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Student Perceptions of Learning Models in First-Year
Programming Courses

Abstract

This paper explores student perceptions of the flipped and traditional classroom modalities in
two concurrent programming courses among first-year ECE students at a Senior Military
College. The course in C programming operated in a flipped classroom style building off of the
C Programming zyBook. The second course was a traditional lecture/lab course focused on
problem-solving using MATLAB and it was built off a workbook. Students reported high
enjoyment of both courses with slightly higher enjoyment of the traditional modality. However,
students reported a sense of increased opportunity to ask questions and interact in the flipped
classroom course while also expressing a sense that participation in the flipped classroom course
helped reduce their dependency on the instructor for learning—a result that may suggest further
exploration of flipped classroom pedagogies in transitional and introductory courses. Further
study is needed to explore these dimensions and the contributing factors that led to the
perceptions shared by the students.

Keywords: Flipped Classroom, Interactive Textbook, Courseware, C Programming, MATLAB
Programming

l. Introduction

The Gen Z students that we teach today have had much experience using electronic devices and
technology in their education. The first cohort of Gen Alpha is expected in university classrooms
around 2028. Generation Z describes those born from ~1997-2009, and Generation Alpha refers
to people born in or after 2010. The Gen Alpha student will be one who is truly a “digital
native”—they will not have known a world without pervasive touchscreen devices. Colleges and
Universities must be ready for possible changes in the learning methodologies required to meet
this new generation. Use of computing devices in primary and secondary education has grown
tremendously through the use of one-to-one (1:1) device or technology programs. A 2017 report
[13] found that more than 50% of K-12 teachers taught in 1:1 classroom environments and a
meta-analysis of 15 years of research studies [14] reported increased student engagement and
persistence in 1:1 classrooms and suggested the result may have been linked to increased use of
student-centered pedagogies in 1:1 classrooms. At Virginia Military Institute (VMI), first year
students have expressed surprise at the prevalence of chalk boards and the lack of technology in
many classrooms; the authors feel this is also linked to the growing prevalence of 1:1 device
programs.

One typical course structure when teaching programming involves the use of a lecture followed
by a lab in which students can practice what they learned. Traditional teaching methods that have
produced educated, innovative engineers for generations involve interactions that are
predominantly instructor-designed and instructor prompted. Nowadays, many online interactive
books support the flipped learning model where readings, presentations, and short exercises are



assigned to students to be completed on their own time while reserving class time for hands-on,
active engagement, problem-solving sessions, or “labs”. Interactive books also incorporate
software development environments and testing platforms that allow students to iteratively
develop and test programs, receiving instant feedback on their work. The concept of the flipped
classroom dates back to the early 1980s. At that point, technology was not widespread so
flipping the classroom meant completing readings at home and concentrating on practical
problems and examples during class time. With the development of technology, the definition
and implementation of the flipped classroom have evolved. Having the students complete
readings, watch videos, or engage with interactive books and exercises outside of class time
creates opportunities for student-driven interactions and student-driven learning pathways during
instructor-supervised class time.

At VMI, first-year electrical and computer engineering (ECE) students are taught C
Programming using a zyBooks interactive text under a flipped classroom learning model. The
first-year ECE students complete a separate introductory course in MATLAB that is structured to
include in-class lectures followed by a workbook-supported lab and problem-solving period. In
this study, we analyzed the students’ perception of the flipped versus traditional classroom
models in a programming course. The same students take the two courses concurrently, creating
an opportunity to capture their perceptions and explore comparisons with a survey at the end of
the semester. It should be mentioned that in addition to adjusting to college from a variety of
cultural and high school backgrounds, the students surveyed are members of a Corps of Cadets
and they are all adjusting to the regimented expectations of a military lifestyle.

The motivation for this work is the exploration of pedagogical methods for enhancing the
learning experience for students, especially for the newer generation of learners; Generation Z
and Generation Alpha. Lessons learned were abstracted from the student perceptions and
instructor experience and recommendations regarding the relevancy and perception of the
techniques for today’s students are discussed. The insight that Generation Z offers is critical for
preparing the education models that will be vital for the success of Generation Alpha.

Section 2 of the paper details recent pedagogical literature about teaching modalities and
provides some examples of the types of lessons used in the two programming courses
experienced by the students. Section 3 details the methodology for the study, while section 4
presents the survey results with a discussion of their meaning. Section 5 concludes the paper and
presents opportunities for future work.

