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ABSTRACT

Due to a long history of using rote memorization and rereading
as the primary means to study, students are coming to the Univer-
sity with misconceptions about study strategies that are beneficial
for their performance and long-term learning. Techniques such
as spaced retrieval practice, interleaving, and metacognition are
proven by cognitive and educational researchers as strategies that
greatly improve learning. They focus on helping students to own
responsibility for their learning and retention of information. Con-
sidering their benefits, quizzes were re-branded to be formative
low-stakes retrieval practice activities (RPAs) in an Introduction
to Programming Course (CS1), meaning that students would use
the quizzes as learning tools, testing themselves in a spaced and
interleaved manner as many times as they want during the semes-
ter. Additionally, the U-Behavior learning and teaching method
was used. This method applies visualizations of student’s study
habits and self-reflections to help students to be aware of their
study practices, reflect on them, and change their study routine
to improve performance and long-term learning. Study behaviors
were analyzed and the final Canvas exam, final coding exam, and
final course grades were compared for students who spaced and in-
terleaved their practice with students who did not. Results showed
a statistically significant increase in all grades evaluated for stu-
dents who practiced using this novel combination of spacing and
interleaving integrated with U-Behavior visualizations and RPA
reflection activities for learning.
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1 INTRODUCTION

Introductory Computer Science courses are known to have high
failure rates [1-3]. The most frequent reasons to fail CS1 were
found to be a lack of time and motivation, frustration, ineffective
study strategies, and course prioritization conflicts [4-6]. Moreover,
students mentioned the need for using new techniques for learning
instead of just rereading their review notes and lectures, such as
more hands-on practice, and increasing their efforts in order to
succeed in computer science.

Several studies [5, 7, 8] point out that students arrive at the uni-
versity without taking responsibility for their own learning. They
also come with unrealistic views about the number of hours needed
for each course, and have misconceptions about study strategies,
such are rereading, memorization, and cramming before exams,
which they mistakenly think are beneficial for their learning. Re-
search in learning sciences, both in laboratory [9-11] and classroom
settings [12-15], have shown the benefits of testing as a learning
tool to improve students’ performance and long-term retention. To
be effectively used, testing needs to occur as a retrieval practice
(via self-testing) activity that is spaced and interleaved [16]. Instead
of massing practice, often called "cramming", students should study
for shorter intervals spaced out over time, and they should perform
interleaving, i.e., intermix topics when studying. Also, testing needs
to be understood as a formative assessment [9] where students can
learn from their mistakes. According to Roediger IIT and Pyc [16]
testing can be easily implemented in the classroom as frequent
low-stakes quizzes.

Considering these benefits, the U-Behavior learning and teaching
method [17, 18], which is a combination of spaced and interleaved
practice with visualizations and reflections of such practices, was
integrated in the CS1 course to encourage students to be aware
of their study habits, reflect on them, and change their study rou-
tine to improve performance and long-term learning. U-Behavior
method emphasizes spaced and mixed practice as a learning tool,
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so CS1 quizzes were re-branded to be formative low-stakes Re-
trieval Practice Activities (RPAs). Unlike previous work in Com-
puter Science education [6] that evaluated the use of ungraded
quizzes in students’ performance, the goal of this case study was to
use U-Behavior, visualizations of study habits, and self-reflection
to support self-regulated learning [9], and respond to the following
research questions.

e Q1: How do students practice their RPAs during the semes-
ter? Do they change their study behaviors after being made
aware of undesirable behaviors and reflecting on them?

e Q2: Do students who demonstrate desirable study behaviors
improve their performance on final Canvas exam, final cod-
ing exam, and final course grade compared with students
who did not change their behaviors?

