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Abstract

This study explored the opinions and perceptions of first year mathematical sciences students towards problem-based learning as a teaching method for part of a foundation mathematics module. A piece of action research was undertaken and a mixed-method approach to data generation was used. Students’ opinions were obtained through a group interview carried out at the end of the module together with diary entries submitted by students over the duration of the module. Attitudes developed by students included the important role played by being an effective member of the group and constructive participation in group meetings. Students reported an improvement and enhanced awareness of skills such as independent learning skills, interaction within the group and communication skills. The value of being able to quickly and effectively resolve tensions within the group was also highlighted by many students.
Whilst some students initially struggled with problem–based learning, they often developed strategies to help them to cope with their individual issues.  Some students discussed how problem-based learning was not their preferred learning style and for some this opinion was not swayed during their experience of PBL. 
The different attitudes and indeed participation levels of students towards problem-based learning were highlighted in this study. Further research is now required to find out the reasons for these differences with the desire that all students be given the opportunities to develop knowledge and skills through problem-based learning that will help them throughout their studies and into their future careers. 
The findings of this study indicate that problem-based learning is an effective method to help students develop the skills and attitudes necessary to help them manage their future learning and working lives. 
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During the years from 1995-2007, Ireland went through a hugely successful ‘boom’ period in both the industrial and financial sectors (Hazelkorn, 2012). During this time, many large multinational companies located to Ireland due to its lucrative tax-incentives and wealth of highly skilled and qualified mathematicians, scientists and engineers. At the time of writing, “nine of the top ten global ICT companies and eight of the top ten pharmaceutical companies have significant operations in Ireland” (IBEC, 2012). In recent years, many students have chosen to study tertiary level programmes based in the areas of science and engineering. Mathematics, in most of these service courses, takes up some, if not a considerable portion, of the programme. 
With the annual publication of the Leaving Certificate results, concerns have been expressed by commentators in industry and education over the standards attained, particularly in mathematics.  Over the past decade comprehensive concerns over student difficulties with mathematics, statistics and general numeracy have been expressed not only by the government, employers and higher education providers in Ireland but also in many other countries around the world. Abundant supplies of reports and articles have been produced to highlight these concerns (Hawkes and Savage, 2000; Smith, 2004; Conway and Sloane, 2005; NCCA, 2005). The gap between the level of preparedness either expected or required upon entry to tertiary (university) level education and the mathematical capabilities acquired at school/college level has become known as ‘the mathematics problem’ (Savage, 2003).
Since 2004 I have been teaching mathematics modules to first year students on a variety of Level 8 Honours Degree programmes (see Appendix 1) in a university Faculty of Science. The majority of these students are required to take a foundation mathematics module during semester 1 of year 1 and, in many cases this is followed up with another mathematics module either in semester 2 of year 1 or semester 1 of year 2. Over the last five years I have asked students to complete questionnaires at the end of the first module and this has given me insight into their understanding of the topics taught, perceived relevancy to their further years in tertiary level and enjoyment of the module. Some of the feedback recorded was not a surprise with many of the students finding it hard to settle into a new style of teaching at tertiary level with many not terribly pleased about the amount of independent study they had to do. However, some of the feedback did surprise me in that many students could see no relation between the maths topics they were taught in first year and how these topics could be applied in their chosen discipline in subsequent years. Each year, the majority of students on this programme have taken Ordinary Mathematics at Leaving Certificate (LC) level (Levels 4 & 5 in National Framework of Qualifications (NFQ)) (see Appendix 1, Figure 1.1) and some feel that there were a lot of topics to be taught in the first year at tertiary level. In fact, many of the topics on the foundation mathematics module involved basic mathematics methods and techniques and this led me to believe that perhaps the students did not have a full grasp of some of the more basic concepts in mathematics from second level, and this was impacting on their learning during first year in tertiary level.
However tempting it may have been to lay the blame for this with the students, I didn’t really believe that the class was totally at fault. Neither did I feel that I could fully lay the blame at my door.  My expectations of what first year students should understand, based on topics they have been taught during second level, and the reality of what they actually did understand were very far apart.
In recent years, the Irish media has afforded both positive and negative comment to mathematics education at second level. Disappointing examination results, teachers’ weak mathematical backgrounds and the syllabus are the main focus of the negative comments whilst on the positive side, the discussion has concentrated on the scientific and technological developments which are required to support the recovery of the Irish economy and the important role which mathematics plays in this (University College Cork, 2011). 
In this study, I plan to examine whether a new, innovative way of giving some mathematics tutorials, problem-based learning (PBL), will lead to increased interest and enjoyment of mathematics, improved knowledge of mathematical techniques and more confidence in mathematical ability for students. Problem-based learning (PBL) is regarded by many as an innovative and rewarding method for, in particular, engineering and medical education and is new to my Institution.  
The motivation for this work is to explore the outcomes of a new approach to teaching, in the form of tutorials where students work in groups to address a problem. In particular I hope to probe if this approach will succeed in increasing understanding of some basic mathematical techniques and problem solving skills, or if such an intervention will only increase the workload for first year students. Students will form small groups and work together to devise solutions to an open ended question. Rather than focussing exclusively on answers to the problem, I am also interested in gaining an understanding of how the students work together during the tutorial and independently between each PBL session.
Particular groups of students have, in previous years, been known to struggle with the mathematical content of the module during the first year of their degree programme at tertiary level. These are:
· Students enrolling in college after working in industry for many years and who may not have used any mathematics for a considerable period of time. Group work would allow these students to get to know their fellow students by working together.
· Students who have struggled with Leaving Certificate (LC) mathematics and have learned by rote throughout their second level mathematics education.
· Students who did not sit the current Leaving Certificate exam (which was introduced in 1992) and thus are unfamiliar with some of the topics which are now taught in it, in particular mature students returning to education after some/many years in a work-place environment. These students in fact may have much to offer to the group as they will often have experience in problem solving and working in a team. 
My PBL project is aimed particularly at helping students in these three categories.
Problem solving is what many of our graduates will be expected to do in their careers. The process involved in problem solving is not one that many students gain much experience of during their second level education. Usual “problems” encountered at this level typically involve single steps which test knowledge of specific principles (Houghton, 2004). With this study, I hope to gain an understanding of how a different teaching method affects aspects of students’ interest, enjoyment and confidence with mathematics whilst improving their basic mathematical skills. In particular, I am interested in the effectiveness of problem-based learning as a teaching approach. My belief, which is in line with that of other authors, is that we should ensure that students at tertiary level are taught the necessary skills for how to tackle problems. In this way, students should be much better prepared to deal with other programme content by applying a systematic problem-solving process when required (Houghton, 2004). Consequently, the skills involved with problem-based learning should be systematically and explicitly taught in the first year of many degree programmes, in particular those with a high mathematical content such as Science and Engineering (Houghton, 2004). 
	The intended learning outcomes (ILOs) of this PBL project are an improvement of students’ generic skills including communication, presenting to others, meeting deadlines, tolerance of different views, self-management and teamwork. Furthermore, it is hoped that there will also be improvements in knowledge of basic mathematics skills and techniques.
	As a mathematics lecturer since 2004, I began teaching students in a very traditional way through the use of lectures and tutorial. Since then however I have worked hard to introduce the students to new ways of teaching and learning, particularly using online resources. This thesis is concerned with the introduction of another new method of teaching and learning, problem-based learning (PBL). In particular, the work of this thesis will focus on the implementation of a PBL component as a teaching and learning methodology in a first year mathematical sciences module. This PBL component will be outlined in full detail below and in order to help set the context for this thesis, definitions of key processes and terms will be given. The following chapters will explore all this enterprise which has informed the writing and completion of this thesis. 
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	In this chapter, I will discuss the link between maths performance and the economy, how Ireland’s performance in recent PISA studies have led, in part, to the introduction of a new second level maths syllabus ‘Project Maths’ and the effectiveness of problem solving as a teaching method. I will also delve deeper into the protocol of problem-based learning (PBL) and the tutor’s role in the success of such an initiative. Finally I will consider the role which assessment plays in a teaching approach such as PBL.
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Different authors discuss many definitions of mathematical knowledge with some holding contrasting views to others on the nature and epistemology of mathematics. Ernest (1991) offers several different views of mathematical knowledge described in terms of traits of the educators. This work describes how mathematical knowledge can be viewed differently depending upon how educators believe maths is to be used. For example if mathematics is for the good of the economy then one view of what knowledge would look like is assumed whereas if mathematics was believed to permeate culture then another view of  knowledge would be taken. The empowerment of learners to create their own mathematical knowledge must be a main aim of teaching mathematics because doing so will give all learners more access to its concepts and the power its knowledge brings (Ernest, 1991). Teaching mathematics in this way means that it is necessary for it to be studied in everyday contexts which are meaningful to the learner (Ernest, 1991). Alternatively, other author’s views of mathematical knowledge have shifted over time, with a move away from thinking about mathematical capability as a function only of knowledge and towards a view of it as a complex relationship between knowledge and practice (Boaler, 2002). Moreover, Skovsmose (1994) builds upon the three forms of knowing (technical, practical and emancipatory) which Habermas proposed (Habermas, 1971), to describe three forms of knowledge. The first is technological which is the explicit knowledge needed to perform different acts, the second is mathematical knowledge which describes the competencies that are generally considered to be the skills of mathematics, and third is reflective knowledge which is the evaluation of technological aims in the light of the social and ethical consequences of that technology (Skovsmose, 1994).
A definition of mathematical proficiency (Kilpatrick et al., 2001) which we will refer to in this study, describes it as “five strands which together constitute students’ mathematical proficiency”. A framework for discussing the knowledge, skills and abilities that constitute mathematical proficiency are provided by these five strands (Samuelsson, 2010), which are:
1. Conceptual understanding: Students comprehend mathematical concepts, operations and relationships and know more than just methods and isolated facts. An example is 
“Your number is 123.45. Change the hundreds and tenths. What is your new number?”. 

2. Procedural Fluency: Students are capable of carrying out basic computations with whole numbers without having to use tables or other aids and are able to carry out procedures flexibly, precisely, efficiently and accordingly. An example is: 
“9+7, 8x6, 21-11”.

3. Strategic Competence: Students are able to formulate and solve mathematical problems. The following example is given (Kilpatrick et al., 2001) as a test of strategic competence “A cycle shop has a total of 36 bicycles and tricycles in stock. Collectively there are 80 wheels. How many bikes and how many tricycles are there?”(p.126).

4. Adaptive reasoning: Students are capable of thinking logically, explaining their thoughts and justifying their answers. The following example is given (Kilpatrick et al., 2001) as a test of adaptive reasoning “ Through a carefully constructed sequence of activities about adding and removing marbles from a bag containing many marbles, second graders can reason that 5+(-6) = -1. In the context of cutting short bows from a 12-meter package of ribbon and using physical models to calculate that 12 divided by 1/3 is 36, fifth graders can reason that 12 divided by 2/3 cannot be 72 because that would mean getting more bows from a package when the individual bow is larger, which does not make sense” (p.130).

5. “Productive Disposition is the habitual inclination to see mathematics as sensible, useful and worthwhile, coupled with a belief in diligence and one’s own efficacy” (Kilpatrick et al., 2001, p.5). An example of productive disposition is given by the following question: “How confident are you in the following situation? When you fill in the blank 10 -1 = __ + 6 (very confident, confident, fairly confident, not at all confident)”.
(Sheridan, 2012)
	This view of mathematical proficiency has informed all of the work in this study because I believe that whilst all five strands are of great importance and all influence each other, it is the strand of adaptive reasoning that is crucial to tying all strands together. The main reason this description of mathematical knowledge has been used in this study is because I feel that it fits best with PBL. I feel that adaptive reasoning allows for procedures and concepts to make sensible connections and enables conflicts to be reasonably settled (Brodie, 2010). I will refer to this framework when discussing skills and understandings that students learn in mathematics at second and tertiary level together with focusing on how aspects of students’ mathematical proficiency will be affected by a different teaching method, namely PBL. 
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Future economic growth and competitiveness in Ireland will increasingly depend on the extent to which it can support “high value knowledge based industries” (Hunt and Higher Education Strategy Group, 2011). The availability of an adequate number of skilled graduates in the areas of mathematics, physics, biology, engineering and technology is a crucial factor in supporting this, as these areas are seen as being capable of driving further innovation and growth in the smart economy (DES, 2010). 
In Ireland there has been much change in the teaching of mathematics at second level over the past few decades. Analysis of Irish students’ performance in international mathematical tests (OECD, 2004(a)) and reports on second level mathematics in Ireland and internationally (Engineers Ireland, 2010; Forfas, 2009) led to a comprehensive reform of mathematics at second level. The new system given the name Project Maths (NCCA, 2008), was a radical departure from the existing syllabus, teaching methods and examinations. In the Irish context a contemporary and inventive approach was employed whereby a pilot scheme was introduced in 24 schools in 2008. Project Maths has been divided into 5 strands, the first two (1. Probability and Statistics and 2. Geometry and Trigonometry) of which were initially introduced. Some of the students in this pilot scheme sat the Junior Certificate examination in 2011 after following the material in the first three years at second level; others who had studied the material in their final two years at second level, sat the Leaving Certificate examination in 2010. From September 2010, these first two strands have been implemented in all schools and syllabuses for the final three strands have been published. Furthermore, sample examination papers were tested, teaching material was published and in-service courses for teachers were held (NCCA, 2010; NCCA, 2006; Engineers Ireland, 2010). 
The evolution of Project Maths is the most radical change to second level mathematics since the 1970s (Engineers Ireland, 2010). Project Maths is described as “designed to promote (communication, information processing, working with others, being personally effective, critical and creative thinking)” (Engineers Ireland, 2010, p.4). Mathematics education in Ireland was deemed to be being held back by the approach of ‘rote learning’ rather than ‘learning for understanding’ (NCCA, 2008). Problem solving and teamwork are promoted in Project Maths and the understanding and interpretation of mathematical problems is stressed upon (Engineers Ireland, 2010).
A three year process of research and discussion led up to Project Maths and much praise has been given to this approach (Lubienski, 2011). Evidence presented in many Irish reports (Lyons et al., 2003; Conway and Sloane, 2005; NCCA, 2005; NCCA, 2006) raised and discussed questions, the outcomes of which were built upon and led to a cumulative understanding in the formation and implementation of a major Irish reform (Lubienski, 2011).
	However not all feedback on the Project Maths initiative has been positive. The dropping of certain topics from the Leaving Certificate syllabus was a cause of major concern for Engineers Ireland, raising concerns that Project Maths would lead to a diluting of mathematics (Engineers Ireland, 2010). Moreover, the topics proposed for removal (vectors, integration and matrices) are all essential topics for students going on to study the SET subjects of science, engineering and technology at tertiary level (Brennan, 2010). My personal view is that any syllabus for Leaving Certificate mathematics should have a strong emphasis on calculus and linear algebra and regrettably in my opinion, this is not the case with the Project Maths syllabus. I would fear that the removal of this material from the syllabus may have serious consequences for further engineering and scientific education for our students. 
Ireland’s ‘poor performance’ in the 2006 PISA study was a contributing factor which led to a review of the second level mathematics curriculum. Contrary to this, some educational researchers believe that caution should be exercised by national governments before using PISA as a driver of educational policy (Forfas, 2009) given its limitations as a paper and pencil test and despite the fact that a movement up or down the PISA table may be neither educationally nor statistically significant (Prais, 2003).
Others still have forwarded the notion that the proposed methods for teaching Project Maths have been abandoned in other countries. Indeed some Finnish mathematics educators are now advocating that a move away from a problem oriented syllabus is necessary. As (Martio, 2009) outlines, whilst the changes made to the Finnish mathematics curriculum hoped to improve and guide people in using mathematics in everyday life, this aim has not been realised, stating that
The problems now considered at school are not those people meet later on. Problem solving has been overestimated in all levels of the mathematics curriculum. Teachers at professional schools have learned this the hard way (Martio, 2009, p.55). 

In riposte to this quote however, PBL aims to facilitate skills as much as, if not more than, content. Furthermore, I feel that given that Project Maths has now been introduced, we need to work with the syllabus in a way that allows continuity of teaching methods for the students from second to tertiary level. If Project Maths is even slightly successful at achieving its aim of increasing the use of applications of maths to everyday life, then by the time these students meet tertiary level mathematics they should have at least some idea, and better skills, about using mathematics to solve basic problems. It is my hope that through introducing a problem-based learning approach to mathematics tutorials in first year at tertiary level, these students will be able to recognise how they learn, and how they see themselves as in their chosen future careers.  
One of the key elements of Project Maths is a greater emphasis on an investigative approach, meaning that students become active participants in developing their mathematical knowledge and skills. This implies not only changes in the content of syllabi, but also, and more fundamentally, perhaps, changes to teaching and learning approaches  (Cosgrove et al., 2012, p.7).
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In the field of mathematics teaching, how different teaching approaches impact upon the development of knowledge has not received much consideration, particularly in higher education. Certainly Wentzel (2002) outlines how the choice of approach used in teaching can make an meaningful difference in a student’s learning and Samuelsson (2008, p.237) reasons that “different teaching methods draw attention to different competencies in mathematics”. Thus, we might expect the development of students’ mathematical proficiency to be heavily influenced by the particular approach used in the teaching of mathematics.  
Although researchers rarely concur about the actual nature of the process involved in problem solving, they all seem to agree that an important element is the initial confusion about a solution procedure. A complication arises due to the fact that a problem to some may not be a problem to others, or what may be a problem to a person at one point in time may not be a problem to him or her at some point in the future (Oldham and Close, 2009). Problem solving has been defined by the psychologist William Brownell as the process of responding to a task where the person in question experiences some degree of puzzlement about the problem but not utter confusion (Brownell, 1972).
Certainly, the literature today contains many descriptions that more or less complement Brownell’s. If a ‘problem’ is completely incomprehensible for an individual, then they are unable to engage in problem solving with it (Oldham and Close, 2009). Alternatively, the word ‘routine’ can be used to describe the type of problem where an individual has “become familiar with a particular class or type of problem, and by reasoning and experience has developed a procedure for dealing with it” (Oldham and Close, 2009, p.296) i.e. the problem involves a very small amount of or even no uncertainty. Thus, it is useful to think of problems as continuously ranging from non-routine/complex problems at one end to routine/familiar problems at the other end (Oldham and Close, 2009). 

Two kinds of problem-solving are now described. The first involves solving problems in particular areas such as finance, mathematics or engineering and in this way is described as “domain-specific” (Oldham and Close, 2009). The second involves solving problems that students meet in everyday life and in this way are non-domain specific (EGFSN, 2008). Certainly the importance of this kind of problem-solving is further highlighted in PISA tests where it is assessed separately from other key subject domains in PISA tests (OECD, 2004(a); Klieme, 2004; Murray et al., 2005). 

 In pre-1980 Ireland, the teaching of mathematics was dominated by a behaviourist approach which included repetition and reinforcement, use of teaching examples and where any uncertainty in problems was generally minimal. In contrast to this, the 1980s is considered to have been the decade of ‘Problem Solving’ for mathematics in school and this led to a more constructivist approach being implemented in the 1990s (Oldham and Close, 2009). In this way, “problem solving has retained a high standing in mathematics education and research since its introduction” (Oldham and Close, 2009, p.297)
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	The decision to use PBL may be regarded as being based on a philosophical position (Margeston, 1997). Hence it is meaningful to develop and to understand the philosophical principles which underpin PBL. It is important that facilitators starting a PBL initiative ask themselves many challenging questions including “What is PBL?” “What constitutes teaching at tertiary level?” and “Is PBL the correct approach for me to use?”. Furthermore, facilitators must understand how PBL, rather than being an educational technique that only touches the surface, is deeply rooted in terms of knowledge, understanding and education which is a point featured in the work of Margeston.
At a fundamental level, problem-based learning is a conception of knowledge, understanding and education profoundly different from the more usual conception underlying subject-based learning. The difference can be seen in the notion of expertise. On a subject-based conception, expertise tends to be seen in terms of content: to be an expert is to know a lot of content. An alternative understanding of expertise may be put this way. Expertise is an ability to make sound judgements as to what is problematic about a situation, to identify the most important problems, and to know how to go about solving or at least ameliorating them (Margeston, 1997, p.38).
	
Becoming adept and skilled in a problem-based learning context assumes that propositional knowledge is in place and that those involved know how to work with problems. Freire’s perspective (Freire, 1972; Freire, 1985) outlines the concept of dialogue being “not only an educational technique, but also a style of confrontation that is peculiar to humans and must be used by all humans” (Durakoglu, 2013). Indeed theoretical foundations for understanding PBL are provided by cognitivism, social constructivism and postmodernism. 
	When thinking about introducing PBL into our teaching methodology it is important to consider not only the many differences that exist between a PBL approach and a more traditional approach to teaching but also the impact a PBL approach is likely to have in our classrooms.  
It is easy to overlook the many ways in which PBL goes against the grain of faculty and postsecondary educational life. While faculty are devoted to their discipline, eager to dispense knowledge, and content-oriented, PBL asks them to be student-centred, guiding rather than directive and process-oriented (Marincovich, 2000, p.3).

Research into learning and theories about learning in particular have generated terms such as “student-centred” and “guiding rather than directive” which are commonly used in the description of the learning theory called ‘constructivism’. Constructivism is the broadly labelled term given to the theory of how individuals construct their own knowledge through personal experiences and engagement with the world outside(Kemp, 2011). New information is taken in by the learner and using their prior experiences, beliefs and attitudes as references they make sense of it.

Particularly influential in the area of science and mathematics education is the work of von Glasersfeld (1984) whose appreciation of constructivism has its roots in Piaget. Constructivism is a theory that describes, not a method of teaching, but rather a method of learning and so it is crucial to remember that constructivism, rather than outlining how someone should learn, instead proposes how learners construct their knowledge (Kemp, 2011). Nonetheless, many wrongly assume that constructivism dictates rules and principles for teaching and hold the view that “constructivist teaching” is more desirable than “transmission” approaches (Kemp, 2011). Moreover, “good teaching” is taken by some to be made up of “student-centred” approaches and “group work” activities which are the scaffolding of constructivist ideas.  Others however, prefer to use constructivist views to inform and analyse teaching and learning and assert that it is “more properly used to investigate particular situations for their learning potential” (Kemp, 2011, p.47).

In PBL, the term “student-centred” involves bargaining with learners, aiming attention at the place that each particular student is starting from and allowing the student to have a greater command of the direction and content of learning. Certainly, the significance of these different aspects can be altered by using different types of tasks (Kemp, 2011). Moreover a prevailing trait of PBL is that it often associated with group work. When students and teachers join forces to safeguard the quality of “purposeful group dialogue”, learning is reinforced (Kemp, 2011). Indeed the literature contains a multitude of terms that describe different types of groups or teams, including “tutor-guided learning team”, “collaborative learning team”, “reflexive team” and “cooperative team”(Savin-Baden and Major, 2004). 

The social constructivist model is based in theories of social constructivism; in which learners construct knowledge through discourse with other members of the community, including the tutor. Learning is produced by the team, and not reproduced from disciplinary authority (Savin-Baden and Major, 2004, p.77).


My decision  to implement a PBL method involves both obvious responsibilities (particular stages used, roles of students and lecturers, formation of groups, assessment methods used…) and latent responsibilities (what counts as knowledge, views about the goals of teaching and where learning occurs) and this is, in a PBL setting, another implication to be considered (Kemp, 2011, p.48) . Indeed the beliefs of teachers can be altered when there is an orientation towards a constructivist view. For example, it may be the case that students feel differently about their environment (textbooks, syllabi, computer programs) than the teacher expected. Therefore, it is imperative that teachers try to ensure that the ‘social context’ of the classroom is of utmost importance, are comfortable with students (and other teachers) having different views of the world than their own and, rather than making the transmission of information their main goal, place a higher value in student understanding (Kemp, 2011, p.49).

Indeed if the main aim of the teacher is to develop student understanding (usually asserted as a cornerstone of PBL) above information transmission, there are particular implications that need to be considered for teaching practice. Certainly this thinking seems to be inconsistent with the goal of “covering the curriculum” which is tied within an impression of “transmitting information”(Kemp, 2012) and in this way, the term “covering” is confused with understanding. A teacher who continues to “cover” material from a pre-specified syllabus when they know their students do not understand the material is clearly fighting a losing battle, and certainly their actions would conflict with the intention that teaching promotes “student understanding”.  

