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Chapter 1: Introduction

The theme of this thesis revolves arourftetbehaviours of
the tutor in problembased learning (PBL) and its effects on the
learning in this approach. Although a substantial amount of research
on PBL has been conducted over the years, it is still relatively unclear
how learning takes place duringe PBL process. In additiciactors
that influence the learning process such as the quality of problems,
the tutor and the use of scaffolds are areas that require greater
investigation (Schmidt, Rotgans and Yew, 2011). With these
considerations in mith, the research conducted in this thesis aims to
deepen the understanding of what occurs during the actual learning
process of PBL and in particular, the impact RBbors have on
student learning.

Unlike the typical view of a teacher in the conventibna
classroom, students under the tutelage of a PBL tutortaoght not
to be passive recipients of knowledge but are individuals who make
their own decisions about the nature and structure of their learning
(Barell, 2010). PBL tutors are expected to ifatd the learning
process and to promote collaborative learning by encouraging
students to actively participate in the classroom activities. Using a
problem to trigger learning, students would tap on their prior
knowledge to guide them in their investigans before applying the
newly constructed knowledge to solve the problem. In addition, PBL
tutors would aid in the scaffolding of learning, monitor the quality of
learning and intervene when necessary (Schratdil., 2011).

In view of the interactig nature between students and the
PBL tutor, it can be hypothesized that what tutors do in the
classrooms may have an effect on the learning process. There are
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three key behaviours of the PBL tutor that are often reviewed in the
literature, namely, sociatongruence, subjeanatter expertise, and
cognitive congruence. These tuimlated behaviours and their
influence on student learning would be studied in greater depth in
this thesis.

In this chapter, a review of the current literature on PBL and
the role of the PBL tutor will be examined before formulating a list of
research questions that aid in guiding the investigation of this thesis.
Towards the end of this chapter, an outline of what will be covered in
the subsequent chapters will be presented.

Why is there an interest in PBL?

As society continues to develop rapidly, organizations are
forced to adapt to the environmental changes so as to remain
competitive. For instance, globalization has created new
opportunities for organizations to operatat an international level
and advanced information technologies have improved the rate of
information exchange. Ignoring such environmental changes would
be destructive as they can affect the sustainability of an organization
in the 2f' century. Due tothese developments, employers are
constantly seeking to hire knowledgpased workers who are able to
tackle these changes.

So what skills are necessary to handle these challenges in the
21* century? Living in the digitalge, it is unsurprising thahere is
greater demand for workers to possess technological literacy.
However, besides being able to use multiple technologies, there is
growing evidence that employers prefer workers who are proficient
in critical thinking, problem solving, effective nmmunication and
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team work (Paige, 2009). Creativity, leadership, adaptability and
global awareness have also been cited as skills that are more crucial
now than ever before as the challenges in the world today are
increasing in complexity (Walser, 2008)his in turn has placed
greater demand on educational institutions to develop individuals
who are able to meet these expectations of a felsanging global
economy.

From a traditionalist viewpoint, educational institutions are
designed for teaching stlents under the direction of teachers who
imparted knowledge based on the agreed curriculum. However, over
the years, educational research has indicated that possessing
knowledge alone is insufficient as students may be unable to make
appropriate use of Wwat they have been taught (Schmidt, 1983).
Together with the expectations to equip students with the®21
century skills, education policymakers are considering education
reforms to address these issues. Although there is greater emphasis
on these skillthen before, it has been argued that these skills such
as critical thinking and global awareness are not new skills, at least
amongst the elites in the previous centuries. However, what is new
is that success in the current day and age depends upon dnavich
skills and therefore should not be confined to a group of individuals
but they must become universal. In other words, these skills should
be taught more intentionally and effectively in educational
institutions (Rotherham and Willingham, 2010).

Studentcentric methods have been favoured by advocators
of the 21" century skills and PBL is a pedagogy that has become
increasingly popular in developing workers for thé'2&ntury. This
IS because PBL claims to provide a rigorous learning envirdriimsn
not only allows learners to construct new knowledge but to train
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students how to apply the knowledge through the process of solving
problems similar to those experienced at the workplace (Hmelo
Silver, 2004). In addition, the potential to devel@gigl skills such as
teamwork and communication through PBL supports its use and
implementation in the classrooms as students have to work
collaboratively to solve the problemsAs the characteristics of PBL
suggest that a rich learning environment thatrrors the workplace

is provided for students, it is possible to conclude that PBL does help
students develop skills that would prepare them to meet the
demands of a changing workplace and soci@yabinger, Dunlap
and Duffield, 1997).

How do students learn in PBL?

Students in a PBL curriculum learn through the process of
problemsolving as learning is driven by exposing students tclifeal
probl ems. This form of | earning
has its roots in the medical field whenglstudents were tasked to
solve real cases, conduct research and propose solutions for a wide
variety of medical conditions. Despite remaining predominantly used
in the medical and health science curriculum, PBL has since been
adopted in other disciplinesuch as Business, Emggring and Law
(Massa, 2008).

In a PBL classroom, students work in small collaborative
groups to solve problems that are relevant to their domain of study.
Through this problensolving process, students would engage in
discussionsvith their peers and build upon their prior knowledge to
construct new knowledge. While working on these authentic
problems, students will ask questions, conduct investigations,
consider possible solutions, draw conclusions and reflect on their

\
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decisions(Barell, 2010). As these problems are often complex and
without a single correct answer, it is believed that students would be
able to learn both content and thinking strategies (HmSitver,
2004). Simultaneously, students learn to work in teams toiea®

the common goal of solving the problem. Such a learning
environment encourages learners to be active participants and an
increased level of student engagement is believed to create a positive
influence on learning. This can be supported by findifige a
recent study where two groups of an undergraduate physics course
were examined (Deslauriers, Schelew & Wieman, 2011). Students in
the first group attended lectures conducted by a Noble Prize winning
physicist while students in the second sectioarev led by teaching
assistants to solve real physics problems that they might encounter
as a practicing physicist. The results indicated that students in the
second section were more engaged and more likely to attend classes.
In addition, their scores oa test averaged 74% as compared to an
average score of 41% from students who attended the lectures,
which suggests that learning is enhanced if students are engaged in
the learning process (Deslauriesal,, 2011).

Besides working in small collabokat groups, a significant
amount of seHdirected learning is usually involved with PBL (Prince,
2004). This is important because developing students aslisetfted
learners is essential so that they would be able to continue learning
on their own for he rest of their lives (Das, Mpofu, Hasan & Stewart,
2002). These various components of PBL are weaved into the
learning process comprising of three learning phases: problem
analysis, selflirected learning and a reporting phase (Schmidt, 1983;
Barrows, 988; HmeleSilver, 2004). As students work in their small
collaborative groups to examine the problem in the problem analysis
phase, they utilize prior knowledge to identify learning issues and
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generate questions to help in the problesolving process. nlthe
seltdirected learning phase, students refer to a variety of resources
to search for relevant information that can be used to answer the
guestions raised. While students try to make sense of the gathered
information, they share their views amongsteir team and it forms
the basis of brainstorming for possible solutions. By the reporting
phase, the collaborative groups would have had sufficient time to
synthesize and evaluate information, resulting in a proposed solution
to the problem. As the grqas share their findings, their peers are
encouraged to raise questions and this helps the students to refine
their original idea and hypotheses.

Through PBL, it can be expected that graduating students
would have the domain knowledge and be more skilled
interpersonal communication, problesolving and selflirected
learning as compared to those from a conventional lecioased
environment (Schmidt, Vermeulen & Van Der Molen, 2006).
Research has also shown that PBL is effective in equipping students
with skills such as having the ability to work independently, possess
good planning skills and ability to work under pressure, which are
skills needed to prepare students for the workforce (Schreidal,,
2006; Vaatstra & De Vries, 2007). For these af@mioned reasons
and more, it can be expected that interest in adopting the PBL
pedagogy in educational institutions will continue to rise as it
develops learners holistically.

Based on the description of the PBL process, it is evident that
learning ina PBL curriculum is mainly studesg@ntric. However, it is
essential to note that a tutor is also present during the PBL process
and their existence may have an influence on the learning process.
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What is the role of the tutor in PBL?

The role of thePBL tutor is qualitatively different from a
teacher in a conventional classroom. As compared to teachers in a
traditional curriculum, PBL tutors are often less contdriven and
they view the process of learning as equally important to gaining
knowledge. In view of this, PBL tutors must control their desire to
impart knowledge and focus on the learning process instead in order
to be effective (Wetzel, 1996). Rather than simply passing on
information and providing direct instructions to students, theeraif
the PBL tutor is to model good strategies for learning and thinking so
that learners can apply these strategies when they encounter similar
situations in future (Hmel&ilver, 2004).

During the learning process, the PBL tutor is present at the
problem analysis and reporting phase. They are expected to play
active roles in the scaffolding of student learning by assisting them in
developing a framework that can be used to construct knowledge on
their own. This allows students to foster the skillofical thinking
and habits of lifdong learning (Dast al., 2002). For students who
are new to PBL, the tutor takes on more responsibility to aid students
in developing learning scaffolds until they are able to create their
own scaffolds. After whity the guidance provided by the tutor
would begin to fade but the tutor continues to monitor the progress
of the students (HmekSilver, 2004).

To assist students in constructing learning scaffolds, the PBL
tutor would ask questions to stimulate ddaration of concepts and
encourage knowledge integration as well as interactions between
students (De Grave, Dolmans & Van Der Vleuten, 1999). In addition,
the tutor would probe students to think of possible solutions to the
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problem and model for them th&inds of questions that they should

be asking themselves during problesalving. As such, the
relationship between the tutor and students can be viewed as a type
of cognitive apprenticeship (HmeBilver & Barrows, 2006; Schmidt

& Moust, 2000; Collins eal., 1989). Therefore, in order to be
effective in managing this cognitive learning process, it can be argued
that the tutor should not only possess the relevant content
knowledge, but also be skilled in facilitation, active listening,
motivating learniig, and critical reflection (Maudsley, 1999). In order
to assess if a PBL tutor is able to perform their role effectively, it is
necessary to examine their behaviours demonstrated in the
classroom and how they influence !

What kind of behaviours should tutors exhibit?

As mentioned previously, social congruence, subijeatter
expertise and cognitive congruence are three key tutdated
behaviours that are often reviewed in the literature. In terms of
social congruence, it is belied that this behaviour plays a key role in
building a norhreatening learning environment as social
congruence refers to the tutor
students. This in turn allows students to feel comfortable in voicing
their views, viich may ultimately enhance the learning process and
result in better academic achievemef8chmidt & Moust, 1995).

S

The need for PBL tutors to be socially congrueah be
supported by a study that expl or e
makes a PBL tutceeffective. The findings indicated that tutors, who
respected the opinions of students, were able to establish good
communi cati ons, understand studen
how to learn, were deemed as effective tutors (KassakShoul,
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AbuHileh & Hamdy, 2006). This indicates that possessing subject
matter knowledge alone is insufficient. Without a genuine interest in

the lives and learning process of the students, the tutor would lack
sensitivity to the difficulties faced by students, thimdering their
ability to guide students’ Il ear ni
& Moust (1995) indicated that social congruence directly influenced
group functioning during the problersolving process and this may
result in better student performance

Besides social congruence, Schmidt and Moust (1995) also
found that subjectmatter expertise of tutors had a slightly direct
positive impact on student achievement. Based on the common
perception of the role of a teacher, it is natural to assume that
effective PBL tutors should possess the relevant domain knowledge
so that they are able to provide students with the necessary content
knowledge and correct the misconceptions that are constructed. As
a result of the guidance provided by a subjetwtter expert,
students are expected to have a better grasp of the concepts and in
turn perform better academically. However, past studies focusing on
the behaviours of tutors with subjeehatter expertise and its effects
on student performance remain debatab(8ilver & Wilkerson, 1991,
Schmidt, Van Der Arend, Moust, Kokx & Boon, 1993; Davis, Nairn,
Paine, Anderson & Oh, 1992; Dolmans, Wolfhagen & Schmidt).1996
For instance, Davit al.(1992) found differences in the performance
of students infavour of sulject-matter experts, Dolmanet al. (1996)
found that tutor expertise did not influence student achievement.

As a result of the conflicting findings on subjachtter
expertise, other studies have shifted their focus to observe the
behaviours of subjet¢-matter experts in attempts to better
understand the influence of a PBL tutor with relevant content
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knowledge. However, reports from various studies were also
contradictory. A study conducted by Silver and Wilkerson (1991)
suggested that tutors with syéct-matter expertise took a more
directive role in the PBL process, provided more direct answers to
questions and contributed more during the discussions. In addition,
a study by Schmidet al. (1993) indicated that students guided by
tutors with subjectmatter expertise spent significantly more time on
seltdirected learning as compared to those guided by #sabject
matter experts, which indirectly may lead to better academic
performance. However, Davist al. (1992) could not identify
behaviouraldifferences in tutors with subjeenatter expertise and
those with lesser subjeanatter knowledge.

Other than social congruence and subjetatter expertise,
the study by Schmidt and Moust (1995) examined a third tutor
related behaviour termed as cognitivangruence. This behaviour
can be defined as ‘the ability to
students, using the concepts they use, and explaining things in ways
easily grasped by student s’ (Schm
cognitive conguence can also be viewed as a combination of subject
matter expertise and social congruence. Schmidt and Moust (1995)
found that cognitive congruence was able to influence tutorial group
functioning and this indirectly affected the level of student
achieement through an increase in time spent on sdlidy. As a
result, the authors concluded that a higher level of achievement can
be attained through effective tutoring that requires not only the
tutors’ content knowl edgedeisoh an
a personal level as well as to utilize language that is easily understood
by students (Schmidt & Moust, 1995). In another study that
compared between faculty tutors and student tutors, the results
indicated that faculty tutors used their subjectatter knowledge
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more extensively while student tutors were better able to identify
with the difficulties students experience while dealing with the
problem at hand (Schmidt, Van Der Arend, Kokx & Boon, 1994). This
suggests that the student tutors wereare cognitively congruent as
compared to the faculty tutors, which allows them to better
understand the nature of the problems faced by students and to
respond more appropriatelypy using prompts that are more easily
understood (Dolmans, Gijselaers, Moust Grave, Wolfhagen & Van
Der Vleuten, 2002).

Using the structural equations modelling approach, Schmidt
and Moust (1995) proposed that tutors who are more cognitively
congruent would utilize subjeanatter knowledge in a better way
and be more sociall congruent, which ultimately translates into
higher student performance. This is because the prokdeiaing
process would function better resulting in students being more
interested in the subject matter and spending more time on-self
directed learningSchmidt & Moust, 2000). However, if the content
expert is also able to guide students back onto the right track by
discovering and learning from their own mistakes as well as
reasoning their way to the desirable conclusions, then the PBL tutor
would be nore effective in developing students as sdilfected
learners. This is because a lack of the domain knowledge can make it
difficult for the tutor to follow student discussions as well as to
actively contribute to it and without an interest in the studenthe
tutor would not be stimulated to encourage students to complete the
problemsolving process (Schmidt & Moust, 2000).

The findings on the effect of
subjectmatter expertise and cognitive congruence on student
achievenent remain ambiguous. However, there is a general
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consensus that these behaviours do have an effect on students
achieving the curricular outcomes. Yet, their influence on the PBL
process remains unclear.

What are my research questions?

A review ofthe current literature has indicated that tuter
related behaviours appear to have an effect on student achievement.
However, little is known about how learning takes place as a student
progresses through the different PBL phases and how the behaviours
of the PBL tutor affects their effectiveness in facilitating the learning
process. Hence, the following research questions were designed and
used to guide the development of the investigation in this thesis.

1 As student progress through the different leargiphases of the
PBL process, is learning dependent on what was learnt in the
previous phase?

1 How can learning at each PBL phase be measured?

1 What behavioursmake a PBL tutor effective in facilitating the
learning process?

1 Do thebehavioursof the tutor influence learning at each PBL
phase? If so, to what extent do the tutoelated behaviours
influence learning during the PBL process?

1 Amongst subjectnatter expertise, social congruence and
cognitive congruence, is there a particular tutetated
behaviourthat has a greater influence on the learning process?

Outline of thesis

The subsequent chapters in this thesis aim to address the
research questions listed above and a concluding chapter would
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consolidate the findings from the studies that were daoted. All of
the studies were conducted at the same tertiary educational
institution in Singapore where PBL is used as the baseline pedagogy
for all of its diploma courses. However, unlike other institutions, the
implementation of PBL at this polytedlnis somewhat different
whereby the entire PBL process is completed within a (& and

O’ Gr ady Studerisia )ntroduced to a problem at the start of
the day and are expected to report their proposed solution to the
problem by the end of the day Within the day and under the
guidance of a tutor, students would engage in peer learning and self
study to grapple the concepts related to the problem.

In Chapter 2, the main focus was to examine how students
learn during the PBL process. Leagnis believed to be a cumulative
process where new learning builds upon what was learnt previously.
As such, this study investigated each learning phase and sought to
understand if learning was dependent on the previous phase or if
there was a particulalearning phase that was more important than
another. In order to do so, a method to measure student learning at
each of the PBL phases was developed and the measurement tool
was termed as theoncept recall test These tests required students
to recallkeywords that were related to the topic for the day. Besides
measuring student learning at each PBL phase, an essay test was
conducted at the end of the reporting phase to measure student
achievement. As students were asked to elaborate on their
understanding of the topic, it was possible to assess if students had
understood the concepts they had learnt. Using the structural
equations modelling approach, the data was analysed and the
findings indicated that learning in PBL was cumulative whereby
learningin one phase is influenced by what was learnt in the previous
phase. In addition, the results proved that the methodology used to
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measure students'’ l earning proces
and valid.

Following the successful development dfet methodology
described in Chapter 2, the remaining studies in Chapters 3, 4 and 5
utilized this method to exptore
matter expertise, cognitive congruence and social congruence on
student learning during the PBL process.Chapter 3, the aim of the
study was to explore the effects of the tutoelated behaviours on
student learning and to identify if there was a particular behaviour
that had a greater influence on learning as compared to another.
Tutors were randomly setted to be part of the study and the effects
of their behaviours on the PBL process were examined. Although all
three tutor-related behaviours were found to have a significant effect
on student achievement, the findings indicated that the social
congruent behaviour of the tutor had a significant influence on
learning during the PBL process.

Based on the findings from the study in Chapter 3, further
investigation on the effects of t
were examined in Chapters 4 and 3n attempts to ensure that a
more distinct difference between the tuterelated behaviours was
studied, tutors were handpicked to participate in the study instead of
being randomly selected. In Chapter 4, tutors were chosen based on
their student ratigs from a questionnaire that measured tutor
behaviours. The ratings either indicated that the tutors exhibit high
levels of subjectatter expertise, cognitive congruence and social
congruence or they exhibit low levels of these behaviours based on
thestudent s’ perceptions. Therefore
the tutors exhibiting high levels of these behaviours, particularly
social congruence, were more effective in tutoring the learning
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process. However, a change in the behaviours of the tuioas
observed when they tutored a different group of students, resulting
in a smaller difference between the tutoelated behaviours from
both group of tutors. Hence, this led to findings that were not as
straightforward as those obtained in Chapter 3.

The study in Chapter 5 was a continuation of Chapter 4 to
further examine the effects of tutors exhibiting high or low levels of
social congruence. However, instead of selecting different tutors to
form the high and low groups, tutors who are known toptty high
levels of social congruence were asked to mimic the behaviours
displayed by tutors in the low social congruence group by controlling
their behaviours. This minimized the amount of natural variations
that may occur when different tutors are usead it was an attempt
to conduct a controlled experiment in a natural educational setting.

The final chapter provides an overview of the findings from
the research conducted for this thesis. It highlights how each of the
studies has attempted to answehe research questions raised and
also suggests possible areas for future research. Through these
studies, more insights will be gained about the PBL process and to
what extent the PBL tutor influences the learning process. This
would ultimately provié a better understanding on the PBL process
S0 as to seek ways to enhance learning and develop learners in a PBL
curriculum more effectively.
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Chapter 2: Is Learning in Problem-based learning
Cumulative?*

Abstract

Problembased learning (PBL9 generally organized in three phases,
involving collaborative and setfirected learning processes. The
hypothesis tested here is whether learning in the different phases of
PBL is cumulative, with learning in each phase depending on that of
the previousphase.The scientific concepts recalled by 218 students at

the end of each PBL phase were used to estimate the extent of
student s’ |l earning. The data wer
equation modeling. Results show that our hypothesized model fits the
data well. Alternative hypotheses according to which achievement is
predicted either by collaborative learning alone or by si#lécted
learning alone did not fit the data. We conclude that the learning in
each PBL phase is cumulative, and strongly inflad by the earlier
phase, thus providing support for the PBL cycle of problem analysis,
seltdirected learning, and a subsequent reporting phase. We also
demonstrate an efficient met hod t
learning during the PBL process.

Introduction

Educators have l ong been adv
whereby students are engaged in meaningful activities as part of their
learning process. Active learning has been generally defined as any
instructional strat egwyoing thimgs and nv o |

! Published in: Yew, E.H.J., Chng, E., & Schmidt, H.G. (2011). Is learning in
problem-based learning cumulative2Advances in Health Sciences Education
16, pp. 449464.
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thinking about what they are doin
Given such a broad definition, active learning can be viewed as
encompassing a wide variety of instructional methods. Although
various studies have demonstrated the effi@ehess of promoting

student engagement using interacthasngagement methods
compared to those in traditional courses (reviewed by Michael, 2006;
Prince, 2004), questions abolbw students learn while being actively
engaged, both individually and when aollaborative small groups,

remain to be further investigated.

