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WIP: Integrating Student-developed Applications and In-class Learning Games to
Optimize Learning Outcomes: A Case Study in An Introductory Statistical Learning and
Programming Course

Introduction

This paper falls into the category of Evidence-based Practice, and is presented as a 4-
page Work-In-Progress (WIP). The primary objective is to explore the integration of student-
developed applications and in-class learning games as tools for enhancing learning outcomes in
an introductory course, From Data to Knowledge (D2K), a course on programming for case-
based statistical learning for engineering undergraduate students.

Engineering and applied mathematics education are increasingly adopting innovative
teaching methodologies to bridge the gap between abstract theory and practical application.
Traditional instructional strategies, such as lectures and problem sets, often fall short in
adequately addressing challenges related to student application of abstract concepts, barriers to
providing robust computational training and bringing about demonstrated connections between
the theory learned to real-world applications. Prior studies have underscored the success of
innovative tools to address and possibly remedy these issues. For instance, Mascar6 [1]
demonstrated the potential of interactive programming to reduce barriers to mastery of statistical
reasoning, while Fawcett [2] highlighted the use of R Shiny applications in advanced
undergraduate courses to enable students to critique research by applying statistical
methodologies, and Hanc¢ et al. [3] emphasized how student-created R Shiny interactive
applications and real-time data visualization brought about enhanced instruction and promoted
open educational resources as materials for use in STEM education.

Limited Research on Student-Driven R Shiny Applications' Impact

The R Shiny applications, as open-sourse interactive web applications, enable students to
conceptualize, design, and deploy interactive modules that implement and apply the statistical
concepts covered in the curriculum. The R Shiny applications aligned with those in literature that
demonstrate their effectiveness in enhancing student learning with interactive, real-time
feedback, and increase accessibility to the course material ([4], [5], [6]). Neyhart and Watkins [7]
demonstrated how modular simulations created through R Shiny allow students to explore
quantitative concepts interactively, while Wang and Cai [8] tested how Shiny-based tools could
help teach advanced machine learning concepts like “support vector classifiers”. Other studies
further illustrate the power of R Shiny in enhancing educational outcomes. For example, Dogucu
et al. [9] showed how Shiny applications can be used to teach Bayesian reasoning by enabling
students to visualize subjective probabilities through integrating them into teaching scenarios.
Wang et al. [10] highlighted the value of student-developed Shiny apps in enhancing statistical
education with the use of interactive game-based learning, simulations, and contextual
explorations, which resulted in demonstrated short-term improvements in students’
comprehension and engagement. These findings demonstrate the adaptability of R Shiny
applications across diverse educational contexts, yet the literature reviews are limited regarding
the impact of using applications developed by students on student learning and whether student
engagement in hands-on exploration of those applications in the applied statistics field enhances
the grasp of abstract ideas through interactive and immediate feedback.



Interaction of In-Class Coding Games and Student-Developed Applications

Examples of in-class coding games in D2K include implementing recognition of
handwritten digits using neural networks, predicting house prices using decision trees, and
conducting multiple linear regression model selection through backward elimination. Gamified
approaches, as discussed by Nikov et al. [11] and Wronowski et al. [12], have been shown to
foster collaboration, problem-solving, and engagement in technical disciplines. Additionally,
Amaral et al. [13] demonstrated the efficacy of competition-based projects in enhancing
teamwork and reflective learning. To date, these findings are limited, and integration of in-class
coding games even with R Shiny applications to improve student performance and address
mastery of core topics in statistical learning and programming remains unexplored.

Research Questions

This study aims to investigate the impact of integrating in-class coding games (designed
by the instructors) and student-developed R Shiny applications (created by former D2K students
as part of extra-credit assignments) on enhancing student performance, engagement, and
comprehension of core topics in statistical learning and programming. Specifically, it seeks to
answer: Q1. To what extent do student-developed applications enhance peer learning and
facilitate the understanding of statistical concepts? Q2. How do in-class coding competitions
contribute to problem-solving skills and reinforce theoretical concepts? Q3. How do students
perceive the combined impact of these tools on learning and conceptual understanding?

Methods

A mixed-methods approach is adopted in this study: qualitative evaluations are drawn
from surveys focusing on student experiences and perceptions of the tools’ utility (aimed at Q1,
Q2 and Q3); quantitative data include the Interactive Tools Impact Assessment (ITIA), which
compares the performance of students who used the applications with those who did not (aimed
at Q1). T-tests or ANOVA will be conducted to determine significant differences in group
means. This study uses 18 student-developed R Shiny applications for topics covered in class
(shown in Appendix A) developed as part of extra-credit projects in Spring 2024 and Fall 2024
semesters alongside three competitive coding games initially assigned in Fall 2024 semester.

