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Abstract: Student engagement with out-of-class activities is getting more difficult as students spend
fewer hours outside the classroom studying the content. This research developed a mobile
educational platform, Dysgu, to provide students with an optimal learning experience outside the
classroom. Dysgu includes social networking and gamification features to increase student
engagement. The platform offers interactive auto-graded assessments to help students practice
concepts and take tests. Students can see their scores and a summary of the performance of the rest
of the class. We used Dysgu for multiple out-of-class activities in two universities with different
student demographics for two semesters. Data shows that students get better grades when using
Dysgu. We also saw more on-time or ahead-of-time submissions with Dysgu. Survey responses
indicated several Dysgu features that students found helpful. We conclude that digital educational
platforms should consider features to support scaffolding to master the concept, peer influence to
keep students engaged, self-reflection to foster critical thinking, and easy adaption of the platform
to reduce faculty workload and improve students” acceptance of the system.

Keywords: mobile learning; student engagement; homework; learning path; self-efficacy;
scaffolding; peer influence

1. Introduction

Classroom instructions and interactions are important for student learning.
However, a big part of student learning involves practicing the concept outside of the
class. Infect, college guidelines suggest students spend 2-3 hours outside the classroom
(per credit hour of class per week) reviewing and practicing the concepts [1]-[2]. However,
students are struggling to keep up with these out-of-class activities due to several reasons,
including job commitments and the medium of these out-of-class activities [3]-[4]. In this
paper, we present a mobile application that allows students to complete their out-of-
activities at their preferred schedule. The application allows students to see their scores
in these activities and compare their standing with their peers in the class. Additionally,
the application supports scaffolding of the activities along with contextual notifications
for them to be kept involved with those activities. Data suggests that students find it easier
to use an app rather than a pen-paper version of out-of-class activities. We also saw better
student performance in the activities (e.g., lower D/F/W rates). Our findings suggest that
peer influence and gamification can engage students in out-of-class activities while
improving their grades and reducing the rate of procrastination.

2. Materials and Methods

This section contains a literature review related to some of the major features of
Dysgu — the mobile application we developed for engaging students with out-of-class
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activities. ~We later provide a description of Dysgu’s significant features and details of
the studies carried out at two different universities.

2.1. Related Work

The role of peer influence in non-academic and academic settings has been studied
in depth [5]-[6]. There are many forms of direct peer influence in education, including
peer-learning, peer-teaching, peer feedback, and peer assessment [7]-[8]. Multiple
research has repeatedly found positive impacts of peer instructions on student
performance and retention [9]-[10]. Indirect peer influence also comes in various forms,
including gamification [11]. One study revealed that one of the non-academic factors
influencing university students' self-regulation of study is peer influence [12]. Multiple
research has identified connections between peer influence and improved student
engagement, as well as academic performance [13]-[14].

Self-reflection is linked with improved learning and academic performance [15]-[16].
Many researchers have studied the role of intervention techniques in self-reflection and
academic performance [17] - [19]. Additionally, researchers showed that being aware of
student activities supports self-reflection [20]-[21].

Researchers have noted that student engagement can be increased through
instructional scaffolding [22]-[23]. Such scaffolding can be achieved through dynamic
assessments and providing various support including executive control (e.g., support for
time management) [24].

Mobile platforms are frequently used to complement teaching and learning in formal
and informal educational settings [25]-[26]. Mobile games also leverage mobile platform
for education [27]. Others use mobile apps to train or teach concepts [28]-[29]. At the same
time, some have used mobile app development within a course to motivate students and
improve student learning [30]-[31].

2.2. Dysgu and its features

Dysgu [32] - [34] provides features to achieve student learning and engagement
outside the classroom. Although the authors have visualized this system, design decisions
for Dysgu were mostly directed by several mobile learning requirement catalogs [35]- [37]
to make the software more responsive and engaging. Dysgu has two different
applications: the faculty side and the student side. Both sides communicates with a cloud-
based repository which stores all the data. Some of Dysgu’s major features are described
next.

