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STRENGTHS AND WEAKNESSES OF PROBLEM-BASED LEARNING IN
ENGINEERIING EDUCATION: STUDENTS’ AND TUTORS’ PERSPECTIVES

MUHENDISLIK EGITIMINDE PROBLEME DAYALI OGRENMENIN GUCLU VE
ZAYIF YONLERI: OGRENCI VE OGRETIM ELEMANLARININ BAKIS ACILARI

Ozlem ATES’, Ali ERYILMAZ™

ABSTRACT:

This study aims to analyze the strengths and weaknesses of problem-based learning (PBL) implementations in
engineering education and problems encountered in it from the perspectives of tutors and students. A case study
design was employed in this study. To this end, four tutors, their five PBL modules, and fourteen students were
selected. The data were collected by means of observations, interviews, and additional data sources. The results
indicated that gaining engineer’s viewpoint and self confidence; improvement of communication skills, problem-
solving skills, and self-directed learning skills were commonly mentioned strengths of PBL. On the other hand,
weaknesses of PBL and problems of it were gathered under seven sections such as tutors’ weaknesses, students’
weaknesses, scenarios’ weaknesses, assessment weaknesses, presentation weaknesses; tutors’ problems in PBL
and students’ problems in PBL. Those results should be taken into account by the curriculum developers and
administrators while preparing/evaluating their PBL curriculum and making necessary revisions to overcome
these weaknesses and solve problems.

Keywords: Problem based learning, active learning, engineering education

OZET

Bu caligmanin amaci, miihendislik egitimindeki probleme dayali 6grenme (PDO) uygulamalarmnin giiclii ve zayif
yonlerinin ve bu uygulamalar siirecinde karsilagilan problemlerin 6grenci ve dgretim elemanlarinin goriis ve
algilarina dayali olarak incelenmesidir. Calismada, 6rnek olay calismasi yontemi kullanilmistir. Bunun igin, bir
miihendislik béliimiinde 6grenim gérmekte olan 14 6grenci, bu bolimde ders veren 4 6gretim elemani ve bu
ogretim elemanlarinin egitim ydnlendiricisi olarak gérev aldigi 5 PDO modiilii segilmistir. Veriler goriisme,
gdzlem ve anket formlar1 kullanilarak toplanmistir. Ornek olay ¢alismasinin sonucunda miihendislik bakis agis
ve kendine giiven kazanma; iletisim, problem ¢6zme ve 6z ydnlendirili 6grenme becerilerinin artist PDO’niin
giiglii yonleri olarak belirlenmistir. Diger taraftan, PDO’niin zayif yonleri ve karsilagilan problemler yedi alt
baslik altinda (6gretim elemanlarinin eksiklikleri, oOgrencilerin eksiklikleri, senaryolarin eksiklikleri,
degerlendirmenin  eksiklikleri, sunumlardaki eksiklikler, 6gretim elemanlarinin karsilastigi problemler ve
dgrencilerin karsilastig1 problemler) agiklanmustir. Bu sonuglar, PDO miifredati hazirlarken, degerlendirirken ya
da uygulamalar sirasindaki eksiklikleri gidermek ve problemleri ¢6zmek i¢in miifredat gelistiricileri ve
yoneticiler tarafindan dikkate alinmalidir.

Anahtar Kelimeler: Probleme dayali 6grenme, aktif 6grenme, miithendislik egitimi

1. INTRODUCTION

Problem-based learning (PBL) is a learner-centered instructional format requiring
students to participate actively in their learning by researching and working through a series
of real-life problems to arrive at a best solution (Arambula-Greenfield, 1996). PBL was firstly
designed for medical students at McMaster University based on the gaps of conventional
medical training. However in time, some other medical schools around the world began to
adapt PBL (Barrows, 1986). Therefore, most of the previous studies analyzed the
effectiveness or outcomes of PBL compared with the conventional instruction in medical
education from different points of view (Albanese & Mitchell, 1993; Berkson, 1993; Vernon
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& Blake, 1993; Colliver, 2000; Smits, Verbeek, & Buisonje, 2002; Prince 2004; Gijbels,
Dochy, Bossche, & Segers, 2005).

Analyzing the most of these prior studies in literature, neglecting investigation of the
actual learning process, not clearly reporting the implementation and learning environment,
mentioning various implementations of PBL, uncertainty about the outcomes of those
implementations, insufficient number of detailed studies in the disciplines other than the
medical education, and mostly focusing on quantitative experimental design were seen as
important weaknesses of prior studies (Charlin, Mann, & Hansen, 1998; Dolmans 2003; Lee
2004).

In fact, there are some studies aiming to define PBL interventions and investigate
components of PBL environment in terms of students’ and tutors’ opinions or perceptions
(Vernon, 1995; Kaufman & Holmes, 1996; Kaufman & Mann, 1996; Dahlgren, Castensson,
& Dahlgren, 1998; Hollinshed, 2004; Ribeiro & Mizukami, 2005; Barman, Jaafar, & Naing,
2006). Instead of testing the effectiveness of PBL as compared to conventional curriculum on
outcome measurement, they are focusing on fundamental issues and potential factors that may
contribute to effectiveness. However, the vast majority of these studies are still investigated in
medical education and very few of those provided detailed and rich descriptions about what
happens in the PBL environment and what are the students’ and tutors’ perceptions related
with the implementation of PBL.

In the past few decades, in addition to medical education, PBL has spread globally in all
forms of undergraduate institutions including nursing, economics, pharmacy, dentistry,
physiotherapy, architecture, business, law, engineering, social work, and science as well as in
elementary and secondary education. For example, in higher education, engineering is one of
the popular disciplines that PBL has been used as a teaching strategy based on the gaps of
conventional engineering instruction (Hadgraft 1999; Perrenet, Boutuijs, & Smits, 2000;
Denayer, Thaels, Vander Sloten, & Gobin, 2003; Polanco, Calderon, & Delgado, 2004;
Ribeiro and Mizukami 2005; Said, Adikan, Mekhilef, & Abd Rahim, 2005; Guzelis 2006).
Some universities such as University of Manchester (UK), University College London (UK),
University of British Colombia (Canada), University of Aalborg (Denmark), University of
Samford (USA), University of Maastricht (Netherlands), University of Linkdping (Sweden)
University of Newcastle (Australia), and University of Delaware (USA) reported that they
implemented PBL in their engineering curriculum.