	The use of “self-directed learning” and learning from peers and others is strongly promoted by PBL (Wee and Kek, 2002). Certainly it is of huge importance that teachers learn to design different types of teaching situations as students who are only given face-to-face teaching situations will suffer the repercussions in their learning. Therefore, teachers wishing to strengthen student learning will learn to adapt different types of teaching situations to different classes, different levels and different subjects (Kemp, 2011).Indeed to be able to teach effectively in a PBL context, a teacher must have developed their own ability to adapt based on the different factors that they will meet in a variety of different contexts.

From a constructivist perspective, people use their own life experiences and cultural factors to construct meaning (Yackel et al., 1993). By themselves, words are meaningless and until they are made use of by the thinker, they will be unable to attach any meaning to them. Behaviourists advocated that the best way for people to learn mathematics was by reinforcing certain behaviours such as being given multiple opportunities to practise methods (Greeno and MMAP, 1998). The underlying assumptions of this view are that students learned what was taught, and that knowledge which was communicated and received clearly would be available for use in different situations. In contrast to this, the constructivist perspective opposed the view that a learner simply receives what is taught. Constructivists propose that students need to make sense of different ideas and organise them into their own cognitive schema, selecting, adapting and reorganising knowledge as part of their own constructions (Lerman, 1996). As different as they are, both of these perspectives on learning represent knowledge as something that can be developed and then used in different situations, as a characteristic (Boaler, 2002).

The implications of using learner to learner discussion suggest that discussions promote mathematical understanding. Students’ development of conceptual understanding is enhanced by classroom discussion (Hoyles, 1985). A change in regards to the social relations in a class takes place when students are spurred on and applauded for sharing their conceptions and defending how they reached their conclusions with other in the classroom. In this way there is a distinct move away from a “teacher centred” approach and towards a more “student-centred” one (Hoyles, 1985). When decisions are being made regarding curriculum development, it is important that oral and written communication skills are of central concern. Indeed, an option that is often of great use to teachers in assessing the true understanding of students’ is to have them explain their thinking and ideas (Fennema et al., 1996) and this can also help in the design of a curriculum that best suits the needs of the students. Furthermore it is also to be expected that conflicting ideas and views will arise when students (and teachers) listen to and deliberate over others’ opinions and beliefs and this should be welcomed. When discrepancies are discovered between partners in small groups, there is a unique opportunity for learning (Yackel et al., 1993). 
Although they may see the relevance and indeed benefits of PBL, students can often resist the new approach. This is especially true of recent school-leavers, competitive students and those used to getting high marks in traditional exams. Thus, the success or otherwise of the process can often depend upon how carefully it has been introduced and how early in the course students are given the freedom to establish their own successful learning skills (Little, 1991).  Students have to work hard to make sense of what their partner is trying to explain to them and in this way they build up their conceptual thinking. This is an important step in the process as without it they will not even be aware of any miscalculations or errors. Then they have to develop a counter-argument by way of explanation of their interpretation to their partners. Certainly those students who are able to resolve argumentation using disagreement experience mathematics in a totally different way to those that don’t. These students come see mathematics as a subject for which reasoning must be used to justify ideas.
The significance of argument to conceptual understanding in mathematics is related to the development of students’ thinking and reasoning that occurs during the acts of challenge and justification (Wood, 1999).

As an old proverb states, “The one who teaches learns twice”. It is of huge benefit to those students who are asked to use oral or written means to explain their thinking and defend their mathematical ideas as they are given multiple occasions on which to create their own meaning for the mathematics they encounter. Collaboration on mathematical ideas and presenting mathematical solutions should lead to deeper conceptual mathematical understanding (Clarke et al., 1993). 
The above discussion emphasises the importance of “clarifying the conceptual foundations of PBL”(Kemp, 2011, p.50). It is important that teaching methods, such as PBL, which appear to draw upon constructivist principles resolve “fundamental theoretical differences” because these have implications for teaching practice (Kemp, 2012). Certainly, without a clear understanding of these conceptual underpinnings, teachers are liable to dismiss from their minds the actual context of a particular teaching exercise and simply pursue constructivist pedagogies, such as PBL, “as an end in themselves” (Holt-Reynolds, 2000). Thus, an awareness of the philosophical foundations of constructivism will give teachers not a prescribed and rigid approach to teaching, but rather a reference system where they can analyse those approaches. Furthermore, it is important that teachers take the time to reflect on the goals of their teaching, the organisation of their classroom and the pedagogical methods they adopt to promote learning, and this can be done through their understanding of the foundations of constructivism (Kemp, 2012).  
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	The PBL model emerged in the late 1960s at McMaster University in Canada and since then many different varieties have been developed. Researchers have made numerous attempts to define the concept ‘problem-based learning’. Some researchers use specific attributes to base their definition on such as being student-centred, involving small groups being facilitated by the teacher, and having the problem as the central focus (Barrows, 1984).
PBL is an approach to learning and teaching that encourages the development and application of problem-working strategies and the acquisition of disciplinary knowledge bases and skills by placing students in the role of problem-workers (Blumhof et al., 2001, p.6).

Others use ‘theoretical learning principles’ such as how knowledge is constructed, meta-learning and contextual learning to define PBL (Gijselaers, 1996). Rather than focusing on what the teacher is teaching, PBL is concerned with what the students are learning. In this way PBL is a shift away from a ‘teaching paradigm’ and towards a ‘learning paradigm’ (Barr and Tagg, 1995). Many curriculum inputs e.g. lectures and labs, are used in a PBL setting with the distinction that the inputs are only given to students once the problem has been presented. 
	Through PBL, students are able to reuse some of the problem-solving processes that they use in their day-to-day activities and many disciplines make use of it (Boud and Feletti, 1997) to “…help students to make sense for themselves. It is an approach to learning through which many students have been enabled to understand their own situations and frameworks so that they are able to perceive how they learn, and how they see themselves as future professionals” (Savin-Baden, 2000, p.2).  
 	Much more deliberate attention was given to the theoretical roots in the 1990s and since then a variety of theoretical notions have been related to the concept of PBL, such as the reflective practitioner (Schön), constructivism (Piaget, Vygotsky, Lave and Wenger) and experiential learning (Kolb) (Cowan, 1998; Gijselaers, 1996; Hansen, 2000). Most of these researchers mention the following learning principles connected with PBL:
· The problem is the starting point of the learning process in PBL. Usually the problems are based on real-life problems but they could also be hypothetical problems and the emphasis is placed on the refinement of a question rather than on the answer. This is what makes PBL different from problem-solving. 
· PBL is a participant-directed learning process .It may be the case that students are allowed to develop their own problem within some given guidelines and in other cases, the students begins to work on a problem defined by the teacher. 
· The student uses their own life experiences and personal interests as a building block. In this way experiential learning is an implicit part of the participant-directed learning process. 
· The student is given the opportunity to construct deeper understanding since activity-based learning requires activities involving decision-making, research and writing.
· Students work in small groups or teams and it is here that much of the learning process takes place. Students develop strategies to help them to deal with issues that arise within the group and resolve any tensions. 
· Since they must deepen their understanding of a complicated problem that often has many strands, the benefits made by the student are excellent in terms of objectives.  It is important that students learn to apply their previously learned knowledge, theory and methods to these new areas, which is an inherent challenge with PBL.
 (de Graaf and Kolmos, 2003)
The elements of curriculum development that are encompassed by PBL include the objectives, strategies employed for teacher and student learning, the methods of learning, organisation of the classroom, ICT, methods of assessment). Indeed a simple change in only one of these elements would have a knock-on effect on all other elements (Kolmos and Algreen-Ussing, 2001). The PBL model represents a coherent structural practice in that if, for example, changes take place in the ordinary classroom teaching environment this must also be reflected in the assessment methods used. 
“In most PBL type learning exercises, allowing students to pursue inappropriate avenues is allowed to a certain extent. Making mistakes and realising these errors often reinforces the correct information” (Alexson and Kemnitz, 2004, p.20). Unlike the model of teaching where all facts and information is given directly to the students, in the PBL model the students must find this material themselves. In this way, it is more acceptable for the students to make mistakes as it is similar to the way in which students learn in everyday life. Whereas traditional pedagogy focuses on declarative knowledge, the main aim of PBL is on thinking and on procedural knowledge (Scaife, 2013). Of crucial importance however is for students to be given plenty of opportunities to think about their work, justify their answers and learn from their mistakes. Students will undoubtedly meet with similar circumstances and issues in their working lives and so, if they want to be ‘life-long learners’ will need to have the ability to shift these learning skills from previous situations. Indeed, it is believed that PBL can help to overcome this difficulty by enabling the extension of learning to new situations (Drinan, 1991).
Many universities which now practise PBL models  (McMaster (Ontario), Maastricht, Newcastle (Australia)) share a number of characteristics (De Graaf and Cowdroy, 1997) including:

· Curriculum structure
The semester is divided into a series of blocks. A number of cases are planned for students to work on in each block, in line with the curriculum. The students themselves choose to analyse one of the cases and the subject disciplines are integrated through relating the case to professional practice (de Graaf and Cowdroy, 1997). 
· The learning process
Selected cases are discussed and analysed by self-directed study groups. Typical study groups consist of 4-10 students and meet once or twice a week where each individual student in the group presents his/her work. The teacher acts as facilitator helping with internal communication within the groups. At different times during the process students will take on many different roles including chairperson, timekeeper, reader of the problem, scribe and at times even presenter (de Graaf and Cowdroy, 1997).
	The Barrows model for how PBL tutorials deal with learning issues outlines summarising the discussion of the tutorial under headings (Facts, Ideas/Hypotheses,  Learning Issues, Action Plan), preceded by setting the climate and defining the problem (Barrows, 1989).  Another model for scaffolding the PBL learning process is the ‘seven jump approach’ (Schmidt and Moust, 2000).
1. Clarify unknown terms and concepts in the problem description
2. Define the problem: that is, list the phenomena to be explained
3. Analyse the problem: “brainstorm”: try to produce as many different explanations for the phenomenon as you can. Use prior knowledge and common sense
4. Criticise the explanations proposed and try to produce a coherent description of the processes that, according to what you think, underlie the phenomena
5. Formulate learning issues for self-directed learning
6. Fill in the gaps in your knowledge through self-study
7.  Share your findings with your group and try to integrate the knowledge acquired into a comprehensive explanation of the phenomena. Check whether you know enough now.
(Schmidt and Moust, 2000, p.23)
	Curriculum design of PBL has a set of well designed, open-ended and engaging problems at its very core. Problems come in many guises. Indeed finding a quicker, less expensive way of getting something done, figuring out a dilemma or trying to make sense of a confusing event are all problems. Furthermore when designing PBL problems it is important that students meet variety and challenge, and critical thinking must be combined with creative thinking when writing PBL problems.
…a measure of the quality of a problem is the degree to which it stimulates the students’ desire to learn. The two features highlighted in the study were the levels of variety and challenge perceived by the students (Maufette et al., 2004, p.15).

	The role of the tutor in the PBL experience should not be underestimated. He/She must be able to listen attentively, facilitate the learning process and ask stimulating questions appropriately. Moreover, it is crucial that the tutor is able to make themselves understood at the level of the student when they are making explanations and this is something they should work hard to achieve. Certainly it is a hard balance to ensure that the learners’ autonomy is not compromised. 
The interactions between students, tutors and problems adapt and change through time. During the first phase when problem-based scenarios are first given, the student-centred philosophy of problem-based learning suggests that interaction between students and tutor must be enhanced to install a sound working relation within the group. The second stage is when all three components approach an equilibrium. As the motivation literature shows us, tutors should not overshadow students but neither should they neglect acquiring the knowledge necessary as part of their learning process. In the final stage students need to be sufficiently motivated to learn by themselves, with an enhanced interaction between students and knowledge promoting self-learning. The role of the tutor in this last stage is as counsel to perfect the students’ methodological skills in the acquisition of information and knowledge (Maufette et al., 2004, p.21).
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Risks and challenges associated with PBL

	Outlined above are the many benefits associated with PBL. However, one risk associated with PBL that was highlighted above is that students will fail to apply methods, skills and knowledge that they learned previously to new situations. Further risks for the student include prior learning experiences not preparing students well for PBL, increased anxiety because learning is ‘messier’, group dynamic issues compromising PBL effectiveness and less content knowledge being learned (Pawson et al., 2006). 
	Among the challenges for instructors are creation of suitable problem scenarios, an increase in preparation time, student queries about the process, faculty intervention may be needed to deal with group dynamic issues and new questions being raised about what to assess and how (Pawson et al., 2006). Indeed it is important that institutions intending to implement PBL understand some of the risks that can be associated including changes in the educational philosophy for faculty, increased staff development and support, flexible classroom space and sometimes resistance from faculty who question its efficacy (Pawson et al., 2006).
	The conceptions outlined above are a challenge for those who advocate the PBL approach to teaching, where the spotlight is aimed more at ‘learning to learn, not learning to imitate’ (Chappell, 2006). Students however may rebel against unstructured PBL scenarios, preferring instead more traditional teaching methods that offer more structure and thus security (Beringer, 2005). Some researchers however argue that PBL prioritises the doing ahead of the thinking and reflection (Pawson et al., 2006),  seeing the teaching approach of PBL as being true to “the modernist pursuit of efficiency, predictability, productivity, measurable concrete outcomes, and unitary meaning subordinated to instrumentality” (Fenwick, 1998, p.2). Many however would disagree, instead claiming that PBL allows instructors who use it a flexible approach to learning that can be used in a variety of ways. If used with some courage, PBL is a method which enables students to learn from their mistakes (King, 2001). 
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A most critical issue in PBL is the development of the problem. The anchor point and beginning of the learning process in PBL is the use of unstructured, authentic and real-life problems and it is very much a learner-centred and active-learning approach (Tan, 2004).The building frame of PBL is based on a shift in three areas, namely 
i. Content coverage to problem engagement
ii. Role of lecturing to role of coaching
iii. Students as passive learners to that of active problem-solving
(Tan, 2004)
PBL is not just about problem-solving processes; it is a pedagogy based on constructivism in which realistic problems are used in conjunction with the design of a learning environment where inquiry activities, self-directed learning, information mining, dialogue and collaborative problem-solving are incorporated (Tan, 2004, p.123).
	A good problem is one that is real-world, namely authentic and relevant; has the ability to generate multiple options; encourages independent and creative thinking, insists on a new body of core knowledge (Stanley and Marsden, 2012); integrates many topics; has realistic outcomes, engages those involved in the problem and engenders curiosity (i.e. has a ’hook’) and is outcomes-based (Tan, 2003).  There are four key things implicit in a problem from students’ perspectives:
i. We recognise that there is a problem
ii. We do not know how to resolve the problem
iii. We want to resolve it
iv. We perceive that we are able to solve it
(Hicks, 1991)
In PBL, it is the problem that motivates the search which is how it also is in real-life situations. Indeed how the problem is defined may also change over time as more and more information is constructed by the students (Stanley and Marsden, 2012). During the process of PBL, decisions need to be made by students, most notably the reliability and relevance of the information they have generated to solve the problem. Students will never know if their solution was really the best one (Stanley and Marsden, 2012) but they will have had the experience of having made the best possible decision based on the information at hand, as happens in the real-world (Stepien and Gallagher, 1993).
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	Regardless of what curriculum design is used to teach a module, it is important that the methods of assessment are given much thought and care. Indeed assessment should be used by the tutor as a driver for the desired type of learning they wish to achieve and if, under a PBL approach to teaching, they are unable or unwilling to change assessment methods away from those which they use in their ‘traditional’ curriculum approaches, their objectives and the student learning outcomes can become misaligned. Traditional assessment of problem-solving was through standardised mathematics tests which usually had three sections – computation, concepts and problems (Oldham and Close, 2009). Early international mathematics surveys had more or less the same format (Oldham and Close, 2009). However, as the 1980s brought an increased focus on problem solving, assessment techniques moved to include higher-order thinking and reasoning in a wide variety of contexts (Cockcroft, 1982). Indeed due to its increased emphasis, improved methods of testing the outcomes of problem-based learning in mathematics have been developed (Oldham and Close, 2009). The 2003 PISA study of the mathematical literacy of 15-year olds (OECD, 2003)is the most notable manifestation of this work. As well as covering the traditional assessment dimensions, the PISA mathematics test includes a third dimension – the type of context in which mathematics is situated (Oldham and Close, 2009). 

Confusion often arises around the differences between problem-based learning and problem-solving. Problem-solving learning is a type of teaching where students are given hand-outs or notes to read by the teacher and then asked to answer a set of pre-specified questions on the text. Solutions to these questions are expected to be found in the presented material and are often the focal point of discussions in seminars and tutorials. The main aim of this type of teaching is that students are able to recover the answers (expected by the teacher) from the information supplied. In this way, in order for students to become competent practitioners, it is imperative that they are taught the specific curricula content in which the solutions are contained. The facilitator in this kind of learning is focussed on using Socratic methods to examine students’ knowledge and all solutions are confined to the curricular content presented by the facilitator (Savin-Baden, 2001). 

Rather than subjects and disciplines, the main focus of problem-based learning is the organisation of curricular content around problem scenarios. Solving or managing these situations is carried out by students working in groups and acquisition of a predetermined set of ‘right answers’ is not expected. Instead, what is expected is that they get involved in a complicated situation presented to them; choose the necessary information and what skills are needed in order to effectively manage the situation. The underlying philosophies of problem-based learning are broadly more student-centred than those concerned with problem-solving because students are offered opportunities to explore a wide range of information (McLoughlin and Darvill, 2007) which they can then link to their own needs as learners and thus develop independence in inquiry in the process (Savin-Baden, 2001). Indeed, the idea of a ‘pedagogic spectrum’ which has didactic teaching at one end, PBL towards the other end and problem-solving placed somewhere in between is useful here. 

The pedagogic approach of PBL encourages a deep, rather than a surface, approach to learning (Biggs, 2003) and of critical importance to this approach to teaching is an alignment between the intended learning outcomes, the teaching and learning activities and the methods of assessment.

The essential feature of a teaching system designed to emulate professional practice is that the crucial assessments should be performance-based, holistic, allowing plenty of scope for students to input their own decisions and solutions (Biggs, 2003, p.237).

Assessment for students often means factual recall of the application and skills needed for different situations, involving a wide range of practical and intellectual activities in many different contexts (Biggs, 2003). The likely professional paths which are students will go down in the future should be reflected in the assessments which they receive at tertiary level. It is important that such assessments attempt to ascertain how students are able to cope with thinking and acting like an engineer, optometrist or computer scientist and whether they have developed the lifelong learning skills which they will need to use in their chosen ever-changing professional area. 
Lecturers often claim that their students will do no work unless it is being assessed – by which they mostly mean that it is being awarded a mark (Knight, 2001). It is essential that progress testing is implemented to establish the individual’s knowledge and testing for competence rather than for isolated factual knowledge (Van der Vleuten et al., 1991). There should be a consistency between the change in the teaching format and the form of the examination, as students will soon learn only what is necessary for examination purposes instead of completing the PBL process (Verwijnen et al., 1982). In PBL, where students are expected to discuss what they know or do not know and where possible gaps in their knowledge may exist, any assessment which is developed should encourage students to be open and honest. As will be discussed later, students are able to use peer, self and collaborative assessment to make judgements, not only about how much they have learned but also, and more importantly, how well they are learning (Knight, 2001).

In the past literature surrounding problem-based learning was mainly descriptive of how it was working in particular courses (Boud and Feletti, 1997) whereas in more recent years it has shifted towards critical analyses of PBL and deeper consideration of the emerging issues of this approach (Savin-Baden, 2000). This is particularly true of literature which has heralded PBL as an approach which is ‘responsive to the needs of the age’ (Savin-Baden, 2000) and can help students develop particular ‘skills’. 
Such skills are commonly termed ‘key skills’ and are the kinds of skills such as working with others, problem-solving and improving personal learning and performance (Savin-Baden, 2000, p.15).

A guide for the assessment of problem-based learning has been developed in recent years. The principles that make up this guide include:
· Students should ideally be assessed in a practice context, whether real or simulated,  in which they will find themselves in future
· Assessment should ascertain if students have the appropriate skills, knowledge and attitudes necessary for the activities they will carry out in future professional contexts. 
· The progress made by the learner from beginner to expert practitioner should be reflected by assessment which is developmental throughout the programme of studies. 
· Students must come to the realisation that ‘assessment’ will also be part of their professional lives in that they will be appraised in a qualified capacity by clients, peers, professional bodies, competitors, statutory authorities etc.
· Furthermore, students should reflect upon their experiences and regularly carry out self-assessment as a basis of their future continuing professional development and self-directed learning.
· Of utmost importance to lecturers is the alignment between their objectives and the intended learning outcomes for students, the teaching methods they use and the assessment of learning strategies, methods and criteria. 
(MacDonald and Savin-Baden, 2004)

	Below I will discuss a number of assessment approaches used in PBL. However, to ensure balance and variety in the types and timing of assessment, it is important to look across the whole programme (Knight, 2001). Moreover, as well as briefing and training our students to avoid plagiarism we should design it out of our assessment methods (Carroll, 2002). Many PBL courses, particularly in the early stages, use a Pass/Fail/Refer grading system with consequent greater emphasis on the feedback (Carroll, 2002). The SOLO (Structure of Observed Learning Outcomes) taxonomy (Biggs, 2003) is described as a way of grading which has five levels which can be used to gauge students’ understanding of a topic: pre-structural, uni-structural, multi-structural, relational and extended abstract (MacDonald, 1999). Certainly this taxonomy can be used as an alternative to Bloom’s hierarchy of educational objectives – knowledge, comprehension, application, analysis, synthesis and evaluation (Woods, 2000).   

[Assessment is] a judgement based on the degree to which the goals have been achieved based on measurable criteria and on pertinent evidence (Woods, 2000, p.21).

Methods of Assessment in PBL

Many forms of assessment have been used successfully with PBL including individual presentations, case-based individual essays, case-based care plans, portfolios, reflective journals, reports, examinations and electronic assessments. I will discuss the following additional forms in slightly more detail as I intend to make use of some of them when using PBL.
· Group presentations: This form of assessment asks that students take on particular roles within the group whilst working on a certain scenario. However, it is important that what is being assessed is made clear to students – content, ‘performance’ of the group or some combination of both, otherwise this form of assessment can be very hard to mark. 
· Self-Assessment: This form of assessment aims to get students to concentrate intently on what they do and do not know and additionally, what they need to know to move forward on a solution to a problem. However students should first be given the opportunity to experience it through explanation and work on small tasks before undertaking it on a larger activity where marks ‘count’. 
· Peer Assessment: This form of assessment emphasises the collaborative and cooperative nature of the PBL experience as it replicates team-based situations that students may find themselves involved with in their future careers. However, as students have often come from a more individual, competitive school structure they may find it difficult to adjust to this form of assessment.  
· Triple Jump: This form of assessment involves giving individual students a problem to read and then discussing their learning needs with an oral examiner (Powles et al., 1981;Painvin et al., 1979). Students are then given time to research the problem and find resources. After consultations with the examiner, students will gain marks for skills such as problem-solving, self-directed learning and their understanding of the problem area. 
Even though various efforts to assess the process and outcomes of PBL have been described in the literature, it is difficult to find validated tools to evaluate the assessment methods since each PBL environment is unique (Gibbon et al., 2009) and often makes use of in-house assessment strategies (Major and Palmer, 2001). A PBL assessment to assess the five key objectives of  (i) applying a knowledge base; (ii) developing reasoning and decision-making skills; (iii) fostering self-directed learning; (iv) promoting collaborative work, and (v) developing an appropriate professional attitude (Chaves et al., 2006; Barrows, 1986) using student (self-assessment by students on their own learning), peer (assessment between students giving and receiving feedback to/from each other) and facilitator (assessment carried out by the facilitator) assessment and which is based on the principles of the triple-jump exercise (described above) has been developed in recent years (Chaves et al., 1998; Chaves et al., 2006). 
Three different relationships between learning and assessment are outlined below (Earl, 2003):
· Assessment for learning: This is a formative method where students are given feedback and can then identify their current level of knowledge and understanding. They can then identify their additional learning needs. 
· Assessment of learning: This is a summative method and is intended to certify learning. It gives parents and students information about students’ progress in school and their relative position compared to other students within the class. 
· Assessment as learning: This is a combination of formative and summative assessment. It “emphasises the role of the student, not only as contributor to the assessment and learning process, but also as the critical connector between them. The student is the link” (Earl, 2003, p.25)
Indeed the nature and understanding of the many forms of assessment in universities are investigated in a detailed 2010 case study (Scaife and Wellington, 2010). The authors discuss four assessment practices that could be used in schools and tertiary level institutions – formative assessment (FA), diagnostic assessment (DA), summative assessment (SA) and student course evaluation (SCE). Certainly of these, summative assessment is the most widely and systematically practised method. However, research shows that there is considerable scope for the development of the other above mentioned methods and that these practices can have a highly beneficial impact on learning (Scaife and Wellington, 2010).  Thus an interesting finding from this case study is that students do value assessments which don’t carry academic marks, and yet FA and DA continue to receive relatively little attention in tertiary level education. Formative and diagnostic assessment have the capacity to identify student strengths and weaknesses, unlike summative assessment which is linked more to grading and reporting (Bransford et al., 2000).

