Effect of concentration on rate of reaction
(Computer simulations)

861 The teacherods perception

For this lesson, the teacher said that some students confused the explanation for
concentration effect on the rate of reaction with the explanation of temperature
effect. The idea of using kinetic energy, K.E., which is used to explain temperature
effect, was believed to also apply to concentration, but later they understood that it
only applied to temperature. He said this was attributed to the computer which
proved useful, after he explained to them using the simulations, 6t hat i ncr easin
numbers of particles does not increase the speed of moving part.i
students were able to see and that helped them to understand, and many were able
to explain correctly that the more the numbers of particles, the closer they are to
each other, so they collide easily and react often, hence an increase in rate of

reaction.
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Commenting on the group work, the teacher said:

@ctually...since during classroom interactions, you could see that the
responses the group members agreed on were correct...l think it was an

indication that members discussed and came up with correct answers.0

862 Students target groupbs perceptions

The students stated that this lesson was challenging and confusing. However, they
said later they were able to understand. When | asked them to explain, the

following is what they had to say.

For Challenge

6 @ got confused when | used less numbers of atoms, there was no
change...and the speed was the same....and when | used more atoms, | saw
the same speed but | saw products being formed, then | was confused.d

6. . . | odistsbedabecause of that kinetic energy, K.E. | thought that
when you increase the concentration, K.E increases but after that | saw it...I
had a problem with it actually, when | increase the concentration and
maintained the temperature and | found that the K.E was constant also...|
was mixed up! o

For Understanding:

6l't was interesting because, I got
factor affecting the rate of reaction...that can make those atoms move faster.
| thought maybe there are other factors like pressure that can affect the
speed but | learnt it is only temperature.6

60For me it was challenging but interestir

because when you increase the temperature, it increases the rate of reaction
but the same also happen for concentration but explanation for the
concentration was different from that of temperature...that made me
confused.b

6For me, it was ok...because for t
be applied for the concentration...there the number of atoms were moving at
a faster rate but here the atoms were moving at a constant rate, but when
you increase the concentration...collisions increases and products were

formed faster. It was quite interesti

When | asked them to explain the effect of concentration of reactants on time/rate of
reaction, they were able to respond with a correct explanation indicating that at the

end of the lesson they understood. These were some of their explanations:

he

t

ng

e

f

Owhen you increase t hhey besomebvery comgact, part i ¢

there is very high chances of the particles meeting because they have a
small distance between them to meet each other but when they are less,



217

they will have a large distance between them and they take time to meet and
there will be very few products formed when the particles are less.0

&hen you increase the particles, they will start colliding because the
collision field is decreased...so they collide more frequently and form
products.6

8.7 Lesson 5 episode 5.1: Lesson 5: Effect of concentration on rate of
reaction (Laboratory experiment investigation)

871 The teacherbds perception

The teacher stated that the relationship between volume, moles and rate were
challenging. He said relating numbers of moles in a given volume is always
challenging anyway, and that some students found it challenging to understand how
volume and moles links to concentration. He said after explaining that it became
clear and students were able to follow.

When | asked whether students were able to draw ideas from what they saw on the

computers, he answered as follows:

®uite a number of students were able to draw ideas from the computer to
explain ...and you could see that they actually were aware of what was going
on in the solution.6

872 Students t arpgredptiogy oupobos

The interview with the target group revealed that this lesson was challenging and

complicated before the teachero6s intervent:i

& was somehow complicated ...I do not know, maybe because it was our
first time to carry out such experiment... but we found it a bit complicated.6

6. . .before, the teacher cam& in to

When | asked whether they were able to use the ideas from the computer to explain
what was happening in the solution during the experiment to determine rate of
reaction, one student responded as follows:

6...li ke when we were | ooking at t
number of particles on the screen, you see clearly that the distance between
the particles reduces. So when you are doing the experiment
practically...uhm you kind of have that knowledge of what you saw on the
computer. It makes you understand what is going on in the solution.6

(0]

expl ai

on
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From the lesson observation, the concept of volume and time of the reaction was
confusing to the class. So when | asked how they overcame the challenge of the
concept and whether they were able to expl ai

6when the volume is increase, you are al !
when you increase the concentration, it means you are increasing the
number of the particles...and when the numbers of particles are increased, it
makes them to collide at a faster rate in the process... and the products are

formed at a faster rate... 0
@Actually, when you increase the volume, you have increased the
concentration in that you have increased the number of particles. The
moment you increase the particles, you have reduced the space between the
particles and when you have reduced the space between the particles, you
are making the particles to collide easily per unit time and hence the rate of
reaction is increased.0

These responses are correct and indicate that the students understood the lesson.

8.8 Lesson 6 episode 6.1: Effect of concentration on rate of reaction
(Modelling with computer spreadsheets)
881 The teacherodos perception

For this lesson, the teacher said the lesson was good. He said it provided students
with opportunities to explore the relationship between concentration and rate of
reaction. He mentioned that it gave students more insight and he believed students
had a proper understanding of the effect of concentration on rate of reaction. He
further said that the most important thing is that students are able to practice with

spreadsheets, without having to conduct another practical, which was useful.

882 Students target groupbs perceptions

After the lesson, the target group students were able to use graphs to explain the
relationship between concentration and time/rate of reaction, although some
expressed meeting challenges of operating the computers. Here are some
examples of what they had to say:

For Challenges:
d od ayedson was not like the best...because my computer was
disturbing...by the time | reached on the graphs | was confused.6

For Understanding:

d&or me it was ok...everything was programmed well. So | did not have any
problem.o
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drom what | learnt, if you put the volume at 2, the rate would also increase

by 2. .. .0

6For me | t hink, it was just a summary
understand things from the previous lesson. So for me it was just summary

that involved some practice.. .|l would say

Again, here we see that students expressed that they were able to practice,
hypothesize and try out their ideas about what happens to the rate of reaction when
concentration of a reactant increases. Thus, students were able to broaden their

understanding of the effect of concentration.

89 The teacher and studentsédé perceptions at
intervention

In this sub-section, | present the results of the interviews on the teacher and

st ud e n teptibns pre major benefits, challenges and comparisons between

C&TA and NTA. The results are presented thematically basing on an analysis of the

teacher and st udent,sdng thd cedng scleemas presen@& in A

Chapter Five.

8.9.1 Benefits of using C&TA teaching sequence

Major benefits of the use of C&TA have been presented thematically according to

the teacherés and studentsé perspectives.