Educating prospective engineers requires more holistic approach than simply teaching
the principles and practices of the profession. Engineering instruction should bridge the gap
between theory and practice. Moreover, engineering students need some skills such as
problem solving, collaborative, communication and self-directed learning skills (Perrenet et
al., 2000). In literature, the main strengths of PBL pointed out by the students and tutors were
attributed to the fact that it is a satisfactory approach (Albanese & Mitchell, 1993; Vernon &
Blake, 1993; Kaufman & Holmes, 1996; Riberio & Mizukami, 2005) that fosters
communication skills (Musal, Taskiran, & Kelson, 2003; Riberio & Mizukami, 2005;
Canavan, 2008; Mitchell & Smith, 2008) and self confidence (Riberio & Mizukami, 2005),
develops problem solving and self-directed learning skills (Ryan, 1993; Hmelo-Silver, 2004),
and constructs collaboration (DeGrave, Boshuizen, & Schmidt, 1996). This explains why
engineering departments have been implementing PBL in their curriculum.

Although PBL was originally implemented in the whole curriculum, it became possible
to see some institutions adopting the approach as a partial strategy, such as hybrid PBL,
course-by-course models, etc. (Major & Palmer, 2001). Savin-Baden (2008) mentions seven
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different forms of PBL curricula (Table 1) that have been implemented in the content of
engineering education.

Table 1. Different Approaches of Problem-Based Learning Curricula in Engineering
Education

Approaches Explanation

Single module approach PBL is implemented in one or two module in one year of a program

PBL on a shoestring PBL may be used in many models throughout the curriculum

Funnel approach Curriculum enables students to be funneled away from a lecture-based
learning approach towards a PBL approach

Foundational approach Lectures, tutorials, and laboratory are provided to the students to
understand the necessary knowledge in the first year and they utilize

Two-strand approach PBL is seen as the crucial component of the curriculum using other
learning methods simultaneously.

Patchwork PBL Curriculum is designed using PBL consisting concurrently run
modules instead of consecutive ones

Integrated approach Curriculum is integrated so that all the problems are sequential and are

linked both to one another and across disciplinary boundaries.

Some researchers state that if the dimensions and implementations of this multifaceted
approach are not clearly reported in most of the studies, the educational outcomes may not
give confidence to the readers (Charlin et al., 1998; Dolmans 2003; Lee, 2004). Due to these
varieties of PBL, researchers emphasize the need for detailed and rich descriptions about what
happens in PBL environments, what factors affect the implementation of PBL in institutions
and what are the outcomes of PBL implementations in certain settings and conditions.

The main purpose of this study is to analyze the implementation process of PBL, to
identify strengths and weaknesses of PBL implementations from the perspectives of tutors
and students, and to state the practical problems experienced by them in engineering
education. These results may help curriculum developers or administrators overview their
weaknesses and fix those weaknesses to improve their performance and instructional
practices. Therefore, analyzing the PBL and taking the ideas of students and tutors who are
the basic components of it seems to be of fundamental importance to contribute PBL
implementations.

2. METHOD
2.1. Research Design

Merriam (1998) stated that qualitative research based on the case study design is an
appropriate way to provide a “holistic description and analysis of a single instance,
phenomenon, or social unit” (p.27). Similarly, Yin (2003) described case study as follows:
“case study is used in many situations to contribute to our knowledge of individual, group,
organizational, social, political, and related phenomena (p.1). Based on the characteristics
listed above, case study design was used in this study in order to provide detailed and rich
descriptions about the implementation of PBL and strengths and weaknesses of it through the
perceptions of tutors and students.
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2.2. Participants of the Study

The study was conducted in a university of Turkey during the spring semester of the
2006-2007 academic years. To provide anonymity, neither the program nor the participants
are named in this study. An engineering department which had been implementing PBL for 4-
5 years at that time was considered a natural setting for tutors and students. There were 22
tutors and 284 undergraduate students in this department in that academic year. Participants in
this research were chosen using two types of purposeful sampling technique (criterion and
intensity sampling) in which the researcher purposefully selects participants to maximize
information. Criterion sampling involves the cases that meet some predetermined criterion of
importance (Patton, 2002). The researcher used criterion sampling to select tutors that meet
some criteria such as: 1) tutor should have an experience in conducting PBL tutorials, 2) tutor
should be willing to take part in the study, 3) tutor should accept the researcher as an observer
in his/her PBL module. At first, three tutors were selected to make observation and conduct
interview. However, after the study has begun, the researcher decided to add one more tutor to
the study to enrich it.

In order to select students, the researcher used intensity sampling which involves
selecting cases that are information-rich manifesting the phenomena of interest intensely but
not extremely (Patton, 2002). Therefore, 14 volunteer students from each grade level having
high, low or medium cumulative grade points were selected to participate in this study and
conduct interviews about the instructional method.

2.3. Context

The mentioned engineering department has been implementing PBL since 2002 in all
curriculum and grade levels. Freshman, sophomore, junior, and senior curriculum of this
department consist eleven, twelve, thirteen, and seven PBL modules respectively. A PBL
module consists PBL tutorial sessions, presentations, laboratories, scientific consultation, and
module discussion hours. A typical PBL tutorial session consists of 8-9 students meeting with
a tutor to discuss a problem. It takes place in the PBL rooms and includes 3—4 sessions during
a two or three week period. PBL sessions take 2—4 hours providing a learning environment
where students attempt to define and then solve a real life problem introduced with a
motivating scenario (Guzelis, 2006). During presentation hours, students are given
presentations conventionally about the topical outline determined before for each module.
Moreover, for every module, there is two hour long consultation hours every week in which
students can ask any questions about the modules (presentations, scenarios etc.) to the tutors
who guide them during the PBL sessions. Besides, students participate in laboratories related
with physics, computer, electronic, programming etc. At the last week of the module, students
take module exam and then participate into discussion hours to discuss and evaluate the
scenario/module as a whole.

