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Abstract—Over the past 20 years there have been many 
changes to the primary and secondary educational system 
that have impacted students, teachers, and post-secondary 
institutions across the United States of America. One of the 
most important is the large number of standardized tests 
students are required to take to show adequate performance 
in school. Students think differently because they are taught 
differently due to this focus on standardized testing, thus 
changing the skill sets students acquire in secondary school. 
This presents a critical problem for colleges and universi-
ties, as they now are using practices for and have expecta-
tions of these students that are unrealistic for the changing 
times. High dropout rates in the colleges of engineering have 
been attributed to the cultural atmosphere of the institution. 
Students have reported a low sense of belonging and low 
relatability to course material. To reduce negative experi-
ences and increase motivation, Challenge Based Learning 
(CBL) was introduced in an undergraduate Basic Electric 
Circuits (BEC) course. CBL is a structured model for course 
content with a foundation in problem-based learning. CBL 
offers general concepts from which students derive the chal-
lenges they will address. Results show an improved class-
room experience for students who were taught with CBL. 

Index Terms—challenge based learning, engineering educa-
tion, learning outcomes, and pedagogy 

I. INTRODUCTION 
Cincinnati Engineering Enhanced Math and Science 

Program (CEEMS) works to connect the students’ motiva-
tion to what they are learning with the use of Challenge 
Based Learning (CBL). In the CEEMS program, teachers 
and graduate students are provided educational training, 
taught the CBL method, and how to use it to enhance 
student learning in secondary school math and science 
classrooms. Currently, the K-12 education system focuses 
on a series of standardized tests required to move to the 
next grade or to graduate [32]. It is believed that these 
changes have negatively affected student learning and 
motivation, which leads to high dropout rates [24]. 

The high dropout rates can be explained in part by the 
phenomenon of learned helplessness, which occurs when 
an animal is repeatedly subjected to an aversive stimulus 
that it cannot escape [43]. Eventually, the animal will stop 
trying to avoid the stimulus and behave as if it is utterly 
helpless to change the situation. Even when opportunities 
to escape are presented, this learned helplessness prevents 
any ameliorative action. A student who performs poorly 
on tests and assignments will quickly begin to feel that 
nothing that student does will have any effect on perfor-

mance. When later faced with any type of related task, the 
student may experience a sense of helplessness, which is 
characterized by student passivity [39] resulting from 
changes in cognition and emotion, a loss of motivation, 
and a reduction in behavioral agency [22][39]. Conse-
quently, the students leave college. 

Undergraduate engineering classrooms have been iden-
tified as environments where barriers to participation and 
persistence exist. More specifically, researchers have 
concluded that the typical engineering classrooms tend to 
be impersonal, competitive, and authoritarian. This type of 
environment is believed to discourage students, particular-
ly those who lack confidence in their abilities to succeed 
in engineering disciplines, from pursuing science-related 
majors [37]. Seymour and Hewitt [44] reported that of the 
23 issues cited most frequently by students as problems in 
engineering majors, nine issues include poor teaching by 
science and engineering faculty members, lack of peer 
study group support, and a preference for the approaches 
used in teaching non-science and non- engineering cours-
es.  

In the freshman year of engineering it is important for 
students to participate in an active learning environment to 
foster a positive experience as the first year experience is 
linked to success and retention [6][41]. Research has 
shown the more positive and dynamic the first year expe-
rience for engineering freshman the more positive stu-
dents’ attitudes, expectations, and skill level [6]. 

A. Theoretical Framework 
1) Direct Instruction 
Direct instruction is based on a teacher-centered class-

room. The term direct instruction is defined by edglossa-
ry.org as: (1) instructional approaches that are structured, 
sequenced, and led by teachers, and/or (2) the presentation 
of academic content to students by teachers, such as in a 
lecture. Good [23] explained direct instruction as an active 
teaching style where the teacher sets and explains all 
learning goals. 

Lectures represent the dominant method of teaching in 
formal education. They have been identified with the 
higher education system for centuries and are still the 
preferred instructional method used today.  

Teacher-centered instruction imposes a moratorium on 
students’ educational development by forcing them to 
assume a passive role as a student. The research has 
shown that lectures are as effective as other instructional 
methods in transmitting information to students; however, 
lectures are inefficient in promotion of thought [7]. This is 
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a concern for students in the colleges of engineering and 
applied science, as they are required to have the ability to 
think critically and solve problems as outlined in the Ac-
creditation Board for Engineering and Technology Inc. 
(ABET) criteria. 

Bui and Alearo’s [11] research also showed that stu-
dents participating in the direct instruction method have 
more of a negative attitude towards science than nontradi-
tional groups. In this research, CBL will be compared to 
the direct instruction method, lecturing, to investigate if 
these challenges can be overcome. 

