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Investigating the effects of course modality
on student performance and satisfaction in
online learning.

Abstract

The objective of engineering education is to explore and establish effective instructional
strategies in higher education that can enhance student learning outcomes. Due to the COVID-
19 pandemic, numerous students have had to transition from traditional in-person learning to
online learning. While online classes have been available prior to the pandemic, their widespread
implementation presents a new set of challenges in terms of teaching and learning styles. As
students have diverse learning styles, it is crucial to recognize a model that sets them up for
success. Studying the impact of instructional techniques on student achievement and satisfaction
in online education can play a crucial role in determining the optimal approach for students. This
research aims to investigate the effects of course modality on student performance and student
satisfaction in online learning. This study involved comparing and evaluating two distinct
instructional techniques, traditional and flipped, within an online learning environment. The
study analyzed student performance and course evaluations from an introductory materials
science and engineering course at a university in the Southeastern United States. Initial findings
indicated that the average exam scores between the traditional and flipped setups did not differ
significantly. Further examination of the exam results was conducted to identify areas of difficulty
and develop an enhanced approach for delivering course material. Additionally, the study
assessed student satisfaction levels through analysis of course evaluation data.

1. Introduction

Engineering education involves researching and establishing effective instructional methods in
higher education. In higher education, instructors often teach larger numbers of students than in
traditional classroom settings. Some universities that enroll tens of thousands of students have
lecture halls filled with hundreds of students taking the same class, so teaching in the most
effective way is important. Given the diversity of college campuses, determining the most
effective instructional approach for every student can be challenging. Therefore, evaluating
student performance and satisfaction through multiple measures is necessary to assess the
effectiveness of an instructional method.

The Covid-19 pandemic has compelled millions of students worldwide to shift to online learning.
This transition can pose challenges and drawbacks, particularly for students who lack experience
with online courses. However, for other students, the transition to online delivery carries
advantages. Reported advantages of an online learning environment can include a more
comfortable learning environment, saving of time that would otherwise be spent traveling, and
the encouragement of students asking questions with an online chat feature [1],[2].
Disadvantages of an online learning environment include network instability, unilateral
interaction, and reduced concentration [1],[2]. Technology offers great advantages, but
sometimes it does not work; network instability is a great hinderance to online learning. For
example, students can miss course material during an online lecture when the screen freezes or



when the instructors voice cuts in and out. Participating in an online class may also feel unilateral
in terms of interaction with others and the instructor, interaction through an online environment
and in-person are different things [1], [2]. In an online setting it is very easy for students to
become disengaged. Often students’ cameras and microphones are off, which can result in
reduced concentration. This environment makes it likely for a student to pull out their phone or
disengage from class [1],{2],[3].

Student engagement can be described as a psychological investment in learning what is being
presented. The involvement of students in the learning process can be characterized as a
cognitive and emotional commitment to understanding the material presented. Factors that can
affect students’ perceptions and engagement in online learning can consist of one’s
attitude/motivation, self-efficacy, and experience with technology. How a student views and
values their education will influence how seriously they interact with an online course [3]. For an
online class, it is up to the student to participate in class and interact with the course.

Student engagement can be enhanced by improved instructional techniques. Methods of
teaching can be broken down into four categories; instructor centered, interactive,
individualized, and experiential [4]. Instructor centered learning primarily involves one-way
communication from the instructor to the students. Questions from instructor to the whole class
is also a form of an instructor centered strategy; this method primarily facilitates passive learning
for the student which is what the traditional classroom is based on [4]. Interactive strategies are
based around class discussion and group assignments. Students are forced to interact with each
other and the instructor in figuring out the task or concept at hand. This method promotes active
learning and is heavily relied on in the flipped classroom model. Individualized strategies run off
the notion that students learn at different paces, and these strategies are heavily based on
progress in sequential steps. Experiential strategies involve putting a student in the field or
simulated environment that is similar to the environment they could potentially be working in.
This type of strategy is very common when it comes to internships, laboratory settings, and
apprenticeships.