2 RELATED WORKS

Lyle et al. [13] examined how retention of classroom content is
affected by increasing the amount and spacing of retrieval practice
in a precalculus course for engineering students. Their findings
support the use of spacing practice in real-world mathematics ed-
ucation. Hartwig and Malain [11] examined students’ decisions
about spacing their study in an undergraduate course and whether
self-selected spacing predicted course performance. Study could be
done by spaced retrieval practice (via quiz tool) or spaced reading
(via textbook). The authors found that, even controlling for time
spent quizzing, when students opted for more frequent and spaced
quizzing instead of spaced reading, they earned higher grades on
exams. Similar results were found also by Harindranathan and
Folkestad [12].

O’Malley and Aggarwal [6] analyzed how students’ engagement
with ungraded quizzes, done as retrieval practice in an introductory
programming course, contributed toward students’ better perfor-
mance on final exams. YeckehZaare et al. [14] developed a learner-
centered retrieval practice tool for an introductory Python course
that spaces practice and interleaves topics. They also designed a
grading scheme to incentivize students to space their practice over
the semester instead of cramming around exam’s due dates. The
authors found that 32% of the students used the tool more than the
required number of times to gain full points, and use of the tool
correlated with higher exam grades. In another work, YeckehZaare
et al. [15] proposed the use of retrieval practice and spacing in an
introductory programming classroom and called this technique
“retrieval-based teaching” The strategy consisted of encouraging
active retrieval by asking ungraded rapid-fire questions, where
each question moves from one student to another until the correct
answer is reached. The instructor provided feedback for every in-
correct answer and only presented the correct answer if students
could not find it collaboratively. Results showed that students who
were taught with this strategy earned an average of 2.36 percentage
points higher in course grades compared with students who were
not exposed to this strategy.

Interleaved practice has been demonstrated to improve learn-
ing compared with massive practice in several different context
[16]. Lionelle et al. [19] designed a spiral CS1 curriculum which
consisted of spacing and interleaving the teaching of CS1 topics.
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Results shown that students that used the spiral model outper-
formed students who learned via traditional method. In order to
use the same concepts, but in a next course, Lionelle et al. [20]
proposed one-credit "booster" course to students taking CS2, the
course aimed to teach students study techniques such as spacing
and interleaving. In another study, Lionelle et al. [21] designed a
formative/summative grading system for CS0 and CS1 classes to
support a structured growth mindset where formative assignments
were composed by low-stake quizzes and labs.

U-Behavior [17, 18] is a method of teaching and learning that
reimagines and redesigns online quizzes as Retrieval Practice Ac-
tivities (RPAs), which are quizzes designed for learning practice.
Specifically, students learn how to apply the power of testing, dis-
tributed practice, retrieval practice, and interleaved practice. U-
Behavior provides online instruction about why to practice (study)
using this technique. The method reinforces this instruction with
personalized visual-form learning analytics that allow students to
view their learning behavior and reflect upon it. This visualization
is then paired with ongoing guidance and coaching to improve be-
havior over time [18]. U-Behavior automatically generates feedback
containing guidance and coaching, which is presented to students
when they are asked to reflect about their study behavior.

Unlike previous work [6, 14, 15, 21] which applied spacing and in-
terleaving in CS courses, this proposal intends to use the U-Behavior
teaching and learning method by incorporating RPA reflection as-
signments in an introductory computer science curriculum based
on the spiral model [19] that uses formative quizzes [9, 16]. The
RPA assignments make use of spacing and interleaving strategies
as well as study habit visualizations and self-reflections that aspire
to promote change in student’s study behaviors. Different from [20]
who aimed to have a CS2 course to teach students study strategies
such as space and interleave, this work aims to have those strate-
gies embedded in the CS1 curriculum itself as RPA assignments,
that teaches students about effective study behaviors by applying
self-reflection based on student’s study behaviors visualizations.

