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The purpose of this study was to compare problem-based learning (PBL) and traditional lecture
students’ expectations about physics and physics learning and course grades in an introductory
physics classroom. A total of 264 (PBL, n = 100; traditional, n = 164) freshman engineering students of
Dokuz Eylul University (DEU) in Izmir, Turkey participated in the study. Student expectations were
measured through the pre and post application of the Maryland Physics Expectations Survey (MPEX).
Physics achievement data were obtained from students’ end-of -semester physics grades. Data were
analyzed using the analyses of variance (ANOVA), the repeated measure and multivariate analysis of
variance (MANOVA) statistics. Results revealed that groups did not differ in their average MPEX scores
as a result of one semester of instruction. Significant differences were determined in some components
of the MPEX with respect to gender and instruction type. Overall, results of this study suggest that PBL
approach has no positive influence on students’ achievement in and expectations about physics and
physics learning for this particular group of students. Implications of the results for physics education

and further research are discussed.
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INTRODUCTION

Students’ expectations about learning and science
knowledge have been emphasized in the literature
because of its importance for the learning of science
(Prosser, Walker, and Millar, 1996; Radloff and De La
Harpe, 2001; Redish, Saul, and Steinberg, 1998).
Expectations are beliefs about the learning process and
the structure of knowledge (Mistades, 2007). It has been
well established that students come to physics classes
with a view that might be very different from instructors’
beliefs. These beliefs have been shown to affect how
students learn and what they want to learn. Helping
students attain more expert-like beliefs can foster their
learning. To do this, researchers have developed a series
of instructional approaches. One of them is problem-
based learning which has been used widely throughout
the world and has been in some cases shown to enhance
students’ social skills, motivation, and interest in the
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subject matter.

Problem-based learning

Problem -based learning (PBL) has been employed in
medical schools for a long time (Barrows and Tamblyn,
1980). It has gained prominence as a way of instruction in
various disciplines including medicine, engineering, and
education among others (Edens, 2000; Edwards and
Hammer, 2004; Eldredge, 2004; Fink et al., 2002; Jones,
2006; Kwan, 2000; Saarinen-Rahiika and Binkley, 1998;
Stonyer and Marshall, 2002). PBL was not a popular
mode of instruction in physics until last decade or so
(Sahin, 2007, 2009; Duch, 1995, 1996; Raine and Collett,
2003).

The definition of PBL varies widely due to differences
in practice and has appeared in various review papers
such as Gijbels et al. (2005) and Prince (2004). It is not
intend of this paper to cover the history of PBL, however,
it may be useful for the reader to mention some basic
features of PBL here. The key characteristic of PBL,



according to Gijbels et al. (2005) is posing a ‘complex
problem’ to stu-dents to initiate the learning process. Torp
and Sage (2002) described PBL as focused, experiential
learning organized around the investigation and resolu-
tion of messy, real-world problems. They describe stu-
dents as engaged problem solvers, seeking to identify the
root problem and the conditions needed for a complete
solution and in the process becoming self-directed
learners. Rhem (1998) suggests a PBL definition that
emphasizes meaning-making over fact-collecting. PBL is
generally implemented as a small group tutorial in which
students work through scenarios. The scenarios provide
the context for learning; involve ill-structured, interesting,
open-ended, and real-life problems to motivate students
and stimulate discussion (Levin, 2001).

Research conducted on the effectiveness of PBL has
been mostly in the field of medicine as evidenced in
several comprehensive reviews of literature (Albanese
and Mitchell, 1993; Berkson, 1993; Colliver, 2000; Major
and Palmer, 2001; Norman and Schmidt, 1992, 2000;
Prince, 2004; Vernon and Blake, 1993). Despite a gene-
ral agreement on the definition of PBL, the approach
varies greatly in application. The large variation in PBL
practices makes the evaluation of its effectiveness diffi-
cult. Researchers who have investigated PBL in medical
schools have reached contradictory conclusions. For
example, Albanese and Mitchell (1993) concluded that
problem-based instructional approaches were less effec-
tive in teaching basic science, whereas Vernon and Blake
(1993) reported that PBL approaches were more effective
in generating student interest, sustaining motivation, and
preparing students for clinical interactions with patients.
Moust, Van Berkel and Schmidt (2005) noted that re-
search into PBL has shown that PBL has a positive effect
on the process of learning as well as on learning out-
comes. Prince (2004) in his review of action learning
suggests that it is difficult to conclude if it is better or
worse than traditional curricula, and that ‘it is generally
accepted ... that PBL produces positive student attitudes’
(p. 228). Major and Palmer (2001) agree with Prince and
conclude their review of PBL literature by stating ‘stu-
dents in PBL courses often report greater satisfaction
with their experiences than non-PBL students’ (p. 4).
However, a study by Beers (2005) demonstrated no
advantage in the use of PBL over more traditional ap-
proaches. In an experimental study designed to investi-
gate the effectiveness of PBL among first-year students
in the college of science at a university in Peru, Alcazar
and Fitzgerald (2005) found that students in the PBL
sections obtained statistically significant higher scores in
the post-test for the item measuring higher order thinking
skills than students in the non-PBL sections.