892 Teachercédionper

According to the teacher, using the C&TA teaching sequence helps to:

Increase attentiveness and engagement

&ith computers in front of students they were all eager to see what it was
they were learning. You see when you enter the computer lab and the
students all fight for computers to ensure that they are going to do the things
themselves. Once in front of the computer they are able to move together
with the teacher6 .

Make abstract concepts clearer and understandable. For example, the teacher said:

dt has given me a lot of understanding of how we can make such abstract
information to be made simpler especially to these juniors. In fact some of us
had never even thought that particles really collide when they are many and
we also thought that every collision leads to formation of product, but
sometimes it does not.

As a teacher | learnt that in chemical reaction there are factors that affect
rates of reaction, which include temperature, concentration, and surface
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area. That...in all these cases particles are colliding because the collision
theory is empl oy. That énot every <collis
particles are well arranged, what we called proper orientation they could not

form products. So we come to learn some of these ideas, and it was very

interestingod .

He further commented that the teacheri student discussions were a very good

approach in teaching some of the abstract ideas.

Save time in the laboratory. For instance, the teacher said the spreadsheets brought

out the same ideas as expected in the laboratory setting:

AUsing computers and group di scussi on
alternative ideas, for example the use of spreadsheets revealed that

changing the values of given experimental values does not change the kind

of graph- it remains as it is in the normal setting, you may not think of it

unless you conduct another experiment which requires a lot of preparations

and is time consuming, this approach save

Modeling with spreadsheets saves chemicals and brings out the ideas about same

concepts which would be obtained by using other sets of laboratory investigations of

temperature and concentration effects on chemical rate of reaction.

Working on computers brings about conceptual change. The teacher reported that

a learner or user could not forget the concept that easily. This is proof of the benefits

of 6do it yourself and |l earn it by heart 6.

Build confidence and interpersonal skills in learners. Allowing students to discuss

their both their good and wrong ideas gave them confidence. The teacher s ai d 6t he
learners can come to learn of where they have made errors and this also helps to

create in them scientific thinking and argum

89.3 St udentcspdonper

It was evident that using C&TA teaching sequence had:

Motivational effect on students

esé we enjoyed the | essons. When the fi.
class in the computer lab, there were people with a negative attitude to
chemistry, because every time things were written on the blackboard and we
usually mainly do as a whole class. In most cases people just sit behind and
they do not participate. But during the discussion, we were put in a small
group everyone participated, taking down what was being stu
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Increased class participation

According to the focus group interview students appreciated C&TA lessons and
there was evidence of active learning: For example, a student said:

an a small group, there is a way everyone gets to participate; each person
has to write the reactiond

Increase attentiveness and engagement

an groups there is high concentration by students, someone concentrates
much more than as the whole class and someone gets to understand if his /
her friend explain to him what is happening and he himself can see it
happening. There someone gets to understand it better than other classes.
People have gotit very wellbecause t hey have dane it

Support slow learners

The evidence from the experimental class shows that various aspects of
achievement can be improved by integrating simulations into topics that students
find conceptually difficult. The simulations were found to benefit students with low
reasoning abilities in particular, enabling them to cope with learning scientific
concepts and principles which require relatively high cognitive skills. For example, a
student pointed out that:

d@eople learn differently, other people get things from the blackboard. Like
some of us who take timeé to I|ike
the other method of studying from the computer was a | i t inucle

better! 6

Using computer simulations brings clarity to abstract concepts and therefore betters

pract

get th
bette

studentsd understanding. Students observed t

of what at first appeared idealistic. One particular participant pointed out that if only
this is what was done right from the beginning with all topics that have practical
tasks then they would have each at least understood the working of chemistry.

Working on computers brings about conceptual change

@t did not only help us in chemical rate of reaction but other topics which
need this kinetic theory. Now we are able relate to it and hence better our

underst andi ng of chemistry reactions©®o.

Another student testified that when he was going to sit for the post-test he had not
picked any book to read, he just did it by himself, so it stuck in his mind. He went on
to say that however when the teacher would come every day, write information on
the blackboard for them to go and read, that actually made it hard for him to
understand, because he had to refer to the book every now and again, but when he

did it himself there it just stuck in his mind, even if he had not read anything.



222

Students further noted that using computers to study was a way of gaining more
compared to learning on the blackboard because on the computer, they said one
could see something practically, but when on the blackboard one just assumed and
saiditmay be something |ike thisé but on
molecules of reactants. They further argued that when working with the computer
you could see the particles during simulations, but when you were dealing with
chemicals you could not see the particles inside. Thus, when working with the
computer one is able to visualize the particles colliding with each other. So when
one combines knowledge from the computer with chemical knowledge, they can
easily understand what is happening during chemical reactions during real

experiments.

C&TA helps to improve working relationships between students. The group

interviewees observed that when working in groups, secretaries chosen had to be
friendly, pay attention to the discussion and have good abilities because as one
gave his or her view, you got to understand more. They further noted that if one did
not understand, they could go and actually ask their peers to explain this to them.
One particular respondent argued that it gave confidence and respect to
contributors as they aired their views, and the others listened. Another declared that:

&hen working with fellow students, they have to tell you their ideas and
since you are not only two, someone will be in position at least to explain to
you. If you do not understand the idea, s/he will help you bring it to the
language you understandd

C&TA bridges the gap between the teacher and students

This brings the students closer to the teacher because, whenever, the students are
on computers observing the phenomena, there is also teacher-student interaction

taking place.

For example, a student observed that:

&ome students were not free with teachers; they had the attitude that the
teacher was unfriendly, but during C&TA lesson, they interacted with their
friends, the normal people they chatted with her everyday and would go
through these friends to get their queries to the teacher6

t

he

6C&TA should continue, because, befor e,

the teacher (Mr. Y) and the subject but now | have began to like the teacher
and the subject, chemistrybo.
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In so doing the teacher would pay particular attention to such a group, which bridges
that gap between the learner and the teacher. Thus, the teacher helps students to
understand the learning phenomena and it helps students in class to pay attention

to the teacher.