Generally learning is thought to be a cumulative process
where new learning builds upon knowledge acquired in a previous
phase. In the case of active learning, it is assumed that both
collabaative learning episodes and individual sdilfected study
phases play important roles in st
that new learning is dependent on what has been learned previously is
almost universally accepted, demonstrations of its tritave been
largely confined to the psychological laboratory, particularly in the
field of text processing (e.g., Bransford & Johnson, 1972; Kintsch & Van
Dijk, 1978). To our knowledge, no natural classroom demonstration of
the cumulative nature of learningxists to date. Moreover, since social
constructivism suggests that knowledge is mainly constructed by
means of collaborative interactions (e.g., Cobb, 1994; Driver, Asoko,
Leach, Mortimer, & Scott, 1994), it is possible that the effects of active
learningon achievement are really only due to the group interactions
and coeconstruction of knowledge. Alternatively, since research on
selfregulated learning has shown that the use of sefjulated
learning strategies strongly influences academic achievement
(Zimmerman, 1990), it can be argued that it is the individual- self
directed | earning phase that is mc

The purpose of this paper therefore is find the extent to which
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active learning is cumulative and whether it involvdsoth
collaborative and seffirected learning, in the context of problem
based learning (PBL). PBL is an example of an d&dsii@ng approach

in which students are given the opportunity to learn independently as
well as collaboratively, while understandi an ilistructured problem.

It was originally developed in medical schools to help students
integrate basic science and clinical knowledge, as well as to develop
clinical reasoning and lifelong learning skills (Barrows, 1986). However
it is now of incrasing interest to educators of various levels and
disciplines (Gallagher, Stepien, & Rosenthal, 1992; Kolodner et al.,
2003) as it provides a structured framework of active and collaborative
learning, in line with current understanding of learning as a
constructive and ceconstructive activity involving social interactions
(Glaser & Bassok, 1989; Palincsar, 1998). As will be described in
greater detail later on, PBL involves a sequential series of learning
phases that emphasizes collaborative and individsaltdirected
learning at different points in time. The assumption underlying PBL is
that |l earning in the PBL process
is dependent on the previous, and also that bothoomstruction with
peers and individual constrtion of concepts during setfirected
study contribute to student learning (Schmidt, 1983). We therefore
seek to test the assumptions regarding the nature of learning in PBL,
by tracing the learning process of students throughout all the phases
of PBL. Theentral thesis to be tested is whether learning in the
di fferent phases of PBL is cumul at
depend on the previous phase? Or are some phases of the PBL process
more (or less) important than others? Secondly, we also deek
understand how students learn in the different phases of PBL in terms
of concept acquisition and elaboration. A third objective igéwise an
efficient and valid method to tra
the course of the PBL process.
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The BL Process

PBL always starts with a problem, for which students do not
prepare beforehand. After the description of the problem is given to
small groups of students, they firsthalysethe problem, generate
possible explanatory hypotheses, build onon®@dnher ' s i deas .
as identify key issues to be studied further. These activities allow
students to construct a shared initial explanatory theory or model
explaining the problerat-hand based on their prior knowledge
(Schmidt, 1983). After this periodf teamwork, they disperse for a
period of individual study to work on learning issues they have
identified as a group. When they next meet as a team during what is
called the “reporting phase”, t he
their findings, as wéks refine their initial explanations based on what
they have learned. Students would then move onattalysea new
problem, or if new learning issues requiring further study are
identified during this phase, the process described above would be
repeated. Thus, PBL can be seen as a cyclical process consisting of
three phases: initial problem analysis, sdilfected individual learning,
and a subsequent reporting phase (Barrows, 1988; HiBédler, 2004;
Schmidt, Van der Molen, Te Winkel, & Wijnen, 2009)tulr is
present t o gui de student s’ l earn
reporting phases. The tutor’'s rol e
when students ceonstruct knowledge through discussions and
sharing of ideas (HmelSilver & Barrows, 2006In PBL, both group
and individual learning processes are recognized to play important
suppl ementary roles in students’
Van den Hurk, Dolmans, Wolfhagen, & Van der Vleuten, 2001).

How Students Learn in the Process df PB

Various studies have focused on how students learn in the
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different phases of the PBL cycle. The initial problem analysis activates
student s’ prior knowledge and al | ¢
in the problem to their existing knowledge. Hearinghat other
students elaborate upon could also serve to activate or uncover the
less accessible prior knowledge in the listeners. Studies by De Grave,
Schmidt, & Boshuizen (2001) and Schmidt, De Volder, De Grave, Moust
and Patel (1989) have demonstrated thedaboration during problem
analysis in a small group prior to studying probletevant new
information resulted in increased knowledge acquisition and reéall.
argued by De Grave, Boshuizen and Schmidt (1996), such elaboration
and activation of existigg knowledge are instrumental in restructuring
and transferring concepts resulting in the construction of new
knowledge and ideas. The process of discussion during the problem
analysis phase would also result in students realizing the gaps between
their existing knowledge and what they are required to know in order

to respond to the problem. Thus students would identify these gaps as
learning issues to be studied further during the shitected learning
phase. This individual study phase is a key featuf@Bh, in line with
its under l-oga mtge r‘esct”udemitl osophy of
take responsibility for their own learning by deciding what to study
and to what extent. Through the selfrected learning phase, students
learn important skills suchs goal setting, planning and setintrol in

terms of time and tasknanagement (Zimmerman, 2002). As students
implement their course of actions to achieve their goals, they would
also have to monitor and reflect on their own progress, thus exhibiting

a kind of feedback loop in the process (Hmé&iwver, 2004;
Zimmerman, 1990).

When the tutorial group reconvenes to report their findings
and the results of their individual study, opportunities are given to
students to present, explain and defend their @& and in the process,
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to restructure or refine their own knowledge networks (Schmidt &
Moust, 2000). The discussions during the reporting phase are centered

on student s’ response to the probl
analysis phase. Studies haskhown that group interactions such as
elaborations and ca@onstructions take place during this phase,
allowing for collaborative knowledge construction (Hm&lidver &
Barrows, 2008; VisscheReijers, Dolmans, Wolfhagen, & Van der
Vleuten, 2004; Yew & Bmidt, 2008).

CFrOl2NR Ly¥FtdzSyOAy3a {GdzRSydaqQ [ SN

A few studies have examined and tested how the variables
thought to be active in PBL influence and relate with one another and

student s’ |l earning outcomes. aGijs
path model relating input variables such as the quality of problems,
tutor performance and student s’ e X

such as group functioning and time spent on stécted study, and

the outcomes of learning. They demonstrateliat problem quality
influences tutorial group functioning, which in turn had an influence

on the amount of time spent in individual study. More time put into
individual study led to increased academic achievement. This model
was further refined by Van dédurk, Dolmans, Wolfhagen, & Van der
Vleuten (2001). They investigated in more detail what actually
happens to learners during problem analysis, individual study and
reporting. They found that the quality of learning issues generated
during the problem angkis phase had an impact on the extent to

which the learning issues were used during individual study. Increased
usage of learning issues during sdiliected study also influenced
student s’ resear c horiégnted, Which imtornled e x p |
toa“deeper discussion” during the
of reporting led to a higher score on an achievement test.
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Both of these tests of a causal model provide insight into the
relationships between the variables important in the PBL procesds an
hence into how students learn in PBL. In particular, the study by Van
der Hurk et alsuggests that learning in PBL is indeachulative. Their
study demonstrates that learning in the problem analysis phase
influences individual study, which in turn udéinces the reporting
phase, and finally achievement. However, as recognized by the
authors, a limitation to both studies was that data were obtained
based on students’ p er creport riatben s an
than on their actual behaviors. As amgl by Dolmans & Schmidt
(2006), and Hak & Maguire (2000), the research required to uncover
the relationships between aspects
learning should be focused on thactual activities occurring in the
various phases of PBL.

Some studies have used direct observational methods to
examine how and what students learn during PBL. One observational
study focusing on the content of the learniegented interactions of
students was conducted by Yew and Schmidt (2008). Here thmlver
interactions taking place in an entire PBL process were audio recorded
and analyzed qualitatively. While the results demonstrated that PBL
stimulates constructive, seffirected and collaborative learning
processes, no relationships between the conteittheir interactions
with subsequent learning were reported. In addition, due to the data
and timeintensive nature of the methodology involved, the sample
size used in the study was limited, thus making statistical analysis
difficult. A recent study byimeloSilver and Barrows (2008) analyzed
in detail the knowledge building process in a PBL tutorial by examining
the discourse of students and facilitator throughout both the problem
analysis and reporting phase of a PBL tutorial. This was carried out by
videotaping five students as they worked on a problem for more than
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5 hours in two separate sessions. The study demonstrated how an
expert facilitator guided the group discourse with the use of open
ended metacognitive questions, and how students activedyked on
enhancing and refining their collective knowledge throughout the
group interaction portions of a PBL cycle. However this study again did
not relate the quality of student :
their learning.

There have been seval other attempts to trace the learning
process in PBL. Visschéteijers, Dolmans, de Leng, Wolfhagen, & Van
der Vleuten (2006) made use of video recording while other
researchers have made use of stimulated recall (De Grave et al., 1996),
and thought sampling (Geerligs, 1995) to provide qualitative
descriptions of the actual behaviors and activities in a PBL tutorial. The
difficulty of such approaches is that they do not easily allow for the
guantification of learning. In addition, they are so datéensive that
studying larger numbers of students becomes almost impossible. A
case in point is our own previous attempt sbudy and identify the
relationships between learning activities of students in PBL with their
learning outcomes Yew & Schmidt, 2008 We recorded all verbal
interactions of two groups of students for an entire PBL cycle. In
addition, we logged all their individual study activities, which were
conducted through the use of computers. The resulting protocols,
consisting of around 72 hours f materi al were segr
uni t s’ consisting of the scienti:
studied (Meyer, 1985). The units of analysis selected were the relevant
scientific concepts found in the protocols as expressed by the
individual studats during discussion and encountered during
individual study on the internet (more about the relevance of scientific
concepts for studying learning online in Method section). We
identified and counted the relevant scientific concepts articulated by
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each sudent during the different PBL phases and those they studied
individually while working on the probles-hand. By analyzing the
number of concepts acquired over the different learning phases for

the nine students two distinct phases in the PBL processewe
identified - an initial concept ar
exposed to and articulate nevdeas and a later concept repetition

phase, in which ideas acquired seem to be repeated and elaborated
upon. Given the small number of students itwaxl, however, further
statistical analysis of the data proved impossible. A second study using

the same methodology included a larger sample size of 35 students

and thus enabled us to analyze the quantitative relationships between
student s’ tiores duriagldifferenttpleasea af the problem

based learning cycle, sealfrected study, and achievement, using a
structural equation modeling approach. Our results showed that
student s’ ver bal contributions thi
the initial problem analysis phase strongly influenced the extent of

their verbal contributions in the reporting phase. Greater contribution

of relevant concepts verbalized during the reporting phase also led to
higher achievement at the end of the PBL cycle.

The methodology as used in these studies assumes that
exposure to (from computer screen recordings of internet study
resources) or the articulation of a concept during discussion can be
considered a proxy of the learning taking place. However it is possible
that students may not really understand the concepts they were
verbalizing, or could be simply scanning the computer screens without
seriously studying the material before thein. addition,the recording
and transcription of all the learning activities tughout a PBL cycle
turned out to be extremely time&onsuming, thus limiting the sample
size that could be utilized for each study.
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To our knowledge, no natural classroom demonstration of the
cumulative nature of learning exists to date. Moreover, sisoeial
constructivism suggests that knowledge is mainly constructed by
means of collaborative interactions (e.g. Cobb, 1994; Driver et al.,
1994), it is possible that the effects of active learning on achievement
are really only due to the group interactie and ceconstruction of
knowledge. Alternatively, since research on-selfjulated learning has
shown that the use of selegulated learning strategies strongly
influences academic achievement (Zimmerman, 1990), it can be
argued that it is the individuaselfdirected learning phase that is most
i mportant to students’ l earning.

The purpose of this paper therefore is find the extent to which
active learning is cumulative and whether it involves both
collaborative and seffirected learning, in the conie of problem
based learning (PBL). Figure 1 summarizes our hypothesized relations
in terms of a causal model. We hypothesized that learning in PBL is a
cumulative process where the learning in each new phase builds upon
knowledge acquired in a previousae. The process is initially driven
by the prior knowledge that students bring with them to the classroom
and the learning in each of the PBL phases influences student
achievement.
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Figure 1 Hypothesized model on the relationships between the
different learning phases of PBL
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As mentioned earlier, it could be argued that the effects of
active learning on achievement are mainly due to the group
interactions and ceconstruction of knowledge or alternatively, that it
is the individual séldirected learning phase that is most important to
student s’ | earning. We therefore
alternative hypotheses: (1) Learning in PBL is only influenced by
phases involving collaborative learning and-comstruction; (2)
Learnng in PBL is only influenced by gdiliected study; and (3)
Learning in PBL is influenced by both collaborative learning as well as
selfdirected study, but not in a sequential cumulative manner. These
alternative models are summarized in Figure 2.

Secoully, we hypothesize that the different PBL phases would
involve the acquisition of new ideas (concepts) and the elaboration of
previously acquired concepts to different extents. In an earlier
preliminary study involving only nine students, we have showat th
two different phases of the PBL process could be observed: an initial
terminology articulationphase - consisting mai
analysis phase and initial SDL period, and characterized by the
emergence of new concepts articulated and studied online, and
secondly, aerminology repetition phasémainly the later part of the
SDL phase) whereelevant concepts are repeated (Yew & Schmidt,

2008) . Here we ai m-etloabtogsatt i ohi ¢ h
learning in PBL again, this time using a larger sample size. Finally, an
i mportant auxiliary issue isas How

it unfolds? Through this study, we also aimed to develop and evaluate

an efficient method to capture an
the PBL process so that causal relationships in the PBL process can be
identified through path analysis.
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Figue 2. Alternative models on the relationships between the
different learning phases of PBL
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Method
Participants

Participants were 218 students from 11 randomly selected
classes. The students were in their second year in the School of
Applied Science a& polytechnic in Singapore. Data were collected
from these students during the third week of their Molecular Cell
Biology class. As they had already completed one year of study in the
polytechnic, students were not new to the PBL approach described
below. Students and facilitators gave informed consent.

Educational context

The PBL process adopted at this polytechnic is somewhat

uni que i-dayongpsr obOreen” approach. Her
on one problem per day. Each class has a maximum of 2®rstd
working together in teams of five

process is described below:

A Problem analysis phase (approximately 1 hour): The facilitator
presents the problem for the day. Students work in teams of five
to identify their prior knowledge and learning issues.

A Selfdirected learning (SDL) period (approximately 4 hours):
Students do individual study or work with their teams on
worksheets and other resources provided. They are also able to
access other resources from the internet taxtbooks. Time is
spent helping one another within the team when necessary.
Students meet with their facilitator for about 20 minutes in
between this period to share their learning progress and strategy
of understanding the problem.
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A Reporting phase (appkimately 2 hours): Each team presents
their consolidated findings and response to the problem,
defending and elaborating based on questions raised by peers and
the facilitator. The team presentation is usually in the form of
powerpoint slides and the fditator would also clarify key ideas if
necessary.

Although the PBL process in this institution was adapted to
suit the learning needs of the students and is completed within one
day, it remains classified as PBL
of BL"” described by Barrows (1996)
studentcentred learning whereby students work in small groups
under the guidance of a tutor who facilitates the learning process.
Problems are used as the stomul u
opportunities to prepare beforehand. Furthermore, facilitators do not
provide direct instruction. Instead, students construct their own
understanding through setlirected learning (Hmel&ilver, 2004). An
additional feature of the PBL approach in thismiext is that instead of
only individual study during the salirected learning phase, peer
consultation and collaboration also takes place during this time.

Procedure

A concept recall exercise was designed to estimate the
number of relevant conceptthat students were able to recall at the
end of each PBL phase: problem analysis;dedtted learning and
reporting. Our assumption is that as students engage in problem
analysis, selflirected learning, group discussions, and/or peer
teaching, they wold be building networks of concepts related to the
different learning issues as well as making relations between their
prior knowledge and new ideas (GI
initial network would consist of a few isolated concepts or ideas th
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are poorly connected. Therefore, if asked to retrieve relevant concepts
from these cognitive structures, his or her memory will be limited. The
more students have learned about a topic, the richer, more coherent,
and more detailed this particular netwomwould be (Glaser & Bassok,
1989). As learning progresses, more linkages and integration between
new and existing ideas are constructed. Therefore, students who have
learned more effectively would be able to recall more concepts and
would do that more edly (Collins & Quillian, 1969; Rumelhart &
Norman, 1978). Hence, measuring the number of relevant concepts
students were able to recall in regards to the problatrhand at the

end of each learning phase gives an indication of the quality of
st ud e nning, as welleagthe concepts they were exposed to either
from what they had read or discussed during that phase.

The concept recall exercise was given to the students three

times in the day - at the end of
directed leariing and reporting phase. It consisted of the following

instruction: “List all the keywor
DNA and/or RNA.” (Understanding tI

the focus of the particul aedtbay’ s
only list concepts or keywords they thought were relevant, and not
write in paragraphs or sentences. They were not allowed to discuss
their answers or to refer to any resources when completing the
exercise.

Materials

The problem statementfor he day was entitl e
Job” and it introduced students t
and functions of DNA and RNA. A week prior to the problem, students
were given an essay ptest consisting of the following instruction:
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“ De s c rdiexpmin & rmuch as you know about tskeucture of

DNA and RNA.” This was to measur.
regards to the topic. The same essay question was administered as a
postt e st i mmedi ately after the day'’

learnng achievement. No time limit was set but students were
instructed to complete the test on their own without referring to any
resources. The problem statement is presented in Appendix A.

The ®“idea wunit” was wused as t
recallessay tests for accuracy (Meyer, 1985; Schiefele & Krapp, 1996).
Answers were segmented into idea units, which was defined as a
statement ending with a comma, per
was awarded to each idea unit. A score of 2 was givea tmmpletely
correct idea unit, 1 for a partially correct idea unit and 0 when the idea
unit was completely incorrect. The first and second authors
independently scored about 20% of the tests with intater
correlation ofr = .91. The remaining tests wee scored by the first
author.

Analysis

Student s’ answers to the conc
analyzed by awarding 1 point to each relevant concept given by the
student. These concepts (keywords and terminologies related to DNA
and RNA) were agreed upday the first and second authors before
rating. Both authors have expertise in the field of molecular and cell
biology. All the concepts were then rated by both authors and checked
for differences. As the keywords and terminologies related to DNA and
RNA vere not ambiguous, they were scored with only one discussion
between the two raters to establish consistency. Total scores of each
student for each PBL phase were then furthealysed
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The relevant concepts listed were counted for each student
for eachlearning phase (i.e. problem analysis, siiected learning
and reporting). Thetotal number of concepts refers to the total
number of relevant concepts recalled, including those that were
repeated in one sessioewly emergedconcepts were those that
were not previously mentioned by the individual in any prior learning
phase of the dayRepeatedconcepts were those that were previously
recalled in an earlier learning phase. For the problem analysis phase,
newly emerged and repeated concepts were dedubgdcomparing
concepts listed at the end of the phase during the concept recall
exercise with the concepts written in the ptest answers.

T-tests were used to compare differences in pa@d posttest
results. Onevay ANOVA was used to find out if thevere significant
differences in the mean number of relevant concepts recalled at the
end of each learning phase. The data were adsmlysed using
structural equationmodelling (SEM), a method that is able to test
causal hypotheses among multivariate dafehe pre and posttest
results as well as the total number of relevant concepts recalled by the
students at the end of each PBL phase waralysedor this structural
eguation modellinganalysis. The method generates several statistics
that enable the mvestigators to assess how well the empirical data fit
the theoretical model and to estimate the strengths of the causal
relations hypothesized. Four indicators suggested in the literature
were used to evaluate the goodnes§fit of the models to the samip
data, namely, the Chiquare/df index of fit, Chkéquare, the
Comparative Fit Index (CFl), and the Root Mean Square Error of
Approximation (RMSEA) (Arbuckle, 2006; Browne & Cudeck, 1993; Hu
& Bentler, 1999). The level of significang) ¢omputed from Gi-
square and degrees of freedom should be higher than 0.05. The Chi
square/df index of fit yielded by dividing the minimum discrepancy (C)
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by its degrees of freedom should be lower than 3 and preferably close
to 1 (Arbuckle, 2006). CFI values larger tBe®b and RMSEA scores
below 0.06 can be considered as indicators of good fit (Browne &
Cudeck, 1993).

Results

Results of mean student performance for the free recall essay
pre- and posttests showed improved scores for the pdest. The
average diffeence between the postest and pretest scores for the
free recall essay questions was 4.8®¢ 3.88), indicating a significant
increase in achievement at the end of the learning proce$217) =
21.31,p< .01. The preand posttests were significaty correlated atr
=.44p< .01.

Therelevant concepts recalled by students at the end of each
learning phase during the concept recall exercise were counted in
three different ways - the total
those which were repeated, newly emerged concepts as well as
repeated concepts. The distribution of the average number of these
relevant concepts is shown in Figure 3.