A) The system's background operations are transparent to the stakeholder so that
there is no need for administration or day-to-day management of the software. It
is achieved through a cloud-based repository system designed explicitly for
Dysgu. Neither the faculty nor the students have to worry about managing or
paying for such cloud infrastructure and services, as Dysgu only uses cloud
vendors' free options.

B) Dysgu allows activities to be put in learning paths with different degrees of
difficulty to support instructional scaffolding. As shown in Figure 1 (a), A module
can have different learning paths with different activities. Some of the modules'
paths can be designated as practice paths to help students practice the concept.
Other paths are designated as student learning outcome (SLO) paths, where
students are assessed on their learning skills. Additionally, some paths can be
assigned as extra credit, which has problems that require additional effort from
students. Students see the same module in the app (Figure 1(b)) with a different
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representation where exercises in the SLO path are revealed one at a time, and
other paths are shown fully at the beginning.

C) Students can earn a score in the SLO path, which is used to calculate their course
grades; however, students can only earn points by solving problems in other
paths. Points are an internal currency in the software that students can use to
extend the deadlines of the modules.

s Introduction._flash card-xmi

(@) (b)
Figure 1: Exercises in learning paths.

D) Each exercise in a path is modeled as an interactive activity. While these activities
have to be finished within a timeframe, they have interactive elements, such as
multiple screens, multiple user interface components to interact, cause-effect
scenarios, and ways to traverse the problem before submitting it for grading.
Figure 2 (a) shows a sample interactive activity where answers can have right or
wrong hints, or students can select multiple answers or modify their answers by
looking at the question’s components. Figure 2(b) shows another example where
students classify entries by dragging them to the corresponding bucket.

Select the best card that answers the question: Match each of the following items to the corresponding box. Press, drag, and move each entry to a box.
What will b the values of x and y a3 a result of the following code?

Literals Invalid identifiers RYWO Valid identifiers
ining: 7 minute(s) & 02 seconds

(a) (b)

Figure 2: Interactive activity in Dysgu.

E) To motivate and engage students, Dysgu provides lightweight gamification and
social networking aspects within student privacy regulations. Students can
compare their progress (Figure 4(a)) with their classmates. Dysgu shows the
student score, placement (module, path, exercise-specific) compared to the class,
and timing information about problem-solving activities. Additionally, students
are awarded badges depending on different conditions (fastest in the class to
answer, highest score, etc.), and they can see what badges they won and compare
them with the rest of the class (Figure 4 (b)). Additionally, it also shows how many
other students have checked their progress, which might encourage the students
to engage more in the activities.
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Figure 3: Dysgu personalization and notifications.

Table 1. Dysgu notifications.
Notification type Sample notification

¢ Congratulations! You have the highest score in a module so far.

e Congratulations! You have the most points in the class.

e Congratulations! You have a higher score than the class average on a

Encouraging module.

e Congratulations! On average, you answered questions the fastest.

e Congratulations! On average, you answered questions with fewer
tries.

e Careful! You have the lowest score in a module so far.

e Careful! You have the lowest point in a module so far.

e Careful! You have lower score than the class average on a module.
o Careful! On average, you answered questions the slowest.

e Careful! On average, you answered questions with most tries.

e You didn't work on any single problem today!

Cautioning

¢ You have module(s) due in less than 12 hours!
Neutral e Don't forget to finish your activities.
® You did not solve any problem in the last 24 hours!

F) Dysgu is developed to support several adaptations for different class situations
and personalization to address student needs. For instance, the client app allows
students to set (Figure 3 (a)) the number of notifications they will receive from the
app each day or if there are any blackout days. This enables students to change
and update their study time to match their class, work, and other schedules and
instruct the app when to remind them of pending tasks and how many times to
remind them during the day. Table 1 shows a list of notifications that Dysgu uses
to remind students of their progress, and Figure 3 (b) shows how students can
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visualize such notifications. Although a student can control the number and time
of notifications, some (neutral ones) cannot be controlled by students and will
appear if corresponding conditions are met.