There are very few studies on the effectiveness of PBL
in physics education (Akino lu and Tando an, 2007). A
study conducted to determine the effects of problem-
based active learning in science education on seventh
grade students’ academic achievement and concept

learning found that the implementation of problem-based
active learning model had positively affected students’
academic achievement and their attitudes towards the
science course. It was also found that the application of
problem-based active learning model affected students’
conceptual development positively. Sahin (2007) discus-
ses the factors that may have roles in the efficiency of
PBL approach such as group work, integration of disci-
plines, and the role of instructor and suggests researches
to investigate the effects of these factors. Sahin
(accepted for publication) has reported the results of an
exploratory study on expectations of university students
about physics and physics learning in a PBL class.
Results of the study revealed that students’ expectations
deteriorated rather than to improve as a result of one
semester of instruction.

The literature on the efficacy of PBL suggests conflict-
ing views; as Prince (2004) remarks, we need further
research evidence to better understand what works and
support or reject the view that PBL is better, and in what
way(s) than traditional methods. Therefore, with the hope
to contribute to physics education and PBL literature, this
study aims to determine the expectations of students
enrolled in an introductory physics course utilizing
problem-based learning approach and compare these to
that of students enrolled in a traditional introductory phy-
sics course. In addition, this study has compared both group
students’ physics performance which was measured via course
grades.

Expectations about physics

The phrase expectation was used (Redish et al., 1998) to
represent students’ prior conceptions, attitudes, beliefs,
and assumptions about what sorts of things they will
learn, what skills will be required, and what they will be
expected to do in addition to their view of the nature of
scientific information in a physics classroom. The study
by Redish et al. (1998) has focused on “students’ expec-
tations about their understanding of the process of
learning physics and the structure of physics knowledge”
(p. 213). The term expectation was used in the same
meaning in the present study.

Instructors in science courses may have implicit
expectations about what students should learn and how
to learn it (Lin, 1982) . Redish et al. (1998) refer to these
goals as the “hidden curriculum.” It has been shown that
students come to physics classes with a variety of goals
and expectations about physics and physics learning most
of which are very different from that of an expert’s beliefs.
As Hammer (1994) reports, some students consider phy-
sics as weakly connected pieces of information to be
learned separately, whereas others see physics as a
coherent set of ideas to be learned together. Some
students perceive learning physics as memorizing formu-
las and problem solving algorithms, while others think
that learning involves developing a deeper conceptual



understanding. Some students believe that physics is not
connected to the real world, while others believe that
ideas learned in physics are relevant and useful in a wide
variety of real contexts. Researchers who investigated
students’ expectations and their role in physics learning
have reported that students’ expectations have effects on
how they study, how they learn, and what they want to
learn (e.g., Hogan, 1999; Lederman, 1992; McDermott
and Redish, 1999 and the references therein).

Studies by Carey et al. (1989) and Songer and Linn
(1991) have indicated that many pre-college students
have misconceptions both about science and about what
they should be doing in a science class. For example,
Songer and Linn (1991) studied students in middle
schools and determined that they could categorize
students as having beliefs about science that were either
dynamic (science is understandable, interpretive, and
integrated) or static (science knowledge is memorization-
intensive, fixed, and not relevant to their everyday lives).
In describing high school students’ assumptions about
mathematics learning, Schoenfeld (1992) concluded that
student’s beliefs shape their behavior in ways that have
extremely powerful (and often negative) consequences.
Halloun and Hestenes (1985) suggested that the more
consistent the students’ and instructors’ views about
learning physics were, the better these students
performed in the course.