I1. Background

Comparison of the flipped classroom to a traditional classroom has been extensively researched.
In [1], the authors examine the effect of the flipped classroom model on student learning
outcomes taking into account variables such as study duration, student grade level, subject area,
and publication type. The authors looked through seventeen databases to find literature (55
papers and 115 experimental effect size comparisons) regarding cognitive student learning
outcomes published from 2000-2016. They reported a statistically significant effect size (g =



0.193; p <.001; with a 95% confidence interval of 0.113-0.274) that shows a learning outcome
advantage to the flipped classroom model. In [2], the authors examined the effects of the flipped
classroom model in a Master’s course at a university in the Netherlands, teaching half of the
course using the traditional method and half using the flipped classroom model. The primary
positive of the flipped classroom discussed by the students was the experience of peer-learning
that accompanied the flipped classroom activities. In [3], the authors transformed an applied
physics course for doctoral and master’s students into an online flipped classroom. Their results
indicated that there was not a statistically significant difference in the mean performance
between the traditional and flipped online class. However, they noticed that the flipped online
version led to a larger spread in student performance. In [4], the authors examined the flipped
classroom model in a university biology course and its effect on aspects of the student learning
experience. They further studied the identification of the course design associated with student
engagement, motivation, and confidence. The authors reported positive results in support of the
flipped classroom model and its effect on enhancing student’s learning outcomes and experience.
In [5], the authors conducted a study to in a high school-level chemistry course in Iragi schools.
They assessed the effect of flipped classroom model on motivation, creative thinking, and
achievement. After holistically exploring student preference, teacher preference, learning
flexibility, teaching aid effectiveness, working environment, and student participation, they
recommended shifting to the flipped classroom model in Iragi secondary schools.

In [6], the authors performed a meta-analysis (33,768 students in 198 papers) of the effect of the
flipped classroom on student’s performance compared with the traditional classroom model
across all education levels and disciplines. Their findings indicate a moderate positive effect of
the flipped classroom model on the performance of students. They also report that the flipped
classroom model was favored irrespective of the discipline. Overall, their finding indicates that
the flipped classroom model has the strength of providing structured active learning and
problem-solving. In [7], the authors conducted a meta-analysis (37 papers, 40 effect sizes) on the
effect of flipped mathematics K-12 classrooms on student achievement, reporting an overall
statistical significance effect in favor of the flipped classroom model. In [8], the authors analyzed
the results of 58 papers from 54 quantitative studies published from 2007-2020, exploring the
influence of the flipped classroom model on students’ academic achievement. The authors report
a statistical significance in favor of the flipped classroom on student achievement. In [9], the
authors summarized the trends of blended learning represented in 22 recent publications on
student perceptions of learning models in higher education. They reported favoring the
flipped/blended classroom model in higher education and concluded with the encouragement to
progressively increase this model in Malaysian Higher education institutions over time. In [10],
the authors propose the use of the Jigsaw collaborative teaching practice which involves
instructor-supervised learning for teaching circuit analysis for first-year university students. They
enhanced the process by grouping students according to their personality rather than at random,
noticing a significant improvement in students’ assessment scores by up to 20%. They also
report that the perception of the student is that the learning process is more enjoyable to them
and the authors suggest that Generation Z and Generation Alpha suffer from a shorter attention
span and thus require modified teaching methods. Studies [11-13] suggest that Generation Z and
Generation Alpha require or will require innovative teaching and learning methodologies.



Considering the ability of novel learning modalities to meet the learning needs of the newer
generations is important. Examining the meta analyses described above paints a picture of the
flipped classroom as a means for improving student engagement, motivation, confidence, and
opportunities for peer-to-peer learning. At all grade-levels, in many disciplines, the results also
tend to show learning outcome advantages, although this was not universally true in all contexts.

The two courses examined in this paper are C Programming (a flipped classroom introductory
programming course) and Computer Tools (a traditional introductory problem-solving using
MATLAB course). Both courses contain lessons and activities which are similar in nature, but
explored through different pedagogies. In the C-Programming course an interactive zyBook is
used. In the zyBook, students are assigned “Participation and Challenge” interactive activities
that are usually completed prior to coming to the class, with longer lab assignments completed
during a 50 minute class period. Participation activities includes 100s of multiple choice
questions, animations, and other augmentations to the typical reading material. Challenge
activities are programming tasks that can be tested in-line in the textbook and involve writing a
few lines of code, providing instant feedback and visibility of correct solutions. Lab activities are
completed in a web-based programming shell that allows the students to check their work and
receive instant feedback. The exercises typically take 1-2 class periods for completion and
provide more in-depth practice for the topic being studied. When completing a lab, students work
in develop mode initially in order to test their understanding and ensure that they are completing
the lab correctly by checking it against public test cases, and then they move to submit mode
when they are prepared to have their assignment checked against private test cases for grading. A
list of topics covered in the text and course is available by exploring the table of contents at
https://www.zybooks.com/catalog/programming-in-c/ .