The oneway ANOVA revealed that the concepts verbalized
differed significantly as a function of the different learning phases. The
assumption of bmogeneity of variance was violated so the Brewn
Forsythe Hatio is reported. There was a significant effect of the
learning phase on the total number of concepts, F(2, 618.13) = 55.59,
p < .01; number of newly emerged concepts, F(2, 609.93) = 79.32, p
<.01 and repeated concepts, F(2, 497.73) = 156.06, p < .01.
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Figure 3.Distribution of the mean number (+ SE) of total, new and
repeated relevant concepts recalled at the end of the different
learning phases of the PBL process (N = 218)
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Posthoc analyss using the Gameadowell test showed that
the total number of relevant concepts recalled was significantly higher
after the selfdirected learning phaseM = 9.88,SD = 4.86) as
compared to after the problem analysis phasé £ 15.71,SD= 6.52)

(p < .05)and the reporting phaseM = 12.15,SD= 5.94). The total
number of relevant concepts recalled after the reporting phase was
also significantly higher compared to after the problem analysis phase.
For the number of newly emerging concepts, these wereitogmtly
higher in the problem analysis phadd € 8.25,SD= 4.10) and self
directed learning phaseM = 8.85,SD = 4.06) compared to the
reporting phaseN! = 4.66,SD= 2.99), while for the repeated concepts,
these were significantly higher in the sdifected learning phaseV =
6.86,SD= 4.19) and reporting phas#1(= 7.49,SD= 4.71) compared



Chapter 2| 47

with the problem analysis phaseM(= 1.68, SD = 1.85). These
significant differences are indicated in Figure 3.

Table 1 shows the intercorrelations, meansdastandard
deviations of the variables used in the structural equation model. Prior
knowledge as measured by the essay-fst is significantly correlated
to students’ | earning achievement
recalled after each of the PBL®ls e s . Student s’ achi
significantly correlated to the concepts recalled at the end of each PBL
phase. It can also be seen that the concepts recalled at the end of the
different PBL phases are higtdorrelated with one another.

Tablel. Intercorrelations, Means and Standard Errors of the Variables
(N=218)

1. Pre-testresults -
(Prior Knowledge}

2. Total numberofconcepts .44%* -
recalled after problem
analysis

3. Total numberofconcepts .37%*  74%* -

recalled afterindividual
study

4. Total numberofconcepts .26%* 5g**®  75%FF  —
recalled afterreporting
phase

5. Post-testresults A1E= 3q%= AQEE - 34%E —
(Achievement)

Mean 2.02 9.88 15.71 12.15 6.90

Standard deviation 2.05 4.86 6.52 5.94 3.66

** gignificant at the 0.01 level
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The hypothesized model displayed in Figure 1 was tested
against the data, yielding the following results: -€tpuare = 7.84, df =
5, p = .17; the minimm discrepancy, C, divided by the degrees of
freedom, Chisquare/df = 1.57; the square root of the population
discrepancy corrected by the complexity of the model RMSEA = .05;
and the Comparative Fit Index (CFIl) = .97. Figure 4 displays the path
diagram ofthe model, showing the significant paths. The parameter
estimates for the model were all statistically significant. These findings
show that the model fits the data adequately.

Figure 4 Path model of the hypothesized model on relationships
between diferent PBL phases
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The following alternative hypotheses proposed in the
introduction were also tested against the data: (1) Learning in PBL is
only influenced by phases involving collaborative learning and co
construction; (2) Learning in PBL is onlfluenced by selflirected
study; and (3) Learning in PBL is influenced by both collaborative
learning as well as sdifirected study, but not in a cumulative manner.
Table 2 shows a comparison of the results of the indicators of
goodness of fit for the diérent models tested.

Table 2 Comparison of Results for Different Models Tested Using
Structural Equation Modeling

Model\Indicators of Cmin df  Cmin/df Pvalue CFl  RMSEA
goodness of fit
Hypothesized model: 7.84 5 1.57 A7 .97 .05

learning in PBL s influenced
by both collaborative
learning and self-directed
learning in a cumulative
manner

Alternative model1: 70.18 3 23.39 .00 19 .32
learning in PBL influenced

only by collaborative

learning

Alternative model 2: 26.33 1 26.33 .00 Al 34
learning in PBL influenced

only by self-directed

learning

Alternative model 3: 103.12 6 17.19 .00 A2 .27
learning in PBLis influenced

by both collaborative and

self-directed butnotin a

cumulative manner
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Discussion

Our goals in this study were to understand how students learn
in the different phases of PBL in terms of concept acquisiéind
elaboration as well as to investigate the extent to which active
learning is cumulative and whether it involves both collaborative and
seltdirected learning, in the context of PBL. In addition, we sought to
devise an efficient and valid methodtogd&k st udent s’ |l ea
PBL process.

The results in Figure 3 indicate that the s#iliected learning
phase is rich both in the acquisition of new concepts as well as the
reiteration and repetition of concepts previously exposed to. That
there was ahigh number of new concepts at the end of the problem
analysis phase (as -estangwers)esdggest® st
that the discussion during this pt
knowledge, as previous studies have suggested (De Grave 2001;
Schmidt et al.,, 1989). We also observe that the reporting phase is
characterized more by repetition of concepts rather than being
exposed to new ones. This result is similar to the findings by Yew and
Schmidt (2008) who identified two distinct pbes of initial
terminology articulation and a later terminology repetition in the PBL
process from a group of student s’
interactions. Our results strengthen their findings, which were limited
due to small sample size.

One surprising observation from the distribution of concepts
in Figure 3 is that the total number of concept recalled during the
reporting phase is less than that in the sdifected learning phase.
One would expect that by the end of the whole PBL cyclejestis
would be able to recall more relevant concepts. Possible reasons for



Chapter 2| 51

this observation could be due to students have already started to
forget some of the concepts learned within the day, or they could also
be mentally drained by the end ofanintemst day’' s wor k.

Our hypothesis in this study is that learning in PBL is a
cumulative process where the learning in each new phase builds upon
knowledge acquired in a previous phase. Results from Table 2 clearly
show that compared with the alternative hypieses, our
hypothesized model best fits the data obtained. This model shows that

there was significant i mpact of
concepts students were able to recall after the problem analysis phase
(.45). Student s’ influanced their laachieverheatd g e

directly (.33). This finding is in line with a previous study by Gijselaers
and Schmidt (1990) who found that amount of prior knowledge
influenced students’ achievement
concepts recalled at the enof the problem analysis phase strongly
influenced the number recalled at the end of the sdilfected learning

phase, which similarly influenced the number of concepts recalled at
the end of the reporting phase. Finally being able to recall more
relevant concepts at the end of the reporting phase influenced
student s’ l earning achievement S i
alternative hypotheses tested as tabulated in Table 2 also show that
learning in PBL cannot be described only in terms of collaiverat
learning and teamwork, nor only in terms of sdifected learning. The

lack of fit of the models with the data also demonstrates the
importance of the sequential influence of learning from one phase to

the next. This is important evidence showing tlfa¢ three phases of

PBL: problem analysis, sdifected learning, and reporting phase, play
specific roles in influencing stuc
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Since our model enables us to predict student achievement
very well, this also indicates the \dity of our methodology as a
means of keeping track of student
learning process. Thus our method appears to be a useful and efficient
way to overcome the typical difficulties faced in data collection of
large samples for natalistic studies.

One limitation of this present study is that the units of analysis
focused on individual scientific concepts students were able to
associate with the topiat-hand and to recall at the end of each PBL
phase, without connecting propositis demonstrating how the
different concepts were linked. This then limits the deductions we can
draw about the depth and accuraci
the different concepts. However despite this shortcoming, our findings
from our model fit ale show that this method does provide valid
insight into students’ |l earning.

In conclusion, we have shown that all the phases in the PBL
process are necessary to understand how students learn in PBL. The
learning in each phase of the PBL process is showbe strongly
influenced by the earlier phase, thus providing support for the PBL
cycle of initial problem analysis, followed by sdiected learning, and
a subsequent reporting phase as described by various authors.
Alternative hypotheses where studenrs ’ achievement i s
by collaborative learning or seffirected learning were shown to be
insufficient to explain the data observed. Secondly, we have identified
two distinct phases of initial terminology articulation and a later
terminology epetition in the PBL process, thus providing further
insight into the process of learning in PBL through a seaturalistic
approach, instead of depending on student gelport. Lastly, we have
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described a useful and efficient method to keep track ofdseun t s
learnng throughout the PBL process.
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Chapter 3: Effects of tutor-related behaviours on the
process of problem-based learning?

Abstract

Tutors in a Problervased ¢arning (PBL) curriculum are thought to

play active roles in guiding studentsdevelop frameworks for use in

the construction of knowledge. This implies that both subjeatter

expertise and the ability of tutors to facilitate the learning process

must be important in helping students learn. This study examines the
behavioural efécts of tutors in terms of subjechatter expertise,

soci al congruence and cognhnitive
process and on their final achi e
learning at each PBL phase was estimated by tracking the number of
relevent concepts recalled at the end of each learning phase, while
student achievement was based on
elaborate upon the relationship between relevant concepts learned.
By using Analysis of Covariance (ANCOVA), social congiafetiee

tutor was found to have a significant influence on learning in each
PBL phase while all of the tutoelated behaviours had a significant
impact on student achievement. The results suggest that the ability
of tutors to communicate informally witktudents and hence create

a less threatening learning environment that promotes a free flow
exchange of ideas, has a greater impact on learning at each of the
PBL phases as ¢ o0 mpnamiteeaxpertise and thdiro r s
ability to explain conceptsn a way that is easily understood by
students. The data presented indicates that these tutdated

Published in: Chng, E., Yew, E. H. Y., & Schmidt, H. G. (2011) Effects of
tutor-related behaviours on the process of probldrased learning.
Advances in Health Sciendeducation 16 (4), pp. 49503.
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behaviours are determinants of learning in a PBL curriculum, with
social congruence having a greater influence on learning in the
different PBL phases.

Introduction

Problembased learning (PBL), as its hame implies, is learning
that is driven by problems.The PBL process typically consists of
three phases, namely a problem analysis, adiedfcted learning, and
a reporting phase (Barrows, 1988; Hm&iver, 2004). During
problem analysis, students examine the problem together with peers,
make inferences based on their prior knowledge and identify
guestions that need to be answered in order to understand or solve
the problem. After this phase, studts would engage in self
directed study to work on the learning issues previously identified.
When the team reconvenes during the reporting phase, students
would share their findings, refining their original ideas and
hypotheses in the process. Thuse construction of knowledge in
the PBL process is a result of both collaborative learning while
working with peers as well as through individual sktécted
learning (Schmidt, 1983).

What then is the role of the tutor in PBIXtutor is present
during the problem analysis and reporting phase to facilitate and
gui de st udent s Tutolsara expdactedgo piay actovee s s .
roles in the scaffolding of student learning in a PBL curriculum by
providing a framework that students can use to constructwisolge
on their own (De Grave, Dolmans, Van Der Vleuten, 1999). By
probing students to think more deeply and modelling for them the
kinds of questions that they should be asking themselves during
problemsolving, the tutorstudent relationship can be vied as a



Chapter 3| 57

type of cognitive apprenticeship (HmeRilver & Barrows, 2006;
Schmidt & Moust, 2000; Collins, Brown, & Newman, 1989).

As such, the behaviors of tutors in the PBL process may be

expected t o influence student s’
researckers have examined the effects of tutoelated behaviors
(reviewed bel ow), their i mpact on

knowledge construction remains unclear. Hend® Dbjective of

this study was to investigate the influence of tui@lated
behavbur s on student s’ l earning pr o«
as well as on their achievement.

Several studies have focused on the behaviours related to
subjectmatter expertise of the tutor (Silver & Wilkerson, 1991;
Schmidt, Van Der Arend, Moust, iko& Boon, 1993).Findings from
studieson t he i nf | ue n anatterckhowleédget ramais
inconclusive (Davis, Nairn, Paine, Anderson & Oh, 1992; Dolmans,
Wolfhagen & Schmidt, 1996). For instance, Davil. (1992) found
differences in the pdormance of students favouring tutors with
specific subjecatter expertise while Dolmanet al. (1996) found
that tutor expertise did not influence student achievement. However,
studies focusing on the differences between tutors with subject
matter knowedge and norsubjectmatter knowledge from a process
perspective have provided some further insights. A study conducted
by Silver and Wilkerson (1991) suggested that tutors with subject
matter expertise were more inclined to play a directive role in the
tutoring process, supplied more direct answers to questions posed by
students, and suggested more points for discussion. Although
achievement data of students were not reported, there is the
suggestion that achievement can be influenced by the subjester
expertise of the tutor, and that this expertise is expressed in

s u
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particular through directing behaviours displayed in interaction with
the students. In another study by Schmielt al. (1993), findings
indicated that students guided by tutors with subjenatter
expertise spent significantly more time on sdifected learning as
compared to those guided by nesubjectmatter experts. On the
other hand, despite finding effects of subjetttter experts, Davist

al. (1992) could not identify behaviourdifferences in tutors with
subjectmatter expertise and those with lesser subjecatter
knowledge.

Besides subjeanatter expertise, the ability of tutors to
“facilitate” the |l earning process
studentcentred raher than teachefcentred, tutors avoid dispensing
information, choosing to become a coach and focusing on guiding the
learning process of the students instead. Tutors are required to
closely follow the discussions generated amongst the students and
consder when and how they might contribute to the learning
process (Wetzel, 1996). This suggests the need for tutors to develop
facilitative skills as they are involved in questioning, probing,
suggesting and challenging ideas that are raised during disoussio
(Maudsley, 1999). Schmidt, Van Der Arend, Kokx and Boon (1994),
for instance, compared between faculty tutors and student tutors
and the results indicated that faculty tutors used their subjextter
knowledge more extensively while student tutors wereiter able to
identify with the difficulties students experience while dealing with
the problem at hand. This difference could be attributed to what was
termed as ‘cognitively congruent
significantly by student tutorddolmans, Gijselaers, Moust, De Grave,
Wolfhagen, Van Der Vleuten, 2002). Cognitive congruence can be
defined as ‘the ability to expre
students, using the concepts they use, and explaining things in ways
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easily grasped bytsudent s’ (Schmidt & Moust
the student tutors are thought to be better able to understand the
nature of the problems faced by students and to respond more
appropriately using prompts that are more easily understood.

The concept of @gnitive congruence was studied by Schmidt
& Moust (1995). These authors suggested that the necessary
conditions for cognitive congruence to occur included both subject
matter expertise and “soci al con .
tutors who are more cagjtively congruent would utilize subject
matter knowledge in a better way and be more socially congruent,
which ultimately translates into higher student performance. Social
congruence refers to the interpersonal qualities of the tutor such as
the abilityto communicate informally and empathically with students,
and hence being able to create a learning environment that
encourages open exchange of ideas (Schmidt & Moust, 1995).
Subjectmatter knowledge, on the other hand, would equip tutors
with the ability to follow closely and contribute effectively to the
discussions generated by students (Schmidt & Moust, 2000). A study
conducted by Kassab, -8hboul, AbtHijleh & Hamdy (2006) found
that effective tutors were perceived by students as those who
respectel their opinions, were able to establish good
communications, understand their feelings and advise them on how
to learn. This indicates that possessing subjaetter knowledge
alone is insufficient. Without a genuine interest in the lives and
learning pr@ess of the students, the tutor would lack sensitivity to
the difficulties faced by students, thus hindering their ability to guide
student s’ |l earning.

The data in the study by Schmidt & Moust (1995) was
analysedusing structural equations modelling, satistical method
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that allows causal hypotheses to be tested by comparing the
structure of correlational data with a theoretical model. Their
findings indicated that social congruence directly influenced group
functioning during the problersolving proces while subjeematter
expertise of tutors had a slightly direct positive impact on student
achievement. Furthermore, cognitive congruence, which is the
combination of subjeetnatter expertise and social congruence, was
found to influence tutorial groupfunctioning and this indirectly
affected the level of student achievement through an increase in
time spent on selbtudy. Hence, by using structural equations
modelling, Schmidt & Moust (1995) were able to establish that a
higher level of achievement cabe attained through effective
tutoring that requires not only t
ability to interact with students on a personal level as well as to
utilize language that is easily understood by students. However, how
exactly do thesenierrelated qualities of tutors affect knowledge
construction during the PBL process? Which of these gtated
behaviours are most influential on student learning? And in which of
the different learning phases within the PBL process do these
behavious most extensively influence student learning? In line with
the initial findings of Schmidt & Moust (1995), we hypothesized that
tutors exhibiting more cognitive congruent behaviours would
influence knowledge construction and acquisition at each learning
phase of the PBL process. As learning in a PBL curricular is
considered to be cumulative where knowledge is built upon that
which was learnt in the previous learning phase (Yew, Chng &
Schmidt, 2010), students under the tutorship of such tutors should be
more extensively involved in the construction of knowledge and
would ultimately achieve better results at the end of the learning
process. Therefore, rather than to relate tutor behaviours to the
outcome of PBL, the aim of this study was to investighte dffects
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of tutor-related behaviours on student learning during the PBL
process

Method
Participants

The participants were secongar students from 13
randomly selected classes from the Science faculty at a polytechnic in
Singapore. Data wereollected from the students during the third
week of Semester Two in Immunology classes in the academic year of
2008- 2009. Out of 262 students, data from 223 students were used
in this study while the rest were removed due to incomplete sets of
results. Having completed their first year of study, students were
familiar with the PBL pedagogy. In total, seven tutors participated in
this study and each tutor was rated by an average of 32 students.
Students and tutors gave informed consent.

Educatimal context

The implementation of PBL at the polytechnic is based on a
rat her u ndaypnee r 6 OIhem” approach w h
work on one problem per day. In the classroom, students are
grouped into teams of less than or equal to five and one tutor
gui de the | earning process. A Dbr
described below:

A Problem analysis phase (approximately 1 hour): The problem for
the day is presented to the students by the tutor. Students work
in teams to identify the learnmp issues by utilizing their prior
knowledge, assumptions and experiences. After spending some
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time to explore the problem on their own, the tutor will generate
discussion amongst the teams and to encourage students to
share their ideas and thoughts abahie problem. The tutor also
guides students in devising initial pathways for developing a
response to the problem.

A Selfdirected learning phase (approximately 4 hours): Students
spend their time on individual study or helping their team
members when neessary. Resources such as worksheets and
suggested reading texts are commonly provided by the tutor but
students are also encouraged to search and use information from
the internet or textbooks. During this period, the tutor also
spends approximately 2éhinutes with each team to check on
their progress and strategy aimed at understanding the problem.
The tutor promotes interaction and evaluation of information
found by the students during their individual study. Tutors also
provide guidance in constrting new knowledge and encourage
students to build on each other’

A Reporting phase (approximately 2 hours): Students are expected
to connect their findings from their individual studies and
demonstrate their ability to evaluate and synthesizeomfiation.
Each team shares their consolidated findings and response to the
problem. Students would take turns to present portions of their
team's presentation as well as t
their points of view and elaborating based on gtiens raised by
peers and the tutor. The tutor encourages critical thinking and
creates opportunities for students to evaluate the information
presented by their peers. Key ideas would also be clarified by the
tutor if necessary.
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The PBL approach aoked here is rather unique in that the
entire PBL cycle is completed within one day. However, despite the
modifications, this approach remains classified as PBL based on the
‘six core characteristics of PBL’
studentsto work on without prior preparation so as to achieve the
required knowledge, (2) students initiate their own learning whereby
students work in (3) small collaborative groups under the (4) flexible
tutelage of a tutor who guides the learning process.pfablems are
used as the starting point for learning, (5) the number of lectures are
limited and (6) students would have sufficient time for saifdy
(Barrows, 1996; Hmei8ilver, 2004; Schmidt, van der Molen, Winkel,
Wijnen, 2009). Furthermore, leang issues are generated by
students and new information is acquired through sslidy rather
than direct instruction from the tutor (Hmel8ilver, 2004).

Materials

Problem statement and subject matter to be mastered

The problem statement for the dawas enti t |l ed
| ssue” and it introduced students
and functions of antibodies. Students were to explore the biological
properties of the different classes of antibodies in relation to their
structure as well asantigen binding. The problem s@hent is
presented in Appendix.B

Measurement
Measurement of tutor behaviour

Tutor behaviours were assessed by asking students to
complete a questionnaire adapted from Schmidt & Moust (1995).
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The questionnaire consistof 10 statements and students were
required to indicate how much they agreed with each statement on a
fivepoi nt Likert scale ranging from

me ' . The questions were crafted
core tutor behaviours, namely, social congruence, subject expertise

and cognitive congruence. Exampl
hel ped us to understand the topic
per sonal ' ives’ and ‘' The gaetohelpr us
us’ . Soci al congruence was meas:!

expertise was measured by two while cognitive congruence was
measured by five items. The questi@ire is presented in Appendix
C

The reliability of the questionnaire was deteined by
cal cul ati ng HaHfar eactkscate asiiseaf conistiudt e n t
reliability measure for latent variable systems. The recommended
cut-off value by Hancock for the coefficiem is .70. For this
particular questionnaire, the coefficiertl values ranged from .70
(social congruence) to .80 (subjenhtter expertise), with an
average .75. In addition, the validity of the questionnaire was
established in Schmidt & Moust (1995).

aSladNBYSyild 2F &diGdRSyiaQ ¢ SHNYyAy3

The extent of stdent s’ l earning at e af
estimated using a&oncept recall testThis was designed to estimate
the number of relevant concepts that students were able to recall at
the end of each PBL phase: problem analysis;déd€ted learning
and reportirg (Yewet al, 2010). The concept recall test consisted of
the following instruction: “List
are related to antibodies that y C



Chapter 3] 65

The same question was given to the students at the ehdach PBL
phase. Students were not allowed to discuss the question with their
peers or to refer to any resources.