The literature emphasizes that expectations are
important in how students make sense of their world and
their learning. If inappropriate expectations play a role in
students’ common difficulties with introductory calculus-
based physics, they need to be tracked and documented
in order to help students improve their expectations which
may in turn increase their success and enrollment in
introductory physics classes. There are only a few
researchers who studied student beliefs in the field of
introductory physics (Author, 2009; Elby, 2001; Hammer,
1989, 1994, 1995; Roth and Roychoudhury, 1994; Redish
et al., 1998). Except for several studies which reported
gains on the MPEX (e.g.,, Elby, 2001; Marx and
Cummings, 2007), studies in this area generally reported
deteriorating post MPEX scores (e.g., Redish et al., 1998;
Ornek et al.,, 2008). Author (2009) has investigated the
correlations of PBL and traditional students’ course grades,
expectations and beliefs about physics and selected student
variables in an introductory physics course in engineering
faculty. Students’ expectations and beliefs about the kind of
activities and work necessary to make sense out of physics
were found to be related to their physics grades.

A common way of measuring students’ views, expecta-
tions, and beliefs about physics and science is to use
surveys (Kortemeyer, 2007). Some of the most com-
monly found surveys in the literature are, the Views about
Science Survey (VASS) (Halloun, 1997), the Maryland
Physics Expectations Survey (MPEX) (Redish et al.,
1998), the Epistemological Beliefs Assessment Survey
(EBAPS) (Elby et al., 1997), and the Colorado Learning

Attitudes about Science Survey (CLASS) (Adams et al.,
2004). The present study has employed the MPEX as the
instrument to measure students’ expectations.

The Maryland physics expectations survey (MPEX)

The MPEX developed by Redish et al. (1998) is a widely
used scale primarily intended to evaluate the impact of
one or more semesters of instruction on an overall class.
The MPEX consists of a variety of statements about the
nature of physics, the study of physics and students’
relation to them. It has 34 items rated on a five-point
Likert-scale from strongly disagree (1) to strongly agree
(5). Items for the survey were chosen as a result of a
detailed literature review, discussions with physics
faculty, and Redish and his colleagues’ (1998) combined
35 years of teaching experience. The items were then
validated in a number of ways: by discussion with other
faculty and physics education experts, through student
interviews, by giving the survey to a variety of “experts,”
and through repeated delivery of the survey to groups of
students. The authors defined “expert” as the response
that was given by a majority of experienced physics
instructors who have a high concern for educational
issues and a high sensitivity to students. The authors of
the survey referred to the extreme view that agrees with
that of most expert scientists as the ‘expert’ or favorable’
view, and the view that agrees with that of most novice
students as the ‘novice’ or ‘unfavorable’ view. In addition,
the collection of survey items designed to probe a
particular dimension was referred to as a cluster.

The MPEX focuses on six clusters (dimensions or fac-
tors) along which to categorize student attitudes toward
the appropriate way to study physics: Beliefs about
learning physics (Independence), beliefs about the con-
tent of physics knowledge (Concepts), beliefs about the
structure of physics knowledge (Coherence), beliefs
about the connection between physics and reality (Reality
Link), beliefs about the role of mathematics in learning
physics (Math Link), and beliefs about the kind of
activities and work necessary to make sense out of
physics (Effort). The italics indicate the MPEX clusters.

MATERIALS AND METHODS

This is a descriptive/comparative study aimed to determine and
compare university students’ expectations in a calculus-based intro-
ductory physics course utilizing PBL and traditional lecture
approaches. In addition, the study has compared students’ physics
performance and background variables, such as gender. Students’
physics performance was determined from students’ final raw
percentage scores not from the letter grades, since raw scores
provide finer grained information about the overall student
performance in the course (Kortemeyer, 2007).

Sample

The study involved 264 students at their second semester of a



Table 1. Distribution of the sample according to gender
and instruction type.

PBL Group Traditional Group

Gender n % n % Total
Female 30 30 46 28 76
Male 70 70 118 72 188
Total 100 100 164 100 264

calculus-based introductory physics course at DEU (Table 1) .
There were 100 students in the PBL group and 164 students in the
traditional group. The PBL group students ranged in age from 19 -
23 years, with an overall mean age of 20.6 (SD = 1.32). Traditional
group students ranged in age from 19 - 23 years, with an overall
mean age of 20.4 (SD = 1.18). The sample of this study was a
convenient sample. They were selected by virtue of being the
students in the school where the researcher worked (Sander et al.,
2000). Students in the departments of electrical and electronics,
geological, and geophysics engineering are instructed through PBL
approach. The civil, environmental, and computer engineering
departments utilized traditional lecture method.