2.3. Study details

Dysgu was deployed in the CS1301 course at the University of Texas-El Paso (UTEP)
and in the CSC/CIT 1311 course at Winston-Salem State University (WSSU). Both of these
courses are freshmen-level courses and expose students to Java programming language.
Table 2 shows when data was collected before using the software in the class and during
its usage in the class. Note that, at UTEP, in Spring 2022, Author 2 taught two sections of
the CS1 course. Dysgu was deployed in Section A, whereas Section B students used
Blackboard to submit their responses to the same questions.

Table 2. Details of Dysgu deployment.

UTEP WSSU
Without intervention | With Intervention | Without intervention | With Intervention
Semesters Spring 2021, Spring Fall 2021, Spring . Spring 2020,
2022 (Section B) 2022 (Section A) | OPTing 2019, Fall 2019 Spring 2022
Number of students 66 40 31 17

UTEP is a majority-minority Hispanic-Serving Institution that enrolls over 27,000
undergraduate students, of which over 85% are Hispanic-American [38]. WSSU is a
predominately black university where 86% of the students are African American or from
other minority groups [39]. Table 3 shows student information on both campuses during
the intervention semesters. It is nice to see a gender balance in one of the campuses
(WSSU), whereas the other (UTEP) showed regular patterns found in similar studies (i.e.,
77% male). UTEP has 70% of students enrolled in 12 or more credit hours, whereas WSSU
has more than 93% of students with such a course load. It is eye-opening to see that
roughly half of the students work extensively (e.g., more than 10 hours) outside the class
for financial reasons. Having software like Dysgu allows us to address such situations
that students are in. Out-of-class activities through Dysgu allow students to work on them
anytime and anywhere, allowing them to best use their time.

Table 3. Student population information.

Gender (in %) Course load (in %) Out-of-class work hours (in %)
UTEP [ WSSU UTEP | WSSU UTEP | WSSU
Male 77.27 | 58.82 Less than full time (<12 29.55 | 5.88 Less than 10 50 52.94
credit hours) hours
Female 18.18 | 41.18 |Full-time (12-16 credit hours)| 61.36 | 70.59 | 10 to 20 hours | 18.18 17.65
Prefer notto | 4.55 0 Above 16 credit hours 9.09 | 23.53 | 21to30hours | 15.91 17.65
say

30 to 40 hours | 11.36 11.76
Above 40 hours | 4.55 0

The same assignment was used before and after deploying Dysgu in the class. Each
assignment asked students a sequence of questions that students needed to answer by the
due date. Before Dysgu, questions from different topics were given to the student through
the Learning Management System (LMS) with a deadline of a week. Students were
expected to submit their answers using the LMS. During Dysgu, we used the same set of
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questions to assess students’ learning. However, to comply with Dysgu’s scaffolded
assignment approach, each assignment was structured as follows:

* Questions from the same topic were put on a module with the topic's name.
Therefore, each assignment had multiple modules in them (having the same
questions as before for assessment and scoring)

e Each module:
Has one SLO path with the questions enabled one at a time. Once the student
answers a question, the next question in that path is turned on. Each question can

only be tried once.

Has one practice path with questions to practice the specific topic.
Has an optional extra credit path. Questions in the extra credit path only gave

points (not scores).

Table 4 shows the properties and comparisons of those assignments.

Table 4. Module comparison for Dysgu and LMS.

How they are same

How they are different

At WSSU, each assignment was

given on a Monday, and

students were asked to submit it

by midnight on Friday. At
UTEP, each assignment was
given a week to complete.

At both universities, each
assignment asked the same
questions on the same topics.

At WSSU, students were asked to submit
an MS Word document containing answers
in Canvas LMS. At UTEP, students were
given auto-graded questions in Blackboard
LMS.

Students had time until the due date to
answer the questions, whereas, in Dysgu,
once students start to answer a question
within a module, they have a set amount
of time (around 5- 10 minutes) to answer
that question. The module is open until the
final due date.

