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Research on the implementation of case studies in engineering has suggested that students find that cases allow them to see
the relevance of engineering concepts to real world issues. Research has also found that students do not perceive cases to be
beneficial to their learning while actual learning outcomes suggest otherwise. The goal of this study was to examine the
relationship between students’ perceptions of their learning confidence and engagement with their actual learning
performance for case-based instruction and traditional lecture-based approaches. Thirty-five students enrolled in an
undergraduate engineering course participated in the study. The study utilized a within subjects A-B-A-B experimental
design with traditional lecture as the baseline condition and case-based instruction as the experimental condition.
Participants completed a quiz to assess their learning and a survey to measure their perceptions of learning and
engagement. Results suggested that students’ perceptions about their own learning did not predict their actual learning
outcomes while their perceptions of engagement predicted their conceptual understanding. We also found that cases can
lead to significantly greater conceptual learning gains as compared to traditional lecture approach; however, case-based
instruction does not influence measures of rote learning. Given that prior research on case studies in engineering has
primarily focused on using student perceptions as proxies for actual learning outcomes, these results suggest that
engineering educators need to be cautious when interpreting student outcomes based on their perceptions. Our results
suggest that engineering education researchers should be careful when using student perceptions to assess the impact of

curricular innovations.
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1. Introduction

A report by American Society for Engineering
Education (ASEE) [1] highlighted that to address
a growing list of interconnected and complex global
problems there is a need to train engineers capable
of dealing with the multifaceted nature of the
challenges they face in the 21st century. However,
the lecture-based pedagogical approaches still
remain dominant in engineering education, which
leaves graduates ill-prepared to understand the
complexities of the profession [2-4]. Specifically,
the lecture-based approach emphasizes declarative
and procedural knowledge and lacks the ability to
sustain student’s attention, which leads to low
attendance rates [5, 6]. This means that students
are not motivated to come to class nor are they
retaining information from classrooms that empha-
size declarative learning, memorization and recall
[7]. This is problematic given that the emphasis on
memorization rather than application does not
provide students with opportunities to see the real-
world application of their learning, which leads
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many students to drop out of engineering [8].
Furthermore, the traditional lecture approach
does not provide engineering students with the so
called soft-skills, such as communication, colla-
boration, people skills, design skills, etc. [9, 10].
The National Academy of Engineering also high-
lighted that today’s engineering students are not
being educated to address tomorrow’s problems
and therefore, it is imperative to refocus and reshape
the undergraduate learning experience [11]. More
recently, ASEE highlighted that while the attributes
required for engineering graduates have expanded
beyond just raw technical knowledge, “our engi-
neering programs remain overly ambitious, tightly
sequenced, and highly technical curricula is rooted
in a paradigm from the 1960s” [2, p. 13]. As a result
of the changing demands to train the engineers of
the future, a paradigm shift is occurring within
engineering education to incorporate more stu-
dent-centered pedagogies [2]. These student-cen-
tered approaches, such as problem-based learning
and design thinking have been hypothesized to
provide students with opportunities to develop
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higher critical thinking skills and create problem
solvers who are prepared to work in a complex and
ill- structured professional field [3, 12]. Further-
more, these pedagogical approaches make the cur-
riculum ‘relevant to the lives and careers of
students, attractive to all students, and connected
to the needs of society” [13, p. 185].

Case-based instruction is one promising instruc-
tional problem-oriented approach to engage engi-
neering students and expose them to the complex
nature of real-world [3, 4]. Specifically, during case-
based instruction students work on “wicked” real
world problems (i.e., case studies), draw conclu-
sions with incomplete information, evaluate multi-
ple pathways to different solutions, and make
decisions on conflicting issues [12]. Learning from
cases also allows students to integrate multiple
sources of information as well as provides opportu-
nities for them to grapple with the ethical and
societal problems within their fields [14]. Prior
work from cognitive sciences has suggested that
learning happens from engaging in authentic activ-
ity and cases allow students to apply the knowledge
that they are learning and makes more meaningful
connections [15]. Furthermore, Kolodner [15, 16]
argued that engaging in case-based reasoning allows
students to learn from vicarious experience of sol-
ving problems and allows them to see the applic-
ability of their learning to real-world context.