3 METHODS

This study was conducted in a CS1: Java for prior programming
experience group as part of a Computer Science Undergraduate
program at a Research 1, land-grant university, in the Fall 2021
semester. A convenience sample of 88 students self-registered for
the course with 75 consenting to be included in the research. The
course was taught in-person, implemented in 16 weeks, and orga-
nized in the form of a spiral curriculum proposed by [19] with three
lectures and two labs per week. The instructor of the course is part
of the research team and already implemented U-Behavior in other
courses. Canvas was the Learning Management System (LMS) used.
The introduction module presented the overview of the course as
well as the explanation about the research and the consent survey.
The explanation consisted of (1) a short animated interactive video
describing the benefits of retrieval practices activities for long-term
learning and student performance and the U-Behavior App, (2) a
quick survey about the video, and (3) an RPA guide document. The
guide explained the four levels of practice behaviors that students
would use to self-reflect upon their practice. The levels are based on
the following two behavior scores that are presented to the students
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when they generate their RPA graphs using the U-Behavior App,
which was available in the course’s navigation bar.

e Behavior Score 1 - RPAs practiced on three different days:
Represents the percentage of RPAs that the student practiced
on three different days out of the total number of RPAs
available in the course.

e Behavior Score 2 - RPAs Mixed (practice): Represents the per-
centage of RPAs that the student used in a mixed/interleaved
manner out of the total number of RPAs available in the
course.

Based on these behavior scores, students were presented the
following four levels of practice behaviors:

o Level 4 - Highly Effective Practice Behavior: Students at this
level practiced at least 70% of the RPAs on three different
days, based on Behavior Score 1, and also interleaved their
practice between RPAs (at least 40% on Behavior Score 2).

o Level 3 - Effective Practice Behavior: Students at this level
practiced at least 70% of the RPAs on three different days, but
interleaved practice between fewer than 40% of the RPAs.

e Level 2 - Less Desirable Practice Behavior: Students at this
level practiced between 40-69% of the RPAs on three different
days. Behavior Score 2 is not considered in this level.

e Level 1 - Low Practice Behavior: Students at this level prac-
tices less than 40% of the RPAs on three different days. Be-
havior Score 2 is not considered in this level.

Students completed eleven RPAs introduced as low-stakes for-
mative learning-based quizzes, which they had the option to take
an unlimited number of times and retain their highest score. The U-
Behavior App was available throughout the semester, and students
could access it at any point to view their RPA graphs.

One week before the mid-term, students were asked to complete
the following reflection assignment:

e Review RPA graph, download and submit: Students were
asked to access the U-Behavior App on Canvas to see their
score and visualization of their practice behaviors regarding
their RPAs and download a pdf file containing that graph
submitting to their instructor.

e Review feedback on your practice behavior: Students were
presented with four different RPA graphs representing unde-
sirable practice behavior (minimal practice), good practice
behavior, massing practice around due dates, and optimal
practice behavior, and needed to select the one that looked
the most similar to their own RPA graph. Students were
reminded that there was no single correct answer but that
they should be as accurate as possible in order to receive
customized feedback. The feedback was customized for the
kind of behavior selected by the student.

e Planning your future practice: Students were asked to re-
spond to the following reflection question: "After reviewing
the feedback on your RPA practice behavior (in Step 2), do
you plan to change how you use the RPAs in the upcoming
weeks (please describe why and how)?".

This reflection assignment was purposely done one week before
mid-term to provide students with an opportunity to visualize their
study behaviors, analyze their study behaviors, and plan future
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actions. By making students self-reflect about their own study be-
haviors, students were allowed to self-regulate and work towards
study practices that would boost their learning and performance.
The idea was that students would use the customized feedback to
drive their practice during the reminding of the semester. In other
words, students who were already practicing desirable study behav-
iors, spacing and interleaving, would be encouraged to keep up the
good work. However, if they were not practicing using spacing and
interleaving, they would be encouraged to change their behaviors
towards proven good study practices.