Discussions in groups are helpful to students

Students interviewed were quick to explain that sometimes when they missed out
some points explained by the teacher, during the discussion friends were able to
remind each other. One learner noted that:

d-or example the concept of kinetic energy is not involved in concentration
but in temperature. Sometimes when holding the discussion, some students
may use it to explain the effect of concentration. This became more apparent
that it is only involved in the temperature when pointed out during

discussion s . So it becomes . .. |l i ke donot s

get it right awayd

C&TA promotes peer learning

It was articulated that some people were naturally selfish; when asked they could
not easily share their knowledge in class. But when working in groups, team spirit
overcame their selfish character. They were able to discuss and share ideas freely
as the goals of the group members were to present correct answers and gain the
marks. They asserted that selfish people were forced to air their views while working
in groups or they would feel ashamed that they were not making any contribution. In
other words, group work helped some students develop a sense of responsibility;
the feelings of letting other people down prompted them to work to ensure success.
This is the zone of proximal development (ZPD), peers becoming compelled to

assist others to learn.

8.10 Summary of the teacher and studentsbperceptions on benefits of using
C&TA

Makes abstract concepts clearer and understandable

Saves school science chemicals

Saves time from conducting laborious science experiments

Brings about conceptual change

Motivates students

Supports slow learners

= =4 4 -4 -4 A -2

Helps to improve working relationship between the teacher and students /
learners

1 Promotes peer learning through group discussions
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8.11 Challenges of using C&TA teaching sequence
Challenges of the use of C&TA have been presented according to the teacher and

student sd perspectives.

8.11.1 Teac hercépionper

Lack of computer skills and competence

Using computers required one to have skills and was a challenge, unless one had
somebody to help them operate the machine. The teacher admitted that operating
the smart board had been a challenge, apart from that, other areas had been

normal.

Lack of evaluation knowledge of the learning software

Simulations had presented a challenge in that when investigating the effect of
temperature on rate, there was the possibility of using single collision and many
collisions. However, using many collisions was more suitable for investigating the
effect of concentration. This was because when using many collisions it was
confusing as it would appear as if the atoms were moving quickly, a phenomenon
only affected by change in temperature. So, it was up to the teacher to make this
distinction clear that when investigating temperature, the use of single collision and

the use of many collisions for investigating the effect of concentration.

8.11.2 St ud e n tceplionp er

The interview results show that there was neqotiation and agreement failure over

the correct answers. One learner acknowledged that:

dt is good to work in groups, all of you bringing out views, but the problem is

when one fails to get the point you are
not happening yet you are all coming to the conclusion that this is what is
happening! (Challenge concerning what is correct and wrong). Negotiation is

required to reach the agreed correct answer6 .

Lack of objective direction during discussion within the group

Sometimes group discussions are ineffectively directed by the student group leader.
For example, students observed that while in groups, there was usually a sense of
every person being knowledgeable, yet each had different ideas. No one wanted to
give up on their own idea. Everyone pushed for their answer to be the correct one.
Thus disagreements over ideas were perceived as a put-down. However, when

probed during the interview on whether the teacher was very helpful in guiding
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them, students acknowledged that in such circumstances the teacher came in to

help to resolve their disagreements. This approach makes scientific ideas clearer to

the learners.

Unequal contributions of ideas

There is a tendency of some students to sit back during group discussion. In class,
when students are working in groups, there is a feeling of letting others do things /
work. One respondent raised the issue of others tending to sit back leaving the work
to the secretary (someone writing down agreed upon ideas) on the worksheet. It
was noted that the task of taking down the record of what was discussed was left
only to the secretary, and the other participants tended to sit back and take
whatever the active students had said. This may be beneficial if the groups are
mixed, the slow or weak learners could possibly learn from the active or high ability
students. The students argued that on the other hand, often this was not good for
students with wandering minds, as they would fail to benefit from the discussion.
One student argued that dt cannot work out for some people in group s é s

people need individual studyd

Uneven progress in achievement

The students pointed out that there was also a tendency of bright students moving
forward faster than the slower learners. They argued that bright students preferred
6chapoédcdhakpdg udn® that at times they might not have been very
helpful to the slower or weaker learners.

It is worth noting that whether the post-test data shows this is beyond the scope of
the current study. Further study needs to be conducted to clarify this claim.

8.12 Summary of the teacher and students perceptions challenges of using
C&TA

T C&TA requires teacher 6s technical
computers and the smart board

1 Simulations used in C&TA required clear understanding of the key concept
words, temperature and concentration, in order to choose the right model for
the temperature or concentration

1 Reaching agreement on what is correct and incorrect during the discussions
required negotiation skills of the group participants (students)

1 Lack of objective direction was evident as hindrances to discussions

ome

compe
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1 Unequal contributions as other students tend to sit back during group
discussions
1 Working in groups with slower learners was noted as sometimes being

counterproductive to the quicker or gifted learners.

8.13 Perceptions of the teacher and students comparing the C&TA and NTA
teachings
This section presents evidence that relates to research question 4 (RQ4). The
section presents a comparison of t he teacher pencdptiosstofl tthee Nt s 6
C&TA and NTA teachings.

8131 Teacherds perceptions

C&TAi ncreases studentsod attentiveness in cl as

The teacher pointed out that:

6This may not only apply to chemical rat
widen to other topics in chemistry, then this would make chemistry a more
interesting subjectso.

The teacher said that at that moment, students considered chemistry to be a very
difficult subject and earlier class participation had been 50 %, but with the use of
C&TA 98 % of the class was with him. He said thiscouldbe seen by student :

level of participation and responses during the lessons.

C&TA enhances studentsodo understanding

I n t er ms of student so understanding, Ausin
appraised the teacher. He said students had been able to see the behaviour of

reacting particles and had understood the concept of chemical rate of reaction. He

went on to admit that, in fact, it had not been only the students, but himself as well.

He said:

&We got to know what actually takes place when temperature or
concentration is increased or decreased. We were able to see reacting
particles behaving differently under different conditions. | think that is the
point we just talk about but the students

C&TA bridges the gap between the teacher and students

It brings the students closer to the teacher because whenever the students are on
computers observing the phenomena, there is also teacher-student interaction
taking place. The t e aC&TA helpsswdents t6 understand the learning

phenomena and it helps students in class to
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C&TA helps to connect chemistry to daily life

For example, when looking at the effect of concentration, when the students
increased the particles, the volume was reducing. So when one relates this to

normal daily life, it becomes very simple. The teacher illustrated this as follows:

df you tell a student this is a room, we are two, and the number is increased
to 30, what is bound to happen? The student will be able to tell you in
relation to what s/he saw on the computer. This method tries to create a very
good connection in explaining chemistry concepts using day to day life
experienceso.

According to the teacher, using C&TA made chemistry real, as he comment ed
have come to realise that chemistry is not taught in air, it is actually something that

existsbecause of these simulationso.