2) Constructivism 
Constructivist theory is based on learners tying content 

to personal experiences or creating learning environments 
in which learners can identify content to context. What 
learners understand is a function of the content, the con-
text, the activity of the learner, and the goals of the learner 
[42]. Creating authentic learning environments has the 
potential to increase student engagement and learning 
[38]. In order for students to understand deeply they must 
learn new facts and link them to prior knowledge and 
understanding. Once students can link the knowledge they 
will be able to think critically [34]. Research has shown 
the importance of students being able to apply theory 
knowledge in real-world applications, especially engi-
neers. When students are able to apply knowledge, they 
are better equipped to solve problems as they arise in their 
discipline [8].  

Constructivism contains eight main instructional prin-
ciples according to Savery and McDuffy [42]: 

1. Anchor all learning activities to a larger task or 
problem. Learning must have a purpose that is 
meaningful. 

2. Support the learner in developing ownership for 
the overall problem or task.  

3. Design an authentic task.  
4. Design the task and the learning environment to 

reflect the complexity of the environment the 
learner should be able to function in at the end of 
learning.  

5. Give the learner ownership of the process used to 
develop a solution.  

6. Design the learning environment to support and 
challenge the learner's thinking.  

7. Encourage testing ideas against alternative views 
and alternative contexts.  

8. Provide opportunity for and support reflection on 
both the content learned and the learning process.  

3) What is CBL? 
Challenge Based Learning (CBL) is an active learning 

environment that engages students to plan their own learn-
ing. To reduce negative experiences and increase motiva-
tion in K-12 classrooms, Apple, Inc. (Cupertino, CA) 
developed the pedagogy of CBL [19]. CBL is a structured 
model for course content with a foundation in earlier strat-
egies, such as collaborative problem-based learning [19]. 
CBL is different from project-based learning in that in-
stead of presenting students with a problem to solve, CBL 
offers general concepts from which the students determine 
the challenges they will address [19][29]. CBL activities 
offer many of the benefits of project-based learning, as 

they engage students in real-world problems and make 
them responsible for developing solutions [29].  

Using CBL, students have the satisfaction that comes 
from solving both the issue to be tackled and the solution 
they develop [19]. As participants determine where a 
problem lies, how a solution might be affected, and how 
technology can be leveraged to accomplish a workable 
result, they learn the value of critical thinking and reflec-
tion [29]. In Apple’s 2008 study of CBL conducted by 
Johnson et al. [29], findings showed student engagement 
among participating ninth and tenth graders was rated at 
97 percent or higher, and that student involvement peaked 
when they perceived the solutions they worked on to be of 
real value. 

Motivation is defined as the process that initiates, 
guides, and maintains goal-oriented behaviors [14]. There 
are three major components to motivation: activation, 
persistence, and intensity [14]. Activation involves the 
decision to initiate a behavior. In CBL, activation of the 
decision to initiate learning is the introduction of the big 
idea. Persistence is the continued effort toward a goal even 
though obstacles may exist. In CBL, persistence involves 
the students defining the problem, asking the essential 
questions, and acquiring the knowledge needed to solve a 
problem. Finally, in CBL, intensity can be seen in the 
concentration and vigor that goes into pursuing a goal.  

CBL builds on problem-based learning models where 
students engage in self-directed work scenarios or “prob-
lems” based in real life [29]. The teacher’s primary role 
shifts from dispensing information to guiding the con-
struction of knowledge by his or her students around an 
initially ill-defined problem. Students refine the problem, 
develop essential questions, investigate the topic, identify 
the knowledge to be learned, and utilize the knowledge 
gained to work out a variety of possible solutions before 
identifying and defending the most reasonable one 
[29][40]. Documentation of the process and a high-quality 
production of findings further serve to give the process 
relevance to the world of actual work [29]. A unique fea-
ture of CBL is that problems are or can be tied to an idea 
of global importance [19][29]. 