The assumption here is that as students engage in problem
analysis, selflirected learning, group discussions, and/or peer
teaching, thg are in fact building semantic networks of concepts
related to the problem as well as making relations between their
prior knowledge and new ideg&laser & Bassok989) As learning
progresses, students would master more specific terminologies to
articulate the newly acquired knowledge. Hence, as these networks
of knowledge in their minds expand, reorganize, and become more
tightly integrated, measuring the numbef relevant keywords that
can be recalled at any point in time can be considered an indication

of the quality and progress of st

aStadNBYSylu 2F addRSyidaQ F OKASOSY:

Student s’ achievement at the
via the mplementation of an essay test. The essay was used to
estimate the depth of student s’
their ability to describe and elaborate upon the relationship between
relevant concepts learned (Alao & Guthrie, 1999). It consistea of

€

response to the following instruc:

as you know about the structure

time limit was set for the test.

Procedure

In this study, the questionnaire that was used to measure
tutor behavours was administered at the end of the reporting phase.
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The students were informed to answer the questions in relation to

their tutor of that particular day and to reflect on their involvement

with the tutor during all three learning phases. The concegall

test and essay test that were used to measure learning that takes

pl ace dur idaygnep hebl“eom”™ approach ad
institution were also administered on the same day but at different

time points.

The concept recall test was adnstered immediately after
each PBL phase problem analysis, seffirected learning and
reporting. The essay test was administered after students had
completed the final concept recall test, which was at the end of the
reporting phase. When the studentgere attempting the essay test,
they were not allowed to refer back to what they had written for the
concept recall test. The concept recall test and essay test were
conducted independently of each other as they served a different
purpose: The conceptcea | | test was used as a
learning process while the essay test was used as a measure of
students’ achievement at the end

No time limit was set for any of these tests. The results from
the questionnaire, concept redl tests and essay test were
aggregated for teams under the same tutor.

Analysis

The tutor behaviours were considered the independent
variables; the learning process variables were the dependent
variables. Scores for each of the core tutor bebaks, social
congruence, subject expertise or cognitive congruence, were
computed. It is standard practice to base indicators of teacher
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behaviours on class averages rather than on individual level data
(Marsh, 1991). Hence, average scores reflectitigga of the same
tutor across different classes for the three tutarlated behaviours
were used during analysis.

To examine the effects of tuteelated behaviours on the
learning process, analysis of covariance (ANCOVA) was used to
determine f differences were because of treatment effect or by
chance. The covariate used in this study was theepisting grade
point average (GPA) score and it equates to the average grades the
students have achieved in the previous semesters of their course of
study. The assumption made is that the GPA score equates to the
level of prior knowledge, which may affect the results for the concept
recall test and essay test. Yet, it is a measurable variable that is not
affected by the experimental variables. Bging ANCOVA, it is
possible to reduce the error variance and provide a more accurate
account of the impact made by the amount of prior knowledge on
the student s’ | earning process an
the variability of the dependent variabléat can be accounted for by
the covariate. The average GPA score of the 223 students who
participated in this study was 2.86[0= 0.46).

Prior to performing ANCOVA, the data representing the tutor
behaviours was divided equally into three groups feach
independent variable. The purpose of categorizing the data into
three groups was to rank the tutors according to their level of
subjectmatter expertise, cognitive congruence and social
congruence. The tutors were split using the 33.4% percentilitiae
66.7% percentile based on the range from the data set. The subject
matter expertise for the tutors involved in this study ranged from
3.70 to 4.29 M = 4.01,SD= 0.22) and dividing the data into groups
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allowed the tutors to be ranked as having igithlevel, medium level

or low level of subjecmmatter expertise. This ranking exercise was
also conducted for cognitive congruence that had a range of 3.41 to
3.98 M = 3.65,SD= 0.20) as well as for social congruence with a
range of 2.92 to 4.02M = 327, SD= 0.37). For each of the
independent variables, there were 2 tutors in the high and low
groups and 3 tutors in the medium group.

The results of the concept recall tests weamalysedby
awarding 1 point to each relevant keyword listed by thedsnt.
Total scores from the concept recall tests completed after the
problem analysis, setfirected learning and reporting phases were
tabulated. A repetition of a keyword within each concept recall test
was only counted once.

Inthe case oftheeasy t est s, t he i dea
entity for scoring (Meyer, 1985; Schiefele and Krapp, 1996). Answers
were segmented into idea units that are defined as a statement
ending with a comma, period, or
with a score 62, 1 or 0. A score of 2 was given for a completely
correct idea unit, 1 for a partially correct idea unit and 0 for a
completely incorrect idea unit. Intemter correlation between two
judges for the scoring of the essay tests was r = .77. Diffeseince
judgment were resolved by discussion between the judges.

Results

The means and standard deviations of the tutelated
behaviours are shown in Table 1. There were altogether seven tutors
involved in this study and their level of subjeoatter expertise M =
4.01, SD= 0.22), cognitive congruenc (= 3.65,SD= 0.20) and
social congruenceM = 3.27,SD= 0.37) were measured. As for the



Chapter 3] 69

outcome measures, the scores from the concept recall tests and
essay test from 223 students were used in thetadanalysis. The
means and standard deviations of the concept recall test
administered after the problem analysis phasé £ 5.63,SD= 3.35);
seltdirected learning phaseM = 9.64,SD= 4.08); reporting phasé/

= 9.90,SD= 3.83) as well as the ess@gt M = 3.57,SD= 1.94) are
shown in Table 2. A correlation analysis indicated that there was a
correlation between the two outcome measures ranging from .32 to
.50 at a significance level of 0.01.

Tablel. Means and standard deviations of the indegent variables

Tutor-related behaviours N Mean (5D)
Subject-matter Expertise 7 4.01(0.22)
Cognitive Congruence 7 3.65(0.20)
Social Congruence 7 3.27(0.37)

(Note: N refers to the number of tutors)

Table 2 Means and standard deviations of the dependent variables

Outcome Measures N Mean (SD)

Concept recall test after problem analysis phase 223 5.63(3.35)
Concept recall test after self-directed learning phase 223 9.64 (4.08)
Concept recall test after reporting phase 223 9.90(3.83)

Essay Test (Student achievement) 223 3.57(1.94)

(Note:Nrefers to the number of stdents who completed the tests)
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The ANCOVA revealed that the social congruenceaitofd
had the most influence on the learning process relative to cognitive
congruence and subjechatter expertise. Social congruence was
found to have a significant effect on the total number of concepts
recalled at the end of the problem analysis phasd€2, 219) = 10.38,
p < 0.01; sefflirected learning phase, F (2, 219) = 9.83, p < 0.01; and
reporting phase, F (2, 219) = 6.51, p < 0.01. No significant effects
were found of subject expertise and cognitive congruence of the
tutor on each of the learnip phases in the PBL process. Social
congruence also had a significant effect on student achievement as
measured by the essay, F (2, 219) = 4.914, p < 0.01. Similar effects
were found for the subjeeinatter expertise, F (2, 219) = 7.74, p <
0.01, and cogtive congruence, F (2, 219) = 7.74, p < 0.01. The
means and standard deviations from ANCOVA for relatively low,
medium and high scoring tutors are shown in table 3.

Discussion

The purpose of this study was to examine how the
behaviours of tutorsin&®BL curriculum would a
learning process and outcome. The results have indicated that the
social congruence of the tutor influences the learning process in a
more significant way as compared to cognitive congruence and
subjectmatter expertise. This implies that the willingness of a tutor
to establish an informal relationship with the students and display an
attitude of genuine interest has the greatest impact on the progress
made by students during the PBL process. Although a significa
effect on the PBL process was not identified for cognitive congruence
and subjectmatter expertise, the impact for each of the independent
variabl es on student s’ achi evemer
Schmidt & Moust (1995), which concluded that theseor-related
behaviours are all determinants of learning in a PBL curricula.
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Table3. Means and standard deviations of test scores with respect to
tutor behaviours

Tutor Behaviours N Concept recall test score Essay test
After problem  After self- After score
analysis directed reporting

learning
Social congruence 68 5.35 (3.25)*  8.40(3.98)* 9.21 (3.22)* 3.24 (1.73)*
(low)
Sacial congruence 89 479 (2.90)*  9.21 (3.48)* 9.36 (3.79)* 3.34 (1.92)*
{medium]
Social congruence 66 7.04 (3.61)*  11.50 (4.08)*  11.35 (4.15)*  4.21 (2.03)*
(high)

Cognitive congruence 74 6.05 (3.12) 8.92 (3.90) 9.76 (3.33) 3.05 (1.93)*
(law)

Cognitive congruence 86 5.45 (3.48) 9.80 (4.01) 10.05 (4.00) 3.55 (1.80)*
{medium]

Cognitive congruence 63 5.37 (3.44) 10.27 (4.32) 9.87 (4.19) 4,20 (2.00)*
(high)

Subject-matterexpertise 74 6.05(3.12)  8.92(3.90) 9.76 (3.33) 3.05 (1.93)*
{low)
Subject-matterexpertise 86 5.45 (3.48)  9.80 (4.01) 10.05 (4.00)  3.55 (1.80)*
{medium]
Subject-matterexpertise 63 5.37 (3.44)  10.27 (4.32)  9.87 (4.19) 4,20 (2.00)*
(high)

(Note: *significant at the 0.01 levelN refers to the number of
students)
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So, whyis the impact of social congruence on the learning
process so pervasive? During the process of constructing new
knowledge and solving the problem, students would challenge and
analysepossible solutions that are raised by peers while the tutor
observes wdent interactions and encourage various kinds of
cognitive activities, such as making connections between concepts
and providing feedback (Dolmarms al, 2002). In addition, tutors
should allow students to propose their own hypotheses regardless of
whether they are inaccurate or superficial. It has been demonstrated
that through the process of expressing their own thoughts, students
would be able to identify their misconceptions and see how it fits
with the correct knowledge (Schmidt al., 2009). Irorder to create
a learning environment where there is a free flow exchange of ideas,
it is vital for students to feel comfortable in expressing their opinions
openly. Therefore, the social congruence of the tutor can be
anticipated to influence the leaing process as a more socially
congruent tutor would possess the interpersonal qualities to relate
informally with students and this creates a ntimeatening learning
environment (Schmidt & Moust, 1995). Furthermore, as learning in a
PBL environment isdlieved to be cumulative whereby knowledge is
built upon that which was gained in the previous learning phase (Yew
et al,, 2010), the amount of knowledge acquired during the learning
process would in turn have an ef
which wasobserved during data analysis.

Although a significant influence on the PBL process of
cognitive congruence and subjectatter expertise was not found in
this study, it is unlikely that these tuteelated behaviours do not
affect the PBL process but gnthe outcomes of the process. In
addi ti on, the essay test t hat me ¢
administered immediately after the reporting phase, which did not
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give students extra time outside of the classroom for-salfly. Thus,

the knowledge gaied must have been covered during the various
learning phases of the PBL process within the same day, as also
witnessed by the correlations between process and outcome which
were highlighted in the results.

A possible reason that a statisticallyrifgcant effect on the
PBL process was not observed for cognitive congruence and subject
matter expertise could be due to the differential sensitivity of the
measurement tools used in this study. The concept recall test
required students to recall relevarkeywords at the end of each
learning phase and the number of keywords that could be easily
recalled may have been limited. As students read and evaluate
information from various resources, they may have understood the
concepts but may not have paid ckoattention to the keywords used.
On the other hand, the essay test required students to demonstrate
their understanding of the topic and they were given the freedom to
choose the words to describe what they have learnt. Hence, the
essay testusedtomsaur e student s’ achievem
more sensitive in picking up differences as compared to the concept

recall test t hat was used to mea
Furthermore, the effects of cognitive congruence and subfeatter
expertiseonst udent s’ | earning process

be detected by the concept recall test. A limitation with the concept

recall test was that it only required students to list as many keywords

as possible that were related to the discussion topic a #nd of

each PBL phase without having to make connections with the

di fferent concepts. This may hayv
understanding about the concepts at each learning phase in terms of
depth and accuracies (Yest al, 2010). Neverthless, the concept

recall test was adequate in capturing a significant effect made by
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social congruence on the PBL process, which may have been a larger
effect as compared to the impact made by cognitive congruence and
subjectmatter expertise.

Another posible explanation could be due to the use of
natural variations as the study was conducted in a real school setting.
For instance, the tutors who participated in this study were randomly
chosen instead of being selected based on their specific profiles.
addition, the tutors had to be tutoring students who were taking the
same subject, which limited the sample size and resulted in a limited
number of eligible tutors. This led to a situation in this particular
sample of facilitators that the standard wdation for social
congruence was almost twice as large as those of cognitive
congruence and subjechatter expertise (see Table 1). Limited
variability in combination with somewhat reduced sensitivity of the
dependent variable may explain the absenceeffects of cognitive
congruence and subjechatter expertise on the PBbrocess in this
study. Therefore, a larger sample size of tutors with greater variation
in the levels of cognitive congruence, social congruence and subject
matter expertise is requii before a more definite conclusion on the
tutorr el at ed behaviours on student
achievement can be made.

The difference in PBL methodology practiced at this
polytechnic as compared to other educational institutions limits the
genaalizability of the findings. Students at this polytechnic complete
the PBL process from problem analysis to reporting phase within a
day and students have close contact with their tutors throughout the
day. However, the PBL process at other institutioresy last for a
longer period of time and the tutor may not be present at all times.
These differences may influence the effect of tutelated



Chapter 3] 75

behaviours on t he student s’ l ear
Additionally, there is an absence of a lelegm perspective in this

study as both outcome measurement tools were administered on the
same day immediately after the learning process. Further studies to
include longer term assessment would have been beneficial to
provide insights on the longerm effeds of the tutorrelated
behaviours on student learning.

Conclusion

The effect of tutosrelated behaviours on the PBL process and
outcome was explored in this study. Our results indicated that social
congruence had a significant influence on the learrpnacess while
social congruence, cognitive congruence and subject expertise all had
significant effects on student achievement. These findings are not
only supportive of work previously done by Schmidt & Moust (1995)
that advocate the positive influencef tutor-related behaviours on
student achievement but provide new insights on their effects on the
PBL learning process. Therefore, this study concludes that an
attempt to improve the learning process and achievement of
students in a PBL curriculum cae based on the development of
effective tutor behaviour.

Besides possessing the necessary subjeiter expertise,
tutors should recognize the importance of developing the ability to
establish informal communication with the students as well as
utilizing language that is easily understood by the students in the
classroom. These qualities of the tutor contribute to creating a
learning environment where students feel liberated to share their
ideas and in developing strong tutstudent relationships thaaid in
promoting student engagement in discussions, which translates into
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better student performance during the learning process and at the
end of the PBL process.



Chapterd | 77

Chapter 4: To what extent do tutor-related
behaviours influence student learning in PBL?

Abstract

The purpose of this study was to investigate how tutor behaviours
influence learning in ProblesBased Learning (PBL). A previous study
had indicated t hat t he tutor’' s
significant influence on the PBL proceand this study further
investigates this finding by examining two groups of tutors displaying
large differences in social congruence. The participants were 77
students under the tutelage of four tutors and a sedport
guestionnaire completed by the stedts ranked two tutors to be
more socially congruent as compared to the other two. Student
learning was measured by a concept recall test and the results from
the Analysis of Covariance (ANCOVA) indicated a significant impact of
t he tut or ' sntbehadourah leamiognadtar the problem
analysis phase. However, there was no significant influence on the
seltdirected learning and reporting phases. It was concluded that
the academic abilities of students and the small nhumber of tutors
involved mg have affected the results, which led to the second part
of this study. A group of 11 tutors were selected and their
behaviours on student achievement measured by the overall score
from the “Understanding Tests”’ (L
was examied. OneWay Analysis of Variance (ANOVA) indicated
that the tutor behaviours had a greater influence on average and
academically weaker students as compared to the academically
stronger students. This finding suggests that the academic abilities of
students may affect the extent to which a tutor influences learning
and proposes that students who are academically stronger are not as
reliant on the tutor and would be able to perform well under any
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tutor. On the other hand, academically weaker students uheyyend
more on the tutor to guide and motivate them in order tclaeve
the learning goals.

Introduction

Students in a ProblerBased Learning (PBL) curriculum learn
through the process of problersolving as problems are believed to
help organize larning. Barrows (1985) claimed that problems would
challenge students to utilize their reasoning and probisoiving
skills as well as aid students in discovering what they already know
(Dolmans & Schmidt, 1994). Thus, the PBL process begins with
introducing students to a problem relevant to their subject domain
and it comprises of three learning phases: problem analysis; self
directed learning and reporting phase (Barrows, 1988; Hrdier,
2004).

During the problem analysis phase, students gathesmall
collaborative groups and brainstorm for possible solutions to the
problem. Without having an opportunity to prepare for the problem
beforehand, students utilize their prior knowledge to analyse and
identify learning issues. Prior knowledge mayédeen acquired
through previous formal education, the mass media or through
relevant personal experiences (Schmidt & Moust, 2000). As students
move into the seldirected learning phase, they would use a range of
resources to search for relevant infortien and answers to
guestions they had formulated as a guide towards a feasible solution.
By the reporting phase, students would have had sufficient time to
evaluate and synthesize information from various resources through
seltstudy and collaborative &ning. Hence, students are expected
to share their proposed solution to the problem as well as clarify any
misunderstanding of the concepts learnt during the PBL process.
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Although learning in a PBL curriculum is mainly student
centred, a tutor is presertb provide guidance by probing students to
think more deeply and modelling for them the kinds of questions that
they should be asking during problesolving. This relationship
between the tutor and students can be viewed as a type of cognitive
apprenticeship (HmeleSilver & Barrows, 2006; Schmidt & Moust,
2000; Collins, Brown & Newman, 1989). In addition, Barrows (1988)
has described an ideal PBL tutor to be one that plays a role in
facilitating student learning rather than only conveying knowledge.
Theefore, instead of receiving direct instructions from the tutor,
students are responsible for their own learning and would work with
their peers under the tutelage of the tutor to achieve the common
goal of solving the problem (Hmefilver, 2004). Whilstudents
work in their collaborative groups, the tutor plays a key role in
guestioning, suggesting and challenging ideas raised (Maudsley,
1999). Thus, the role of the tutor in the learning process should not
be ignored and there should be more emphasis developing
effective tutors as they would be able to enhance the learning
process.

So what makes a PBL tutor effective? Similar to teachers in a
conventional classroom where they are known to be the source of
knowledge, it is unsurprising thatisjectmatter expertise of the PBL
tutor has been thought to be crucial for tutors to be effective. There
is a general agreement that tutors with the domain knowledge would
be able to provide students with the necessary content knowledge
and to correct tle misconceptions that are constructed as they would
know when to intervene in the discussions with statements or
questions that evoke relevant ideas or reasoning processes (Hendry,
Phan, Lyon & Gordon, 2002). By doing so, these tutors would be able
tochd | enge the students’ l evel of
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in turn allows students to construct new knowledge and perform well
academically (Gilkison, 2003). However, studies on the behaviours of
tutors with subjectmatter expertise and their impact ostudent
learning have remained inconclusive (Schmidt & Moust, 2000). It has
been found that subjeematter expertise may not necessarily
produce desirable outcomes and may have a negative impact on
student learning as these tutors are tempted to intereetoo often

in the PBL discussions. For instance, a study by Silver and Wilkerson
(1991) showed that tutors with subjectatter expertise took a more
directive role in the PBL process and provided more direct answers to
guestions that were raised by studis as well as contributed more
points for discussion. Furthermore, another study observed that
tutors who were too instructional created tension and conflict
amongst the students, which led to student absenteeism, sarcastic
remarks or lack of commitmeriHendry, Ryan & Harris, 2003).

Although a clear relationship between the subjethtter
expertise of tutors and student learning has not been established,
these studies have highlighted the importance of developing good
facilitative skills to guide stwhts in the PBL process. Therefore, if
the content expert is able to guide students back onto the right track
by discovering and learning from their own mistakes as well as
reasoning their way to the desirable conclusions, then the PBL tutor
would be moreeffective as they would be developing students as
selfdirected learners who wouldontinue learning on their own for
the rest of their lives (Das, Mpofu, Hasan & Stewart, 2002)was
also observed that without an interest in the students, the tutor
would not be stimulated to encourage students to complete the
problemsolving process (Schmidt & Moust, 2000). Thus, it was
concluded by Schmidt and Moust (2000) that effective tutors possess
three key qualities: (1) appropriate domain knowledge, (2) emigath
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attitude toward student s’ l earnni
oneself in a way that is easily understood by students. Furthermore,
these three qualities have been proposed to be inteated
(Schmidt & Moust, 1995).

A tutor with an empathic atti d e t owar d studen:
can be described as one who displays a high level of social
congruence, which refers to the interpersonal qualities of the tutor
such as the ability to communicate informally and empathically with
students. As tutors are cotahtly interacting with students during
the PBL process, it is reasonable to expect tutors to be socially
congruent as it would help to create a learning environment that
encourages open exchange of ideas that in turn allows students to
construct new knowddge (Schmidt & Moust, 1995). On the other
hand, cognitive congruence can be
to express oneself in a manner easily understood by students. This
quality can be deemed as a combination of subjeetiter expertise
and saial congruence as it requires the tutor to have the ability to
communicate in the language of the students so as to explain
concepts in ways easily gasped by them (Schmidt & Moust, 1995).
The effects of these behaviours on student achievement were
studied by Schmidt and Moust (2000) who found that tutors who are
more cognitively congruent would utilize more subjachtter
knowledge and be more socially congruent. This ultimately translates
into higher student performance as the problesolving process
would function better, resulting in students being more interested in
the subject matter and spending more time on sdilfected learning.