The teacher further argues that:

ol f this is a start, | et it not stop he
chemistry as this would make chemistry an interesting subject. Let have

simulations for surface area as we have had for temperature and
concentrationo.

8132 The studentsd perceptions

Changing the environment, from classroom to computer laboratory, is exciting and

motivates learners about what they are going to learn. It was said that one could

grasp what they were seeing seriously because when one saw something they

could not forget it. One learner admitted that in the NTA classroom setting, they

could even 6dozed atthdteaehpr)He futtherrassertedaHatithisg
was not possible in C&TA lessons where it would be difficult for someone to sleep.

He e mp h a s iitdsdikd yourtateentionfis higher! o

C&TA is student-centered and NTA is teacher-centered

6 Wh e n tcheeis in @daas, he is the only one in control but when you get the
computer, each one is on his / her computer, all of us are actively participating but
when the teacher stands there and starts teaching, that is when you hear some
people dosing (sleeping) € such situation but when you hol
and you are determined in what you are doing and | do not think that you forget

what you have done! But when the teacher tea
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01t is working, b e c aus s himsslithenself falkirgs t e ac

alone in NTA but when we all participating and everyone is on his or her

computer, when the teacher is talking we follow what he is explaining and we

tend to understand well than when the tea
C&TA support learning more than NTA

6l tend to |l earn better, | get more than

O0C&TA ¢éis good; it has reduced the rate

understandings. 0

ONTA encourage rote | earningutC&TAdyoucannot

are able to remember what you saw on the computer, explaining and

describing becomes very simple. b

6Using computer i s not tiresome | ike res

read, you read a page in 1 hour but when using the computer you take a

short time to understand and analysis all the stuff and get it very well while

seeing it than using the book.d

o1 think practical met hod of using compu

more than the way of learning on the black board because on the computer

you see something practically, but when you are on the blackboard you just

assume and say may be something is |ike

you see the molecules of particles...yeah!

dt feel better when using the computer, | see what is happening, what is to

be donkét {iPng graphs, interpreting graph:

easily grasps concepts and it sticks to my head but when the teacher is just

giving notes, explaining, | do not wunder s

try to envision abstract ideas) sometimes, | keep on reading notes and

reading notesbutldonot get the exact thingéconcept

C&TA improvesthet eacher 6s mor al e

&When we use C&TA we are able to contribute and the teacher gets the
morale of continuing to teach. When students ask the teacher we saw this,
but we did not understand, you are able to see the teacher feeling, he / she
is part of the students.0
fin NTA lessons, sometimes the teacher ask questions and students just look on as
if the students are on no talk strike6 s ai d a amsdaxpermema classmuring
the interview. Students further commented subsequently that the teacher felt bored
and just write notes and leaves, because he felt the students did not want to pick up

the ideas.
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Encourages students to make prior research and preparations

This was particularly during practical work where clear expectations helped to
sustain st yabevostusidnts $aid:c u s

Wi th this practical thing I have to k n
precipitate... It is like when you come to the laboratory, | am going to be
grouped so | have to readé so that when
blank when everyone else has read. So you find yourself getting the book to

readé so that when you come to the | abor
group O .

6You feel bad when the rest are contri b
There is prior preparation by students s
me read so that | also contribute so the

The results show that the students were encouraged to prepare so that when in
discussion group, each one was able to contribute ideas on the topic being

discussed.

8.14 Summary evidence to answer research questions 3 and 4 (RQ3 and RQ4)
The findings in this chapter have provided some evidence that:
T The C&TA offers opportunities to think a
of chemical rate of reaction.
1 Makes lessons more practical, interesting and enjoyable to students and
i mproves the teacherés moral e.
1 Major benefits of the use of computer simulations and modelling were that it:
improves working relationship between the teacher and students / learners,
promotes peer learning through group discussions, encourages active class
participation, encourages students to make prior research and preparations
before the lessons, enhances studentsod6 understandi
reaction, bridges the gap between the teacher and students and it brings the
students closer to the teacher and helps students in class to pay attention to
the teacher, saves school science chemicals and saves time from
conducting laborious science experiments.
1 Major challenges of the use of C&TA were found to be teacher ICT
competence, knowledge of software, negotiation skills over correct answers
by students during group discussions and unequal contributions of ideas.
1 The analyses has revealed that the teacher and students have

recommended that C&TA is a good method of teaching and learning,
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therefore it should continue and also be adopted by other subjects, for

example, Biology.

In the next chapter, the discussions drawn from the findings in this thesis are
presented.
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CHAPTER NINE
9 DISCUSSION

9.1 Introduction

This chapter discusses findings regarding the main research investigation presented
in Chapters Six, Seven and Eight. The first section deals with research question one
(RQ1), focusing on evidence that students who received C&TA understand better
the concepts of chemical rate of reaction in comparison to students who followed
the NTA. The second section deals with research question two (RQ2) focusing on
parts of the teaching sequence which are effective in supporting learning, and which
are less effective. The third section deals with research question three (RQ3)
focusing on the benefits and challenges of using C&TA. The fourth section deals
with research question four (RQ4), focusing on perceptions of the teacher and
students about the C&TA teaching sequence. The discussion of the findings will

also cover the unanticipated findings.

In the subsequent sections 9.2 to 9.6, | will discuss the key findings of this study.

9.2 RQ11: The advantage of C&TA over NTA
The statistical analyses presented in Chapter Six show that there was strong
evidence that C&TA had a strong effec

understanding across all the five areas of chemical rate of reaction, cited in the

t

comp

literature review in Chapter Two. Studentsd performance on I

chemical rate of reaction as reported in Chapter Six show that even with respect to
particular component aspects, which are considered less demanding to

conceptualise, the C&TA class performed better than the NTA class.

The findings of this study demonstra
understanding of chemical rate of reaction in Ugandan secondary school science
classrooms. Therefore, generally speaking, the findings reported in this thesis
further mirror and add to the findings that using research evidence-informed
teaching, 0 The L eedss otlinedriro @haepted Four, support s

learning of science more compared to usual or normal teaching. Examples of such
studies which have used a research evidence-informed teaching approach include
the results of 13 case studies in the United Kingdom on teaching Chemistry, Biology
and Physics by Leach, et al. (2006). The results from the 13 case studies show
similarities with the findings of this study and suggests further that it is plausible to

make a generalizable observation that using designed teaching intervention along

t

e t ha

studen
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with talk approach (in this case C&TA) supports st udent sd wunder standi
study, which draws on the research design-based teaching along with
communicative approaches, is the work of Ahmad (2010), which found that after the

intervention, experimental class students demonstrated a better conceptual

scientific understanding of electrochemistry. Similarly, a study by Alzaghibi

(2010), on teaching about plant nutrition in Saudi Arabia shows that the
experimental class performed significantly better than the comparison class.