While case-based instruction has only recently
been implemented in the STEM disciplines, it has a
long and effective history in the business, law, and
medical fields [5, 17, 18]. The case method of
instruction originated in the field of law, in which
cases helped guide instruction by providing law
students with ill-structured domains that do not
have consistent underlying theories [19]. Since
then, the use of case-based instruction has spread
to other domains such as medicine and business [19],
and science and engineering education [20]. Prior
research has suggested that science faculty find case
studies to have positive instructional benefits, for
students, including increased critical thinking, con-
ceptual understanding of course ideas, and engage-
ment in the course [14]. For example, Yal¢nkaya
and Boz [21] found that case-based instruction was
an effective approach to increasing 10th grade
students’ understanding of gas concepts as well as
removing their alternate conceptions about gases
when compared to traditional lecture approach. In
another study, Hoag, Lillie, & Hoppe [6] reported
that using case studies in an undergraduate clinical
immunology course significantly improved student
attendance and also positively affected course
organization, student-instructor interaction, and
instructor involvement as measured by end of
course student evaluations. The use of case-based

instruction for improving student learning can be
particularly valuable for the field of engineering that
often involves problems that are complex, ill-struc-
tured, and lack a clear solution [3, 22].

2. Case-based instruction in engineering

In engineering, cases have been utilized since the
1950s with earliest implementation in Civil and
Chemical engineering [23], followed by Mechanical
engineering [24]. Since then, engineering cases have
gained an increased popularity in engineering edu-
cation [25, 26] and are often published in the Journal
of STEM Education [27]. Cases in engineering
depict a real or hypothetical complex problem or
situation encountered by the engineer as it actually
might happen; they reflect a myriad of engineering
activities including failures and successes, old and
new techniques, and theoretical and empirical
results [28]. This stands in contrast to technical
articles which depict findings and conclusions in a
logical sequence and rarely reflect the processes
utilized by the engineer to resolve the situation [28].
Engineering cases come in a variety of forms and
the variations of engineering cases we provide are by
no means an exhaustive list, but rather exemplars of
engineering cases. Engineering cases may provide
students with a history of the case, detailing the
different phases of the project including the pro-
blems encountered and their outcomes, thereby
providing the student with the full range of the
engineering experience [29]. Engineering cases are
also used to place the student in the context of an
engineer faced with a complex problem that has
multiple plausible solutions thereby exposing the
student to situations they may face in their profes-
sional careers [24]. Alternatively, engineering cases
may illustrate an engineering activity that students
use to compare and contrast the information pro-
vided in their formal courses [28]. Engineering cases
may also be used to help improve the student’s skills
in analysis by either having the student conduct the
analysis outlined in the case or having them com-
plete an unfinished analysis in the case [28].
Regardless of the format, researchers have
reported that the use of case studies in engineering
has several positive effects on students’ learning
including making learning challenging and motivat-
ing [28, 14], improving students’ critical thinking
and problem-solving skills [31, 32], and improving
students’ communication skills [32]. Previous
research has indicated that use of case studies
makes learning engaging for students allowing
them to relate course concepts to real world situa-
tions [33]. For example, Vesper and Adams [24] used
a questionnaire and open-ended questions at Stan-
ford University to evaluate engineering students’
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perceptions of three teaching methods: case-
method, traditional-method, and laboratory ses-
sions. Of the three methods mentioned, the case
method received the highest rating and students
reported that case studies provided them with a
realistic representation of engineering. In addition
to the questionnaire and open-ended questions,
Vesper and Adams [24] developed a checklist to
capture the essential objectives of the case-method.
They distributed the checklist to a sample of engi-
neering students and professors and found that both
professors and students were of the view that cases
provided a realistic representation of what engineers
do, developed skills to parse out essential and
nonessential data, and allowed detecting and defin-
ing practical problems.