At the end of the semester, one week before the final exam,
students were asked to complete a closing reflection assignment.
This reflection had only two steps:

e Review RPA graph, download and submit: This was the same
process as the first reflection.

e Retrieval practice activity graph - reflection questions: Stu-
dents were prompted to answer three questions.

o Compare the RPA graph with a desirable RPA graph in which
a student spaced and interleaved their practice during the
entire semester.

e Explain whether they demonstrated desirable learning be-
haviors using the RPAs during the semester. Desirable be-
haviors were defined as repeated practice (practicing each
RPA at least three times), spacing out the practice of RPAs
over days, and interleaving the practice between the RPAs.

o Rank themselves in terms of the percentage of effective prac-
tice behaviors, according to the four levels previous pre-
sented: Level 4 - Highly Effective Practice Behavior; Level 3 -
Effective Practice Behavior; Level 2 - Less desirable practice
behaviors; and Level 1 - Low practice behaviors.

Students did not receive any other instruction regarding study
habits besides these self-reflections assignments.

3.1 Data Collection

Quantitative and qualitative data was collected from all 75 students
who consent to participate in the study. Quantitative data was
collected using Canvas course gradebook and qualitative data was
collected from the two RPAs reflection assignments. All data was
anonymized after collection.

3.2 Data Analysis

Data analysis was conducted on students who completed both
reflections to measure growth throughout the semester. From the 75
consented students, 47 students fulfilled that requirement and had
their data analyzed. Students where categorized into two groups:
Group 1 - students who demonstrate desirable behaviors towards
learning, and Group 2 - students who did not demonstrate desirable
behaviors towards learning. Two of the authors with experience
in U-Behavior based studies placed the students into groups by
analyzing the RPA graphs submitted by the students for each one
of RPAs reflection assignments.

For the first reflection, grouping desirable behavior was repre-
sented by student repetition and spacing practice as demonstrated
by Behavior Score 1. Students with 27% or more on Score 1 were
placed into Group 1; if they had less than 27% they were placed into
Group 2. The 27% was calculated considering that at the moment
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Table 1: Number of students per group per reflection

Group 1 (Desirable)

Group 2 (Undesirable)

First RPA Reflection 10
Second RPA Reflection 18

37
29

Table 2: Percentage of average of spacing and interleaving/mixing for group 1 and group 2 in the second reflection

Group 1 (Desirable)

Group 2 (Undesirable)

Average of spacing 88%
Average of mixing 95%

33%
56%

of the first RPAs reflection assignment, students should have prac-
ticed at least three out of the eleven total RPAs on three different
days, corresponding to 27%. For the second reflection, students who
were at Levels 3 and 4 were classified as Group1, while students
at Levels1 and 2 were classified as Group2. After definitions were
set, the two authors coded/categorized the RPA graphs from the
first reflection and met to discuss the results. Since there were no
differences in the categorizations, one of the authors finalized the
categorization by coding the RPA graphs for the second reflection.
In order to verify if there was a statistical significance in per-
formance between those groups, final Canvas exam, final coding
exam, and final grades were analyzed. Final Canvas exam consisted
of a summative final exam individually generated for each student
based on questions randomly selected from Canvas question banks.
Final coding exam was a summative programming assignment that
encompassed all content learned during the semester. For the cod-
ing exam, students are allowed to use their common tools (IDE,
Javadoc, etc), but they are restricted on submission attempts.

4 RESULTS

Student behavior was assessed by looking at their categorization
(Group 1 or Group 2), and also by determining if there was a change
between groups. Students had a Negative Change if they went from
Group 1 to Group 2 because that would indicate that they practiced
desirable behaviors until the mid-term but then fell out of good
practice. Students who changed from Group 2 to Group 1 had a
Positive Change, since after the first reflection they changed their
practice by spacing and interleaving their RPAs.

Table 1 presents the total number of students for Group 1 and
Group 2 for the first and second reflections. Group 1 had an 80%
increase in students by the second reflection. However, not all stu-
dents who were in Group 1 for the first reflection remained on
Group 1 for the second reflection. Three students had a Negative
Change, meaning that they were in Group 1 at the middle of the
semester and went to Group 2 at the end of the semester. Corre-
spondingly, eleven students had a Positive Change, as they migrated
from Group 2 to Group 1.

