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Abstract—In this work-in-progress innovative practice paper
we make - arguably for the first time - an effort for combining
together two rich bodies of knowledge that have so far coexisted
independently in computer science education research: static code
analysis and peer code review. We achieve this by putting a
sophisticated static code analysis system to work in a peer code
review process implemented in an introductory computer science
course for (1) matching reviewers based on the heterogeneity of
their initial submissions and (2) analyzing the subsequent effects
on resubmissions. We demonstrate the potential value of such
usage and discuss the surprising trends we discovered, as well
as broader ideas on leveraging static code analysis for peer code
review in computer science education.

I. INTRODUCTION

In computer science (CS) education, peer reviews that
involve students assessing one another’s code, termed peer
code review (PCR), have become a popular teaching tool,
offering multiple benefits to both students and teachers [1].
Over the years, numerous studies have implemented PCRs
in educational contexts and addressed various issues, from
choosing when to assign reviewers [2] to the impacts of gami-
fication [3]. Despite this, very little work has taken advantage
of the rich knowledge in source code analysis — commonly
known as static code analysis (SCA) — for analyzing the
submissions throughout the process. In particular, not a single
work out of 51 recently reviewed [4] has used SCA in its PCR
implementation.

SCA, however, has much to offer to PCR. Modern SCA
techniques are able to detect faults and errors, evaluate pro-
gramming styles, highlight common misconceptions, verify
understanding of specific concepts — and more [5]. While most
initiatives in CS education focus on using SCA to deliver
formative feedback to students, other applications have also
started to emerge, urging to use it for additional benefits [6].

In this work, we answer this call by integrating Sense [7],
the eponymous SCA system of the company that developed
it, into a PCR process implemented in an introductory CS
course for matching reviewers based on the heterogeneity of
their initial submissions and analyzing the subsequent effects
on resubmissions. We do not claim that this approach is nec-
essarily superior or preferable, but rather that it is emblematic
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of the kinds of PCR optimizations and analyses that can be
generated using SCA tools such as Sense. We believe this
demonstrates the potential power of leveraging SCA for PCR.

II. RELATED WORK
A. PCR in CS Education

Interest in using PCR as a teaching tool in CS education
has grown only relatively recently, mostly as a result of the
successful practice of PCR in the software industry [1]. One
of the first works using to do so was done by Wang [8],
who proposed a PCR model for programming courses, where
students take on the roles of author, reviewer and reviser in
different steps of the process. Surprisingly, almost all PCR
implementations recently reviewed by Indriasari et. al [4] have
inexplicably left out the revision phase, in which students
submit an updated version of their program as suggested by
the reviewers’ comments, inevitably preventing analysis of
the changes in students’ submissions throughout the process.
In rare cases where revisions are submitted, such as in the
work of Politz et al. [9], their analysis offers only input-
output comparisons. Moreover, although the importance of
group composition in PCRs has been highlighted early on
by Wang himself [10], nearly all implementations reviewed
simply matched reviewers at random. Even when less naive
techniques are employed, such as by Sun et al. [11], the focus
is solely on students’ personal characteristics. Overall, not a
single work out of the 51 reviewed has used SCA in any of
its PCR implementations.

B. SCA in CS Education

Attempts to automate the process of analyzing programming
assignments in CS courses have already been made over sixty
years ago, when Hollingsworth [12] used punched cards to
automatically run students’ assembly code and produce either
“wrong answer” or ‘“program complete”. Naturally, automatic
code analyses have since then evolved, with SCA most notably
leading to “a new era of automated assessment” by applying
state-of-the-art algorithms from domains such as graph theory
and machine learning to abstract representations of code [13].
One prime example can be seen in the work of Choudhury
et al. [14], who used unsupervised classification and abstract
syntax tree comparisons to analyze students’ code submissions



and provide them with real-time instructor authored guidance.
Similarly, most of the research on using SCA in CS education
has focused solely on using it to generate formative feedback
to students in order to facilitate their learning [15]. Only
relatively recently Joyner et al. [6] have proposed that the
knowledge gained from SCA can also be used for additional
significant improvements, such as informing revisions to their
online CS1 course’s core materials and delivery methods. Our
work can therefore be seen as an extension of this viewpoint,
examining the feasibility of using the knowledge gained from
SCA to improve common learning activities in CS education,
such as PCR.