Raju and Sankar [30] evaluated engineering stu-
dents’ ratings on the effectiveness of case studies
using four dimensions: usefulness, attractiveness,
challenging, and clarity. The authors found that
students rated cases to be effective along the four
dimensions and reported the case studies were very
useful and challenging since they brought real world
problems to the classroom. More recently, Garg
and Varma [32] investigated engineering students’
perceptions of learning using case studies and
lectures. Like other studies, students’ perceptions
of case studies were positive as they found them to
be more effective at improving their communication
skills, critical thinking skills, and their ability to
apply concepts and skills in the course.

Research has also demonstrated that cases help
improve student learning. For example, Yadav and
colleagues [3] investigated the use of cases to
improve students’ conceptual learning. The
researchers utilized case studies in conjunction
with a survey measuring students’ perception of
their learning confidence and engagement to evalu-
ate students’ performance on conceptual under-
standing and traditional (procedural) questions.
They found the cases to be as effective as lecture-
based instruction in enabling students to apply their
knowledge in problem solving. Students scored
significantly higher on conceptual questions as
compared to the traditional questions. The authors
also found that cases were more effective at improv-
ing students’ conceptual understanding of the
topics. The survey results disclosed that students
found that cases allowed them to appreciate engi-
neering, see its relevance to real world issues, and to
make more real-world connections when compared
to traditional lecture. However, students did not
find cases to significantly increase their learning and
confidence in their ability to solve problems. Given
prior work has suggested that student report that
case studies do not influence their learning while the
learning measures suggest otherwise, this study

examined whether students’ perceptions are an
accurate predictor of their learning performance.

Prior research on whether students can accurately
judge their own learning has found that students
tend to be overconfident about their own perfor-
mance [34, 35] and their perceptions might even be
negatively related to their performance [36]. Major-
ity research in this area has been around judgements
of learning (JOL) in psychology and has involved
paired-associative learning where learners are
instructed to study a pair of words so that they
recall the second word when prompted with the first
word [37, 38]. For example, Nelson and Dunosky
[37] used 60 unrelated concrete nouns (such as,
ocean-tree) to examine accuracy of immediate and
delayed JOLs on undergraduate students’ recall
performance. Students’ judgement of learning was
measured by asking how confident they were in their
ability to recall the second word when prompted
with the first in about ten minutes. The JOL item
was given either immediately or was delayed after
studying the item. The authors found that JOL
accuracy was significantly higher for delayed-JOL
items as compared to immediate-JOL items. Other
research on judgement of learning related to recall
of paired-associated words has also found that
learners tend to be overconfident at the first trial
and become under confident with repeated presen-
tation of word list [38]. A similar line of research has
been to examine how confident students feel in their
ability to correctly answer exam questions. Lunde-
berg, Fox, and Puncochar [35] examined students’
confidence judgements in three different psychology
courses by having students indicate their confidence
(whether their answer was correct) after answering
each question. Results suggested that most students
were overconfident but adjusted their degree of
confidence according to accuracy of their answer.
The authors also found that undergraduate male
students exhibited higher degree of overconfidence
when they were incorrect as compared to female
students. Overall, research on student perceptions
of learning has suggested that student perceptions
might not be the best measure of actual learning
outcome.

Given that majority of research on case-based
instruction in engineering has used student percep-
tions of learning outcomes, the goal of this study
was to investigate whether those perceptions could
be used as a proxy for actual learning outcomes and
how they varied across lecture and case studies
approach. Hence, this study addressed the following
research questions.

(a) What is the relationship between students’
perceptions and actual learning performance
for lecture and case-based instruction?
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(b) How do students differ in their perceptions of
their learning confidence and engagement con-
nections across lecture and case-based instruc-
tion?