In Computer Tools, ECE fall-semester first-year students learn MATLAB programming and
circuit simulation. The course meets twice a week for 1.25 hours each meeting. Classes use a
traditional format of ~10 minutes of in-class lecture followed by ~20 minutes of in-class problem
solving, repeating in cycles throughout the period. Students are kept motivated by knowing that
they must hand in the results of their in-class work at the end of class for a participation grade. In
addition, out-of-class homework packets that involve longer or extended problem-solving tasks
are assigned every two weeks, and there are summative midterm and final examinations.
Because of the flipped classroom experience in the C programming course, the instructor has
given students the option to flip this arrangement, pre-completing the reading and in-class
assignments on their own before class, enabling them to work on the larger, more-involved
homework problem sets during class time. In practice, fewer than 5% of students take advantage
of this option. See https://www.jimsquire.com/teaching/ee120/ee120.htm for a detailed listing of
readings and assignments students are given at the start of the semester to enable this option.

I11. Methodology

ECE students at Virginia Military Institute complete an introductory course in C Programming
and an introductory problem solving and computer tools course using MATLAB during the first
semester of their freshman year. Both courses are three credit hours and meet 150 minutes per


https://www.zybooks.com/catalog/programming-in-c/
https://www.jimsquire.com/teaching/ee120/ee120.htm

week. The C Programming course is taught in a flipped classroom format and the Computer
Tools course is delivered in a more traditional classroom modality.

In the fall of 2022, first-year ECE students were given a survey about their experiences in both
courses. The same survey was given to sophomore ECE students, who persisted in the program
and complete the aforementioned course sequence one year prior, asking them to reflect on their
first-year experience. A quantitative analysis of the Likert scale survey questions and a
discussion of themes present in the student responses are detailed in the next section.

1V. Results and Discussion

Resulting from 24 responses from students who began their university studies in the fall of 2021
and fall of 2022, figure 1 shows a picture of the student experience with respect to using
technology for learning. For the survey responses, rarely was defined as the use of a digital
device for learning less than 1 day per week. Sometimes was defined as use 1-2 days per week,
often was defined as usage 3-4 days per week, and always represented usage 5 or more days per
week. Figure 1 shows that as the students progressed through school, their use of technology for
learning greatly increased. By the time the students reached the high school classroom,
approximately 83% of them used technology for school work daily, and the minimum usage
reported by any student was 1-2 days per week. These results support the motivating assumption
that current and future university students are “digital natives”, and consideration of this when
designing a university course (and classroom) is important.

Technology Usage in School

High School I
Middle .
Elementary N

0 4 8 12 16 20 24

mNever mRarely = Sometimes = Often m Always

Figure 1 — Reported frequency of use of technology for learning during primary and
secondary school. Results from N=12 freshman and N=12 ECE sophomores surveyed.

The summary in Table 1 details the student responses to ten Likert scale questions regarding the
flipped classroom. Twelve first-year ECE students concurrently enrolled in a C programming
and MATLAB problem-solving course completed the survey during the final week of classes in
the fall, their responses are in the “Fresh.” column. Twelve students who persisted in the ECE
program were asked to reflect on their freshman experiences and their responses were collected
one year after they completed the concurrent programming courses, and are reported in the
“Soph.” column. The strongest results from the student survey relate to interaction and



engagement in the flipped classroom course (bolded blue text). Both cohorts agreed or strongly
agreed that the flipped classroom model did not limit their interaction with the instructor and that
it provided them with increased opportunities to ask questions. Despite these increased
opportunities for interaction, the students also reported that the flipped classroom was not more
engaging than the traditional classroom (bolded red text).

Table 1 - Results for survey questions about flipped and traditional classroom learning in
introductory programming courses for first-semester ECE students. N=12 freshman
(Fresh.) were surveyed at the end of their fall courses and N=12 sophomores (Soph.) were
surveyed one year after completing the freshman courses.