Table 2 presents the percentage of average for spacing (Behavior
Score 1) and interleaving/mixing (Behavior Score 2) for the sec-
ond reflection. Group 1 spaced more than twice the percentage
of Group 2’s spacing, and the percentage for interleave practice
was extremely high for Group 1. Although research suggested that
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interleaving is a difficult practice to perform [1], for both groups
the interleaving average was greater than the spacing average, indi-
cating that students were coming back and retaking previous RPAs
in both groups, but not all students were spacing out those retaking.

Additionally, all 18 students from Group 1 were assigned Level 4
- Highly Effective Practice Behaviors, meaning not only did they
practice desired behavior, they did it with a high degree of consis-
tency in spacing and interleaving. Figures 1a and 1b present two
examples of RPA graphs from students in Group 1, to show two
different patterns of study found in this group. The X-axis specifies
the days since the semester started and the Y-axis represents the
percentage of correctness obtained in each attempt. Each attempt
is represented by a colored image and each color signifies one of
the RPAs offered during the class. After accessing U-Behavior App
in Canvas, students had access to an interactive RPA Graph. They
could then interact with the graph or download as a pdf file. Stu-
dents could interact with the App in two ways. When they mouse
over the title of a specific RPA in the legend of the graph, all at-
tempts for that RPA were highlighted, so it was easy for the students
to see if they are spacing and interleaving/mixing their practice.
When they mouse over an attempt, they could access information
about that attempt, as percentage of correctness, date and time of
the submission.

RPA practice behavior of students similar to those represented
in Figure la is more constant during the entire semester. They
practiced all RPAs at least three different days during the semester
and mixed all the RPAs. The practice behavior of students similar to
those represented in Figure 1b is less intense. They had an interval
of two weeks without practice, and by the end of the semester (two
weeks before finals) the student resumed the spaced and mixed
practice. Eight of the 18 students had a practice behavior similar to
Figure 1a, while ten had a practice behavior more similar to Figure
1b, meaning that most of the students in Group 1 did not practice
their RPAs every week during the semester. That makes sense, since
they needed to practice each RPA on at least three different days
during the semester.

For Group 2, the majority (20 out of 29, which corresponds to
69%) of the students were assigned Level 1 - Low Practice Behavior,
while the remaining of students (9 students, 31%) were assigned
Level 2 - Less Desirable Practice Behavior. Figures 2a and 2b present
one example of a student at Level 1 and Level 2.
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Figure 2: Examples of RPA graphs for students in Group 2

Comparing the four figures, it is observed that there were dif-
ferences between practice behaviors. Students representing Group
1 (Figures 1a and 1b) have their practice spaced and interleaved
during the semester. Students representing Group 2 (Figures 2a and
2b) have their attempts stacked on the top of each other, meaning
that they massed their practice on the same day, instead of spacing
it on different days.

Figure 3a presents the box plot for the final Canvas Exam for both
groups. Group 1 had higher final Canvas exam grades than Group
2, with a median grade increase being 5.5 points. The maximum
grade for final Canvas exam was 24 points. Although no students
reached the maximum points in any group, we can observe that
Group 1 had less variation on their grades than Group 2. In addition
to a final Canvas exam, students take a separate final coding exam.
Looking at the scores on the coding exam, the same statistical test
was also applied verifying Group 1 and Group 2 coding exam scores.
Students in Group 1 had a significantly higher mean final coding
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exam grade (8) than the students on Group 2 (6.84) with p =.028, g
= .68 which is considered a medium effect size.

Figure 3b presents the box plot for the final coding exam for both
groups. All students in Group 1 reached the maximum grade for
that exam, which was 8 points. This was an unusual result because
is somewhat rare for a group to get the full score. Group 2 had much
higher variability with most scores being between 6 to 8 points,
and all the way down to 0 points. We also examined final course
grades for Group 1 and Group 2 (Figure 3c) by doing an Independent
Samples t Test. The 18 students in Group 1 had a significantly higher
mean final course grade (94.92) than the 29 students on Group 2
(87.37) with p = .003, g = .92 which is considered a large effect size.