In the general CBL approach, as outlined by Apple [2], 
the big idea is an item of global significance; for class-
room purposes, it is pragmatic to constrain (guide) the big 
idea to the topic / theme of the course. Once the big idea is 
introduced, students formulate questions that clarify the 
big idea and help establish the boundaries of the chal-
lenge. These questions are called “essential questions” [2]. 
This sets the broader context and foundation for the work 
that will follow. The class then identifies a suitable chal-
lenge or is introduced to the challenge [2]. This establishes 
the context for the unit/topic. The students begin the pro-
cess of identifying the questions that will guide their anal-
ysis of the challenge topic [2]. These questions, called 
“guiding questions,” outline what the students think they 
need to know to formulate a viable solution. Students may 
need significant guidance from a teacher, depending on 
the particular course and student preparation [2]. This is 
where content knowledge and engineering-design process 
requirements are established. To further assist in the chal-
lenge, teachers organize guiding resources that include the 
content and processes students need to answer the guiding 
questions [2]. The guiding resources include guiding les-
sons and activities, in which the student teams seek to find 
answers to the guiding questions by participating in a 
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variety of learning activities, conducting research, learning 
new material (independently, in groups, or as part of an 
instructor-led lesson), experimentation, simulations, 
games, interviewing, and exploring various avenues to 
assist in crafting the best solution [2]. The CEEMS pro-
gram integrated the engineering design process into the 
CBL methodology and have used the flow chart shown in 
fig. 1 for constructing middle and high school math and 
science curriculum units. The engineering-design process 
guides and informs the solution of at least one guiding 
activity. Students must share their solution to the chal-
lenge often in multiple formats. Both oral and written 
communication skills should be developed as part of the 
process.  

One observation within classroom scenarios according 
to the CBL is a change in both teacher and student roles. 
The student role takes on a stronger focus of being a more 
self-regulated learner. Due to the open-ended scientific 
nature of the examined research question, the teacher’s 
role focuses more on being a coach or co-experimenter.  

4) Differences Between CBL and PBL 
CBL is based in project/problem-based learning, but 

there are unique aspects, highlighted by Apple, Inc. [29], 
including the following: 

1. PBL is focused on a project solution, whereas 
CBL has a broader range of inquiry. Within the context of 
the learning environment, there are goals related to self-
directed learning, content knowledge, and problem solv-
ing. To be successful, students must develop the self-
directed learning skills needed in the engineering field. 
They must be able to develop strategies for identifying 
learning issues and locating, evaluating, and learning from 
resources relevant to that issue. The entire problem-
solving process is designed to aid the students in follow-
ing the engineering design process, which centers on hy-
pothesis generation and evaluation. Finally, there are spe-
cific content learning objectives associated with each unit. 
Since the students have the responsibility for developing 
the problem and finding a solution, there is no guarantee 
that all of the content area objectives will be realized in a 
given unit. However, any given content objective occurs 
in several units and, hence, if it does not arise in one, it 
will almost certainly arise in one of the other units. 

2. CBL connects students to real world problems 
they see in their communities. This focus helps with en-
gagement and motivation. Students that are traditionally at 
risk of dropping out of math and sciences classes are en-
couraged through the connection of an authentic problem. 
Students and teachers work together to address a chal-
lenge, develop solutions and implement them in the com-
munity. Reports have shown CBL projects have been 
successfully utilized in communities [19]. Testing the 
students’ solutions in real-life situations builds on learn-
ing. Both PBL and CBL require solutions to a problem 
with a final report on the findings, only CBL has a call to 
action that requires students to do something that makes a 
change in the community and/or world [19]. With CBL, 
students develop and execute solutions that address a 
challenge in ways that have an impact on themselves and 
others. While each of these models often utilizes some 
technology, it is infused throughout CBL projects from 
beginning to end.  

3. In CBL, students are encouraged to reflect on 
their  learning  and  the  impact  of  their actions [29]. Stu- 

 
Figure 1.  CBL Process Overview (figure from the CEEMS Communi-

ty of Practice meeting, 11-7-2012 ) 

dents and teachers publish their solutions to a worldwide 
audience for an even larger impact [29]. Teachers can 
assess students by viewing and evaluating their reflections 
and published work. This step is not emphasized in PBL.  

5) Importance of CBL 
Research has shown that student-centered learning ap-

proaches are efficacious in improving student learning 
[27]. Studies have shown keeping students not only en-
gaged in engineering course content, but also in their 
educational community, can help strengthen a student’s 
perception of where they fit and can contribute in the 
engineering world, which results in higher retention rates 
[13] [20][31]. 

II. EXPERIMENTAL DESIGN 
The general purpose of the research was to investigate 

the use of CBL in a post-secondary environment at the 
University of Cincinnati in the College of Engineering and 
Applied Science. A research study on the teaching of a 
fundamental engineering course and the impact on the 
learning experience were carried out.  

Research was conducted in the fall of 2013 and was ap-
proximately 15 weeks/4 months in duration. The under-
graduate students auto-enrolled in sections of the Basic 
Electric Circuits (BEC) course. One section was taught in 
a lecture-style format and the other section was taught in a 
CBL format. Both sections were taught using the same 
curriculum based on expected learning outcomes devel-
oped by the curriculum committee.  

The first four weeks of section 1 were taught using a 
traditional lecture-style format, the same as section 2. The 
first four weeks were used to give students the basic in-
formation needed throughout the course. Section 2 was 
taught throughout based on the already-existing lecture 
teaching methodology used in the College of Engineering 
and Applied Science.  

