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Problem-based learning (PBL) was originally introduced in medical education programs as a form of
small-group learning, but its use has now spread to large undergraduate classrooms in various other
disciplines. Introduction of new teaching techniques, including PBL-based methods, needs to be
justified by demonstrating the benefits of such techniques over classical teaching styles. Previously,
we demonstrated that introduction of tutor-less PBL in a large third-year biochemistry undergraduate
class increased student satisfaction and attendance. The current study assessed the generic problemsolving abilities of students from the same class at the beginning and end of the term, and compared
student scores with similar data obtained in three classes not using PBL. Two generic problemsolving tests of equal difficulty were administered such that students took different tests at the
beginning and the end of the term. Blinded marking showed a statistically significant 13% increase
in the test scores of the biochemistry students exposed to PBL, while no trend toward significant
change in scores was observed in any of the control groups not using PBL. Our study is among the
first to demonstrate that use of tutor-less PBL in a large classroom leads to statistically significant
improvement in generic problem-solving skills of students.
INTRODUCTION
Problem-based learning (PBL) has its roots in medical education programs but is now being used in a wide variety of
disciplines due to the array of benefits observed with its implementation. Institutes of higher education are encouraging
active learning and development of skills relevant to the 21st
century, including problem solving (Michael, 2006; Trilling
and Fadel, 2009; National Research Council, 2012). Although
many variations on the PBL technique are being used in classrooms of higher education, a feature common for all forms of

DOI: 10.1187/cbe.12-06-0081
Address correspondence to: Andis Klegeris (andis.klegeris@ubc.ca).
c 2013 A. Klegeris et al. CBE—Life Sciences Education 
c 2013

The American Society for Cell Biology. This article is distributed
by The American Society for Cell Biology under license from
the author(s). It is available to the public under an Attribution–
Noncommercial–Share Alike 3.0 Unported Creative Commons
License (http://creativecommons.org/licenses/by-nc-sa/3.0).
R
R
“ASCB
” and “The American Society for Cell Biology
” are registered trademarks of The American Society for Cell Biology.