The modified MPEX

For the purpose of this study, the MPEX was modified and
translated into Turkish, and was examined by physics education
and Turkish language experts in terms of appropriateness of
wording to validate the survey for use with this particular sample.
The author paid special attention and worked with physics
education and Turkish language experts to maintain the meaning of
the originnal items during the translation of the MPEX into Turkish.
The items and the structure of the survey were maintained. A factor
analysis conducted on the data obtained confirmed the original
clusters, yielding a Cronbach alpha value for the overall instrument
as 0.74. Reliability values for the six clusters ranged from 0.68 to
0.81. Beginning and end of semester scores were calculated for
participating students. The same analysis was done for each cluster
of the MPEX for which sample items are given below (Redish, et al.,
1998):

(1) Independence. Unfavorable: In this course, | do not expect to
understand equations in an intuitive sense; they must just be taken
as given.

(2) Coherence. Unfavorable: Knowledge in physics consists of
many pieces of information each of which applies primarily to a
specific situation.

(3) Concepts. Favorable: When | solve most exam or homework
problems, | explicitly think about the concepts that underlie the
problem.

(4) Reality link. Unfavorable: Physical laws have little relation to
what | experience in the real world.

(5) Math link. Unfavorable: All | learn from a derivation or proof of a
formula is that the formula obtained is valid and that it is OK to use
it in problems.

(6) Effort. Favorable: | go over my class notes carefully to prepare
for tests in this course.

Problem-based learning at Dokuz Eylul University (DEU)

It is important to describe the application of PBL in detail to help the
reader evaluate the effectiveness of PBL in this study. Since the
literature has shown that it is difficult to determine the effectiveness
of PBL due to wide a variety of practice, to provide some detailed

information about the application process in this study would help to
understand what is being studied and what works.

Several departments of DEU have replaced its traditional
curriculum program with a modular PBL approach starting with the
freshman class in Fall, 2002. PBL curriculum is supposed to
motivate, improve students’ creative thinking skills, and enable
them to interact with peers, faculty, and the subject matter and
hence positively influence student learning.

Modules are basically scenarios within which concepts are
presented in a real-life problem. First year modules are integrated
scenarios including concepts from physics, mathematics, and
sometimes from basic engineering, materials, and/or chemistry
courses. PBL sessions aimed at the discussion of problems
constructed in a scenario-like context by the students were formed
into groups of eight. The process usually takes place as the
following:

The tutor distributes copies of the first part of the scenario to the
group. Students read aloud the context of the problem, define the
problem, produce hypotheses, and discuss them in the light of the
new information provided in the next section of the scenario, and
disregard false hypotheses thus forming a hypothesis toward the
solution of the problem. Students determine the concepts which
they need to study and learn mostly in the first session as a kind of
a learning objective emerging from that session. The process takes
two or three PBL sessions until an agreement about the solution of
the problem is reached.

A module includes a laboratory section that differs from
traditional labs. Groups of 5 - 6 students carry out PBL labs
(physics or electronics). There is one lab assistant per two groups.
There is no lab manual in the PBL labs, students are provided with
a brief description sheet about the experiment.

In addition, PBL program has a project part. Groups formed by
5-6 students work together throughout the semester to plan, design,
implement, and report a project. During the process students are
monitored, guided, encouraged, and evaluated via weekly consul-
tations by the instructors. At the end of the semester, students
present their projects in the form of posters and hand in a final
report.

There is an evaluation test (exam) at the end of each module.
Students’ end-of-module exam scores, PBL session scores, and lab
and project scores are averaged and they are given a final score.
Students who scored 70 or above are considered successful and
students who scored below 70 are considered unsuccessful and
need to repeat the module and hence the whole year.

Data collection and analyses

Data were collected via the pre and post application of the MPEX to
264 freshmen engineering students of Dokuz Eylul University during
the second semester of 2006 - 2007 academic years. To obtain
matched pre- post data, only those students who took MPEX as
both a pre- and a post-assessment (n = 264) were included.
The Traditional group physics grades were calculated from
homework, two midterms, and a final exam. In this study, only
students’ final grades were available as a measure of their physics
understanding and used as the dependent variable. All engineering
students at DEU have very similar scores on university entrance
examination. Therefore, all students were regarded as having
similar science and mathematics background based on their similar
scores on the university entrance examination. Both groups were
taught by the same physics instructor and thus both groups were
tested using the same tests in all exams. Structure of the courses
and the number of students in both groups are presented in Table
2.

