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Abstract Tutors in a Problem-Based Learning (PBL) curriculum are thought to play
active roles in guiding students to develop frameworks for use in the construction of
knowledge. This implies that both subject-matter expertise and the ability of tutors to
facilitate the learning process must be important in helping students learn. This study
examines the behavioural effects of tutors in terms of subject-matter expertise, social
congruence and cognitive congruence on students’ learning process and on their final
achievement. The extent of students’ learning at each PBL phase was estimated by tracking
the number of relevant concepts recalled at the end of each learning phase, while student
achievement was based on students’ ability to describe and elaborate upon the relationship
between relevant concepts learned. By using Analysis of Covariance, social congruence of
the tutor was found to have a significant influence on learning in each PBL phase while all
of the tutor-related behaviours had a significant impact on student achievement. The results
suggest that the ability of tutors to communicate informally with students 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 compared to tutors’ subject-matter
expertise and their ability to explain concepts in a way that is easily understood by
students. The data presented indicates that these tutor-related behaviours are determinants
of learning in a PBL curriculum, with social congruence having a greater influence on
learning in the different PBL phases.
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Introduction

Problem-based learning (PBL), as its name implies, is learning that is driven by problems.
The PBL process typically consists of three phases, namely a problem analysis, a self-
directed learning, and a reporting phase (Barrows 1988; Hmelo-Silver 2004). During
problem analysis, students examine the problem together with peers, make inferences
based on their prior knowledge and identify questions that need to be answered in order to
understand or solve the problem. After this phase, students 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. Thus, the construction of knowledge in the PBL process is a
result of both collaborative learning while working with peers as well as through individual
self-directed learning (Schmidt 1983).

What then is the role of the tutor in PBL? A tutor is present during the problem analysis
and reporting phase to facilitate and guide students’ learning process. Tutors are expected
to play active roles in the scaffolding of student learning in a PBL curriculum by providing
a framework that students can use to construct knowledge on their own (De Grave et al.
1999). By probing students to think more deeply and modelling for them the kinds of
questions that they should be asking themselves during problem-solving, the tutor—student
relationship can be viewed as a type of cognitive apprenticeship (Hmelo-Silver and Bar-
rows 2006; Schmidt and Moust 2000; Collins et al. 1989).

As such, the behaviors of tutors in the PBL process may be expected to influence
students’ learning. Although various researchers have examined the effects of tutor-related
behaviors (reviewed below), their impact on the PBL process and in students’ knowledge
construction remains unclear. Hence, the objective of this study was to investigate the
influence of tutor-related behaviours on students’ learning process in the different PBL
phases as well as on their achievement.

Several studies have focused on the behaviours related to subject-matter expertise of the
tutor (Silver and Wilkerson 1991; Schmidt et al. 1993). Findings from studies on the
influence of tutors’ subject-matter knowledge remain inconclusive (Davis et al. 1992;
Dolmans et al. 1996). For instance, Davis et al. (1992) found differences in the perfor-
mance of students favouring tutors with specific subject-matter expertise while Dolmans
et al. (1996) found that tutor expertise did not influence student achievement. However,
studies focusing on the differences between tutors with subject-matter knowledge and non-
subject-matter 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, sup-
plied 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 sug-
gestion that achievement can be influenced by the subject-matter expertise of the tutor, and
that this expertise is expressed in particular through directing behaviours displayed in
interaction with the students. In another study by Schmidt et al. (1993), findings indicated
that students guided by tutors with subject-matter expertise spent significantly more time
on self-directed learning as compared to those guided by non-subject-matter experts. On
the other hand, despite finding effects of subject-matter experts, Davis et al. (1992) could
not identify behavioural differences in tutors with subject-matter expertise and those with
lesser subject-matter knowledge.