In reference to the use of computer tools in supporting learning, the findings
presented in Chapter Six in this thesis support the results of many experimental
studies demonstrating that computer simulations and modeling can enhance
studentséunderstandings of abstract ideas, and cani mpr ov e sdhiavdneentt s 0
in science (Mellar & Bliss, 1994; Yildiz & Atkins, 1993; Parush et al. 2002; Morgil el

at. 2005 and Stern et al., 2008).

The findings of this study are similar to the work of Calik (2010) as highlighted in
Chapter Two, in which students who followed the computer animated chemical rate
of reaction lesson had an improved understanding. Furthermore, the results align
with the findings of Papageorgiu et al., (2008) and Arcdac & Ali (2002) in which
usihg computers along with group discussions

understanding.

An analysis of classroom interactions (sections 7.7 to 7.12.3) appears to show that
C&TA was more engaging and supportive to st
rate of reaction concepts than the NTA. We shall return to the discussion of the

results of classroom interactions in section 9.3.8.

The evidence from the after lesson interviews shows that not only the students, but
also the teacher understood the chemical rate of reaction concept (see section
9.3.2 for details). The interview results on conceptual understanding at the end of
each lessons h ow t h at understoatde¢he thendical rate of reaction concepts
across all the six lessons. As reported in Chapter Eight, students were able to
answer and explain correctly the concepts covered in each lesson when asked at

the end of each lesson.

The evidence from the post-test shows that students who followed the C&TA

teaching sequence drew upon the scientific view collision (kinetic) theory /
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orientation of reacting particles or atoms, temperature, activation energy, Ea and
concentration on chemical rate of reaction, more correctly than those in the NTA
class did. This is because the NTA did not offer enough support for students to

make links between the collision theory, explanations and actual behaviour of atoms

involved in chemical reactions. | t hink t hat it i s pl ausi bl

understanding arose from the use of the computer simulations in the C&TA class
(see section 9.3.2 for more details). The simulations supported students in making
links between theories and actual behaviour of atoms involved in chemical reaction.

The evidence from this study shows that the use of computers in the teaching is

more nuanced. Pr evi ousl vy, computers were viewed

uncritical way. This study has showed that computers are particularly good for
6showingd processes at the molecul ar |
and scale, and also the speed at which individual collisions occur.

Furthermore, the post-test analysis presented in figure 6-5 shows that the
intervention had an effect of the same magnitude across the ability range. The
evidence from the results of the interview with the focus group shows that students
acknowledged that C&TA supported learning for students with different abilities. For
example, a student said:

0 P e olparnedifferently, other people get things from the blackboard. Like
some of us who t gektlingd fiomnthe blatkboard, mayee
the other method of studying from
better! o

This evidence perhaps suggests that C&TA could be used as an alternative
teaching approach to didactic teaching in science classrooms in Uganda since it

seems to offer support to studentsé | e drrespéctivg of their abilities.

This study also reveals that by following the NTA, many students failed to offer
detailed explanations consistent with the scientific ideas in all the five difficult areas
of chemical rate of reaction. Therefore, although the C&TA is better in supporting

s t u d e mdergtabding of chemical rate of reaction, this study adds to the evidence

t

evel

he

that understanding chemical rate of reaction is difficult for learners underaé nor ma |

teaching approacho.

To summarise, students who received C&TA understand better in comparison to

students who followedt he &6énor mal teaching approacho.

a S

t



234

In the next section, | present unanticipated findings which emerged from the post-

test analysis.

9.2.1 Performance by gender

The evidence from the analysis indicates that female students benefited more from
the intervention than male students (see figure 6-6 in chapter 6), although the
difference was small (by 1.7 marks on average). | wish to acknowledge that | was
not able to conduct individual interviews probing the under st anding of S |
ideas on the written post-test to support this claim, which | suggest would merit

more research.

Reviews of literature related to gender as well as the teaching and learning of
science, reveal existing gender imbalances in science (Biology, Physics and
Chemistry). For example, Mullis et al., (2000), reports that Third International
Mathematics and Science Study (TIMSS) Report of the International Association for
the Evaluation of Educational Achievement (IEA) revealed that, in science, unequal
gender attainment was even more pronounced than in Mathematics. They pointed
out that significant gender differences in favour of male students were found in

science achievements in half of the TIMSS countries, including the US and Canada.

Similarly, analysis of Mullis et al., (2008) of TIMSS 2007 report showed that in fourth
grade, eighth grade and the final year of secondary education in many countries
males scored significantly higher than females in various science subijects,

particularly in Earth Science, Physics and Chemistry.

Further research evidence indicates a pronounced gender gap in the number of
females taking science subjects at A-Level (Wynarczyk, 2007a; 2008; Wynarczyk &
Hale, 2008).

Bearing in mind that studies have shown that there are many reasons for females
(girls) opting out of science, for instance, they may not like it (Joyce, 2000; Dawson,
2000), or they may opt into something else, or they may be under pressure not to
choose a subject that is viewed as masculine (Rodger and Duffield, 2000), or they
may be given messages through teaching that science is for boys rather than girls. It
is possible to suggest that the results of this study show that C&TA might help to
support and inspire (Brown, 2002) females to take up and attain more highly in

science subjects (Papert, 1993; Jonassen, 2000; Brunner and Bennet, 2002;
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Edwards, 2002; Yelland, 2002). However, this is a case study with only one school,
more research with a longitudinal scope would be needed to determine the broader
scale of the impact of C&TA in enhancing female studentsdunderstanding of science

concepts, and this is beyond the scope of this present study.

In the next section, | discuss the salient features of the C&TA that might have
caused better student learning.

9.3 RQ2: Aspects of the teaching sequence which were effective in
supporting learning and which were less effective

The findings in Chapter Six provide some evidence that the students in the C&TA

class demonstrated a better understanding in all the five learning areas. The

findings illustrated that many students in the C&TA class were able to generate

detailed explanations based on factual recall.