Data were analyzed using SPSS 13.0 statistical analysis pro-
gram. Means and standard deviations were calculated and analysis



Table 2. Characteristics of the groups of study.

Institution Instructional Characteristics n

DEU PBL group (Modular) Problem-based active learning, with group learning PBL 100
sessions, traditional presentations, labs, and small projects

DEU Traditional group Traditional lectures and recitations with no labs 164

Table 3. Percentage of students’ favorable/unfavorable responses on overall and

clusters of the MPEX.

Overall Ind. Coh. Con. Reality Math Effort n
Experts 87/6 93/3 85/12 89/6 93/3 92/4  85/4
DEU PBL pre  47/30 35/39 37/37 39/38 65/17 46/29 55/21 100
post 38/33 29/43 25/44 37/30 51/20 35/34 47/23
DEU trad. pre  44/32 34/41 38/37 39/36 53/21 45/32 51/26 164
post 38/35 31/41 31/40 38/36 45/28 38/32  47/28

Note. Ind.: Independence; Coh: Coherence; Con.

link.

of variance (ANOVA), repeated measure analysis of variance, and
multivariate analysis of variance (MANOVA) were conducted to
compare the students of both groups. Partial n~ (eta square)
statistics and the Time x Group interaction effect were examined to
determine the effect of PBL. Multivariate analysis helps control for
intercorrelations among variables (Tabachnick and Fidell, 2001)
and is considered the more statistically powerful technique in the
context of repeated measures experiments. Partial n2 are recom-
mend as a measure of accounted for variance, either in an ANOVA
or in a MANOVA (Tabachnick and Fidell, 2001). It is equivalent to a
squared partial correlation (Levine and Hullett, 2002). The Time x
Group interaction estimates the treatment effect in a repeated
measures analysis of pre- and posttreatment data and is equivalent
to a one-way ANOVA of difference scores (Bonate, 2000).

The results are presented by specifying the percentage of
favorable responses. A ‘favorable’ response is defined as a res-
ponse in agreement with the expert response and an ‘unfavorable’
response is defined as a response in disagreement with the expert
response. Agree and strongly agree responses (4 and 5) were
added together and disagree and strongly disagree responses (1
and 2) were added together. Table 3 displays students’ MPEX
percentage scores in the form of favorable/ unfavorable in each
cluster and overall. The percentage of neutrals and not answering
can be obtained by subtracting the sum of the favorable and
unfavorable responses from 100.

RESULTS AND DISCUSSION

The initial state of the PBL and the traditional students at
DEU differs substantially from the expert responses as
indicated in Table 3. The PBL students agreed with the
favorable (expert) responses about 35 - 65% of the time
in the first deployment, 25 - 51% of the time in the post
deployment and the traditional students agreed with the
favorable responses about 34 - 53% of the time in the
first deployment, and 31 - 47% of the time in the post
deployment in the clusters of the MPEX. All DEU
students’ expectations deteriorated as a result of one

: Concepts; Reality: Reality link; Math: Math

semester of instruction, whether in the PBL or traditional
classes.

Overall, all DEU students showed lower favorable
expectations and higher unfavorable expectations than
other university students (Ornek et al., 2008; Redish et
al., 1998). It was reported that students’ overall expecta-
tion scores deteriorate rather than improve between the
beginning and end of a course, even at universities and
colleges employing research-based curricular approa-
ches which were shown to result significantly better
conceptual learning than traditional curricula do, as
measured by the FCI and other evaluation instruments
(Hake, 1998). Hence, it may be concluded that these
results suggest that students can involve in effective
learning without changing their views and beliefs
regarding the nature of learning and knowledge (Lising
and Elby, 2005).

To determine whether the PBL group mean favorable
scores differed from that of the traditional group and to
determine if the students’ favorable means were different
with respect to course grade, analyses of variance were
conducted. Descriptive statistics such as mean (M) and
standard deviation (SD) were determined for all variables.
All analyses were conducted at a significance level of
alpha = 0.05. In the data the groups have different sam-
ple sizes. This may have influence the group variances.
The ANOVA assumes that groups are normally distributed
with equal variances, though it is robust upon departures
from these conditions. The results of ANOVA were
confirmed with Welch’s test, which identifies differences
between groups and does not require equal variances. In
all cases, Welch'’s test agreed with the results of ANOVA.
Table 4 presents means and standard deviations by
group for the overall average favorable percent scores on
the pre and post application of the MPEX.