PBL is the implementation of contextualized problems, which
enable students to develop problem-solving skills in addition
to acquiring subject-specific knowledge (Jonassen, 2011). The
majority of research on the effectiveness of PBL is focused
on its traditional use in small, tutor-led group settings of
medical and dental schools, where PBL has been shown to
improve student satisfaction (Berkson, 1993; Finucane et al.,
1995), information retention (Berry, 2008), knowledge acquisition (Prosser, 2004; Gijbels et al., 2005), and problem-solving
skills (Schwartz et al., 1997; Dufferin, 2003; Kivela and Kivela,
2005).
One of the main advantages of PBL over classical teaching
techniques is the development of students’ problem-solving
skills, as evidenced by several studies on the use of PBL in
small tutor-led groups (Gallagher and Rosenthal, 1992; Berkson, 1993; Strobel and van Barneveld, 2009). Norman and
Schmidt (1992) agree that problem-solving skills are advanced by the use of PBL, but believe that the advancement
only occurs within the context of the subject being studied
and that the skills are not transferable. On the other hand,
Moore et al. (1994) found no difference between control
groups and groups using PBL to improve problem-solving
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abilities in students. Barrows (1996) claimed that the inconsistency of reported results was due to the different forms
of PBL being implemented and perhaps the measurement
tools, which was reiterated by Walker and Leary (2009), and
that improvement is evident if PBL is implemented in its
traditional form. Moreover, it has been shown that student exposure to the ill-structured problems typical of PBL
leads to enhanced subject-specific and general problemsolving ability but that student exposure to well-structured
problems with known solutions does not improve the
ability to solve ill-structured problems (Dunkle et al., 1995;
Cho and Jonassen, 2002; Hong et al., 2003).
We believe that current teaching styles and techniques
should focus on development of students’ problem-solving
and critical-thinking skills. This approach would ensure that,
in addition to gaining subject-specific knowledge, students
are also able to apply the obtained knowledge to solve problems. Previous studies have shown that students perceive improvement in their problem-solving abilities during courses
involving PBL methodology (Woods, 1996; Morales-Mann
and Kaitell, 2001; Uhlin et al., 2007). Woods (1996) used Heppner’s Problem-Solving Inventory (Heppner and Petersen,
1982) to assess confidence in problem solving, willingness to
engage in solving challenging problems, and sense of control of the situations requiring problem solving and found
that students who had been exposed to PBL produced scores
significantly higher than a control group. Schmidt (1983)
found that students exposed to PBL were better able to
apply information to solve problems. This study used illstructured problems in a PBL group setting to assess improvement in problem-solving ability that was transferable
to well-structured problems with known solutions.
Overall, the aforementioned studies support the idea that
changes in student problem-solving skills should be assessed
when new forms of PBL are implemented. Most of the PBLrelated research thus far has focused on small tutor-led
groups, and student performance has been measured by using traditional examination techniques. Most often these examinations are incongruent with the PBL teaching methodology; that is, they do not replicate the problem-solving nature
of the PBL experience.
Several studies have also recorded beneficial effects of
tutor-less PBL on student learning in large classrooms. Woods
(1996) found that student grades improved with introduction
of problem-solving techniques and, by using inventories, he
recorded positive trends related to students’ perception of
learning in tutor-less groups. Pastirik (2006) studied tutor-less
groups, but did not use grades from examinations to measure
student learning. Instead, she established that students perceived that their learning was enhanced by the PBL process,
especially with regard to the variety and depth of knowledge gained. Kaliyadan et al. (2012) compared tutor-less PBL
with tutor-led PBL and found no significant difference in effects on student learning, which indicates that tutor-less PBL
could be implemented in instances in which funding and
time constraints had previously prohibited use of small PBL
groups requiring use of additional tutors. Given the positive
effects of tutor-less PBL observed in previous studies, we set
out to confirm and extend these observations by using an
alternative technique; we used generic problem-solving tests
to measure improvement in problem-solving abilities of students exposed to tutor-less PBL.
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We have developed and implemented a tutor-less PBL technique for use in a large classroom setting (Klegeris and Hurren, 2011). In our previous study, we demonstrated that such
PBL, which was used in the form of stand-alone activities
within an existing traditional lecture course, significantly increased student satisfaction and attendance. In addition, we
obtained preliminary data showing that students’ ability to
solve subject-specific problems in a pre/posttest scenario was
improved; however, due to the subject-specific problem administered, this study lacked a control group (Klegeris and
Hurren, 2011). The purpose of the current study was to establish the effect of tutor-less PBL on problem-solving skills of
undergraduate students by comparing the changes in student
ability to solve generic problems between a group of students
exposed to this type of PBL and three other groups of students
who were not exposed to PBL. To achieve this, we administered tests containing problems unrelated to the course subject or discipline at the beginning and end of the term. Use of
such generic problems allowed for the assessment of students
from different disciplines and courses that used mainly traditional lecturing (control groups). We demonstrate that the
generic problem-solving skills of students exposed to tutorless PBL in a large classroom setting are significantly improved; such enhancement was not observed in other classes
that did not use PBL.

RESEARCH METHODOLOGY
The study was conducted within four different third-year
courses—human kinetics (HMKN), chemistry (CHEM), sociology (SOCI), and biochemistry (BIOC)—offered at the
University of British Columbia (UBC) Okanagan campus in
Canada during the Fall 2011 term. The courses were taught
by different instructors using traditional teaching methods to
deliver the majority of the course content. Table 1 shows that,
unlike the other third-year courses involved in the study,
the BIOC course included a PBL component in addition to
standard lectures. According to Barrows’ taxonomy of PBL
methods (Barrows, 1986), the “modified case-based” method
was used, in which students are presented with some information and are asked to decide on the forms of action and
decisions they may make. Following some research and hypotheses, they are provided with more information about
the case. Jonassen (2011) would classify the problem type
as “decision-making.” For a detailed description of the PBL
methodology used in the BIOC course, please refer to Klegeris
and Hurren (2011).
The three control groups (CHEM, HMKN, and SOCI) were
chosen randomly from a list of third-year courses to include
courses from three different disciplines. The majority of students in these classes were at the same instructional level of
third-year standing, having just completed the prerequisite
first- and second-year courses. It is important to note that,
even though the control courses were selected randomly and
there were no apparent differences between the groups of students taking them, we cannot rule out pre-existing differences
between the students enrolled in these courses unrelated to
PBL, such as age, general background knowledge, or academic ability. The instruction used in the control groups did
not include PBL; it was a mixture of traditional lectures and
other classroom activities (see Table 1). It is important to note
CBE—Life Sciences Education
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Table 1. Third-year undergraduate courses studied
Course