The findings in Chapter Six, however, were not sufficient to highlight the aspects of
the C&TA teaching sequence that made it possible for students in the C&TA class to
perform better in the five learning areas compared to the NTA class. As a result, an
analysis of the actual teaching presented in Chapter Seven in reference to the
content of the C&TA teaching sequence was used to make an evaluation about the
teaching and to judge to what extent the teaching has successfully followed the

teaching sequence (see Chapter Four).

The evidence from the interviews presented in Chapter Eight highlight the teacheré
and studentsd perceptions of aspects

learning. For that reason, evaluation of the effectiveness of C&TA teaching
sequence was multi-layered. It included comparing the post-test scores and the
aspects in the C&TA teaching sequence with the NTA sequence (for example,
patterns of interaction, communicative approaches, forms of teacher intervention,
computer simulations and modelling, laboratory investigations, teaching goals,

group discussion and the worksheets).

Therefore, the features of the C&TA teaching sequence and how they have

contributed to the student s®é p errthisosectioa.n c e

The aspects are outlined under two broad themes. The first is related to the C&TA

aspectst hat supported studentséd understandi

three fundamental theoretical models for teaching and understanding chemistry as

of

C&T

i n

ng c
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mentioned in Chapter Two. The second is based upon communicative approach
(Mortimer and Scott, 2003),and Leach and Scottbés soci al co
on teaching science (Leach and Scott, 2002) in formal settings used to inform the

design of the C&TA teaching sequence (also see Chapter Four for details).

9.3.1 Teaching and understanding chemistry contents: Chemical rate of

reaction

To put into perspective the aspects of C&TA teaching sequence which supported
the student s 6of ahendoalrradet o neattiom gow chemistry is taught
and learned, is revisited. In Chapter Two, we saw that chemistry contents and
teaching takes place at three levels: microscopic (abstract ideas), macroscopic level
(physical phenomena) and symbolic level (using equations, formulae and
mathematical representation); Johnstone (1982; 1991).

From the review of literature (in Chapter Two), students normally operate on the

macroscopic level and do not simply follow links between the macroscopic and

microscopic levels (Nahum et al. 2004). Nahum et al. (2004) argues that because of

this,c hemi c al concepts become Avery abstract an
chemical phenomenad (p.302). This implies t
students to conceptualise behaviour of molecules at a molecular level (microscopic)

in order for them to be able to explain at the macroscopic and symbolic levels. The

C&TA design provided computer simulations, computer modelling and real

laboratory lessons to enable students to make links between models and

explanations, and the actual behaviour of atoms or molecules or ions involved in the

chemical reactions( whi ch are not 6éthere to be seend i

9.3.2 Teaching and learning microscopic (abstract phenomena) of chemical

rate of reaction: Computer simulations

The evidence from the post-test results show that C&TA teaching sequence support
student s38 un dehavieur & atains or gholexdles or ions during chemical
rate of reaction at microscopic level using computer simulations. The detailed
analysis of the interviews presented in Chapter Eight suggests that both the teacher
and students acknowledged that computer simulations made abstract ideas of
chemical reaction clearer and more understandable to the C&TA class. For
example, one student stated:

61 Ithe Kestihg part of it, where you see the atoms colliding to form
productsé this made it easier to remember
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While the teacher observes that:

on terms of student s[bomputerdsenulaions] hadl domeg C&T A
much indeed! Actually not onlythest udent s but including my
know what actually takes place when temperature is increased or
decreasedb®6.

In fact, lesson 1 episode 1.3, Computer Simulations - provided opportunities for the
students to virtually see the orientation of the reacting particles during collision and
how it affected the reactions. Simulations were able to depict that when the
temperature of the system increases, KE also increases. This means that as
temperature increases, more molecules will have higher KE, thus the fraction of
molecules that have high enough KE to exceed the minimum energy (Activation
energy, Ea) needed for a reaction also increases and simulations were also used to
support studentsé understanding of t he mi ¢
reactants when temperature is increased or decreased (see figure 7-2). In lesson 4
episode 4.1, simulations were used to demonstrate the microscopic behaviours of
atoms when concentrations of reactants were altered during chemical reaction.
Therefore, simulations were supportive in enhancing studentséunderstanding (see
also Rodrigues, 2007; Papageorgiou et al., 2008) in comparison to the NTA class
where there were no such opportunities for students to study microscopic
behaviours of atoms during chemical reactions. Stieff and Wilensky (2003) support
this, argu i n g usirlg @ampufers in chemistry lessons contrasts with the traditional
chemistry lectures that rely almost entirely on verbal explanation of concepts

meaning students have | imotlleeud@por thd reirtayc tti @ n

Thus, it could be argued that the teaching and learning which follow C&TA might be
helpful in supporting students to make links between collision theory, how it is used
to explain the behavior of reacting atoms or ions or molecules and their effects on
chemical rate of reaction when temperatures or concentration of reactants are

altered.

In the C&TA class, evidence showed that the students were able to use collision
theory (ideas about microscopic behaviour of reacting atoms) to explain correctly
these concepts of chemical rate of reaction, compared to the NTA class in the post-

test as shown in Chapter Six.
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9.3.3 Teaching and learning macroscopic (physical phenomena) of chemical

rate of reaction: Real laboratory investigation

Understanding macroscopic concepts of chemical rate of reaction involves real
laboratory investigations, analyses and interpretations of factors that affect chemical
rate of reaction. In this study, two factors were investigated: effects of temperature,
and concentration of reactants on the chemical rate of reaction. Lesson 2, episode
2.1 and lesson 5, episodes 5.1 (see Appendix 7 for detailed descriptions) were
important in helping students link microscopic ideas to macroscopic (physical
phenomena) and symbolic representation. The interview results with the teacher
show that when asked whether the students were able to draw ideas from what they
saw on the computers, the teacher responded as follows:

6Quite a number of students wermtoabl e t
explain and you could see that they actually were aware of what was going
on in the solutiond .

Thest udentsd intervi ewarcéaeuidbevs. Far exmnfipierone t h e
student was able to link microscopic ideas to macroscopic phenomena:

6The way | see it, there in the computer
using A and BC on the reactant side but on the product side we were getting
AB and C. That is why here [reactants solution] we got water, gas and yellow
precipitate. The water and gas are in the form of C while the yellow
precipitate was the AB we were getting tF

These data suggest that C&TA has the potential to help students make links
between the microscopic behavior of atoms or ions or molecules involved in
chemical reaction. Whereas C&TA supports and assists students to make links
between theories and explain what happens in solution during chemical reaction,
C&TA also recognizes the importance of laboratory investigations as core to the

teaching and learning of school science.