Students who lack “the basic and fundamental skills, especially in mathematics and writing” (Lau, 2003, p.2) may also lack the self-awareness of their lack of skills (Huxham, 2006). These students will often only become aware of their short fallings when their first assignment is returned to them which is often too late in the first semester for them to seek and make use of any assistance (McNaught and Alliex, 2011). In this instance, self-awareness of possible lack of skills could have been increased through the use of formative assessment (McNaught and Alliex, 2011).  This same point is again highlighted in the work of Scaife and Wellington (2010) who report how, contrary to the belief that students only want assessment that counts towards academic , ‘timely feedback’ is of huge importance to students.  
  
As a central role of PBL is the “acquisition and nurturing of problem-solving skills” (Norman, 1991, p.264), some authors (Ericsson and Charness, 1994; Perkins and Salomon, 1989) assert that methods for measuring problem-solving skills should be more or less independent of knowledge. Many examples of measures such as these have been used over the years, starting with paper-based problems (McGuire and Babbott, 1967) and currently being seen in computer-based reproductions. However, the reliability and validity of these assessment methods have been studied little and it is my belief that the last three decades of evidence of PBL compellingly argue against the premise of problem-solving independent of knowledge. It is my opinion that PBL is really about knowledge, “learned in the context in which it will later be used so that hopefully transfer can be facilitated” (Norman, 1991, p.264). I don’t think that it is necessary to apologise to my students for asking them to know something and to test for this knowledge. In doing so, I would like to know the best way to assess knowledge gained from a PBL initiative and this depends on what I want my students to learn. Norman assures that multiple-choice questions (MCQs) are the solution (Norman, 1991). Certainly short-answer questions have not been shown to measure anything distinct from MCQs  (Norman et al., 1987; Fredericksen, 1984) and, in fact, more recent research has attempted to show that the MCQ format involves higher order skills and hence is more discriminating (Case et al., 1996).
	
The issue of the strong steering effect which examinations have on the curriculum has been well documented (Newble and Jaeger, 1983) and indeed the issue of assessment does not begin and end at the format choice for the final examination. However, it is necessary that we as teachers are able to demonstrate the competence of our students. The “real art, then, comes from using assessment methods to appropriately steer students’ learning” (Norman, 1991, p.265). The literature (Vernon and Blake, 1993) suggests that students of PBL curricula appear to have a comparable knowledge base to students of ‘traditional’ curricula. However, we also wish that they learn the skills and knowledge associated with a community orientation, critical appraisal, lifelong learning and self-directed learning (Norman, 1991).  If we demand more of our students under a PBL curriculum but we do not assess these other qualities, they will have very little substance in the eyes of the students. This is not an easy task. We must be aware that assessment is not done in isolation and that to help students to appropriately learn those things we consider appropriate requires intelligent use of assessment (Woods, 1994). 

From the students’ point of view, what defines the curriculum being studied is the external motivator of assessment (Ramsden, 1991) since it is assessment that implies to students those aspects of the curriculum that carry most importance. ‘Backwash’ (Biggs, 2003) is a term which describes how assessment can be more influential that the actual teaching received (Gibbs and Simpson, 2004). To encourage deeper approaches to learning and ensuring that the ‘backwash’ becomes positive rather than negative, assessment should be aligned to the curriculum objectives (Biggs, 2003).  

	Even though the impact of student assessment on learning has been much emphasised in the literature (Newble and Jaeger, 1983; van der Vleuten and Swanson, 1990; Bouhuijs et al., 1987), there is much less agreement on assessment methods for PBL approaches. Specific instruments have been developed for use in the context of problem-based learning (Feletti et al., 1983; van der Vleuten and Verwijnen, 1990) but few ‘complete, integrated’ (Swanson et al., 1991) systems have been fully documented. Assessment tests should focus on how knowledge is applied in problem situations and MCQ tests in particular, if appropriately constructed and used, can give an effective method for making decisions and for identifying patterns of student weakness and strength (Swanson et al., 1991).  
	The literature has led me to critically examine different paradigms that are involved in this area of research and as my study progresses I intend to subscribe to the ‘discourse’ that promotes student to student discussion, that encourages students to develop arguments and explanations in order to resolve conflicting ideas and that requires students to collaborate on mathematical ideas, communicate their thinking and reflect on their thinking. In order to follow through on these, it will be important for me to enable the learners to come to see them as valuable also. In this way, I am pulled towards adoption of a more interpretivist or constructivist worldview. In this piece of work I will to look further at the following research questions: 
1. To what extent does a PBL approach to teaching a mathematics module result in the intended learning outcomes of improved understanding of basic mathematical skills? 
2. What is the association between interaction with a PBL component and overall grades on a mathematics module?
3. What is the experience of students of participation in group work and problem-based learning as part of a mathematics module?
4. What are the attitudes of students towards how collaborative group work affects generic skills?
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	This chapter discusses the methods that have been adopted in this project. The design of the study, the participants, the materials used and the methods of data generation are all described. 
I decided to carry out a piece of action research because it was an approach which I had not previously used as a researcher and also because I felt that a piece of action research would be the best approach to help me answer my research questions. The design of this research includes five methods of data generation – a test-retest procedure carried out with students, a correlation analysis, questionnaires given out to students, a small group interview conducted with students and insights into diary entries of students. 
The next section involves a definition and outline of what the process of action research entails.  
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	Generally speaking, research studies fall under two main headings namely, basic and applied. Basic studies address theoretical questions, while applied studies seek to answer practical questions, that is, they attempt to ascertain results that can be applied directly. A special type of applied research is called action research. Some of the many different names which describe action research include participatory research, collaborative inquiry, action learning, contextual action research and emancipatory research. However, they all describe the same process. Different authors have given different descriptions of what constitutes action research. 
	Some researchers outline how action research is undertaken by those who want to improve their own practices (usually educators) and in order to do so, they themselves must fully engage in the research to learn what constitutes improvements (Corey, 1954). Furthermore, professional practice is described as research undertaken by those who “reserve the right to make autonomous and independent judgements, free from external non-professional controls and constraints” (Carr and Kemmis, 1986, p.220). Action research is typically carried out by teacher researchers who would like to generate information on how their students learn, how they teach and how their particular school operates with goals such as developing their reflective practice and making a positive change in their school environment and improving student outcomes (Mills, 2003, p.4).
As outlined above, action research begins with a desire to improve your understanding of why and how something happens and/or to change practices. Action research begins once you have a question that has developed from this desire and is focused on change, which is the case in this study. As with all valid research, action research must meet some minimal requirements in its design and execution. At the very least, action researchers need to proceed in a systematic way through action research processes. 
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	Different authors have developed different models of the typical action research process. Most of these models have a similar outline and are all cyclical in nature. One of the simpler models developed by Kemmis describes each cycle as having four steps: plan, act, observe, and reflect. A representation of this model is given in Figure 3.1 below.
Figure 3.1  	Action Research Model Process developed by (Kemmis and McTaggart, 1990) 
[image: ]
	The iterative nature of the process is clearly displayed in the above figure together with the four major steps:
· Reconnaissance/Plan: A fundamental starting point is established. Consideration is given to a problem and a plan made for some form of intervention (Lewin, 1947). 
· Action: The intervention takes place (Lewin, 1947).
· Observation: Suitable observations are generated in various forms during and throughout the time of the intervention. 
· Reflection and Revision: The new interventional steps are reflected upon and, if necessary, revisions are made to part or all of the step(s) until such a time as sufficient understanding of (or implementable solution for) the problem is accomplished. 
A more intricate version outlined below (Susman, 1983), outlines how five stages are to be conducted within each research cycle. This model is described graphically in Figure 3.2 below. 
Figure 3.2	Action Research Model Process developed by  (Susman, 1983)
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	Both models give a similar description of the process in that a problem is described at the beginning from which data is generated for a more in-depth study. Following this, many possible solutions are assumed collectively and from this a single plan of action is decided upon and carried out. Data is generated from observing this action and it is analysed and interpreted. At this stage in the process the problem is re-evaluated and the cyclical process starts again. The cycle will continue in this way until a resolution to the problem has been found. 
	Indeed, later protocols emphasise that the original goal is constantly being evolved and redefined through a series of reconnaissance which occurs every cycle. These designs which reflect an evolution of the main topic throughout the process and where some degree of analysis is necessary for such reconnaissance, bring a much greater flexibility to the process (Hopkins, 1985).
	All participants in the process of action research, be they teacher, students or researcher, negotiate meaning from the data and add to the interventionary strategies that are selected. Indeed, it is important that everyone involved in the process keep the channels of communication open at all times. 
If the process of argumentation is to live up to its meaning, communication in the form of rational discourse must, if possible, allow all relevant information and explanations to be brought up and weighed so that the stance participants take can be intrinsically motivated solely by the revisionary power of free-floating reasons (Habermas, 2003, p.106)

Reflection is an extremely important aspect in the process of action research. Writing in 1916, Dewey described the essentials of reflection and considered that experience and intelligent action were linked in a cycle. Education should not only aim to develop young minds but also to facilitate their use in a democratic society “ceaselessly reconstructing and transforming the world through action” (Kemmis and McTaggart, 1994, p.300). Certainly Schön’s model of reflection-in-action describes the use of reflection to re-frame a problem which is then experimented upon to bring about outcomes which are then the subject of further analysis. In this way, it is almost impossible to separate research from practice and knowing from doing and this model complements the investigative and iterative natures of action research (MacIssac, 1996). Reflection-in-action can be linked to the process of ‘thinking on your feet’ where participants may talk through issues with the group or the supervisor, or write up some recordings that were made. Indeed the act of reflection-in-action allows us to think back upon what we have done, why we have done it, the interactions of the group and so on and this building up of ideas, examples and actions is central to reflective thought. 
Faced with some phenomenon that he finds unique, the inquirer nevertheless draws on some element of his familiar repertoire which he treats as exemplar or as generative metaphor for the new phenomenon. Further, as the inquirer reflects on the similarities he has perceived, he formulates new hypotheses. But he tests these hypotheses by experimental actions which also function as moves for shaping the situation and as probes for exploring it (Schön, 1983, p.269).

	Action research is guided by a set of six key principles (Winter, 1989) and these are comprehensively described below:
1. Reflexive critique
This principle means that people examine issues, thinking and data generation processes in a deliberate way and any interpretations, assumptions or biases are made explicit to the reader. Practical accounts can, in this way, give rise to theoretical considerations (Winter, 1989). 
2. Dialectical critique
When analysing a piece of action research, it is all about the possibilities rather than the certainties. Rather than being about why things have to be as they are, it is about the possibilities for change that lie within a given situation. Indeed, far from being static, action is dynamic and constantly evolving within a complex social world. Thus, it is necessary that you embrace ways that can help you to uncover this dynamic nature when analysing action research (Winter, 1989). Indeed an action researcher should, in order to understand his or her own practice, endeavour to discover the elements that constitute it and understand that these elements may or may not contradict each other. It is important that action researchers look at their practice dialectically. Therefore ‘dialectics’ describes the attainment of an understanding that comes from both discussion and the arguments that arise from these discussions between people who hold different points of view (Winter, 1989). 
3. Collaborative resource
As co-researchers in an action research project, each participant will have their own ideas. Each of these ideas is equally important in terms of resources for building different interpretations of categories of analysis which can then be discussed by all participants. Furthermore, it attempts to stay clear of any bias that may be created when ideas are raised by people who previously held a status within the group, such as facilitator, so that no misrepresentation of credibility occurs.

4.  Risk
There may be fear among participants about openly discussing their interpretations, ideas and judgements. Facilitators of action research attempt to alleviate these fears and encourage participation by explaining that everyone within the group is involved in the process, including them, and that regardless of the outcome decided upon that learning will occur. 
5. Plural Structure
The end product of a piece of action research is a bounty of ideas, explanations and appraisals. These then lead to a variety of possible interpretations and outcomes. Thus, a plural text for reporting is necessary for such a plural structure of inquiry and in this way many accounts will be made explicit together with explanations for their counterarguments, and a variety of outcomes presented. Therefore, rather than act as a final conclusion of the facts, a report on the process will encourage further discussion among collaborators. 
6. Theory, Practice, Collaboration
For action researchers, transformation is continuous in that theory informs practice, practice refines theory and so on. It is important that the action researcher explicitly outlines how they reach their justifications and what they are basing these justifications on. Thus in any application that takes place, the emphasis shifts in a cyclical way between theory and practice. 
	Theory and practice are closely related and any researcher hoping to understand practice must be dialectical. Indeed ‘theory’ alone is not the understanding that informs practice but rather what is needed is a process of ‘theorising’ where specific meaning is attributed to the relationships that exist among the ingredients that establish the practice. Having this mind-set from the beginning, only by knowing the dialectical give-and-take that takes place between these ingredients as they happen in practice, can a lecturers’ perception be understood. Having read the literature, it is my understanding that we cannot hope to understand the actuality of practice without first attempting to analyse and describe the nature of the many different contending perspectives that make it up (Winter, 1989).  	 
Certainly much of this account (Winter, 1989) applies in the context of this project. The project is people-centred and the research, examination and analysis is brought about by and needs and participation of the students. It is my hope that this research will bring students together around common problems and needs within mathematics. Also, it is hoped that this project will develop an in-depth knowledge on problem-based learning in maths for the students and allow them to voice their opinions on issues that concern them. Finally, it is my ambition that this piece of research will be a matter of discussion among members of staff within my School and Institution and in this way inform strategic action on the matter of problem-based learning. 
I feel that this piece of work should be seen as Action Research because it is research into practice undertaken by those involved in that practice, with an aim to changing and improving it. In this way, it is a process of enquiry that I, as the practitioner, have undertaken into the effectiveness of my own teaching and my students’ learning. At each phase of the study: the pilot, the main study and proposed changes and plans for the future, I was able to reflect on my actions and the findings often led to another question and further action. After Phase 1: The pilot study, I made changes to the problem structure and assessment of the PBL component. Throughout Phase 2: The main study, changes were continuously made between each tutorial leading to Phase 3: Plans for the future, how I propose to improve upon this PBL going forward. This in turn enabled further exploration and a greater understanding of how I teach and how my students learn. For example, upon reflection of the Pilot study, I came to realise that the students needed a more structured approach to the problem they were set and so I amended the problem used in the main study to allow students to use the previous tutorial as a stepping stone in terms of knowledge for the next tutorial. Furthermore, the Pilot study also helped me to realise that if the PBL component was not going to count towards continuous assessment (i.e. be allocated a mark), then students would see it as a ‘less important’ aspect of the module and be much less likely to get involved in the process.
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This study takes a mixed methods approach to ascertaining the feasibility of introducing a problem-based approach to mathematics tutorials in my institution. Although I have a certain predisposition towards quantifiable studies and techniques due to my background in mathematics, both quantitative and qualitative techniques have been used. The decision to use both of these methods in this study supports the view that the research should not be led by the method but instead the intention should be to, “use whatever research procedures seem appropriate and useful for shedding light on the problem” (Bishop, 1992, p.716). Students will be asked to work in groups to prepare and verbally discuss a solution to a PBL exercise over the course of 6 weeks and culminating in a poster presentation. Each group will be assessed by a number of different ‘examiners’ in the poster presentation and will be given an overall presentation mark. Furthermore, students will be awarded an overall mark for their interaction with the PBL component (attendance, diary entries, group presentation and peer evaluations). Quantitative data will be generated by examining whether there is a correlation between marks achieved for participation in a PBL component and grades achieved in the overall Semester 1 Mathematics module mark. In doing so, factors such as Higher or Ordinary Level Mathematics at Leaving Certificate level (LC), gender and age will be examined and incorporated into the correlation. Qualitative data will emerge from a semi-structured group interview, observational notes and diary entries written by students. It is my hope that use of both methods will provide a richer picture of the issue being addressed and the effectiveness of the initiative. 
	It is typical for researchers to identify more with one of the two approaches (quantitative and qualitative) – either totally avoiding ‘warm’ and ‘fuzzy’ qualitative approaches and depending solely upon ‘objective’ statistical analyses and survey questionnaires or embracing qualitative methods, rejecting the quantitative approach as decontextualising human behaviour (Weinreich, 1996). The positive aspects, however, of both approaches are well recognised and some combination of both methods can produce fruitful research that combines the best of both. 
	The main strength of the quantitative paradigm is that it produces quantifiable data that are maybe generalisable to larger populations (Creswell, 2009). The methods used in quantitative research aim to ensure objectivity, generalisability and reliability by outlining ways that participants can be chosen at random from the population of choice in a neutral way. The researcher is considered to be external to the actual research and it is expected that results can be replicated regardless of who carries out the research (Weinreich, 1996). These measures are most fitting for carrying out assessments on needs or for comparing conclusions reached with control measures (Weinreich, 1996). A main deficiency in the quantitative handling of data is that it decontextualizes some human behaviours by taking the event out of its setting in the real world and thus neglects the effects of any variables that have been removed from the model. The main quantitative methods of data generation used in this study were a test-retest procedure and a correlation analysis.
	On the other hand, a huge strength of the qualitative paradigm is that it allows the researcher to become immersed in the situation they are studying and gives them direct contact with the participants of the study. Methods such as interviews, observations and focus groups help researchers to make sense of social phenomena that people are involved in and to better understand the processes that take place mentally during these actions (Weinreich, 1996). The researcher becomes part of the instrument of data generation and different conclusions can be reached when different people carry out the research. Data generated tends to be rich and detailed and leaves the participants’ perspective intact. A main weakness however, is that use of qualitative methods leads to data generation and analysis which is often time-consuming and labour intensive and is usually not credibly generalisable. The main qualitative methods of data generation that were used in this study were questionnaires given out to students, a small group interview conducted with students and insights into diary entries of students. As will be elaborated upon in the main body of the study, results from the interview data were compared to the findings of a 2003 study which presented a thematic analysis of the benefits of collaborative-based learning (D'Souza and Wood, 2003). I drew upon this 2003 study and replicated their work to some extent drawing on interview data to emphasise how my work links with the general literature on collaborative learning e.g. improving student engagement, building self-esteem and issues with assessment. This then gave me the confidence to use a form of ‘winnowing’ process to analyse the diary entries where an initial read of the entries saw themes emerge, followed by a consolidation of these themes upon second reading and the third read allowed me to pull these themes together. This process enabled me to come to terms with my initial nervousness about how to analyse the qualitative data.
As discussed above four main methods of data generation were used in this study, namely a test-retest procedure, a correlation analysis, questionnaires given out to students, a small group interview conducted with students and insights into diary entries of students. 
1. Test-Retest Procedure

The test-retest procedure involved giving students a test before the PBL process began (during Week 1 of term) and again after the PBL process had finished (during Week 12 of term). The test consisted of a multiple choice quiz and was based on a large randomised question bank (Sheridan, 2013). The computer-based quiz was given to students during Week 1 of term using webcourses (student online learning system used in my institution) and they were given a time constraint of 90 minutes. Students were asked to answer 20 questions on basic topics such as algebra, fractions, indices, trigonometry, the equation of the line, logs, quadratic equations, simultaneous equations and basic differentiation (Sheridan, 2013). These 20 questions were made up of 10 paired questions and the idea behind this approach was to identify those students who had an understanding of a topic as shown by answering both paired questions correctly or a lack of understanding as shown by answering both paired questions incorrectly (Lee and Robinson, 2004). 
2. Correlation Analysis

A correlational study is a quantitative method of research which determines if two or more variables from the same group of subjects are correlated i.e. if there is an increase or decrease in one variable, is there an increase or decrease in the other variable. Theoretically, any two quantitative variables can be correlated as long as you have scores on these variables from the same participants. 
In this study, I was hoping to ascertain if there was a relationship between marks achieved for interaction with the PBL component and exam grades on a foundation mathematics module. Marks for interaction with the PBL component were awarded for attendance at the PBL tutorials, completion of diary entries throughout the module, individual completion of peer evaluation forms on group members and participation in a group presentation during the final tutorial.
3. Questionnaire

The questionnaire used in this research was given to students at the end of the project after PBL tutorials had finished (Week 12 of term). The questionnaire used a Likert scale from 1 (‘Definitely disagree’) to 5 (‘Definitely agree’).  Items from the questionnaires were then used to inform discussions for the qualitative process during the group interview. Indeed the benefits of using such mixed-method designs is very well summarised in the following quote: 
…the careful measurement, generalisable samples, experimental control, and statistical tools of good quantitative studies are precious assets. When they are combined with the up-close deep, credible understanding of complex real-world contexts that characterize good qualitative studies, we have a powerful mix (Miles and Huberman, 1994, p.42).

4. Interview & Diary Entries

A semi-structured interview was carried out with students during Week 12 of term. Furthermore students were asked to complete a diary entry outlining their thoughts and opinions about each PBL session. 
These procedures and how they were implemented in the study will be discussed in full detail below in the fieldwork section of this chapter. 
[bookmark: _Toc395689969]Research Questions and Methods

	In this study I decided to use a mixture of qualitative and quantitative methods. Once this had been decided, questions that immediately sprang to mind included “Are the qualitative and quantitative sides of equal status? Are they interactive or separate? How are they sequenced?” (Miles and Huberman, 1994, p.41). Furthermore, specific methods of investigation need to be chosen and there are many different choices for these. Indeed, caution is necessary to avoid falling into ‘default mode’ when selecting methods, which is where one particular method is seen as the only way of proceeding (Miles and Huberman, 1994). Some very useful and interesting considerations to take into account when making these choices include:
1. The questions that guide the study.
2. Selection of a site and participants.
3. Access and entry to the site and arrangements with the participants.
4. Timelines for the study.
5. Selection of appropriate research strategies.
6. The place of theory in the study.
7. Identification of the researcher’s own beliefs and ideology.
8. Identification of appropriate informed consent procedures and willingness to deal with ethical issues as they present themselves. 
(Janesick, 1994, p.211)
A summary of the principal factors which were considered (Janesick, 1994; Miles and Huberman, 1994) when selecting the methods used in this study is given below:
· Matters of interest as identified by the literature.
· The research questions. 
· Access to participants.
Below I have looked again at the research questions that I would like answers to: 
1. To what extent did a PBL approach to teaching a mathematics module result in the intended learning outcomes of improved understanding of basic mathematical skills? 
2. Is there an association between interaction with a PBL component and overall grades on a mathematics module?
3. What did students make of their experiences of group work in mathematics and problem-based learning as part of a mathematics module?
4. What did students make of their experience about how collaborative group work affected generic skills?