Content

Methodologies used in the
classroom (% time)

Out of class work

Students enrolled/
participants in the study (%)

Biochemistry
(BIOC)

Introduction to
pharmacology

Traditional lectures (65%)
PBL (25%)
Poster presentations (8%)
Equation solving (2%)

Independent study of research
papers
Researching learning issues
for PBL cases
Poster group work

55/47 (86%)

Chemistry
(CHEM)

Chemical processes in
the environment

Traditional lectures (75%)
Demonstration of
equations (25%)

Independent quizzes
involving equations

32/19 (59%)

Sociology
(SOCI)

Perspectives on social
control

Lectures (60%)
Class discussions (30%)
Group projects (10%)

Assigned readings
Group projects
Final paper

40/21 (53%)

Human kinetics
(HMKN)

Exercise psychology

Traditional lectures (100%)

Two different written
assignments

77/56 (73%)

that, in addition to the traditional lectures and PBL cases,
the BIOC course incorporated other alternative instruction
techniques, including group work on posters, independent
studies of research articles, and solving of pharmacological
equations.
This study was made possible by the voluntary participation of the students enrolled in the aforementioned courses.
Study protocols were approved by the UBC Human Research
Ethics Board, and students willing to participate in the study
voluntarily signed an appropriate consent form. Third-party
support was utilized to ensure that each student’s consent
and research data were hidden from the course instructors
and also from the principal investigator (A.K.), who had access only to data summaries or anonymous sets of data.

Problem-Solving Tests
Questions from the Program for International Student Assessment (PISA) developed by the Organisation for Economic
Co-operation and Development (OECD, 2004) were used to
design two problem-solving tests (1 and 2) comprising four
problems (six questions) each. PISA is an international study
that began in the year 2000. It aims to evaluate education
systems worldwide by testing the skills and knowledge of
15-year-old students in participating countries/economies.
PISA assesses students’ knowledge, skills, and, since 2003,
problem-solving abilities. PISA defines problem solving as:
“Problem solving is an individual’s capacity to use cognitive
processes to confront and resolve real, cross-disciplinary situations in which the solution path is not immediately obvious
and the literacy domains or curricular areas that might be
applicable are not within a single domain of mathematics,
science or reading” (OECD, 2004). As such, PISA measures
general problem-solving ability, which was also purpose of
this study. The PISA problems used in the problem-solving
tests measured several aspects of problem solving, including
design and troubleshooting, decision making, and system
analysis.
The PISA tool had already identified the difficulty level
for each of the questions included in their assessment of student problem-solving abilities. This allowed us to design two
problem-solving tests of similar difficulty level. For determining whether the problem-solving tests were in fact equal
Vol. 12, Spring 2013

in difficulty, a pilot study was conducted in which 10 UBC
Okanagan students completed both tests 1 and 2. The results of this study reinforced the notion that the two tests
were in fact of equal or similar difficulty, thereby allowing
us to measure any improvement in the problem-solving abilities of students enrolled in each of the four courses over the
course of the semester. Because the questions were designed
for younger students, we introduced a 15-min time limit for
completion of the tests by the university students to reduce
the class time spent on this activity. The time limit was established through a pilot study, which assessed student performance when tested with 10-min, 15-min, or no time limits.
The pilot study showed that, without the time limit, the thirdyear students obtained very high scores. Fifteen minutes was
enough for most students to complete the tests comfortably;
therefore, it is unlikely that differences in reading comprehension affected student scores. The pilot study also indicated
that both tests were equal in difficulty and reasonable in nature for the purposes of our study. A rubric for assessment of
student answers provided by PISA was used by all markers.
In the present study, the problem-solving tests were used
to evaluate the generic problem-solving abilities of students,
because the questions were not related to the course content
covered in any of the courses. An example of the types of
questions included in the problem-solving tests can be found
in Table 2. To our knowledge, this is the first adaptation of
PISA questions to measure an educational intervention at the
university undergraduate level. Clearly, more studies will be
needed to validate these tests in an undergraduate setting.
Examples of the PBL exercises used in the BIOC course as
well as the problem-solving tests and answer keys used in
this study can be obtained by contacting the corresponding
author.
Problem-solving tests 1 and 2 were administered to students in a random manner at the beginning of the term
(September) and were completed within a 15-min period.
At the end of the term (December), individual students completed the other of the two tests. This way, students who
completed problem-solving test 1 at the beginning of the term
were administered problem-solving test 2 at the end of the
term and vice versa. Therefore, by the end of the term, each
student participating in this study had taken two tests that
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Jane bought a new cabinet-type freezer. The manual gave the
following instructions:
• Connect the appliance to the power and switch the appliance on.
• You will hear the motor running now.
• A red warning light (LED) on the display will light up.
• Turn the temperature control to the desired position. Position 2
is normal.
• The red warning light will stay on until the freezer temperature
is low enough. This will take 1–3 h, depending on the
temperature you set.
• Load the freezer with food after 4 h.

