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ABSTRACT

This study continued the exploration of the relationship
between the students’ success on a simulation exercise and
their perceptions of its value as a PBL problem. This study
found no significant relationship between financial
performance on a simulation and student perceptions of its
ability to achieve the benefits derived from a good PBL
problem. Limitations and directions for future research are
explored.

WHAT IS PROBLEM-BASED LEARNING?

Problem-Based Learning (PBL) is a pedagogical
process that begins by presenting the learner with an
engaging problem, question, or puzzle. Learners then
discover course concepts for themselves as they explore the
problem. PBL grew out of findings of the cognitive sciences
regarding how we learn. It originated in medical education
and has gone on to gain acceptance as an effective pedagogy
in such diverse disciplines as physiology, food production,
and geology (Allen and Duch, 1998; Bereiter and
Scardamalia, 2000; Duch, Gron, and Allen, 2001; Lieux and
Luoto, 2000; Mierson, 2001).

PBL is founded on the idea that problems should
precede answers. It is designed to give students the
opportunity to identify the ideas and skills they need to
work through problems. This process helps students
recognize their knowledge deficiencies about a discipline,
motivates them to understand course concepts, and
facilitates their application of those concepts to real
problems (Miller, 2004; Brownwell and Jameson, 2004).
Spence (2001) argues that PBL provides students with
opportunities to examine and experiment with what they
already know; to discover what they need to learn; to
develop the people skills they need for improving their
performance in a team setting; to improve their writing and
speaking abilities (to state and defend their own ideas with
sound arguments and evidence); and to become more
flexible in their approach to problems. This pedagogical
process, Spence contends, dramatically improves learning.
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DEFINING PROBLEM-BASED LEARNING

Problem-Based Learning has been defined as “a method
of instruction that uses problems as a context for students to
acquire problem-solving skills and basic knowledge”
(Banta, Black, and Kline, 2000, pl). It also has been
described as a “range of educational approaches that give
problems a central place in learning activity” (Bereiter and
Scardamalia, 2000, p185).

Universal to all definitions of PBL is (a) the approach
to learning utilized by the instructor and (b) the use of a
problem as the central focus of attention in the course
(Sherwood, 2004). We will discuss each of these elements
in turn.

Locus of Learning

Barrows (1986) and Spence (2001) make a distinction
between subject-based learning (i.e., traditional learning)
and problem-based learning. Subject-based learning is
teacher-centered; the teacher provides the subject (i.e.,
student) with the correct answer for various circumstances.
The subjects are taught how to use this information as the
teacher assigns problems applicable for these “answers”. By
contrast, problem-based learning is student-centered; the
teacher expects the students to take responsibility for their
own learning as they search for answers to the problem
assigned.

The Importance of the “Problem”

Since the problem that learners are asked to solve plays
such a critical role in PBL, much attention has been devoted
to a discussion of what constitutes a “good” problem. Duch,
et al.,, (2001) argue the quality of the “problem” used in
large part determines whether the implementation of the
pedagogy is successful. They state that PBL problems need
to meet two criteria to be effective for a PBL design. The
problems should (1) engage student interest and (2) require
the students to develop and implement the principal
concepts of the course in order to successfully solve the
problem. They contend that establishing a good problem can
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require creativity because the material for good PBL
problems is not found in traditional textbooks.

Lohman (2002) expands the elements of a good PBL
problem, stating that it should have three “structural
features”. One, the exact nature of the problem should be
unclear and the information needed to solve the problem
should be incomplete. Two, there should be more than one
way to solve the problem. And three, the problem should
not have a single right answer.

Barrows (1986), Edens (2000), and Sherwood (2004)
contend that the context of the problem must be considered
in a PBL designed course, as it provides the circumstances
that give meaning to the problem for the students. Sherwood
(2004) notes the importance of both organizational and
social context in the accomplishment of PBL objectives and
offers vignettes, cases and simulations as examples of
context problems for use in management education.