Project-based learning takes place as a co-strategy for the freshman and senior
engineering education. In the freshman year, all modules of both semesters consist two hours
of project-oriented learning sessions. However, in the senior year, all modules are organized
around four-week long real design problems or projects in which the students are confronted
with the complexity of a real engineering project (Kuntalp, Oztura, Yuksel, Kuntalp, &
Giizelis, 2002; Guzelis, 2006).

The tutors in this department participate in the modules as a facilitator. Although it
changes as the number of the students change; in freshman, sophomore, junior and senior
modules, students are mostly divided into 10, 6, 9 and 4 groups respectively meaning that
much of tutors are needed to guide those groups. Scenarios about the topic of each module are
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prepared by one or two content experts. Those tutors guide one of the PBL tutorial sessions,
do presentations, and participate to the discussion hours and scientific consultations of their
PBL groups. Other PBL sessions are guided by the remaining tutors whose area of
specialization may differ. Therefore, since there is not much tutors in the department, tutors
may guide the modules the topic of which is not directly related with his/her area of
specialization.

2.4. Data Sources
2.4.1. Observations

In this study, five PBL modules of the four selected tutors were observed. In fact, the
researcher planned to observe one module of each tutors before the study began. Those
modules were selected on condition that a schedule of one module did not overlap with
another and the modules would be related with tutors’ area of specialization. However, one
tutor recommended the researcher to observe her two modules. Therefore, the researcher
observed two modules of that tutor.

The data related with observations were collected through non-participant observation.
An observation checklist (given in Appendix) was developed as a guide in order to better
report how frequent some PBL characteristics (in terms of tutors’ roles, students’ roles, PBL
session process, and assessment) occurred during tutorials. During observations, the
researcher took notes related with the participants’ actions/interactions and the PBL process,
and then she filled one observation checklist for each module by considering the average of
all observed sessions and added her comments.

2.4.2. Interviews

Semi-structured interviews were conducted with tutors and students to support the
observations and provide the means to analyze the strengths and weaknesses of PBL and
problems encountered in it in engineering education. Review of the literature and pre
observations of the researcher formed the questions for the interviews. The interviews lasting
from 40-60 minutes were conducted once with each participant. The interviews were held in
Turkish and all of the interviews were audio-recorded. The interviews were transcribed and
coded by the researcher.

2.4.3. Additional Data Sources

Patton (2002) points out that “methods triangulation often involves comparing and
integrating data collected through some kind of qualitative methods with data collected
through some kind of quantitative methods (p.556). In this study, in order to test the
consistency of the data obtained qualitatively from observations and interviews, some
questionnaires were selected according to their relevance to the research questions. These
questionnaires were used as additional data sources and analyzed both as a part of the
triangulation of data and to increase the understanding of participants’ perspectives. For
example, in the mentioned department, students fill module questionnaires every term
evaluating the modules they are involved in. This questionnaire consists two sections namely
“general consideration” and “evaluation of program outcomes”. Students mark the numbers
between 1 and 5 (1. very poor, 5: excellent). The researches reached the module
questionnaires filled by 74% engineering students in 2006-2007 academic year and analyzed
the results of these questionnaires descriptively and reported those as additional data sources
in related sections.

44



B

BUCA . . o . o .§

— ‘Agg&ggi q‘ BUCA EGITIM FAKULTESI DERGISI 28 (2010) “ﬁg
I <

DED!

Moreover, every academic year, one student delegate is chosen from each grade level. In
the spring semester, the delegate of sophomore students prepared a questionnaire about the
implementation of PBL in this department. He conducted it to volunteer sophomore and
junior engineering students. 59% sophomore and junior engineering students participated in
this questionnaire. There were some open-ended questions related with some research
questions of this study such as (Are you satisfied with the PBL scenarios? Do you think that
the PBL sessions are effective? What are the characteristics of a good PBL tutor? etc.). The
responses to the open-ended questions were coded into categories in terms of their relevance
to the research questions and the results were reported in related sections.

2.5. Data Analysis

The qualitative data gained from the interviews and observations were analysed via
content analysis. “Developing some manageable classification or coding scheme is” stated as
the first step of qualitative analysis (Patton, 2002, p. 463). Bogdan and Biklen (1998)
explained that the most general information on the setting, topic or subjects” can be sorted
under codes. In this study, coding schemes was used to gain a more detailed perspective about
what was occurring based on the purpose of the study. These coding schemes helped to
analyze the transcripts of the participants. In order to achieve investigator triangulation, a
colleague who is familiar with the nature of this study and has an experience in PBL coded
10% of the randomly selected transcripts independently by using the developed coding
scheme. The percentage of agreement was 93.65 which was calculated by adding up the
number of codes that rated by both judges and dividing that number by the total number of
codes rated by them. Moreover, descriptive statistics were used to analyze quantitative data
collected via questions in the questionnaires.

3. RESULTS

Based on the observation notes, interview notes, and additional data sources, the results
of this study are given in three sections. Observation of the PBL tutorials are summarized in
the first section named “Implementation Process”. In the second (Strengths of PBL) and third
(Weaknesses of PBL and Problems Encountered in PBL) sections, mainly the interview and
observation results are given. These results and the findings of the additional data sources
related with the second and third sections are not reported under separate subheadings but
reported when necessary.

3.1. Implementation Process

During the observation of five PBL tutorials, the researcher constantly recorded notes
regarding how PBL tutorial process, how students and tutors acted during tutorial sessions,
how tutors assess the students and how students assess themselves or the process. The
researcher identified following specific stages (Table 2) in all PBL tutorials.
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Table 2. Implementation Process During PBL Tutorials

o read the problem in turns, each one reading a part.

¢ tried to identify the main points of the problem.

o discussed the terms in the problem.

o brainstormed and tried to make links with their previous knowledge or what they saw at the lab or
presentations in order to find the answers of the questions.

¢ shared results, tried to explain one another, made calculations, drawed or graphed the related parts
on the writing board or the related parts of the session papers.

o shared the roles such as director for explaining the problem or secretary for writing on the
board/solving problem.