Position
1
2
3
4
5

Temperature (◦ C)
−15
−18
−21
−25
−32

Jane followed these instructions, but she set the temperature control
to position 4. After 4 h, she loaded the freezer with food. After 8 h,
the red warning light was still on, although the motor was running
and it felt cold in the freezer.
Question 1: Jane read the manual again to see if she had done
something wrong. She found the following six warnings:
1. Do not connect the appliance to an unearthed power point.
2. Do not set the freezer temperatures lower than necessary
(–18◦ C is normal).
3. The ventilation grills should not be obstructed. This could
decrease the freezing capability of the appliance.
4. Do not freeze lettuce, radishes, grapes, whole apples and pears,
or fatty meat.
5. Do not salt or season fresh food before freezing.
6. Do not open the freezer door too often.
Ignoring which of these six warnings could have caused the delay
in the warning light going out?
Answer “Yes” or “No” for each of the six warnings.

were different yet comparable in difficulty. First, all tests from
all four classes were graded by a teaching assistant according
to a predetermined answer key with a maximum score of 13
points. For confirming that marker bias was not responsible
for the differences or similarities in the student grades, all
tests from all four courses were re-marked in a blinded manner by an additional marker. Tests from the BIOC course, in
which statistically significant improvements were recorded,
were re-marked by an additional four markers, as described
in the Results section. This blind assessment was achieved
by first coding the exams, and then removing the student
names, course numbers, and completion dates and randomly
shuffling all tests into a single pile before marking them.

Data Analysis
Two-sample Student’s t test comparisons were used to assess
differences in the marks obtained by the students on problemsolving tests 1 and 2, as well as improvement in student marks
over the course of the semester in each of the four courses.
Data obtained from the five independent markers grading
the BIOC course in a blinded manner were analyzed using
76

Average mark (/13)

Table 2. Example of a question used in the problem-solving test

10

*

8
6
Beginning of Term
4

End of Term

2
0

Figure 1. Problem-solving abilities of the students enrolled in the
BIOC course improved over the semester, as shown by the statistically significant increase in the average mark obtained by the students
at the end of the term compared with the beginning of the term. Students from the other third-year courses did not show improvement
in problem-solving abilities assessed by the generic problem-solving
tests. All tests were graded by the same teaching assistant, and the
data from each course were analyzed using two-sample Student’s t
test (*, P < 0.05).

the Generalized Linear Model Randomized Block design in
the SPSS statistical software. Data are presented as means ±
SE of the mean (SEM). P values of <0.05 were considered
statistically significant.

RESULTS
Enrollment in the courses studied was as follows: HMKN,
n = 77; CHEM, n = 32; SOCI, n = 40; and BIOC, n = 55.
Seventy-three percent of students in the HMKN course (n =
56), 59% of students in the CHEM course (n = 19), 53% of
the students in the SOCI course (n = 21), and 86% of students in the BIOC course (n = 47) volunteered to participate
in the study (see Table 1). An approximately equal number of
students in each course completed problem-solving test 1 or
test 2 at the beginning of the term. After the problem-solving
test was administered for the first time (i.e., at the beginning
of the term), the marks obtained by students who attempted
problem-solving test 1 were compared with the marks obtained by those who attempted problem-solving test 2 for
all students in the four courses studied. The two tests were
again found to be equally challenging to this larger student
population (n = 143), because the difference in average test
scores (7.8 ± 0.4 [n = 73] versus 7.2 ± 0.4 [n = 70]) was not
statistically significant (P = 0.23). On the strength of this observation, the study was continued by distributing the same
two tests at the end of the term to individual students such
that no student took the same test twice. Figure 1 compares
the marks obtained by students at the beginning and at the
end of the term in each of the four courses. For confidentiality
purposes, the three control courses are denoted Control 1, 2,
and 3. Only students in the BIOC course, the only course with
a PBL component, showed statistically significant, ∼15% improvement in problem-solving abilities. The data presented
in Figure 1 were collected after all tests from all four courses
were marked by a single teaching assistant in an unblinded
manner as they became available; therefore, marker bias may
have contributed to the recorded differences. For confirming the statistically significant change in test scores in the
CBE—Life Sciences Education
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Table 3. Average mark assigned by five independent markers grading the problem-solving tests of students from the BIOC course in a
blinded manner
Average mark (out of 13)
Marker #
1
2
3
4
5