To recap this part of the methods chapter so far: I carried out a piece of action research in which I introduced problem-based learning tutorials into a first year mathematics module. Students worked in groups to answer problems during 3 tutorial classes and marks were allocated for attendance at tutorials, completion of diary entries, completion of peer evaluation forms and participation in a group presentation at the end of the tutorial process. To help me to understand if basic mathematical skills were improved by the PBL approach to learning mathematics, I carried out a test-retest procedure in which I compared the marks awarded to students in a test given in Week 1 of term and again in Week 12 of term after students had attended a series of problem-based learning tutorials. Data generated from questionnaires and a semi-structured interview with students allowed me to answer questions about student experiences of group work and problem-based learning in mathematics. Furthermore, diary entries written by students gave me insight into how students perceived collaborative group work affected their generic skills. 
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	The procedure employed in the research initiative will be discussed in this section of the chapter.  To begin with, I will discuss in full the pilot study which was carried out during the academic year previous to the current study. After this the participants involved, the profile of the population and the methods of data generation will all be examined. 
In this study, rather than focussing exclusively on answers of the problem, I was more interested in gaining an understanding of how the students worked together during the tutorial and independently between each PBL session. Furthermore, I wanted to gain insights into the experiences of students who had used this approach to learning. To this end, I used a questionnaire and an interview to get the thoughts and opinions of the students. 
The Pilot Study
	A pilot study was carried out during Semester 2 of the academic year 2012-2013. I hoped to learn many lessons from the pilot study and to use these to inform changes that I might make for future years of the initiative. The participants in the pilot study were first year students on a computer science programme and were enrolled on the module Mathematics 1 (MATH). Students on this programme had been mathematically diagnostically assessed during Semester 1 and those who were deemed to have performed weakly in this assessment were advised to attend additional support classes where revision of basic mathematical techniques was carried out. 
	For the pilot study, three PBL tutorials were made available to all students in this cohort on a non-compulsory basis and tutorials were scheduled during a free one-hour slot on their timetable. In this way, the PBL tutorials were a standalone non-compulsory component. Attendance at and/or participation in the PBL tutorials did not count towards students’ continuous assessment component.
	At the start of the first tutorial of the pilot, students were given an outline of the aims of the initiative and a description of what was expected of them. Moreover, after consulting the research about designing a PBL problem, I decided to use the same problem for the duration of the three tutorials of the pilot and an outline of this problem was given to the group together with a breakdown of typical tasks to be completed at and in between each of the three PBL tutorials (see Appendix 2). The reasoning behind using a single PBL problem across a few tutorials was so students could discuss their actions in one tutorial, go away and do some work independently and then meet up again in another tutorial to discuss their findings as a group and how best to proceed towards a final solution. In this first tutorial students were also given an Ethics Form outlining the reasons behind introducing the PBL tutorials and allowing any student to opt out of the process if they wished. 
	An initial issue with this pilot study was choosing an appropriate problem to use throughout the tutorials. Having studied the results of these students’ diagnostic assessment, it was clear that many of the students in this group had very weak mathematical competencies. Thus, a problem that involved slightly more complicated mathematical techniques had to be discounted. I thought it may be useful to try to link the PBL problem to some of the other modules which the students were studying. However, after looking through the module descriptors of their other modules (Programming, Professional Development, Gaming etc…) it became obvious that any problem would involve either quite a high level of mathematics or no mathematics whatsoever and for this reason I needed to think again.   
Tutorial 1 in the Pilot Study
Five students attended the tutorials in the pilot. Two groups, one of three students and one of two, were formed by the students themselves. After reading the PBL literature, I felt that using the given information I had about each student (Leaving Certificate points, Leaving Certificate mathematics grade) to create groups would be a pointless exercise. Knowing this student cohort as I do, I felt that self-selected groups would be more likely to function well together for the duration of the tutorials.  I noted that two of the students seemed particularly ‘turned-off’ from the very beginning of the first class. This, I mused, is a common problem with mathematics. Every year, there are many students who have not read the programme document for their programme (here Computer Science) and mistakenly think that they will not have to learn any mathematics during the year. Some will never show up at all and others will drop out early in the semester because they are fearful about how to even get started and let the workload get on top of them even before the first continuous assessment. 
I was aware that the first tutorial was the most important of all as it would establish the way in which the rest of the tutorials would continue. Consequently, I did not want to make the mistake of lecturing about PBL and the problem involved for the whole period. I felt that doing this would send out entirely the wrong message, yet I still wanted to communicate what the project was about and how it was likely to be different from any other project they had encountered. I had thought all this through and believed I was ready.
I arrived half an hour early for the first tutorial. I set up the projector which would show the video-clips that gave information about the problem to be used, and arranged the information sheets to be given out. I also left out a notebook that I would write any of my thoughts and student responses in. The room to be used for the PBL tutorials was a computer lab and I hoped that the room layout would work well for PBL teaching as there was a large communal table in the middle of the room and chairs could be arranged in groups around the edge of this so students had room to spread out their things.  The first two students arrived ten minutes before class. I greeted them, handed them the information sheets and showed them where to sit. As more students arrived, I repeated the personal greeting and suggested that they get to know each other if they didn’t already. I waited a few minutes on the stragglers so they wouldn’t be left out and disrupt the flow of the class if they arrived late. 
Student Concerns in the Pilot Study

	I began the tutorial by introducing myself and what I do and explaining the idea behind PBL. I introduced the problem which would be used for the duration of the initiative, ‘The Mars Landing’. A video-clip (available on You Tube) was shown to the class to give a better idea about the background and context of the problem. I talked about what the students needed to discuss during this tutorial and before the next tutorial, how to get started and, after a few minutes of silence, the chatter of both groups began and continued until the end of the tutorial. I moved between each group listening to the discussion and answering questions, usually with other questions that pointed the discussion in the right direction. Even at this early stage, it was obvious that one of the groups worked much more productively together and had more of an idea about independent learning. This group, I left to their own discussion and ideas on the whole, and I concentrated most of my time with the other group. These students seemed to really dislike the idea of having to think up their own questions and really struggled with getting started. I was also conscious about leading the conversation too much and so, after pointing the discussion in an appropriate direction, I left this group to it and went back up to the top of the room. The topic of the problem was one which was not overly-familiar to me and so I was wary about allowing the discussion to venture away from ‘what I knew’. However, I feel that I fielded the questions from each group well and once back up the top of the room I was distracted by some overheard remarks from the weaker group.
	One remark which I found quite informative and which I recorded in my notebook came from Ally (pseudonym); “This is a bit crap. If she thinks we are going to turn up here for the next 3 weeks to talk to each other like some geek convention, she must be crazy. These tutorials don’t even count towards an assessment mark”. I will discuss this in further detail at the end of this section. 
	Towards the end of the session, I brought the groups together again and made sure that they knew what they had to do between the first and second tutorials and how best to proceed. 
Tutorial 2 in the Pilot Study

	Two weeks had passed. In general, I felt that the first tutorial had gone well. The students arrived into the classroom for the second tutorial and were having discussions in their groups. Each group had developed a character of its own. The first group participated well, had done some work in between the tutorials and showed a real depth of understanding about the problem. The second group however was a different story. After leaving the first tutorial, they admitted that they had not met up and had done no further work on the problem. For this group, independent learning seemed particularly alien. I felt very frustrated as it seemed the students were afraid to even try to do any work on their own in case they got it wrong and it would all be a waste of time and energy. In this case, I felt it was necessary to be quite direct with responses to this group, what questions they needed to answer, where to find these answers and how to write up a solution. Whilst this may have been defeating the point of the exercise somewhat, I felt that it was necessary at this stage in order not to ‘lose’ this group altogether from the process. In future, this reluctance by students to be responsible for their own learning is something which I am going to have to dedicate much more of my time in the early tutorials, helping students with a ‘plan’ for how to learn independently. 
Tutorial 3 in the Pilot Study

	Two more weeks had passed and the groups were to give a short presentation on a solution to the problem in the third and final PBL of the pilot. A fourth year student who had enjoyed mathematics during her own first year and who had some knowledge about the ‘Mars Landing’  agreed to come along this week to listen to the group presentations. I gave her a marking rubric and asked her to grade a group on their presentation – participation, knowledge, coherence, and understanding of the problem.
	We each took one group and listened to what they had prepared. Neither group had prepared a poster and seemed content to just discuss what they had done each week, now and again referring to some equation or diagram they had jotted down previously. As I had not given students any guidelines for how to produce or write-up their work, I was happy with this. 
Learning from the pilot

	Overall the pilot study was a successful endeavour as it enabled me to see where changes needed to be made to the project moving forward. Firstly, I found that the choice of classroom to be used for PBL tutorials is quite important. In future, I plan to book a room which has movable furniture so that students can sit together in their groups around a table on which they can spread out their materials.  Secondly, it is very useful to know the mathematical ‘levels’ of the students within the group because this will allow me to adjust or amend the problem(s) to be used in the tutorials. Moving forward, I plan to ensure that all students sit a diagnostic mathematics assessment and to use the results to inform the ‘level’ of the PBL problem(s). 
	Thirdly, and of utmost importance to the students, is the necessity of the project to count towards the continuous assessment component marks of the module. I found that these students were highly unlikely to fully engage in the process if it is ‘worth nothing’ to them and were much less likely to attend and participate unless they felt that they were working towards something concrete – such as continuous assessment marks. It is also my opinion that these students, mainly because they are first year students, were reluctant to try independent learning. I felt that this may have been in part due to the way these students were taught in previous years – mainly transmission teaching, and so independent learning appears alien and unfamiliar to them. In future, I plan to incorporate the PBL tutorials into the module by allocating continuous assessment marks towards it.  
	Fourth, I found that it was imperative that I (the facilitator) work through the problem in detail before the tutorials begin, that I explore avenues which students might go down when they work through the problem and most importantly, that I am confident enough in my own knowledge of the problem to allow students to play with the problem in any way they wish. For the pilot study, I felt that I was not entirely comfortable or knowledgeable about the content of the problem and I feel that this hampered the smooth running of the tutorials. I was afraid to veer away (or let students veer away from) the solutions that I had worked through and could explain. 
The reason the ‘Mars Landing’ problem was chosen for the pilot study was mainly on the advice of a colleague who was familiar with these students and who also had a great interest in astronomy. We met on a few occasions to develop the problem and felt that the mathematics in the problem should be manageable for these students and also that the content of the problem would keep the students interested over the course of the tutorial. However, I was never entirely comfortable with the content of the problem mainly because astronomy was a subject which I do not know much about (and did not take sufficient time to learn about before the tutorials). I feel that it is important that students are not given a ‘closed’ problem which only has one correct answer to work on during these PBL tutorials as this may encourage students to ‘give up’ if they feel that they are not making progress towards a solution at a certain time. Moreover, I feel that it may work better in future to give students different problems for each tutorial. During the pilot we used only one problem and I feel that students ‘turned off’ from the problem as they did not need to present any work until the end of the process. Giving students a different problem each week, with each problem being a development of the previous one, would scaffold the process for students whilst allowing them to develop their own solutions at the same time. 
Furthermore, in future I plan to ask students to make a group presentation at the end of the process and to ask a number of colleagues to come along to ‘assess’ the groups. I feel that it is more likely that students will stay interested in and committed to the process if they feel that they are building towards something important and that they will be presenting their work to people outside the process. In conclusion, my main dilemma throughout the pilot phase of the project was to ensure that students felt supported during and between tutorials and not to lead them down any particular road to a possible solution but to allow them to come up with their own.  	
[bookmark: _Toc395689972]Participants in the main study

	The participants in the main study were first year students on a Mathematical Sciences degree programme and were enrolled in the module Foundation Mathematics 1 (MATH1801). Information was given to all participants at the outset of the project regarding the project (Appendices 3A & 3B). Whilst a total of 29 students were enrolled, only 26 students actually presented and participated in the module. The three students who did not participate were international students who had provisionally accepted a place on the programme but did not appear or register once term had started. 
[bookmark: _Toc395689973]Profile of the population

	Demographic information in terms of age, gender and mathematics attainment level at Leaving Certificate (LC) (or equivalent) was sought from all participants and the Admissions Office. The summary statistics of this demographical information are presented in Table 4.2 below. The majority of students surveyed were second-level leavers (coded 1 in Table 4.2) who were in the age group 17-19 years, while non-standard and mature students aged over 20 years (coded 2 and 3 in Table 4.2) represented 23% of the population sampled. 
The Central Applications Office (CAO) in Ireland set a minimum entry point requirement for each tertiary level programme in Ireland and this requirement is based on the number of places available and the demand for the programme. Students are allowed to use six subjects studied for Leaving Certificate to calculate their CAO points (with it being compulsory to use Irish, English and Mathematics) and so the maximum number of points available for counting is 600. Results in the Leaving Certificate examinations (which can be studied at Higher or Ordinary levels) are scored according to CAO points awarded for the grade achieved, according to the scheme in Table 3.1 below. The greatest advantage of this scoring is that it determines grades using externally validated data. For example, a student awarded an A1 grade at Higher level receives 100 marks whereas a student awarded an A1 at Ordinary level receives 60 marks.
	
	Higher Level 
	Ordinary Level

	A1
	100
	60

	A2
	90
	50

	B1
	85
	45

	B2
	80
	40

	B3
	75
	35

	C1
	70
	30

	C2
	65
	25

	C3
	60
	20

	D1
	55
	15

	D2
	50
	10

	D3
	45
	5


Table 3.1: CAO points awarded for grades at Higher and Ordinary Levels	
In Table 3.2 below, abbreviations are used for the LC marks obtained by students. For example, HC refers to a student who scored a ‘C’ (C1, C2 or C3) at Higher Level, whilst OB refers to a student who scored a ‘B’ (B1, B2 or B3) at Ordinary Level. 
	Demographic
	Coding
	Description

	Table 3.2.1 [Age]
	1
	17-19

	
	2
	20-23

	
	3
	24-28

	Table 3.2.2 [Gender]
	1
	Female

	
	2
	Male

	Table 3.2.3 [LC Points]
	1
	Less than 300

	
	2
	300 – 350

	
	3
	350 -400

	
	4
	More than 400 

	
	5
	Non-standard Entrant (FE)

	Table 3.2.4 [LC Maths ]
	1
	HC

	
	2
	HD

	
	3
	OA

	
	4
	OB

	
	5
	Non-standard entry/No maths grade


Table 3.2: Demographic information for participants in the study
	 
	Age

	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Valid
	17-19
	20
	76.9
	76.9
	76.9

	
	20-23
	5
	19.2
	19.2
	96.2

	
	24-28
	1
	3.8
	3.8
	100.0

	
	Total
	26
	100.0
	100.0
	


Table 4.2.1 Summary Statistics of data produced and coded for age of students


	Gender

	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Valid
	Female
	7
	26.9
	26.9
	26.9

	
	Male
	19
	73.1
	73.1
	100.0

	
	Total
	26
	100.0
	100.0
	


Table 4.2.2 Summary Statistics of data produced and coded for gender of students


	LC_Points

	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Valid
	Less than 300
	3
	11.5
	11.5
	11.5

	
	300-350
	5
	19.2
	19.2
	30.8

	
	351-400
	8
	30.8
	30.8
	61.5

	
	More than 400
	4
	15.4
	15.4
	76.9

	
	Non-standard entrant
	6
	23.1
	23.1
	100.0

	
	Total
	26
	100.0
	100.0
	


Table 4.2.3 Summary Statistics of data produced and coded for Leaving Certificate Points





	LC_Maths

	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Valid
	HC
	9
	34.6
	34.6
	34.6

	
	HD
	3
	11.5
	11.5
	46.2

	
	OA
	4
	15.4
	15.4
	61.5

	
	OB
	9
	34.6
	34.6
	96.2

	
	Non-standard entrant/No Maths grade
	1
	3.8
	3.8
	100.0

	
	Total
	26
	100.0
	100.0
	


Table 4.2.4 Summary Statistics of data produced and coded for Leaving Certificate Mathematics grade

	There were more males in the study (coded as 1 in Table 4.2.2), comprising 73% of the population with only 7 of the 26 students being female. The educational background of students surveyed was very diverse with quite a few students (23%) coming from a non-standard entry route i.e. Further Education. The Leaving Certificate Mathematics grades were a less diverse category with only 1 student having no previous mathematics qualification at second level. The remainder of the students received a LC Maths grade of between a higher level ‘C’ grade and an ordinary level ‘B’ grade.	 
[bookmark: _Toc395689974]Methods of Data Generation

[bookmark: _Toc395689975]1. Test-Retest Procedure

	As discussed above, a diagnostic test was given to students during Week 1 of term and the same quiz was again distributed during Week 12 of term. The online quiz consisted of 20 paired questions with each question having one correct solution from four possible solutions. A large randomised bank of questions was used together with the multiple choice answers also being randomised on each quiz. In this way, students were highly unlikely to get the same question and answer layout as each other and also were much less likely to be able to memorise the quiz i.e. it was extremely difficult for students to ‘copy’ from each other (as their questions would be different and/or their answers would be different) or to remember question and answer pairings. 
	The test was initially given to students in a computer lab during Week 1 of term. The quiz was originally designed by a mathematics lecturer in the School of Engineering within the institution and I decided to use the same quiz within the School of Mathematical Sciences because it would allow for comparisons to be made between students from both schools in future. The quiz was designed and advanced over a number of years and by the time the quiz was used for this project, a bank of trialled randomised questions had been built up. 
The reasons for using a computer-based instead of a paper-based quiz were many. First and foremost was the issue of correction. Due to the time constraint involved with starting the PBL tutorials (the tutorials had to begin in Week 3) and more importantly the development of questions for use in the tutorials, knowledge about the students’ mathematical capabilities was necessary from an early stage in the project. 
[bookmark: _Toc395689976]2. The questionnaire

	A questionnaire was administered to the participants at the end of the initiative. A copy is included in Appendix 4. The student questionnaire is generally acknowledged as a valid means of evaluating teaching and learning environments (Stanley and Marsden, 2012) with some researchers arguing “…it is generally considered that, provided students are asked about those aspects of teaching environments which they are qualified to comment upon, student evaluations are more useful, accurate and valid than other measures of teaching performance…” (Ballantyne et al., 2000, p.221-222). 
Questions used on the questionnaire for this project were adapted from questions which were developed in work originally carried out at Lancaster University (Australia) in the 1980s called The Course Experience Questionnaire (CEQ) (Ramsden, 1991). This work is used in national annual surveys of all Australian graduates as a measure of how the quality of teaching is perceived in degree programmes and is now also increasingly being used as a measure of the teaching quality in universities in the UK. The CEQ was developed as a performance indicator of how effective teaching is in higher education institutions and is based on a theory of teaching and learning at tertiary level in which the key determinants of student approaches to learning and the quality of their learning outcomes are their perceptions of instruction, curriculum and assessment (Entwistle and Ramsden, 1982). 
	The design of the original instrument was to ascertain any differences that exist between comparable ‘academic organisational units’ such as quality of teaching, clarity of standards and goals given, level of workload and amount of independent learning required, as these are all aspects of teaching which students have first-hand experience in (Gibbon et al., 2009). 
	A more detailed explanation of the questionnaire will be outlined in the coming chapters, where the results and discussion of findings will also be described. 
[bookmark: _Toc395689977]3. The interview

	Given that my goal is to identify and defend the research process in my study, it is very important that I describe the methods I use as specifically as possible. Indeed, it is not sufficient to say “carrying out an interview” but rather detailed descriptions should be given about what kind of interviews they are, the setting they will be conducted in and any interview techniques that will be used (Crotty, 1998).	
	Even though my ontological position is based upon the assumption that the views, understandings and experiences of the people involved are fundamental properties of the reality in which my research questions are designed to probe, I am more interested in the perceptions of the participants of the research. 
The second method of data generation involved an interview with six students who volunteered their time to talk about their views regarding group work in mathematics, the assessment of group work and other concerns they had. An interview time was arranged during a free time slot and all students were invited to attend. Six students turned up on the day. These students were from the larger cohort who participated in the PBL initiative and consented (Appendix 6) to being included in the compilation of the statistics on the project. The interview lasted approximately 40 minutes, was audio-taped and later transcribed for analysis. Table 4.3 below lists the questions asked in the interview (Gibbon et al., 2009). 
	The interview was conducted by a third-party who was unknown to the students. I felt that it would be easier for students to talk about the project and their opinions if they were to do so with someone who was disconnected from the process. The interviewer had not met the students before the interview but was familiar both with the process of PBL in the classroom and the process of interviewing  and so was able to relate to what the students were saying in relation to a given question as well as ensuring that conversation did not stall during the interview. Questions used in the interview process were designed as a part of a study which generated evidence related to problem-based learning  (Gibbon et al., 2009) and were used in this study primarily because they have been previously validated in other institutions. 
Table 4.3
Focus Group Interview Questions 

Questions related to CURRICULUM DESIGN 

How have you found the overall design of the Foundation Maths module? 
How have you found the overall design of the PBL component of the module? 
Describe what helped most in preparing you for using a PBL approach? 
How does this type of module design motivate you to learn (or not)? 
How does PBL compare to other forms of learning you have experienced? 
In what ways, if any, has PBL changed your view of learning? 
In what ways has PBL prepared you for your chosen professional practice? 
Questions related to FACILITATION 

How has the facilitator helped to support your individual learning? 
How has the facilitator influenced your group learning activities? 
How does the style used by the facilitator affect what you learn? 
How has the feedback from the facilitator influenced your learning? 
What did the facilitator do that was most helpful? 
Did you find any aspects of the facilitation unhelpful to group learning? 
Questions related to STUDENT EXPERIENCE of PBL

Describe your first experiences of PBL 
Describe your positive experiences of PBL and why you found them so 
Describe the experiences of PBL you found difficult or unhelpful 
How does PBL compare to other forms of teaching you have experienced 
In what ways, if any, has PBL changed your view of learning? 
Questions related to ASSESSMENTS & ACHIEVEMENTS

In what ways has PBL prepared you for your chosen professional practice? 
In what ways has PBL helped to prepare you for your module assessments? 
What do you believe you have learnt as a result of this PBL? 
Has the assessment influenced what / how you have approached PBL? 
Do you think the assessment has let you demonstrate fully what you have learnt?
(Gibbon et al., 2009, p.24)
Table 4.4 Demographic features of students that were interviewed
	Interviewee
	Gender
	Age
	Leaving Cert CAO Points
	Leaving Cert Maths Grade

	Student 1
	Male
	18
	325
	OB2

	Student 2
	Male
	22
	440
	HC1

	Student 3
	Male
	17
	275
	OB1

	Student 4
	Male
	18
	390
	HC1

	Student 5
	Male
	22
	Other
	OB1

	Student 6
	Male
	21
	310
	OA1



Table 4.4 above outlines the demographic features of the students that were interviewed based on the four demographic variables of interest in this investigation. Participation in the interview was a non-compulsory element of the PBL project and for this reason attendance was quite poor. Students were given information about the interview including the question set in advance so as to allow time for them to think about their answers and what they wanted to say. Furthermore, students were reminded and advised to attend the interview to ‘have their say’ and in this way have their chance to shape the future of PBL within mathematics modules. As the table shows, no female students participated in the interview whilst 3 of the students who were interviewed (50%) were over 20 years of age.  Only 1 of the students interviewed had achieved less than 300 points in their Leaving Certificate and 2 of the students interviewed had previously studied mathematics at higher level for Leaving Certificate. 
[bookmark: _Toc395689978]

Quality Criteria

	The importance of having quality data cannot be overemphasised and indeed the methods used in research should be measured against a number of quality criteria. In particular, the data needs to be reliable, valid and credible (Scaife, 2004)and furthermore, any biases or ideologies of the researcher should be clearly identified (Janesick, 1994). In particular, the case of non-responses on questionnaires should be identified. We will now discuss how these issues affect this particular study. 
Bias
[bookmark: _Toc205842559]
The project was carried out as part of the continuous assessment component of a semester-long (12 weeks) first year module in Foundation Mathematics.  I was the lecturer on this Foundation Mathematics module and was also the tutor and facilitator during the problem-based learning tutorials. My involvement in the module was to deliver lectures, prepare problem sheets on the foundation mathematics syllabus, set and grade assessments and exams as well as setting the tasks for collaborative activity. I believe that a first source of possible bias may stem from the fact that I was both lecturer and tutor on the module and was ultimately the person awarding each student their grade. Thus, I felt it was important that I be aware and take into account that students may act or behave in a certain way so as to ensure that they receive ‘full marks’ for all components of the module. In a bid to alleviate this bias, I involved other people in the assessment of the collaborative activity where it was possible e.g. at the presentation and interview stages. 
My personal belief in the many rewards of problem-based and group tutorials and hence a personal interest in the outcomes prior to carrying out the research is a second source of possible bias. Indeed this form of bias is well known and accepted since a researcher interested in a phenomenon must show a commitment to the investigation of questions about it, whereas a disinterested scholar should not be trusted (Romberg, 1992).
Two very important sources of bias, namely that of selection and non-response are now discussed in relation to examination of the response rates to the questionnaire. A total of 16 responses were received to the questionnaire, out of a total of 26 students representing a 62% response rate. While this response rate could be attributed to the fact that participation by the students was voluntary, it is important that we also consider the reason why students do not wish to participate. Those students who did not wish to participate in the survey together with those who gave their consent but did not participate, may well have very different opinions than those students who did respond. For instance, they may feel very differently about the PBL process of learning or about mathematics in general. However, due to the relatively high response rate of 62% and the lack of significant difference in examination results across the whole group (respondents and non-respondents), it is my belief that this is not an obviously unrepresentative group. 
Another possible source of bias may come from the efforts of those students aiming to ‘please’ the researcher, either out of a natural inclination to do the right thing or a fear of repercussions in their assessment (despite strong assurances to the contrary). Such a bias is similar to what researchers term the ‘Hawthorne Effect’, where the students under observation realise their role as ‘experimentee’.
In the initial stages of research, informants may dissemble, present an ideal self or tell the researcher what they think the researcher would, or wants to hear (Bums, 1990, p.247).
Other features in questionnaires such as the wording of the questions and item non-response are potential sources of bias. The wording of questions may become particularly significant in the case for students for whom English is not a first language (Bradburn and Sudman, 1991), and non-response of some questions may be due to students either not understanding the question or because they do not want to answer. 
Reliability

Reliability refers to the degree to which stable and consistent results are generated using an assessment tool (by an independent researcher) (Bogdan and Biklen, 1982). Because of the human element involved in qualitative research, different results could be indicated both by alternative interpretations of the results despite the same procedures being used and/or the research methodology not being followed. Indeed the effect of different interpretations from different researchers is often downplayed, with some arguing “…two researchers studying a single setting may come up with different data and produce different findings…both studies can be reliable” (Bogdan and Biklen, 1982, p.44).
	Reliability is used in many different ways in the literature and most of these contain some commonly occurring features, such as repetition and consistency (Hammersley, 1987). In particular, some authors take reliability to indicate “The extent to which a test or procedure produces similar results under constant conditions on all occasions” (Bell, 1999, p.117). This may be relatively unproblematic in say a carefully controlled scientific experiment but may certainly cause problems in a research setting such as a classroom where some of the conditions may be well beyond the researcher’s control. Thus, the decision about whether using a data generating process with the expectation of replicable results makes sense or not, is of great importance (Scaife, 2004). In their assessment of the goodness of their work, researchers should try to understand if reliability would indeed be a useful criterion. Certainly, reliability could be used to judge goodness in the case of a scientific experiment but may not be appropriate to use in the classroom setting.   
	Any procedures that I use to generate data in my study will be repeated using the same subjects because, as outlined by (Scaife, 2004) and others, I am using the word reliability to describe the extent to which similar results are generated in similar conditions. If different participants were involved in the study then the conditions would not be similar. I decided to use a ‘test-retest’ procedure to achieve a high degree of reliability as I felt it made sense to judge the process of generating data in terms of reliability. This procedure involves an instrument being used and then used again with the same subjects, and then comparing the set of results. The time between the test and retest was taken into consideration in that a sufficient interval of time was given (in this case 10 weeks) so that students’ memories of the test would not influence the retest but this interval was not so long as to allow a dramatic change in students behaviours and beliefs.  