Students

o asked some questions to direct students toward unclear or unraised parts of the problem. He/she
did this either to supplement their understanding, or to focus their attention to the related part.

¢ encouraged students to explore possibilities, find alternative solutions, and collaborate with other

students.

checked the tutor copy of the handout given for the scenario while students were reading or

discussing the problem.

o checked whether the learning objectives were reached or not. Because, sometimes students reached
them all, sometimes not. At the end of the session, students listed those learning objectives. Those
parts that were not raised by students were given as homework.

Tutors
[ ]

¢ student copy of the scenarios was delivered to each student in the first session.

o until the next session, students were expected to work individually or as a group to search the
unclear parts raised in the first session to reach specified learning objectives on using various
resources (library, books, internet etc.).

¢ in the next sessions, students read the next stages of the scenario; they tried to apply the result of

their research to the problem and tried to explain the points rose during the first session. Students
were expected to discuss much since they had time to search and discuss the objectives.

PBL Session

o tutor checked student’s understandings and assessed students’ performance during sessions.

¢ students and tutors gave feedback mostly at the end of the last tutorial session.

e tutors gave grades or put some marks near to the students’ name on the student list according to
their participation and explanations to the questions they asked.

¢ mostly conventional type questions are asked during module exams at the end of each module.

Assessment

As a result of the field notes, the researcher filled the observation checklist. Although
those mentioned stages given in Table 2 were observed, the frequency of behaviors changed
during some tutorials. For example, although the tutors who were content experts usually
asked very important questions to re-focus students’ discussions, check their previous
knowledge or explore alternative solutions, they intervened the group discussions (especially
in module Il and I11) more frequently and provided more direct instruction than the others. In
fact, that much of intervene and direct instruction is not an expected PBL behaviours.
Moreover, although some students participated in the discussions freely and shared their
results comfortably, not all the students participated in those processes. It was noted that
certain students seemed to answer most of the thing or tried to put forward an idea, whereas
others mostly listened and did not speak. Out of 8-10 students, generally 3-4 students were
trying to participate in the discussions.

3.2. Strengths of PBL

During interviews, the primary strength of PBL that the 71% of the students and all the
tutors mentioned (Figure 1) was that students gained engineers’ viewpoint and therefore self
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confidence due to PBL tutorials. For example, a fourth grade student mentioned that their
practice for future career improved their self confidence and stated:
PBL is a good method because if you are really going to be an engineer, you have to
conduct a problem-based study. In work life you can encounter a problem that you
don’t know anything about. The implementations here are like that. When the students
face a problem they don’t know anything about it. They try to learn about it and come
up with solutions. It provides you self confidence that you are able to handle it.

100 4

o0t

80 v u

70 / : O Students
OTutors [~

60 /

50 /

40 /

0k -

20 /

w0k

0 1
engineer's self confidence communication problem self-directed critical collaboration
viewpoint skills solving skills  learning skills  thinking skills skills

Figure 1. Students’ and Tutors’ Perspectives about Strengths of PBL

Moreover, students mentioned that they gained some important skills with the help of
PBL which are: communication skills (64%), problem solving skills (57%), self-directed
learning skills (43%), critical thinking skills (36%), and collaboration skills (36%). The
observation notes confirmed that students who participated to the discussions seemed very
comfortable while mentioning/sharing their ideas or drawing/writing something on the board.
Moreover, the results of students’ module questionnaires indicated that average ratings of the
students for the evaluation of a program outcome (ability to communicate effectively in both
oral and written fashion) and another outcome (a possession of leadership properties, self
confidence, and an ability to work in teams) were 3.7 (1: very poor, 5: excellent).

Similarly, three of the tutors mentioned that PBL promoted engineering viewpoint,
communications skills, feeling of self confidence, and problem solving skills of the students.
One of the tutors emphasized that especially those senior students are very good at expressing
themselves, they are enterprising and open minded on approaching a problem.

Besides, another tutor gave example of practical trainings. She explained that in
practical trainings, some students coming from the other universities have difficulties in how
to start the projects while her students start to do it with courage even if they do not
understand the project totally. She believes that they somehow actualize it.

3.3. Weaknesses of PBL and Problems Encountered in PBL

Although most of the interviewees found PBL as a satisfactory methodology and
mentioned the strengths of PBL, they also mentioned that there are lots of problems
encountered due to the shortcomings in PBL implementations making them unsatisfied with
the current situation. Observations also confirmed that some students and tutors seemed
unsatisfied with the implementations. This section presents their perceptions about the
weaknesses of PBL and difficulties with PBL under the headings of “tutors’ weaknesses”,
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“students’ weaknesses”, “scenarios’ weaknesses”, “assessment weaknesses”, “presentation
weaknesses”, “tutors’ problems in PBL”, and “students’ problems in PBL”. Table 3
summarizes the interview results related with this section.

Table 3. Interview Results Related with the Weaknesses
of PBL and Problems Encountered in PBL

g | = S
> 2 | £ > o |
g |3 S8 1|8 |s g g
© o = =] I o = =]
8] O n ~ o o 173 [

Difference in PBL 64 | 75 Carelessly prepared 86 100
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% g Insufficient preparation for 36 |75 — « | Difference in assessment 93 100
= modules & & | procedure
Insufficient preparation level | 43 | 100 % :'c: Non-functional assessment | 71 100
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5 £ | Weaknesses of study habits 29 |75 — «» | T00 many presentations 57 | 50
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% 2 | about the system £ £ | styles
Low number of tutors and | 50 | 100 § & | Inconsistency between 21 0
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" 5§ [ Writing scenarios 0 100 ‘§ 5 | Time inadequacy 71 | 100
% -g Deficiency in organization 0 50 '5 -5 Too many exams / 64 0
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3.3.1. Tutors’ Weaknesses
The most common complaint of students (64%) was different PBL implementations of
the tutors. For example, a first grade student mentioned that behaviours and attitudes of the
tutors are different from one another. Apart from these, some students stated that tutors do not
guide them efficiently (50%), have negative attitudes towards PBL (43%), and come to the
sessions unprepared (36%). Although PBL hours are designed as 4 hours in the curriculum,
students complained that some tutors may finish a scenario in 15 minutes. For example, a
third grade student emphasized that some of the tutors try to clarify the subject even if they
don’t know about it; some others may look forward to the end of the session on the contrary.
Similarly, three tutors complained that some of the tutors come to the sessions
unprepared, and some do not make enough effort to give better guidance. For example, while
making interview with him, one expressed his thoughts as follows:
As far as | can observe, the biggest problem is the insufficient knowledge of the tutor
about the module subject. Some tutors are of the opinion that it is enough to read the
scenario without analyzing it.
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Another tutor added that tutors do not discuss about the modules/scenarios enough
before implementing them. According to him, when they have a problem about the module,
they can only talk about it after the session finishes.

