2021 ASEE ANNUAL CONFERENCE (=

Virtual Meeting | July 26-29, 2021 | Pacific Daylight Time

Paper ID #32567

Gamification of Chemical Engineering Pathways: Evidence from
Introductory Courses

Dr. Michael Geoffrey Brown, Iowa State University of Science and Technology

Michael Brown is an assistant professor of Student Affairs and Higher Education at Iowa State Univer-
sity. His research focuses on the development of curriculum, instruction, and instructional technology
in undergraduate STEM courses. His current project focuses on the use of web-enabled student-facing
dashboards designed to promote students’ motivation and their emerging engineering identities.

Dr. Monica H. Lamm, Iowa State University of Science and Technology

Dr. Monica Lamm is an Associate Professor of Chemical and Biological Engineering at Iowa State
University. She has broad interests in engineering education, including the use of retrieval practice and
team-based learning to improve student course outcomes in engineering courses. She also partners with
teacher preparation programs to introduce engineering concepts to pre-service teachers who will enter
early childhood through K-5 classrooms.

Dr. Larysa Nadolny, Iowa State University of Science and Technoloyg

Dr. Larysa Nadolny is an Associate Professor in the School of Education and Human Computer Interac-
tion at Jowa State University. Her research interests include the integration of game-based learning and
gamification in higher education for academic achievement and motivation.

(©American Society for Engineering Education, 2021



Gamification of Chemical Engineering Pathways: Evidence from
Introductory Courses

Abstract

Despite significant interest in the use of gamification in the engineering classroom, only a few
studies have rigorously evaluated how gamification elements impact students’ outcomes in
engineering coursework. We report initial results from a longitudinal design based research
(DBR) study of gamification in courses along the pathway to Chemical Engineering majors. We
observe a small benefit to end of term performance among students in the treatment group who
had access to the dashboard. However, we did not observe significant differences by initial
motivational beliefs, engineering identity scales, demographics, or students’ estimates on the
amount of time spent preparing for class. We identify next steps for analysis, design, and
implementation of gamification in large introductory engineering pathway courses.

Introduction

The retention of students pursuing chemical engineering degrees is essential to the future science,
technology, engineering, and mathematics (STEM) workforce, but failure in introductory
chemistry coursework is a barrier to degree persistence and completion. Despite the positive
research on impact of gamification on engagement and academic achievement, only a small
number of gamification studies focus on large enrollment STEM courses like those taken by
chemical engineers early in their major program, and few incorporate robust measures to
rigorously and systematically assess students’ behavioral, cognitive, and affective changes. The
goal of this study is to establish effective strategies for the application of gamification in courses
that appear early in the chemical engineering curriculum, supporting the retention of students in
the major and the graduation of chemical engineers. This was achieved through the development
of a chemistry and chemical engineering focused dashboard that is integrated within an online
learning management system that includes gamification tools (i.e., leaderboard, badges, and
rewards).

We report the results of a design-based research study of the dashboard in the introductory
chemistry sequence for chemical engineers at a large research university. Students were provided
access to the dashboard as part of the learning management system. The dashboard was designed
to align to course content. As part of ABET accreditation, chemical engineering majors complete
a progress assessment in their second year before progressing in the major. The badges provided
to students in the system were based on concepts from the course that would appear on a progress



assessment, and provide students an indication of their proficiency on the topic based on their
performance in the course. Students were also provided a visualization of tasks to complete
within each week, a ‘health’ monitor that provides them their average score on recent assignments
by type (homework, exam, lab quizzes), and interactive rewards that surprised students based on
their performance and engagement.

Methods

This study uses a student-facing dashboard visualization to engage students in the course and
encourage reflection on their study strategies (see Figure 1).
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Figure 1: Example of the Delphinium Chemistry Dashboard developed for the study



The dashboard includes a visualization of course tasks and the percent completed for each task
(Modules and Assignments), summary visualizations of students’ performance in key knowledge
domains (Badges), fun visualizations that unlock based on students engagement (Rewards), and a
summary of average performance on different types of assessments (Competencies).

Our project involves complementary methods of quantitative evaluation and qualitative
description of how the dashboard use impacted chemical engineering students’ motivation and
performance in introductory chemistry coursework. For this analysis, we report initial results of
the quantitative evaluation of Fall 2020 lab courses, examining students’ overall use of the
dashboard. We conduct a multi-variate linear regression model to predict students’ academic
performance given their use of the student facing dashboard (n=548/578). We control for

* Initial measures of expectancy value based on Perez’s adaptation of Eccles’ expectancy
value scale for goal oriented behavior!

+ Godwin’s engineering identity scale?

* Student level demographics

* Self reported time spent preparing for class

* Total views of the learning management system

We use the Global Validations of Linear Assumptions test to determine if our model met the
requirements of linear regression.

Results

Our initial findings suggest that students benefit from using the dashboard as part of their
engagement with course resources, such that as students’ engagement with the dashboard (as
measured in accumulated page views) increases, their end of term grade increases (B=5.8 points
on final grade out of 100, p=0.000).

Table 1. Partial results of linear model for Academic Performance

Term Estimate Standard Error Lower CI Upper CI
Intercept 98.14 6.235 86.00 110.83
Delphinium Dashboard Access 6.23 1.51 3.22 9.24
Pre-Lab Prep 0.07 0.012 —0.01 0.03
Engineering ID —0.05 0.12 —-0.30 0.21
Expectations for Success —0.00 0.17 —0.33 0.33

Initial findings also suggest that students with access to the gamified dashboard may need to use
the Learning Management System less frequently than comparable users without access. The
dashboard provides a significant amount of information about preparing for the course as well as
students’ progress. It may be that access to the dashboard simplifies students’ time management
and study skill strategy development.



Predicted final grade based on page view and section

110
100
a0
L game
8
=) E Delphinium
[
= ——| Mo Delphinium
= B0

&0

500 1000 1500
Page Views

Figure 2: Final Grade by Access to the Delphinium Dashboard

Discussion and Future Directions

Our study reinforces the existing literature on gamification which suggests students benefit from
tools that foster motivation and engagement. Our initial analysis identifies a significant grade
bump for dashboard access- students performed nearly half a grade in terms of final performance.
Many of the outcomes that we expected to be significantly related to end of courses performance-
specifically students’ emerging engineering identities and their expectations for success in the
course- were not. As a next step, we hope to identify the potential influence on the dashboard on
these socio-cognitive influences, if any.

Although students were assigned to experimental conditions, we are still left with the unresolved
question of why some students adopt the dashboard and some do not. The next phase of our
evaluation study involves qualitative interviews with students to unpack some of the findings we
observed in our initial analysis. We observed that while students may academically benefit from
the intervention- and given the low cost nature of the intervention in terms of resources and time
that may be sufficient- its unclear if students who would already be successful are simply
adopting the tool or if the tool changes something about students’ approach to the course.
Additionally, we hope to better understand the adoption process through interviews and focus
groups with students (both users and non-users).
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