The traditional model of teaching in an online environment does not aim to actively engage
students. Students join class online, listen to a lecturer present course material during class, and
are expected to study and practice outside of the ‘classroom’. In class learning activities may
include reading texts, listening to lecture, and brief, small classroom discussions [5]. The model
relies heavily on the instructor to facilitate learning which has advantages and disadvantages.
The flipped classroom model in an online environment is a teaching style in which students join
class to practice the content that they are taught outside of the ‘classroom’ [6]. Rather than the
conventional method of attending lectures in class followed by practicing the material at home,
students are required to watch instructional videos online at home. During class time, they
engage in discussions and exercises to reinforce and apply the concepts covered in the videos.
[7]. The flipped classroom approach is based on the engagement of higher cognitive thinking and
problem solving with others during class. Early models of this were developed by Wavloord and
Anderson in 1998 and Lage, Platt, and Treglia in 2000 [8]. There has been conflicting research
regarding which instructional strategy is better as some suggest it facilitates better learning while
other studies suggest it does not [9],[10],[12].

Student satisfaction can be described as a student’s attitude or perspective toward their
educational experience [11]. Student satisfaction is an essential aspect of education as it reflects
the level of contentment and fulfillment students feel with their academic experience. When



students are satisfied, they are more likely to be engaged and motivated in their learning, leading
to improved academic performance. On the other hand, dissatisfied students may become
disengaged and may struggle to succeed in their coursework. Additionally, satisfied students are
more likely to have positive attitudes towards their school, instructors, and peers, which can
foster a positive learning environment. Hence, it is important that students within an education
system are satisfied with their learning experience [11]. Factors that affect student satisfaction
include type of course, class size, attendance, motivation, interaction, and collaboration
[11],[12].

In the current paper, the effectiveness of different instructional methods is assessed by analyzing
student satisfaction and performance as key indicators. The study employs a mix of qualitative
and quantitative data to measure both student performance and satisfaction.

2. Theoretical Underpinnings

It is crucial to explore and establish the theoretical foundations of various instructional methods
and their interconnectedness. The traditional classroom model is rooted in the principles of
behaviorism, whereas the flipped model is based on the tenets of constructivism. Behaviorism is
a learning theory which is has been around since the 19t century and was initially developed by
B.F. Skinner J.B. Watson and has been further investigated by many others since [13]. The theory
is based on the idea that learning is developed through interacting with environmental
stimuli[14]. Skinner believed all learning was measurable through observing changed behavior
and important factors within behaviorism include connecting stimulus, response, and
conditioning [14]. In terms of conditioning, behaviorists stress the need for reward for a desired
behavior and punishment for undesired behavior. These aspects of learning are heavily
implemented in a traditional classroom setting - students are observing an instructor give them
information and when it is time to get tested on the information, a good grade would be a reward
and a bad grade would be a punishment. Receiving good grades motivates a student to keep
grades high, while a bad grade motivates a student to try harder.

Constructivism is a more recent learning theory than behaviorism initially developed by Piaget
and later developments were added by Vygotksy and Bruner, and others [13],[14],[15].
Constructivists’ say learners are not passive recipients of information, but that they actively
construct their knowledge in interaction with the environment and through the reorganization
of their mental structures [14]. The theory suggests students’ need to process new information
based off what they already know [15]. In a classroom setting, the learning is active; students are
collaborating, practice problems are being used, and questions are being asked. This allows
students to challenge what they know because if something is not consistent with a previous
understanding, changes in mental process can be made [15].

3. Methodology

The current study aimed to explore the impact of course modality on student performance and
satisfaction in the context of online learning. To provide a comprehensive understanding of the
topic, a literature review was conducted, delving into the learning theories, instructional
strategies, and learning environments pertinent to the research. In an online setting, the
effectiveness of the traditional and flipped models in an introductory materials science and



engineering course was assessed by analyzing student performance and satisfaction. Student
performance data consists of grades on quizzes, tests, and other activities. The data was analyzed
by filtering and categorizing it based on exams, question type, and chapter. Similarly, student
satisfaction data was analyzed using Likert scale survey questions and student responses. The
differences between the instructional strategies were determined by analyzing the data on
student satisfaction in terms of Likert scale questions and student responses. The overall process

is shown in Figure 1.
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Figure 1 - Graphic displaying methodology of the research process and how each metric was
measured.

Student performance data was collected through Canvas which is a software application used by
many universities to facilitate communication and learning between students and instructors. All
assignments, quizzes, discussions, and exams can be posted on canvas. Student grades were
extracted from Canvas and analyzed for trends in student performance. Data for student
performance was collected from exams and then further filtered and categorized by which exam,
guestion type, and the chapters the questions came from.