Past studies like Schmidt and Moust (2000) have focused on
the influence of these three tuterelated behaviours on stlent
achievement at the end of the PBL cycle. However, little is known
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about the impact of these behaviours on each learning phase of the
PBL process. In a previous study by Chng, Yew and Schmidt (2011),
the effect of -matiereexpertiet soagial congreende j e ¢ t
and cognitive congruence on the PBL process was examined. It was
found that the level of social congruence has a significant impact on
learning at the probleranalysis, selflirected learning and reporting
phases. Although subjentatter expertise and cognitive congruence

were not found to have any significant influence on each learning
phase, all three behaviours had a significant effect on student
achievement. However, the outcome from the study may have been
influenced by the ranom selection of the tutors as further analysis
indicated that the standard deviation for social congruent behaviour

was twice as large as subjeuitter expertise and cognitive
congruence. As the study was conducted in a real educational setting
and the utors were randomly selected, it was not possible to control
the variation of the tutor’s soci i

Thus, this study aims to further investigate the effect of social
congruence on the student s’ l ear
Instead of randmly selecting the tutors, they would be selected
based on their level of social congruence. One group of tutors would
be more socially congruent as compared to another group of tutors
and there should be a significant difference between both groups.
Although the tutors in this study are selected based on their social
congruent behavi ourmater experése andt or ’
cognitive congruence on student learning would also be examined.
Through this study, it is hoped that more insights can beeghinto
the qualities that make a tutor effective in facilitating the PBL process.
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Study 1

Method

Educational context

This study was conducted at a polytechnic in Singapore that
utilizes PBL as its baseline pedagogike PBL approach adoptésl
unique as learning is driven by a different problem each day.
Throughout the day, students work under the guidance of a tutor in
teams of less than or equal to five. Although the PBL cycle is
completed within a day, this unique approach maintainsthe i x c or
characteristics of PBL' : (1) t he
authentic problems are used for students to work on so as to achieve
the required knowledge without prior preparation. (3) Learning is
initiated by students who would have)(4ufficient time for selstudy
and would work in (5) small collaborative groups under the (6)
flexible guidance of a tutor (Barrows, 1996; HmSitver, 2004;
Schmidt, Van Der Molen, Te Winkel, & Wijnen, 2009).

The PBL process at the polytechisibiiefly described below:

1 Problem analysis phase (approximately 1 hour): The tutor
presents the problem for the day to the students. In their
individual teams, students wouldnalyse the problem and
highlight learning issues based on their prior knowledge,
assumptions and experiences. After spending approximately 15
—20 minutes in their respective teams, the tutor will lead a class
discussion so as to allow students to exchange their ideas and
thoughts with the rest of the students in the class. Studemés
also guided by the tutor in generating possible routes to solving
the problem.
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1

Seltdirected learning phase (approximately 4 hours): During
this period, students spend their time on individual study and
would assist their team members if needed. u&nts are
encouraged to search for their own resources either through the
internet, textbooks or other means, however, there are several
additional learning materials that often accompany the problem
and these are provided by the tutor. These materiats ia the
form of worksheets and suggested reading texts that act as
scaffolds to assist in the construction of new knowledge.
Although majority of the time is spent on their own, the tutor
spends approximately 20 minutes per team to check on their
progress and the strategies that have been devised. The tutor
also encourages students to discuss and evaluate information
that have been collated individually with their peers. As they
build on each other’'s ideas,
guided by tle tutor.

Reporting phase (approximately 2 hours): As the name suggests,
this phase requires each team to produce a possible response to
the problem based on their consolidated findings. However, it is
not simply to regurgitate information but to demetrate the
ability to evaluate and synthesize information so as to formulate
a probable solution to the problem. Each team will be given
time to present their ideas and to defend their views as their
peers and tutor poses questions to them. Critical king is
encouraged by the tutor who would also create opportunities
for students to evaluate the presentations made by their peers.
The tutor would also clarify and reinforce key ideas if necessary.

ne



Chapter 4] 85
Participants

The participants in this study were 7§tudents in their
second year of study at the polytechnic. Hence, these students were
familiar with the PBL pedagogy practiced at the institution. The
participants were from the Science faculty and data was collected
during the eighth week of Semester ©muring the Immunology
module. The students were under the tutelage of four tutors who
were selected to be part of the study.

Tutors were selected based on their social congruent
behaviour. One group comprises of two tutors with high level of
social congruence while the other group comprises of two tutors
di splaying | ow soci al congruent
congruent was based on student ratings received through a student
evaluation survey conducted in each semester at the institutiThe
same set of survey questions was used in this study.

Materials
Problem statement and subject matter to be mastered

The problem for the day introduces students to the concept
of vaccination. It comprises of a debate between two individuals
about the use of viral agents to develop defence mechanisms against
the specific virus. Students are expected to explore how such
pathogenic agents can be used as vaccines to develop immunity and
what are the various types of vaccines available. The pnoble
statement is presented ingpendix D
Measurement
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Measurement of tutor behaviour

A selfreport questionnaire was used to measure the three

key tutorrelated behaviours: subjeghatter expertise, social
congruence and cognitive congruence. The questire was

adapted from Schmidt and Moust (1995) and it comprises of 10
statements. Usingafiygoi nt Li kert scale rang
al |’ to ‘“Very true for me’ |, stude
they agreed with each statement. There wet@o items that
measur ed t h e -mattet expertise, feuu liege that
assessed social congruence and another four items measured
cognitive congruence. The questiwire is presented in Appendix E

aSladNBYSyiG 2F addzRSydaqQ tSIFNyAy3

Asat oo | to measure student s’ | e
PBL cycle, a concept recall test was designed and administered (Yew,
Chng & Schmidt, 2011). The concept recall test required students to
list relevant concepts related to the topic for the day. Thst was
utilized as the ability of the students to recall relevant concepts
would provide an estimation of how much students have learnt. This
was based on an assumption that when students construct new
knowledge, they would build semantic networks thiak their prior
knowledge with newly learnt concepts (Glaser & Bassok, 1989). As
these semantic networks continue to expand and reorganize,
students would utilize specific terminologies to help them articulate
their new knowledge. Therefore, as a stutlgmogresses through
the different learning phases in the PBL cycle, it is assumed that the
number of relevant concepts recalled at the end of each phase
continues to increase.
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Procedure

As mentioned previously, the tutors (n = 4) involved in this
study were selected based on their social congruent behaviour. Two
of the tutors formed the group of tutors who displayed a high level of
social congruence while the other two formed another group of
tutors with low level of social congruence. The averagmgs of the
tut or ' smatteruexgeréise,t social congruence and cognitive
congruence are shown in Table 1. The ratings were extracted from
the student evaluation survey conducted in the previous academic
year comprising of two semesters. The dateady indicates the
difference in the level of subjechatter expertise, social congruence
and cognitive congruence between the two groups of tutors.
Furthermore, it can be observed that when tutors were low in social
congruence, their ratings for subfematter expertise and cognitive
congruence are also ranked lower as compared to those in the other

group.

Table 1 Mean scores of the tutors’
evaluation survey conducted in previous academic year

Grouping of tutors Tutor-related behaviours
Subject-matter Social Cognitive
expertise congruence Congruence
High Social Congruence 4.66 4.14 4.04
Low Social Congruence 4.13 3.43 3.46

The tools used to mesre tutorrelated behaviours and
student learning were administered at different intervals of the PBL
process. The seféport questionnaire measuring tuterelated
behaviours was administered at the end of the reporting phase. The
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results were used aa means of crosshecking that the behaviours
of the tutors had not changed dramatically in the current semester
that the study was conducted as compared to the previous ratings.
Before the students completed the questionnaire, they were
encouraged to rdéct on their interaction with the PBL tutor for the
day and to honestly rate each statement.

As for the concept recall test, they were administered three
times at different time intervals. The same concept recall was
distributed immediately after eacRBL phase: problem analysis, self
directed learning and reporting phase. While working on the concept
recall tests, the students were informed to complete the assignments
independently and without making reference to resources. No time
limit was given tocomplete the seleport questionnaire and
concept recall tests.

Analysis

The seHreport questionnaires were analysed by calculating
the average scores based on the ratings given by students for the
same tutor. An average rating for subjengtter expertise, social
congruence and cognitive congruence was computed. These-tutor
related behaviours were the independent variables while the learning
process variables were the dependent variables in this study.

Analysis of covariance (ANCOVA) was thgssical test used
to examine the effects of tuterelated behaviours on the learning
process as ANCOVA is able to determine if differences were because
of treatment effect or by chance. The covariate used in this study
was the preexisting grade poinaverage (GPA) score and it equates
to the average grades the students have achieved in the previous
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semesters of their course of study. GPA was used as the covariate
based on the assumption that the score is an indication of the
student s’ Ineviedgé, whoch may affed the résults for
the concept recall test. Yet, it is a measurable variable that is not
affected by the experimental variables. As ANCOVA removes the
variability of the dependent variable that can be accounted for by the
covariae, it reduces the error variance and provides a more accurate
account of the impact made by the amount of prior knowledge on
the student s’ | earning process.
students who participated in this study was 2.63D(= 0.55).
Students under the tutelage of tutors with high social congruence (n
= 38) had an average GPA score of 2332=(0.56) while the students
under the guidance of tutors with low social congruent behaviour (n
= 39) had an average GPA score of 2387=(0.55).

As for the concept recall tests, any repetition in the list of
keywords for each concept recall test was only counted once. For
each relevant concept that was listed, 1 point was awarded and the
total score from the concept recall tests administeradthe end of
each PBL phase was tabulated for each student.

Results and Discussion

The purpose of this study was to examine the tutelated
behaviours and their effect on student learning during the PBL
process. In this study, emphasis was placed t he tutor ' s
social congruence as a previous study by Ghrad. (2011) had found
a significant influence of social congruence on each learning phase.
Hence, tutors (n = 4) with contrasting social congruent behaviour
were carefully selected tdoe part of the study with two tutors
forming the group of tutors displaying a high level of social
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congruence while the other two displays low social congruent
behaviours.

The tutorrelated behaviours measured through the self
report questionnaire foboth groups of tutors are shown in Table 2.
The mean values indicate that tutors who were more socially
congruent were not only high in the level of social congruence but
were also rated higher in subjentatter expertise and cognitive
congruence. An irgpendent ttest that compared the mean scores
between the two groups revealed that there was no significant
difference in subjectatter expertise, t (75) = 1.39, p = 0.17.
However, a significant difference in the level of cognitive congruence
exhibited ly tutors from the two groups was observed, t (75) = 2.26,
p = 0.02, and a borderline significance was observed for social
congruence, t (75) = 1.77, p = 0.08. As compared to ratings from the
previous two semesters (refer to Table 1), it can be observed th
there were variations in the ratings obtained in this study. More
specifically, the variation of social congruence between the two
groups of tutors narrowed as the mean values for social congruence
of tutors in the high social congruence group had dased slightly
from 4.14 to 3.90 while the tutors in the low social congruence group
had an increased average rating from 3.43 to 3.67. Nevertheless, the
tutors in the high social congruence group still scored a higher rating
as compared to the other grqu
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Table 2 Means and Standard Deviations of the Independent
Variables

Grouping of tutors N Tutor-related behaviours
Subject-matter Social Cognitive
expertise congruence Congruence
High Social Congruence 38 4.51 (0.51) 3.90 (0.55) 4.08 (0.48)
Low Social Congruence 39 4.35 (0.54) 3.67 (0.58) 3.83 (0.45)

The means and standard deviations of the dependent
variables are shown in Table 3. Based on the results from ANCOVA, it
was revealed that there was a significant effect afiabcongruence
on the concept recall test after the problem analysis phase, F (1, 74) =
10.56, p = 0.00. However, no significant effect was found on the
concept recall test after the setfirected learning phase, F (1, 74) =
0.06, p = 0.80. In additiomn inverse relationship was observed on
the concept recall test after the reporting phase, F (1, 74) =6.70, p =
0.01 as the students under the guidance of tutors with low social
congruence performed better than those in the other group. The
same resultsfrom ANCOVA would be obtained for subjetatter
expertise and cognitive congruence as tutors high in social
congruence were the same tutors who were high in subjeatter
expertise and cognitive congruence. Nonetheless, it can be observed
that learningwas progressive during the PBL process as there was an
increase in the number of concepts recalled after each learning phase
with the exception of the concept recall test after the reporting
phase for students in the high social congruence group. This ma
have been attributed to the fatigue that students in this group may
have experienced as the test was administered at the end of the day.
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Table 3 Means and standard deviations of the dependent variables

Tutor Behaviour N Concept recall test score
After After self- After
problem directed reporting
analysis learning

High Social Congruence 38 4.32(2.71) 6.39(3.22) 4.84(3.54)

Low Social Congruence 39 2.82(1.68) 6.38(2.78) 6.97(3.18)

Unlike the previous study by Chegal. (2011),the outcome
from this study does not indicate a clear relationship between social
congruent behaviour and student learning and there could be a few
reasons why similar findings were not observed. A possible reason
could be because the social congruenthbeiour displayed by both
groups was not largely different from each other as indicated by the
independent ttest. Further analysis of the student ratings for each
tutor involved in this study indicated that one of the tutors belonging
to the low social engruence group had improved student ratings
whereby the mean score for social congruence increased from 3.37
to 3.90. Therefore, this change in tutor behaviour could have
influenced students to perform better in the concept recall test,
leading to an inease in the mean scores that was eventually
comparable to the mean score obtained by students in the high social
congruence group.

The improvement in student ratings suggests that tutor
behaviours can change over time and it is possible for tutors to
enhance their social congruent behaviour, which may ultimately
influence student learning. Other than a more conscious effort made
by the tutor to change their behaviour, it is also possible that social
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congruent behaviour may depend on the interactive urat of
behaviours between the tutor and the students. In order to have
informal communication and interaction in the classroom, it does not
only depend on the tutor but it requires students to play a part in
forming a rapport with the tutor. Thereforef students are not
interested to interact with the tutor, the level of social congruence
expressed by the tutor may be affected. However, as this study was
conducted in a real educational setting, it would be difficult to
control what happens in the clas®ms and the kind of interactions
formed between the tutor and students.

Another possible reason for not observing a significant
impact of the tutor behaviours on student learning may be attributed
to the small number of tutors involved in this syias a small sample
size would limit the variation in the tutenelated behaviours between
the high and | ow groups. I n addi
have been a factor that could have influenced learning. It was noted
that students in the highsocial congruence group generally had a
lower GPA score as compared to their peers in the other group.
Hence, students with lesser prior knowledge would have to take
more time to catch up with their peers. Since the cumulative GPA is
a combination of gades obtained from a range of modules, it may
also be wused as an indication of
whereby a lower GPA score would suggest that students are
academically weaker than students with a higher GPA score. As PBL
requires studentsd play an active role in engaging and acquiring
new knowledge, the academic abilities of students may have
influenced the extent by which a tutor contributes to student
learning. This is based on observations that students who are
academically stronger aroften able to cope with evaluating and
synthesizing new knowledge on their own and may not require as
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much guidance from the tutor. For such students, the tutor may not
be the main factor that affects their learning process and they would
continue to peform well regardless of the tutor and their behaviours.

Based on the hypothesis that the academic abilities of
students may affect the extent by which students are dependent on
the tutor, a second study was proposed. Instead of examining the
effect oftutor-related behaviours on learning at each PBL phase, the
next study aimed to investigate the effects of the tutetated
behaviours on student achievement and to examine if these
behaviours have the same influence on all students. A larger group
of tutors would be involved and the academic profiles of the students
under the guidance fahe tutors would be examined.

Study 2

Method

Participants

A total of 11 tutors from the same educational institution as
the tutors in study 1 were selected. Thddts were selected based
on their ratings obtained from the student evaluation survey, which
comprises of the same questions found in the seffort
questionnaire used in study 1 to measure tutor behaviours. The
ratings for the 11 tutors in terms of thesubjectmatter expertise
ranged from 3.77 to 4.72 (M = 4.41, SD = 0.28), social congruence
ranged from 3.52 to 4.30 (M = 3.83, SD = 0.28), and cognitive
congruence ranged from 3.53 to 4.17 (M = 3.94, SD = 0.19). The
student ratings of these 11 tutors Hated in the previous two
semesters were also taken into consideration when selecting these
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tutors. The rationale for tracing the student ratings obtained over a
period of time was to ensure that the behaviours exhibited by the
tutors were consistent sthat any effect by the tutor could not be
attributed to the change in behaviours like what was observed in
study 1.

Measurement
Measurement of student achievement

Student achievement was measured by the overall score

obtained fr omdtimrgeele“sWrsder(slkTasn cC ¢
the semester. At the polytechnic, for each module that students are
enrolled in, a UT is conducted once every five weeks over the 15
week semester period. These test

ability to recall ad demonstrate what they have learnt. The format

of these UTs is typically in the form of shariswer questions that
require students to elaborate and apply a particular concept. The
first and second UTs carry the same weightage while the final UT has
double the weightage.

Based on the guidelines by the polytechnic, the raw
numerical score for each UT will be converted into a grade (i.e: A, B, C,
D or F). An A grade is awarded to students who achieve at least 80%
and above. On the other hand, an fade is awarded to students
who have failed the test and have scored less than 50%. For the
purpose of this study, each of the UT grades obtained by a student
would be converted into a whole number whereby A=4,B =3, C = 2,
D =1, F = 0. Using thisneersion system, the total score from the
first, second and third UTs will be used and the appropriate
weightage will be applied when calculating the overall UT score.
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Procedure

The overall UT score is a measurement of student
achievement butitcanlas o be used as an indic
academic abilities as a high score for UTs would suggest that students
are academically stronger than those who obtain a low UT score.
Therefore, instead of using cumulative GPA as a measurement of
st u d ecademic abilities, the students under the tutelage of the
11 tutors were grouped into three categories based on their overall
UT score from the three UTs. The first group consisted of students
who scored an overall average of A or B+ for their understandi
tests and they were known as the group who were academically
stronger. The next group was made up of students who scored an
overall average of B to D+ and they represented the average students.
The final group had students who scored an overall aved and
below and they were classified as the group who were weaker
academically.

Analysis

In this study, the independent variables were the tutor
related behaviours and the dependent variable was the overall UT
score achieved. The statisticalst used to analyse the effect of the
t ut or ' smatteruexgeréise,t social congruence and cognitive
congruence on student achievement was Gffay ANOVA (Analysis
of Variance) as the means from three groups of students were being
compared. Other thanhe Fvalue andp-value, etasquared was
used as a measure of the effesize.
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Results and Discussion

This study examined if the effect of tutoelated behaviours
was the same for all students by considering the academic abilities of
the students. The overall UT score was used to categorize students
into three groups: academically stronger, average and academically
weaker. Students in the academically stronger group scored an
average of A to B+ and students in the average group scored an
average ofB to D+ while those in the academically weaker group
scored an average of D and below for their UTs.

The results from the On&ay ANOVA revealed that the
subjectmatter expertise, social congruence and cognitive
congruence of the tutor had differing fetcts on different groups of
students.  For students who were academically stronger, no
significant effect of the tutorelated behaviours on student
achievement was found, F (10, 63) = 1.903, p > 0.05. However, there
was a significant effect of subjeptatter expertise, social congruence
and cognitive congruence on the average students, F (10, 443) =
7.740, p < 0.01 and those who were academically weaker, F (10, 99) =
2.081, p < 0.05. In addition, there was a larger effect size of 0.42 on
students who wee academically weaker as compared to the effect
size of 0.24 on students in the average group.

The data suggests that the extent of which the tutelated
behaviours affect student achieve
academic abilities. Forwglents who are academically stronger, the
tutor seems to have a lesser effect on learning as compared to those
who are academically weaker. Besides the tutor, there are other
factors in a PBL curriculum that may have helped these students
scaffold their ¢arning. One such factor could be the peer group
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discussions that students are expected to engage in during the PBL
process. Past studies have indicated that if students are engaged in
their small group discussions, there will be positive cognitive tffec
such as activation of prior knowledge, recall of information and
causal reasoning (Dolmans and Schmidt, 2006; Hmelo, 1998). As a
result, this may increase studen
indirectly leads to an increase in motivation to leaBo(mans and
Schmidt, 2006). Based on observations, students who are
academically stronger are more likely to engage in small group
discussions and more willing to participate in peer teaching. By doing
so, these students appear to be less dependent anttitor as they
would work collaboratively with their peers to achieve the learning
objectives. Hence, this may account for the insignificant effect of the
tutor-related behaviours on the overall UT score for this group of
students.

On the other handstudents who are academically weaker
are generally less motivated to perform well and may be
uninterested in the subject. These students may also face more
difficulty in constructing new knowledge and engaging in meaningful
discussions. Therefore, thestdents often rely more on the tutor
to guide their thought processes and to motivate them, which is
indicated by the greater influence of the tutoelated behaviours on
student achievement as observed for the average and academically
weaker students. @ compared to those who are academically
stronger, these students would require tutors with subjecatter
expertise and who are more socially as well as cognitively congruent.
This is because tutors with the relevant domain knowledge would be
able to identify learning gaps and help these students in bridging
those gaps. In addition, tutors who are more socially congruent are
often more approachable and they would be able to create a learning
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environment that allows these groups of students to feel cortable

in exchanging ideas with one another.  Tutors that display more
cognitive congruent behaviour would also be more effective in
explaining the concepts in a manner that is easily understood by the
students.