During observations -as mentioned in “Implementation Process” part- it was observed
that two tutors intervened the group discussions more frequently than the others although that
much of intervene is not an expected PBL behavior. As a result of interviews, when asked
about the reason of this behavior, they stated that problems in the implementation of PBL in
their department decrease their motivation and they may not do a work that is appropriate to
its definition.

3.3.2. Students’ Weaknesses

The primary weakness of the students that the participants (43% students and 75%
tutors) mentioned was students’ insufficient preparation to the sessions and presentations.
Those tutors explained that some students are not interested in/curious about learning and do
not have the required studying habits. For instance, one of the tutors stated:

Students do not do what they are expected to do in sessions. Instead of learning
something in sessions, they are content with what is covered in two hours of
presentations just like in the conventional lessons. They do not study enough.

Besides, one of the tutors emphasized the big discrepancy between what the students
should do and what they do. She complained stating:

The students do not study in order to learn but study in order to pass the exams. They
follow the sessions with that opinion. They are only focusing on the exams. Therefore,
they do not demonstrate the behaviours that a PBL student is expected to do.

Similarly, a second grade student confirmed this idea and emphasized that most of the
students do not care about the sessions and see those sessions as two hours of past time
activity making their burden heavier. Moreover, 29% of the students reported that they fail to
develop regular studying habits.

The observation notes confirmed that some students only listened to their friends while
certain students tend to answer all questions or tried to put forward an idea. There were
always some nonparticipating students preferring only listening to the discussions or seeming
disinterested about what is going on around. As a result of interviews, some students and
tutors stated that this weakness occurred due to either coming to sessions unprepared or
student’s low level of adaptation to PBL.

Similarly, one tutor explained the weakness he observed in the freshman students is that
they still think that they are educated in the conventional system therefore they can’t adapt the
new system, at least in the first year.

21% of the students taught that they do not have sufficient information about PBL and
that shows why they fail. For instance, a second grade student stated:

Usually we have PBL sessions before taking presentations. The aim is to make the
student come prepared, do brainstorming and make them express their opinions.
However most of our friends do not have an idea about it because they think that firstly
they should have the conventional presentation and then participate to PBL sessions.

3.3.3. Scenarios’ Weaknesses

During interviews, 86% of the students and all of the tutors stated that they faced both
well prepared and badly prepared scenarios but almost all of them explained that majority of
the scenarios were carelessly prepared. They pointed out the missing parts of the scenarios
and the features that the scenarios should have.
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Tutors expressed that failing to integrate the subjects in the scenarios is one of the
biggest weaknesses. For example one of the tutors pointed out the difficulty of writing
scenarios saying:

I think writing scenario is a work of fiction. Nobody here is a scenarist. We can’t
integrate the subjects well into the scenarios. Sometimes scenario writers make absurd
connections just to integrate one subject to another which cause to decrease the fluency
of a scenario. This situation prevents scenarios to be good and quality.

A third grade student found some sessions so difficult that the students could not go
further when they have not sufficient input. A second grade student added this idea stating
“... although we made connections with real life in some scenarios, there were also some
scenarios in which just the subject was given including very difficult proofs that we could not
handle.”

As additional data, the results of the questionnaire that was prepared and conducted by
the delegate of sophomore students were investigated. The results have shown that 64% of the
participant sophomores and 60% of the juniors were not satisfied with the scenarios due to the
fact that scenarios lacked authentic and interesting problems, they were not applicable, and
the connection of them with the module topics were not proper. Moreover, 92% of the
participant sophomores and 90% of the juniors marked “No” for the statement of “I think that
the PBL sessions are efficient.” Observation notes confirmed the tutors’ and students’
unsatisfaction with the scenarios. While observing the PBL sessions it was noted that students
mostly criticized the scenarios while giving feedback about them at the end of each module.

3.3.4. Assessment Weaknesses

Most of the students (93%) and all of the tutors stated that there is no standard
assessment procedure that the tutors use while evaluating the students, so it differs from tutor
to tutor. Some others (50%) mentioned that they were constantly having exams during final
and year-end exams and this affected the quality of education and assessment negatively. A
second grade student stated that it was very difficult to have so many exams-especially in the
first grade- in a short time interval.

The tutors also criticized the situation of repeating or failing the class. One of them
emphasized that by this assessment system, students may pass the class without knowing
anything from some modules since the average is taken into account while passing or failing
the class. Moreover, the tutors pointed out that final exams, year-end exams and evaluation
forms do not function well. One of them criticized the student evaluation form and stated:

There is a list of criterion that is used to evaluate students but it is nonfunctional. It is
too long to fill so it takes too much time. I don’t think there left any tutor who pays
attention to it.

Additionally, one of the tutors questioned the form of exam questions saying:

In module exams, | prepare questions related with the presentations like most people do
and just like I do in the conventional system. It is not a problem-based exam. We make
the same kind of exams as the exams of conventional system. For that reason, if you
ask whether the system and the exams are compatible with each other, I’1l say no.