3. Methods

3.1 Participants

Thirty-five mechanical engineering undergraduate
students enrolled in a control systems course parti-
cipated in the study. The majority of the partici-
pants were juniors (N = 23) and the remaining (N =
12) were in their senior year of the program. There
were 31 males and four females who participated in
the study. Participants included 31 Caucasian stu-
dents, two African American, and two students
identified as other. The average GPA of participants
was 3.4.

3.2 Materials
3.2.1 Case studies

We used two case studies for two course topics (i.e.,
hydraulic systems and electro-mechanical systems).
The cases were based on real life events and had been
previously used by the course instructor, which has
been documented in our prior work [3, 33]. The
scenarios presented in the case were developed to
help students understand complex dynamic models,
develop/test hypothesis and mitigation strategies
for component failure in complex systems. Each
case study only covered the corresponding topic
(hydraulic systems or electro-mechanical systems)
to allow students to experience the case within the
time constraint of two 50-minute class periods. The
case studies provided students with a problem,
technical information related to the case, and dis-
cussion questions related to the case. The students
were required to read the case before coming to the
class and during the class the instructor led a
discussion surrounding the case study to brainstorm
strategies for modeling the system(s), connecting
mathematical models to the case study, connecting
ideas from the case study to previously learned
concepts (such as, force = mass x acceleration),
and discussed alternative solutions to the problem
presented in the case studies. A detailed overview of
the two cases and pedagogical design has previously
been discussed by Yadav and colleagues [3].

3.2.2 Quiz

In order to assess students’ learning performance,
they completed a posttest quiz following each phase
of the study based on the topic covered (bode plots,
thermal systems, hydraulics, and electro-mechan-
ical). There was a total of four quizzes to assess
student understanding of the four topics. Specifi-
cally, each quiz included two questions—a tradi-

tional question and a conceptual question. The
traditional question assessed students’ ability to
solve a problem they would typically encounter in
an engineering course. The conceptual question, on
the other hand, was open-ended based on Mazur’s
paired problem task [39] to have students qualita-
tively explain the concept at hand in the traditional
problem. Open-ended questions are well-suited to
measure the nuances of student learning from cases
[40, 41] and have long been used to assess students’
conceptual understanding. For example, in order to
assess students’ understanding of electro-mechan-
ical, the quiz asked the students to sketch schematic
representation of important electro-mechanical sys-
tems and describe the electro-magnetic coupling
phenomenon for the traditional question. To mea-
sure their conceptual understanding the students
had to demonstrate understanding of steady-state
DC motor behavior as function of applied voltage.
(See Yadav and colleagues [3] discussion of the
remaining questions in the quizzes).

3.2.3 Survey

Participants completed a survey at the end of each
topic to assess their perceptions of learning and
engagement from the two approaches (i.e., lectures
vs. case-based instruction). The survey was adapted
from the Student Assessment of Learning Gains
(SALG) survey, which was designed ‘‘to summarize
the learning gains that students perceive they have
made, both as a consequence of particular aspects of
class pedagogy, and of the teacher’s pedagogical
approach” [42, p. 1]. Previous research on the
survey items had identified two factors: learning
confidence (LC) and engagement connections
(EC). Learning confidence factors included items
that measured students’ perceptions of their own
learning and the engagement connections factor
included items that measured students’ perceptions
of their engagement.

3.3 Procedure

This study utilized an A-B-A-B design with the
lecture as a baseline condition (i.e., Phase A of the
design) and case-based instruction as the experi-
mental condition (Phase B of the design). Specifi-
cally, A;-B;-A»-B, design consisted of four different
topics, two were taught using lecture (i.e., bode plots
- A and thermal systems - A,) and two were taught
using case studies (i.e., hydraulics - B, electro-
mechanical - B,). The four topics chosen for the
study have been found to require similar prior
understanding and one topic is not likely to benefit
from using case studies [33]. The A-B-A-B repeated
measures within subjects design allowed us to be
more confident in the findings due to repeated
introduction and withdrawal of the experimental
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condition [43]. Following each condition students
completed a posttest quiz and a survey.

