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Abstract— Best practices for teaching a diverse population
include incorporating several modes of instruction, providing a
variety of resources, and encouraging collaboration. However,
traditional classroom management does not necessarily support
these best practices. Scrumage (SCRUM for AGile Education) is a
recently proposed classroom management technique in which
students are given autonomy to choose individually from a variety
of pedagogies (e.g., traditional lectures, active learning, a flippedbased approach, etc.), resulting in multiple simultaneous
pedagogical methods in a single course. In addition, students in a
Scrumage classroom must frequently reflect on the effects of their
choices. In this work, we compare Scrumage and traditional
sections of an introductory programming course. Scrumage
students showed improved attitudes about learning, especially in
the areas of Effort Regulation (perseverance in problem solving)
and Control of Learning (taking responsibility for learning
success). We believe that by promoting positive attitude changes
and better content learning, Scrumage has potential for widening
the retention of students in Computer Science.
Keywords—Computer Science Education, Pedagogy, Inclusion,
Classroom Management, Scrum

I. INTRODUCTION AND RELATED WORK
Professors who want to teach in a way that is inclusive to
diverse populations adopt course goals beyond content learning
objectives, such as creating a welcoming environment,
celebrating individual differences, and fostering a growth
mindset. Research shows that students are more successful when
they have positive attitudes about learning, confidence in their
abilities, and an accurate view of their own progress [1], [2].
It is not always clear how to practically achieve this type of
goal in a typical classroom, however. For example, using peer
instruction or team learning may be helpful for promoting
persistence in underrepresented racial groups, but these
practices can be disengaging or overwhelming for people with
autism spectrum disorders. As Rose et al. concludes, “There is
no one means of engaging students that will be optimal across
the diversity that exists” [3].
The diverse needs of diverse learners are recognized by the
Universal Design for Learning (UDL) theoretical framework
[4]. UDL enumerates three key principles: that learning should
utilize multiple means of representing new material, multiple
means of expressing knowledge, and multiple means of
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engagement [3]. However, UDL is a set of principles, not a set
of practices. In other words, how individual educators go about
the implementation of the principles is neither prescribed nor
obvious.
II. SCRUMAGE COURSE MANAGEMENT
We propose implementing UDL principles using a novel
class management system called Scrumage [5]. The aim of
Scrumage (SCRUM for AGile Education) is to give students the
power to choose their own pedagogical approach, despite the
fact that other students in the same course may be choosing
differently. Rather than the professor choosing, e.g., traditional
lectures, flipped classroom, or game-based class, and then
imposing the choice on all the students, instead the Scrumage
technique presents each of these as options for the learner.
Allowing a wide variety of choices requires simultaneously
conducting differing methods of teaching and learning in a
single course. To manage the classroom in a structured and
organized way, Scrumage borrows techniques from the Scrum
project management system widely used in industry by allowing
self-regulating teams to plan and schedule the completion of
work by collaborating in short bursts called sprints. In
Scrumage, the “work” being undertaken is learning and the
fulfillment of course objectives; the client is the instructor. The
completion of specific deliverables (i.e., assignments) are a
byproduct of the main “project” of mastering the material at
hand. To mirror the values of both Scrum and UDL, Scrumage
emphasizes giving students as much control over course
management choices as possible and encouraging them to try
new methods as the course progresses. Students are generally
allowed to work in teams whose size and processes are largely
unregulated by the professor. Importantly, students get to choose
individually how they use class time by making requests from
the professor. Learning methods like reading the textbook,
listening to a lecture, watching a video, or completing a
worksheet are not generally required activities but rather
comprise a menu of options from which students can choose. In
this way, students avoid learning activities they believe to be
ineffective and thus are more committed and engaged in the
activities they do choose. At the end of the unit, or sprint,
students are assessed in usual ways with assignments, quizzes,
or tests. They then complete a retrospective in which they reflect
on their success – both in how they performed (as reflected by

grades) and also as to which learning activities were most
effective for them, allowing for more informed decisions on how
to learn in the next sprint. The Scrumage approach includes a
systematic way of implementing several best practices for
inclusion and diversity: presenting multiple choices for learning,
encouraging (but not requiring) social interactions among
learners, providing a rapid feedback loop with several small
assessments, and offering opportunity for reflection and change.
III. METHODOLOGY
We administered pre- and post-surveys to examine 6
sections of an introductory computer science course (CS1) at a
liberal arts institution in the southeastern United States. Of the
6 sections, 3 were delivered using Scrumage and 3 were
delivered using a more typical approach that blended lecture,
live demos, and in-class labs, which we refer to as a traditional
approach. We determined changes in student learning attitudes
by adapting the “Motivated Strategies for Learning
Questionnaire” [6] to examine 4 categories: Effort Regulation,
Metacognitive Self-Regulation, Help Seeking, and Control of
Learning Beliefs. To determine student content acquisition, we
wrote a 12-question survey based on the SCS1 assessment [7].
IV. RESULTS
Across all sections, concepts test scores increased from the
start to the end of the semester, with an average starting score of
29% and an average ending score of 42%. Overall, students in
Scrumage sections (N=18) outperformed traditional-section
students (N=24), with an ending average score of 51% versus
36%, suggesting better content learning. Fig. 1 shows how the
distribution of scores changed from start to end using a kernel
density estimate (KDE) for Scrumage (left) and Traditional
(right) sections, with the solid curves showing starting scores
and the dotted curves showing ending scores. In both
pedagogies, improvement is evident, i.e., the dotted curves are
shifted to the right of the solid curves. However, improvement
among Scrumage students was greater on average and more
uniformly distributed than among traditionally-taught students.
The learning attitudes survey results show several key
differences between the pedagogy methods as well. Fig. 2 shows
the average change in score from pre- to post-test for each
attitude category for 32 Scrumage students and 25 Traditional
students. Generally, changes were not dramatic but typically
moved in different directions, other than Metacognitive SelfRegulation (strategies for planning, monitoring, and modifying
a student’s own cognition), where students from both
pedagogies saw a slight average increase.

Fig. 2. Within each Attitudes Survey category, the mean score change from
pre- to post-test is shown for Scrumage (black) and Traditional (gray).

For questions in the Help Seeking category, relating to
student efforts to get help with the material, Scrumage student
scores decreased from the start to the end of the course, while
traditional student scores increased. We hypothesize that
Scrumage students may have been less inclined to seek help due
to the focus in Scrumage of providing students with a variety of
resources in each sprint, empowering them to find answers on
their own. Also, because students typically worked in teams,
which offer a built-in mechanism for getting help, they may not
have viewed working within their team as “seeking help.” For
questions in the Effort Regulation category (relating to students’
perseverance and work ethic) and Control of Learning Beliefs
(addressing students’ feelings of being capable of learning the
course material), Scrumage scores mildly improved on average,
while traditional scores dropped more precipitously. It appears
that many students in traditional computer science courses come
to doubt their own ability to learn the material, irrespective of
the amount of effort expended, while Scrumage students did not
encounter the same frustrations. We conjecture that Scrumage
students feel a greater sense of agency in their own learning.
These results lead us to believe that using the Scrumage
framework may help beginner programmers develop resilience
and persistence in problem solving rather than adopting a
negative attitude.
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