3.3.5. Presentation Weaknesses

57% of the students (especially first and second grade ones) complained about having
too many presentations in a very short time which reduces the efficiency in PBL. They stated
that in these conditions, presentations were not effective and they had to take exams without
comprehending the subject. One of the tutors expressed his point of view as follows:
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Think that | was giving a unit in 14 weeks in conventional system whereas in this
system | have to give it in 4 weeks causing to make 28 hours presentation in 2 weeks.
Similarly, another tutor mentioned that she added extra presentation and problem
solving hours to some modules which are difficult for students to understand. According to
her, this application is inconsistent with the nature of PBL. When the program of this
department was compared with the conventional program of other engineering departments, it
was realized that here, the program was more loaded. Intensity of hours between these
programs becomes nearly equal when the PBL session hours are extracted from the program.
21% of the students expressed that they encountered some modules in which there were
no parallelism between the scenario and presentations. A third grade student stated:
Sometimes presentations go fast and sometimes PBL sessions. Presentation can not
catch up with the sessions when sessions go fast. In those times, we cover the scenario
in the last session before the presentations were covered. There are such disunities.
Besides, one of the tutors emphasized how the presentations take the system away from
PBL and stated:
It is very difficult for us to be adapted to such a system quickly since all of the tutors
here are accustomed to conventional system so much. Therefore, it is very difficult to
adapt a student to a new system without adapting the tutor.

3.3.6. Tutors’ Problems in PBL
Half of the students and all the tutors stated that tutors have problems since there are not
enough tutors in the department which cause to increase their work load and restrict their
time. For instance, two of the tutors emphasized that they used to have too much time in the
conventional system but this system began to be very tiring for them since their burdens
became heavier. One of these tutors expressed that she spends too many hours while getting
ready for the sessions especially for the ones that are not related her area of specialization.
Moreover, all the tutors emphasized the difficulty of writing scenarios. One emphasized
the difficulty of finding appropriate problems for especially totally theoretical modules.
Besides, two tutors mentioned their complaints about deficiency in organization and one
stated his complaints as follows:
There is an administrative problem. There is no control over which topics do scenarios
cover, to what extend they can be applied, does the problem too complex or too simple
etc. There are some modules in which the scenarios haven’t changed for 4-6 years.
Lastly, two tutors expressed that their complaints were not paid attention, so their belief
and motivation for PBL decreased.

3.3.7. Students’ Problems in PBL

Most of the students (71%) and all the tutors mentioned that students’ stress levels were
increased and they were demotivated due to time inadequacy, loaded curriculum, and taking
too many exams. According to a tutor, there is a serious psychological pressure on students in
this system due to having lots of exams in short time intervals and possibility of failing.

Moreover, 64% of the students emphasized that most of them could not adapt to the
system. They emphasized that one reason of having difficulty to adapt to the system may be
being accustomed to conventional learning settings. For example, a second grade student
stated that students started to be educated in PBL with reactive feelings and therefore have
difficulty to adapt to the system. He also added that some students attend to the tutorials just
to exist there and get grade but attend to presentations to learn something since the
presentations are done in a directive manner.
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Apart from these, five students (36%) stated that they complained about the defects in
the implementations but their complaints were not paid attention. He pointed out that this
situation caused people to become sceptic about the system.

4. DISCUSSIONS
4.1. Strengths of PBL

In this study, most of the participants mentioned that PBL would foster communication
skills and students would gain self-confidence due to PBL tutorials. The observation notes
also revealed that students seemed very comfortable while mentioning/sharing their ideas or
drawing/writing something on the board. This finding is compatible with the literature since
the main strengths of PBL pointed out by the students and tutors were attributed to the fact
that it is a satisfactory approach developing students’ communication skills (Musal, et al.,
2003; Riberio & Mizukami, 2005; Canavan, 2008; Mitchell & Smith, 2008) and self
confidence (Riberio & Mizukami, 2005).

Self-directed learning is another skill that PBL focuses on helping students to develop.
Hmelo-Silver (2004) stated that good self-directed learners can adapt their personal strategies
to the situational demands. Similarly, in a qualitative study, Evensen (as cited in Hmelo-
Silver, 2004) interviewed medical students from a PBL group. In his study, the students’ self-
directed learning strategies evolved over time to adapt to the self-directed learning demands
of a PBL program. The same was observed in this study especially in successful students
(having high cumulative) or students (higher grade ones) who reported to be adapted to the
implementation of PBL. For example one of the successful students emphasized that he
became a confident learner that he could easily learn the topics that were in the book and
believed that this is important to become an engineer. He emphasized that sometimes he can
also learn on his own without attending lectures.

4.2. Weaknesses of PBL and Problems Encountered in PBL

In their study (Dolmans, Grave, Wolfhagen, & Vleuten, 2005), it is pointed out that
poor implementation of PBL causes some problems (too directive tutors and dysfunctional
tutorial groups) in educational practice. They emphasized that with too directive (dominant)
or too passive tutors the learning process is hindered. In a typical dysfunctional tutorial group,
activation of prior knowledge does not take place, connections between new ideas and other
ideas are not made, and some students in the groups are well-prepared for the sessions but
others prepare and involve less. These finding was compatible with the findings of this study.
The participants of this study complained and it was also observed that there are some
weaknesses in the implementation of PBL causing some problems in their department. For
example, students’ coming to sessions unprepared and not participating to tutorial sessions
was reported as weaknesses for the implementation of PBL. Although students’ actively
participation to the learning process is one of the main aims of PBL, it seemed that some
students could not internalize this role and have adaptation problems.

In fact, not only poor implementation of PBL but also being accustomed to
conventional learning settings may cause some problems (such as adaptation) in PBL process.
Some participants of this study agreed that one reason of having difficulty to adapt to the
system or having negative point of views may be being accustomed to conventional learning
settings. For example, one tutor explained: “Since we are accustomed to conventional
education so much, it becomes hard to depart from that system and adapt to PBL.”

In this study, almost all the participants complained about the assessment procedure
while evaluating the students during sessions and exams. This assessment procedure is not
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compatible with what literature says. In the literature, researchers question to assess students
by conventional type exams in PBL and emphasize that the assessment of students in PBL
should include methods of measuring content knowledge as well as higher order skills such as
critical thinking and problem-solving skills (Miller, 2000; Gijbels et al., 2005). Frost (1996)
and Kaufmann and Holmes (1996) criticized the inadequacy in the assessment procedures of
studies. Similarly, in the study of Canavan (2008), students reported the inconsistency
between the methods of learning employed during PBL activity and the conventional end of
year examination. Our study supports this statement since the interviewees complained that
assessment was not effective and functional.