3.4 Data analysis

Each question on the quiz was scored on a scale of 0-
3 to measure students’ learning performance with a
score of zero showcasing lack of understanding of
the concept being assessed while a score of three
highlighting excellent understanding and students’
ability to solve the problem clearly and succinctly
(See [3, 33] for a detailed discussion on how the
scoring measures students’ conceptual understand-
ing). The scoring rubric had previously been used to
examine students’ understanding of engineering
constructs. Table 1 shows the detailed scoring
rubric for the traditional and conceptual questions.

We began our analyses by conducting a descrip-
tive analysis of the data across the four conditions
and between the lecture and case conditions. Next,
we conducted a repeated measures regression ana-
lysis using the general estimation equations (GEE)
to account for the repeated nature of the data to
investigate the extent to which students’ perceptions
of the learning confidence (LC) and engagement
connection (EC) related to their performance on the
traditional and conceptual questions across lecture
and case conditions. Students LC and EC were
derived from the student assessment of learning
gains (SALG) survey. This survey was adapted,
and its psychometric properties evaluated by

Table 1. Rubric for scoring traditional and conceptual questions

Yadav and colleagues [3]. We used repeated mea-
sures ANOVA to assess the differences in LC and
EC scores across the four conditions. We investi-
gated the statistical assumptions of the data and
found no serious violations that would significantly
affect the analysis and all statistical tests at an alpha
value of 0.05.

4. Results

4.1 Student perceptions of learning performance

The data were analyzed to examine whether stu-
dents’ perceptions about their learning and engage-
ment predicted their actual performance on the
traditional and conceptual questions. Table 2
shows the results from the repeated measures regres-
sion of students’ learning confidence (LC), engage-
ment connections (EC), and lecture vs case
conditions as predictors of students’ performance
on the traditional and conceptual questions across
conditions. The intercept represents the grand mean
score for students on the Traditional or Conceptual
questions when the predictors are set to zero. This is
because, the lecture vs case predictor was dummy
coded (lecture = 0 and case = 1); therefore, the
coefficient represents the change in the estimated
or predicted Traditional (or Conceptual) question
score for the lecture condition (code = 0) relative to
the case condition (code = 1) and is approximately
equal to the difference between the lecture and case

Traditional Conceptual

0 No start to the problem and the mathematical relationships The student did not attempt to explain or misinterpreted the
are not applicable. questions.

1 Some of the mathematical expressions are correct, but The students attempted to answer the question, but missing
incomplete not allowing continuation of the problem beyond key concepts.
1-2 steps.

2 Most mathematical expressions correct and student The students attempted to answer the question, but has gaps

able to attempt a final solution, but with notable
errors.

3 Students’ solution process is coherent and easy to follow. And
the solution is correct or exhibits minor computational errors.

in the reasoning and logic when addressing the conceptual
understanding.

Demonstrated a thorough understanding of the question and
provided an accurate answer.

Table 2. Repeated Measures Regression for LC and EC as Predictors of Students’ Scores on the Traditional and Conceptual Questions

Across Conditions (df = 1)

Condition Coefficient SE Wald’s Chi-Square p-value
Traditional questions

Intercept 1.36 0.33 16.85 <0.001
Learning Confidence -0.08 0.19 0.18 0.672
Engagement Connections 0.14 0.09 2.16 0.141
Lecture vs Case -0.04 0.31 0.01 0.908
Conceptual question

Intercept 2.35 0.39 36.25 <0.001
Learning Confidence 0.17 0.17 0.89 0.345
Engagement Connections -0.17 0.06 8.31 0.004
Lecture vs Case -1.44 0.29 24.93 <0.001
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conditions. Thus, a negative coefficient indicates
that students’ score on the lecture condition was
lower than their scores on the case condition and
vice versa. For the LC and EC scores, the coefficient
represents the increase in outcome scores for a one-
unit increase in the predictor while controlling for
the other predictors in the model.