The same instructors (both authors) taught the courses before Dysgu was used and
during the deployment of Dysgu. Similar course settings and teaching practices have
been consistently maintained before and during the Dysgu interventions. To diminish
the impact of confounding variables such as size, display, and appearance of mobile
devices, each student was given an identical Samsung tablet for the study duration, which
the students took home. The software was used two times during the semester at WSSU
and three times at UTEP. Table 5 shows the content of each module.

At UTEP, the course was an introductory CS course (CS1), and the Dysgu-based out-
of-class activities were deployed throughout the semester. At WSSU, the course was a

Table 5. Modules used in this study.

University | Module Content
First Variable
UTEP Second Conditional/Selection
Third Method
Programming Ethics
First Java Basics
Classes and Objects
WSSU Decision Structures
Second Loops
Arrays
Text processing
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freshman programming-I course, and the out-of-class activities administered by Dysgu
were to assess their knowledge of the content of that course. Therefore, those modules
were administered at the beginning of the semester. The study was performed following
all Institutional Review Board (IRB) protocols involving human subjects, where student
participation was entirely voluntary, and students were not provided with any extra
benefits or penalized for non-participation. In addition, all students signed a consent
agreement before the start of the study, where they were informed about data collection
and other related factors of the study.

3. Results

It is hypothesized that students’ usage of Dysgu, with its real-time status updates,
will allow students to self-reflect on their progress and allow them to compare it with their
peers. Such influence will allow the students to engage with the content more and
eventually learn the subject material better. Dysgu’s impact on the different student
demographics and students’ open-ended feedback regarding the strengths and
limitations of the features of Dysgu are also explored. This research was directed by the
following research questions:

A. Is there any improvement in student performance after using this software?

B. What is the effect of the new intervention on student procrastination and
participation?

Are there any impacts on students with self-reflection and peer influence?

What feature of the mobile platform do students find most engaging and helpful?
What type of student behavior is noticed in using this software for out-of-class
activities?

E. Is there any notable difference between how the intervention impacts two

distinct student demographics?

To measure students’ learning improvement in the topics, we used the assignments’
grades as evaluation metrics. The graded Dysgu-based out-of-class exercises contributed
toward 12% of the total course grade at UTEP and 10% of the total course grade at WSSU.
However, students’ long-term knowledge acquisition is further tested on the same topics
during the midterm and final exams, and each of these exams contributed 15% to 20%
toward the total course grade. In addition, assignment and course failure rates are also
considered a measure of knowledge acquisition and retention. A pre and post-survey was
conducted before and after deploying Dysgu in the classroom to observe students’
perceptions about the different facets of out-of-class activities. In addition, to assess
student engagement and perception of the software and its effectiveness, an experience
survey was offered to the learners only after they completed using Dysgu. The students
gave their opinion about the statements in all surveys using a Likert scale of four values
(Strongly Agree, Agree, Disagree, and Strongly Disagree), with an agreement scale
ranging from strongly agree (4) to strongly disagree (1). To ensure that students are
actually looking at the survey content, not just “clicking it through,” each survey was
designed to contain both positive and negative questions. Additionally, the experience
survey asked students to select the most helpful features from a list of features provided
by the software.

mo 0

3.1 Student grade

Research question A seeks to investigate the role of Dysgu on student performance.
Figure 5 shows grade comparisons of the student work before and after using Dysgu. The
results indicate that fewer students are failing and average student grade is improving.
Although for UTEP, the improvements in the highest grade are more pronounced, for
WSSU, improvement in the failure rate is more noticeable. It was also observed that, along
with reducing course failing and withdrawal rate at WSSU, this intervention was also
helpful for average or above average students, who otherwise would receive a lower
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Figure 5: Students’ grade comparison.

grade, however with this intervention they were able to engage more and achieve higher
grades. On average, across both universities, the D/F/W rate was reduced by 27%.