III. METHODOLOGY

Our study included 247 students of an introductory CS
course, taught in Python to students taking CS as their single
or double major in the first year of studies the first year of
studies [16] !. The PCR process can be described in terms of
four phases spanning five weeks:

A. Submission (Weeks 1-2)

During the first week of the semester, students were re-
quired, as part of the first homework assignment of the
course, to implement max even seq(n) (see Figure 1)
and upload their implementation to the Workshop module
in the course’s Moodle website [17] within two weeks. To
ensure implementations truly reflect students’ programming
skills, we instructed students to work on their implementation
alone and notified beforehand that any submission, even if not
completely correct, will receive a full score.

In this exercise we will implement a function that, given an integer n > 0, calculates the maximum
length of a sequence of even digits in n. For example, for n = 23300247524689 the maximum length
of a sequence of even digits is 4 (there are two sequences that fit this length: the sequence 0024
which starts with index 3 and the sequence 2468 which starts with index 9).
Remarks:

e Ifn does not contain even digits, the maximum length is 0.

* You may assume that the input is correct and there is no need to check for it.

Example:
>>> max_even_seq(23300247524689)

4

Figure 1: Instructions for max_even_seq(n)

B. Grouping & Practice (Week 3)

After the deadline for submission had passed, Sense was
used to analyze all implementations submitted. We identified
two “conversation points” that we believed could benefit the
review process among peers (demonstrated in Figure 2):

1) High-level strategy: The most common implementation
iterated n’s digits using a single loop while keeping
track of the maximum even sequence length using two
counters. Submissions using this implementation splitted
into two: casting n into a string and then casting each
character back into an integer, termed S1, and extracting
each digit using floor division and modulus operators,

IThe course’s permanent website is http://tau-cs1001-py.wikidot.com.

termed S2. Other submissions used miscellaneous un-
common strategies, and were therefore grouped together
and termed S*.

2) Edge-case handling: For S1 and S2 implementations,
choosing when to update the maximum sequence length
becomes crucial. If the update occurs only when pro-
cessing odd digits, termed H*, it is absent if either the
first or last digit of n is even — returning a wrong result
when a strictly longest sequence appears at the “edge”
of n’s digits (e.g., returning O for either n=12 or n=21).
These cases were correctly handled by either updating
only when processing even digits, termed H1; updating
again after exiting the loop, termed H2; or updating
when processing both odd and even digits, termed H3.

max_even_seq(n):
cur_cnt = 0
max_cnt = 0
digit str(n):
int(digit)%2 == 0:
cur_cnt += 1
cur_cnt > max_cnt:
max_cnt = cur_cnt

max_even_seq(n):
cur_cnt = @
max_cnt = @
digit str(n):
int(digit)%2 ==
cur_cnt += 1
cur_cnt > max_cnt:
max_cnt = cur_cnt

cur_cnt = @
cur_cnt > max_cnt:
max_cnt = cur_cnt

max_cnt

cur_cnt = 0
max_cnt

max_even_seq(n):

max_even_seq(n):
[*]

cur_cnt = @ cur_cnt =
max_cnt = @ max_cnt = @
n == 0: n == 0:
1 1
n > 0: n > 0:
n%2 == n%2 == 0:

cur_cnt +=1 cur_cnt += 1
cur_cnt > max_cnt:
max_cnt = cur_cnt
cur_cnt = 0@

cur_cnt = @
cur_cnt > max_cnt:
max_cnt = cur_cnt

max_cnt n//=10
1 max_cnt
def max_even_seq(n): max_even_seq(n):
Oddslzl[ l . ' ' ] [ ' ' n= Str(n)
i, '3', 's', '7', '9 max_cnt = @
1 i range(len(n)):
n = str(n) cur_cnt = @
for odd in odds: j=i
n = n.replace(odd, ' ') int(n[jl)%2 ==
return len( cur_ent += 1
max(n.split(),key=len) jo+=1
) j == len(n):

cur_cnt > max_cnt
max_cnt = cur_cnt
max_cnt

Figure 2: Examples of S1 high-level strategies (top) using H1 (left) and H2 (right)
edge-case handlings, S2 high-level strategies (middle) using H3 (left) and H* (right)
edge-case handlings and S* high-level strategies (bottom)

Accordingly, all submissions were labeled by their high-
level strategy (S1, S2, or S*), with S1 and S2 submissions
also labeled by their edge-case handling (H1, H2, H3, or
H*), and then randomly split into experiment (EXPT) and
control (CTRL), such that each had roughly the same number
of submissions with each label. As the ratio of high-level
strategies was roughly 2:1:1 while the ratio of edge-case
handlings was roughly 2:2:1:1, students in both EXPT and
CTRL were ultimately grouped into teams of four such that
students in CTRL were grouped at random and students in
EXPT were grouped by maximizing the heterogeneity of labels
in each team using the simulated annealing algorithm [18].



