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Work-in-Progress: Relationship of Students' Class Preparation
and Learning in a Flipped Computer Programming Course

Abstract

This work-in-progress paper examines the relationship between students' preparation in flipped
class and their learning.

In engineering education, flipped course design is getting more attention among instructors of
STEM courses. Flipped classroom model emphasizes student-centered learning, where much of
students' learning is connected to their preparation before coming to the class using videos and
other study material. As the model is highly dependent on students' self-preparation, it is crucial
to capture the trends of students' preparation and its impact on students' learning for effective
course design and continuous improvement.

This study presents the preliminary results of an online flipped C++ programming course and
evaluates the relationship between undergraduate students' class preparation and learning. Data
were collected from 66 students for the whole semester, comprising 15 weeks. For preparation,
students were encouraged to watch two videos for the flipped class: 1) description of
programming construct and concept and 2) instructor emulation of a live coding session. For
measuring students' class preparation, we recorded the video analytics indicating the time spent
by each student to watch both videos respectively in each week. In addition, we used students'
final scores in the course to measure students' learning and evaluated the relationship between
students' class preparation and learning. Furthermore, we examined the trends of time spent on
video watching for each week.

Preliminary analysis was conducted using multiple regression and repeated measures ANOVA.
The results indicate a significant relationship between students' preparation (time spent on
videos) and their learning (final score). Further, the trends in repeated measures highlight the
weeks where students spent the most time preparing. This work-in-progress paper relates the
study results with the course design.

Introduction

In engineering education, flipped course design is getting more attention among instructors of
STEM courses [1]. Prior studies suggest that flipped courses were designed and evaluated for
effectiveness and factors influencing students’ learning in computer science and information
technology disciplines [2], [3]. For example, Amresh and colleagues [2] compared students'
scores in two flipped class sections with a traditional section for an introductory programming
course. The authors reported that the flipped class approach positively impacted students'
performance.

Existing studies in programming courses suggest that flipped class approach can be valuable
because it provides more opportunities and time for students to interact with their instructor and
peers. Additionally, students can get timely help and assistance from instructors and peers while



they engage in-class hands-on activities and assignments during class hours [4]. However, for
flipped courses, student success is highly dependent on their self-preparation using provided
study material, including videos, lecture notes or slides, and book chapters before coming to
class [5], [6], which could be challenging for novice programmers [7]. Diwanji and colleagues
[6] highlighted the importance of students' preparation in a flipped classroom model. They
conducted a student survey and found that only a few students (less than 30%) in the flipped
class prepared before the class. Their analysis suggested Artificial Intelligence-based
applications and technology tools to boost students' extrinsic and intrinsic motivation for
preparation. Also, the authors emphasized the importance of evaluating students' class
preparation for flipped classes. Considering the importance of students' preparation in flipped
classes for their learning, in this work-in-progress paper, we examined the relationship between
students' preparation and performance. More specifically, the paper addresses the following
research questions.
1. How does students' class preparation relate to their learning in a flipped programming
course?
2. What are the trends in students' class preparation with respect to the programming
constructs?

Literature Review

Prior studies have found student-centered learning as more effective than the traditional model of
instruction [8], [9]. Student-centered learning can be defined as learning approaches that place
students at the center of their learning process. These approaches influence students' learning
through the content, activities, materials, and place of learning [10]. A broad range of models
that implement student-centered learning has been developed, including active learning,
collaborative learning, inquiry-based learning, cooperative learning, problem-based learning,
team-based learning, peer instruction, small group learning, and project-based learning [10].

Previously, these student-centered learning models have been used in computer science and
engineering courses, specifically courses with conceptually hard concepts such as programming
courses. These models include but not limited to active learning [e.g., 11], collaborative learning
[e.g., 12], cooperative learning [e.g., 13], flipped classroom learning [e.g., 14], inquiry-based
learning [e.g., 15], problem based learning [e.g., 16], and project-based learning [e.g., 17].

Flipped classroom model is one of the widely accepted models for enhancing students'
knowledge using student-centered learning [ 18]. In the recent pandemic era, many institutes
around the U.S. started to use flipped classroom model, which is extensively adapted, especially
for delivering programming courses. The main idea for flipped classroom model is to let students
learn basic course content outside the class individually by watching pre-recorded lectures or
videos and/or reading textbooks. Further, during in-class hours, students apply their learned
content knowledge on application through hands-on activities and active learning techniques
such as problem-based learning and peer instruction with the help of instructors and peers during
the class hours [19], [20].

Previous literature has examined the role of the flipped class on students' learning or
performance by comparing students' scores in the flipped class with those in the traditional class



or by collecting students' perceptions with surveys or interviews [2], [14]. For example,
Pattanaphanchai [ 14] investigated students' learning achievement and perception in an
introductory programming course using a flipped class. The author reported students' satisfaction
with flipped class and reported that learning in a flipped class with in-class practice and out-of-
class studying helped them to understand programming concepts. Also, the authors reported that
the students in the flipped class environment significantly outperformed those in a traditional
lecture class.

