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ABSTRACT
We present results from testing a two-stage exam format in a small,
first-year programming class (n=24), including survey responses
from students (n=8) about their experience with the exam format.
Students reported liking the format due to a decrease in stress,
helping them to better understand course concepts, and helping to
improve their grades.
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1 INTRODUCTION
Two-stage exams are a relatively new format of high-stakes as-
sessment in which students write an exam individually, and after
the individual portion is complete and students submit their ex-
ams, they are then placed into groups and retake the same (or a
very similar) exam as a group. Typically, students are given half
as much time for the group portion as for the individual portion,
since they should all be familiar with the questions. In this format,
each student’s final exam score (FS) is calculated as:

𝐹𝑆 =𝑚𝑎𝑥 (𝐼 ∗𝑤 +𝐺 ∗ (1 −𝑤), 𝐼 )
where 𝐼 is the student’s individual score, 𝐺 is the group score,

and𝑤 is the weighting factor (typically 85-90%).
This assessment format is purported to convey several benefits:
• It turns a summative exam into a learning opportunity, as
students have the chance to discuss answers with others,
realize their mistakes, and correct them. [9].

• It provides students a chance to debrief about the exam,
which may reduce students’ stress and anxiety levels [8].

• It gives students an opportunity to raise their grade slightly.
While two-stage exams have become increasingly popular in

some STEM disciplines [6, 8], this format is less well-known in
computer science (CS). Given that introductory CS courses exams
often require students to solve programming problems by writing
code, it is unclear how well this format integrates into evaluations
and whether the shorter second stage is long enough for students
to jointly complete programming problems.

As noted in prior research about conducting two-stage exams [7],
these exams involve significant organizational overhead and require
some special setup considerations:

• Everyone needs to take the same exam - question pools or
multiple different exams are not suitable in this context.

• It is helpful to provide students with word puzzles or sudoku
to do while they wait for the second stage to begin.

• The exam must be held in a separate room that can support
moving people into groups for stage two. The exam cannot
be held in a big gym with other concurrent exams, because
stage two is loud and would be disruptive to others.

• There are a variety of ways to form the groups for the second
stage [3], what is most critical is that students should not
know ahead of time who is in their group.

Given the extra work involved in conducting a two-stage exam, it
is worth investigating whether the effort is worthwhile in CS.

We used a two-stage format final exam in a very small introduc-
tory CS class (n=24) at the University of Manitoba in the Fall 2022
term. We report on the results in terms of grade impacts, as well as
student perceptions gathered through a survey that was distributed
after the semester was over and grades were submitted.

2 RELATEDWORK
While two-stage exams are becoming common in other STEM dis-
ciplines [6, 8], there are only a handful of studies related to their
use in post-secondary computing or IT education [2–4]. Belleville
et al. created a novel, inverted two-stage test format for low-stakes
quizzes in which students solved problems together first, and then
were given similar problems to solve individually [1]. The purpose
of this inversion was to promote student engagement through an-
ticipation of transfer learning, and students preferred this format
to individual quizzes followed by a TA walk-through.

3 TWO-STAGE EXAM DEPLOYMENT
In Fall 2022, a newly developed introductory programming class
aimed at students with no prior programming exposure was offered
at the University of Manitoba (n=24). This course was taught as a
fully-flipped active learning class with students working on in-class
activities throughout the semester in lightweight teams [5]. The
final exam was worth 25% of students’ final grade and was held in
a 3-hour block scheduled by the registrar’s office. The paper-based
exam used the two-stage format, with the first two hours devoted
to the individual exam and the last hour for the group portion.

There are different ways to form groups for two-stage exams [3].
We formed our groups by looking at student standing in the class
and spreading both high performing and low-performing students
across the groups in an attempt to balance knowledge and abilities.
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4 RESULTS
We investigated how the two-stage exam impacted student grades
and deployed a survey to students to gather feedback on their
perceptions and experiences. For all but one of the 24 students in
the class, the group grade was higher than the individual grade. For
one high-performing student, the two grades were equal. For three
students in the class, the two-stage exam helped them enough to
push them up over a letter-grade boundary (e.g., from a C to a C+).