Besides subject-matter expertise, the ability of tutors to “facilitate” the learning process
is believed to be important. As PBL is student-centred rather than teacher-centred, tutors
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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 discus-
sions generated amongst the students and consider 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 discussion (Maudsley 1999). Schmidt et al. (1994), for instance, com-
pared between faculty tutors and student tutors and the results indicated that faculty tutors
used their subject-matter knowledge more extensively while student tutors were better 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 behav-
iour’ that is exhibited more significantly by student tutors (Dolmans et al. 2002). Cognitive
congruence can be defined as ‘the ability to express oneself in the language of the students,
using the concepts they use, and explaining things in ways easily grasped by students’
(Schmidt and Moust 1995, p. 709). Thus, 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 cognitive congruence was studied by Schmidt and Moust (1995). These
authors suggested that the necessary conditions for cognitive congruence to occur included
both subject-matter expertise and “social congruence.” It was proposed that tutors who are
more cognitively 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 ability to
communicate informally and empathically with students, and hence being able to create a
learning environment that encourages open exchange of ideas (Schmidt and Moust 1995).
Subject-matter knowledge, on the other hand, would equip tutors with the ability to follow
closely and contribute effectively to the discussions generated by students (Schmidt and
Moust 2000). A study conducted by Kassab et al. (2006) found that effective tutors were
perceived by students as those who respected their opinions, were able to establish good
communications, understand their feelings and advise them on how to learn. 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, thus hindering their ability to guide students’ learning.

The data in the study by Schmidt and Moust (1995) was analyzed using structural
equations modelling, a statistical method 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 problem-
solving process while subject-matter expertise of tutors had a slightly direct positive
impact on student achievement. Furthermore, cognitive congruence, which is the combi-
nation of subject-matter expertise and social congruence, was found to influence tutorial
group functioning and this indirectly affected the level of student achievement through an
increase in time spent on self-study. Hence, by using structural equations modelling,
Schmidt and Moust (1995) were able to establish that a higher level of achievement can be
attained through effective tutoring that requires not only the tutors’ content knowledge but
an 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 these interrelated qualities of
tutors affect knowledge construction during the PBL process? Which of these tutor-related
behaviours are most influential on student learning? And in which of the different learning
phases within the PBL process do these behaviours most extensively influence student
learning? In line with the initial findings of Schmidt and Moust (1995), we hypothesized
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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 et al. 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
investigate the effects of tutor-related behaviours on student learning during the PBL
process.

Method
Participants

The participants were second-year students from 13 randomly selected classes from the
Science faculty at a polytechnic in Singapore. Data were collected 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.

Educational context

The implementation of PBL at the polytechnic is based on a rather unique “One-day-one-
problem” approach where students work on one problem per day. In the classroom, stu-
dents are grouped into teams of less than or equal to five and one tutor to guide the learning
process. A brief description of the day’s process is described below:

e Problem analysis phase (approximately 1 h): The problem for the day is presented to
the students by the tutor. Students work in teams to identify the learning issues by
utilizing their prior knowledge, assumptions and experiences. After spending some
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 about the
problem. The tutor also guides students in devising initial pathways for developing a
response to the problem.

e Self-directed learning phase (approximately 4 h): Students spend their time on
individual study or helping their team members when necessary. 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 20 min 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 constructing new knowledge and
encourage students to build on each other’s ideas.

e Reporting phase (approximately 2 h): Students are expected to connect their findings
from their individual studies and demonstrate their ability to evaluate and synthesize
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information. 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 to
assist one another in defending their points of view and elaborating based on questions
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.

The PBL approach adopted here is rather unique in that the entire PBL cycle is com-
pleted within 1 day. However, despite the modifications, this approach remains classified
as PBL based on the ‘six core characteristics of PBL’: (1) the use of authentic problems for
students to 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. As
problems are used as the starting point for learning, (5) the number of lectures are limited
and (6) students would have sufficient time for self-study (Barrows 1996; Hmelo-Silver
2004; Schmidt et al. 2009). Furthermore, learning issues are generated by students and new
information is acquired through self-study rather than direct instruction from the tutor
(Hmelo-Silver 2004).

Materials
Problem statement and subject matter to be mastered

The problem statement for the day was entitled “A Runny Issue” and it introduced stu-
dents to concepts related to the structure and functions of antibodies. Students were to
explore the biological properties of the different classes of antibodies in relation to their
structure as well as antigen binding. The problem statement is presented in Appendix A.

Measurement
Measurement of tutor behaviour

Tutor behaviours were assessed by asking students to complete a questionnaire adapted
from Schmidt and Moust (1995). The questionnaire consists of 10 statements and students
were required to indicate how much they agreed with each statement on a five-point Likert
scale ranging from ‘Not true at all’ to ‘Very true for me’. The questions were crafted with
the intention of gauging three core tutor behaviours, namely, social congruence, subject
expertise and cognitive congruence. Examples of the statements are ‘The tutor helped us to
understand the topic’, ‘The tutor showed interest in our personal lives’ and ‘“The tutor used
his/her content knowledge to help us’. Social congruence was measured by three items and
subject-matter expertise was measured by two while cognitive congruence was measured
by five items. The questionnaire is presented in Appendix B.