CEEMS fellows and graduate instructors taught the dif-
ferent sections of the Basic Electric Circuits (BEC) 
course. The graduate instructors taught section 2 and the 
CEEMS fellows taught section 1. Section 1 had 27 stu-
dents and section 2 had 26 students from the Department 
of Biomedical, Chemical and Environmental Engineering.  

Each class section was assigned an assessor, who moni-
tored the classroom and provided feedback to CEEMS 
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fellows and graduate instructors. During the fall semester, 
CEEMS fellows continued to work with middle school 
and high school math and science teachers, spending an 
average of 10 hours per week in those classrooms 

During the summer, the CEEMS fellows enrolled in a 
3-credit-hour course in which they learned about the 
CEEMS program and how they could become effective 
teachers. During the course fellows discussed effective 
teaching methods, with a focus on teaching K-12 math 
and science. Topics included instructional approaches and 
best teaching practices in teaching middle and high school 
students, creating course content, defining learning out-
comes, conducting effective assessments, polishing 
presentation skills, encouraging active learning, managing 
student projects and teams, understanding standards used 
in school systems, and conducting research in engineering 
education. CEEMS fellows learned how to incorporate 
seminar topics to create a challenge based learning (CBL) 
classroom that incorporates engineering to help K-12 math 
and science educators better implement and teach engi-
neering design process. Each fellow created a syllabus and 
course materials for the undergraduate course they taught 
in the fall, which was included in each fellow’s teaching 
portfolio. In addition to the 3-credit-hour course, each 
fellow worked with a group of six middle school and high 
school math and science teachers, not only to advise on 
engineering content used in the classroom settings, but 
also to learn about the classroom environments in which 
they would teach. Fellows were also partnered with 
CEEMS Resource Team members. Each team consisted of 
individuals with the following qualifications:  
• An experienced 7-12 science or math teacher special-

ist 
• An engineer or scientist, and 
• An educator with expertise in curriculum and/or as-

sessment.  
 

Thus, the Fellows learnt about actual practice of class-
room teaching and classroom dynamics (it was like a co-
op experience), the theory for which they learnt in the 
summer course taken prior going to their teacher’s class-
room. Fellows taught the BEC course as part of their 
teaching practicum, since they were being prepared to 
become future engineering faculty as per the design of the 
program. 

A. Framework of Data Collection 
1) School Setting 
The University of Cincinnati is a public, urban universi-

ty. It is primarily a commuter campus with over 42,000 
matriculated students. The college offers 308 academic 
programs and has a student-to-teacher ratio of 15:1. In the 
fall of 2013, the University of Cincinnati had 3,487 un-
dergraduate students in the College of Engineering and 
Applied Science [45]. Of the 3,487 students, 516 are fe-
male, making up 14.7 percent of the college. Breaking 
down the number of underrepresented minorities enrolled 
in the College of Engineering and Applied Science, 4 
(0.011 percent) students are American Indian or Alaska 
Native, of whom 1 (0.028 percent) is female; 121 (3.47 
percent) are African American, of whom 31 (0.889 per-
cent) are female; and 63 (1.81 percent) are Hispan-
ic/Latino, of whom 7 (0.201 percent) are female. 

 

2) Students 
There were a total of 53 students enrolled in the BEC 

course. Students who enrolled in the BEC course were 
STEM students majoring in Chemical (CHE), Biomedical 
(BME) and Aerospace Engineering (AE), and one student 
majoring in Biology (BIOL-B). Academic experience 
ranged from 2nd to 5th year students, with a total of 13 
female students and 40 male students. The demographic 
breakdown is given in Tables 6 and 7, below. The demo-
graphic breakdown is given in Tables 1 and 2, below. 

TABLE I.   
BASIC ELECTRIC CIRCUITS COURSE BREAKDOWN 

Major Female Male Grand Total 

AE  1 1 
BIOL  1 1 

BME 5 17 22 
CHE 8 21 29 

Grand Total 13 40 53 

TABLE II.   
BASIC ELECTRIC CIRCUITS COURSE BREAKDOWN 

Major Freshman Sophomore Pre Junior Junior Senior Grand 
Total 

AE    1  1 
BIOL 1     1 
BME  2 11 8 1 22 
CHE  2 15 9 3 29 

Grand Total 1 4 26 18 4 53 
 
Students auto-enrolled in the BEC Course. This course 

is mandatory for engineering undergraduates.  
3) Instructional Design 
One section of the class was taught in a lecture-style 

classroom format and the other section was taught with a 
mix of lecture-style and CBL-style format. Teachers were 
split into blocks to cover content in units.  