The amount of time involved in implementing PBL is another concern for both tutors
and students. Albanese and Mitchell (1993) in the outcomes of their meta-analysis suggested
that students spend more time for studying than do conventional students due to its self-
directed nature of PBL. Moreover they indicated that it takes more time (~ 20%) to cover the
course content using PBL rather than lecture method of instruction. In this study, this aspect
was noted by the many participants and mentioned as one of the problems they encountered in
PBL. Both the tutors and students complained about lack of time since they had very busy and
mixed weekly schedule.

5. IMPLICATIONS AND SUGGESTIONS

This study shows that those students (especially novice ones) who are accustomed to
conventional learning may feel uncomfortable while fulfilling their roles (doing research,
collaboration with students etc.) and have difficulty to adapt PBL. Similarly, tutors who are
unfamiliar with this kind of an unconventional learning environment may feel that PBL is
useless and uncertain. Therefore, both tutors and students should not be involved in PBL
cursorily until they are familiarized with their roles, benefits of PBL, process and the learning
environment thoroughly. It is necessary to develop a detailed student training/orientation
program addressing their roles (how they work in sessions, how to collaborate in sessions,
how to improve their study skills etc.). Moreover, tutors training programs should be given
more importance and tutors should be trained about their roles/responsibilities (how to guide
students, how to write a scenario, how to assess students etc).

This study shows that the tutors have some problems/weaknesses in terms of
assessment, tutorial skills, time inadequacy, disorganization, workload, adaptation to the
system, etc. They mentioned those issues and complained that their suggestions/complaints
were not taken into consideration and the system could not refresh itself. By examining the
results of the study, we can say that tutors are reactive to the operation of the curriculum.
Therefore, communication of tutors between themselves and administrators should be
improved. There should be regular/continued evaluation of PBL processes at institutions to
discuss the program regularly by giving and receiving feedback.

Curriculum developers of the universities implementing PBL (especially in engineering
education) should take into consider the problems/weaknesses mentioned by the participants
of this study about the implementation of PBL while evaluating their curriculum and making
necessary revisions to improve their performance and instructional practices. Moreover,
faculty, educators, or administrators that are planning to adapt PBL to their curriculum may
make well-informed choices about whether to adapt it, how to adapt it in their settings and
which outcomes may be achieved as a result of their adaptations.
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Appendix
Some Items Belong to Observation Checklist
Element PBL Characteristics / Criteria Rating of
Evidenced*
- = = 2 >
= 22 02
T 3 3 3 §
=ss3s
Students

Actively participate in group learning

Take responsibility for own learning

Skillful in communicating with peers
Tutors

Facilitate, coach, quide of group processes
Provide direct instruction about what is needed (negative criteria)
Intervene group process
PBL Session
Is a student-centered process
Consists a learning group small in size (6-10)
Allows collaboration
Begins with the problem encounter
Ends with analysis and reflection of what was learned
Assessment
Occurs often (is on going- embedded)
Involves problem solving skills and self-directed learning skills

* Always: A Frequently: F Sometimes: S Never: N
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Genisletilmis Ozet

Probleme dayali 6grenme (PDO), dgrencilerin en iyi ¢dziime ulasabilmek icin gergek
yasam problemleri {izerinde calisarak 6grenmelerinde aktif bir sekilde rol aldiklar1 68renci
merkezli bir 6gretim yontemidir (Arambula-Greenfield, 1996). PDO ilk olarak McMaster
Universitesi tip fakiiltesi dgrencileri igin, geleneksel tip egitimindeki bosluklari doldurmak
amaci ile tasarlanmistir. Ancak zamanla, diger tip okullar1 ve hatta diger fakiilteler tarafindan
da kullamlmaya baslanmistir. Ornegin miihendislik, geleneksel egitimde olusan bosluklari
doldurmak igin PDO’niin bir dgretim yontemi olarak kullanildigi popiiler branslardan biri
haline gelmistir (Ribeiro and Mizukami 2005; Said, Adikan, Mekhilef, & Abd Rahim, 2005;
Guzelis 2006).
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Literatiire baktigimiz zaman bu 6gretim yontemi ile ilgili ¢aligmalarda gorebildigimiz
baz1 eksiklikler su sekildedir: PDO uygulamalar1 sirasinda ortaya cikan gercek ogrenim
stirecinin yeterince incelenmemesi, bu uygulamalarin sonuglarindaki belirsizlik, tip alani
disindaki alanlarda yeterli sayida detaylandirilmis g¢alismanin mevcut olmamasit ve bu
caligmalarin ¢ogunun nicel deneysel desenleri tercih etmis olmasi (Charlin, Mann, & Hansen,
1998; Dolmans 2003; Lee 2004). Aslinda, PDO uygulamalarin1 ve ortamimi degerlendirmek
lizere, 6rnegin Ogrenci ve Ogretim elemanlarmin diisiince ve algilamalarini ortaya koymaya
yonelik calismalar yok degildir (Hollinshed, 2004; Ribeiro & Mizukami, 2005; Barman,
Jaafar, & Naing, 2006). Ancak, bahsettigimiz gibi, bu ¢alismalarin da ¢ogu tip alanindadir ve
bunlarin ¢ok az1 detayl1 ve zengin betimlemelerle PDO ortaminda neler oldugunu ve dgrenci
ve dgretim elemanlarmin PDO uygulamalar sirasindaki algilamalarini ortaya koymaktadir.
Bu gibi nedenlerle bu calisma, 6grenci ve Ogretim elemanlarinin goziiyle, miihendislik
egitimindeki PDO uygulamalarinin zayif ve giiglii yanlarm tayin etmeyi ve uygulamada
karsilasilan gii¢liikleri belirlemeyi amag edinmistir.