SIMULATIONS AS PBL PROBLEMS

Given their widespread use in business programs (Faria
and Nulsen, 1996), simulation exercises could provide
instructors with a familiar vehicle for introducing PBL into
the business curricula to reap the pedagogy’s benefits.
However, before using a simulation exercise as the problem
in a PBL designed course, it is useful to consider whether it
meets the requirements of a good PBL problem. Our review
of the literature found support that simulation exercises
meet the three criteria needed to be a good PBL problem
identified above. The simulation’s ability to engage
students’ interest is supported in reviews of the literature by
Wolfe (1985), and later by Washbush and Gosenpud (1991).
Further, the linkage between a simulation exercise and the
application of course concepts has been demonstrated in
multiple studies (Anderson and Lawton, 1997, Green and
Faria, 1995; Hemmasi and Graf, 1992, Miller, et al., 1998,
Schellenberger, et al., 1989, Teach and Govahi, 1988,
Wolfe, 1990). In addition, Anderson and Lawton (2004b)
point out that simulations fit the three criteria outlined by
Loman (2002) stated above. Finally, Anderson and Lawton
(2004a) found support for students’ perceptions of
simulations as meeting the characteristics of good PBL
problems.

PURPOSE OF THE STUDY

This study continued the exploration of whether
students’ perceptions of a simulation’s effectiveness as a
PBL problem are influenced by their financial success on
the simulation. Earlier research by Anderson and Lawton
(2006) reported mixed results on this question that may
have been influenced by the timing of when student opinion
was solicited. The current research changed when
measurement was undertaken to address this timing issue. It
also sought to address questions raised by Anderson and
Lawton (2005) on the effectiveness of simulations as PBL

44

problems throughout the duration of a course by assessing

student perceptions of a simulation’s effectiveness at the

beginning and end of a course.

The hypotheses for this study were:

There will be a positive correlation

performance on the simulation and the

attitudes toward the simulation experience.

There will be a positive correlation between

performance on the simulation and the students’

perception of how much they know about the discipline
of management.

There will be a positive correlation between

performance on the simulation and the students’

perception of how well the simulation reflects the
discipline of management.

H4: There will be a positive correlation between
performance on the simulation and the students’
perception of how much they learned from the
simulation experience.

H1: between

students’

H2:

H3:

RESEARCH METHODOLOGY

The Subjects of the Study

Subjects for the study were seniors at a medium-sized,
university located in the Midwest. All the students were
traditional, college-aged students enrolled in a senior-level
strategic management capstone course. The course is
required of all business management majors. A total of 39
students participated in the study. After exclusion for
missing data, the final number included in the analysis was
25.

The Simulation

The simulation used was Threshold Competitor
(Anderson, et al., 2003). Threshold Competitor is a
moderately complex total enterprise simulation requiring
students to make approximately 40 decisions involving
elements of the marketing mix (e.g., price, quality,
promotion), operations (e.g., hire and fire workers, order
raw materials, set production levels), and finance (manage
cash flow, borrow long-term funds) for each period of play.
Each decision period represented three-months (i.e., one
quarter).

Threshold Competitor has a Team version (in which
student-managed companies compete against other student-
managed companies) and a Solo version (in which one
student-managed company competes against 15 computer-
managed  companies, not other student-managed
companies). The Solo version allows students to process
their decisions and move to the next quarter of operation at
their own pace, without need for instructor involvement.
There are two versions of the Solo program; Solo Practice
and Solo Exam. The Solo Practice version allows students
to restart the simulation as often as they wish. That is, if
students are not satisfied with their performance, they can
quit that particular simulation run and initiate a new round
of competition from the beginning (Quarter 1). This allows
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them to restart the simulation repeatedly until they achieve
results they find acceptable. The Solo Exam version is
identical to the Solo Practice version with the exception that
the students are allowed only one pass through the quarters.
They cannot go back and reprocess new decisions for
Quarter 1 once they have processed that quarter.

Assessment Measures

Five measures were used in this study. They were (1)
performance on the simulation, (2) student attitudes toward
the simulation, (3) students’ perceived knowledge about the
discipline of management, (4) students’ perception of how
well the simulation reflected the discipline of management,
and (5) how much the students thought they learned from
participating in the simulation exercise. The first three
measures were scales consisting of multiple items; the last
two were single item questions. Table 1 shows that for the
multiple item scales; none had particularly high levels of

internal consistency as measured by Cronbach’s alpha. The
low alpha scores were disappointing and surprising since
they were inconsistent with the high alphas found in
previous work (Anderson and Lawton, 2006).
Consequently, we analyzed the data both on how the
“collective” measures related to financial performance, and
also on how each of the items related to financial success.

Research Design

In order to assess the relationship between the students’
performance on the simulation and their evaluation of
various aspects of the simulation, we collected data on three
separate occasions: (1) after the students completed their
individual Solo Practice experience in Week 3 of the
semester; (2) after the students completed their experience
(in groups) with the Team version; (3) at the end of the
semester after the students completed their individual Solo
Exam experience in Week 13 of the semester.