B. Data Collection Procedure 
The analysis reported herein focused on two groups of 

students from the BEC course section 1 or section 2. Alto-
gether, 53 students participated in this study. The content 
from four exams, five exit tickets, four lecture surveys, 
four CBL surveys, and a student satisfaction survey con-
tributed by the students were analyzed and compared on a 
group basis. 

C. Data Sources 
1) Exams 
All students took common pre-tests, common exams, 

and a common final. Each exam was scored and compared 
to assess the performance of a lecture-style format and a 
lecture-plus-CBL-style format.  

2) Lecture Survey 
Surveys were used to collect information to describe 

some aspects or characteristics of the graduate students 
teaching the course, as well as the students taking the 
class. Elements assessed for the students included topic, 
lecturer, presentation, content, and overall satisfaction. 
The survey also contained two open-ended questions that 
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asked the two best things about the unit and the two worst 
things about the unit.  

3) Student Satisfaction Survey 
At the conclusion of the semester, each student com-

pleted the Student Satisfaction Survey. This survey was 
designed to assess the classroom experience. The survey 
was given at the conclusion of the semester after final 
exams. Each survey was anonymous and did not count 
toward the grade for the course.  

III. ANALYSIS OF PERFORMANCE 
Performance was analyzed based on exam scores. All 

exams administered contained a maximum of 34 points. 
Each section took a common exam. The descriptive statis-
tics for student performance on these exams are given in 
Tables 3 and 4, below. 

In the CBL-format course, the mean score for Exam #1 
was higher than that for Exams #2 and #3. The standard 
deviations indicated that the exam scores were not widely 
dispersed amongst the mean for all three exams. Section 1 
of the BEC followed a normal distribution; approximately 
68 percent of the students could be expected to fall in the 
range of scores between minus one standard deviation 
below the mean and plus one standard deviation above the 
mean, and approximately 95 percent of the students could 
be expected to fall in the range of scores between minus 
two standard deviations below the mean and plus two 
standard deviations above the mean. 

In the lecture-format course, the mean for Exam #1 was 
higher than that for Exams #2 and #3. The standard devia-
tions indicated that the exam scores were widely dispersed 
amongst the mean. The results from section 1 and section 
2 were evaluated using a two-way Analysis of Variance. 
The p-value for section1/section 2 was greater than alpha 
(0.151> 0.05), so researchers could not reject the null 
hypothesis that the means would be the same. The p-value 
for exams was greater than alpha (0.07 > 0.05), so the null 
hypothesis held as well (means were the same). 

The mean student experience score for section 1 (the 
CBL format course) was 4.38, which was slightly higher 
for student overall experience than for section 2 (the lec-
ture format course). The score in section 2 was 4.17. The 
difference between the means is not statistically signifi-
cant.  

IV. ANALYSIS OF EXPERIENCE 
Students’ experiences were analyzed through the sur-

veys. Students were asked two open-ended questions to 
rate their lecture experience. Question 1 asked students to 
write two of the best features of the classroom sessions. In 
the CBL section, six themes emerged from responses. 
These results are given in Table 6, below. 

Students assessed overall performance, saying instruc-
tors communicated well and made information easy to 
understand. Many students wrote comments such as "good 
teacher" and "able to teach.” The second emerging theme 
was an appreciation of example problems. Students said 
the teachers were excited about the material. The students 
also noted that they felt more engaged in the coursework. 
Students stated that the fellows cared for them and their 
learning. Some students gave examples stating the fellows 
would do practice problems and ask for questions while 
working on a problem.  

TABLE III.   
DESCRIPTIVE STATISTICS FOR SECTION 1, THE CBL-FORMAT 

COURSE 

! Exam 1 Exam 2 Exam 3 

Mean 27.77 26.59 24.67 

Median 29 28 26 

Standard Deviation 4.09 4.10 6.78 

Maximum 33 30 32 

Minimum 16 16 0 

TABLE IV.   
DESCRIPTIVE STATISTICS FOR SECTION 2, THE LECTURE-

FORMAT COURSE 

! Exam 1 Exam 2 Exam 3 

Mean 27.28 25.08 24.68 

Median 27 26 30 

Standard Deviation 4.37 5.37 10.93 

Maximum 33 31 33 

Minimum 20 10 0 

TABLE V.   
T-TEST FOR OVERALL EXPERIENCE SCORES IN BEC 

 Section 1 Section 2 

Mean 4.38 4.18 

Variance 1.55 3.89 

t Stat .759  

P (T<=t) – one tail .225  

t Critical one tail 1.66  

P (T<=t) – two tail .449  

t Critical two tail 1.98  
 

Question 2 asked students to write two of the worst fea-
tures of the classroom sessions. In the CBL section, three 
themes emerged from responses. These results are given 
in Table 7.  