Beginning of term

End of term

8.5 ± 0.5
8.5 ± 0.4
8.3 ± 0.5
8.5 ± 0.4
8.6 ± 0.5

9.6 ± 0.5
9.7 ± 0.5
9.6 ± 0.5
9.6 ± 0.5
9.7 ± 0.5

experimental group using tutor-less PBL (BIOC course), five
independent markers regraded all the problem-solving tests
from this course in a blind manner after all the test papers were coded and shuffled into a single pile. The average
test scores awarded by individual markers are presented in
Table 3. This data set, which was obtained in a blinded manner, was subjected to generalized linear model randomized
block analysis, with beginning and end of term (September
and December) marks assigned as the fixed factor, and the
five different markers, as well as the different students, assigned as random factors. This analysis confirmed a statistically significant (P = 0.04) difference between the average
scores obtained at the beginning and end of the term. It also
confirmed that there was no statistically significant difference between the scores assigned by the five different markers (P = 0.59). Interestingly, the overall improvement determined by the blinded markers was somewhat smaller (∼13%)
than the value recorded by the original marker (∼15%; see
Figure 1).
The possibility that other courses may also have shown an
improvement in problem-solving abilities not detected by the
original marker was ruled out by having a single, independent marker graded the problem-solving tests from the three
control courses in a blinded manner. The data presented in
Table 4 show that, even after blinded marking, no trends toward significant differences were observed, with the lowest
P value being 0.69; therefore these tests were not re-marked
by additional blinded markers.

DISCUSSION
This study demonstrates that students obtained higher scores
in generic problem-solving tests after attending a large biochemistry class that involved PBL without the assistance of
tutors, while the scores of students enrolled in three other
courses not involving PBL showed no improvement. We

Table 4. Average mark assigned by an independent marker grading
the problem-solving tests of students from the three different control
courses in a blinded manner
Average mark (out of 13)
Course name