Conclusion

The findings from this study kia provided insights on the
qualities that make a PBL tutor effective as well as highlight a
possible factor that may influence the extent of which tutor
behaviours would affect student learning. Although a consistent
significant effect of the tutor behaours was not observed in the first
study due to various reasons discussed previously, it is possible to
conclude that the behaviours of tutors does affect student learning to
a certain extent. This can be supported by the significant effect of
the tutor behaviours in the problem analysis phase observed in the
first study and the significant effect of the tutor behaviours on the
average and academically weaker students in the second study.

The academic abilities of the students have also been found
to influence the effect of the tutor behaviours on student learning.
The results from the second study suggest that tutors do not
necessarily exert the same influence on all students and seem to
have a greater influence on average and academically weaker
students. In other words, students who are performing well
academically will continue to perform well even if there is a change in
the tutor. However, those who are not performing well may rely
more on the tutor and the behaviours of the tutors would detemnsni
how much a student learns. For these students, the exact role played
by the tutor and which behaviour has a greater influence on learning
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remains to be established. Nonetheless, this finding suggests that
these students require tutors, who are able torovide more
guidance, generate interest in the subject and deliver the subject
matter in a way that is easily understood.

In conclusion, this study supports previous studies that
subjectmatter expertise, social congruence and cognitive
congruence aréey qualities that make a PBL tutor effective. These
tutor-related behaviours would allow tutors to develop a positive
partnership with their students as effective tutoring is not only
dependent on the tutor but the willingness of the students to engage
in constructing new knowledge. In addition, such behaviours aid in
creating conducive learning environments for students, which
ultimately affects student learning.
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Chapter 5: Does social congruent behaviour
contribute to the effectiveness of a PBL tutor?

Abstract

The aim of this study is to inves
congruent behaviour on the learning process in a problesed
learning (PBL) curriculum. As PBL tutors are actively involved in
engaging students in discussion andding them in the process of
constructing new knowledge, it is believed that a more socially
congruent tutor (e.g., a friendly tutor who shows interest in the
students) would have a greater influence on learning as they are able
to create a northreatening learning environment that promotes an
exchange of ideas. In this study, students from four randomly
selected PBL classes (N = 81) formed a control and an experimental
group. In the control group, the students were under the tutelage of
tutors who were known to be more socially congruent. The
experimental group was guided by the same tutors but they
controlled their behaviours to exhibit characteristics of tutors with
low levels of social congruence. A concept recall test measured
st udent s’ thelendaof each PBL plzase while paad post
essay tests were used to measure prior knowledge and student
achievement respectively. Results indicated that there were no
significant differences between the control and experimental groups.
However, it vas observed that the decrease of social congruence
affected t he r at-matteg sxpeftiserandicagnitioer ' s
congruence, which suggests that tutor behaviours are strongly
intertwined.
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Introduction

A teacher is central to the developmenf the perceptions
learners have of learning, the learning strategies they adopt, and the
academic outcomes they achieve. Howevier,comparison to a
teacher in a conventional classroom, the role of the problessed
learning (PBL) tutor is qualitativalyfferent. Teachers in a traditional
curriculum are often likely to be more contedtiven while PBL
tutors view the process of learning as equally important to
knowledge acquisition and are expected to model good strategies for
learning and thinking fothe students (Hmel&ilver, 2004).

The PBL process consists of three phases: a problem analysis,
a seltdirected learning and a reporting phase (Barrows, 1988;
Schmidt, 1983). Students are introduced to a problem relevant to
their subject domain at tb beginning of the instruction cycle and
would work in small groups to solve the problem. The students
would use their prior knowledge to identify learning issues and ask
questions that remain to be answered in the learning process. A
range of resourcewill be utilized to search for relevant information
in the selfdirected learning phase, which would be shared amongst
the team members and form the basis of brainstorming about
possible solutions. Once the team has decided on the most
appropriate solutim, they would present their idea to the tutor and
the rest of the class. This process of problem solving is believed to
allow students to learn both content and thinking strategies as the
problems are often complex and without a single correct answer
(Hmdo-Silver, 2004). In addition, PBL is said to impart better and
deeper learning such that knowledge is waiganized, structured
and more readily accessible to recall (Norman and Schmidt, 1992).
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Thus in a PBL curriculum, there is a strong emphasidiireac
participation from the learners as the responsibility of learning
belongs largely to the students (Massa, 2008). The learning process
requires students to work in small collaborative groups and learn
through the experience of solving problems thaé aelevant to their
domain of study. Besides collaborative learning, significant amounts
of seltdirected learning are usually involved, which encourages
students to develop seffiirected learning skills so that they would be
able to continue learning otheir own for the rest of their lives (Das,
Mpofu, Hasan & Stewart, 2002).

Although learning appears to be mainly studeintected, the
role of the PBL tutor should not be ignored. In a study by Choo,
Rotgans, Yew & Schmidt (2011), a survey was conduatsahgst
students that required them to rank factors they thought influences
their learning the most in a PBL environment. Although other factors
that may influence learning such as the team dynamics and problems
used were identified, students ranked thetor as the strongest
factor influencing their learning. This suggests that in this
educational context, from a stude
crucial role in engaging them in learning and constructing new
knowledge.

What then is the rolef a PBL tutor? During the PBL process,
the tutor is present in the different learning phases and is expected
to facilitate discussions and to probe students to think of possible
solutions to the problem. They are expected to stimulate elaboration
of corcepts, knowledge integration and interactions between
students by asking questions, seeking clarifications on how the newly
constructed knowledge can be applied (De Grave, Dolmans, & Van
Der Vleuten, 1999). Rather than a question and answer session, the
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tutor would need to follow the discussions that are occurring
amongst the students and to decide when to contribute and when to
hold back during the discussions (Wetzel, 1996). Thus tutors must
make a professional judgement on when and how to impart
knowledge as they guide students in refining their learning process
and assist them in developing a framework that can be used to
construct knowledge on their own (Wetzel, 1996). This allows
students to foster the skills of critical thinking and habits ofliiieg
learning (Dagt al, 2002). Once the students are able to create their
own learning scaffolds, the guidance provided by the tutor would
begin to fade and students would start to take greater ownership of
their learning. However, the tutor continués monitor the progress

of the students and to ensure that every student is involved in the
problemsolving process (Hmelsilver, 2004).

Thus, in order to be effective in such a learning environment,
the tutor is not only expected to possess relevaubjectmatter
expertise but to be skilled in facilitation, active listening, motivating
learning, and critical reflection as well (Maudsley, 1999). As a result,
it has been suggested that the level of cognitive and social

congruence of the tutormayisgni fi cantly influenc
to engage students in the discussions and ultimately have an impact
on their perfor mance. Cognitive

ability to utilize appropriate language to express and explain
concepts in a wa that students can easily understand (Schmidt &
Moust, 1995). Through structural equation modelling, Schmidt and
Moust (1995) identified that cognitive congruence is a combination
of t he t u-matter espertseudng social congruence. A
tutor who is more cognitively congruent would be more socially
congruent and uses more of his subjechtter expertise. Social

congruence refers to the interpersonal qualities of the tutor such as
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the ability to communicate informally and empathically with stutten
Hence, a tutor with high social congruence is believed to be able to
create a learning environment that encourages open exchange of
ideas that in turn allows students to construct new knowledge
(Schmidt & Moust, 1995).

Previous studies have supped the notion that social
congruence enables tutors to empathize with students and guide
them in the learning process, leading to better student performance.
In a study conducted by Kassab;shAboul, AbeHijleh and Hamdy
(2006), students shared that tute who respected their opinions,
were able to establish good communication, understood their
feelings and advised them on how to learn were the most effective
tutors. Steinert (2004) made a similar observation whereby students
were more inclined in comméni ng about their t
teaching and their ability to create an environment that was
conducive for learning as compared to the subject expertise of the
tutor. In the study by Schmidt and Moust (1995), social congruence
was found to directly nfluence group functioning during the
problemsolving process, which in turn ultimately affected student
performance. These findings are in line with our previous argument
that possessing subjeatatter knowledge alone is insufficient for a
PBL tutor.

A study that further examined
matter expertise, level of social and cognitive congruence on the PBL
was carried out by Chng, Yew and Schmidt (2011). They found that
while all three behaviours influence studeathievementt the end
of the PBL process, social congruence had a significant impact on the
learningprocessat each PBL phase. However, some limitations of the
study were that the standard deviation for social congruent



106 | Chapter 5

behaviour of the tutors was almost twice asrga as those of
cognitive congruence and subjetiatter expertise. This made it
difficult to conclude if social congruence alone influences learning at
each PBL phase as the tutors had a greater variation in their level of
social congruence that could haaccounted for the significant effect.

In addition, there was a general observation that tutors who exhibit a
low level of social congruence tend to be low in the areas of cognitive
congruence and subjechatter expertise as well. Therefore, even
thoughe ducators have agreed that the
with the students influences the learning environment and student
performance, it is difficult to identify if it was only social congruent
behaviour that affected student learning or wasaitcombination of

t he tutor’' s subject expertise,
behaviours.

In view of this, this study aims to investigate the effects of
social congruence on student learning in the PBL process by using the
same tutors whereby sociabogruent behaviour will be controlled
when tutoring a group of students while maintaining a high level of
social congruence with another group. By doing so, it is hoped that
the level of cognitive congruence and subjatatter expertise would
remain congstent and leaving social congruence to be the only factor
that varies between the two groups of students. Based on the
studies conducted previously, it is hypothesized that tutors exhibiting
more social congruent behaviours would influence student le®yni
positively. This in turn would ultimately impact student achievement
positively as learning in a PBL curriculum has been found to be
cumulative whereby knowledge from the previous learning phase is
built upon during the PBL cycle (Yew, Chng, & Schatid,).
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Method
Participants

Data was collected from a sample of 81 students from a
polytechnic in Singapore. The students were from four randomly
selected classes from the Science faculty and they were under the
tutelage of two tutors. The studentsare in the first week of
Semester Two of the Psychology module, which is a module taken by
students in their second or third year of their studies. Since they had
completed at least the first year of their studies at the polytechnic,
the students were faiitiar with the PBL pedagogy practiced at the
institution.

Educational Context

The polytechnic uses PBL as its baseline pedagogy and has
adapted it so that student learning is driven by one problem per day.
Although modifications have been made ftre PBL cycle to be
completed within a day, this approach is still classified as PBL based
on the ‘six core characteristics
used to drive student learning and the students work on these
problems without prior preparation (2) learning is initiated by
students whereby they work in (3) small collaborative groups under
the (4) tutelage of a tutor who guides the learning process, (5) a
limited number of lectures are conducted and (6) students have
sufficient time for sekdirected learning (Barrows, 1996; Hmekdver,
2004; Schmidt, van der Molen, Winkel, Wijnen, 2009). In addition,
direct instructions from the tutor are limited as students are
encouraged to generate learning issues and construct new
knowledge (Hmelesilver,2004).
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In this approach of solving a problem within a day, students
are introduced to a problem at the start of the PBL cycle and would
work towards solving the problem in the teams of less than or equal
to five by the end of the day. During the procesproblemsolving,
a tutor is present at different intervals of the day to guide the
|l earning process. A brief descri
below:

1 Problem analysis phase (approximately 1 hour): A problem is
presented by the tutor to thestudents at the start of the day.
Students are given time to brainstorm with their peers to
identify learning issues based on their prior knowledge,
assumptions and experiences. Once the teams have had
sufficient time to explore the problem on their owithe tutor
would generate discussion to consolidate the learning issues
raised by each team. The tutor would play an active role in
encouraging students to share their ideas and views as well as to
guide students in strategizing possible approaches tairsg the
problem.

1 Seltdirected learning phase (approximately 4 hours): During this
phase, students have time to work independently and
collaboratively with their peers. The tutor would provide some
resources such as worksheets and suggested reasixtg for
the students as well as to encourage them to search from other
sources of information such as the internet and textbooks. After
spending some time to work through the resources, the tutor
spends approximately 20 minutes with each team to check o
their progress. As the students share what they have found, the
tutor utilizes questions to promote interaction, check on the
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student s abilities to evaluate
constructing new knowledge.

1 Reporting phase (approximately 2urs): Students from each
team are expected to share their consolidated findings and
proposed solution to the problem with the rest of the students
in the class. During the presentations, students would
demonstrate their ability to connect, evaluate anginthesize
information gathered from different sources. Each team
member plays a part in defending their points of views and
answering questions raised by their peers and the tutor. Critical
thinking is encouraged by the tutor who also ensures that
studerts are given opportunities to assess the information
presented by their peers. At the end of the reporting phase, the
tutor would clarify key ideas if necessary.

Materials

The problem for the day introduced students to the concept
of sensation. The problem statement described the phenomenon
about how babies are able to make sense of the world around them
such as recognizing different sme
voice from other sounds from the time they are born. The learning
objective for this problem was for students to understand the
different sensory organs and explain how they function. When
working on this problem, it is hoped that students would appreciate
how information gathered by various sense organs are used in
combindion to make sense of the surroundings.
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Measurement
Measurement of tutor behaviour

A questionnaire adapted from Schmidt & Moust (1995) was
used to assess tutor behaviours. Students were asked to complete
the questionnaire comprising of 10 statemte by indicating how
much they agreed with each statement based on a-fieat Likert
scale ranging from *‘ Not true at a
the main focus of this study was
level of social congruencdhe questionnaire included questions
designed to assess all three core tutor behaviours, namely, social
congruence, subject expertise and cognitive congruence, which gives
a holistic assessment of the behaviours exhibited by the tutor in class.
talsop ovi des an i ndi c at-mattem expeftiset h e
and cognitive congruence remained consistent between the control
and experimental groups with only the level of social congruence
varying between groups. Four statements were used to measwe th
level of social congruence and two statements were measuring
subject expertise while cognitive congruence was measured by four

statements. Some examples of the
us t o under st and t he topi c ur, CTh
personal |lives’ and ‘The tutor us
us'’ T Imagre s puesentediincAppendix E

aSladNBYSyild 2F &diGdRSyiaQ ¢ SHNYyAy3

A concept recall test was wused
at each PBL phase. Thestteequired students to recall relevant
concepts at the end of each PBL phase: problem, analysis, self
directed learning and reporting phase (Yeat al, 2011). The
following instruction was given i



Chapter 5] 111

keywords or ternnologies related to the different sense organs in

the human body. Consider the structure, function and processes
invol ved”. Peer coll aboration an
allowed during the test.

The purpose of the concept recall test was desess the
ability of the students to recall relevant concepts as the number of
concepts recalled would provide an estimation of how much the
student has learnt in the PBL phase. This measurement tool is based
on the assumption that students are building their memory
semantic networks consisting of prior knowledge and new concepts
related to the problem during the learning process (Glaser & Bassok,
1989). As the networks continue to expand, reorganize and become
tightly integrated, students would alsacquire more specific
terminologies that would help them to articulate their newfound
knowledge. Therefore, measuring the number of relevant concepts
recall ed coul d provide an i ndi ca
learning and how it progresses throutte different PBL phases.

aSladNBYSyld 2F addzRSyiaQ LINA2NI VY

An essay pr¢ e st was used to measul
knowledge at the start of the day and an essay gest measured
their achievement at the end of the day. ékest consisted of the
foll owing instructions: “Describe
about the structure and function of the human sense organs and how
they are used to recognize change:
describe and elaborate uponhé relationship between relevant
concepts | earned, an estimation o
knowledge can be obtained by examining their responses.
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Procedure

The tutors involved in this study were selected due to their
high level of social cmruence based on a student evaluation survey
conducted in the previous semester. The data gathered from the
student evaluation survey was done by students different from those
participating in this study. However, it was noted that both tutors
have manged to maintain a constant high rating for social
congruence over several semesters prior to this study. Based on a
fiveepoi nt Likert scal e, t he tutor
congruence have consistently hovered over 4.09 and 4.27,
respectively. Thes scores are higher than the average social
congruence score for the entire institution, which stands at 33D (
= 0.36). In addition, these tutors had been working at the institution
for at least six academic semesters and were used to conducting PBL
classes.

For each tutor, two classes were assigned and they were
requested to demonstrate different levels of social congruence with
one group being the control and the other being the experimental
group. This study was carried out on the day the tutmest their
classes for the first time in that semestemajority of the students
were new to the tutors as they had not facilitated them before this.
For the control group, the tutor was encouraged to communicate
informally and to develop rapport with thetudents as what they
have typically been doing. In the experimental group, the tutor was
asked to demonstrate a low level of social congruence by avoiding
i nfor mal communi cati on and s howi
personal lives. Despite the differeagcin displaying social congruent
behaviours, the tutors were still expected to ensure that the key
learning objectives were delivered in both classes professionally and
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effectively — the only difference was to avoid personal interest in
students and infoma | talk that was not dir
understanding and learning of the subject matter. Both tutors
resumed their usual their high social congruence behaviours in the
subsequent lessons for the classes.

The measurement tools used to measiswidents learning
throughout the PBL process were administered on the same day but
at different time intervals. Figure 1 gives an overview of the time
periods at which the various measurements tools were administered
to the participants. As students cqeted the questionnaire used to
measure tutor behaviours, they were asked to reflect on their
interactions with the tutor during all three learning phases and to
answer each question truthfully. For the concept recall tests, essay
pre-test and posttest, the students were informed to complete the
tests independently and no reference to resources was allowed.
There was no time limit for students to complete the questionnaire,
concept recall tests and essay tests.

Figure 1. Time intervals at Wwich measurement tools were
administered

Concept Recall Test
Post-Test
Questionnaire

Problem Analysis Self-Directed Reporting
Phase Learning Phase Phase
[ PBL processin a day >

Pre-Test Concept Recall Test Concept Recall Test
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Analysis

In this study, the independent variables were subjetttter
expertise, cognitive and social congruent behaviour of the tutor while
the dependent variables were the learning process variables and
outcomes. As it is standard practice to base indicators of tutor
behaviours on class averages rather than on individual data (Marsh,
1991), average scores reflecting ratings of the same tutor across
different classes for social congruence, subject expertisel a
cognitive congruence was computed and used during analysis.

The data obtained from two classes whereby the tutors
demonstrated high levels of social congruence was used to compare
with the data obtained from the two classes whereby the tutor
displayedlow levels of social congruence. Analysis of covariance
(ANCOVA) was used to examine the effects of social congruence on
the learning process and to determine if differences were due to
treatment effect or by chance. This statistical test was selectad as
is possible to reduce the error variance and provide a more accurate
account of the impact made by a measurable factor such as the
amount of prior knowledge on the learning process. This is because
ANCOVA removes the variability of the dependent \deidhat can
be accounted for by the covariate. Therefore, the scores obtained
from the essay préest were used as the covariate since the essay
test was meant to measure student
test is administered before any interactiavith the tutor, the results
will not be affected by the experimental variables. The average
score for the essay prest obtained from 81 students was 4.480=
3.17).
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The concept recall tests were marked by awarding 1 point to
each relevant concegdisted. Computations of total scores from the
concept recall tests administered at the end of each PBL phase were
tabulated for each student. Any repetition in the list of keywords for
each concept recall test was only counted once.

As for the essayets t |, they were marked |
unit” (Meyer, 1985; Schiefele and
defined as a statement ending wit
idea unit was awarded with a score of 2 if the idea unit was
completely correct1 if it was partially correct and O for a completely
incorrect idea unit.

Results

The level of social congruence displayed by the tutors in their
classrooms was determined based on ratings given by their students
through the questionnaire used tmeasure tutor behaviours. The
mean and standard deviation of the scores gathered from students
under the tutelage of tutors with high level of social congruence were
3.81 and 0.58 respectively. On the other hand, students under the
guidance of the sam&utors who were instructed to avoid informal
communication with their students scored lowek (= 3.32,SD=
0.47). An independent-test compared the mean scores between
the two groups and it indicated a significant different€79) = 4.15,

p < 0.01. Te results suggest that the tutors were successful in
controlling their levels of social congruence in their respective classes.
The mean and standard deviation of the three tutetated
behaviours are shown in Table 1.
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Tablel. Means and Standard Dations of the Independent variables

Tutor-related behaviours N Mean (SD)
Subject-matter expertise  Control 40 4.38(0.50)
Experimental 41 4.07 (0.54)
Cognitive Congruence Control 40 4.09 (0.51)
Experimental 41 3.90(0D.52)
Social Congruence Control 40 3.81(0D.58)
Experimental 41 3.32(0.47)

The intercorrelations, means and standard deviations of the
dependent variables are displayed in Table 2. The results indicate
that prior knowledge measured by the essay fest appears to be
significantly correlged to the total number of concepts recalled after
the problem analysis phase suggesting that the concept recall test is a
valid indicator of knowledge that students acquire during learning. In
addition, significant correlations can be observed amongst th
concepts recalled at the different PBL phases, which are also
correlated with student achievement measured by the essay -post
test. The mean scores of the concept recall test administered after
each PBL phase shows that students are performing bette¢hes
move into a different learning phase and this suggests that relevant
knowledge is being acquired as the day progresses.