Students responded that they only wanted to review 
practice exams and work on what would be on the test. 
Over 92 percent of survey respondents said they only 
wanted lectures that went over exam material. Students 
also felt the presentation skills could be improved. Stu-
dents said things like "don’t talk to the board" or "write 
larger.” The third theme was the pace of the class.  

In the lecture-style section, three major themes emerged 
regarding what students liked the best. These results are 
given in Table 8, below. Students responded that the en-
joyed how the lectures were organized because they came 
directly out of the book. The second theme that students 
indicated was the best, were the formative assessment 
techniques the graduate instructors employed. The stu-
dents felt like it was good technique for the teachers to 
ensure the students understood course material. The third 
theme indicated by the students as the best part of the 
course was example problems. The students liked review-
ing and practicing example problems because it helped 
them prepare for their exams. 

In the lecture section three major themes emerged re-
garding what students liked the least. These results are 
given in Table 9. 
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TABLE VI.   
EMERGING THEMES FROM “TWO BEST THINGS” QUESTION 

ON LECTURE EVALUATIONS FOR CBL CLASSROOM 

Rank Theme 

1 Communication 

2 Example Problems 

3 Enthusiasm 

4 Care for Students 

5 Interaction 

6 Organization 

TABLE VII.   
EMERGING THEMES FROM “TWO WORST THINGS” QUESTION 

ON LECTURE EVALUATIONS FOR CBL CLASSROOM 

Rank Theme 

1 Exam Preparation 

2 Presentation 

3 Pace 

TABLE VIII.   
EMERGING THEMES FROM “TWO BEST THINGS” QUESTION 

ON LECTURE EVALUATIONS FOR LECTURE CLASSROOM 

Rank Theme 

1 Organization 

2 Formative Assessment 

3 Exam Preparation 

TABLE IX.   
EMERGING THEMES FROM “TWO WORST THINGS” QUESTION 

ON LECTURE EVALUATIONS FOR LECTURE CLASSROOM 

Rank Theme 

1 Presentation 

2 Exam Preparation 

3 Interaction 

 
Three themes emerged for the lecture style section 

when discussing the two worst things about the course. 
The first theme to arise was presentation. Students gave 
critiques on how to present the lectures more effectively, 
i.e., do not talk to the board and use PowerPoint if hand-
writing is poor. The students’ second theme was exam 
preparation. Students responded they only wanted to re-
view practice exams and work on what would be on the 
test. Over 89 percent of survey respondents said that they 
only wanted lectures that went over exam material. The 
third theme was interaction. Students’ felt they would 
have enjoyed the lectures more if they would be able to 
engage in deeper discussion about material being covered. 

V. DISCUSSION 
To examine research question number #1 (“Does using 

CBL in STEM classrooms improve student perfor-
mance?”), student performance was compared on Exams 
#1, #2 and #3 for both sections. Students enrolled in sec-
tions 1 and 2 of the BEC course were both taught using 
lecture-style pedagogy for the first four weeks, followed 
by Exam #1. The results of Exam #1 showed that students 
performed as expected and performed equally in both 

sections, with a mean of 27.77± 4.09 and 27.28± 4.37. For 
the following weeks, section 1 was taught using the CBL 
method and section 2 continued with the traditional lec-
ture method. The results showed that the students in the 
CBL method section (section 1) had a slightly higher 
mean t than the students in the lecture method section 
(section 2); however, the difference was not statistically 
significant. Examining the standard deviation of each 
exam, scores were more widely dispersed about the mean 
in section 2, the lecture- method section, compared to that 
of section 1, the CBL-method section. That means that in 
section 2, there were many students throughout the entire 
range of performance. The lecture pedagogy showed a 
separation of students in ability from students who ex-
celled at understanding the content to students who strug-
gled with understanding the content. This separation im-
plied that the lecture-style format does not help students 
who are struggling to understand and improve in the 
course. However, in section 1, there was less of a separa-
tion in student performance. In section 2, all students 
scored around the average, and this could be attributed to 
the CBL teaching strategy being accessible to different 
types of learning. 

To address research question #2 (“Does using CBL in 
STEM classrooms improve student experience?”), re-
searchers looked at overall satisfaction scores submitted 
by students at the end of the semester. Although section 1 
(CBL) had a slightly higher average score than section 2 
(lecture) in student experiences, the differences were not 
statistically significant. This finding suggests that stu-
dents’ experience was not heavily influenced by the peda-
gogy used in the classroom. One reason that the overall 
satisfaction score could be different is due to the course 
breakdown. Students may not have enjoyed the lecture 
style teaching that was used at the beginning of the course. 
After the lecture experience in the first four weeks, stu-
dents may have developed negative feelings or determined 
that the course was typical to what they had seen through-
out their time in the college. The lecture in the first four 
weeks may have set a negative tone that CBL could not 
reverse. Even though the overall satisfaction scores were 
not statistically different, when analyzing the qualitative 
responses, themes emerged that showed difference be-
tween the two sections.  