For the traditional questions, the mean score was
1.36 points (SD = 0.33) and was significantly
different from zero (p < 0.001). Both students’ LC
and EC were not significantly related to their
performance on the traditional questions, which
suggests that students’ perception of their LC and
EC did not predict their performance on the tradi-
tional questions. Additionally, students’ scores on
the traditional question for the lecture conditions
were lower than their scores in the case conditions
(controlling for LC and EC), but the difference was
not statistically significantly x*(1, N = 137) = 0.01,
p = 0.908. For the conceptual questions, the mean
score was 2.35 point (SD = 0.39) and was statisti-
cally different from zero (p < 0.001). Similar to the
traditional questions, LC was not significantly
related to students’ performance (p = 0.345) on the

Table 3. Descriptive Statistics of Traditional and Conceptual
Questions

Traditional Conceptual

Condition Mean SD Mean SD

Lecture 1 1.03 0.70 1.13 0.79
Case 1 1.41 1.10 1.88 0.83
Lecture 2 1.94 0.95 0.94 0.56
Case 2 1.72 0.81 2.72 0.63
Total Lecture 1.46 0.60 0.98 0.10
Total Case 1.58 0.25 2.31 0.60

Table 4. Descriptive Statistics of Engagement Connections and
Learning Confidence Survey

Engagement Learning

Connections Confidence
Condition Mean SD Mean SD
Lecture 1 2.74 0.91 3.53 0.66
Case 1 3.74 0.70 3.31 0.76
Lecture 2 3.29 0.61 3.29 0.61
Case 2 3.32 0.74 3.06 0.79

conceptual questions. However, unlike the tradi-
tional questions, students’ perceptions of their EC
were significantly related to their performance on
the conceptual question x*(1, N = 137) = 8.31, p =
0.004. This means that students’ score on the con-
ceptual question decreased by 0.17 point per unit
increase in EC when controlling for the other
predictors in the model. However, students’ con-
ceptual scores on the lecture conditions were sig-
nificantly lower than their scores on the case
conditions x*(1, N = 137) = 24.93, p < 0.001 on
the conceptual questions after controlling for their
LC and EC. On average, students’ scores on the
lecture condition were 1.44 points lower than their
scores on the case condition. Table 3 shows the
detailed descriptive statistics.

4.2 Student perceptions in learning from cases vs
lecture

Table 4 shows the descriptive results of students’
ratings of their learning confidence (LC) and
engagement connections (EC) regarding their per-
formance on the traditional and conceptual ques-
tions across conditions.

Table 5 shows the results of the repeated measures
ANOVA for the students’ perceptions of their
learning confidence and engagement connections
across lecture- and case-based instruction. For
LC, Mauchly test indicates that the assumption of
sphericity was not violated, Mauchly’s W y* (5) =
3.06, p = 0.69. Overall, test was statistically signifi-
cant F(3,102) = 3.85, p =0.058, > = 0.07. Students’
LC scores were significantly higher in the case 2
condition, compared to the lecture 1 condition. For
EC, the Mauchly test indicates that the assumption
of sphericity was violated, Mauchly’s W x* (5) =
13.54, p = 0.019, therefore we use the Greenhouse-
Geisser correction for degrees of freedom. F (2.41,
102) = 10.93, p < 0.001, n* = 0.24. The mean
difference indicates the difference in the mean
scores between the two conditions. A Positive
mean difference indicates that the mean score of
the first group is greater than the mean score of the
second group. A Negative mean difference indicates
that the mean score of the first group is lower than
the mean score of the second group.