Table 4. Pre- and post application means and standard deviations for PBL and

traditional groups on overall MPEX.

Measure PBL, n=100 Traditional, n = 164
Overall percent favorable score M SD M SD
Pre 47.33 13.37 43.94 15.59
Post 38.13 14.88 38.14 13.77

48

461 Traditional

44

42+

46

Average favorable percent scores

387

Time

Figure 1. Pre- and post average favorable percent scores
for PBL and traditional groups.

Results indicated a non-significant main effect for
group (F1, 2621 = 1.53, p = 0.22, partial n2 = 0.006), for
overall percent favorable score as a multivariate compo-
site. Univariate ANOVA indicated that PBL and traditional
groups did not differ in their overall average favorable
percent scores across pre- and post administration of the
MPEX. Results from 2 (group) x 2 (time) repeated mea-
sure analysis of variance yielded a significant main effect
for time (F [1, 262] = 36.97, p = 0.000, partial 112 = 0.124)
suggesting that average favorable percent scores for
both groups decreased from pre to post administration
(Table 4). However, the lack of a significant Time x Group
interaction (F1, 262) = 1.90, p = 0.169, partial n2 =0.007)
suggested no between-group differences in the pre to
post administration change in overall average favorable
percent scores. Figure 1 shows the mean pre- to post
application change per group across time on the overall
MPEX.

Since the groups did not differ in their overall MPEX
scores, further analyses were conducted to see whether the
scores of groups would differ on any cluster of the MPEX. A
MANOVA revealed that PBL and traditional groups did not
differ in their pre-scores on all the MPEX clusters except for
reality link cluster (Fj1, 262] = 11.46, p =
0.001, partial n2 = 0.042) on which the PBL students (M =
65) had significantly higher average pre-scores than the

traditional students (M = 53).
The MANOVA results also revealed that the groups did
not differ in their post-scores on all the MPEX clusters

except for coherence cluster (F1, 262) = 5.70, p = 0.018,

partial n2 = 0.021) on which traditional students (M = 31)
had significantly higher average post-scores than PBL
students (M = 25). Thus the results suggest that groups
did not differ in their coherence cluster scores at the
beginning but they differ in that at the end of the seme-
ster. In addition, groups differed in their reality link cluster
score at the beginning but they were not different in that
at the end of the semester. It would be more informative
to look at the changes in both groups’ cluster scores from
pre to post administration and compare the groups with
respect to these changes.

Results indicated a non-significant main effect for group,

for independence (Fy1, 262] = 0.40, p = 0.528, partial

112 = 0.002), coherence (F[1, 262] = 3.19, p = 0.075, partial n2
=0.012), concepts (F[1, 262] = 0.12, p = 0.725, partial n )
= 0.000), math link (F1, 262] = 0.26, p = 0.608, partial n~ =
0.001), and effort clusters (Fp1, 262) = 0.74, p = 0.392,
partial n© = 0.003) and a statistically significant main
effect for groug, for reality link (F[1, 2621 = 11.68, p =
0.001, partial n~ = 0.043) for percent favorable scores on
these clusters as multivariate composite.

The repeated measures MANOVA indicated that PBL
and traditional groups did not differ in their average
favorable percent scores on independence, coherence,
concepts, math link, and effort clusters across pre- and
post administration of the MPEX. Univariate ANOVA also
indicated that the PBL group had higher average
favorable percent score on reality link cluster than did the
traditional group across pre- and post administration
(Table 3).

Results of a 2 (group) x 2 (time) repeated measures
MANOVA vyielded a statistically significant main effect for

tir2ne for independence (F[1, 262] = 5.91, p = 0.016, partial
n~ =0.022), for coherence (F1, 262) = 23.62, p = 0.000,
partial n2 = 0.083), reality link (F1, 2621 = 19.31, p = 0.000,
partial n2 = 0.069), math link (F1, 262] = 18.81, p = 0.000,
partial n° = 0.067), and effort (F1. 262 = 8.36, p = 0.004,
partial n~ = 0.031) clusters and a non-significant main
effect for time for concepts (Fp1, 262; = 0.38, p = 0.539,
partial n2 = 0.001) cluster. The statistically significant
main effect for time for the former clusters suggests that

scores for both groups decreased from Time 1 (pre) to
Time 2 (post), however, a non-significant main effect for



Table 5. Pre- and post application means and standard deviations for PBL
and traditional groups on overall MPEX according to gender.