The top two themes from the CBL section were “com-
munication” and “an appreciation of example problems.” 
The theme of communication could be due to the role of 
the professor in the classroom. Teachers in a CBL envi-
ronment provide information to students as they develop 
questions and need more information. This could show 
that CBL helps students feel comfortable asking questions 
and engaging in dialogue with their professors. This find-
ing is consistent with what has been seen in literature with 
PBL pedagogy [5]. Students also indicated they were 
happy to go through the material they just learned by 
walking through example problems in class as a group. In 
Chapter 1 of this document, the trend amongst secondary 
school students’ to learn mainly for the purposes of pass-
ing midterm examinations and standardized tests was 
discussed. Based upon the surveys, it appears that this 
trend largely continues with college students as well. On 
both the CBL and lecture-based course format surveys, 
respondents stated the most critical item that they wanted 
to receive from the course was test preparation. In the 
CBL survey, 92 percent of the students responded that the 
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biggest need was in the area of test preparation and/or 
working through practice tests. Similarly, in the lecture-
based survey, 89 percent of the students also responded 
that they wanted more test preparation and/or working 
through practice tests. This shows that students’ main 
concern is exams, their measure of success. This is further 
evidence that students have been conditioned from prima-
ry school to view exam grades as a primary measure of 
success in learning. In order to change that paradigm, 
students will have to have a new goal. This means the 
assessment techniques used in the classroom need to 
change from exams to something that tests learning.  

Themes such as “interactive” and “caring” emerged for 
students in the CBL environment when asked what they 
liked the best. This suggests a student-centered classroom 
helps with student-teacher interaction. This also suggests 
that students value interaction with the teacher in the 
classroom. These findings are consistent with what has 
been seen in literature [5]. The lack of concern for stu-
dents is a factor that has been identified in literature as a 
reason why students leave the colleges of engineering and 
applied sciences [3][4][12][35]. Students noted that CBL 
made them feel as if the teacher cared for them and their 
learning. This suggests that CBL has the potential to re-
duce negative experiences for students by creating a car-
ing environment. Along with caring, students felt that the 
teachers were enthusiastic about what they were teaching. 
Teacher excitement creates a positive learning environ-
ment. Studies have shown that a positive learning envi-
ronment has a positive effect on student learning [16]. A 
positive learning environment is known to have a direct 
in!uence on motivational factors, such as student com-
mitment to school, learning motivation, and student satis-
faction, and perhaps a more indirect in!uence on student 
achievement [16]. 

Students in the CBL section indicated that the items 
they liked the least were exam preparation, presentation 
skills, and pace. Students responded that they only wanted 
to review practice exams and work on what would be on 
the test. Over 92 percent of survey respondents said they 
only wanted lectures that went over exam material. Stu-
dents also felt presentation skills could be improved. This 
theme could be attributed to the lack of teaching experi-
ence the fellows had before the fall semester. The third 
theme was the pace of the class. Students felt rushed and 
wanted more time with their projects. This theme has 
emerged in literature about the use of student-centered 
pedagogy, like PBL. Studies have indicated that PBL 
takes more time than a traditional lecture [18]. Consider-
ing the similarities between the two pedagogies, CBL is 
expected to follow the same trend. 

In the lecture-style section, three major themes emerged 
regarding what students liked the most: organization, 
formative assessment, and exam preparation. Students 
stated they enjoyed how they could follow along in the 
lectures with the book. The lectures consisted of writing 
the information from the book on the white board. This 
theme is consistent with what has been found in literature. 
College students spend fewer than 3 hours reading text-
book material, and they feel the instructor is responsible 
for reviewing material during class time as well as telling 
them what is important in the reading [15]. This theme is 
also connected to the way students view success. Most 
students only care about information on exams because 
that is what they have learned is the measure of success. 

This pattern can be seen in research where reading per-
centages ranged from 21.21 percent to only 42.96 percent 
before class and from 60.83 percent to 91.20 percent be-
fore exams [15]. Another element that students noted was 
the lecturers asking if they all understood what was cov-
ered so far. The constant checking with students from the 
lecturer made the students feel as if they could ask ques-
tions and get clarity on information they did not previous-
ly understand. The third theme was exam preparation. Just 
as the CBL section expressed, students liked to review 
practice problems. They felt that going through the sample 
problems were helpful for exam preparation. This theme 
also ties into how students view success. The elements of 
the lectures they enjoyed the most were elements they felt 
would better prepare them to do well on exams as opposed 
to learning the material. 