Table 1
Study Scales
Number Cronbach’s
Scale Name Description of Items of Items alpha
Performance | Three measures of performance on the simulation (all three of the 3 .770, .938, .827
following were standardized to make their magnitudes comparable):
1) Sales
2) Netincome
3) “Points” awarded by the simulation to reflect the relative
performance of each company
Attitude Six semantic differential scales. The simulation was... 6 .753, 553, .651
= unpleasant 1 2 3 4 5 6 7 enjoyable
= frustrating 1 2 3 4 5 6 7 satisfying
= dreadful 1 2 3 4 5 6 7 engaging
= simplistic 1 2 3 4 5 6 7 challenging
= dull 1 2 3 4 5 6 7 stimulating
= overwhelming 1 2 3 4 5 6 7 manageable
Perceived = How knowledgeable do you feel you are about the discipline of 4 519, .673, .606
knowledge management? (4 point scale from “Not at all knowledgeable” to
“Very knowledgeable™)
= How much do you feel you would have to learn about management
before you would be able to perform competently in your first job in
a management position? (Reverse scored 4 point scale from
“Nothing” to “An extreme amount”)
= How much do you feel you would have to learn about management
before you would be able to perform competently as a manager?
(Reverse scored 4 point scale from “Nothing” to “An extreme
amount”)
= |f you landed a job as a mid-level manager of an area business, how
capable would you be of handling the job? (4 point scale from “Not
at all capable” to “Very capable”).
Reflected How well do you think Threshold Competitor reflects the discipline of 1 na
discipline management?
Learning How much do you think you learned from participating in the Threshold 1 na
Competitor simulation?
*  Note: there are three values of Cronbach’s alpha for each of the scales shown above, because the questionnaire was
administered on three separate occasions.
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Assessment #1. The early introduction of a problem for
students to solve is at the core of the PBL pedagogical
model. To accomplish this, we introduced students to the
simulation in the third class meeting of the course. The first
class meeting dealt only with class organizational issues
(e.g., course requirements, testing, formation of groups).
The second class meeting was limited to a general overview
of course topics and concepts and a brief introduction to the
simulation. At the next class, the students were given the
assignment to use the Solo version of the simulation to run
their company as an individual player for four decision
rounds. This meant that the students operated their
companies prior to a discussion of a framework for
decision-making and prior to instruction on how course
concepts applied to the simulation exercise. Following their
completion of the Solo Practice exercise, the students
completed a questionnaire on their perception of the Solo
exercise, providing feedback on the exercise’s merits as a
PBL problem.

Assessment #2. Over the next 10 weeks of the course,
the students participated in the Team version of Threshold.
This exercise consisted of 12 decision rounds. Following
completion of this Team exercise, the students again
completed a questionnaire on their perception of the
simulation.

Assessment #3. Following the completion of the Team
exercise, the students again were given a second Solo
assignment. They had to run their company as an individual
player for eight decision rounds during a 3% hour exam
period. Following their completion of this Solo exercise, the
students again completed a questionnaire on their perception
of this Solo exercise.

The timing of Assessments 2 and 3 in this study
differed from those administered by Anderson and Lawton
(2006) in their study of the influence of students’ financial
success on their assessment of the simulation’s value as a
PBL problem. In that study, Assessment #2 was taken after
completion of the Team exercise and a second Solo
exercise. Assessment #3 was done at the final class session;
students were instructed to respond based on their total
experience with the simulation over the duration of the term.
They were explicitly directed not to fill out the
questionnaire based solely on their recently completed Solo
Exam experience. This assessment pattern raised questions
regarding the students’ ability to separate their Team
performance from their Solo Exam performance, when
completing the questionnaire. The current study sought to
avoid this possible confusion while still assessing the
students’ perceptions over the duration of the semester.

RESULTS

Item Averages Over Time
Table 2 shows the averages and standard deviations for
each of the assessment measures. Consistent with earlier
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studies by Anderson and Lawton (2005, 2006), students’
ratings of the simulation on how it met the criteria of a good
PBL problem were quite favorable. The attitude measures
ranged from 4.44 to 6.32 on a seven-point scale. The
average rating for Assessment #1 was 5.38, for Assessment
#2 was 5.39, and for Assessment #3 was 5.51. Contrary to
prior studies, students’ ratings for the attitude measures
tended to improve over the duration of the course. While
most changes did not reach the .05 level of significance, the
ratings at Assessment #3 were higher than at Assessment
#1. Only “Challenging” showed a decline — by the end of
the course, students found the simulation to be less
challenging.