Average favorable percent scores

Group Gender n
Pre Post Pre Post
PBL Female 50 37 13.36 1297 30
Male 46 39 13.35 1568 70
Traditional Female 42 37 17.45 1347 46
Male 45 38 14.84 1392 118
Female 45 37 16.26 13.19 76
Total Male 45 39 14.29 1456 188
Total 45 38 14.85 1417 264
r 464 : 0.617, partial n2 = 0.001) for the percent favorable score
l g Gender | L L
I g emale | as multlva_rlate composite, |nd|cat|ng that that males and
: 2 : : females did not differ in their average favorable percent
| § 44 X | T Male | scores on overall MPEX across pre- and post admini-
2 I stration.
: % 43+ : Results from the 2 (gender) x 2 (time) repeated mea-
e | sure analyses of variance yielded a statistically significant
: S 40 : main effect for time (F1, 262) = 31.09, p = 0.000, partial n2
| & | = 0.106). This suggests that average favorable percent
: & : scores for males and females have dropped from pre to
| & 38 | post administration (Table 5). However, the lack of a
: = : significant Time x Gender interaction (F[1, 262) = 1.90, p =
| 36 | 0.169, partial 112 = 0.007) suggested no gender differ-
: I | i rences in pre to post administration change in overall
| 1 2 | average favorable percent scores. Figure 2 shows the
l________________Iir_nQ ___________ ] mean pre- to post application change for gender across

Figure 2. Pre- and post average favorable percent scores for
females and males.

time for concepts cluster suggests that scores for both
groups did not change from Time 1 to Time 2 (Table 3).
The Time x Group interaction was not significant for
any of the clusters, which suggested relative stability in
the magnitude of favorable percent-score differences bet-
ween PBL and traditional groups. To determined whether
gender was a significant factor in the students’
expectations and in the change in those expectations, a
series of univariate and repeated measure analyses of
variance were conducted using the gender as the
between subjects factor. Table 5 presents means and
standard deviations by group for the overall average
favorable percent scores on pre and post application of

the MPEX according to gender.
Univariate ANOVA analyses revealed that males (M = 45)

and females (M = 45) did not differ in their pre (F[1, 262] =
0.00, p = 0.993, partial nz =0.000) and post scores (F[1,
262] = 0.56, p = 0.453, partial 112 = 0.002) on overall
MPEX. A repeated measures ANOVA revealed a non-
significant main effect for gender (F1, 262] = 0.25, p =

time on the overall MPEX.

In this study students’ physics learning was measured
by their end-of-semester course grades. Although this
score alone may not be enough to represent student
learning, it still gives some insight into students’ physics
knowledge measured by tests, exams, and homework
prepared by the instructors. A similar approach was used
elsewhere (Kortemeyer, 2007). Means and standard
deviations for PBL and traditional group physics end-of-
semester grades are presented in Table 6.

The Univariate ANOVA results indicated that traditional
students (M = 71.41) had significantly higher average
physics grades than PBL students (M = 64.97). This
result should be evaluated keeping in mind that the diffe-
rence may have been occurred due to simply by chance,
or to some student related factors such as lack of interest
and motivation in and toward PBL, or because of instruct-
tional contexts. In addition, since there is no other pre-
measure of students’ physics achievement other than the
university entrance examination scores (which are very
similar for the participants of this study), the change from
pre to post measurement might not be significant as well.

The Univariate ANOVA results indicated gender
differences for traditional lecture method. No significant
gender difference was found for PBL approach. Average



Table 6. PBL and traditional group end-of- semester
mean physics grades.

Group Gender Physics grades
M SD n
PBL Female 67.27 9.01 30
Male 63.99 1262 70
Total 64.97 11.71 100
Traditional Female 75.22 10.31 46
Male 69.92 12.02 118
Total 7141 11.78 164

physics grades of females were higher than that of males,
however, the difference was not significant. Males and
females in the PBL group had similar end-of-semester
physics grades (F[1, 98] = 1.66, p = 0.201, partial

n~ = 0.017), whereas females had significantly higher
physics grades than did males in the traditional group
(F, 262) = 6.93, p = 0.009, partial n2 = 0.041). Caution
should be advised in generalizing this finding since the
number of females was significantly lower than males in
both groups. Hence, gender effect in physics grade and
instruction type might have occurred simply by chance.
Of course, there can be a gender effect as well and in this
particular study, females might have obtained higher
physics grades than did males.