The reliability of the questionnaire was determined by calculating Hancock’s coefficient
H for each scale as it is a construct reliability measure for latent variable systems. The
recommended cut-off value by Hancock for the coefficient H is 0.70. For this particular
questionnaire, the coefficient H values ranged from 0.70 (social congruence) to 0.80
(subject-matter expertise), with an average 0.75. In addition, the validity of the ques-
tionnaire was established in Schmidt and Moust (1995).

@ Springer



496 E. Chng et al.

Measurement of students’ learning process

The extent of students’ learning at each PBL phase was estimated using a concept recall
test. This was designed to estimate the number of relevant concepts that students were able
to recall at the end of each PBL phase: problem analysis, self-directed learning and
reporting (Yew et al. 2010). The concept recall test consisted of the following instruction:
“List all the keywords or terminologies that are related to antibodies that you are able to
recall at this stage.” The same question was given to the students at the end of each 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, self-directed
learning, group discussions, and/or peer teaching, they are in fact building semantic net-
works of concepts related to the problem as well as making relations between their prior
knowledge and new ideas (Glaser and Bassok 1989). 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 number of relevant keywords that can be recalled at
any point in time can be considered an indication of the quality and progress of students’
learning.

Measurement of students’ achievement

Students’ achievement at the end of the day was measured via the implementation of an
essay test. The essay was used to estimate the depth of students’ scientific knowledge by
examining their ability to describe and elaborate upon the relationship between relevant
concepts learned (Alao and Guthrie 1999). It consisted of a response to the following
instructions: “Describe and explain as much as you know about the structure and function
of antibodies”.

Procedure

In this study, the questionnaire that was used to measure tutor behaviours was administered
at the end of the reporting phase. 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 concept recall test and essay test that were used to
measure learning that takes place during the “one-day-one-problem” approach adopted by
the institution were also administered on the same day but at different time points.

The concept recall test was administered immediately after each PBL phase—problem
analysis, self-directed learning and reporting. The essay test was administered after stu-
dents had completed the final concept recall test, which was at the end of the reporting
phase. When the students were 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
concept recall test was used as a measure of students’ learning process while the essay test
was used as a measure of students’ achievement at the end of the PBL process.

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

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

To examine the effects of tutor-related behaviours on the learning process, analysis of
covariance (ANCOVA) was used to determine if differences were because of treatment
effect or by chance. The covariate used in this study was the pre-existing 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. By using 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
students’ learning process and achievement as ANCOVA removes the variability of the
dependent variable that can be accounted for by the covariate. The average GPA score of
the 223 students who participated in this study was 2.86 (SD = 0.46).

Prior to performing ANCOVA, the data representing the tutor behaviours was divided
equally into three groups for each independent variable. The purpose of categorizing the
data into three groups was to rank the tutors according to their level of subject-matter
expertise, cognitive congruence and social congruence. The tutors were split using the
33.4% percentile and the 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 allowed the tutors to be ranked
as having a high level, medium level or low level of subject-matter expertise. This ranking
exercise was also conducted for cognitive congruence that had a range of 3.41-3.98
M = 3.65, SD = 0.20) as well as for social congruence with a range of 2.92-4.02
M = 3.27, 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 were analyzed by awarding 1 point to each
relevant keyword listed by the student. Total scores from the concept recall tests completed
after the problem analysis, self-directed learning and reporting phases were tabulated. A
repetition of a keyword within each concept recall test was only counted once.

In the case of the essay tests, the “idea unit” was used as the 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 ‘and’. Each idea unit was awarded with a
score of 2, 1 or 0. A score of 2 was given for a completely correct idea unit, 1 for a partially
correct idea unit and O for a completely incorrect idea unit. Inter-rater correlation between
two judges for the scoring of the essay tests was r = 0.77. Differences in judgment were
resolved by discussion between the judges.

Results

The means and standard deviations of the tutor-related behaviours are shown in Table 1.
There were altogether seven tutors involved in this study and their level of subject-matter
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Table 1 Means and standard

deviations of the independent Tutor-related behaviours N Mean (SD)
variables . .
Subject-matter expertise 7 4.01 (0.22)
Cognitive congruence 7 3.65 (0.20)
Social congruence 7 3.27 (0.37)

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)

N refers to the number of students who completed the tests

expertise (M = 4.01, SD = 0.22), cognitive congruence (M = 3.65, SD = 0.20) and
social congruence (M = 3.27, SD = 0.37) were measured. As for the outcome measures,
the scores from the concept recall tests and essay test from 223 students were used in the
data analysis. The means and standard deviations of the concept recall test administered
after the problem analysis phase (M = 5.63, SD = 3.35); self-directed learning phase
M = 9.64, SD = 4.08); reporting phase (M = 9.90, SD = 3.83) as well as the essay test
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 0.32 to 0.50 at a
significance level of 0.01.