Thus, the evidence from the findings of this study further suggests that C&TA has
the potential to be used as a teaching and learning tool which supports studentsd
understanding of the theoretical model and explanations of the behavior of reacting
particles (atoms, ions or molecules) as well as offering the students laboratory skills
and familiarizing them with the behavior of science phenomena in the real (material)

world.
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9.3.4 Teaching and learning macroscopic (physical phenomena) of chemical

rate of reaction: Using computer modelling (spreadsheets)

In the C&TA class, L3 episode 3.1 and L6 episode 6.1 supplemented real laboratory
investigations with a virtual computer environment. Computer modelling provided a
virtual environment for the students to perform investigations (Mcfarlane and
Sakellarious, 2002) on the relationship between temperature and chemical rate of

reaction (figure 7-3), and between concentration and chemical rate of reaction

(figure 7-5). The post-test results show thatthe C&TAst udent sd under st an

supported more compared to the NTA students as reflected by their performances in
table 6-8 and table 6-10 in Chapter Six.

The focus of these lessons was more on investigating the relationship between
temperature (L3, episode 3.1), concentration (L6, episode 6.1) and chemical rate of
reaction graphically. It was meant to shift away from the laborious laboratory
investigation and focus more on hypothesizing, analysing the results or trends and
exploring relationships between variables at a sophisticated level (Bennett, 2003
and Hennessy, 2006), promote critical thinking and developtheabi | i ty t o
i fé questions ( Mmgdraveacognidve uBdeistansliing (Yildiz® Atkins,
1993);andbett er st aeptetentisn§Partigh et al. 2002). The analysis of
the teacher and target group interviews indicated that using computer spreadsheets
supported and enhancedst udent s under standismsad For

& think the idea of practice with computer allows you to see the relationship
between temperature and rate of reaction...it was just a summary of what we

ask

exar

had | earnt because | understood things fr

& saw that when you increase the temperature, the rate also increaseso .

6 | me it was ok, everything was programmed well. | enjoyed because you
could try with any numberé change temperatures but the shape of the
graphs would still remain just |I|i.ke

It can be concluded that understandings were further enhanced using computer
modelling. Thus, this evidence further suggests that C&TA allows students to build
links between the real world and events, and the world of theory or model which has
the potential to create a better understanding (also see Tiberghien, 2002; Parush et
al. 2002). For example, the C&TA teacher in an interview stated that @omputer
modelling brought out the same ideas students would get if they had done another

practicald He also said that it was clear to students because the graphs had similar

how w
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shapes to those that students had plotted, and he believed that students understood

the relationship between temperature and rate of reaction.

Hence, the evidence from the findings of this study suggests that C&TA could be
used to supplement real laboratory investigations. This could help to reduce the cost
of running the school science | aboratories
more, especially in Uganda where most schools struggle to provide science

requirements, chemicals (non-reusable) and equipment.

9.3.5 Teaching and learning symbolic representations of chemical rate of

reaction: Using worksheets

The worksheets in the C&TA teaching sequence provided space for group practice
and conceptualisation of behaviour of molecules at a molecular level (microscopic),
and also relate to the macroscopic level and representing chemical rate of reaction
ideas using chemical symbols, equations, formulae and through graphical display
(see appendix 7). Worksheets provided sets of learning activities for students.
While investigating behaviour of reacting atoms at microscopic level using computer
simulations, worksheets provided activities and spaces for students to write their
predictions, observations and explanation for their observations. For laboratory
investigation, worksheets provided students with activities, procedures for
experiments, space for writing (record), observations and explanations. All activities
were supported by worksheets on which students recorded their discussion results
which were then reported to the whole class by a representative. In fact, the results
of classroom interactions presented in Chapter Seven were generated from
worksheet activities. That is, worksheets were used to focusthest udent s6 att en
to the material at hand. Inclusion of learning tasks and questions in C&TA teaching
sequence denied student passivity during lessons. Through the completion of the
worksheet activities and simultaneous discussion in C&TA class, worksheets
provided students with opportunities to develop their understanding (also see
Alzaghibi, 2010; Calik et al. 2010) of the chemical rate of reaction.

9.3.6 Presentation of content through identification of teaching goals

In Chapter Four, I identi fied t hfeom fheléeemtura ieviege arlde ma n d s
also by analysing the chemistry curriculum. | concluded that the chemistry
curriculum teaching goal s wer e not suf fic

understanding since it used the macroscopic model to explain the microscopic
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behaviour of reacting particles involved in chemical reaction. So, | developed
teaching goals based on the microscopic behaviour of reacting particles to explain
the chemical rate of reaction which students find difficult to understand. Therefore,
the teaching goals were significantly different from teaching goals in the Ugandan

national chemistry curriculum for secondary schools.

After the C&TA intervention, the evidence from the analysis shows that C&TA

teaching goals were achieved and were supportive to the students 6 under st andi

chemical rate of reaction compared to the NTA ones. The post-test results show that
the teaching goals and learning outcomes in the C&TA teaching sequence were
achieved as follows:
1. To define / determine of rate of reaction (74.3 % of students).
2. To explain, using the collision theory, the effect of temperature on chemical
rate of reaction (61 % of students).
3. To explain the term activation energy, and how this affects the number of
effective collisions and formation of the products in a reaction (60 % of

students).

However, the evidence from the post-test shows that the following teaching goals

achieved low learning outcomes as follows:

1. To explain the term doroper orientation6 of reacting particles (44.8 % of
students)
2. To explain using the collision theory the effect of concentration of reactants
on chemical rate of reaction (27.6 % of students).
The results in table 6-6 and figure 6-8 for item 3diii, which is about teaching the
proper orientation of reacting particles, and the results in table 6-11 and figure 6-13
for item 2diii, which is about teaching the effect of concentration of reactants on
chemical rate of reaction show that performance of the students in the C&TA class

was rather weak, but better than that of the NTA class.

This implies that the teaching activities used in lesson 1 episode 1.3, lesson 4
episode 4.1 and lesson 5 episode 5.1 were not effective enough to assist students
to conceptualise the concept of proper orientation of reacting particles and the effect
of concentration on the chemical rate of reaction. It also suggests that the
sequences of the content in L1 episode 1.3, L4 episode 4.1 and L5 episode 5.1 may

not be appropriate and may need to be reviewed.

n
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For example, from my observation of lesson 5 episode 5.1 on the effect of
concentration on chemical rate of reaction, students had problems with
conceptualising concentrations in terms of moles per unit volume. That is,
understanding that by measuring the volume of the mixture we can deduce the
amount of solute [moles / concentration] present in a given solution. Particularly
understanding that for a given solution, moles [concentration] increases with volume
of solution measured. Theirt hi nki ng was that 6i ncreasing
between atoms, so molecules would take longer to collide and hence rate of

reaction would be | owbd.