Although extensive literature has compared flipped classroom model with traditional classes,
there is little work investigating students' learning or performance within flipped classes by
measuring students' self-preparation time spent with study materials such as videos, which is the
premise of this work-in-progress paper.

Research Methods

Site and participants

For this work-in-progress paper, we designed a cross-sectional study and collected the data from
66 undergraduate engineering students enrolled in a large R1 South-Eastern university. The data
were collected from two sections (taught by the same instructor) in Spring 2021. The students
were enrolled in a C++ programming course titled "C++ programming for engineers." The
course was an introductory course for students with little or no programming experience and
provided them with a hands-on learning experience in the C++ programming language. The
course focused on developing students' problem-solving and computational thinking abilities by
devising software solutions for various engineering problems. For providing students an
experience with real problems during the class, the course utilized flipped classroom model. The
class was divided into three different phases 1) Before the class, 2) During the class, and 3) After
the class. Before the class, students were expected to watch two videos and read study material
before attending the week's classes (except week 1) throughout the semester (15 weeks long).
During the class, students were required to code their algorithms in C++ for solving three simple
yet relevant in-class assignments, focusing on enhancing their problem-solving abilities and
devising solutions using computational thinking. Students were required to submit their complete
work by the end of the class session to get full credit for the weekly in-class assignments. While
students worked on these in-class assignments, the instructional team (instructor and peer
mentors (senior students hired as teaching assistants who had demonstrated excellence when
taking the course)) acted as facilitators and scaffolded students to help in their learning process
by providing personalized feedback. The course instructor graded these assignments. In Spring
2021, the class was conducted using an online synchronous session with required attendance.
After the class, students were asked to solve more challenging homework problems related to the
same content topic they watched before class and solved programming problems during class
time. Students were required to solve these problems individually, where peer mentors and
instructors conducted office hours to help students during their logic building and problem-
solving process.

Measures
From both sections of the course, we collected the data on students' preparation for the class and
students' learning. For students' preparation for the class, as associated with students' watching



the videos, we collected the data through class videos created to introduce students to
programming concepts. The instructor made two videos for each week (except week 1). The first
video described the programming construct and concepts needed for that week (Concept video).
The video emphasized giving students all information they need to know the constructs,
including syntax and semantics. And, it demonstrated that how the construct could be used as a
building block in the larger scheme of the program development. The second video was designed
to enhance students' knowledge by the instructor emulating the live coding session for the same
concepts and constructs (Coding video). The instructor used a set of sample problems and solved
them for students step-by-step from design to execution. For each student, each week, we used
video analytics, indicating the time spent by each student watching both the videos. For students'
learning, we used students' final scores. The final score out of 100 points was the cumulative
total indicative of students' performance from in-class assignments, homework assignments, and
three exams.

Data Analysis

To answer the two questions of this work-in-progress paper, we conducted the preliminary
analysis using multiple regression analysis and repeated measures ANOVA. For analysis, we
used SPSS 28.0 and examined the descriptive statistics to test both methods' assumptions. We
examined the outliers, measured skewness, and kurtosis, and tested data for normality and
homogeneity. In addition, we explored issues of multicollinearity using the variance inflation
factor and found no issues. Further, we tested the sphericity using Mauchly's W test. In case of
sphericity violation, we examined the epsilons for adjusting the degrees of freedom. We used
0.75 as the cutoff value and used Huynh-Feldt epsilons for adjustments if the value was greater
than 0.75 or Greenhouse-Geisser otherwise.

For regression analysis, we calculated the total time in seconds that students spent watching
videol (Concept video) and video2 (Coding video).

Preliminary Results

We used multiple regression analysis for the first research question to examine the relationship
between students' class preparation and learning. We used the total time of both concept and
coding videos as independent variables and used students' total scores as the dependent variable.
The results of the analysis are presented in Table 1. We are depicting results using standardized
coefficients.

Table 1. Regression analysis between students’ preparation (time in seconds) and learning

Estimate B SE t P sr?
Constant 87.272 1.523 57.287 <.001%**

Concept video 427 .000 2.632 O11%* 332
Coding video -.524 .000 -3.229 .002%* -.407

*p<0.05, **p<.01

The results indicate a significant relationship with F(2,52) =5.508, p=.007 between students'
preparation (measured using video analytics of watching time) and students learning (i.e., the
total score in the course). Additionally, R?>= .175 indicates that measures of students' preparation



account for a 17.5% variance in students' learning. Further, both concept videos and coding
videos were significant contributors to students' learning, with one standardized unit increase in
the watching time of concept videos increasing students' learning by .427 units. However, the
same was not valid for coding videos, and it had an inverse relationship with students' learning.
We used repeated-measures ANOVA to explore students' class preparation trends with
programming constructs for the second research question. Table 2 presents the results of repeated
measures ANOVA.