Although the data discussed above has shown that the tutors
were able to control their social congruent behaviours and that
leaming was taking place during the day, unlike what we
hypothesized, the ANCOVA results did not reveal any significant
effects of social congruence on the learning process and student
achievement. The mean and standard deviations of the concept
recall tests and essay tests gathered from the control and
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experimental groups are tabulated in Table 3. Conversely, students
who were under the guidance of the highly social congruent tutor did
not seem to perform as well as those in the experimental group.
Nevertheless, an increasing number of concepts recalled at the end
of each PBL phase were observed, which indicates that new concepts
were being learnt as the students progressed through the PBL cycle.

Table 2. Intercorrelations, means and standard deviations tlod

dependent variables (N = 81)

1 2 3 4 5

1. Prior knowledge 1.00

2. Conceptsrecalled after L20%* 1.00
problem analysis phase

3. Conceptsrecalled after .19 52%* 0 1.00
self-directed learning phase

4. Conceptsrecalled after .09 A40**  e7** 1.00
reporting phase

5. Student achievement .18 .24 2T 7% 1.00
Mean 4.46 7.91 10.00 11.51 6.36
Standard deviation 3.17 4.53 6.03 6.97 3.97

** gignificant at the 0.01 level
* significant at the 0.05 level
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Table3. Means and standard deviations of test scores with respect to

tutor’s social congruent behavi
Tutor N Concept recall test score Essay
Behaviour

After  Afterself- After Pre-test Post-test

problem directed reporting

analysis  learning
Control 40 6.98 9.93 11.25 4.72 6.25
(High Social (3.39) (5.40) (6.81) (3.32)  (3.88)
Congruence)
Experimental 41 8.83 10.07 11.76 4.20 6.46
(Low Sacial (5.31) (6.66) (7.20) (3.03)  (4.10)
Congruence)
Discussion

The effect of the tuto ' s soci al

student learning and performance was examined in this study. In the

O ul

congruen

control group, tutors who were known to be more socially congruent

were encouraged to continue displaying a high level of social

congruence. On the otlmehand, the students in the experimental

group were guided by the same tutors (n = 2) but who were informed

to avoid informal communication with the students so as to mimic

tutors with low social congruence. The results indicate that tutors

were able to ontrol their social congruent behaviour successfully in

the experimental group as there was a significant decrease in the
level of social congruent behaviour displayed by the experimental

groups as compared to the control groups.
previous study by Chngt al. (2011), the social congruent behaviour

However, unlike in a
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of the tutor was not found to have any significant impact on student
learning process and achievement. The possible reasons for this are
discussed below. Nevertheless, although a significefationship
between social congruent behaviour of the tutor and student
learning was not found, the mean scores from the concept recall test
show growth of knowledge over the day and that learning is
cumulative (Yevet al., 2011).

In order to accountor a lack of evidence to support how a
tutor’'s soci al congruent behaviou
achievement, several factors may be considered. As the relationship
between the tutor and students can be viewed as a type of cognitive
apprenticedip (HmeleSilver & Barrows, 2006; Schmidt & Moust,
2000; Collins, Brown & Newman, 1989), it is necessary to consider
the quality of student participants and how it may affect the findings.
For the learning process to be beneficial it does not only depend
the capabilities of the tutor but also requires students to participate
actively in the discussions and to constantly analyse possible
solutions to the problem. In the context of this study, when the
results of the control and experimental groups wempared, it can
be observed that the mean test scores for the concept recall tests
and postessay test were generally higher in the experimental group
when the tutor displayed low social congruent behaviour. One
possible reason could be the time at whithis study was conducted.
This study was conducted at the start of the academic semester and
it was the first day that the students met with their tutor. At this
point of time, a rapport between the tutor and students had not
been established. The dirmeeting with the tutor is often a time for
students to adjust to their tutor
impression. For tutors who exhibit low social congruence, they often
come across as unapproachable and strict as they show little interest
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in the students as well as avoid informal communication with them.
Therefore, the students in the experimental group may have felt that
they had to work harder to obtain approval from their tutor and
ultimately obtain a better grade from the tutor. Hencdiid could
have been a motivation for them to perform well during the day.

On the other hand, students in the control group may have
felt relaxed in their learning environment and it being the first week
of the new semester, the students may not havet fel sense of
urgency to learn as much as possible in the problem analysis phase as
observed by a larger difference between the mean concept recall test
scores between the control and experimental groups. Nevertheless,
by the end of the reporting phase, ustents in the control and
experimental groups had similar mean scores for the concept recall
test. This may also indicate that the speed at which students learn
new concepts may have differed between the two groups.

Another possible reason could be@to a lack of sensitivity
of the measurement tools. For the concept recall tests, students
were asked to write down keywords that were related to the topic.
During the learning process, students may have been able to explain
their understanding usingimmple language rather than the specific
terminologies. Therefore, if they had not paid attention to the
keywords, they would have scored lower in the concept recall tests.
In addition, the final concept recall test and post essay test were
conducted at he end of the day when students could have been
feeling tired from completing the various tests during the day, which
could have affected their performance in the tests and resulted in
similar mean scores.
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On another note, the tutors involved in thisusly noted their
observations after tutoring both groups of students. They observed
that students in the low social congruence group were less willing to
complete the concept recall tests and essay tests. By the end of the
day, these students seemed everore reluctant to attempt the post
essay test and this could have accounted for the drop in their
performance based on the calculated mean score despite scoring
better than the control group in the concept recall tests. In addition,
the tutors had a diftult time trying to engage the students from the
experimental group in verbal discussion during the probkatving
process. The atmosphere in the classroom of the experimental group
was also more tense and there were more students showing signs of
disengagement and disinterest. In the following weeks after this
study was conducted, the tutors resumed their usual style of tutoring
and no longer controlled their level of social congruence. However, it
was observed that it still took several weeks befote tlevel of
interest in the experimental group matched that of the control group.
Eventually the learning attitudes of the students did improve and the
students began to engage more actively and spontaneously in the
discussions. The overall atmospherethie classroom also became
more congenial and students were more responsive to questions as
well as to seek clarifications. Thus although the results from the study

indicated a | ack of influence of
achievement scores, the obwrations above show that in fact, tutors
with | ow soci al congruence do i mp

motivation negatively. However due to ethical considerations, it
would not be paossible to continue the study to observe the effects on
students ora longer term basis.

In addition to the level of social congruence, Table 1 shows
the ratings for subjecimatter expertise and cognitive congruence of
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the tutor as perceived by students in the control and experimental
groups. It is evident that subjeatatter expertise and cognitive
congruent behaviours varied between the two groups based on the
mean scores obtained. Although the tutors were the same and they
were informed to only control their social congruent behaviour, the
students perceived a changen t hei r tmatteoexperise s ub j
and cognitive congruence, resulting in lower ratings in the
experimental group. This finding suggests that subijeatter
expertise, cognitive congruence and social congruence are strongly
interlinked and dependet on each other. Although the original
intent of this study was to control for only one tutor behaviour, the
results show that this atomistic approach is not viable and it is

di fficult to examine the influenc:
without considering other interelated behaviours.

Understanding the effects of tutenelated behaviours on
student learning has proven to be challenging and complex. The
findings from this study indicates that learning does accumulate
during the learningppses but a significant e
congruent behaviour on student s’ |
due to the factors discussed earlier. The results also indicate that it is
hard to manipulate one variable in an experimental educasetiing
without affecting another as shown by the interdependence of the
three tutor-related behaviours. However, although there were no
significant differences in the test scores, it can be observed that the
attitudes of students were more positive whehey were under the
tutelage of a more socially congruent tutor and this is likely to have a
greater impact on their performance in the long term.
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Chapter 6: Summary and Conclusions

In Problembased Learning (PBL), knowledge and skills are
devebped as students work in small collaborative groups to solve
authentic problems. A significant amount of sdilfected learning is
also usually involved with PBL and this process of prolsieiwing is
guided by a tutor. A review of the literature indieat that in
particular, three tutorrelated behaviours- namely, subjectatter
expertise, social congruence and cognitive congruence play a key role
in student s’ |l earning process and
(Schmidt & Moust, 1995).

Several stuks that examined the effects of subjetiatter
expertise have highlighted the need for PBL tutors to be content
experts since they would have the domain knowledge to correct
mistakes and pose more challenging questions (Schmidt & Moust,
2000). However, atudy by Silver and Wilkerson (1991) has also
suggested that content experts play a more directive role in the
tutoring process by directly answering questions raised by students
and suggesting points for discussion. By doing so, it may hinder
students fom discovering and learning from their mistakes as well as
reasoning their way to the right conclusions (Schmidt & Moust, 2000).
Hence, it has been argued that the facilitative skills of tutors are
equally or are even more important for a PBL tutor todbective as
they are involved in questioning, probing and challenging ideas
during the problem solving process (Maudsley, 1999).

These facilitative skills can be attributed to social congruence
and cognitive congruence whereby socially congruent siteould
be able to communicate openland build a good rapport with
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students, which may motivate students to learn. With an ability to
communicate informally and empathically with students, a more
socially congruent tutor would be able to create a leagi
environment where students feel comfortable to contribute to the
discussions and this may result in better student performance.
Furthermore, cognitive congruence, which is the combination of
subjectmatter expertise and social congruence, would endbters

to understand the problems faced by students during the problem
solving process as well as possess the necessary domain knowledge
to contribute actively in student learning (Schmidt & Moust, 1995).
As such, a tutor who is more cognitively congruemiuld be able to
deliver and explain concepts in a manner that is easily understood by
students.

A study that examined the qualities of an effective tutor
provided insights that tutors who are perceived by students to be
effective are those who respesd their opinions, able to establish
communication and understand their feelings, which suggests that
possessing the relevant domain expertise alone is insufficient (Kassab,
Al-Shboul, AbtHijleh and Hamdy, 2006). Hence, the ideal situation
would be for he PBL tutor to be skilled in facilitating the problem
solving process as well as possess the relevant content knowledge
(Schmidt & Moust, 2000). However, Barrows (1988) highlighted that
if it is not possible for a tutor to be both a domain expert andleki
in tutoring, the next best tutor is one who is good at facilitating the
learning process.

Although studies related to the behaviours of tutors have
been conducted, a majority have focused on the effects of these
tutor-related behaviours in achievingurricular outcomes and the
influence of these behaviours on the learnim@yocessremains
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unclear.  Therefore he main objective of the research conducted

for this thesis was to examine the effects of tutetated behaviours

on student learning duringhe PBL process. As the assumption
underlying PBL is that learning is dependent upon what was learnt in

the previous phase, it would be necessary to consider how learning
takes place during the learning process before investigating the
effects of tutorrelated behaviours on the learning process.
Furthermore, demonstration of the idea that the PBL process is
cumulative in a natural classroom setting has yet to be established as
most of the research have been mainly confined to the psychological
laboratory. Hence, in the study described in Chapter 2, the findings
provided insights as to how students learn during the PBL process. In
addition, an attempt was made to develop an efficient and valid
met hodol ogy to track studerettos’ | e
the next. As a result, this created an opportunity to investigate the
effects of the PBL tutor’s behavi
subsequent chapters.

Before sharing an overview of the findings, it is necessary to
understand the rather uigue educational context in which the

research was conducted. -dayhame P B L
probl em’ where students work on c
O Grady, 2012). A brief descript]

the tutor at eachearning phase are described below:

A Problem analysis phase (approximately 1 hour): Students work in
groups of less than or equal to five to identify learning issues
based on a problem presented by the tutor. After spending some
time to explore the poblem, the tutor engages students in
discussion and guides them in devising initial pathways for
developing a response to the problem.
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A Selfdirected learning phase (approximately 4 hours): Students
engage in sel§tudy and collaborative learning whileferring to
various resources to gather relevant information. Some
examples of resources include worksheets, textbooks, suggested
reading texts and the internet. The tutor also spends
approximately 20 minutes with each team to check on their
progress andtrategy to solve the problem. In addition, the tutor
promotes interaction and evaluation of information as well as
provides guidance in constructing new knowledge.

A Reporting phase (approximately 2 hours): Students present their
findings and response tthe problem. They are expected to
connect their findings from their individual studies and
demonstrate their ability to evaluate and synthesize information.
The tutor encourages critical thinking and creates opportunities
for students to evaluate the formation presented by their peers.
Key ideas would also be clarified by the tutor if necessary.

Although the learning process described above is rather
different from how PBL is implemented in other institutions, it should
be clarified that this PBL pmach does possesses the six core
characteristics of PBL as described by various authors: (1) students
work to solve authentic problems without prior preparation so as to
achieve the learning objectives, (2) learning is initiated by students
and they workin (3) small collaborative groups under the (4)
guidance of a tutor. As students learn through the process of
problem solving, (5) students would engage in-stlfly and (6) the
number of lectures are limited (Barrows, 1996; Hm8ltver, 2004;
Schmidtyvan der Molen, Winkel, Wijnen, 2009).



Chapter 6] 127

In this final chapter, an overview of the findings from each
study will be given in hope to answer the following research
questions as raised earlier in Chapter 1:

1 As student progress through the different leargiphases of the
PBL process, is learning dependent on what was learnt in the
previous phase?

1 How can learning at each PBL phase be measured?

1 What behavioursmake a PBL tutor effective in facilitating the
learning process?

1 Do the behavioursof the tutor influence learning at each PBL
phase? If so, to what extent do the tutoglated behaviours
influence learning during the PBL process?

T Amongst subjectnatter expertise, social congruence and
cognitive congruence, is there a particular tutetated
behavour that has a greater influence on the learning process?

Towards the end of the chapter, some reflections on the
findings and possible areas for further research will be discussed
before highlighting the implications of this research in the
professionabdevelopment of tutors.

Main conclusions

The following segments in this section aim to provide a summary of
the findings from each of the studies conducted in this thesis.

Chapter 2

In the first study, we sought to have a better overview and
understarding of how students learn in the process of PBL before
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focusing on the influence of tutor behaviours in the subsequent
studies. Learning is generally viewed as a cumulative process
whereby new learning is built upon knowledge that was obtained
previously Similarly, learning in a PBL setting is believed to depend
upon what was learnt in the previous phase during the PBL process.
In addition, the independent study and interactive nature of students
during collaborative work is thought to contribute taustent learning

in PBL (Schmidt, 1983). However, this cumulative process has yet to
be studied in a natural classroom setting. In view of this, the aim of
this study was to test this assumption that learning in PBL is
cumulative where learning in one preass built upon the previous
phase as well as to examine if the learning process is influenced by
both collaborative and selirected learning. However, being able to
efficiently trace student learning throughout the PBrocess would

be difficult.

Several studies have tried to track student learning over the
different learning phases in PBL. For instance, Visséheierset al.
(2006) took video recordings, De Grastal. (1996) made use of
stimulated recall and Geerligs (1995) used thought sargpin an
attempt to describe the actual behaviours and activities in the PBL
classroom. However, these approaches have proven that the data
cannot be easily translated into quantification of learning. In
addition, the collection and analysis of the dasatime consuming,
which makes it challenging to study larger numbers of students.
Therefore, another objective of this study was to devise a valid
met hod that <could easily trace st
learning phases

In view of the stdy objectives, a concept recall test was
designed to estimate the number of relevant concepts that students
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were able to recall at the end of each PBL phase. The test was
developed based on the assumption that engagement in the
discussions during the PRkocess would allow students to form a
mental network of concepts related to the different learning issues as
well as connecting them with knowledge learnt previously (Glaser
and Bassok, 1989). It is believed that as students continue to learn
more, the retwork would become more detailed and coherent. In
addition, students who were able to learn effectively during the PBL
process should be able to recall more concepts and recall them more
easily (Collins and Quillian, 1969; Rumelhart and Norman, 1978).
Besides the concept recall tests, the participants in this study were
asked to complete an essay test before and after the PBL process so
as to measure their level of prior knowledge and achievement,
respectively. The essay test would allow students toeljre
demonstrate their understanding of the topic as they elaborate on
the mncepts that they have learnt.

Data collected from the concept recall tests indicated that it
was during the selflirected learning phase where students are able
to effectively ecall new concepts and those learnt previously. In
addition, when the scores from the essay test measuring prior
knowledge was compared with the concept recall test from the
problem analysis phase, the results suggest that the discussions in
the problem analysis phase aid in activating their prior knowledge,
which is similar to findings from previous studies (De Grave, Schmidt
& Boshuizen, 2001; Schmidt, De Volder, De Grave, Moust & Patel,
1989). The findings also indicate that learning of new concepts
appear to take place more often during the problem analysis and
seltdirected learning phase as the reporting phase was characterized
more by the repetition of previously learnt concepts. Furthermore,
there was a drop in the number of concepts recalledhet teporting
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phase as compared to the previous two phases. This was not
expected as it is natural to assume that students would be able to
recall more concepts after they have completed the entire PBL cycle.
However, a drop in the number of recalled cepts could be due to
fatigue from the intensive day of work or students may have
forgotten some of the concepts learnt during the day.

Analysis of the concept recall tests shed insights into the
events that take place during each PBL phase. Howeéweruestion
as to whether learning in PBL is cumulative remained. Hence, a
structural equation modelling approach was used to analyse if the
results from the concept recall test and essay tests fit the
hypothesized model. The data was also tested agathste
alternative hypotheses stating that learning in PBL is influenced (1)
only by collaborative learning, (2) only by sditected learning or (3)
by both collaborative and setfirected but not in a cumulative
manner. The results eventually indicatedat the data fit the
hypothesized model as shown in figure 1. Furthermore, the model
demonstrated that there was a significant influence of prior
knowledge on the concepts recalled after the problem analysis phase
(.45) and there was a direct influenam achievement (.33). In
addition, the results indicated that being able to recall more relevant
concepts at the end of the reporting phase significantly influenced
student achievement (.28).

As the data did not fit the models for the alternative
hypotheses, it can also be concluded that learning PBL is not only
cumulative over each PBL phase but it is influenced by both
collaborative and selfiirected learning. In addition, it highlights the
importance of each PBL phase in influencing student achiemém
Based on the results gathered through structural equation modelling,
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it is also evident that the use of concept recall tests and essay tests
are efficient and valid tools in tracking student learning and
predicting student achievement.

Figure 1 Path model of the hypothesized model on relationships
between different PBL phases
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Chapter 3

Using the methodology developed in Chapter 2, it was
possible to venture into explorin
matter expertise, cognitive congruemcand social congruence on
student learning and achievement in Chapter 3. The study
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participants were students under the tutelage of randomly selected

tutors (n = 7). Besides the concept recall tests and essay test to
measure achievement, the students meexpected to complete a
qguestionnaire to measure their t oL
student ratings, the tutors were categorised into three groups
displaying either a low, medium or high level of subjecttter
expertise, cognitive congruence anccé&d congruence.

The statistical analysis using ANCOVA (Analysis of Covariance)
indicated that there was a signif
congruent behaviour on student learning as measured by the concept
recall test administered at the eraf the problem analysis phase, F (2,
219) = 10.38, p < 0.01; s€lifected learning phase, F (2, 219) = 9.83,

p < 0.01; and reporting phase, F (2, 219) = 6.51, p < 0.01. However,
no significant effect on the PBL process was observed for cognitive
congruance and subjeematter expertise. With regards to student
achievement, a significant effect was observed for social congruence,
F (2, 219) = 4.914, p < 0.01; subjetter expertise, F (2, 219) = 7.74,

p < 0.01; and cognitive congruence, F (2, 219) 4, ' 0.01, which
emulates findings by Schmidt and Moust (1995) where all three
tutor-related behaviours were found to be determinants of learning

in a PBL curriculum.

The significant effect of social congruent behaviour on the
PBL process suggestsat effective PBL tutors are individuals who
possess the willingness to establish an informal relationship with
students and display an attitude of genuine interest. Through such
behaviours, the tutor would be able to create a learning environment
that students feel comfortable in expressing their views and tutors
could do so by allowing students to freely propose their own
hypotheses regardless of whether they are accurate or superficial.
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Such an environment is necessary in a PBL classroom as students ar
encouraged to engage in active discussions. In addition, past
research has demonstrated that as students voice their thoughts,
they would be able to identify their misconceptions and establish
connections with the various concepts, which would ultimgatel
influence their academic performance (Schmidt et al., 2009).

Although cognitive congruence and subjecatter expertise
displayed no significant influence on the PBL process, it is unlikely
that these tutorrelated behaviours do not affect the PBL pess.
This is because the findings in Chapter 2 had demonstrated that
learning in a PBL environment is cumulative whereby knowledge is
built upon that which was gained in the previous learning phase.
Therefore, as a significant effect of cognitive comgrte and subjeet
matter expertise on student achievement was observed, the
knowledge gained must have been covered during the various
learning phases of the PBL process within the same day.
Furthermore, the essay test was administered on the same ddyeas t
concept recall tests so this rules out the possibility that knowledge
was gained outside of the classroom as no extra time forstetly
was given.

Several possible reasons to account for the absence of a
statistically significant effect of subjeotatter expertise and
cognitive congruence on student learning were discussed in Chapter
3. One of the factors that may have had an influence on the results
was the fact that the study was conducted in a real school setting
where natural variations would ear. For instance, although the
participating tutors were randomly selected, they had to be tutoring
the same subject and this limited the number of eligible tutors for the
study. As a result, it was not expected that the standard deviation of
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social cogruence for this pool of selected tutors was almost twice as
large as that of cognitive congruence and subjeetiter expertise.
Therefore, although the results from this study suggests that social
congruence plays a greater role in enhancing studentniegr as
compared to cognitive congruence and subjewtter expertise, it is
also evident that a larger sample size of tutors with greater variation
in their behaviours is required.