Student satisfaction data was collected through GatorEvals, which are surveys implemented by
the University of Florida to their students. Evaluations exist for each course a student takes, and
they are highly encouraged to be completed but not required. Quantitative and qualitative data
areincluded in these evaluations. Quantitative data comes from Likert scale type questions which
ask the student how much they agree or disagree with a certain aspect of the course. Qualitative
data from the evaluations involve open-ended questions that allow the student to type any
answer they desire. Data for student satisfaction was collected from the student evaluations, and
then Likert responses were compared.

Instructional strategies for the flipped class differed from the traditional class. A student’s final
grade in the flipped class was comprised of 10% Perusall reading, 10% Perusall lecture, 25% in-
class exercises, 40% midterm exams, and 15% for the final exam. Perusall is a software that aims
to facilitate an in-depth reading experience that encourages students to annotate as they read.
For the traditional class, final grade consisted of 5% quizzes, 10% homework, 10% in-class



exercises, and 75% exams. Major differences between the instructional strategies include the use
of Persuall, assigning homework, and the overall weight of the exams.

4. Results and Discussion

a. Student Performance

The distribution of exam performance comparing flipped and traditional classes is seen in Figure
2. For the traditional group (A), the average of the three exams was taken for each student. The
weighted average exam performance for the traditional class had a mean of 80.14%. For the
flipped group (B), the weighted average of the five midterms was taken for each student. The
weighted average exam performance for the flipped class had a mean of 79.28%, which was not
statistically different when comparing the two instructional strategies. However, the traditional
class’s distribution of scores differed from that of the flipped class in that there were less scores
in the 80%-90% range. This led to the flipped group exam having a more normal distribution.
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Figure 2 — Distribution of exam performance in the traditional class (A) and flipped class (B).

The challenging questions from all the exams taken are displayed in Figure 3, indicating the
respective chapters they correspond to. The figure takes into account all of the questions missed
on each test, grouped by chapter, and compared by teaching method. Out of all the identified
challenging questions, the percentages of those questions were distributed by chapter. Figure 3
allows one to determine which chapters were more difficult for students and which instructional
strategy they came from. Both instructional strategies offer benefits and drawbacks according to
the chapters taught as some chapters may be taught better by a certain instructional strategy.
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Figure 3 - Graph displaying the percentage of questions that students answered incorrectly according to chapter, the bars in
front of each chapter number represent the data from that chapter.

Since the mean performance of the test scores comparing traditional and flipped classes did not
differ significantly, further analysis was conducted. All the questions where more than 20% of the
students answered incorrectly, assumed to be challenging questions, were categorized into three
different question types: calculation, conceptual, and figure-based questions. Calculation
guestions involved solving numerical problems; an example calculation question includes “What
is the theoretical density of this material, given it is MgO? The ionic radius of Mg2+ is 0.072 nm
and of 0O2- is 0.14 nm.” Conceptual questions were those which required understanding of
theory. An example of a conceptual question is “What is the driving force of carbon diffusion into
steel during case hardening?” Figure-based questions involved interpretation of figure followed
by calculations or conceptual questions. An example of a figure-based question is “Which
phase(s) are present at point G and in what fractions?” A figure would be included in this question
in which students interpret and use to answer the question.

In the traditional class, there were three high stake exams which means a student’s final grade
in the class relied heavily on these exams. The percentage of each test in the traditional class
contributed to 75% of total grade, 25% for each of the three exams. Figure 4 shows the
percentage of incorrect questions according to type, split up by the three different exams from
the traditional class. When observing the total percentage of questions wrong, Figure 4 shows

that students struggled the least with Exam 1, the second least with Exam 2, and the most with
Exam 3.
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Figure 4 - Graph displaying the percentage of questions students in the traditional class answered incorrectly according to
question type.

In the flipped class, there were five low stake exams which means a student’s final grade was not
as reliant on solely exams. The percentage of each test in the flipped class contributed to 40% of
total grade, 8% for each of the five exams. Figure 5 shows the percentage of incorrect questions
according to type, split up by the five different exams from the flipped class. In this analysis,
students struggled the most with Exam 4 while the other exams were very comparable in
difficulty.
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Figure 5 - Graph displaying the percentage of questions students in the flipped class answered incorrectly according to question
type.