The ANCOVA revealed that the social congruence of tutors had the most influence on
the learning process relative to cognitive congruence and subject-matter expertise. Social
congruence was found to have a significant effect on the total number of concepts recalled
at the end of the problem analysis phase, F(2, 219) = 10.38, p < 0.01; self-directed
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-matter expertise and cognitive
congruence of the tutor on each of the learning phases in the PBL process. Social con-
gruence 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 subject-matter expertise, F(2,
219) = 7.74, p < 0.01, and cognitive 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 tutors in a PBL curric-
ulum would affect the students’ 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 subject-matter 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
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Table 3 Means and standard deviations of test scores with respect to tutor behaviours

Tutor behaviours N Concept recall test score Essay test
score

After problem After self-directed After

analysis learning reporting
Social congruence (low) 68 5.35 (3.25)* 8.40 (3.98)* 9.21 (3.22)* 3.24 (1.73)*
Social congruence (medium) 89 4.79 (2.90)* 9.21 (3.48)* 9.36 (3.75)* 3.34 (1.92)*
Social congruence (high) 66 7.04 (3.61)* 11.50 (4.08)* 11.35 (4.15)* 4.21 (2.03)*
Cognitive congruence (low) 74 6.05 (3.12) 8.92 (3.90) 9.76 (3.33) 3.05 (1.93)*
Cognitive congruence 86 5.45 (3.48) 9.80 (4.01) 10.05 (4.00)  3.55 (1.80)*
(medium)
Cognitive congruence (high) 63 5.37 (3.44) 10.27 (4.32) 9.87 (4.19) 4.20 (2.00)*
Subject-matter expertise 74 6.05 (3.12) 8.92 (3.90) 9.76 (3.33)  3.05 (1.93)*
(low)
Subject-matter expertise 86 5.45 (3.48) 9.80 (4.01) 10.05 (4.00) 3.55 (1.80)*
(medium)
Subject-matter expertise 63 5.37 (3.44) 10.27 (4.32) 9.87 (4.19) 4.20 (2.00)*
(high)

N refers to the number of students
* Significant at the 0.01 level

during the PBL process. Although a significant effect on the PBL process was not iden-
tified for cognitive congruence and subject-matter expertise, the impact for each of the
independent variables on students’ achievement mirror the findings made by Schmidt and
Moust (1995), which concluded that these tutor-related behaviours are all determinants of
learning in a PBL curricula.

So, why is 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 analyze possible solutions that are raised by peers while the tutor observes
student interactions and encourage various kinds of cognitive activities, such as making
connections between concepts and providing feedback (Dolmans et 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 et al. 2009). In order to create a learning envi-
ronment 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 learning process as a more socially congruent tutor
would possess the interpersonal qualities to relate informally with students and this creates
a non-threatening learning environment (Schmidt and Moust 1995). Furthermore, as
learning in a PBL environment is believed 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 effect on students’
achievement, which was observed during data analysis.

Although a significant influence on the PBL process of cognitive congruence and
subject-matter expertise was not found in this study, it is unlikely that these tutor-related
behaviours do not affect the PBL process but only the outcomes of the process. In addition,
the essay test that measured students’ achievement was administered immediately after the
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reporting phase, which did not give students extra time outside of the classroom for self-
study. Thus, the knowledge gained 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 statistically significant effect on the PBL process was not
observed for cognitive congruence and subject-matter expertise could be due to the dif-
ferential sensitivity of the measurement tools used in this study. The concept recall test
required students to recall relevant keywords 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 close attention 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 test
used to measure students’ achievement may have been more sensitive in picking up dif-
ferences as compared to the concept recall test that was used to measure students’ learning
process. Furthermore, the effects of cognitive congruence and subject-matter expertise on
students’ learning process may have been too small to 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 at the end of each PBL
phase without having to make connections with the different concepts. This may have
affected the analysis of students’ understanding about the concepts at each learning phase
in terms of depth and accuracies (Yew et al. 2010). Nevertheless, the concept recall test
was adequate in capturing a significant effect made by social congruence on the PBL
process, which may have been a larger effect as compared to the impact made by cognitive
congruence and subject-matter expertise.