3.2 Timing information

Our second research

question seeks to understand 100
the effect of the new %0
intervention  on  student ::
procrastination and 60
participation. A critical aspect 50
of the new intervention (i.e., ::
Dysgu) was to start students 20
working on the out-of-class 10

activity as early as possible and
reduce their chance of
procrastinating and
submitting subpar work. One
way we track that is when
students started their work on the modules. Figure 6 shows when students started
working before the deadline. It is obvious that most of the students started working more
than 24 hours before the deadline. This not only indicates improvements in students’
procrastination behavior but also shows that students want to start early so that they can
see their progress in the activities and compare that to the rest of the class. Such an
outcome also sheds light on research question C as it correlates to student survey
responses, as presented in Section 3.3. Without Dysgu, we never had such timing data
from the LMS and could not relate to student performance and behavior. Additionally,
students’ final submission time is also compared, and it was assumed that if students
submit the activity just before it is due, they might have started working on it late. Since
LMS provides us with students” submission time, it is possible to compare the two times.
As shown in Figure 7, with Dysgu, more than half of the students submitted their work
more than a day before the deadline. This improvement is clearly visible in both
universities. In both cases, with Dysgu, more students submitted before a day, and fewer
submitted just before the deadline compared to when they did not use Dysgu. The benefits
of early submission also represent an early start on the assignment and an improved
grade, as depicted earlier.

Within5 hours Within6-24 hours More than 24 hours

mUTEP mWSSU

Figure 6: Students’ start of work timing.
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Figure 7: Students’ submission timeframe.

3.3 Student experience

The fourth research question focuses on finding the most engaging and helpful
components of the mobile educational platform. To gather student impressions of the
software and to learn through out-of-class exercises, an experience survey was given on
both campuses during the intervened semesters. The survey contained 10 questions with
a Likert scale of four values (Strongly Agree, Agree, Disagree, and Strongly Disagree) and
two open-ended questions. Figure 8 shows the results of some of the questions of this
survey. For simplification, “Strongly Agree” and “Agree” was combined as “Agreeing,”
and the two disagreement answer choices were combined as “Disagreeing” in these
charts. Figure 8 shows that students, on average, reported very high levels of agreement
on the survey questions. On both campuses, students found it helpful to be able to
compare their grades with the rest of the class (Figure 8 (a)) and noted that the ability to
compare their progress to the rest of the class encouraged their involvement with the out-
of-class activities (Figure 8(e)). In general, students felt more confident in completing
Dysgu out-of-class activities than pen-and-paper-based out-of-class activities (Figure 8(b))
and found it enjoyable to complete these activities as per their own schedule (Figure 8 (c)).
Students also noted that badges and points encouraged them to stay involved in out-of-
class activities (Figure 8(d)). These results show strong support for Dysgu-based out-of-
class activities and preference towards the Dysgu features, which were included to
improve student engagement (e.g., badge, grade comparison).

In general, students on both campuses show similar impressions of the intervention
using Dysgu. Although students at WSSU agreed less (compared to UTEP students) on
feeling more confident completing Dysgu activities, their response to question iii of the
pre and post-survey contradicts this. WSSU students agreement on question iii (“I prefer
out-of-class activities that can be completed using mobile devices”) increased 26% after using
Dysgu. Table 6 shows the descriptive statistics (u=mean, o =standard deviation) for those
same questions. The results indicate that the average response represents students’
uniform attitude towards the intervention as reflected by a lower standard deviation
value.

Table 6. Descriptive statistics for experience survey response.
@) (b) (©) () ()

U o U 9 u o U o U o
UTEP (N=24") | 338 | 0.71 | 342 | 0.72 | 35 | 0.72 | 3.33 | 0.86 | 3.42 | 0.78
WSSU (N=17) | 327 | 0.70 | 2.87 | 099 | 3.2 | 094 | 28 | 0.86 | 3.0 | 0.85

*At UTEP, every participant did not complete the experience survey.
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I find seeing my grades, in comparison to the rest of the I feel more confident in completing Dysgu out-of-class
class, is helpful. activities than traditional pen-and-paper activities.
WSssu WSssu
UTEP UTEP
H Agreeing M Disagreeing B Agreeing M Disagreeing
(a) (b)
1 enjoy using Dysgu to complete out-of-class activities Badges and points encourage me to get more
as per my own schedule. involved in out-of-class activities.
Wssu
UTEP
I I I I I I
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
B Agreeing M Disagreeing mAgreeing M Disagreeing