Conclusion

The purpose of this study was to investigate university
students’ achievement in and expectations about physics
in an introductory calculus-based physics course utilizing
different instructional techniques. The study has com-
pared achievement and expectations of PBL and tradi-
tional group students in a physics class. In addition,
relationships of student expectations, achievement, and
gender were examined. The overall scores (that is,
percent agreement with the expert group) of PBL (overall
38%) and traditional students (overall 38%) on the MPEX
clusters were very low compared to expert scores. The
students’ expectations about physics were found to
deteriorate rather then improve after one semester of
instruction.

Decreases in both groups’ favorable scores were
statistically significant for the overall MPEX. The PBL
group had higher average favorable percent score on
reality link cluster than did traditional group across pre-
and post administration. Comparisons of the PBL and
traditional group students’ pre- and post scores revealed
that the groups did not differ in their overall favorable
scores at the beginning of the semester and also at the
end of the semester groups did not differ in their overall
favorable scores. The results suggest that PBL was no
different than traditional instruction in influencing
students’ achievement in and expectations about physics.

One of the possible explanations of low scores of both
groups might be the students’ negative feelings about
physics and the course at the beginning of the semester,
and the fact that they thought they could not do physics,
and perhaps the most important was that they had grade
concerns. The PBL group was more concerned about
their grades because to be successful they require a total
final grade of 70 out of 100. The traditional group
students require a total of 60 out 100 to pass the course.
It is thought that grade concern puts a considerable
pressure on the PBL group students since as observed
by the author. In addition to grade concerns, it is thought
that heavy course loads of the PBL students might have
influenced their expectations and beliefs about the
course. The PBL students had very limited free time for
individual studies. They spent a great deal of effort and
time on the project which constituted only 5% of their final
grade.

Gender was found to be a significant factor in several
clusters. Males and females in both groups did not differ
in their favorable scores on overall MPEX. Decreases in
pre- and post-scores of males and females in both groups
were statistically significant.

Favorable scores of both groups in this study were
relatively lower than that of other universities reported in
the literature. Deteriorating results were also reported in
other studies (Ornek et al., 2008; Redish et al., 1998).

There were limitations of this study, such as not being
able to identify groups randomly and control variables.
Perhaps the most significant limiting factor in this study
was that PBL approach might have led students to feel
anxious and also caused grade concerns. The PBL
students’ weekly schedule was very busy and this might
have caused them to get bored with the approach. In fact,
in personal communications, they complained about PBL
approach frequently to the author. Therefore, it can be
said that the findings of this study are not conclusive
enough to make any generalizations, however, the
findings still show some relationships between variables,
might be context dependent though, which suggest
further more controlled studies. The reader should be
reminded that new and innovative approaches such as
PBL are new to Turkish students, and a sudden and
complete change in instructional techniques can be
difficult for them to adapt immediately in the freshman
year.

IMPLICATIONS FOR INSTRUCTION AND FUTURE
RESEARCH

The influences of beliefs and expectations on student
learning have been documented in the literature for more
than two decades. It is important to better understand the
relationships of expectations with learning. Despite
several limitations, this study has been able to add to the
literature in this area.

The results of this study suggest the need for using



more controlled research contexts in order to determine
the combined effects of variables on students’ expecta-
tions and achievement. In addition, different research
methods could be employed to gain more insight into
students’ expectations and beliefs, such as qualitative
research methods (e.g., interviews, open-ended written
guestionnaire) though these could take more time than
guantitative approaches.

The relationships of students’ expectations and varia-
bles found in some clusters of the MPEX may suggest
that students’ expectations should be taken into conside-
ration when planning instruction.

Students’ beliefs about learning physics and the kinds
of activities and work necessary to make sense out of
physics may change with gender. Results of the study
suggest that gender may be further investigated to
determine the possible contributions of female and male
students’ expectations to their success.

In this study, students exhibited very low agreement to
expert views in all clusters of the MPEX. This would pro-
bably affect their attitudes, study habits, motivation, and
thus their success in the course. If we want our students
to start to change their view of learning from a novice
view of learning to a more sophisticated and expert-like
set of attitudes in physics classes we need to pay special
attention to their beliefs and expectations when they
come to university classes. Future studies therefore may
focus on creating open instructional environments that
will enable students develop more expert-like beliefs and
expectations about physics.
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