Another possible 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. In
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 deviation for social
congruence was almost twice as large as those of cognitive congruence and subject-matter
expertise (see Table 1). Limited variability in combination with somewhat reduced sen-
sitivity of the dependent variable may explain the absence of effects of cognitive con-
gruence and subject-matter expertise on the PBL-process 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 required before a more definite conclusion on
the tutor-related behaviours on students’ learning process and achievement can be made.

The difference in PBL methodology practiced at this polytechnic as compared to other
educational institutions limits the generalizability of the findings. Students at this poly-
technic 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 institutions may last for a longer period of time and the tutor may not be
present at all times. These differences may influence the effect of tutor-related behaviours
on the students’ learning process and achievement. Additionally, there is an absence of a
long-term 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 long-term effects of
the tutor-related behaviours on student learning.
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Conclusion

The effect of tutor-related behaviours on the PBL process and outcome was explored in
this study. Our results indicated that social congruence had a significant influence on the
learning process while social congruence, cognitive congruence and subject-matter
expertise all had significant effects on student achievement. These findings are not only
supportive of work previously done by Schmidt and Moust (1995) that advocate the
positive influence of 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 cur-
riculum can be based on the development of effective tutor behaviour.

Besides possessing the necessary subject-matter 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 tutor—student relationships that
aid in promoting student engagement in discussions, which translates into better student
performance during the learning process and at the end of the PBL process.

Open Access This article is distributed under the terms of the Creative Commons Attribution Noncom-
mercial License which permits any noncommercial use, distribution, and reproduction in any medium,
provided the original author(s) and source are credited.

Appendix A: 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 prescribed some medicine to relieve the
symptoms. However, Jason’s condition did not improve after a few days. Upon a second
visit to the clinic, the doctor took a sample of Jason’s blood for clinical tests. Jason got his
test results back from the clinic a week later. Looking at his results, he wondered what
could have triggered the infection.
Explain

Normal range Jay’s blood sample
gram per liter (g/L) gram per liter (g/L)

Antibody titer

IgG 6.4-14.3 950

IgM 0.2-14 60

IgE 0.0001-0.0004 0.0002

IgD Less than 0.08 0.04

IgA 0.7-3.0 180

From the Immunology curriculum, Republic Polytechnic, 2008-2009
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Appendix B

See Table 4.

Table 4 Tutor behaviours measured by a questionnaire involving the use of a five-point Likert scale

Tutor behaviour Questions

Social congruence The tutor showed that he/she liked informal contact with us
I was not afraid to tell the tutor when I did not understand something
The tutor showed interest in our personal lives

Cognitive congruence We could understand the questions asked by the tutor

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

The tutor helped us to understand the topic

Our efforts were appreciated by the tutor

I had difficulty understanding the words/terminologies used by the tutor
Subject-matter expertise The tutor used his/her content knowledge to help us

The tutor has a lot of content knowledge

References

Alao, S., & Guthrie, J. T. (1999). Predicting conceptual understanding with cognitive and motivational
variables. The Journal of Educational Research, 92(4), 243-254.

Barrows, H. S. (1988). The tutorial process. Springfield, Illinois: Southern Illinois University School of
Medicine.

Barrows, H. S. (1996). Problem-based learning in medicine and beyond: a brief overview. In L. Wilkerson &
W. H. Gijselaers (Eds.), New directions for teaching and learning (Vol. 68, pp. 3—11). San Francisco:
Jossey-Bass Publishers.

Collins, A., Brown, J. S., & Newman, S. E. (1989). Cognitive apprenticeship: Teaching the crafts of reading,
writing, and mathematics. In L. B. Resnick (Ed.), Knowing, learning and instruction: Essays in honor
of Robert Glaser. Hillsdale NJ: Lawrence Erlbaum Associates.

Davis, W. K., Nairn, R., Paine, M. E., Anderson, R. M., & Oh, M. S. (1992). Effects of expert and non-
expert facilitators on the small-group process and on student performance. Academic Medicine, 67,
470-474.

De Grave, W. S., Dolmans, D. H. J. M., & Van Der Vleuten, C. P. M. (1999). Profiles of effective tutors in
problem-based learning: scaffolding student learning. Medical Education, 33, 901-906.