(©) (d)
Seeing my progress, compared to the rest of the class,
encourages me to involve more with the activities.
Wssu
UTEP
0% 20% a0% 60% 80% 100%
W Agreeing M Disagreeing
(e)
Figure 8: Student response on the experience survey.
In the same
experience survey, 100%
90% |
students were A
. 0% |
asked to pick the e |
app’s most useful S0%
. A%
features. Figure 9 30%
shows few of the o
0%
mOSt Chosen Gfidemmparison Realtime progress Self-assessment Reminders Badges The Point System
features (across (uinthesesofthe  updte
both campuses) UTEP mwssU
that students
thought were Figure 9: Students’ most selected features of the mobile learning system.

useful in the

learning process and engagement with out-of-class activities. The ability to compare their
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grades with the rest of the class was chosen as the top feature at both campuses. The
second most liked feature was the ability for self-assessment. It is evident from the chart
that students liked the features that helped them to succeed in the rest of the course. It
also showcases that scaffolded out-of-class activities that provide interactions are mostly
preferred. Additionally, a mobile device’s notification features are preferred — most likely

for helping students manage time and keep up with their peers.

3.4. Pre and post-survey

Pre and post-survey were conducted to assess students’ change of perception of the
new intervention. The pre-survey was given before students were introduced to the app,
and the post-survey was conducted after the end of the intervention. As earlier, we
combine the two “agree”s into an Agreement and the other as Disagreement. We then
aggregated all the responses for each statement and calculated their percentages. For each
statement, we then compared the change in percentage for each of the two (Agreement
and Disagreement) choices, which are listed in Table 7.

Table 7. Pre and post survey results.

Statements UTEP WSSU
i. Faster feedback on assignments helps me to learn better. Agreen;zrzl;;zlcreases
ii. Learning to use technologies for coursework is simply Disagreement increases | Disagreement increases
additional work beyond the normal coursework. 8.97% 15.07%
iii. I prefer out-of-class activities that can be completed using Agreement increases Agreement increases
mobile devices. 3.59% 28.68%
iv. Using interactive out-of-class activities enhanced my Agreement increases Agreement increases
learning. 1.2% 11.03%
v. Ilike classes that allow me to practice concepts taught in- Agreement increases
class in a hands-on-approach such as take-home activities. 1.2%
vi. Performing out-of-class hands-on-exercises is NOT helpful Disagreement increases
in preparing for Midterm and Final exams. 16.54%
vii. When I see how my peers did in the out-of-class activities, | Agreement increases Agreement increases
it increases my course engagement. 3.47% 4.8%

For each statement in the survey, we listed whether students’ agreement or
disagreement increased and the amount of the increase. For most of the statements, we
assumed a response pattern we anticipated seeing because of the intervention. However,
in a few of the statements, the changes are not as expected and are highlighted in orange
in the table. For statement i, we anticipated that faster feedback would be helpful for
learning; hence we expected to see an increase in agreement with this statement. However,
we see a bit of an anomaly in student response in one of the campuses (WSSU), although
their grade and submission timeframe improved significantly, as shown in Figure 5 and
Figure 7. This could be due to students not seeing any connection between receiving faster
feedback and better learning. The value of different forms of feedback (e.g., formative,
immediate) has been studied in depth and shows that different types of feedback affect
students’ performance, motivation, and engagement [40]. This disagreement shows that
further investigation is needed to understand student perception of learning and what is
the impact of different types on student learning.

We observe a similar anomaly for statement v. This statement asked students if they
liked classes with hands-on activities such as out-of-class activities. We expected students
to agree with this statement. However, one of the campuses showed a very small
disagreement (< 0.5%) and needed further investigation. Similarly, with statement vi, we
expected an increase in disagreement as any form of practice should be helpful for tests.
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One of the campuses (i.e., UTEP) showed agreement with this statement indicating that
students did not find the out-of-class activities helpful for the exams.