Table 2. Results of the repeated measures ANOVA

wole X F p n’
Concept video 010 | .561 | 276.599 | F(7.288,473.744) = 6.256 | <.001** | .088
Coding video 023 | .627 | 228.087 | F(8.156,530.161) =7.971 | <.001** | .109
*0<0.05, **p<.01

Estimated Marginal Means of Concept Video Analytics Estimated Marginal Means of Coding Video Analytics

Estimated Marginal Means
Estimated Marginal Mean:

2 3 4 5 6 7 8 9 10 1 12 13 14 15 2 3 4 5 (3 7 8 9 10 " 12 13 14 15
Weeks Weeks

A) Concept video B) Coding video
Figure 1. Trends of time spent in watching the videos across weeks

The result indicates a significant mean difference of time in 15 weeks of the whole semester
(except week 1). Figure 1 (A&B) shows the trends of students' preparation in concept and coding
videos, respectively, across the 15 weeks (except week 1). Also, the Bonferroni post-hoc analysis
indicates that for Concept video, the most significant declines were observed at week 7 and week
11. Both week 3 (MD=23.091) and week 6 (MD =23.545) had a significant mean difference
from week 7. Also, week 2 (MD=33.954), week 3 (MD=39.200), week 4 (MD=36.128), week 5
(MD=36.128), week 6 (MD=39.654), week 8 (MD=35.283), week 9 (MD=37.773), week 10
(MD=34.880), week 12 (MD=30.689), and week 13 (MD=28.841) reported significant mean
difference with week 11.

For the coding video, we observe a declining trend from week 2 to week 15. This is also evident
from the Bonferroni post hoc analysis where week 3 (MD=30.551), week 4 (MD=24.451), week
6 (MD=31.614), week 7 (MD=39.545), week 8 (MD=23.889), week 11 (MD=45.137), week 12
(MD=31.225), week 13 (MD=33.004), week 14 (MD=38.947), and week 15 (MD=36.520) show
a significant mean difference from week 2. Additionally, week 4 (MD= 20.685), week 5
(MD=20.411), and week 10 (MD=23.017) have a significant mean difference from week 11.
Also, week 5 has a significant mean difference from week 7 (MD=20.411).

Discussion and Conclusion



Programming is conceptually challenging for students, especially novice students [21] and in the
flipped classroom model, students' learning depends on their preparation [5], [6]. This work-in-
progress paper investigated students' preparation relationship with their C++ programming
course learning. The paper's findings are interesting as for both concept videos and coding
videos, weeks 7 and 11 showed a significant decline. Once correlated with the course syllabus
and weekly topics, we found that in week 7, the arrays conceptualizations were discussed, while
in week 11, students studied strings in C++. Considering that strings are character arrays, these
topics have higher overlap. In the full paper, it is essential to evaluate the conceptual difficulty of
these concepts and what makes them less interesting for students. Also, the full paper may
explore the videos' content to explore besides conceptual construct, what aspects of videos are
making the difference in students' watching time and their learning. Also, it will be interesting to
triangulate the results with coding videos to understand the declining trend and why these videos
have an inverse relationship with students' learning. It is noteworthy that students' started the
semester with relatively higher watching time for both videos. However, for concept videos, they
watched the videos for more time in week 3 (branching and looping), week 6 (recursion), week 8
(structures and classes), week 9 (constructors), week 10 (operator overloading), and week 12
(pointers). However, they relatively spent more time on coding videos in week 5 (parameters and
overloading), week 8 (structures and classes), week 9 (constructors), and week 10 (operator
overloading). Both videos were week 8, week 9, and week 10, which are associated with object-
oriented programming in C++, indicating students either found them difficult [22] or worth
watching. Future studies and full papers may view these results with the conceptual difficulty of
the construct and students' past experiences with programming.

The results of this paper may be viewed with several limitations. These include the relatively
small sample size. Future studies may use longitudinal research design to examine the trends
across semesters, multiple years, and other programming courses by collecting and analyzing
data with a larger sample size. Additionally, the study has limitations associated with
correlational studies, which future studies may overcome. Due to the smaller sample size, we
couldn't account for race and gender-based variations. Future studies with more data may also
account for these variations to provide insights from marginalized groups’ perspectives. Also, we
used only one measure of students' preparation without any classroom observation data using
structured on unstructured protocols [23], student engagement data from in-class videos,
students' perceptions, perceived needs before coming to the class [24], or the instructor's
perspective of students' preparation. Future studies may counter for the same. Future studies may
also investigate students' learning or performance in a hybrid model that combines traditional
classroom and flipped classroom models for computer programming courses, especially as prior
studies have highlighted the challenging nature of flipped classroom model for novice
programmers [7], [21]. Further, future studies may employ the novel methodologies to
understand the impact of such strategies on students’ learning in real-time, using other
noncognitive markers such as eye-tracking and students’ emotions while watching the videos
[25].
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