Dolmans, D. H. J. M., Gijselaers, W. H., Moust, J. H. C., De Grave, W. S., Wolfhagen, I. H. A. P., & Van
Der Vleuten, C. P. M. (2002). Trends in research on the tutor in problem-based learning: conclusions
and implications for education practice and research. Medical Teacher, 24(2), 173-180.

Dolmans, D. H. J. M., Wolfhagen, H. A. P., & Schmidt, H. G. (1996). Effects of tutor expertise on student
performance in relation to prior knowledge and level of curricular structure. Academic Medicine, 71(9),
1008-1011.

Glaser, R., & Bassok, M. (1989). Learning theory and the study of instruction. Annual Review of Psy-
chology, 40, 631-666.

Hmelo-Silver, C. E. (2004). Problem-Based Learning: What and how do students learn? Educational
Psychology Review, 16(3), 235-266.

Hmelo-Silver, C. E., & Barrows, H. S. (2006). Goals and strategies of a Problem-based learning facilitator.
The Interdisciplinary Journal of Problem-based Learning, 1(1), 21-39.

Kassab, S., Al-Shboul, Q., Abu-Hijleh, M., & Hamdy, H. (2006). Teaching styles of tutors in a problem-
based curriculum: students’ and tutors’ perception. Medical Teacher, 28(5), 460-464.

Marsh, H. W. (1991). Multidimensional students’ evaluations of teaching effectiveness: a test of alternative
higher-order structures. Journal of Educational Psychology, 11, 253-388.

@ Springer



Effects of tutor-related behaviours 503

Maudsley, G. (1999). Roles and responsibilities of the problem based learning tutor in the undergraduate
medical curriculum. British Medical Journal, 318, 657-660.

Meyer, B. J. F. (1985). Prose analysis: Purposes, procedures, and problems. In B. K. Britton & J. Blacks
(Eds.), Analyzing and understanding expository text (pp 11-64, 269-304). Hillsdale, N.J.: Erlbaum.

Schiefele, U., & Krapp, A. (1996). Topic interest and free recall of expository text. Learning and Individual
Differences, 8(2), 141-160.

Schmidt, H. G. (1983). Problem-based learning: rationale and description. Medical Education, 17, 11-16.

Schmidt, H. G., & Moust, J. H. C. (1995). What makes a tutor effective? A structural equations modeling
approach to learning in problem-based curricula. Academic Medicine, 70, 708-714.

Schmidt, H. G., & Moust, J. H. C. (2000). Factors affecting small-group tutorial learning: a review of
research. In D. H. Evensen & C. E. Hmelo (Eds.), Problem-based learning: A research perspective on
learning interactions (pp. 19-52). Mahwah, NJ: Lawrence Erlbaum.

Schmidt, H. G., Van Der Arend, A., Kokx, I., & Boon, L. (1994). Peer versus staff tutoring in problem-based
learning. Instructional Science, 22, 279-284.

Schmidt, H. G., Van Der Arend, A., Moust, J. H. C., Kokx, 1., & Boon, L. (1993). Influence of tutors’
subject-matter expertise on student effort and achievement in problem-based learning. Academic
Medicine, 68, 784-791.

Schmidt, H. G., Van Der Molen, H. T., Te Winkel, W. W. R., & Wijnen, W. H. F. W. (2009). Constructivist,
problem-based learning does work: A meta-analysis of curricular comparisons involving a single
medical school. Educational Psychologist, 44(4), 227-249.

Silver, M., & Wilkerson, L. (1991). Effects of tutors with subject expertise on the problem-based tutorial
process. Academic Medicine, 66, 298-300.

Wetzel, M. S. (1996). Developing the role of the tutor/facilitator. Postgraduate Medical Journal, 72,
474-4717.

Yew, E. H. J., Chng, E., & Schmidt, H. G. (2010). Is learning in problem-based learning cumulative?
Advances in Health Sciences Education (doi:10.1007/s10459-010-9267-y).

@ Springer


http://dx.doi.org/10.1007/s10459-010-9267-y

	Effects of tutor-related behaviours on the process of problem-based learning
	Abstract
	Introduction
	Method
	Participants
	Educational context
	Materials
	Problem statement and subject matter to be mastered
	Measurement

	Measurement of tutor behaviour
	Measurement of students’ learning process
	Measurement of students’ achievement
	Procedure
	Analysis

	Results
	Discussion
	Conclusion
	Open Access
	Appendix A: Problem statement that was offered to students
	‘A runny issue’

	Appendix B
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