Table 5. Repeated Measures ANOVA for Learning Confidence and Engagement Connections

Learning Confidence

Engagement Connections

Condition Mean difference p-value Mean difference p-value
Lecture 1 vs Case 1 0.22 >0.999 -1.00 <0.001
Lecture 1 vs Lecture 2 0.25 0.866 -0.55 0.01
Lecture 1 vs Case 2 0.47 0.026 -0.59 0.015
Case 1 vs Lecture 2 0.023 >(0.999 0.45 0.038
Case 1 vs Case 2 0.25 >(.999 0.41 0.074
Case 2 vs Lecture 2 0.22 >0.999 0.04 >0.999
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5. Discussion

One of the main findings from this study was that
students’ perceptions about their own learning do
not predict their actual learning outcomes. Given
that prior research on case studies in engineering has
primarily focused on using student perceptions as
proxies for actual learning outcomes [3], these
results suggest that engineering educators need to
be cautious when interpreting student outcomes
based on their perceptions. In general, student
perceptions of learning have been found to be
problematic. For example, students’ own judg-
ments of learning are not correlated with actual
learning outcomes [44] and they are generally over-
confident in their performance judgement [35].
Specifically, students think they know more than
they actually do and this is especially true after
students have heard a lecture as opposed to when
they are working through problems, such as case
studies [23, 45]. Listening to lectures from instruc-
tors gives students a false sense of knowing as they
mistake instructor’s knowledge to be their own [46].
Along the same lines, Albanese and Mitchell [47]
found in their meta-analysis of problem-based
learning approaches that PBL students see them-
selves as less well prepared in the basic science than
are their conventionally trained counterpart.
Furthermore, it is quite possible that student per-
ceptions about learning might not be accurate
because course grades are typically based on the
assessment that measures memorization of proce-
dural knowledge rather than a conceptual mastery
of the content [48]. As students learn from cases they
might not perceive that they are learning much given
their prior exposure to what they believe learning
entails—factual or procedural knowledge. In sum-
mary, the results from this study provide an empiri-
cal basis that student perceptions about learning do
not predict real learning outcomes.

Results also suggested that students perceived
cases to be more engaging than lectures. Significant
differences were found in favor of cases for Lecture 1
vs Case 1, Lecture 1 vs Case 2, and Case 1 vs Lecture
2. These results are corroborated by the research
literature that indicates students find cases to be
engaging, and better connects engineering concepts
to real world issues [30, 33]. For Learning Con-
fidence, there was a significant difference in one
condition, Lecture 1 vs Case 2, in favor of the
Lecture 1 condition. This result may be attributed
to the nature of the content of Lecture 1 condition as
compared to the content being covered in Case 2
condition. The results from this study indicate that
across conditions cases strongly influences students’
sense of engagement with the material rather than
their learning confidence.

The results also suggested that cases can lead to
significantly greater conceptual learning gains as
compared to traditional lecture approach; however,
the case-based instruction does not influence mea-
sures of rote learning (as measured by the tradi-
tional question). This finding corroborates prior
work that while problem-based learning
approaches, such as cases lead to better conceptual
understanding, it does not influence learning as
measured by traditional fact-based questions [3,
23, 47]. In a meta-analysis of problem-based learn-
ing approaches, Albanese and Mitchell [47] found
that while PBL students score lower on basic science
examinations, they perform better on the applica-
tion of those concepts in clinical examinations.
Within engineering education, Yadav and collea-
gues [3, 23] found similar results as students in
problem-based learning and case-based instruction
approaches significantly outperformed lecture-
based approaches on conceptual learning, but
there were no differences in procedural knowledge.