Validity

	Validity tells us whether an item describes or measures what is purports to describe or measure (Bell, 1987). Not only are researchers involved with their own data but also, through the literature, the data of other researchers. Throughout this study, I have preferred to think about a broader application of the term validity and have instead looked at the validity of the relationship between my claims and the results of the processes of generating data that I used. This application allows readers of the research to make a judgement of the ‘goodness’ of claims made on the basis of other people’s research (Scaife, 2004).   
	Educational literature refers to several types of validity with one of the most common distinctions being made between ‘internal’ and ‘external validity’. When we attempt to pinpoint the cause of a behaviour or phenomenon either by experimentally manipulating the independent variable or by observing (or measuring) the independent variable, we are trying to show that it is the independent variable that “causes” the change in the dependent (outcome) variable. The extent to which we can make this causal inference is what internal validity is about i.e. the extent to which the outcomes of the study result from the manipulated, measured or selected variables rather than from other variables not systematically treatment. ‘External validity’ is an indicator of the extent to which the findings of a study can be applied beyond its own research content and because any generalisation goes into territory that is beyond the content of the study in question, one hundred percent external validity is impossible.  
For the sake of validity, particularly in the qualitative part of the study (since the researcher is the instrument), it is important that the researcher guards against bias, ensures neutrality, is rigorous and focuses on the entire group under study. For this reason, the questionnaire was limited to a single distribution as responses would have started to get repeated had they been distributed on more occasions. In terms of validity, the quantitative measures such as the questionnaire are less complicated to satisfy. However, bias can also arise here and stem from the very nature of the questionnaire – both in question design and issues of non-response, as was alluded to above.    
Credibility

	Conventionally used criteria which have been used to judge goodness in research are validity, reliability and ‘objectivity’ (Lincoln and Guba, 1985). However, it has been suggested that trustworthiness may be a more appropriate term to use, which according to (Lincoln and Guba, 1985) involves credibility, transferability, dependability and confirmability. In this study, I concentrate mainly on the notion of credibility and how it can be reinforced in my study and also look at some of the other criteria involved. Several strategies that can enhance the credibility of research are outlined below: 
1. Procedures used in data generation are explained.
2. The presentation of data is transparent and enables ready re-analysis.
3. Any ‘negative instances’ in the data are reported even if they do not fit with the researchers beliefs or intentions. 
4. Biases are acknowledged.
5. How data was initially handled when it was generated i.e. fieldwork analyses, is fully explained. 
6. There is a clear explanation of the relationships between the claims and any supporting evidence.
7. The researcher’s own data (primary data) is distinguished from other people’s data (secondary data).
8. The researcher does not attempt to pass off a problematic statement as an established fact.
9. The researcher makes use of a diary or log to track what takes place during the study.
10. The quality of the data is checked using procedure (such as those discussed above).
(Scaife, 2004)
[bookmark: _Toc395689979]	Further to the procedures discussed above for checking the quality of the data, another procedure which can add to the credibility of a piece of research is called ‘triangulation’. Triangulation involves the separate application of different procedures of generating data to the same subjects which gives new data and hence allows statements to be made about the subjects that are separately warranted (Scaife, 2004). This is further discussed below.

Triangulation of Data

	A technique that is commonly used to improve the validity of research and to help eliminate the effects of or at least identify biases is called triangulation. Triangulation is often used to indicate that more than one method of generating data has been used and it can be employed in both quantitative and qualitative studies. Traditional criteria such as reliability and validity can often be bypassed by using triangulation, because by combining numerous observers, methods, theories and empirical materials, social scientists attempt to address biases, weaknesses and the issues that arise from single-method, single-theory, single observer studies. 
Whilst I do make use of triangulation for this study in an attempt to address at least some of the identified biases, I also note that it is unlikely to address those sources of bias such as students who did not respond to the questionnaire or participate in the interview process. 
[bookmark: _Toc395689980]Synopsis of Chapter

	The aim of this chapter was to describe in detail how the actual research was carried out. The relative merits of quantitative and qualitative methods were discussed together with the issues underpinning the methods. It was concluded that the quality of the research is of superior importance, not necessarily the individual methods being employed. 
	It was documented how the same phenomenon can be investigated using both quantitative and qualitative methods and furthermore how each method can actually complement the usefulness of the other. In this way, the case for multiple perspectives was put forward. Next, the process of selecting the specific methods was outlined with particular consideration paid to a fitting balance of quantitative and qualitative methods. In line with the technique of triangulation, a mixed-method approach to research was used. The criteria for selection of specific methods were dealt with and how each selected method satisfied these criteria was described. 
Credibility is a basic criterion of quality in the worldviews of both realism and constructivism. Whilst reliability and validity give credibility to research of a scientific or quantitative nature, methodological triangulation (mixed methods) adds credibility to research of an interpretive or qualitative nature. In this study I have used both mixed methods and have also assessed reliability and validity where applicable, to enhance the credibility of certain parts of the account.  
	The actual research process was also defined above, including a description of the questionnaire developed and the questions used during the interview process. The concluding section of the chapter dealt with the issues surrounding the quality of evidence. Identified and discussed were possible sources of bias together with ways of ensuring validity and reliability. Furthermore, it was concluded that the possibility of generalisability from this study was unlikely. Chapters four, five and six below will discuss the findings from this study, and the issues of response rates and bias will be returned to again when discussing the findings in chapter seven. 
The following chapter will present the findings from the study regarding the extent to which basic mathematical skills are improved from a PBL approach to the teaching of mathematics.


[bookmark: _Toc395689981]Chapter 4 	Research Question One – To what extent does a PBL approach to teaching mathematics result in improved understanding of basic mathematical skills? – Results and analysis of findings

[bookmark: _Toc395689982]Introduction

	This chapter presents the results and discussion findings from part of the quantitative data generated. In this mainly quantitative section of the study, I attempt to ascertain the role of PBL in improvement of basic mathematical skills in first year students. To do so I carry out a ‘test-retest’ procedure on the group in which students are given a quiz at the beginning of the project and again at the end of the project. 
[bookmark: _Toc395689983]Research Objective and questions
Research Objective

To explore if participation in a problem-based learning component of a mathematics module develops and improves knowledge of basic mathematical skills.
Research Questions

The research question being posed in this chapter is:
To what extent does a PBL approach to teaching a mathematics module result in the intended learning outcomes of improved understanding of basic mathematical skills? 
The remainder of this chapter will present findings from data generated from a test-retest procedure conducted with 18 first year mathematical science students over a 12 week period. There were many reasons that students did not participate in the test-retest component and among these reasons were late registration on the programme meaning they could not log-in to a computer, no continuous assessment marks were allocated, disinterest and fear of failure. Only students who participated in the initial test and the follow-up retest, 18 in this case, were used in the study. The purpose of the test-retest process was to explore the improvement made (if any) in basic mathematical skills using an online multiple-choice quiz.
[bookmark: _Toc395689984][bookmark: _Toc205842560]Test-Retest Findings

	Eighteen participants (first year mathematical sciences students studying mathematics modules) from a cohort of twenty-six took part in this part of the study. Throughout this module, students worked on traditional tutorial problems as well as problem-based collaborative group activities during their set tutorial times. During the problem-based group sessions, students sat in their groups (made up of 4/5 students) – so that they could collaborate on the task at hand. Participants submitted group work at the end of each PBL tutorial and were given oral feedback on this. Participants were evaluated on the PBL component using an overall ‘Interaction’ grade which was derived using students’ attendance at PBL tutorials, peer evaluation for each PBL tutorial, submission of a diary entry for each PBL tutorial and participation in a  group presentation. 
	Out of the 26 students who participated in the project, 18 students completed both the test and retest (as the retest was non-compulsory) giving a response rate of 69%. The test was given to students during Week 1 of term and the retest was given during Week 12. Only students who completed both the test and retest were used in the data analysis.  
Hypotheses Testing

A null hypothesis  “makes a prediction that in the general population, no relationship or significant difference exists between groups on a variable” (Creswell, 2009, p.135). Thus, the null hypothesis is contrasted against another or alternative hypothesis that “makes a prediction about the expected outcome, basing this prediction on prior literature and studies on the topic that suggests a potential outcome” (Creswell, 2009, p.134). 
 Large quantities of data can be compiled conclusively using basic statistical calculations such as the mean, the median and the standard deviation. The mean is the computed average score of a data set. A t-test is a statistical test which is used to compare two mean values e.g. a mean exam score for a group who have had no participation with a PBL component and a mean exam score for a group who have had participation with a PBL component. The t-test assesses whether the means of two groups are statistically different from each other (Creswell, 2009). This allows us to say whether the difference between the two means is too small to distinguish if it arises from chance or not. It is the norm (and the default in SPSS) to use a cut-off point of 95% significance. In other words, we say that the test is believed to be significant if the possibility that the true result arises from chance is 5% or less i.e. there is a 1 in 20 chance that the result is due to random factors. A value that is statistically significant at 95% confidence is said to be significant at . A 95% significance level is also termed “ , alpha=0.05”. It is obviously more significant if there is 1 in 100 chance that the result is due to random factors i.e. is significant at 99% or  (Creswell, 2009). 
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As outlined above, whilst it was not compulsory for students to submit the online quiz, the majority of the cohort (24 students) submitted the initial pre-test. However, only 18 students submitted the post-test. Reasons for students not submitting the test again during Week 12 included the non-compulsory aspect of the test, the test did not count towards continuous assessment and as it was held in Week 12 many students were busy compiling continuous assessments for other modules.  
For this study, I decided to only use data from students who had completed both pre- and post-tests Data from the pre-test is given in Table 4.1 below. Students were allocated a number at the beginning of the project and carried this number with them on all parts of the study.
	Student
	Pre-test mark (%)

	1
	67

	2
	80

	3
	80

	4
	47

	5
	67

	6
	100

	7
	55

	8
	55

	9
	100

	10
	55

	11
	48

	12
	48

	13
	73

	14
	55

	15
	73

	16
	55

	17
	55

	18
	73


Table 4.1: Results from Pre-Test (Week 1)
	These results highlighted some worrying outcomes at the beginning of the module. Given that the instrument measured basic mathematical skills and that these students were registered on a mathematical sciences degree programme, it was a concerning result that only 4 students achieved a grade of 80%. I was able to use these results to inform my teaching in lectures and in particular in the development of problems for use in the problem-based learning tutorials which was very useful. Furthermore, the topics of algebra and arithmetic were particularly poorly answered.
	The mean mark on the pre-test was 66% and this result gave me an insight into the mathematical competencies of the group and thus to develop appropriate problems for use in the PBL tutorials. It was also important that I was aware of those students who had achieved less than 50% on this quiz because they were the students who were most likely to struggle not only with the content of the Foundation Mathematics module but also with the independent learning part of the PBL project.
	Results from the post-test are given in Table 4.2 below. The numbers assigned to students in the pre-test were again used in the post-test to allow for comparison between results. 
	Student
	Post-Test Mark (%)

	1
	77

	2
	85

	3
	87

	4
	42

	5
	87

	6
	100

	7
	75

	8
	87

	9
	100

	10
	94

	11
	84

	12
	70

	13
	84

	14
	70

	15
	77

	16
	84

	17
	77

	18
	47


Table 4.2: Post-Test Results (Week 12)
The results on the post-test were quite encouraging. 16 students achieved an increased mark on the post-test with the majority of these increasing their mark substantially with a mean mark of 66% on the pre-test as opposed to a mean mark of 79% on the post-test. Also it was reassuring to see that the 2 students who achieved 100% on the pre-test were again able to score 100% on the post test. Two students performed worse on the post-test which was concerning. However one of these students discussed his result with me insisting that he had just had a ‘bad day’ and was happy that he would be able to do better if he were to resit the post-test again. Due to time constraints however this was not possible and so his initial post-test result stood.
	The mean mark on the post-test was 79% which was quite a good mark and allowed me to see that the majority of students in the group had a good understanding of basic mathematical concepts. 
[bookmark: _Toc395689986]

Paired Sample T-test

	To understand how different the pre- and post-test results are from each other and to find out how likely it is that such a difference (if any) would appear in two samples from the same population, a paired sample t-test was carried out. 
Hypotheses

In this study I was interested in finding out if there was a significant difference between the pre-test mean and post-test mean and so an initial null hypothesis that there is no difference between the mean result on the pre-test and the mean result on the post-test was used. Furthermore, the initial alternative hypothesis was concerned with a difference existing between the mean on the pre-test and the mean on the post-test. This is written as:


	Table 4.3 below outlines the results on the pre- and post-tests and the differences between them. 
	Observation
	Pre-Test
	Post-Test
	Difference (Pre – Post)

	1
	67
	77
	-10

	2
	80
	85
	-5

	3
	80
	87
	-7

	4
	47
	42
	5

	5
	67
	87
	-20

	6
	100
	100
	0

	7
	55
	75
	-20

	8
	55
	87
	-32

	9
	100
	100
	0

	10
	55
	94
	-39

	11
	48
	84
	-36

	12
	48
	70
	-22

	13
	73
	84
	-11

	14
	55
	70
	-15

	15
	73
	77
	-4

	16
	55
	84
	-29

	17
	55
	77
	-22

	18
	73
	47
	26



 	We calculated the mean difference because this is the most useful average for comparing pairs of values. Since the pre-test mean was 65.89 and the post-test mean was 79.28, the mean difference is -13.39 which tells us that there is a difference between the values in the two samples. Here the t-statistic is -3.507 with 17 degrees of freedom. The corresponding two-tailed p-value is .003, which is less than 0.05, and so we conclude that the mean difference is different from 0 (i.e. there is a difference between the mean on the pre-test and the mean on the post test, significant at the 0.05 level. 
	Building upon this, we updated the hypotheses to test if students did better on the post-test using the following:


[bookmark: _Toc395689987]Since this is now a one-tail test, the actual p-value is  which is a significant result at the 0.05 level and hence we can conclude that students did better on the post-test than on the pre-test ((). The basic assumptions of and a randomly selected sample and normally distributed difference were checked here thus ensuring validity for the paired t-test.

Conclusion

In this chapter we explored if participation in a problem-based learning component of a mathematics module developed and improved knowledge of basic mathematical skills. To this end, a mathematics diagnostic assessment was developed containing multiple choice questions about basic mathematical concepts. Students were given this assessment during Week 1 and results discussed. Students then participated in a block of problem-based learning tutorials where they developed solutions to problems involving basic mathematics applied to real-life situations. Students were again given the assessment during Week 12. Results from the initial pre-test and the final post-test were then compared using a paired samples t-test. This analysis allowed me to conclude that the results on the post-test (after participation in the PBL tutorials) were significantly ( better than the results on the initial test. It is my claim that, whilst it may not be the only contributing factor, participation in problem-based learning tutorials helped these students to improve their knowledge and skills of basic mathematical concepts. 
The following chapter will present the findings from the study regarding the association between interaction with a PBL component and exam marks in a mathematics module.
	




[bookmark: _Toc395689988]Chapter 5 	Research Question Two – What is the association between interaction with a PBL component and exam marks in a mathematics module? – Results and analysis of Findings
[bookmark: _Toc395689989]Introduction

	This chapter presents the results and discussion findings from a second part of the quantitative data generated. In this section of the study, I attempt to ascertain if there is an association between interaction with a problem-based learning component in a mathematics module and the exam results on this module. To do so I carry out a correlation analysis on the grades achieved for interaction with the PBL component and grades achieved on the end of module exam. 
[bookmark: _Toc395689990]Research Objective and questions
Research Objective

To explore if there is an association between interaction with a problem-based learning component on a mathematics module and the exam marks achieved by students on this module.
Research Questions

The research question being posed in this chapter is:
What is the association between interaction with a PBL component and exam grades on a mathematics module?
[bookmark: _Toc395689991]The remainder of this chapter will present findings from data generated from a correlation analysis on marks achieved by students on interaction with a PBL component of a mathematics module and the marks achieved on the end of module exam, and highlight the statistically significant and noteworthy relationships. The purpose of the correlation analysis was to explore the association (if any) between these variables.


Correlation Analysis

One measure of correlation (and that which was used in this study) between two continuous variables is called the Pearson Product Moment correlation coefficient and is denoted by the symbol .   can take any value between -1 and +1, with +1 meaning that there is 100% (positive) association between the two variables, 0 meaning that there is no association between the variables and – 1 meaning that there is a 100% (negative) association between the two variables. Correlation research is further broken down into two sub-categories: explanatory and predictory (Creswell, 2009). Explanatory design looks for simple associations between variables and examines the degree to which there is a relationship between them. Prediction design is much more powerful, and aims to identify variables that will positively predict outcomes. In other words, it aims to use knowledge about correlations to predict future events based on the correlations observed. 
An important point to note in correlational research is that correlation does not imply causation i.e. an observation of a low correlation between two variables does not imply that because the first variable had a low value leads to the second variable also having a low value. Indeed a simultaneous change in both variables may have been caused by a third variable. As this is the first year that PBL tutorials have been implemented into the Foundation Mathematics module we concentrated solely on an explanatory design for the correlation analysis since we did not have sufficient data to carry out a prediction design.  
In this correlation, the variable ‘interaction with the PBL component’ was a mark out of 100% and was calculated using the variables attendance at PBL tutorials, submission of diary entries outlining student thoughts on the process, submission of peer evaluations on group members for the PBL tutorials and participation in a group presentation. The variable ‘End of module exam’ was again a mark out of 100% and was the grade achieved by students on the Foundation Mathematics exam paper which was taken by all students in the group at the end of the module. This was a 2-hour exam paper containing 4 questions. Students were expected to attempt all questions.
	The Foundation Mathematics module was assessed using a continuous assessment component which was worth 30% of the overall mark and an end of module exam which was worth 70% of the overall mark. Furthermore, the continuous assessment mark was further broken down as follows:
· Mid-Term Assessment: A 1-hour written test given to students during Week 8 of the semester. This assessment was worth 20% of the overall module mark.
· PBL Tutorials: As outlined above, there were 4 parts to the allocated mark for the PBL tutorials as follows:
· Attendance at PBL tutorials = 3% 
· Submission of diary entries = 1.5%
· Submission of peer evaluations = 1.5%
· Group presentation = 4%
Students were made aware of the allocation of marks during the first PBL tutorial and all information was also made available to students online.
In total, the PBL tutorial component was worth 10% of the continuous assessment mark for the module. Attendance at PBL tutorials was as expected. Some students attended all tutorials with many groups not having full attendance at each PBL tutorial. However, the majority of the cohort attended, participated and presented with their group solution during the final tutorial session which was extremely encouraging to see. 
 Only students who had a PBL mark and an exam mark were used in this section of the study – 26 in this case. The reason that there is more available data for the correlation analysis rather than the test-retest procedure is because both the PBL component and the exam component counted towards the final grade on the module and students were more obviously interested in getting as good a mark as possible. On the other hand neither the initial test nor the retest were compulsory components and had no continuous assessment marks count towards them.
As outlined above, an r-value was computed to assess the relationship between PBL Interaction and Exam mark and it was discovered that there was a weak positive relationship between the two variables). Thus, we can conclude that our variables are not strongly correlated i.e. students who achieved high marks for interaction on their PBL component would not necessarily also tend to have a high mark on their end of module exam. Furthermore the p-value of  means that increases or decreases in PBL interaction do not significantly relate to increases or decreases in exam marks.  A scatterplot of the data is given in Figure 5.1 below.
[image: ]
Fig 5.1: Scatter Graph indicating association between Interaction with PBL vs End Exam Mark
[bookmark: _Toc395689992]Conclusion

	In this chapter we explored the association between interaction with a problem-based learning component and the exam marks in a mathematics module. The breakdown of continuous assessment and exam marks was outlined showing where students gained marks for the problem-based learning component. As both an ‘interaction’ mark from PBL and an exam mark from the mathematics module was needed for computational purposes in the correlational analysis, only students who had both of these could be counted in this part of the study. The findings showed that there was a weak positive relationship between how students interacted with a problem-based learning component and the exam mark they gained on the end of module paper. 
The following chapter will present the findings from the study regarding the experience of students in the participation in group-work and problem-based learning in a mathematics setting. 


[bookmark: _Toc395689993]Chapter 6	Research Question Three – What is the experience of students of participation in group-work and problem-based learning in mathematics? – Results and analysis of Findings

[bookmark: _Toc395689994]Introduction

	This chapter presents the results and discussion findings from the interviews conducted with 6 students who volunteered their time. Research findings are substantiated by students’ quotes. 
[bookmark: _Toc395689995]Research Objective and questions
Research Objective

To explore the experience of students who participated in problem-based learning and hence group-work as part of their mathematics module.
Research Questions

The research question being posed in this chapter is:
What is the experience of students of participation in group work and problem-based learning in mathematics?
The remainder of this chapter will present findings from data generated from an interview carried out with participants in a problem-based learning project to ascertain their opinions and attitudes towards group work and problem-based learning as part of a mathematics module. The purpose of the interview was to explore if students believed that the method of problem-based learning was a worthwhile addition to their mathematics module and if they believed it had improved their ability to learn independently, to work as part of a team and to better verbalise their mathematical thinking. The interview was facilitated by a colleague of mine who did not personally know the students and also had some previous experience with the teaching style of PBL. As the interview was audio recorded, it was not possible to identify particular students and so any quotes used below are identified in brackets at the beginning of the quote using the time they were recorded during the interview. 
[bookmark: _Toc395689996]Benefits of collaborative-based learning

A detailed study carried out in 2003 and discussed below presented a thematic analysis of the many benefits of collaborative-based learning in New Zealand (D'Souza and Wood, 2003). The results from this study will be compared with the findings of previous literature to emphasise how this study links with the general literature on collaborative learning. In particular, these links highlight how previous findings in other contexts have been born out in the tertiary mathematics context thus bringing to light a triangulation of results with previous literature. 
The attributes of cooperative learning are nicely captured in the quote “learning and understanding are not merely individual processes supported by the social context; rather they are the result of a continuous dynamic negotiation between the individual and the social setting in which the individual’s activity takes place. Both the individual and the social context are active and constructive in producing learning and understanding” (Nelson-LeGall, 1992, p.52).
	Some of the benefits of collaborative learning and collaborative discussions are now expounded below:
1. Improves student engagement with the task

Rather than students who listen passively to explanations by the teacher, the learning process is inclined to be much more heavily committed to by those students that work together on new material. Previous literature outlines that the most effective form of interaction is when students work in groups of two or three, followed by groups consisting of three of four members (Schwatrz and Reisberg, 1991). When a group of students work together to investigate a question, all members of the group have the opportunity to advance their problem-solving skills by thinking about their ideas, explaining them to others, hearing feedback straight away and replying to comments from other members of their group (Johnson, 1973). This interaction is continuous and ensures that all students are engaged in the session and is outlined by Slavin in saying “…students who had been taught cooperatively were significantly higher than control students on measures of supportive, friendly, and prosocial behaviour; were better at resolving conflicts; and expressed more support for democratic values”(Slavin, 1991, p.81)
(03:11): The main motivation would have been the kind of social pressure that you’d have to go off on your own to really try to understand what the question was asking you, so you’d kind of have some sort of idea what you were talking about and not look like an idiot in front of the rest of the group.
(06:30): With the PBL, we were part of a team so we had to work together. One person would go away and find out answers to one part of the problem and the others would do the same. If one person didn’t bother doing their job, they would be letting the rest of the group down.
2. Builds self-esteem in students

In many classroom or lecture settings, individual competitive systems promote a win-lose situation and in this case, it is the higher mathematics attainers who will realise all the benefits and acknowledgement whilst the lower attainers can often be left behind (Slavin, 1990). On the other hand, in a collaborative setting a supportive community is built where all participants achieve a higher level of achievement and each member raises their attainment levels (Webb, 1982).
The accomplishment of shared goals is what cooperation is all about. Indeed group members will try to find the outcomes that are not only valuable to themselves but also to the other members of their group (Johnson and Johnson, 1989). 
(07:45): I think coming up with a solution to a problem, it helps that you have to present it to others.
(06:56): I did like it [PBL] though because it gives us a chance to actually do some maths and show our work instead of just tests. 
(09:22): I remember the first meeting of the group was all awkward because we didn’t really know each other and no-one wanted to look like a show-off or like they didn’t know anything. So most of us didn’t say anything much at all. We just decided to each take part of the problem and go away and try to find answers on our own…so when we all got back together again we knew what we were talking about, we weren’t as worried. 
3. Develops higher-level thinking skills

	High levels of critical thinking can be engaged with when students read a text or question together, explain the concepts involved and evaluate each other’s explanations (Webb, 1982). Indeed the teacher is able to inspect and assess each individual’s contribution to the group, their learning and thinking skills, in a collaborative setting. One train of thought on how higher-level thinking can be improved is put forward by Dees:
Although it is not clear which components of cooperative learning are responsible for improvement in higher-level thinking, attempts have been made to identify the components. One conjecture is that dealing with controversy may be such an element (Dees, 1991, p.410).