The survey, approved by our Research Ethics Board, was sent to
students after the final grades were submitted and received eight
responses (33% response rate). These students also provided consent
to analyze and report on their detailed performance. For the eight
students who participated in the survey, seven thought that the
second stage exam improved their exam grade, one was not sure.
The exam had a total of 50 points available and all 8 participants had
final exam scores improved by the two-stage exam (mean difference
= 9.6, min = 1, max = 19.5). Because the final exam was only worth
25% of the course grade, the average increase in final course scores
for these eight students was only 0.48%, with a minimum bump of
0.05% and a maximum bump of 0.98%.

All participants stated that they would take another course that
used the two-stage format, noting reasons such as the ‘grade boost’
(P4,P5), the ‘fun experience’ (P3) and leaving with a deeper under-
standing of the concepts (P7). All participants agreed that more
instructors should use two-stage exams. One student suggested
implementing two-stage assessments earlier in the term.

We asked participants whether they thought it made sense to use
this format for exams with programming questions. All participants
felt it made sense and P7 responded, “Yes, because of the complexity
of some the long answer questions, answering it as a group to gain a
better understanding can be beneficial.” When asked about how the
group collaborated on programming problems during the second
stage, six participants said their teams ’jointly’ created solutions by
talking through the problems, one participant said they wrote their
own solution, but sought input from their group, and P4 described
their process this way: “ ...each one of us would say how they did a
particular question and then we would agree on which one made
the most sense.” We asked students to rate how much the second
stage impacted their understanding of course concepts on a scale
of 1 to 5, with 1 being a large decrease in understanding and 5
being a large increase in understanding. The mean rating was 4,
the minimum was 3.

To assess impacts on student stress and anxiety, we asked the
participants to comment on their feelings after completing the
second stage of the final exam and five reported a sense of ease.
They discussed feeling calmer and more confident because of the
group conversations about the exam. Two participants reported
some anxiety and nervousness from realizing what they did wrong
in the individual stage, while one participant stated a benefit of the
group stage was the ability to correct their mistakes.

5 DISCUSSION & LIMITATIONS
Because we employed lightweight teams to leverage social learn-
ing [5], incorporating team-based learning into the final exammade
sense. The two-stage format appears to have had little impact on
students’ final course grades, resulting in letter grade bumps for

very few students. However, the student experience of the for-
mat appears to be very positive, echoing results from studies in
other STEM fields [6–8]. Students generally reported benefits from
grade boosts, increased learning comprehension, and lower stress.
Implementing two-stage assessments earlier in the term, as one
participant suggested, would be a good way to help students get
these benefits throughout the term.

We were unsure if the two-stage format would provide enough
time for long format programming questions, but that did not ap-
pear to be an issue. We used a different group formation strategy
than Cao et al. [3], and it is likely that the range of grade point
differences we saw is due to creating groups with diverse abilities.

This is a small study with several limitations. All survey re-
spondents received a C or better in the course - it is unclear how
students receiving D or F grades felt about the two-stage exam. Our
use of lightweight teams [5] likely made the two-stage exam format
comfortable. Students in a lecture-based classroom, where there is
no opportunity for social or collaborative learning, may find this
format less comfortable.

6 CONCLUSION
We implemented a two-stage final exam in a small introductory pro-
gramming course (n=24). All but one student had grades improved
by the two-stage exam, but these resulted in a very small average
increase in final course grades. Survey responses (n=8) indicate that
all participants benefitted from the two-stage exam format, through
easing student stress and enhancing understanding of course topics.
Future work includes testing this exam format in classes that do
not use team-based learning, and in larger classes.
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