5 LIMITATIONS

This study was only done in one class, and with a small sample size
(N=47). Moreover, as pointed out by previous research on spaced
practice [9], it is not known if only the best students are doing the
RPAs and practicing the desirable behaviors. However, as showed
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in [9, 11], simply doing tests improve students’ performance. More
research should be done to test the results in other classes and
contexts. Another limitation is that students who practiced their
RPAs and used U-Behavior self-reflection assignments may have
also practiced other study habits, such as study groups. More studies
should be done to verify that the correlation with final grades is
not at least partially due to unmeasured external practice.

The RPAs have the same types of questions that are asked in
the final Canvas exam. However, since RPAs do not involve cod-
ing assignments, the use of the final coding exam score could be
considered as a threat to construct validity. Moreover, the final
course grade includes both the final Canvas exam score and the
final coding exam grade plus other graded assignments. Due to a
small population, from the 47 students, only 6 students had self-
identified as female, it wasn’t possible to conduct a gender analysis
of the data.

6 DISCUSSIONS AND CONCLUSION

Regarding Q1, comparing Group 1 students (Figures 1a and 1b)
with Group 2 (Figures 2a and 2b) students it is observed a difference
in their practice behavior. Group 1 students have their practice
spaced and interleaved during the semester, while Group 2 students
massed their practice on the same day. Eleven students moved from
Group 2, the group that focused on studying by cramming for the
exam, and switched to Group 1 after their first reflection. When
presented with the visualization of their study habits and given
a recommended model to follow, those students chose to make
a change in their habits. According to Zakrajsek [22], behavior
change is challenging and changing the behavior of almost % of the
students is an encouraging result.

Regarding Q2, Group 1’s final Canvas exam score was 12.5%
greater than students on Group 2 which crammed their practice to
study for the exams. This shows potentially improved long-term
recall, and test taking ability for the students who practice with
spacing and interleaving. It is also worth noting that this isn’t just
because Group 1 took more tests. Both groups equally used the
weekly quizzes to study, but instead the difference was when and
what they choose to study. Group 1’s final coding exam score was
15% greater than students on Group 2 that crammed for exams.
This could be an indication that students could improve not only
their test taking ability but also their ability in coding. This result
is particularly interesting, as there isn’t a clear mapping towards
test taking capability and coding capability. Group 1’s final course
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grade was 3.03% greater than students on Group 2. Students who
spaced and mixed their practice had an overall better performance
than students who crammed their RPAs. Although this is a small
sample size, the results are promising.

The results for Q2 are in accordance with previous studies
[6,11, 13-15] that encountered an increase in students’ performance
for those students who practiced space and interleave practices.
When students reflect upon their study habits with the support of a
visualization and choose to practice in a spaced and mixed manner,
they had an improvement in their performance. Combining the
results of Q1, it is possible to observe that not only does practic-
ing and interleaving help, but that students can be trained to use
visualizations about study habits to reflect and adjust such habits
to those that are proven to improve retention of knowledge and
learning.

Given the difficulty of CS1 and its importance as a gateway
course into Computer Science, there is a benefit to students when
study habits are incorporated as part of CS1. Furthermore, when
those habits can be visualized, and students can reflect upon them
and change their habits to those that will improve their learning,
the importance of studying for Computer Science is reinforced.
CS1 is an intense course for students as they learn computational
thinking, and does teaching study habits help with that process?
This question can be explored further, but initial results from this
case study show that not only is possible to teach these habits, it is
also possible to build them into a course, so it isn’t adding additional
content on to the student. Instead, they are able to reflect upon their
own habits with visualization, and focus on correcting them while
using the built-in assignments (RPA) in the course. Despite of the
limitations presented in Section 5, this case study presented positive
results that aims to start a conversation about building study habits
into a course in order to improve student success. Further studies
will be conducted to verify the outcomes of this approach in other
courses.
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