Other than these anomalies, we see that students are largely in agreement with
statements related to the usefulness of interactive out-of-class activities and the ability to
see how their peers are doing in those activities. Overall, the pre and post-survey data
reconfirm the novelty of this research and the usefulness of the presented approach.

3.5. Usage analytics

To investigate research question E, Dysgu collected student usage analytics while the
students were using the app for out-of-class activities. As shown in Figure 10(a), students
atboth universities checked their status, which provides a comparison of their scores with
their peers in the class. This was the most checked feature of the app in both universities.
The second most used feature at UTEP was the badge students receive to encourage their
participation and efforts. At WSSU, the second most used feature was the notifications
students received. The third most used feature at both universities was the points students
received for the extra-credit pathway. We also noticed that students from both campuses
were using the app mostly in the morning (Figure 10(b)).

30%
25%

20%

15%
10%
0%

Notifications Status update Point usage Badge

BUTEP
mWssu

Morning Afternoon Evening
mUTEP mWSSU

(a) Most used features (b) App usage time
Figure 10: Usage analytics from the app.

3.6. Student comments

The last question of the Experience survey was open-ended. We asked for
participants’ suggestions on improving Dysgu or their experience with Dysgu. We
received a total of 39 text responses for this question across two campuses over the two
semesters. We analyzed the response to identify emerging themes in the responses. There
were three major themes repeated throughout the response (e.g., GUI, more challenging
questions). We coded those themes and counted their occurrences in the responses. The
three themes in the responses were related to: the Dysgu app (e.g, graphical user interface
(GUI), features of Dysgu,), liked Dysgu as is and has no suggestions, and related to the
content (e.g., challenging questions). Figure 11 shows the distribution of these themes in
the responses. Following is a brief discussion of these themes.

Dysgu-related suggestions: These responses were related to various aspects of the Dysgu
app. One of those aspects was the GUI — the user interface of Dysgu. Most responses in
this theme suggested making the interface more user-friendly and intuitive to use. One
such response was “I understand that the app was in an early stage, but I feel like having more
modern looking menus, tabs and that kind of material inside the app would have made the
experience even more enjoyable and fun”

Within Dysgu codes, aside from the GUI sub-theme, another theme emerged that was
related to the features of Dysgu. Students suggested additional features in Dysgu to make
it more effective or engaging. Most suggestions in this area were related to the time limit
of questions and the ability to pause timer if the app is turned off. One suggestion was
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available for android

platforms. One suggestion was to make the app suitable for phones, “If it was available on
my typical device (phone) i would use it much more ...”

Content: This theme is the least related to Dysgu. Responses related to this theme
discussed how the questions could be more challenging or better articulated. One such
response is, “The dysgu should include more challenging questions too” Responses in this
theme also suggested having more assignments, more questions, or having an adaptive
system that sets the difficulty of the questions based on student’s level. A student
suggested, “the app was great. one thing [ would suggest is to put a challenge section where the
student gets questions one at a time based on material learned, the next question being harder than
the last. the moment they get a question wrong the challenge stops...”

Liked it/nothing to add: 27% of the participants liked the Dysgu app. They did not have
any suggestions on improving Dysgu or the experience with Dysgu.

3.7. Self-reflection, Peer-influence, and different student demographics

Going back to our research questions, to answer research question C (fo study any
impacts of Dysgu on students regarding self-reflection and peer influence), we looked at the data
related to student grades, submission time, and their feedback on the useful features of
Dysgu. Results from the pre-post survey and the experience surveys showed that Students
found the ability to see their progress in the app to be helpful. This shows that students
across both campuses value features that enable them to reflect on their standing in the
class — thus, self-reflection is essential. Similarly, students noted that knowing their
standing in the class compared to the rest of the class was also helpful in keeping them
involved with the out-of-class activities. We saw this in both student demographics,
indicating peer-influence acts as a strong motivator for students to stay engaged with class
activities outside the classroom. These statements can be complemented with the grade
and timing data, as we see improved grades and better submission times when Dysgu
was deployed. Altogether data indicates that self-reflection and peer influence positively
impact student engagement and performance.