During data analysis, it was found that the total number of exam questions were similar when
comparing traditional (105) and flipped (102) classes. Furthermore, the total number of
guestions that students answered incorrectly were also very comparable between traditional and
flipped, which is shown in Figure 6. Following analysis of the comparison of question types
answered incorrectly according to instructional strategy, a deeper analysis of total question types
between traditional and flipped was conducted. It was observed that the total number of
guestions answered incorrectly between the traditional and flipped classes were almost
identical. This supports the notion that an online environment makes the two teaching strategies
equally efficient.
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Figure 6 - Graph displaying the number of total questions wrong according to type.

b. Student Satisfaction

Figure 7 shows student response in the GatorEvals which pertain to the student satisfaction of
the course and Table 1 shows the questions in the GatorEvals survey. Response ratings to
questions relating to student satisfaction in the course evaluations were very consistent when
comparing the flipped and traditional. However, the responses to the question asking about the
online environment of the course contributing to the student’s ability to learn the material
(Question 11) was significantly lower than the rest in both flipped and traditional classes. In
addition, the traditional class average response to the question pertaining to online environment
was 2.7 while the flipped class average response was 3.1. This result supports the traditional class
not being as satisfied with the online environment of the course compared to the flipped class.
Overall, the fact that this question was rated noticeably lower than all the other questions implies
that students do not think online classes can allow them to learn as well as they would in an in-
person setting.
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Figure 7 - Graph displaying questions from GatorEvals and Likert scale student responses.
# hd Question hd

1 The instructor was enthusiastic about the course.
2 The instructor explained material clearly and in a way that enhanced my understanding.
3 The instructor maintained clear standards for response and availability (e.g. turnaround time for email, office hours, etc.)
4 The instructor fostered a positive learning environment that engaged students.
5 The instructor provided prompt and meaningful feedback on my work and performance in the course.
6 The instructor was instrumental to my learning in the course.
7 Course content (e.g., readings, activities, assignments) was relevant & useful.
8 The course fostered regular interaction between student and instructor.
9 Course activities and assignments improved my ability to analyze, solve problems, and/or think critically.
10 Overall, this course was a valuable educational experience.
11 The online environment of this course contributed to my ability to learn the material.
12 Student learning objectives were connected to course activities and assignments.
13 Course content is presented and structured in a logical, consistent, and organized manner.
14 There were a variety of assignments appropriate for an online course. P

Table 1 - Table showing what was asked in each question regarding student satisfaction from GatorEvals.

This research aimed to investigate how teaching styles compare to one another when both
delivered in an online setting and the quantitative results turned out to suggest that a certain
style of teaching was not superior over the other. However, many studies do suggest that style
of teaching does in fact significantly effect student performance and satisfaction. An interesting
finding from the student satisfaction responses came from the responses to the survey inquiry
saying, “The online environment of this course contributed to my ability to learn the material.”
Students in the traditional class were more affected by the online environment when compared
to the flipped class, however, the question as a whole was scored lower on the Likert scale
compared to all the other questions from the GatorEvals.

Statistical analysis performed through JMP showed no statistical difference when comparing the
average exam scores. However, the distribution patterns were different. A different distribution
may represent a higher concentration of students performing better, worse, or average. For both
the traditional and flipped class groups, test scores tended to be higher at first, followed by a



decline in performance. The trend is attributed to course content getting more difficult
throughout the semester or many other extraneous circumstances. This suggests that a more
effective course delivery can be achieved by integrating components from various instructional
models. For example, a hybrid approach can be used, which can combine the positive elements
from various models and can help in delivering the concepts with varying difficulty in different
formats.

5. Summary and Conclusions

When it came to students learning the material, the traditional setup was better for some
concepts while the flipped setup was better for others. One instructional strategy was not
consistently better than another. There is a lot of support for these results to be different when
evaluating these instructional strategies in an in-person setting [9],[10],[12]. In terms of student
performance, the main metric involved student exam scores which were analyzed qualitatively
and quantitatively by looking into the chapters the questions came from, the number of
guestions answered incorrectly, and the type of questions answered incorrectly. Student
satisfaction was measured quantitatively by checking student feedback from the GatorEvals. It
was determined that the online environment significantly influenced the student perspective
when it came to learning the course material.
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