As one would hope, students’ perception of their
knowledge was higher at the end of the course than at the
beginning. While “amount to learn to perform competently
in a first management job” fell just short of statistical
significance, all changes were in the expected direction.

There was little evidence that students’ opinion of the
realism of the simulation changed over the course of the
semester. There also was little evidence of a change in the
students’ perception of how much they learned from the
simulation.

Hypothesis Results

While we found support that the students’ credited the
simulation with the characteristics of a good PBL problem,
a primary concern of this study was to assess whether these
assessments were related to the financial success they
achieved during the exercise. One would hope that students
would be able to separate their results from their evaluation
of the simulation, but anecdotal evidence suggests
otherwise.

Table 3 shows the results of a test of the hypotheses
stated above, constructed to assess the relationship between
student perceptions and their financial success.

Hypothesis 1. There was no support for the hypothesis
that there is a positive correlation between performance on
the simulation and students’ attitudes toward the simulation.
While all three correlation coefficients were positive, they
were very small and none was statistically significant.

Hypothesis 2. No support was found for an association
between performance on the simulation and the students’
perception of how much they know about the discipline of
management for any of the assessment periods. In fact, only
one of the three correlation coefficients was in the expected
direction.

Hypothesis 3. No support was found for a relationship

between performance on the simulation and the
respondents’ perception of how well the simulation reflected
the discipline.

Hypothesis 4. Finally, there no support for the
hypothesis positing a relationship between performance and
the students’ perception of how much they learned from the
simulation.
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Table 2
Averages and Standard Deviations for Assessment Measures

Assessment#1 | Assessment#2 | Assessment#3
Ave / St Dev Ave / St Dev Ave / St Dev
Attitude Measures (7 Pt Scale) T 5.38/0.703 5.39/0.673 5.51/0.632
Enjoyable 5.32/0.900 5.52/1.085 5.80/1.000 *
Satisfying 4.56/1.294 4.44 ] 1.446 4.80/1.225
Engaging 5.72/0.792 5.64 /0.907 5.92/0.862
Challenging 6.32/0.627 6.08/0.909 576/1.234 *
Stimulating 5.68/0.988 5.76 /1.012 5.68/0.802
Manageable 4.68/1.464 4.88/1.691 5.08/1.077
Perceived Knowledge Measures (4 Pt Scale) t 2.39/0.382 2.53/0.441 2.73/0.414 **
Knowledgeable about management 2.56 /0.583 2.56 /0.651 2.80/0.577 *
Amount to learn to perform competently in 2.32/0.557 2.48/0.653 2.12/0.666
first management job
Amount to learn to perform competently as 3.04/0.611 2.76 / 0.597 2.48/0.586 **
a manager
Capable of handling job as a mid-level 2.36/0.638 2.80/0.577 2.72/0.614 *
manager
Simulation reflects management discipline Tt 2.80/0.645 2.76/0.523 2.84/0.138
Learned from participating in simulation t+ 5.44 /0.651 5.40/0.816 5.56 /0.142

Change from Assessment #1 to Assessment #3: * p < .05, ** p < .01.

T (1-tailed tests); tt (2-tailed tests)

Table 3
Hypothesis Test Results

Hypotheses | “Clustered” Measures Performance 1 Performance 2 Performance 3
R-sq / p-value R-sq / p-value R-sq / p-value
H1 Attitude .108 / .606 .096 / .650 .123/.559
H2 Perceived knowledge -.068/.747 .233/.262 -.206 /.323
H3 Simulation reflected discipline -.039/.853 .073/.729 .000/.998
H4 Perceived learning -.260/.209 117/ .576 106 /.614
Table 4
Hypothesis Test Results — Individual Measures
Hypotheses | Individual Measures Performance 1 Performance 2 Performance 3
R-sq / p-value R-sq / p-value R-sq / p-value
H1 Attitude
=  Enjoyable .068 /.745 .385/.057 -135/.521
= Satisfying .205/.229 .388/.055 -.212/.309
= Engaging -.204/.328 -.003/.988 -.114/.589
=  Challenging .368/.070 -.581/.002 ** .348/.088
= Stimulating 1441 .492 -.209/.317 .075/.722
= Manageable -.095/.652 .089/.674 .435/.030 *
H2 Perceived knowledge
= Of discipline -.087/.679 120/ .568 -.280/.175
= For 1" job management position 141/ .501 .345/.092 128/ .541
=  For job as manager .044 1 .833 .080/.703 -.296/.151
=  For mid-level position -.249/.230 132 /.529 -.099/.637

*p< .05 **p< .0L
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Further Analysis

Given the weak Cronbach alphas reported in Table 1,
analysis was performed on individual attitude items to see if
they were related to financial success. These results are
shown in Table 4.