% Agree or % Neutral % Disagree or
. Strongly Strongly
Question Agree Disagree

Soph. | Fresh. | Soph. | Fresh. | Soph. | Fresh.

With the flipped classroom model, | feel

42 25 17 50 42 25
more prepared for my exams.

I wish more instructors would use the

. 17 33 42 42 42 25
flipped classroom model.

The flipped classroom model gives me
more opportunity to ask more questions 67 42 8 42 25 17
inside the classroom.

The flipped classroom matches my learning

8 25 75 25 17 50
style.
I would not recor_nmend the flipped . 42 = ”s I’ 33
classroom to a friend.
Flipped classroom I_earnlng has reduced my » 42 . 50 e g
dependency on the instructor.
The Fllppgd clagsroom is more engaging . 55 - 23 . 42
than traditional instruction.
More_lecture should be incorporated into - 50 o 55 = ’5
the flipped classroom course.
The_fllpped_class_room rr_10de| did not limit = 58 . 55 . 17
my interaction with the instructor.
I wish less lecture time were incorporated in o 17 = cg o 55

the traditional classroom.

Another interesting result was that 42% of both cohorts reported that flipped classroom
instruction resulted in reduced dependency on the instructor for learning (bold green text). This
theme should be explored further and may serve as an indicator of the value of timing the use of
a flipped classroom modality in first-year courses to support students in transition to college.

Table 2 shows self-reported student enjoyment of each programming course. For both cohorts,
67% of the respondents reported that they slightly enjoyed or greatly enjoyed studying C



programming in a flipped classroom modality. For both cohorts, more students reported
enjoyment of studying MATLAB programming and problem solving in a traditional learning
modality. When examining each individual’s response regarding both modalities, a total of 4
students (out of 24) indicated greater enjoyment of the flipped course, with 11 (out of 24)
indicating greater enjoyment of the traditional classroom. It is also interesting to note that the
responses from the sophomores were more polarized than those from the freshman. It would be
interesting to explore this in the future to see whether that is attributed to the dynamics of the
cohort or a result of the additional year of courses and university experience between their
experience with the flipped course and the time of their reflection.

Table 2 - Results for Likert scale survey question regarding self-reported student
enjoyment of the study of programming in a flipped (C) and traditional (MATLAB)
classroom during the first semester of the freshman year. N=12 freshman and N=12
sophomores were surveyed.

Result Soph. Fresh.
% Positive Enjoyment of Study 7504 84%
in Traditional Course
% Positive Enjoyment of Study
in Flipped Course 67% 67%
N Enjoyment of Traditional 7 4
Course Greater Than Flipped
N Enjoyment of Flipped Course 3 1
Greater Than Traditional

V. Conclusion

Most students reported enjoyment of their study of programming in both the traditional and flipped
classroom. Counter to many of the findings from studies on this topic, the students at VMI
indicated a greater preference for traditional instruction over the flipped classroom model. As
student enjoyment should not be the only metric or justification for the adoption of teaching
pedagogy, it is important to note that the students reported improved opportunities to ask questions
and they did not find the flipped classroom modality limiting their instructor interaction. However,
the students did not describe the flipped classroom as more engaging than the traditional
classroom. There is an opportunity to explore the students’ definitions of “engaging” in the future.
Other variables that could be added to the study to gain insight into students’ preferences include
the challenges of first-semester students at a Senior Military College, the instructors’ preferred
methods of teaching, or instructor personality. Additionally, future surveys could use additional
questions to explore which dimensions of each course led to the students’ sense of engagement.

An additional dimension worth exploring is that 42% of the respondents agreed or strongly agreed
that the flipped classroom reduced their dependency on the instructor for learning. The
contribution of the flipped classroom modality to the development of a student’s self-efficacy
beliefs and its usefulness in helping students transition from high school to college or university
classrooms could be quite interesting. Future studies should include qualitative results whether



through interviews with students and instructors or other well-defined qualitative research
methods. Free response questions were included in this study, but the student responses were very
terse and did not lend to this type of analysis.

As students from Generation Alpha enter the university around 2028, much effort is needed to
study the learning needs of that generation and how the teaching pedagogies could be modified
for the incoming generation. Generation is only one variable of many to consider when attuning
teaching and learning pedagogies to an audience. However, it is the opinion of the authors that
modifying the current pedagogies for generation Alpha can add value to their educational
experience and lead to graduating more well-rounded independent graduates.
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