Calisma, 2006-2007 egitim yilmin bahar déneminde, PDO ydntemini 0 zamanlar 4-5
yildir uygulamakta olan bir miihendislik boliimiinde gergeklestirilmistir. Caligmada, nitel
arastirma yoOntemlerinden ornek olay yontemi kullanilmistir. Bahsedilen 6gretim yilinda
boliimde bulunan 22 dgretim elemani ve 284 lisans 6grencisi igerisinden amacli 6rnekleme
yontemi kullanilarak 4 ogretim elemani, 5 PDO modiilii ve 14 6grenci segilmistir. Bu
arastirmada temel veri toplama aragi1 olarak katilimsiz gézlem ve yari yapilandirilmis goriisme
teknikleri kullanilmistir. Veri analizi sonucunda PDO uygulamasmin baslica giilii yonleri
olarak sunlar belirlenmistir: 6grencilerin miihendislik bakis agisinda giliglenme; kendine
giivenlerinde artis; iletisim, problem ¢ézme ve 6z ydnlendirili 6grenme becerilerinde arts.
Diger taraftan, PDO uygulamasinin zayif yonleri ve karsilasilan problemler ise yedi alt baslik
altinda agiklanmistir:  6gretim  elemanlarinin  eksiklikleri, &grencilerin  eksiklikleri,
senaryolarin eksiklikleri, degerlendirmenin eksiklikleri, sunumlardaki eksiklikler, 6gretim
elemanlarinin karsilastig1 problemler ve d6grencilerin karsilastigi problemler.

Bu ¢aligmada, katilimcilarin ¢ogu PDO uygulamasinin égrencilerin iletisim becerilerini
arttirdigini ve onlara 6z giiven kazandirdigini belirtmiglerdir. G6zlem verileri de, 6grencilerin
diisiincelerini ifade ederken, fikirlerini paylasirken ya da tahtada yazip ¢izerken oldukca rahat
goriindiiklerini desteklemektedir. Bu bulgular, literatirde PDO uygulamasinin &grencilerin
iletisim becerilerine (Musal, et al., 2003; Riberio & Mizukami, 2005; Canavan, 2008;
Mitchell & Smith, 2008) ve 6z giivenlerine (Riberio & Mizukami, 2005) etkileri ile ilgili
bulgular ile de uyumludur.

Dolmans, Grave, Wolfhagen ve Vleuten (2005) c¢alismalarinda, zayif PDO
uygulamalarinin egitim siiresince neden oldugu bazi problemlere dikkat ¢cekmistir. Bu ¢alisma
da onlarin bulgulari ile uyumludur. Katilimcilarin belirttigi ve gozlemlerin betimledigi iizere,
PDO uygulamalar1 sirasinda bazi zayifliklar vardir ve bu zayifliklar bir takim problemleri
tetiklemektedir. Katilimeilarin en yogun olarak bahsettikleri eksiklik ve problemler sunlardir:
ogrencilerin yiiklii miifredati, 6gretim elemanlariin is yiikiindeki artig, 6grenci ve 6gretim
elemanlarinin yasadigt zaman sikintis1 ve adaptasyon sorunlari, amaca uygun senaryo
yazilmasinda yasanan giicliik, Ogrencilerin ilgisizligi ve yeterince hazirlik yapmamasi,
ogretim elemanlarmin  PDO  uygulamalar1 sirasinda  kendi iclerinde ¢elismesi ve
degerlendirmenin islevsel olmamasi. Ogretim elemanlar1 ve ogrenciler, yasadiklari
problemlerle ilgili olarak Oneri ve sikayetlerinin yeteri kadar dikkate alinmamasindan dolay1
sistemin kendi i¢inde yenilenmedigi ve diizeltilemedigini vurgulamislardir. Bu nedenle,
ogretim elemanlar1 ve 6grencilerin PDO miifredatinin dolayisi ile PDO uygulamalarinin bu
sekilde uygulanmasina tepkili olduklarin1 sdyleyebiliriz. Dolayis1 ile 6gretim elemanlar1 ve
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Ogrenciler ile yoneticilerin iletisiminin kuvvetlendirilmesi geregi bu c¢alismanin 6nemli bir
bulgusu olarak ortaya ¢ikmaktadir. Fakiiltelerde, geri doniit almaya ve programin uygulanigini
izlemeye yonelik, devamli ve diizenli bir PDO degerlendirmesi yapilmalidir. Bu galisma ayni
sekilde gostermektedir ki, Ogrenciler -Ozellikle geleneksel yonteme aligkin olan yeni
ogrenciler- PDO uygulamalar1 esnasinda kendilerine diisen rolii yerine getirirken zorlanabilir
ve rahatsiz olabilirler. Benzer sekilde PDO uygulamalaria agina olmayan dgretim elemanlari,
PDO’niin gereksiz ve etkisinin belirsiz oldugunu diisiinebilirler. Dolayis1 ile PDO’niin
felsefesini anlamadan; rollerine, PDO’niin giiclii ve zayif yénlerine, yasanabilecek
problemlere, bu problemlerle nasil basedebileceklerine, dolayisiyla siirece ve 0Ogrenme
ortamina iyice asina olmadan gelisigiizel bir sekilde PDO siirecine dahil olmamalar1 gercegi
ortaya c¢ikmaktadir. Bu nedenlerle ogrenciler, kapsamli bir PDO tanitim programi ile
uygulama oncesinde kendilerine diisen roller (PDO oturumlarinda nasil calisacaklari,
arkadaglariyla nasil is birligi yapacaklari, c¢alisgma becerilerini nasil gelistirecekleri Vvs.)
hakkinda bilgilendirilmeliler. Ayrica, Ogretim elemanlart i¢in hazilanmig egitim
programlarina daha ¢ok 6nem verilmeli ve kendilerine rolleri ve sorumluluklar1 (6grencileri
nasil yoOnlendirebilecekleri, senaryo yazarken nelere dikkat edilebilecegi, dgrencileri nasil
degerlendirebilecekleri vb.) ile ilgili egitim verilmelidir. Son olarak, bu sonuglar, PDO
miifredati hazirlarken, degerlendirirken ya da uygulamalar sirasinda olusan eksiklikleri
gidermek ve problemleri ¢ozmek i¢in miifredat gelistiricileri ve yoneticiler tarafindan dikkate
alimmalidir.
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