The last research question (question F) seeks to identify any notable difference
between how the intervention impacts two distinct student demographics. In terms of
grades, we see a significant drop in D/F/W rates at WSSU, with an increase in the number
of students getting either grade B or C. At UTEP, the D/F/W rate slightly increased with
Dysgu; the number of students receiving grade A also increased. Though the grade
distribution is different on these campuses (fewer B and C at UTEP compared to WSSU),
the number of students with better grades increased on both campuses. In terms of
timeline, students from both campuses started working on the activity more than 24 hours
before the deadline. Most students also submitted the activity more than 24 hours before
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the deadline at both campuses. Both student groups worked mainly in the morning or in
the evening. The afternoon hours had the least activity. Without Dysgu, the students at
WSSU were more likely to submit the work within the last five hours of the deadline. We
also see a similar preference for Dysgu features across campus. One notable difference
here is that UTEP students viewed their badges a lot; WSSU students were checking the
app's notifications. Both student groups used the app in the morning, but the usage
percentage was higher at WSSU. Overall, we see that there are differences in the usage
behavior of the app, but the results (in terms of grade or submission time) are somewhat
the same across both demographics (i.e., Hispanic, and African American).

4. Discussion

Dysgu allowed us to study the impact of scaffolded out-of-class activities
administered through a mobile platform in keeping students engaged outside the class.
Dysgu also includes features that support self-reflection and peer influence. Results show
that students perform better when they remain engaged with out-of-class activities and
with their peers. We also saw increased on-time or ahead-of-time submissions using
Dysgu. Student responses showed that students prefer mobile platforms for out-of-class
activities. They also favored the notification feature to remind them of the deadline. The
grading and timing data and experience surveys show that peer influence and self-
reflection in the mobile platform are good motivators and have a positive impact on
performance and on-time submission.

We conducted multiple studies across two campuses with a majority-minority
population. Our study revealed several Dysgu features students preferred across both
campuses. One of the key findings of our study is that the design of mobile educational
platforms should consider the four key factors to achieve higher student engagement,
student learning, and improved self-efficacy in students, as described next.

e Scaffolding — digital platforms should support scaffolding in various forms.
Content or assessments should be dynamic and adaptive to support students with
different learning paces. For example, an assessment can start with easier
questions and build the difficulty levels of subsequent questions based on student
responses. Auto-graded practice and assessment questions would make it easier
for instructors to provide instant feedback — which also supports student learning
and engagement.

e Peer-influence — Peer influence acts as a motivator for many students. Digital
platforms should consider the effective integration of peer influence in
supporting student learning and increasing student engagement. Chapin [41]
identified three factors that impact the self-efficacy of early Computer Science
students: engagement with the problem, engagement with others, and
engagement with the environment. Scaffolding, when used right can be leveraged
to create engagement with the problem. Similarly, knowing how peers are doing
in the class can help students to stay engaged with others in the class and the class
environment; which eventually can help with improving self-efficacy. However,
attention should be given while designing a system that supports peer influence
to limit any potential negative consequences of peer influence.
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Figure 12: Key factors of a digital platform for engaged student learning.

o Self-reflection — students should be aware of their learning status. Any
educational platform should have support for some form of self-reflection. Self-
reflection can be supported through automatic grading in tests or reflective
journaling. Self-reflection not only helps with acquiring content knowledge but
also with metacognition and developing critical thinking skills.

o Usability — Digital tools should be at least available on mobile devices to support
easier access and ubiquitous learning. These tools should also be available for
different platforms (e.g., cell phones, tablets, laptops). Tools should be user-
friendly and intuitive to use. The tool's design should consider usability to keep
students engaged with the platform. Gamification (e.g., badge, points) can
provide an engaging virtual learning environment.
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