	Indeed the cooperative model of ‘structured controversy’ developed by the Johnsons (Johnson and Johnson, 1981) saw students learn about and defend one position and then switch with another group that had taken up the opposite point of view to their own. This conjecture of controversy is further highlighted by Slavin when he says “Students will learn from one another because in their discussions of the content, cognitive conflicts will arise, inadequate reasoning will be exposed, disequilibrium will occur, and higher quality understandings will emerge” (Slavin, 1992, p.162).
	By using their own thinking and basing their comments on previous knowledge to frame new concepts, students are able to construct a new knowledge base. In this way students develop a much more profound understanding of the material and are much more likely to retain the knowledge than if they had simply read and reread the material on their own (Webb, 1982).
(18:12): What I liked was that we got to use the maths that we had learned all the way up (before]. Like, you use it for something, so could see its relevance. 
(20:05): I definitely could understand differentiation better after doing the PBL, I think it was because I had to try and explain stuff to the others and I had to make sure to get it straight in my own head first. 
4. Designs an exploratory form of learning

	The process of exploratory learning is engaged with by students whenever they attempt to solve a problem. Students interact with each other, share information and their ideas, look for further information, decide if the results are justified and present their findings to the entire class (Slavin, 1990). 
(08:20): I think the first one [PBL tutorial] was the hardest, just because we were new to the concept of doing it, so that was hard. Also, it was the first time that we had worked in groups and so it was kind of hard to work together…socially awkward…just because people had their own way of going through things. But by the second tutorial it was a good bit easier. 
(10:42): It was hard because you were never sure if you had the right [correct] information. But we’d bring what we had to the group meeting and decide what to keep in and what to get rid of [for the solution].
5. Fosters working together with peers

It is often the case that students learn more by listening and engaging with other students than they do by listening to their teacher and perhaps this is because it is often easier for students to know what causes them difficulty than it is for the teacher (Schunk and Hanson, 1985). In this way the focus is shifted away from the teacher and the responsibility for learning is firmly with the student. An important advantage that collaborative learning has over traditional lecture methods or class discussions is that students are able to show their own knowledge to the group simply by talking with their peers (Bargh and Schul, 1980). 
(22:42): The expectation to work [was one of the positive experiences of PBL]. Because you were part of a team, if you didn’t do the work then you’d be letting them down. You just don’t want to lose the respect of your peers and so that keeps you motivated. 
(15:10): There was a few times where some of the girls came back to the group with solutions that didn’t really make any sense to the question. So we just kind of took parts of their answers and the group talked through the full solution so that it made sense to everybody before we handed it up.
Students were given a different problem to be discussed for each of the first three tutorials. Each group was given freedom to decide how they wanted to discuss and arrive at a possible solution and most groups decided that the best way to approach this was to define what they needed to find out and assign responsibility for investigation of each issue to a different member of the group. Initially, the process of directing their own learning seems to have been cumbersome to most of the students and having to choose a direction for their solutions was not something they were very comfortable with. Furthermore, it was evident that some of the students did not fully grasp the idea that problem-based learning is about working as a team to formulate a solution. The following student seems to find that it was acceptable to give each member of the group a question to research and for each student to go away to independently work on their own part of the solution with little or no interaction with others in the group. This highlights the importance of the tutor getting involved to explain how the process can be best implemented i.e. through team-work.
(21:08): That was the biggest nuisance…organising people. So, we ended up like giving everyone a question each and when someone did a question and the other question was related to that question…people didn’t know what to write.
[bookmark: _Toc395689997]Student difficulties with the philosophy of group work

	A lack of understanding by students about the philosophies that underpin collaborative learning can often present a problem when it comes to its implementation. Certainly individual responsibility and competition are widely encouraged in our current system, whereas student interaction is often discouraged. Thus, it is understandable that students can feel resentful towards being asked to share their study techniques and information with their peers. 
(24:28): I suppose it was different for different groups. For the groups that actually had all the members [actively involved], it was fine. But for the groups that hadn’t a team, they had to pick up more of the work. Sometimes, you were the only one who wanted to learn and the others were just dossing and stuff. 
(25:10): …there was definitely a bit of ‘I don’t want to tell the group this’ from some people because they just wanted to keep their information to themselves and not really help the group to understand things the way they did. 
Also the role of the teacher and the student and their interrelationships are redefined with a collaborative learning approach as a nurturing environment rather than a competitive one is created. 
1. Shy students in a group atmosphere
	
	It can be quite uncomfortable for students with a shy disposition to speak up and put their ideas forward in a group situation. Whilst these students may feel comfortable talking with a lecturer in a one-on-one basis about their questions, they may not feel able to express their ideas in a group. Indeed when students work in groups they should be reminded to ensure that every member is included, as it can be easy to forget about a particular member who is shy or reserved. Furthermore, it is not hard for a student to keep him/herself removed from the process and not add anything to discussions, in this way learning nothing.  
(27:48): In that first tutorial no-one really said anything because they didn’t want to get it wrong or maybe they were just shy and didn’t know the other people in the group. But by the next tutorial, people were getting into it more so it was better that way.
Students were allowed to choose their own groups for the purposes of the PBL tutorials and this was something that most, but not all, students seemed happy about. Friends quickly seemed to get together and start talking. The more timid students who perhaps had not made many friends within the class were slower to get together and were more likely quite uncomfortable with each other until they got to know each other.
(31:36): She let us choose our own groups so I guess we were more comfortable dealing with people we knew. Even from the point of view of not being awkward with the other person. It would have been more awkward if she had just got any 4 people together and you wouldn’t know anything about the other people [in the group].
Not everyone however enjoyed the group they were participating in:
(32:32): There were a few people who were late on the first day and they were put into a group together and from then on there were some people who would come and some who wouldn’t.
Some students considered having a student who took it upon themselves to do the majority of the work to be disadvantageous in terms of the other members not being able to (as opposed to not wanting to) contribute to the process, as one student pointed out:
(36:17): In my group, we had 2 people at opposite ends of the spectrum. One person would do nothing and one person would do everything. That in itself was also unhelpful because they weren’t really helping anyone else in the group [by doing everything].
2. Issues surrounding assessment

	Frustration can often arise when members of the group do not contribute the same amount as others. The non-contributing student(s) will not gain anything from the experience or learn anything new and they will often rely on the other members of the group to do the work for them. Furthermore, these students will often get the same grade as the students in the group who did all the work, which is unfair. It is however, important to note that this will only occur if the assessment is structured in this way. 
(12:27): The fact that it [the PBL component] was [only worth] 10% was not motivating really. If you just showed up, you got like 6%. It was fine but for some people they just didn’t show up [participate] because it wasn’t worth enough. Well, either that or they were lazy.  
(04:46): It was really hard, the presentation part, because some people just didn’t bother to do their parts for the overall answer and so someone else in the group had to go and do their parts to make sure we got something handed in. Then the worst part was that some of these people turned up to the presentation and sat in the group as if they had actually done some of the work. And they got the percents [CA marks] for that!
3. Anxiety over loss of ability to achieve high grades (Panitz and Panitz, 1996).

	Asking students to compose their own knowledge base and to work on a process of student-centred discovery is certainly alien to most mathematical science students. Students, to begin with, have no idea if the work they are doing is correct. Indeed critical thinking skills are developed with the help of this exact process. However many students often feel resentful that there has been a shift in the burden of responsibility of learning to themselves. Hearing the teacher relay the important facts is what students are relaxed and satisfied with, so having to separate what was relevant from what was not by themselves was something that they did not feel happy about. I found this (dislike of independent learning) to be particularly prevalent with the higher attaining students within the groups, as this quote (from the student who achieved top marks on the module) illustrates.
(25:45): I thought it [the PBL process] was a bit messy. When people didn’t really know some parts of the problem, even though it was fairly easy, they would be researching it and didn’t really know what the hell they were doing at all, so they wouldn’t really be much use to the group. I just thought they would be better off if they were taught what they were supposed to be doing first of all like normal teaching.
A common fear among students was that they would put a lot of work into something that is not correct and that they would be wrong. Also, students were reluctant to spend a lot of their time working on something that may well turn out to be irrelevant or not totally relevant to the overall solution of the group. 
[bookmark: _Toc205842561](10:28): There wasn’t really like a layout on how to answer the questions which again makes it kind of annoying because you aren’t sure how much to put into it.
(17:56): You could spend ages on your part of the answer and then you’d bring it back to the group and they [the other members] would decide that your part of the answer wasn’t needed and they’d get rid of it. So you’d have done all that work all for nothing. 
It is important that the facilitator of the PBL process observes the groups and makes suggestions about where to go to get necessary information and how to proceed with a solution on a regular, since the collaborative learning process calls for constant reviews and summary discussions within the group and presentation of findings by individuals. 
[bookmark: _Toc395689998]Conclusion
	
	In this chapter, the journeys made by participants from the beginning of the PBL component through to the end of their first semester at tertiary level are outlined and it is clear that many of them faced struggles along the way. However, as a result of learning to identify strategies to help them deal with the issues that arose, they were better prepared to work with their group and succeed in their particular role. 
	Participants discussed how group behaviours had evolved over the duration of the PBL tutorials and how, through PBL, they had acquired appropriate behaviours for participating in groups. At the outset, many participants were reluctant to get involved in group work citing shyness and fear of looking foolish in front of their peers as the main reasons. As they gradually became more comfortable with the members of their group and they learned how to develop their communication skills and strategies for resolving tensions within the group, their confidence grow. 
	Attitudes towards self-directed learning were also discussed by participants. Some of the attitudes developed through PBL included an acceptance by students that they are responsible for their own learning and liable for developing their research skills by finding appropriate information. 
The following chapter will present the findings from the study regarding the attitudes of students about how working collaboratively in a group setting impacted upon their generic skills.
[bookmark: _Toc395689999]
Chapter 7	Research Question Four – What are the attitudes of students towards how collaborative group work affects generic skills? – Results and analysis of findings

[bookmark: _Toc395690000]Introduction

	This chapter presents the results and discussion of findings from the questionnaire that was administered to students at the end of Semester1 2013. Insights are also drawn from student diaries which were maintained throughout the project. The questionnaire was adapted from a series of research activities conducted in the 1970s and 1980s called the Course Experience Questionnaire (CEQ), and further developed by Ramsden and Enstwistle in the UK in the early 80s (Ramsden, 1991). The original work of Ramsden began with an 80-item scale (Ramsden, 1991) but several CEQ versions have been developed since this time, all containing differing numbers of questions. However, the most popular variant of the instrument is the 25-item survey (Lyon and Hendry, 2002) and this includes questions relating to good teaching, appropriate workload and assessment, generic skills and clear goals and standards (McInnis et al., 2001). 
 	The questionnaire developed for this study attempted to explore student attitudes on the effectiveness of problem-based learning and group work within their Foundation Mathematics module. Diary entries were submitted by students after each of the PBL tutorials in the form of hand-written accounts or typed emails. In these entries students outlined their feelings towards the process and their experiences throughout. Needless to say these experiences ranged from very positive to quite negative.
 It is hoped that the findings from this third study will highlight what is needed in order to successfully evaluate learning which is carried out in collaborative group settings.   
[bookmark: _Toc395690001]Research Objective and questions

Research Objective

To explore the attitudes of students about how participation in a PBL component and working in a group-work setting affected their generic skills.
Research question
	
	The research question being posed in this chapter is as follows:
What are students’ attitudes about how collaborative group work affects generic skills?
Some diversity of opinions among students is reasonable to expect regarding the matter of collaborative group work to complete academic work. Certainly research suggests that whilst there are many benefits to be amassed through collaborative group work for academic purposes, it is common for students to not  be enthusiastic about participation (Butts, 2000). Thus, it is essential that we are mindful of issues such as relieving tensions, assessment and fear about a new way of learning that might influence student attitudes if we hope to gain a better understanding of how the opinions of students about group work can be enhanced and corrected. 
	As outlined above, it is widely believed that group work is beneficial in a work environment (DePree, 1998) and furthermore, that a useful way of preparing students for future employment is by having them work in an academic setting collaboratively and in groups (Thomas, 2001).    
[bookmark: _Toc395690002]Data Generation

 The Foundation Mathematics module is structured with a 30% continuous assessment component and a 70% exam component. The continuous assessment component was further broken down into two parts as follows:
· The PBL component was worth 10%. 
· The remaining 20% went towards a written mid-term mathematics exam. 
For the PBL component, students worked together in a collaborative PBL group-setting during four 1-hour tutorials in semester 1. In addition to these tutorials, students were expected to meet outside of tutorial time to discuss their findings before submitting a collaborative group solution to a given problem. Tasks were carefully designed so as to encourage discussion and develop collaboration between students. On the PBL component, marks were available for attendance and participation in the tutorials, completion of diary entries and peer evaluations as well as participation in a group presentation. Completion of the questionnaire at the end of the process was non-compulsory and a total of 15 students submitted.  
[bookmark: _Toc395690003][bookmark: _Toc205842562]Results

	The results will be discussed in two parts. Part 1 will outline the results from the questionnaire that were completed by students. Only responses in relation to generic skills will be commented on in this chapter. Part 2 will discuss feedback from student diary entries on the PBL project regarding to generic skills. 
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To give readers an idea about how the PBL component was assessed, Table 7.1 contains a breakdown of the how the marks for the PBL component were allocated. 
	Allocation of marks for PBL component

	
	PBL Tutorial
	Percentage
	Description of marks

	Attendance and participation in PBL tutorials
	Tutorial 1, 2 & 3
	3%
	3 tutorials and 3 diary entries.

	Submission of diary entries
	Tutorials 1, 2 & 3
	1.5%
	Diary entry to be completed after each PBL tutorial.


	Submission of peer evaluation forms
	Tutorials 1, 2 & 3
	1.5%
	Peer assessment completed for other students within your group.


	Poster preparation & Group presentation
	Tutorials 3  & 4
	4%
	Group presentation using a poster to outline a possible solution to problem. 

	Total 
	
	10%
	


Table 7.1 Breakdown of marks for PBL component
The 34-item Likert questionnaire was developed after a thorough literature review to assess intended learning outcomes of PBL and took approximately 15 minutes to complete. Students anonymously completed the questionnaire where items were scored on a scale from 1 to 5; where 1 = ‘definitely disagree’ and 5 means ‘definitely agree’. The preponderance of student responses in the “neutral” range of the Likert scale did not give much information about students’ opinions on some matters. 
	Evidence relating to the level of effectiveness of student learning together with how well generic skills were enhanced using a PBL approach was provided by certain results. The results for these are shown in Table 7.2 below.
Table 7.2: Results from selected statements ranked by overall mean
	Ranked Statement No.
	Statement
	Overall mean

	1
	This course has sharpened my generic skills
	3.75

	2
	This course has helped me to develop my problem-solving skills
	3.68

	3
	This course has helped develop my ability to work as a team member
	3.6

	4
	As a result of my course, I feel confident about tackling unfamiliar problems
	3.13

	5
	This course has helped me develop the ability to plan my own work
	3.13

	6
	This course has improved my written communication skills
	2.93


A 5-point Likert-type scale was used, with 1 = definitely disagree, 2 = disagree, 3 = neutral, 4 = agree, and 5 = definitely agree.
	Decisive evidence relating to the thoughts and opinions of students about the effectiveness of learning and the improvement of generic skills which the PBL approach was trying to develop is outlined in the table above.  As discussed in the literature, the problem-based learning component was established to help students to feel more comfortable to learn independently; to give a methodology for solving everyday problems that were not structured; to apply knowledge learned in the Foundation Maths and other modules; and to develop generic skills such as communicating with others, actively working as a group member and learning to resolve issues.  
	The results in Table 7.2 indicate that even though students felt that the component was demanding, they “agreed” (mean of 3.75 or above) that the component helped to develop many their problem-solving skills. In addition, students felt that that the PBL approach helped them to develop their understanding of group work by improving their ability to deal both with problems for which they did not have all the facts and for which they initially understood very little about. The importance of these skills cannot be underestimated as students will need them for when they begin their professional career.
	However, most students “disagreed” or “strongly disagreed” that the PBL unit had helped to develop their written communication skills, as is evidenced by the low mean mark of 2.93 (in comparison to other skills). This particular point can be used to inform further discussion on the construction of appropriate problems for use in PBL tutorials in future. 
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	Mediating artefacts in the form of visual, written, audio or video records can greatly facilitate co-construction between the researcher and the participant. Certainly, previous studies suggests that researchers must use methods to anchor informant accounts to specific incidents if they want to get close to what happens in practice (Knight, 2002). In this study, students were asked to record their activities using diary entries during and in-between each PBL tutorial and if possible, to identify knowledge and skills they were required to use throughout the process. These diary entries were then used as part-anchor for the interview during which students discussed in more details the activities of their group during a PBL tutorial and how they felt the PBL process was advantageous or otherwise to them. 
	Among the many advantages of keeping a diary during such a process include fewer problems of recall, greater accuracy and capability to pick up seemingly low importance events that may be easily forgotten. Whilst diaries generally yield a higher return on reports of behaviours and events than other methods of generating data (Punch, 2005), it can often be difficult to get participants to get fully involved due to the time demanding nature and intrusiveness of the activity (Knight, 2002). I was aware that asking students to keep diary entries over the course of the PBL project would not be wholly welcomed by most students. However, a small number of students did state that completion of a diary entry for each PBL tutorial assisted them in gaining a better understanding of the reasons behind the introduction of a problem-based collaborative unit into the module. Unsurprisingly, over the course of the process most student diaries became repetitive in structure from tutorial to tutorial and I found only very few of the entries had had some time and thought put into them by (usually) the most diligent students in the cohort.      
Initial Attitudes & Struggles with PBL
	
	The initial feelings of participants at the outset of this project were very mixed towards PBL, some being very positive whilst others quite negative; the rationale for using PBL was understood by them and they looked forward to working together in groups to best apply their previous knowledge and skills with their peers. As discussed in the literature review above, a new second level Mathematics syllabus, Project Maths, has been introduced in Ireland in recent years. This revised syllabus involved changes to what students learn in mathematics, how they learn it and the assessment methods used. One of the purported aims of Project Maths is a focus on the ‘development of students’ problem solving skills’ and so it came as a surprise to me that only one participant  in this cohort had prior knowledge of learning in this way. It would have been my understanding the majority of these incoming first year students would have at least some experience of working together in groups to solve mathematical problems related to everyday life. 
	Despite a considerable effort on my part to ensure that participants were well guided and understood how best to proceed with the problem-based activities, diary entries suggest that many participants initially found it quite difficult to manage some aspects of the process. An interesting point worth noting is that despite the diversity of skills and mathematical knowledge at the start of the term, the majority of participants recorded feeling that they struggled with the PBL process at the beginning even though the areas of perceived difficulty were varied. The major areas of concern were: 
· Being unsure about how to proceed to answer a question without familiar learning aids such as lecture notes, hand-outs and reading lists. 
· Fear about having a responsibility for acquiring appropriate information to share with their group. 
· A dislike of a change in my role in the learning process from that of class tutor to that of facilitator.
· Anxiety about increased possibility for interpersonal conflict with their peers due to the energetic group work inherent in PBL. 
Of particular concern among many participants was the feeling of responsibility they felt for their peers’ learning. The problem used in the PBL tutorials (Appendix 5) was structured in such a way that each person within the group had a particular role to play in retrieving information applicable to the topic of study and bringing it back to their peers, for many this caused nervousness and apprehension:
“I had to think of all the factors that affected the car as it was in constant motion but I wasn’t sure if I got the best answers”.

Connected to this was the issue about how to ascertain if they had the right information (or ‘best’ information as many of the participants wrote). In the past they had relied on lecture notes and reading lists to find their information whereas this was not an option in the PBL tutorials:
“I found a lot of bias on the internet about information regarding air. I eventually found more reliable sources to get information from”.

Locating all the relevant material needed to give full answers to the questions seemed to cause further concern:
“…as I was often worried that I was missing something in my part of the answer which meant that we wouldn’t be able to answer the overall question.

The reassurance that participants were given by a lecturer giving them the ‘correct’ answer at the end of a class was also something that participants missed during the initial PBL tutorials.
“It was a bit difficult to answer some of the questions because they were fairly open-ended”.

As is well documented in the literature, one of the key components in the PBL process is that of the role of the facilitator.  Whilst the research suggests that this role is of huge importance in order to increase engagement with the material and learner autonomy, for participants involved in this study it was also a cause of anxiety as they struggled with the tutor not taking a more controlling approach to the session. 
“We all worked hard to answer the questions even though there was not too much input from the tutor”.

The early tutorials in particular led to a range of negative emotions. Of particular note was how and where participants shared their information with their peers and also annoyance caused by part or non-participation of some members within the group. 
“It was hard (sharing information) because we had to meet up outside of class time and it was hard to get everyone together at the same time. We all arranged to meet in Sean’s [pseudonym] house and once we all got there and got started it all came together much quicker and easier than I thought it would”.

The way of learning in the PBL process led participants to gain an understanding of skills which they had not used before but knew would be of use to them in future. For example, one participant wrote about how they had never truly understood the importance of prioritising some parts of a problem over others before but now could appreciate it and see how it would be of huge importance to them in their working lives.
“At the beginning we were all just answering all parts of the question but after a few tutorials we came to see that it made much more sense to split up the question and to give each person a part to answer. Then we could meet up again and each person would give their input from their part and so we could get a much more detailed and informed solution than we would have done if we’d just done it all on our own. I’d say this is something that I’d be able to discuss in an interview for a job in the future”.

As outlined above, participants were given the option of choosing their own groups for the PBL tutorials and this occurred early in the semester when participants were still just beginning to make friends and getting to know each other. For most groups, the PBL tutorials were a positive experience in that they helped them to bond with their peers within a group setting and make friends,  but for some it led to much interpersonal conflict and clashing of personalities. For these participants there was much less enjoyment of the PBL process and appreciation of the power of group work in particular. 
“Despite Jack [pseudonym] not turning up to the tutorial, the rest of us worked well together. Mary [pseudonym] did not fully understand the questions being asked and so could not assist as much”.

The challenge of working together with others was certainly an issue that was raised many times throughout the study and a particular problem was the lack of skills participants had to help them to deal with these. Some participants tended to ignore the issue and not get involved at all in the group work whatsoever. 
“I just answered my part of the problem and that was it, I didn’t want to get involved with some of the others in the group”. 