Survey

A series of survey questions were designed to evaluate the impact of in-class coding
games and R Shiny applications on student learning, engagement, and skill development. They
focus on six major categories: participation, learning outcomes, skill development, performance
and impact, engagement and motivation, and challenges and barriers (detailed questions shown
in Appendix B). Participation questions assessed student involvement in coding activities and
the use of those R Shiny applications, while learning outcomes explored conceptual accessibility
and understanding of tools. Skill development questions examined the students’ self-evaluation
on problem-solving skills and programming skills. Performance and impact questions addressed
the perceived contribution of activities to academic performance and their rewarding nature.
Engagement and motivation were assessed through questions on interest in tools, favorite



activities, and real-world relevance. Challenges and barriers captured feedback on difficulties
encountered and the need for the instructor’s or teaching assistant’s support.

The survey also collected demographic information, including academic year and major,
to contextualize responses. These data were gathered through a combination of Likert-scale,
multiple-choice, and open-ended questions and distributed to 65 students from two sections who
firstly participated at the end of Fall 2024 semester.

Interactive Tools Impact Assessment (ITIA)

ITTA will be applied to three additional classes (approximately 80 students) during the
Spring 2025 and Summer 2025 semesters to evaluate the effectiveness of integrating pre-
developed R Shiny applications on learning outcomes and students’ confidence in learning
statistical concepts and using them to solve problems. In the Fall 2024 semester, in-class coding
games were conducted without the use of R Shiny applications, providing a reference group for
comparison. The setup shown in Table 1 allows for a baseline understanding of the impact of
coding games alone on student performance and engagement. In the Spring 2025 semester, both
R Shiny applications and in-class coding games will be implemented, enabling an analysis of
their combined effect. In Summer 2025 Session I, only R Shiny applications will be utilized,
isolating their impact without the influence of coding games. Finally, during Summer 2025
Session 11, neither tool will be applied, offering a control group for further comparison. This
design evaluates both the individual and combined contributions of these interactive tools to
student learning and engagement in statistical education.

Table 1. Interactive Tools Impact Assessment (ITIA) Student Groups

Semester R Shiny Application In-class code game
2024 Fall N Y
2025 Spring Y Y
2025 Summer Session | Y N
2025 Summer Session 11 N N

*N: students did not have access to or were not required to use pre-developed R Shiny apps in their coursework or activities;
"™Y: This denotes that in-class coding games were conducted during this semester. These activities involved the entire class, with students
actively participating in hands-on coding exercises or gamified learning sessions as part of their coursework.

A series of targeted questions related to specific topics will be embedded into the exams.
These topics are directly linked to the specific R Shiny applications and in-class coding games.
The scores from these questions will be analyzed by comparing the performance of students
under different tool integration conditions (e.g., use of R Shiny applications, in-class coding
games, both, or neither). In addition to the performance analysis, students’ confidence levels in
the covered topics will be assessed at two time points through short in-class surveys:
immediately after the lecture (before introducing the application), and again after completing the
exam (after exposure to the application). Confidence levels will be measured for all students in
the class using a Likert scale to capture changes in self-assessed understanding and comfort with
those specific topics.

Preliminary Results and Discussion

The initial analysis examines the educational benefits of integrating in-class coding
games and student-developed R Shiny applications into the course. For instance, from the data
collected for the Fall 2024 semester (see Fig. 2), 44% of survey-responded students participated
in the projects of building R Shiny applications for extra credit. Those who participated



described the experience as both challenging (3.31) and rewarding (3.63), with the following
average ratings (out of 5, where 3 is neutral):
e Their understanding of statistical concepts improved (3.44).
e Their skills in R programming increased (3.56).
o The experience of creating R Shiny applications increased my interest in further
exploring data science (3.52).
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Figure 2: Survey Responses on Student Coding Extra Credit Assignments.

The figures for the in-class coding games survey result summary are not shown due to the
page limit. These games were group-based, timed activities where the winning team was the first
to achieve the targets. The majority of survey respondents participated in all three games (over
75% for each): neural network digit recognition, house price prediction using decision trees, and
multiple linear regression model selection via backward elimination based on p-values.

e For the Neural Network activity: Students rated it highly for enhancing understanding of

neural networks (mean score 3.82 out of 5) and improving problem-solving skills (3.66).

o For the Decision Tree activity: It was considered the most impactful, with students

emphasizing its role in understanding models (3.98) and contributing to learning (3.76).

o The Multiple Linear Regression activity: While rated slightly lower, it was appreciated

for its real-world application and contribution to understanding linear regression (3.72).

Conclusions and Future Plan

This study demonstrates the value of integrating in-class coding games and student-
developed R Shiny applications to enhance learning outcomes in a statistical course. These tools
have the potential to improve engagement, problem-solving, and the application of abstract
concepts. Student feedback was largely positive, with comments like, “The tree-model
competition helped me see how theory applies in real-world problems” and “Developing Shiny
apps was both challenging and rewarding; it gave me confidence in programming”. Quantitative
analysis using t-tests and ANOVA will compare performance across groups, while Likert-scale
surveys (see Table 2 in Appendix B) will measure changes in confidence and understanding.
Future efforts will implement these methods in additional classes, refine the tools based on
student feedback, and conduct evaluations to assess their sustained impact on learning outcomes
and skill development.
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Appendix A

Understanding Chi-Square Densities

An interactive visualization and exploration of the chi-square distribution made by Jimmy Draudt, Chris Cheng, and Aaron Park.