Students also noted elements of the lecture they like the 
least: presentation, interaction, and exam preparation. 
Presentation was approached in regards to how teachers 
presented the material. Students indicated things like 
“don’t talk to the board” and “write bigger.” These com-
ments can be attributed to the lack of teaching experience 
the untrained graduate instructors had before teaching the 
fall semester. Students also indicated they would have 
liked a class that was more interactive. Students felt that 
deeper discussions about material would have been help-
ful. This correlates to the theme expressed by students in 
the CBL section, where CBL students noted that interac-
tion was one of the best features of the class. This indi-
cates that students value classroom interaction. Just as in 
the CBL section, students in the lecture section indicated 
they would have preferred to do more practice problems 
and practice exams. Over 89 percent of survey respond-
ents said they only wanted lectures that went over exam 
material. This shows that students’ main concern is ex-
ams, their measure of success. This is further evidence 
that students have been conditioned from primary school 
to view exam grades as a measure of success. 

VI. SUGGESTIONS FOR FUTURE RESEARCH AND 
LIMITATIONS 

Due to the dispersion about the mean in exam scores as 
well as the responses received from the undergraduate 
students discussed in this study, stakeholders should in-
vestigate using CBL in engineering courses. Although the 
differences in exam scores are not statistically significant, 
the dispersion around the mean suggest that students in a 
CBL course would benefit from the pedagogy [9]. Due to 
the scarcity of literature on CBL in higher education it is 
important to develop a framework to address the peda-
gogy’s benefits on undergraduate students. 

A. Limitations 
This section of the paper is intended to describe those 

characteristics that define the parameters in the application 
or interpretation of the study’s results by elaborating on 
the generalizability and utility of the findings. In this study 
undergraduate students were studied for one semester. 
Studying students in a CBL environment over time would 
help to understand if CBL pedagogy changes the student 
thought and problem solving processes. Studying the 
students for one semester gave a snapshot view of how 
they think and how CBL can add to the learning process. 
However, a longitudinal study with students exposed to 
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CBL on a more frequent basis would show how CBL 
changes learning and the thought process. 

The atypical nature of the course could have contribut-
ed to student performance as well as student experience. 
Most college courses are taught by one professor and thus 
students have the opportunity to understand one profes-
sor’s teaching methodology and way of thinking. When 
the course has more than one professor, students may have 
a difficult time adjusting to each and both of the profes-
sors. It should be noted that the first four weeks of both 
sections were taught using the lecture method. Research 
has shown that lectures are inefficient in promotion of 
thought [7]. The use of lectures in the beginning of the 
course may have negatively affected the students.  

Another limitation of the study was the separation of 
the laboratory from the main course classroom period. 
Students conducted experiments in the laboratory that 
followed at separate syllabus. If the laboratory hour was 
connected to the course work, CBL could have had a 
stronger effect on students. The laboratory hour could 
have also skewed the results slightly, as students spent 
time working on experiments to help reinforce what they 
were learning in lecture; however, the lectures were not 
coordinated with the laboratory time even though the 
content was related. 

The mode of assessment of student performance was 
solely based on exams in which students responded to 
questions with only one specific answer. This does not 
correlate to CBL pedagogical approaches in which stu-
dents investigate problems with multiple solutions and 
develop the rationale to choose the optimal one and de-
fend it [29]. The assessment measure used in classrooms 
must be changed in order for students to focus on learning 
and not exams [42]. It was clear from the responses re-
ceived on the student satisfaction survey that when exams 
are introduced as part of the course the focus is shifted 
from course content and material to passing exams. Over 
92 percent of survey respondents in the CBL classroom 
said they only wanted lectures that went over exam mate-
rial and over 89 percent of survey respondents in the lec-
ture style classroom said they only wanted lectures that 
went over exam material. This shows that students’ main 
concern is exams, their measure of success. Removing 
exams would allow for students to actively engage in the 
learning process [42].  

The BEC course selected for the research study includ-
ed students who were 7.5 percent sophomores, 49 percent 
pre-juniors and 34 percent juniors. Thus, over 83 percent 
of the students appear to have been set in their ways of 
learning and may not have been open to new approaches, 
such as CBL pedagogy. This could have skewed some of 
the responses 

VII. CONCLUSIONS 
In conclusion, CBL is a pedagogical technique that sit-

uates learning in complex problem-solving contexts. It 
provides students with opportunities to consider how the 
facts they acquire relate to real world problems. CBL 
offers the potential to help students become re!ective and 
!exible thinkers who can use knowledge acquired to take 
action. Still, careful research is needed to understand if 
and how these potentials might be realized. Since students 
are conditioned to judge their success based on exam 
performance the impact of CBL could be limited unless 

the process in which student performance for course grade 
is re-examined. Students must first understand the im-
portance of what they are learning. The assessment used 
to measure success must match what is most important to 
the learning process.  
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