Certainly by the end of the semester, having being involved in a full PBL process, several issues that caused participants to struggle had been raised. These issues included being responsible for their peers’ learning by researching information whilst also not having the comfort of familiar aids such as lecture notes or reading material provided by the tutor. Other struggles that were common among the groups were the new role of the tutor as facilitator and the interpersonal clashes between some participants. Thus, the new way of learning involved in PBL was most certainly not without its challenges. However, over the course of the semester some of these issues were resolved as participants developed new strategies to help them cope. 
Moving Forward with PBL

	Resolving issues was the next important process evident in the data and this involved the various strategies employed by participants as they proceeded through the PBL process. The many differing strategies which were used by participants to help them to deal with their issues included: 
· Understanding the benefits of transferable skills 
· Finding the benefits of searching out learning materials
· Applying theory and mathematical skills to real-life situations
· Appreciating the importance  of group ‘well-being’ and interpersonal skills

Even though many participants felt that sourcing information to share with the group was a big responsibility, over time they came to realise how worthwhile an exercise this was as it helped them attempt to fully understand the material before sharing it with their peers.
“…like I really hated having to go away and find the answers on our own without any help from anyone. But by the second or third tutorial I felt that I had to make an effort and really understand what I had to talk about to the group”.

As the process developed throughout the semester, some of the initial difficulties and issues which participants encountered seemed to be less burdensome. In particular, the experience of group work seemed to help some participants to mature and feel more at ease with their peers. The following is from one of the mature students who showed an appreciable amount of self-awareness in realising how she had adapted her behaviour:
“At the beginning I just didn’t bother giving my opinion or anything, but we seemed to have quite a strong group and there were some people in the group that liked to talk a lot, and well because we were being marked on it I knew I had to get involved, I started to talk more during the sessions and by the end I felt much better about talking and stuff. I suppose in that way the PBL has been good as it has helped me to be more assertive and not just take a back seat”.

Participants began to appreciate how valuable networking with their peers was and how as time went on they were able to work together much more and create a better working environment for the group.
“To be honest I found it really difficult at the beginning because I didn’t really know where to look for the answers and I didn’t want to look dumb. But after a while I came to see that we were all in the same boat and once we knew that it was much easier to talk about things and work on solutions together”.

Some participants at this point were also looking ahead to their future and were able to acknowledge that many of the skills learned during PBL could be transferred to the work place.
“You just have to get stuck in and learn how to communicate with others. Like you could know all the maths and mathematical theorems in the world but if you couldn’t talk to others and tell them the information that you have in your head, then you aren’t going to be very successful at any job you want to do in the future”.

What became obvious throughout the process of the PBL tutorials was that participants learned a great deal not only about their interpersonal skills but also about using strategies to cope when conflicts arose within the group. Many of the participants were able to appreciate that in a work placement situation these skills would be particularly useful. 
Learning with PBL

	Coming up to the end of the process, many participants were able to recognise how their earlier struggles with PBL had in fact been helpful learning experiences and some were able to pinpoint clear-cut skills that they felt they had established including:
· Appreciating group-work 
· Being able to prioritise more effectively
· Improved understanding of how to relieve issues and tensions with other people
As the participants neared the end of the process and prepared a poster for presentation during the final PBL tutorial, they were able to develop these skills to an even greater extent. At this point of the semester participants exhibited a much greater level of maturity and seemed more capable of working alongside people with different personalities than their own.  
“There were all different kinds of people in our group, some very big personalities and some quieter people. But we learned how to get on with them and work with them to just get the job done”.

One issue which many of the participants mentioned at this stage in their diaries was how they now found it easier to break down a problem into smaller parts, which they were then able to manage much more effectively. Some commented that they would not have known how to do this before the PBL tutorials but they could now appreciate how this skill would help them not only on problems in the PBL tutorials but also on problems in other modules and also into the future in their working lives. 
“By the end we knew that we could sit down and break the problem down into smaller pieces and like, answer each part fully before moving onto the next bit. This was really useful because we could see how the answer developed the whole way along. I would never have done this [way of learning] in school but I can see how it would help when you are working on problems in our careers in future like on an engineering project or something”.

In addition to this skill, many participants remarked how they were now able to both give and take constructive criticism on their work from other members of the group. Many could see the benefit of this skill going forward into their careers and furthermore enjoyed feeling part of a group and ‘pulling their weight’.
“Definitely by the end I felt that everyone was doing their bit to get the presentation put together. We all got used to sitting down and talking about the work that everyone had done and seeing what should be kept and where we should go with it. Everybody pulled together to get the job done”.

Whilst it was evident that group work was a main source of many initial problems encountered, participants were becoming more and more mindful of and receptive to the processes of PBL. The process of PBL meant that participants were constantly driven to work on many different aspects at the same time, not only with the PBL module but also other modules. They had continuous assessment components for all their modules, lab reports to complete each week as well as, for many, juggling busy personal lives and working. Thus, it was not surprising that many noted how their time management skills had vastly improved over the semester. 
“By the middle of the semester things were getting really busy and we had loads of CA’s coming up and programming work due in. But, I suppose that you just have to do it and try and learn how to juggle things and I think that it definitely got easier as time went on. I think we all really learned how to manage things better and to get our college work in as well as working in the evenings and studying for our exams”. 

In addition, many participants talked about a new confidence they felt not only with the Foundation Maths module but also in their other modules. They felt more courageous about talking in class, even about new topics which were previously unknown to them. Whilst acknowledging that he was unsure if it was down to PBL or just down to a new sense of freedom found in college, one participant made the remark  “I felt braver than I had before”. 


Learning from PBL

	Another module being completed by participants at the same time as the Foundation Maths module (with the PBL component) was Professional Skills. As part of this module, it was necessary for students to think about and prepare a CV ready for attending job interviews and applying for positions. To this end, participants had to think about skills they possessed and knowledge they had gained in order to succeed. Many participants were able to draw upon their experience during the PBL process to look at new skills they had acquired. These included:
· Being enthusiastic and enterprising
· Networking with others (group members but also outside industry)
· Demonstrating critical thinking 
· Exhibiting independent learning
· Being able to use their initiative
Some participants felt that as they continued to be classified as ‘good’ students by lecturing staff within the School, they were given more responsibility for the progress made within their modules. For example, some lecturers allowed the participants to choose how they wanted to build up their continuous assessment marks. This helped to boost the confidence of many of the participants and some associated this categorically to the PBL which they felt had helped them to develop certain attributes that made them stand out relative to their peers in previous years. 
“The lecturers treated you a bit more like an older student or a member of staff. The independent learning and the ability to ask questions that made sense was obviously something that they liked. And being able to think a bit more broadly and to look in other places for answers rather than just going to the lecture and that’s it sort of thing. I do think the PBL helped with some of these things”.
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In summary, participants felt that initially they struggled mainly with the group-work aspect of PBL. They were often anxious about conflict with others within the group and were fearful about getting the appropriate information they needed to answer their part of the problem as best they could. However, as the component progressed participants came to understand the benefits of the transferable skills they were developing during the process and to appreciate particularly the importance of interpersonal skills. They learned how to prioritise more effectively whilst also learning how to relieve tensions and issues with other people if they arose. Moving forward, participants acknowledged that they could see how useful these skills would be to them in their future careers and felt happy that they could now discuss being able to demonstrate critical learning and show that they can learn independently whilst using their own initiative.
In the following chapter I will discuss the issues raised by this research and also consider the quality of the study and its implications.





[bookmark: _Toc395690007]Chapter 8	Implication of findings, directions for future research and concluding remarks

	The findings from the study will be discussed in this chapter. Furthermore, the implications of findings from both the qualitative and quantitative aspects will also be outlined. On the whole, the findings from this analysis backed up and corroborated the results found in the literature. The main aspiration of this study was to investigate the effects of problem-based learning on the attitudes, opinions and grades of a small group of first year tertiary level mathematical sciences students. Not many studies specific to the area of problem-based learning in mathematics at tertiary level in Ireland have been conducted to date. Consequently, this study was developed in acknowledgement to the lack of qualitative and quantitative data in this area. 
	This chapter will begin with a summary of the theory that has emerged from the findings of this Ed. D study. It will then highlight how this constructivist theory echoes the literature and previous evaluation of the pilot PBL project (see Chapter 3). A discussion of any implications of this study will conclude this chapter together with some recommendations for future research. 
	Themes presented in the previous chapter included acquisition of knowledge, group participation and independent learning. The purpose of this chapter is to integrate these themes with the intended learning outcomes of knowledge, skills and attitudes acquired through problem-based learning. These outcomes, which are based upon Bloom’s taxonomy, are the most commonly quoted learning objectives in higher education (Light and Cox, 2001). The findings from this study connected to these three areas are:
Knowledge
· Feedback from students reported that they developed a better understanding and knowledge of basic mathematical techniques and skills.

Skills
· Feedback from students reported that they established strategies for managing groups through problem-based learning.
· Feedback from students reported that they developed skills that allowed them to direct their own learning.
Attitudes
· Feedback from students outlined how problem-based learning enabled them to establish an awareness of the importance of contributing to group-based activities. 
· Feedback from students reported that their confidence was built up and ‘fear’ was reduced from actively engaging in the group activities of problem-based learning. 
· Feedback from students reported that problem-based learning enabled them to feel comfortable with knowledge and skills deficits i.e. they do not need to know everything all the time.
· Feedback from students reported that problem-based learning boosted their understanding of how people work together in group situations.
At the beginning of this thesis it was noted that one of the motivations for embracing a PBL approach to teaching and learning in the restructuring of a first year Foundation Mathematics module was a combination of national and local drivers. At a national level concerns have been raised about poor mathematics results at second level and a gap in the level of preparedness of students in mathematics at tertiary level. The implementation of a new second level syllabus ‘Project Maths’ in Ireland in recent years was another impetus for this study as I feel it is important for students to see a ‘continuity’ in teaching and learning styles from second to tertiary level. 
	It was with these issues in mind that the Foundation Maths module was reconfigured to include PBL tutorials and the introductory chapters outlined its origin and introductory evaluation. The aim of this Ed. D study was to review student experiences of this new (to our School) approach to teaching and learning in mathematics. This thesis aimed to add to the body of knowledge on this pedagogy in the field of Mathematical Science education in particular and Mathematics in general. 
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	Throughout the duration of this project, the changes and in particular the key processes that seem to have had an impact on participants’ experiences of the PBL tutorials were arranged. At points in the study the same processes, such as struggling and how that struggled was ironed out, seemed to arise at many times in the study and were often closely related to each other. The nature of what led to struggles and how these struggles were resolved by the participants may have varied over time, but there were also some noticeable analogies.
Participants’ struggles

	At the beginning of the PBL project many participants struggled to adapt to such a new style of teaching and learning style. More times than not, these difficulties caused quite a deal of angst and apprehension for the participants, and even though (according to the new second level syllabus Project Maths) they had some previous experience of group-work and independent level from their second level studies, at the outset this did not seem to help. Participants liked the reassurance they received from familiar aids to learning such as lecture notes and hand-outs and lacked confidence without them. They were unsure if they were getting the ‘right knowledge’ from their own independent learning and so, in the absence of lectures notes from the lecturer, were anxious and uneasy that they would not be able to show appropriate learning. This was made even worse as they struggled to find relevant information to share with other members of their group. Whilst in hindsight many participants recognised the importance of this step as part of their learning, I feel that some of the initial struggles could have been allayed if this step had been better managed.  
	The proximity of working alongside their peers was also a struggle for some of the participants as the close working relationships needed constant attention and this was something that had been evaded by many participants in the past as it is not necessary in traditional learning environments.  This certainly constructed the potential for rivalry, competition and strife among members of the group. Participants went to great lengths to ensure that I (as facilitator) was aware of any interpersonal conflicts and also that expectations and standards were made evident. 
	Another struggle common among participants was the role of the facilitator. Even though participants were made aware at the outset how PBL was a student-centred approach to learning, many still wanted me to take control of the sessions. Some felt that they did not receive the support they needed at this stage of the process and were frustrated when I encouraged them to be more responsible for their own learning. As this process is still new to me, I feel that I am still learning about the role and somewhat inexperienced. 
	Participants initially felt that skills learned previous to this would be sufficient to help them proceed through the PBL component. However, surprisingly many participants struggled badly with their presentation skills. This struggle varied in level with some participants being extremely nervous during the presentation and others refusing to present at all. I feel that an introduction to presentation skills before the start of the PBL component may have helped to alleviate some of this difficulty. 
	To a certain extent, these same struggles resurfaced on a few different occasions throughout the rest of the PBL component. As the project developed, the expectations of participants increased in that they were now more concerned about the correct depth of information they needed to have. The role that I played (as facilitator) throughout the process still seemed to be precarious. Whilst students felt that they now had sufficient skills to be allowed more freedom in the work, they also expected that I take on a quality assurance role when looking at the input of each member of the group. As this PBL approach develops further in the coming years, this is an area that should be further developed and is dependent upon the facilitator being aware of the level of flexibility needed. 
	Although some stresses and strains were still noticeable within the group, participants became more able to deal with these issues as their skills and confidence increased. Another issue that many participants mentioned at some stage of the process was the struggle they had to maintain all their roles including working part-time jobs to financially support themselves. 

Resolving these issues 

	Resolving these struggles allowed participants to develop their coping mechanisms. For most this involved looking to their past experiences and drawing upon transferable skills which they had previously developed whilst for others it involved learning these skills as they went along. For example, a factor that spurred many participants on was the fact that they had to research information to share with the members of their group because they needed to ensure that they fully understood the material themselves before they attempted to explain it to others. 
	Group work played an important role in helping students to work through their difficulties. Here they learned how talking through an issue allowed them to develop not only their communication skills but also their assertiveness and confidence. In this way, participants came to understand the value of group work going forward not only in their academic lives but also in their future careers. Furthermore, because all members of the group were working together towards the same goal, this was seen to improve skills such as how well they use their time and how they prioritise the different tasks they have.
	All of the above led to participants feeling like they ‘belonged’ having perhaps previously felt ‘on the outside’ of a group setting. This further fed into an increased feeling of confidence both in themselves and also their mathematical capabilities. However, for some it highlighted areas and skills that they were more deficient in than their peers and in this way allowed them to develop skills such as self-reflection. 
Moving forward

	Towards the end of the process and with the benefit of hindsight, participants came to realise the importance of their earlier struggles and the coping mechanisms they used to overcome them. In a way, these issues helped them to meet the expectations at the various stages of the PBL project. The process also seemed to have helped participants mature and look to their future with many realising the importance of these transferable and communication skills not only during their academic lives but also in professional situations.
	As the tutorials progressed, participants became more at ease and confident with many of the aspects of problem-based learning. They cultivated a range of skills that would be useful to them both in their academic and professional lives and it was only after the PBL process had concluded that they came to fully acknowledge the differences between a traditional approach to teaching and learning to that of PBL. They saw that whilst the student-centred approach to PBL was a struggle at the beginning that it enabled them to develop many of the interpersonal skills that they would need in the future. The approach developed through problem-based learning had guided them to use their own initiative and to have more of a ‘can-do’ attitude towards their learning. 
	Some of the more perceptive participants realised how they could outline these new skills on their CV’s for work placement opportunities and in this way ‘get in ahead’ of other students in their field. Furthermore, they would now be able to verbally outline situations where they had learned to work with others and how to manage, or avoid, difficulties between members with a group. 
	It is certainly apparent that the study provided many answers to the research questions outlined above. However, the quality of the theory that has resulted from the study needs to be assessed and we look at this topic in the next section.
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	As discussed above, terms such as validity, reliability and objectivity are used to describe ‘good’ action research. However, the term ‘trustworthiness’ is deemed to be more appropriate as it involves credibility, transferability, dependability and confirmability (Lincoln and Guba, 1985). In this section I will consider how the research process has been conducted, particularly with regards to data production and analysis, and in this way ascertain the value of the data. I will attempt to find out the extent to which some of the issues outlined above have been met. 
Credibility 
	
	To begin with it was important that I, as the researcher in this study, explain how I became familiar with the topic and also how the relationship between the participants and I progressed. I will then consider whether the claims made are supported by the data. Finally I will discuss if sufficient evidence has been provided by this thesis to allow the reader to make their own evaluation and to agree or otherwise with the theory as presented. 
	The degree to which the researcher gains familiarity with the topic is one of the main issues with credibility. I have been involved with this programme for almost 10 years with inputs at both teaching and syllabus design areas. Furthermore, I also acted as class tutor for this module and I feel that this helped students to be more open and ready to give their opinions to me, as I was quickly able to clarify meaning and given them direction when necessary. This also helped with the encouragement of a co-constructed meaning. For example, many participants described issues they had pertaining to the PBL tutorials but the close contact of tutorial time allowed me to better understand that many of these participants were actually discussing the same issue – resolving conflict within the group – in many different ways. 
	Indeed, it could be argued that by being both lecturer and tutor to these students that an ‘over-familiarity’ may have arisen. On my side by my possible inability to maintain an ‘objective role’ and on the participants’ side by their possible ‘telling me what I wanted to hear. However, I feel that a genuine rapport was established between myself and the group particularly as I was open and honest with them from the beginning about how PBL would be a learning process for all of us simultaneously.  However it is acknowledged that this is much less of an issue in a constructivist enquiry as the construction of meaning is something that the researcher plays an active role in. 
	Another way in which credibility was improved was by ‘checking’ back with participants at many times during the process regarding my findings (during Tutorials 2 and 3, during the interview stage) and in this way they were able to have their input into the process. I found that this allowed me to check if my findings were plausible and acceptable to them and whether they adequately described and communicated each of their own distinct experiences with PBL. In addition, the initial findings were also discussed with my supervisor and with colleagues and peers at seminars and honed as a result of this. 
	It is my hope that the credibility of the theory is enhanced by the data outlined in the chapter above and that the presentation of my findings has allowed for the wide range of observations to be dealt with. The main themes of benefits of collaborative-based learning and student difficulties have been made and the comparisons between the themes discussed. Evidence of how I analysed the data generated comes from participants’ quotes and in this way there has been a co-construction of the final theory between myself and the participants. 
	However, I feel that I must also acknowledge at this stage that not all participants took part in the interview process and even fewer offered opinions without being personally asked. Moreover, the diary entries for some participants were particularly poorly written and gave very little insight into their thoughts or opinions of the process, with the most perceptive and shrewd entries coming from those participants who seemed to have mostly positive experiences. I feel that the reader should take into account these considerations when reading this thesis. 
Transferability
	
	To begin with I will examine how this study intended to add to the body of knowledge regarding the use of PBL in mathematics. This will be followed up with a discussion about how, in reference to the detailed account of the PBL tutorials, I made explicit the relationships that developed and put these into context. 
	Literature on the use of problem-based learning in the teaching and learning of mathematics is not plentiful and this is the first reported study within my institution attempting to address this issue. It is my belief that the theory that has resulted from this study will allow others interested in PBL to read about alternative ways of the student experience being conceptualised. Furthermore, I feel that this thesis will facilitate others to gain a more detailed understanding of the application of PBL to a mathematics module. 
	A new understanding of the experiences and opinions of first year mathematics students undertaking a PBL component has been provided by this thesis. It outlines how students initially struggled with such a new style of teaching and learning as well as interpersonal conflicts that arose within the groups. It then moves on to review how these issues and struggles were overcome and how the students came to understand at least some of the many benefits of the problem-based learning approach. As it is one of the first pieces of work within my institution on problem-based learning in mathematics and the experiences of the students involved, on the basis of this I believe that this thesis meets the original criteria. 
Dependability

	I have found the quality criterion of dependability a hard one to document. In this section, I will attempt to show how this criterion has been met by discussing how the methodological decisions were made in this study and the reasons for them. I will outline how journeys undertaken by the students have been adequately described by the categories outlined above and the key processes that have been involved. The hope is that the theory which has resulted from this piece of work is shown to be accurate and that the findings, interpretations and conclusions are supported by the data. 
	Throughout each step of the process, I attempted to involve participants as fully as was possible, even though the scale of this project was quite small and resources limited. To this end, participants were engaged with in the co-construction of the interview stage of the process and their opinions, comments, clarification and agreement or otherwise sought. The initial findings were discussed with participants’ mid-way through the process and most agreed that whilst many of the findings resonated convincingly with their own experiences, there was one finding that was not represented as strongly as they felt it should have been. That was the issue of conflict within the groups. 
Further discussion with participants allowed me to understand how they had not felt confident enough to describe their struggles with this issue either verbally or in the diary entries in the early stage of the process for many reasons –first year students, unsure of themselves, fear of making enemies within the cohort, inexperience with PBL. However, when they realised that many other participants were in the same boat as themselves, they came to realise that by explaining their feelings and giving their opinions on the process this would help develop and improve the experience both for themselves and for future participants. I feel that the theory that emerged at the early stages of the process was, in this way, validated by the participants and thus led to an overall co-construction of the end product. It is my belief that the results from this piece of work have resonance not only with the students who participated in it but also in areas other than mathematics and in this way may be of use to other educators who wish to implement PBL into their programmes. 
Confirmability

	Understanding the process of research as well as the product, data, findings, interpretations and recommendations is what the quality criterion of confirmability is concerned with. There are many meanings of confirmability but the interpretation that I think is most useful here is that this piece of work adequately describes the progression of events that took place in the project and outlined how and why decisions were made. 
	Since I have considered how the theory addresses the quality criteria discussed in (Lincoln and Guba, 1985), I will now turn my attention to a reflection of the work in light of literature above. I will outline the comparisons between the findings in this thesis and other literature primarily concerning the experience of the student. Furthermore, I will consider the arsenal of skills catalogued in this work compared to other research works. The importance of the role of the facilitator will also be discussed.
[bookmark: _Toc395690010]PBL and Skills Development  

	As was highlighted above, many of the findings in this thesis echo the findings and conclusions of other studies on PBL, quite a few of which are discussed in the chapters above. In this section the table below has been used to compare the skills identified in this study with those outlined in works by other authors. 
Table 8.1: Arsenal of Skills developed by PBL

	Skills identified in this piece of research
	These skills identified in other research pieces

	Communication enhancement
	De Graaf and Kolmos (2003); Fenwick (1998); King (2001) ; Macdonald and Savin-Baden (2004); Major and Palmer (2001); Savin-Baden (2000 & 2001)

	Ability to prioritise
	King (2001); 

	Improved time management
	Fenwick (1998); Macdonald and Savin-Baden (2004)

	Collaborative working
	Fenwick (1998)l; Wilkerson and Gijselaers (1996); Macdonald and Savin-Baden (2004); Major and Palmer (2001)

	Increased self-awareness
	Fenwick (1998); Macdonald and Savin-Baden (2004); Savin-Baden (2000 & 2001)

	Group/Team working
	De Graaf and Kolmos (2003); Fenwick (1998); Wilkerson and Gijselaers (1996); King (2001); Macdonald and Savin-Baden (2004); Savin-Baden (2000 & 2001)

	Independent learning
	De Graaf and Kolmos (2003); Fenwick (1998); Savin-Baden (2000 & 2001)

	Improved problem-solving
	De Graaf and Kolmos (2003); Fenwick (1998); Major and Palmer (2001); Savin-Baden (2000 & 2001)

	Management
	De Graaf and Kolmos (2003); Fenwick (1998); Savin-Baden (2000 & 2001)

	Improved presentation skills
	King (2001); Macdonald and Savin-Baden (2001); Major and Palmer (2001); Savin-Baden (2000 & 2004)

	Increased confidence
	Fenwick (1998)

	Improved ability to identify information
	King (2001); 

	Improved leadership skills
	Fenwick (1998); Wilkerson and Gijselaers (1996); 



	This table outlines how potentially effective PBL is in the development of many generic skills. The process of PBL was developed using the model of mathematical knowledge outlined in Chapter 2 (Kilpatrick et al., 2001) above, as it led to the following:
· Improved conceptual understanding as PBL leads to a better comprehension of mathematical concepts.
· Increased procedural fluency as PBL asks the student to carry out basic computations and in this way leads to an increased confidence in the student’s own perception about their mathematical capability.
· Improved strategic competence as the problem used in the PBL process is centred on mathematical concepts which engages the student and asks them to think about a solution.
· Improved adaptive reasoning as PBL requires students to think logically about the problem they have been presented with and to explain their thoughts and justify their answers to others. 
· Improved productive disposition as PBL enables the student to see mathematics as useful and applicable to real life.
The way in which the syllabus is engaged with and the effect this has on the experience of the student, the crucial role played by the facilitator and of course the strategy used for assessment in bringing about positive results are some of the areas highlighted in this study and the literature in the application of a PBL programme. 
	As discussed above, there is very little literature concerning the use of PBL in mathematics at tertiary level in Ireland and none at all in my own institution. There is however a wealth of studies on PBL in education, mainly medical education, and the main findings in many of these studies resonate with my own: initial feelings of anxiety among students in their endeavour to understand a new approach to learning, the crucial role played by the facilitator in the implementation of the approach and, for most, a feeling of accomplishment and increased confidence by the end of the process. There is however some difficulty when comparing the findings from other studies with the findings in this work as many of the studies discussed above investigated the use of different models of PBL and were mainly implemented with second, third and final year students who had some experience of studying at tertiary level and so may have had vastly different experiences and perceptions of PBL than the first year students had in this study. 
[bookmark: _Toc395690011]The experience of the student