Only two of the possible 30 measures showed a
significant relationship with financial success. Finding no
relationship with any of the measures for the Assessment #1
was not surprising since the students’ familiarity with the
simulation at that time was very low. The students were
confronted with the simulation with virtually no preparation,
so they probably had low expectations for success at that
stage of the exercise. There was one significant relationship
and two nearly significant relationships for the measures in
Assessment #2. Students financially less successful rated the
simulation as more challenging than students who were
successful. And there is some weak support that the students
found the simulation exercise more enjoyable and satisfying
if they were financially successful. For Assessment #3,
student who performed well found the simulation to be
somewhat more manageable.

The relationship between how challenging students
found the simulation to be and performance is difficult to
interpret. For Solo Practice and Solo Exam, there was a
positive (though not quite significant) correlation between
level of challenge and performance. The more successful
they were, the more challenging they rated the simulation.
But there was a statistically significant negative relationship
between level of challenge and performance for the team
experience. As noted above, they see the simulation more
challenging if they struggled to achieve financial success.
Why this exists for the Team experience, but not the Solo
experience is unknown.

DISCUSSION

A previous study (Anderson and Lawton, 2006) failed
to find a relationship between performance on a simulation
and attitude toward the simulation. Given the authors’
anecdotal experience accumulated over 20 plus years of
working with simulations and conversations with other
simulation users, we suspected that these results were an
aberration. As reflected by our hypotheses, we had expected
to find that those students who did well on the simulation
would rate it more favorably, would have a greater belief
that the simulation reflected the discipline, and would
perceive that they learned more from participating in the
exercise.

We found virtually no support for a relationship
between financial performance on the simulation exercise
and students’ attitudes toward the simulation. Nor was there
support for a relationship between performance and their
perception of how much they learned from participating in
the simulation, how well the simulation reflected the
discipline, or their perception of their managerial abilities.
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While unexpected, it was reassuring to discover that the
students were able to assess the merits of their simulation
experience regardless of their performance on the exercise.
It appears they were able to separate their success on the
simulation from their assessment of its educational value.

If these findings can be replicated more broadly (e.g.,
other simulations and other teachers, as noted in the
Limitations section, below), and if the students’ perceptions
are at all related to reality, then assessing student learning
based on financial performance on a simulation exercise
needs to be done cautiously. Using financial performance as
the sole or primary proxy for learning may be ill-advised.
While the assessment measures used in this study were
based on student perceptions, the results still call into
question the merits of placing too much importance on
financial success to assess learning that occurred on a
simulation exercise.

LIMITATIONS

There are two principal limitations of this study. One is
the relatively small sample size. These findings are based on
a sample of only 25 students. The sample size was hindered
by the need to eliminate 14 participants who failed to submit
all data elements involved in the study. Clearly there is a
need to replicate this study with a larger number of students.

A second limitation of the study is that it is based on a
single instructor using a single simulation. It is conceivable
that students would respond differently to other instructors
or to other simulations. Again, this points up the need for
replication of this study by other instructors using different
simulations.

CONCLUSIONS

As stated above, the results of this study were
contradictory to our expectations. Conventional wisdom
would suggest that students achieving financial success on a
simulation exercise would translate that success into more
positive assessments of the value of the simulation than
would those experiencing weaker financial performance.
This did not occur during any of the three assessment
periods. However, these results are consistent with those
found earlier (Anderson and Lawton, 2006). The findings of
this study suggest that the absence of any significant
relationship between financial performance and the items
measured may, in fact, be the rule rather than the exception.

A clear need for replication exists if we are to
understand the results of this study. Different simulations
and different instructors must address this issue to ensure
that these results are not artifacts of this particular set of
circumstances. Further research in this area should include
assessments of student learning that are not based on their
self-perceptions. If, in fact, student learning on a simulation
exercise is independent of their performance on that
exercise, assessment of their knowledge and learning must
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be based on evidence other than the results of the simulation
itself.
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