The extract below shows studentséviews after the lesson:

S: it [effect of concentration of chemical rate of reaction] was somehow
complicated ...l do not know may be because it was our first time to carry out
such experiment but some students found it a bit complicated

R: and you? How did you find it?

S: before, the teacher came in to explain, it was complicated!

The evidence from classroom analysis shows that in L4 episode 4.1, the
microscopic ideas were not linked to the macroscopic ideas as was evident by
st u d emistosc@ptions (see section 7.10.3). The interview results after the L4
episode 4.1 show that the students expressed that understanding the effect of
concentration (at microscopic level) was challenging. For example:

& got confused when | used less numbers of atoms, there was no change
and the speed was the same and when | used more atoms, | saw the same
speed but | saw products being formed, tF

60l was also disturbed because of that Kkir
you increase the concentration, K.E increases but after that | saw it, | had a
problem with it actually, when | increase the concentration and maintained
the temperature and | found that the K.E was constant also,I was mi xed wup

The interview with the teacher (see section 8.6.1) shows that some students
confused the explanation for concentration effect on the rate of reaction with the
explanation of temperature effect. The idea of using kinetic energy, KE, which is
used to explain the temperature effect, was believed to also apply to concentration.
He, however, said later that the students were able understand that KE only applied

to temperature when he explained it to them using the computer simulations.

The reason for the weak performances in these two areas might be due to the great

differences between school science and everyday ways of reasoning, due to little
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overlap between the concepts and associated epistemology and ontology of school
science and everyday views (see Leach, et al., 2006). The great differences tend to

make these concepts difficult to learn and teach.

The results suggest that when designing teaching sequence for chemical rate of

reaction, the focus should be mor e on the studentsod | earning
theory about the microscopic behaviour of reacting atoms or particles to chemical

physical phenomena. It also suggests that the current Ugandan national curriculum

teaching goals on chemical rate of reaction need to be revised to focus more on

teaching and understanding the links between theory and physical chemical

reactions. Thi s woul d better st thelohemica @te of redceon st an di
concept. Nevertheless, the results show that the teaching goals in this study have

the potenti al to be used t o theuchegmioal tatesft udent
reaction in Uganda, and perhaps in other countries in Sub-Saharan Africa.

9.3.7 Teaching process /implementation

The teaching process design in the C&TA class went through three key phases
outlined in section 2.6.2. The analysis of classroom interactions (see sections 7.7
to 7.12.3) shows that the teacher was to a good extent able to follow the three
phases: staging the scientific story, suppor t i ng studentsé internald.
over responsibility to students (Leach & Scott, 2002; Mortimer & Scott, 2003).
Staging the scientific story was used by the teacher to open up discussion and then
working with the students to help them develop an understanding of the concepts
introduced. These understandings were further developed by working and
supporting studentsé internalisati emandt hrougl
the whole class. The whole classroom interaction, where different groups presented
ideas about the content, proved very helpful as the teacher used the opportunity to
addr ess st udentssobmanyiaspects ofclemital @mte of reaction as

will be described in section 9.3.8.

L3 episode 3.1 and L6 episode 6 were used to provide opportunities for the students
themselves (hand over responsibility) to try out new ideas through discussion both
with the teacher and with other students in groups. Unlike the other four lessons, L3
episode 3.1 and L6 episode 6.1 did not have worksheets for st udent sé wr it
observations and exercises. These lessons were designed for students to practice

and discuss the concepts of chemical rate of reaction by themselves.
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The evidence from the classroom analysis shows that by thinking carefully about
how content is structured for its introduction to students in classrooms (through the
sequencing of activities), and how it is 'staged' in the classroom (see Leach and
Scott, 2000; 2002) through talk and the use of computers, it is possible and practical
for a teacher in Uganda to teach using computers in a more interactive/dialogic way,
which is an unfamiliar pedagogical strategy. The outcomes of the C&TA teaching
process show that it has potential to be used as a teaching sequence model upon

which other science lessons could be developed and wused in Uganda6s

classrooms. Adopting C&TA teaching strategy by other science subjects might help
to improve the quality of science teaching and learning in Uganda.

9.3.8 Aspects of the social constructivist perspective and communicative

approach that supported studentsd |

Other aspects of the C&TA teaching sequence that
performance relates to the social constructivist perspective and communicative

approach on teaching science adopted in this research study.

The C&TA teaching sequence draws on the social constructivist perspective on
teaching and learning science which is also an unfamiliar approach to Ugandan
teachers. It recognises that teaching is cumulative over time in that it involves
bringing together every day and scientific views (social constructivism theory), using
talk to make meanings, with teachers guiding and providing scientific knowledge
and students talking science for themselves relating to their ideas and ways of
thinking (Lemke, 1990; Leach & Scott, 2003). Drawing from this assumption that
6t al ko6 i, the C&Tpteaching sequence provided the framework on how the
teacher initiates interaction and works with students to develop ideas of chemical
rate of reaction in the classroom, based upon a communicative approach (Mortimer
and Scott, 2003), an d Leach and Scottods soci al
teaching science. The importance of communicative approaches in supporting
student sd | eradiscussedgn séction 2.6.12.e

Evidence and commentary sections in Chapter Seven have provided some insights
about actual teachings that were implemented in the C&TA class and the NTA

class.

The findings in Chapter Seven provide some evidence that the C&TA teacher

worked together with his students in ways that were generally in line with the C&TA

earnin

contr

cons
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teaching sequence (see section 7.14). The findings show that it is possible for a

teacher in my country to teach using computers in a more interactive/dialogic way,

with relatively little training and make si
of science concepts. The results in table 7-48 and figure 7-6 show evidence of the

overall use of communicative approaches in the C&TA and NTA teaching

sequences.

The findings indicated that in the C&TA class, there was more use of
interactive/authoritative  (I/A) to introduce and develop key ideas, non-
interactive/dialogic (NI/D) to engage students in groups as they develop their
understanding, interactive/dialogic (I/D) to elicit and explore s
non-interactive/authoritative (NI/A) to review ideas, summaris