	Whilst it is clear from the literature that there are many different ways of engaging with PBL, there is very little harmony regarding the best model to use. What is more evident however is how the delivery of the syllabus is associated with the overall student experience of problem-based learning. 
	The majority of research studies discussed above involved the implementation of a model whereby problem-based learning is introduced for part or all of one module/unit of study and runs alongside more traditional methods of teaching and learning in other modules. The work in this study is similar in this aspect but a complicating factor to student experience could have been the level of study used. In this study, in comparison to many of the studies discussed above, first year students were introduced to PBL. As these students were mainly new entrants to tertiary education, their experience of PBL may have been impacted upon by other issues (such as assessment) that may not have been problematic to students in subsequent years who would have been able to compare their previous more traditional experience of teaching and learning with their newer PBL approach to better effect.  
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	In a similar way to much of the literature, the students involved in this study had concerns regarding the assessment of the PBL component reflecting (Ramsden, 1991) conviction that assessment was a major driving factor for many students. 	Indeed a key area for further investigation is the method of assessment used for learning which has been discussed in Chapter 2 above. Three methods of learning through assessment are described as assessment for, assessment of, and assessment as learning (Earl, 2003) and achieving a correct balance between these methods is crucial to the success of the PBL programme. The area of assessment that led to concerns for many students was the assessment of individual knowledge and assessment of group skills. Some students were concerned that their grades were being adversely affected by the work of the group where not all members were contributing equally and suggested that some aspect of the group work should be more formally assessed and perhaps even incorporated into the end of module exam. 
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	Another important aspect of PBL identified in the literature is the role played by the facilitator. It is important that the facilitator maintains a student-centred approach and helps with internal communication within the groups. Indeed the role of the facilitator constantly changes depending on their skills, experience and understanding of PBL (Savin-Baden, 2000). Furthermore, much of the literature outlines that it is of huge importance that attention is paid to the evolving needs of the facilitator as well as their style of facilitation and this is also true of the findings in this study. 
	In PBL it is necessary that there is a move away from the traditional teaching paradigm and towards a more student-centred approach and this process, which was being undertaken by both the facilitator and the participants in this study for the first time, was at times a difficult experience for all parties involved. 
	The findings in this study mirrored those in most other studies in highlighting the pivotal role played by the facilitator. Participants wanted more guidance on identifying the correct information and resolving issues within the group but they also wanted much less input from the facilitator towards the end of the process as their confidence and self-reliance had improved. For my part as facilitator, I often found it difficult to move away from a mainly lecture-centred approach to teaching and towards the more student-centred approach which is a fundamental part of PBL. In this way the change from a teacher-led to student-centred approach was for a diverse number of reasons an issue for all parties involved. 
	Clearly this is an area that warrants much further investigation as has been previously highlighted by (Savin-Baden, 2000). The general consensus in much of the literature is that the success of PBL depends upon the skills of the facilitator. It asks that the facilitator be adaptable and have the ability to accommodate different issues for different groups. 
[bookmark: _Toc395690014]Limitations in the study
[bookmark: _Toc205842563]
Although every effort was made to ensure that the appropriate methods and rigour were used in this study, it must be acknowledged that there were some limitations. Firstly the size of the project was relatively small and confined to one institution and one cohort. Furthermore, rather disappointingly, not all students in the cohort fully participated in all aspects of the PBL component with very few taking part in the interview and even fewer in the test and re-test procedure. In this way, it is necessary that we treat any findings from this study with at least some degree of care even though some of them reinforce findings in other research studies. 
A second and possibly even more limiting factor is that I act as lecturer of the module, developer of the PBL component, facilitator of the PBL component and researcher in the study. It must be acknowledged that this may have had an influence on how participants stated their opinions and may have led to participants fearing some degree of retaliation from me if they voiced their true feelings. However in an attempt to alleviate this issue I ensured that other people who were unknown to the participant were utilised at the interview and presentation stages, allowing them to speak more openly and give their genuine opinions voluntarily.
	The desire to introduce a PBL component into a mathematics module was driven mainly by the demand from industry for mathematics graduates that are able to effectively contribute in the particular area they find themselves, be able to communicate with others and most importantly to be adept at presenting their work coherently to others who may have little or no understanding of mathematics. A second driver for this piece of research was the changes that have been implemented in second-level mathematics teaching and learning in Ireland in recent years and the desire to make the transition from second to tertiary level as consistent as possible.
	It is our aim to produce graduates that are capable of demonstrating the skills which are described as fundamental and crucial by employers. The careers of mathematics graduates are wide-ranging and can often have many different strains across their lifetimes, it is important that they are equipped with skills that enable them to be open-minded thinkers who are able to think creatively and solve problems. It is these skills that are necessary for people to endure conditions that are complicated and unclear (Savin-Baden, 2003).
	Whilst this brief has certainly been met by the participants in this study, there are of course many ways in which their participation in PBL could have been enhanced. The remainder of this chapter will discuss recommendations for further research into PBL. 
[bookmark: _Toc395690015]Recommendations

	Communicating and participating in PBL tutorials is often problematic for students (De Grave et al., 2001). In this study, group dynamics and the assessment methods employed for the PBL component were identified as reasons for some of these difficulties. Indeed, it is my belief that there is relationship between these two elements of PBL. The impact that a dominant group member had on the group dynamic was quite important.  Dominant students often curbed the participation of some students who had difficulty in PBL tutorials by not allowing them to elaborate on their knowledge thus gaining a better understanding of knowledge during discussions. In this way the learning potential of students was impacted on by dominant members of the group. Indeed some students put this behaviour down to the fact that participation in group tutorials was being assessed and that dominant students were attempting to impress or show-off their knowledge to the facilitator. A recommendation from this study is that the assessment methods used in PBL are appropriate and that assessment should compensate students for their endeavour and creativity. 
	In this study students developed an armoury of skills that helped them to manage the various interpersonal issues that arose in PBL tutorials. In this way, PBL afforded these students the opportunity for strategy development for participating in groups. Indeed, it is the belief of some researchers that not enough studies have been devoted to focussing on the specific activities that describe the relationship between PBL and the cognitive outcomes that arise (Hak and Maguire, 2000). These researchers also advocate research that attempts to resolve how interactions between group members lead to the achievement of PBL outcomes. The findings of this study also support this need for more research to be carried out to describe how elements of the PBL process and interactions between group members add to the development of skills and attitudes applied in a group setting. 
	This piece of research has identified varying degrees of participation and response by students to different elements of PBL. The evidence of these variations is evidenced by the perceptions of students of problem-based learning with some students being quite enthusiastic about this new style of teaching and learning to others reporting that they would much prefer the more traditional lecture route. More research is required to establish answers to questions such as why students have different attitudes to PBL and how students engage with PBL is impacted upon by these attitudes. 
[bookmark: _Toc395690016]Conclusion
	
	The aim of this study was to explore the effects of problem-based learning in a mathematics module and the perceptions and opinions of the students involved in the process. Whilst the conclusions arrived at in this study are of a provisional nature, they may need to be reviewed in the future should any further evidence come to light. In the meantime, the conclusions reached here are the most carefully substantiated views given the data generated during the project. Furthermore the strengths and limitations of this work have been discussed in detail in previous chapters and some recommendations for future work made in the section above.  	
	In Chapter 2, many research papers were discussed which outlined the implementation of PBL models in other institutions and the varying degrees of success these had. Furthermore, some of this research also discussed both researchers and participants opinions and perceptions of the effectiveness of PBL as a teaching and learning tool in their context. My study provides a unique perspective on this in that it examines the effectiveness of PBL in developing knowledge and skills necessary in a mathematical setting. However, I am aware and I do recognise that this work has only provided the perceptions of a small number of students in my institution and that other attitudes and viewpoints are necessary to add to the body of knowledge about how PBL affects knowledge and skills of mathematical students in general. Indeed, ideas for further research in this area have been outlined above. 
	In summary, students reported a mainly positive impact of PBL on development of knowledge and skills in a mathematical setting. In this piece of work, I have identified knowledge, attitudes and skills which have been established and expanded upon through problem-based learning and recommend that further investigation into the impact of problem-based learning in mathematics is carried out. 
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Figure 1.1
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The National Framework of Qualifications (NFQ) is a 10-step approach to gaining educational qualifications in Ireland and was launched in 2003. The second level qualifications of Junior Certificate and Leaving Certificate are taught over the first 5 steps, with Ordinary Bachelor Degree at Level 7, Honours Bachelor Degree at Level 8, Masters Degree at Level 9 and Doctorate Degree at Level 10 (National Framework of Qualifications) all taught at tertiary/tertiary level.
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             PBL Tutorials	                   Mars Landing Problem
[image: ][image: ]Tuesdays @ 11am in KE116 (Computing Lab)
Week 3	12th Feb 2013
Week 5	26th Feb 2013
Week 6	5th March 2013

Watch YouTube: ‘’7 minutes of Terror’’ and ‘’Mars Rover Landing’’
On Monday morning August 6th 2012, the Mars rover Curiosity landed on the surface of Mars. It had taken off on November 26th 2011, its journey had taken over 8 months. NASA has launched several spacecraft and landers to study Mars. The Mars Curiosity lander (or rover) is the most recent addition to the Mars exploration missions, referred to by NASA as the Mars Science Laboratory. The 2012 mission delivered the largest rover yet (car sized!) to a very small targeted region of Mars. 
Using the largest parachute ever deployed in interplanetary space travel, a sky crane and a jet propulsion system, NASA created a brand new and exciting Decent and Landing system. The Landing system needed to be fully autonomous, given that the communications time lag with the spacecraft was 7 minutes. Previous Missions were Solar powered, however this mission Solar Power was not considered.  
Problem
The communication time with the Mars Science Laboratory (Curiosity Rover) and Earth varies depending on the distance between the Earth and Mars. Determine a formula that could be used to find the transmission time between ground control on Earth and the Curiosity rover on Mars. Consider the intermediary devices that are used to transmit information. 
Timeframe for PBL Tutorials
Tutorial 1:
· Prior knowledge
· Pose questions
· Assign responsibilities
· Discuss resources
Between 1st and 2nd Tutorials:
· Research the questions posed
· Meet twice (at least) to discuss problems
Tutorial 2:
· Summarise solutions to questions
· Analyse findings
· Report on research
· Pose new questions (if necessary)
· Integrate new information, 
· Refine questions
· Begin poster
Between 2nd and 3rd Tutorials:
· Meet once (at least) to discuss progress
· Resolve the problem
· Finish poster
Tutorial 3:
· Short poster presentation on solution (in groups)
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																						02/02/2014
Dear student, 

As part of an Ed.D in Higher Education, I am looking into the effect of introducing Problem Based Learning (PBL) tutorials in addition to your normal mathematic tutorials throughout this semester. PBL tutorials will take place during Week 3 (12th February), Week 5 (26th February) and Week 6 (5th March) on Tuesdays at 11am in KA116. For these 3 weeks, students will work in groups to develop a solution to an open ended question. Information about Problem Based Learning will be given during the first tutorial and all aspects of the initiative will be discussed. 
Each group will make a short group poster presentation at the end of Week 6 outlining their solution. Each group should also outline how they think their solution is unique. 
It is hoped that PBL tutorials will help you to: 
· Work on a real-life problem and acquire deeper learning through activities involving decision-making, research and writing.
· Work as part of a team or group and learn to handle the process of group co-operation by developing personal competencies.  
The results of this initiative will be compiled on a qualitative and statistical basis and no individual student will be identified in any way. If you have any questions about the dissemination, the analysis of the results or would prefer not to be included in the analysis, please feel free to discuss with me before attending the tutorials. 
Blathnaid Sheridan
blathnaid.sheridan@dit.ie



Appendix 3b

Information Sheet for Prospective Participants
Dear student,
You are being invited to take part in a research project. Before you decide it is important for you to understand why the research is being done and what it will involve. Please take time to read the following information carefully and discuss it with others if you wish. Please ensure to ask me if there is anything that is not clear to you or if you would like more information. 
Research Project Title: 
Does PBL Work? An investigation into the effects of introducing a problem-based learning approach to mathematics in first year at tertiary level.
Purpose of the Project
This project will examine the effect of introducing Problem Based Learning (PBL) tutorials into your Foundation Mathematics module throughout this semester. The aim of these tutorials is to increase your interest and enjoyment of mathematics, improve your knowledge of basic mathematical skills, increase your confidence in your mathematical ability and also to improve your generic transferable skills such as teamwork, working to deadlines, tolerance of different views, self-,management, independent learning etc... During these PBL tutorials, you will work together in groups to seek solutions to a given open-ended problem. The duration of this project is one semester. 
The new second level mathematics syllabus Project Maths introduced this style of teaching mathematics to you over the past two years, and this project aims to continue this approach. It is for this reason that you have been chosen to participate in this project. 
This initiative will be a teaching activity which is also the focus of the research project. Whilst you will not be able to opt out of the teaching part of the initiative, it is up to you decide whether or not you want to take part in the research part e.g. interview stage. If you do decide to take part, you will be given this information sheet to keep (and asked to sign a consent form) and you can still withdraw at any time without it affecting the benefits that you are entitled to in any way. You do not have to give a reason. 
What do I have to do?
All students will take part in the teaching activity during the module and information regarding this will be distributed during class. At the end of the semester, all students will be invited to attend group interviews. If you do decide to take part in the interview stage, you will be asked to attend one interview. The interview process will involve small groups of students being asked semi-structured questions and should take no longer than one hour. You will be asked to give your honest and open answers to questions regarding the project. 
Whilst there are no immediate benefits for those students participating in the project, it is hoped that this work will lead to the permanent introduction of PBL tutorials into the first year mathematics experience. In this way, learning will be made more relevant to the real world and you as a participant should be encouraged to learn how to learn independently. 
If the research study stops early, the reason(s) will be explained to participants. If at any stage of the process you would like to raise a complaint, you should contact me (as Principal Investigator) in the first instance. However, if you feel that your complaint has not been handled to your satisfaction you should contact my supervisor – Dr. Jon Scaife, School of Education, University of Sheffield.  
Recorded Media
The audio recordings of the interview stage of the research will be used only for the analysis and for illustration in conference presentations and lectures. No other use will be made of them without your written permission, and no one outside the project will be allowed access to the original recordings. 
Confidentiality
All of the information that is collected about you during the course of the research will be kept strictly confidential. You will not be able to be identified in any report or publication. The audiotapes will be heard only by the investigator. The transcripts will not be printed for public use, but short excerpts will be taken from them and included in the investigator’s thesis and in possible future publications.  
The results of the project will likely be published in early 2015 and you can obtain a copy of the published results from the investigator at any time after this. Again, you will not be identified in any publication that may result from this study.
This research project is being funded by Dublin Institute of Technology. This project has been ethically approved via the University of Sheffield’s School of Education ethics review procedure. 
Kind regards, 
Blathnaid
Further Information
Investigator						Supervisor
Blathnaid Sheridan					Jon Scaife
Room: KE3007						Room: 4.10
Email: blathnaid.sheridan@dit.ie			Email: j.a.scaife@sheffield.ac.uk 
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Appendix 4
The Course Experience Questionnaire Instructions 
In answering this questionnaire, please think about the course as a whole rather than identifying individual subjects, topics or lecturers. The questions relate to general issues about your course, based on comments that students have often made about their experiences of third level teaching and studying. Your responses are strictly confidential and will not be seen by teaching staff. 
Items are scored on a scale from 1 to 5; where 1 means 'definitely disagree' and 5 means 'definitely agree', save for those printed in italics, which are scored in the opposite direction.
	Question
	1
	2
	3
	4
	5

	1
	It's always easy here to know the 
standard of work expected 
	
	
	
	
	

	2
	This course has helped me to 
develop my problem-solving skills 
	
	
	
	
	

	3
	The teaching staff of this course motivate 
students to do their best work 
	
	
	
	
	

	4
	The workload is too heavy 

	
	
	
	
	

	5
	This course has sharpened my 
analytic skills 
	
	
	
	
	

	6
	Lecturers here frequently give 
the impression they have nothing 
to learn from students 
	
	
	
	
	

	7
	To do well in this course all you really 
needed was a good memory 
	
	
	
	
	

	8
	Staff here put a lot of 
time into commenting on students' work 
	
	
	
	
	

	9
	As a result of my course, I feel confident 
about tackling unfamiliar problems 
	
	
	
	
	

	10
	This course has helped develop 
my ability to work as a team member 
	
	
	
	
	

	11
	This course has improved my 
written communication skills 
	
	
	
	
	

	12
	It seems to me that the 
syllabus tries to cover too many topics 
	
	
	
	
	

	13
	The course has encouraged 
me to develop my own academic 
interests as far as possible 
	
	
	
	
	

	14
	Students have a great deal 
of choice over how they are going 
to learn in this course 
	
	
	
	
	

	15
	Staff seem more interested 
in testing what you've memorised 
than what you've understood 
	
	
	
	
	

	16
	My lecturers were extremely 
good at explaining things 
	
	
	
	
	

	17
	Too many staff asked me 
questions just about facts 
	
	
	
	
	

	18
	The staff make a real effort 
to understand difficulties students 
may be having with their work 
	
	
	
	
	

	19
	Students here are given a 
lot of choice in the work they have to do 
	
	
	
	
	

	20
	Teaching staff here normally 
give helpful feedback on how you are going 
	
	
	
	
	

	21
	Our lecturers are extremely 
good at explaining things to us 
	
	
	
	
	

	22
	The aims and objectives of 
this course are NOT made very clear 
	
	
	
	
	

	23
	Overall, I was satisfied with 
the quality of this course 
	
	
	
	
	

	24
	Too many staff ask us 
questions just about facts 
	
	
	
	
	

	25
	There's a lot of pressure 
on you as a student here 
	
	
	
	
	

	26
	This course has helped me 
develop the ability to plan my own work 
	
	
	
	
	

	27
	Feedback on student work is 
usually provided ONLY in the form 
of marks and grades 
	
	
	
	
	

	28
	We often discuss with our 
lecturers or tutors how we are 
going to learn in this course 
	
	
	
	
	

	29
	Staff here show no real 
interest in what students have to say 
	
	
	
	
	

	30
	This course really tries to 
get the best out of all its students 
	
	
	
	
	

	31
	There's very little choice in 
this course in the ways you are assessed 
	
	
	
	
	

	32
	The staff here make it 
clear right from the start what 
they expect from students 
	
	
	
	
	

	33
	The sheer volume of work to be got through 
in this course means you can't comprehend 
it all thoroughly 
	
	
	
	
	

	34
	Overall, I am satisfied with 
the quality of this course 
	
	
	
	
	




Appendix 5

PBL Tutorials	Semester 1 
My Dad is going to kill me!

Part 1

Shauna Dwyer is a second year Maths Science student in DIT who lives in Bray. Her Dad is a car enthusiast and has collected plenty of vintage cars for restoration over the years. Since Shauna has turned 18, he has allowed her to occasionally take them out for a drive. One beautifully sunny October morning, Shauna was running late for her algebra lecture with Susan and borrowed her Dad’s 1972 Volkswagen Beetle 1200cc to get her to college on time.  As she was driving up the N11 heading towards town, she was thinking about the mid-term assessment that was coming up. Suddenly she heard a loud bang and felt something crash into the rear of her car. When Shauna got shakily out of the car, she saw that it was a white delivery van, which was one of the next generation SmartVan 3000 range, which had ploughed into the back of her. Fortunately, neither Shauna nor the driver of the van was seriously injured. Her car on the other hand looked like it was written off. Oh no!
Two gardai from the Donnybrook station were on the scene within 10 minutes to investigate the accident. Once any serious injuries were ruled out, they began to investigate the scene of the crash. 
Questions:
1. To enable the gardai to reconstruct the accident and decide if one or both of the drivers is at fault, what questions do they need to answer?
2. What facts will the gardai already know, what measurements will they need to make, and what data will need to be generated?
3. How could you represent Shauna’s motion as she drove on New Bride Street if she had been travelling at a constant speed of 30kph?
4. If Shauna is travelling at a constant speed, what can you say about the forces on the car?
5. What factors influence how quickly a driver can bring his/her car to a stop?
6. Which of these are factors which the driver can influence, and which are not?

Part 2	A&E

Shauna stood shakily by the side of her car. She felt sick to the pit of her stomach. While she couldn’t believe she was OK, her Dad’s car was a write-off. The driver of the van, wearing a navy EuroSpar jumper, came up to her with his hands on his head and said “What the hell? Why were you all over the road? This whole thing is your fault!” When he spotted the gardai arriving, he ran over to them and recounted his side of the story, making sure that he told them that Shauna was to blame. 
One of the gardai approached Shauna, who was still stood shaking beside her Dad’s ruined VW Beetle. “I’m Garda O’Brien, how are you feeling? Why don’t you sit down here? Do you think you need to go to A & E?” Shauna told her that her neck hurt and her chest hurt from the strap of the seatbelt, but other than that she felt OK. Since her car was a vintage 1972 model, it did have seatbelts but didn’t have any airbags. Garda O’Brien said that as a precaution Shauna should go to hospital and get checked out and so she radioed for an ambulance. Shauna was worried about leaving the remains of her Dad’s car in the middle of the road but the Garda assured her that a repair truck was en route to bring the car and the van to the car lot and that she would see Shauna later in the hospital to get some more details from her. 
The ambulance arrived and Shauna was brought to St. Vincent’s hospital. Two hours later, while she was sitting on a trolley in A & E waiting for an X-ray and an EKG when Garda O’Brien strolled in. She was just finished giving the garda her details and discussing the accident when a nurse came to take her to the radiology dept for her scans. Garda O’Brien returned to the Donnybrook station to finish writing up her report on the accident together with a sketch of the accident and some measurements she had taken at the scene.
Questions
1. What are the reasons that Garda O’Brien suggested that Shauna go to A & E?
2. Why was Shauna having an X-ray and EKG scan?
3. In terms of forces on the car and body, describe what happens to a person’s body in a rear-end car crash?
4. Describe the safety advantages of flexible seatbelts and airbags.
Part 3	Dangerous Driving?

Back at the station Garda O’Brien does some research on the van which was involved in the accident – the next generation SmartVan 3000. She discovers that it runs on completely renewable energy sources. The SmartVan also has partial artificial intelligence, very comfy seats and a data recorder similar to those aboard aeroplanes. This “black box” records the velocity and acceleration of the car during each journey. She also double checks the speed limit on the N11 where the crash took place – 80KPH. 
The SmartVan rear-ended the slower-moving car (driven by Dwyer) and the driver of the van, John O’Reilly, claims that Dwyer’s driving was erratic and he hit her while attempting to overtake. He insists he was below the speed limit at all times. Dwyer claims that O’Reilly was on his mobile phone and simply rear-ended her car. 
Garda O’Brien writes up a memo and sends it over to the Crash Investigation team. 
___________________________________________________________________________
MEMO
From: Garda O’Brien
To: Driver Investigation Team (DIT)
Subject; Case No. 352627 (Dwyer/O’Reilly)
Date:  12th October 2013
Please have a look at everything in your evidence folder. You should find:
· The black box data from a test run. The box was attached to another car which ran at a steady  and it gave these results. 
· The black box data from the SmartVan crash. Unfortunately, the recorder was damaged, so we lost part of the data. Can you reconstruct the lost pieces? Miss Dwyer’s car is older, so it doesn’t have a black box. 
· An overhead speed-camera photo. This shows both cars seconds before the collision. The photo was taken, both cars continued at a constant velocity until the collision. 
We need you to investigate the following:
1) Verify that the black box is calibrated correctly from the test data. 
2) Reconstruct all of the black box data so we have a clear picture of what happened. This sort of evidence hasn’t been presented at trial before, so we need a complete record of the velocity and acceleration of the SmartVan with respect to time. 
3) There’s some doubt as to exactly where the collision occurred. Was O’Reilly breaking the speed limit when the crash occurred? Is so, we can charge him with dangerous driving. Can you use the black box data to find evidence of this?




Calibration Test
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We have to make a decision on whether to charge O’Reilly with dangerous driving next week, so you’ve got to have all of the evidence on my desk by then. 
Good luck!
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