Introduction  Visualization Help
Controls
Degrees of Freedom:
1 2] = Chi-Square Distributions
! A The chi-square distribution is widely used in statistics, particularly in hypothesis testing scenarios. The shape of the chi-square distribution depends on the degrees of

freedom (df). As the df increases, the distribution becomes more symmetric and approaches a normal shape.

Signifi Level (a):
D= Applications of Chi-Square Tests:

001 &3 025

oE— 7 - = — — — T * Goodness-of-Fit Test: Determines if observed frequencies match expected frequencies in a categorical dataset.
001 004 007 01 013 016 019 022 025 * Test of Independence: Checks if two categorical variables are independent in a contingency table.

Show Critical Region Example: Goodness-of-Fit Test

Show Annotations Imagine you are rolling a six-sided die and want to test if it is fair. You roll the die 60 times and get the following observed frequencies:

Face Observed Expected

Degrees of Freedom? 1 12.00 10.00

In statistics, degrees of freedom (df) represent the number of independent 2 8.00 10.00
values that can vary in an analysis without breaking constraints. For example,

in a contingency table, df is determined by the number of rows and columns. 3 9.00 10.00
4 11.00 10.00

C'Reset Controls 5 10.00 10.00

6 10.00 10.00

The expected frequency for each face of the die is 10 (60 rolls / 6 sides). The chi-square test statistic is calculated as:
Sum of ((Observed - Expected)”2 / Expected) for each category.

If the test statistic exceeds the critical value at a chosen significance level, you reject the null hypothesis that the die is fair.

Introduction  Visualization ~ Help

Interactive Visualization
Chi-Square Density (df = 12)

0075
20,050
2 ritical value = 21.03
o |
0.025
0.000 ?
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Value
& Download Plot
Introduction Visualization Help

How to use this app
This app is designed to help you understand the chi-square distribution. Here's how you can interact with it:

¢ Use the sliders on the left to adjust the degrees of freedom (df) and the significance level (a).

¢ Check the 'Show Critical Region' box to highlight the critical region in red.

¢ Toggle 'Show Annotations' to display or hide annotations on the plot.

¢ Navigate to the 'Introduction' tab to learn more about chi-square distributions and see an example.
® Use the 'Reset Controls' button to reset all inputs to their default values.

Figure 1: Student-developed R Shiny Application Example (Chi-squared Test).



Appendix B

Table 2. Details of Survey Information

Major . .
Category Subcategory Survey Question/Statement Relevant Activity
Activity . . L o Neural Networks, Tree
participation Did you participate in this activity’ Models, MLR Selection
Participation R Shiny Dld you participate in the extra credit assignment to build R R Shiny Applications
Development | Shiny apps?
Favorite . . . . Neural Networks, Tree
() b
Activity Which coding game did you enjoy the most? Models, MLR Selection
Concept . .. . . Neural Networks, Tree
Mastery This activity enhanced my understanding of this concept. Models, MLR Selection
Learning Accessibility | I believe R Shiny apps could make complex topics more . o
Outcomes of Tools accessible and understandable. R Shiny Applications
1ntegrat10§ I would like to see more R Shiny apps integrated into our R Shiny Applications
into Learning | classroom teaching.
Problem- . e . . Neural Networks, Tree
Solving This activity improved my problem-solving skills. Models, MLR Selection
Skill Programming V\r/(())rl;;;% Hcl)lrrll R Shiny applications improved my skills in R R Shiny Applications
Development | Skills prog &
E(ljri)(ilaboratlon Feedback from competition-based learning or group Coding Games, R Shiny
Teamwork activities. Applications
Academic This activity contributed to my performance on Exam/Final | Neural Networks, Tree
Performance | Performance Project. Models, MLR Selection
and Impact Rewar.dlng I found. the process of creating R Shiny applications R Shiny Applications
Experience rewarding.
. The experience of making R Shiny applications has
Interest in . . . . . . . L
Tools 1ncieased my interest in R programming and interactive R Shiny Applications
Engagement Favorite -
and Game Can you explain why you chose that game as your favorite | Neural Networks, Tree
Motivation over others? Models, MLR Selection
Feedback
Real-World Feedback on the applicability of coding games to real-world Coding Games
Relevance problems.
R Shiny I found the process of creating R Shiny applications . L
Challenges Challenges challenging. R Shiny Applications
and Barriers | Instructional Feedback on needing more guidance or scaffolding for Neural Networks, Tree
Support coding games. Models
\A{vzzfemlc What is your current academic year of study? General
Demographics Academic Please specify your primary academic major or field of
i General
Major study.