Beginning of term

End of term

P value

6.0 ± 0.4
9.0 ± 0.6
8.0 ± 0.7

6.2 ± 0.4
9.1 ± 0.6
8.1 ± 0.7

0.69
0.92
0.95

Control 1
Control 2
Control 3
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believe that the two problem-solving tests can reliably be
used for further studies assessing students’ general problemsolving abilities. They may be used to assess changes in
student problem-solving skills within courses, to compare
the problem-solving abilities of students from different disciplines, and to track changes in student problem-solving
abilities over the course of their postsecondary education.
Consequential administration of two tests similar to the
method used in this study (parallel assessments) has been
used previously in psychology-based studies (Nunnally and
Bernstein, 1994; Lee and Coladarci, 2002; Brummel et al.,
2009). However, because these tests have not been administered before to undergraduate students, their further validation as assessment tools of student problem-solving abilities in different university courses is needed. It should be
noted that OECD is currently developing tools for assessing
problem-solving abilities of university-level students, namely
AHELO (Assessment of Higher Education Learning Outcomes). These tools may become available in 2013 (OECD,
2012).
Observations made during this study revealed the following: 1) there were differences between test scores among
the four classes, with student scores in one of the control
classes significantly lower than all other classes at the beginning of the term; 2) in three out of four classes, there
was no statistically significant change in the test scores of
students between beginning and end-of-term testing; 3) students’ scores in the BIOC course employing tutor-less PBL improved significantly (P < 0.05). The initial data obtained in an
unblinded manner were confirmed by several independent
markers evaluating student answers in a blinded manner. Interestingly, even though both unblinded and blinded marking confirmed statistically significant improvement in the test
scores of the experimental group using PBL (BIOC students)
at the end of the term, there was a small difference in the
magnitude of improvement recorded by the blinded markers (∼13%) compared with the original unblinded marker
(∼15%). This may reflect the bias of unblinded marking that
has been described in many previous studies (Dinnet et al.,
2005; Halpern, 2007). Nevertheless, the statistical significance
of the improvement in student scores was confirmed by five
blinded markers. Furthermore, statistical analysis showed no
significant differences between the scores assigned by these
markers, which may mean that fewer blinded markers could
be used to evaluate test results in future studies. An improvement of 13% in student achievement is noteworthy. We
failed to identify other studies quantifying changes in student
problem-solving abilities, but previous studies have measured improvement in knowledge of course content. Thus,
in a study of pharmaceutical courses over 9 yr, Romero et al.
(2010) found that midterm examination marks of student exposed to PBL were 3% higher compared with students from
classes using standard lectures.
It is not known why the absolute scores obtained by students in one of the control groups were lower than those
obtained by three other groups of students. It is possible that
this difference is due to student selection processes or the
degree of emphasis placed on problem solving in that particular discipline, but further studies are needed to draw any
conclusions. Nevertheless, our observations emphasize the
importance of comparing classes from the same year, since,
with the exception of this one significant difference, students
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from three other courses obtained very similar results in the
problem-solving tests.
The most significant observation was improvement in the
problem-solving skills of the students exposed to tutor-less
PBL. It is important to note that all courses were taught by
experienced instructors and that the mean absolute scores
of BIOC students were comparable with those obtained by
students in the control courses. In fact, the problem-solving
abilities of students exposed to PBL (as assessed by their absolute scores on the previously described problem-solving
tests) were second highest at the beginning of the term and
improved to first place standing at the end of the term. This
suggests that the observed improvement should not be attributed to the possibility that the BIOC students were lagging behind their peers at the beginning of the term.
One interpretation of the data is that the select improvement in the problem-solving test scores of BIOC students
was due to their exposure to PBL exercises, which were not
administered to other students. However, other possibilities
cannot be ruled out. For example, instructor bias, teaching
style differences, and/or subject matter engagement may
have impacted the results. It is also possible that other instructional activities specific for the BIOC course (posters,
independent studies, or calculations) could have caused improvement in problem-solving abilities, or this change could
be a result of better peer interactions, student engagement,
and active learning due to diverse instructional techniques,
rather than the specific methodology of PBL. The contributions of these alternative factors could be determined using a
BIOC course control group, for whom the same topics would
be covered by the same professor, but no PBL would be used.
However, due to high student satisfaction with the PBL component (see Klegeris and Hurren, 2011) and our preliminary
data showing improved student problem-solving skills after
PBL exposure, performing such a study would disadvantage
some students. A similar conclusion was made by Romero
et al. (2010) after their study was complete. We are therefore
searching for an alternative way to conclusively establish that
it is specifically the PBL component of the BIOC course that
leads to the improvement in student problem-solving skills.
Alternatively, tutor-less PBL could be introduced as an instructional technique in the control classes used in this study
or other classes that currently do not use PBL to see whether
such intervention improves student problem solving. We are
currently exploring this option with other course instructors
at our university.
In conclusion, our data demonstrate that the use of PBL in a
large classroom without tutors (thereby avoiding additional
expenses) leads to statistically significant improvement in the
generic problem-solving skills of students. Although such
improvement has been well-documented for small tutor-led
groups, very few studies have documented similar benefits
in a large classroom setting (Woods, 1996; Pastirik, 2006). Our
study is among the first to clearly demonstrate the benefits
of tutor-less PBL and may encourage interested colleagues to
implement this type of PBL in large classrooms and to conduct
further research on its benefits. Our previous studies (Klegeris
and Hurren, 2011) combined with our current observations
indicate that the particular PBL teaching method we have developed not only may lead to increased student attendance,
engagement, and satisfaction, but could also enhance students’ discipline-specific and generic problem-solving abili78

ties. This is a very desirable outcome that is valued not only
by educational institutions (Jefferson, 2001; Pierrakos et al.,
2010; Taylor et al., 2010;), but also by students themselves
(Kaufman and Mann, 1996; Lieux, 1996) and by their future
employers (Boyer Commission on Educating Undergraduates in the Research University, 2002; National Academy of
Engineering, 2005; Anderson et al., 2008).
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