Finally, another finding from the study was that if
the students reported as being more engaged, their
conceptual understanding decreased; however, it
was not related to their rote learning. While this is
a surprising result, it should be noted that when
controlling for learning confidence and engagement
connections, students’ conceptual understanding
was significantly higher for case condition as com-
pared to traditional lecture condition. We also
found that student engagement was significantly
higher for the case 1 condition when compared to
both lecture conditions, but for case 2 student
engagement was only significantly higher when
compared to lecture 1 condition and not for lecture
2. Also, while students felt significantly more
engaged in the lecture 2 when compared to lecture
1, their conceptual understanding score was lower
for lecture 2. It is possible that the topic (thermal
systems) for lecture 2 led students to be more
engaged when compared to the topic for the lecture
1 (bode plots) and even matched their engagement
for the topic (hydraulics) of case 2. This might help
explain why overall an increase in student engage-
ment predicted lower conceptual understanding.
While a within-subjects research design allows
researchers to evaluate instructional approaches,
the use of four topics across the two conditions
could be problematic. Below we discuss implica-
tions of these findings for future research.

6. Implications

These findings have important implications for
engineering education research. It should be noted
that this study utilized student perceptions immedi-
ately after each of the conditions. Future research
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should look at delayed benefits of cases, especially
given that students have reported benefitting from
problem-based learning approaches once they go
out in the field [23]. Yadav and colleagues [23]
discussed an example of how one professor invited
students from previous semester to discuss miscon-
ceptions and benefits related to problem-based
learning approaches like case-based instruction.
Future research should examine how student per-
ceptions of case studies change after working in the
field and they have had opportunities to reflect on
their learning.

The current research did not examine gender
differences in students’ perceptions of learning and
how they relate to their actual learning. Given that
prior research has found that undergraduate men
tend to be overconfident in their learning perfor-
mance than females, future research should explore
these gender differences. Given the urgent calls to
increase diversity in undergraduate engineering
majors [2, 49], research about how different student
groups perceive their own learning experiences
might provide an insight into how to support
traditionally underrepresented groups in engineer-
ing classes. Another area of future research could be
using classroom observational data to examine
student engagement during case-based instruction.
This study used self-report survey data to measure
student engagement, which asked students to reflect
upon their experience in the case study and lecture-
based conditions. Future research could use obser-
vation protocol to code student behaviors of
engagement, such as task involvement in classroom
videos. While there is a growing empirical evidence
that case-based instruction leads to deeper under-
standing of course concepts in undergraduate engi-
neering courses, we know little about how cases
facilitate this learning. Future research could also
examine processes students engage in during learn-
ing from cases both through lab-based studies as
well as in-class observations.

Finally, the study had a few limitations based on
the use of within subjects A-B-A-B design, which
while a strong research design when a true experi-
mental design is not possible has a potential weak-
ness. The limitation of A-B-A-B design is the use of
four topics across the two conditions, which could
impact the results. Future research should consider
using a quasi-experimental design with one instruc-
tor to remove any potential differences as a result of
the topic. Given the contextual nature of this study
in one course at a Midwestern university more
research needs to be conducted to replicate the
results and develop an empirical basis for the use
of case studies in engineering curricula. As high-
lighted by the American Society of Engineering
Education, the issue is not simply a need for more

educational innovations but grounding them in
confirmed learning theories and pedagogical prac-
tices and assessing their effectiveness in achieving
stated objectives [2]. Building an empirical basis for
the use of case studies would lead to an “effective
engineering education from a scientifically credible
and shared knowledge based on learning” rather
than being based on mere intuition [1].

7. Conclusions

In conclusion, our results suggest that engineering
faculty and researchers should be careful when
using student perceptions to examine the impact
of curricular innovations. In order to assess whether
pedagogical approaches achieve their stated objec-
tives, researchers need to also use learning measures
in addition to student perceptions to get a better
picture. Our results also provide evidence that
faculty should look at other outcomes in addition
to student perceptions given that how students feel
about a particular teaching approach does not
always align with what they learn. While students
might not like how faculty teach, it could lead to
significant gains in their learning or vice versa when
students like a teaching approach, but it does not
influence their learning. Thus, faculty who imple-
ment new teaching methods should not let student
perceptions (positive or negative) dissuade them
from pursuing pedagogical innovations.
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