Chapter 4

Based on the findings made in Chapter 3, the study in
Chaper 4 continued to explore the effects of the tutoelated
behaviours on the learning process and placed greater emphasis on
the tutor’'s soci al congruent beha
tutors to participate in the study, tutors (n = 4) with ceamting social
congruent behaviour were selected. Two of the tutors formed the
group displaying a high level of social congruence while the other two
tutors displayed low social congruence.

The tutors were selected based on student ratings obtained
prior to the study via a questionnaire consisting of the same
guestions as that in Chapter 3. The same questionnaire was
administered again to the current students under the tutelage of the
selected tutors. Based on the mean ratings, the results indicdtad t
tutors who were more socially congruent were also rated higher in
the area of subjecinatter expertise and cognitive congruence.
Between the two groups of tutors, no significant difference in
subjectmatter expertise was detected based on an indepantde
test, t (75) = 1.39, p = 0.17. However, a significant difference in the
level of cognitive congruence exhibited by tutors from the two
groups was observed, t (75) = 2.26, p = 0.02, and a borderline
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significance was observed for social congruenc&5) € 1.77, p =
0.08.

Similar to Chapter 3, ANCOVA was used to analyse the effect
of the tutor-related behaviours on the PBL process as measured via
concept recall tests. The results revealed that there was a significant
effect of social congruence othe concept recall test after the
problem analysis phase, F (1, 74) = 10.56, p = 0.00. However, no
significant effect was found on the concept recall test after the-self
directed learning phase, F (1, 74) = 0.06, p = 0.80. In addition, an
inverse relatimship was observed on the concept recall test after the
reporting phase, F (1, 74) = 6.70, p = 0.01 as the students under the
guidance of tutors with low social congruence performed better than
those in the other group. This trend was also seen when tfeteof
cognitive congruence and subjetiatter expertise on the learning
process was analysed. Nevertheless, there is a general pattern that
mirrors the findings from Chapter 2 whereby learning is cumulative
from one learning phase to the next. As séeffable 1, there was an
increase in the number of concepts recalled after each learning phase
with the exception of the concept recall test after the reporting
phase for students in the high social congruence group, which may
account for the inverse retnship observed through ANCOVA. This
drop in the number of concepts recalled after the reporting phase
was also observed in Chapter 2.

In comparison to the findings in Chapter 3, the results in this
study were not as straightforward due to the vara@ts in the effect
of social congruence on each learning phase. A possible reason could
be because the social congruent behaviour displayed by both groups
of tutors was not largely different from each other as indicated by
the results from the independenttest. An analysis comparing the
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student ratings obtained before and during this study revealed that
the variation of social congruence between the two groups of tutors
narrowed as the mean values for social congruence of tutors in the
high social congrence group had decreased slightly from 4.14 to
3.90 while the tutors in the low social congruence group had an
increased average rating from 3.43 to 3.67. This suggests that tutor
related behaviours may fluctuate either because a more conscious
effort was made by the tutor to change their behaviour or it may be
dependent on the tutor’s interact
classroom as it takes both the tutor and students to build a good
rapport. As a result of an improvement in the behavioursubdrs in

the low social congruence group, there is a possibility that it could
have influenced students to perform better in the concept recall test.
Once again, similar to Chapter 3, the natural variations that arise
within the classroom make it diffiauito control how the tutos
interact with the students.

Table 1 Means and standard deviations of the dependent variables

Tutor Behaviour N Concept recall test score
After After self- After
problem directed reporting
analysis learning
HighSocial Congruence 38 4.32(2.71) 6.39(3.22) 4.84(3.54)

Low Social Congruence 39 2.82(1.68) 6.38(2.78) 6.97(3.18)

Another possible reason for not observing a larger significant
effect of the tutor behaviours on student learning may be dudht®
student s’ l evel of prior knowl edg
students in the high social congruence group generally had a lower
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level of prior knowledge. As students in a PBL curriculum would build
upon their prior knowledge to solve problemstudents with lesser
prior knowledge would spend more time catching up with their peers.
In this study, the level of prior knowledge was indicated by the
cumulative grade point average (GPA) score obtained by calculating
the mean grade based on a rangkmodules that the students had
taken in the previous semesters. Therefore, a student with a lower
GPA would suggest that students have lesser prior knowledge and
are academically weaker as compared to their peers with a higher
GPA. In addition, studentstho are academically stronger are
generally able to cope better on their own during the problem solving
process and may not require much guidance from the tutor as
compared to students who are academically weaker. Therefore, the
academic abilities of stients may be a determining factor that
affects the extent by which a tutor contubes to the learning
process.

With this hypothesis in mind and recognizing that a small
number of tutors (n = 4) limits the variation in the tuttelated
behaviours, a semd study involving a larger group of tutors (n = 11)
to examine if their behaviours have the same influence on all
students was conducted. In addition, the effect of tutetated
behaviours on student achievement at the end of the learning
process willbe examined instead of their effects on the learning
process. In order to categorize students based on their academic
abilities, the overall Understanding Test (UT) score was used to group
students into either the academically stronger, average
academeally weaker group.

Analysis using the OA&%ay ANOVA (Analysis of Variance)
revealed that the subjeematter expertise, cognitive congruence and
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social congruence of the tutor had differing effects on students with
different academic abilities. No sifjoant effect of the tutorrelated
behaviours on student achievement was found, F (10, 63) = 1.903, p >
0.05, for students in the academically strong group. However, there
was a significant effect of subjestatter expertise, cognitive
congruence and soa congruence on the average students, F (10,
443) = 7.740, p < 0.01 and those who were academically weaker, F
(10, 99) = 2.081, p < 0.05. In addition, there was a larger effect size of
0.42 on students who were academically weaker as compared to the
effect size of 0.24 on students in the average group. The results
suggest that the extent of which the tuteelated behaviours affect
student achievement is influenced
whereby tutors do not influence the learning procegsacademically
stronger students as much as their peers in the other groups.

Based on observations of how students behave in class and
through informal discussions with other tutors, there seems to be a
general trend whereby academically stronger stote are more
likely to take initiative to engage in small group discussions and are
more willing to help other students in grasping the concepts. Such
behaviours are encouraged as research has shown that if students
are engaged in their small group dissimns, there will be positive
cognitive effects such as activation of prior knowledge, recall of
information and causal reasoning (Dolmans and Schmidt, 2006;
Hmel o, 1998) . This in turn may
subject, which indirectly lead® an increase in motivation to learn
(Dolmans and Schmidt, 2006). With a positive attitude towards
learning, these students may engage in more-detcted learning to
satisfy their desire to learn.
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On the other hand, academically weaker studentse ar
generally less motivated and may face more challenges in the
problem solving process. Therefore, they may rely more on the tutor
to motivate and guide their thought processes. All three tutor
related behaviours can be anticipated to have a positiveatfbn the
learning process of academically weaker students as a tutor with
subjectmatter expertise would be able to identify learning gaps and
help these students in bridging those gaps. In addition, a more
socially congruent tutor would create a leamgi environment that
allows students to feel at ease in raising their opinions and a more
cognitively congruent tutor would be better at explaining concepts in
a manner easily understood by the students.

Through the research in this chapter, it candescluded that
social congruent behaviour does have some effect on the learning
process. The effect of tuteelated behaviours on student learning
may also be affected by their academic abilities with the tutor
exerting a greater influence on the leangi process of academically
weaker students. In addition, the findings from this study suggest
that it is possible for tutors to exhibit different levels of their
behaviours due to the interactive nature with their students or it may
be due to a consciowsffort by the tutor to change.

Chapter 5

The previous chapters have highlighted that natural
variations surrounding the tutor’
results. For instance, in Chapter 4, it was not expected that tutors
who were previously ratedow in social congruence could display
more social congruence when they tutored a different group of
students. Therefore, in an attempt to control the experiment and
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minimize natural variations, the tutors involved in this study were
tasked to play boththe role of a highly social congruent tutor and a
tutor with lower social congruence.

Tutors who were known to be more socially congruent were
encouraged to continue displaying a high level of social congruence
and they formed the control group (n = 2n the experimental group,
the students were guided by the same tutors but they were briefed
to control their social congruent behaviour by avoiding informal
communication with the students. Based on an independetest,
the results indicated that tuirs were able to control their social
congruent behaviour in the experimental group as the level of social
congruence significantly decreased as compared to the control group,
t (79) = 4.15, p < 0.01. However, unlike the findings in Chapter 2, the
socialcongruent behaviour of the tutor was not found to have any
significant impact on student learning process and achievement as
measured by concept recall tests and an essay test. Nevertheless,
the mean scores from the concept recall test continued to suppor
the findings from Chapter 2 that learning in PBL is cumulative as
there was a steady increase in the number of relevantwags
during the PBL process.

Amongst other possible reasons discussed in Chapter 5, the
quality of the student participants cddi be one of the factors that
contributed to the absence of a significant impact of social
congruence on student learning and achievement. Meaningful
discussion during the problem solving process is not solely dependent
on the tutor but it requires studes to be active participants in their
own learning. Table 2 indicates the means and standard deviations
of test scores obtained from both the control and experimental
groups. Based on the mean test scores, it is evident that the students
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in the experimetal group generally perform better in the concept

recall tests and postssay test.

Table2. Means and standard deviations of test scores with respect to

tutor’s social congruent behavi
Tutor N Concept recall test score Essay
Behaviour

After  After self- After Pre-test Post-test

problem directed reporting

analysis learning
Control 40 6.98 9.93 11.25 4.72 6.25
(High Social (3.39) (5.40) (6.81) (3.32) (3.88)
Congruence)
Experimental 41 8.83 10.07 11.76 4.20 6.46
(Low Social (5.31) (6.66) (7.20) (3.03) (4.10)
Congruence)

Although statistically significant differences ieen the

performances of students in the control and experimental groups
were not observed, the tutors were able to share some qualitative
feedback about their experience in tutoring both groups of students.

In the experimental group, it was observed thsitidents were less

willing to attempt the concept recall tests and essay tests, which

resulted in the tutors placing more effort into persuading the

students. Furthermore, the tutors faced more challenges in engaging

students in verbal discussions duritge PBL process and the

atmosphere was not as relaxed as the control group. The number of

O ul

students showing signs of detachment and listlessness was also

greater. In the subsequent weeks after the study, the tutors resumed

to their usual style of facilition that involved a high level of social
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congruence in both groups of students. However, the tutors noted
that it took several weeks for the students in the experimental group
to match the level of engagement experienced in the control group.
The overd atmosphere in the classroom also became friendlier and
students were more proactive in asking questions androuting to

the discussions.

Based on the findings in Chapter 5, it can be concluded that
the behaviours of a PBL tutor does have an impacon st uden
learning. Although the effect of social congruence was not measured
guantitatively, the feedback from the tutors suggests that social
congruent behaviour does influenc
engagement in the classroom. This imnt may ultimately affect the
learning process and achievement as well as have a greater impact in
the long term. Furthermore, despite having a more focus approach
in attempting to control only one
the findings in this stdy continued to support the notion that
subjectmatter expertise, cognitive congruence and social
congruence are all strongly interlinked and dependent on each other.
If a tutor is rated lower in the area of social congruence, the ratings
for subjectmatter expertise and cognitive congruence also seems to
decrease. Therefore, this highlights the difficulty in identifying which
particular tutor behaviour has a greater infloce on the learning
process.

Critical reflections and directions for further studies

Understanding the effects of tuterelated behaviours on
student learning during the PBL process has proven to be rather
complex. Nevertheless, the findings have been somewhat consistent
in supporting the belief that all three tuterelated behavburs
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outlined in the introductory chapter of this thesis contribute to
student learning, with social congruent behaviours of PBL tutors
appearing to exhibit a greater effect on the learning process. It is
believed that more socially congruent tutors Wik able to create a
suitable learning environment that encourages an open exchange of
ideas as they are able to establish information communication with
students more easily (Schmidt & Moust, 1995). This in turn may
provide students with a richer learningxperience and ultimately
translate into better academic performance as they are encouraged
to actively engage in the learning process. Some of the studies in this
thesis have provided quantitative data to support this notion that
students learn more urgr the tutelage of socially congruent tutors
while others have provided qualitative information on how social
congruence can influence student s’

The conclusions derived from this research also highlight that
a studeng éxperiehce & mat ientirely dependent on the
tutor but it requires students to voluntarily participate in the learning
activities. Although the social congruent behaviour of the tutors may
be the first steps towards fostering collaborative and siléded
learning during the PBL process, the immediate outcomes in terms of
academic performance during the day would also rely on the quality
of the students and their willingness to engage in constructing new
knowledge.

Although some significant effectd tutor-related behaviours
on student learning and achievement was observed in this research,
the difference in PBL methodology practiced in this educational
context as compared to other educational institutions limits the
generalizability of the findig In comparison to other PBL
institutions, students at this institute complete the entire PBL process
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within a day and have close contact with their tutors whereas the PBL
process at other institutions may last for a longer time period and
have lesser me for tutor-student interaction. Therefore, it is
necessary to examine if similar effects of tutetated behaviours on
student learning can be observed in a different educational context.

Enhancing the format of the concept recall test may also be
advantageous. The concept recall test expected students to list as
many relevant keywords that they could recall. However, as students
gather information from various resources during the problem
solving process, they may have understood the concepts bey th
may not have mentally registered the keywords. As a result, the
number of keywords that they could recall would be limited.
Furthermore, being able to recall concepts and relevant keywords do
not necessarily mean that the students understand the cptse A
possible solution may be to ask students to construct concept maps
that require them to demonstrate their understanding by linking the
concepts together.

The research in this thesis has an absence of a-tknmg
perspective as the essay tests t@asure student achievement were
administered on the same day immediately after the learning process.
Further studies to include longer term assessment would be
beneficial to provide insights on the lotgrm effects of the tutor
related behaviours on stwht learning. In addition, studies
examining a larger pool of tutors with wider variations in their tutor
related behaviours would be valuable.

Lastly, based on personal interaction with other PBL tutors,
there appears to be a misconception that studentiew socially
congruent tutors as those who are able to tell jokes and allows
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students to do whatever they like in the classroom. Although PBL
tutors like conventional teachers have the responsibility of enforcing
discipline in the classroom, it does npecessarily mean that the
tutor should play the role of a stern disciplinarian and have a tight
control over the students as there are other ways in instilling values
related to discipline. In fact, it is often easier and more effective to
address discimary issues when a good relationship between the
tutor and the students has been established. To address this issue,
another area for further research may be to examine what social
congruent behaviour exactly entails so as to clearly identify the
distinctive behaviours of a socigl€ongruent tutor.

Implications of the findings

The findings from this research have several implications. For
instance, hiring managers at PBL institutions would have a better idea
of the characteristics they could considiooking for when selecting
suitable candidates to fulfil the roles of PBL tutors. In addition, more
awareness about the effect of social congruent behaviour on student
learning could be shared amongst individuals already employed as
PBL tutors. Traing courses on how to improve social congruence
could also be developed to aid tutors who are less socially congruent
in changing their behaviours. Furthermore, the research provides a
better understanding of the tutor behaviours that would be required
to reach out to students with different academic abilities whereby
more attention and guidance could be given to students who are
academically weaker. Hence, tutors could alter their behaviours to
suit the needs of the students.

Although the findings haveuggested that social congruence
may have a greater effect on student learning during the PBL process,
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it is vital to recognize the common trend that subjechtter
expertise, cognitive congruence and social congruence are not
mutually exclusive but interelated. Furthermore, all three tuter
related behaviours appear to play important roles in providing
students with a rich learning experience that could translate into
better academic achievements. The findings from this research are
not only supportive bwork previously done by Schmidt and Moust
(1995) that advocate the positive influence of twlated
behaviours on student achievement but provide new insights on their
effects on the PBL learning process. Therefore, besides social
congruence, PBL tots should strive to demonstrate behaviours
related to all three aspects in order to be effective in tutoring the PBL
process.

In conclusion, this research has shown that PBL tutors play
important roles in the development of learners and their behaviour
may influence the learning process and achievement of curricular
outcomes. Therefore, more time and effort should be spent in
developing effective tutor behaviours. This in turn would ensure that
students are receiving good quality guidance from araife PBL
tutor in an engaging learning environment so that they are well
trained and fully equipped to face challenges when they enter the
workforce of a rapidly changing society.
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Appendices

Appendix A: Molecular Cell Biology problem that students worked
on for the day

Made for the job

Living things use the DNmolecule to store their genetic information
and to pass this information to their offspring.

Analysethe structure of DNA, and determine why it is suitable to
assume this role.
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Appendix B: Problem Statement that was offered to students

‘A Runny Issue’

Jason was sick with fever, sore throat and runny nose. He also felt
very lethargic. On consultation with his doctor, Jason was told that
he was suffering from an infection that has triggered the immune
system. The doctor then prescribednse medicine to relieve the

sympt oms. However, Jason’s condi
days. Upon a second visit to the clinic, the doctor took a sample of
Jason’s blood for <clinical tests.

the clinic a week lar. Looking at his results, he wondered what
could have triggered the infection. Explain.

Normal Range Jay’s Blood Sample
oram per liter (g/L) gram per liter (g/L)

Antibody titer:

IsG 6.4 - 14.3 950
IgM 0.2-14 60
IgE 0.0001 — 0.0004 0.0002
IeD less than 0.08 0.04
IgA 0.7-3.0 180

=

(From the Immunology curriculum, Republic Polytechnic, Z0IED)
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Appendix C: Tutor behaviours measured by a questionnaire
involving the use of a five-point Likert scale

Tutor Questions

Behaviour

Social 1. The tutor showed that he/she liked
Congruence informal contact with us.

2. | was not afraid to tell the tutor when |
did not understand something.

3. The tutor showed interest in our
personal lives.

Cognitive 1. We could understand the questions
Cangruence asked by the tutor.

2. We were interrupted several times by
the tutor, which disturbed the progress
of the group discussion.

3. The tutor helped us to understand the
topic.

4. Our efforts were appreciated by the
tutor.

5. Ihad difficulty understanding the
words/terminologies used by the tutor.

Subjectmatter 1. The tutor used his/her content
expertise knowledge to help us.

2. The tutor has a lot of content knowledgt
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Appendix D: Problem statement that was offered to students
‘It’s unbelievable’

Jonn“* My friend told me that he was
virus to prevent chicken pox for |

Lee:* But | think there may be some
|l " ve had c¢chd ckred...pox befor

Jonn“ Come on.. How can it be? Comm
injected virus wild/l cause the dis
sure that once injected, he' s pr o
i fel?”

Discuss who do you think is righ

(From the Immunology curriculum, Republic Polytechnic, 22011)
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Appendix E: Tutor behaviours measured by a questionnaire
involving the use of a five-point Likert scale

Tutor Questions
Behaviour
Subjectmatter 1. The tutor used his/hecontent
expertise knowledge to help us.
2. The tutor has a lot of content knowledgs
Social 1. The tutor showed that he/she liked
Congruence informal contact with us.
2. | was not afraid to tell the tutor when |
did not understand something.
3. The tutor showed interest in au
personal lives.
4. Our efforts were appreciated by the
tutor
Cognitive 1. We could understand the questions
Congruence asked by the tutor.

2. We were interrupted several times by
the tutor, which disturbed the progress
of the group discussion.

3. The tutor helpedus to understand the
topic.

4. | had difficulty understanding the
words/terminologies used by the tutor.







Propositiong 165

Propositions

l. Cumulative learning occurs in Probldrased learning (PBL)
whereby knowledge is progressively built as students advance throug
the different learning phases.

Il. The amount of knowledge gained through collaborative and self
directed learning is influenced by the skills of the PBL tutor to facilitate
and guide students through the problesolving process.

lll.  The creationof learning environments that encourage an open
exchange of ideas can be credited to the social congruent behaviour of
the PBL tutor.

IV. Students facing academic challenges are more inclined to rely on
the PBL tutor to guide and motivate them to actadie learning goals.

V.  The perceptions that students have of their PBL tutor affect their
attitudes and motivation towards learning.

VI.  Students who are actively engaged in the learning process have a
greater chance of academic success.

VII. Hfective PBL tutors are subjentatter experts with the ability to
connect informally and understand the learning difficulties faced by
students.

VIl. Students form judgements of the
learning by observing their behiaurs exhibited in the classroom.

IX. Itis possible for the behaviours of a PBL tutor to change over time.
X. “Nine tenths of eduanatblé Fbancei s enc

XI. Mutations in genes coding for major histocompatibility complex
(MHC) molecule on tumour cells impair-Gell recognition, resulting in
tumour development
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Curriculum Vitae

Esther Chng was boin Singapore o@5 June, 1982. She completed
her primary school education in Singapore before movirity her
family to Uganda, East Africa in 199&here shecontinued her
education atan international school. After 3 years, she relocated to
England where she completed her secondary school education at a
boarding school and eventually went on to obtaanBachelor of
Science (Honours) in the field of Biomedical Sciefnommn Ki ng’ s
College London, United Kingdontpon graduation in 2004 sther
returned to Singaporend decided to embark on a teaching career
with Republic PolytechnicShe joined the Sclab of Applied Science

as an academic staff and hasince been involved in curriculum
development, supervising student projects and facilitating modules in
the field of Biomedical ScienceShe is alscengaged instudent
development activities andverseesalumni matters To further
develop andenhance heprofessionakkills, Esthepursueda Master

of Education from Monash Universitgnd was later given an
opportunity to embark ona PhD under the supervision of Professor
Henk Schmidt, Erasmus UniversityEsther currently holds the
position of Academic Manager in the School of Applied Scéeate
Republic Polytechnigndstill tutors PBL classes on a regular basis