While waiting for their teams to be formed, students partic-
ipated in a one-hour guided code review session called “Tips
for ‘Good’ Code”. As its name suggests, the aim of this session
was not to convey the idea that there is a universal definition
of “good code”, but rather help students develop their own
coding review capabilities. For example (shown in Figure 3),
students were asked to choose between two implementations
for reversing a given list, one using a loop and the other using
Python’s list comprehension. After highlighting the elegance
of the latter, students were asked to choose between two
implementations for finding the second largest element of a
given list, one using a loop and the other using Python’s sort
function. After noting that this time the elegance of the latter
came at the cost of a potentially slower running time, students
were ultimately advised to use Python’s built-in shortcuts only
after considering all consequences and possible downsides.

Example a Example b

Tip
* Python is a powerful language with many

built-in shortcuts, but with great power
comes great responsibility

Figure 3: Slides used in the “Tips for ‘Good’ Code” session

C. Review (Week 4)

Once the class session had been completed, students were
required, as part of the second homework assignment of the
course, to review their teammates’ implementations within a
week based on three rubrics (demonstrated in Figure 4):

1) Correctness: testing the reviewed implementations
against four different inputs of their choosing, accumu-
lating the number of passed tests to a score of 0-4 and
listing the inputs that were tested.

2) Complexity: measuring the actual running time of the
reviewed implementations as well as their own im-
plementation on four large inputs of their choosing
using Python’s t imeit module [19], accumulating the
number of times each reviewed implementation was
faster than their own to a score of 0-4 and list all timings
measured.

3) Clarity: evaluating the readability of the reviewed im-
plementation using a score of 0-4 based on the tips
discussed in the “Tips for ‘Good’ Code” class session
and explaining the scoring as descriptively as possible.

Students were notified beforehand that in order to allow
them to be honest in their analysis and feedback, the review
process will be double-blinded, ensuring they will not be
aware of who they are interacting with, and that similar to

the submission phase, any review following the instructions
will receive a full grade, regardless of its quality.

Grade for Aspect 1 a/4

Comment for Aspect 1

Grade for Aspect 2 a/4

Comment for Aspect 2

n=887888 you
n=8887888 yo
n=B88B7888 y
n=888887888

Grade for Aspect 3 a/4

Comment for Aspect 3

Figure 4: Review example

D. Resubmission (Week 5)

Finally, after every review had been submitted, students
were given access to the reviews written by their teammates
and required, as part of the third homework assignment of
the course, to resubmit within a week the best implementation
of max even seq(n) they possibly could based on the
reviews made by their peers. At this point, students were also
required to consent that their data will be used for our research.

IV. PRELIMINARY RESULTS

Out of 247 participating students, 51 either did not resubmit
an implementation or did not consent for their data to be used
in our research and were therefore left out of our analyses,
leaving 100 students in CTRL and 96 students in EXPT while
roughly maintaining 2:1:1 and 2:2:1:1 ratios of high-level
strategies and edge-case handlings respectively in both (see
Tables 1 and 2).

To understand how our peer matching affected students’
resubmissions, Sense was used again to label all resubmis-
sions by their high-level strategy and edge-case handling.
By comparing labels of resubmissions to the labels of their
corresponding submissions (see Tables 3-8), three interesting
trends were uncovered. First, while many students in CTRL
continued to use S* high-level strategy in their resubmission,
significantly less did so in EXPT (p<0.05 using the Chi-
squared test). Second, students in EXPT opting out of S* high-
level strategies, as well as those opting out of H* edge-case
handlings, seemed more likely to use H2 edge-case handlings
in their resubmissions — although these results were not found
to be significant (p<0.05 using Fisher’s exact test, due to cells
with expected counts less than 5). Third, the overall trend in
other high-level strategies and edge-case handlings was not to
not change either of them.

S1 S2 S* H1 H2 H3 H*
CTRL 50 26 24 CTRL 23 27 15 11
EXPT 49 23 24 EXPT 24 26 13 9

Table 1: High-level strategies
of submissions

Table 2: Edge-case handlings
of submissions



Resubmission Resubmission

S1 S2 S* S1 S2 S*
g s1 42 8 0 g s1 41 8 0
2 2
‘g s2 7 17 2 ‘g s2 6 16 1
2 2
7 S* 10 3 11 7 S* 14 7 3

Table 3: High-level strategies in CTRL Table 4: High-level strategies in EXP

Resubmission Resubmission
H2 H2 H3 H* H2 H2 H3 H*
- H1 19 1 2 1 - H1 20 1 2 1
= g
2z H2 2 21 2 2 2 m 1 22 1 1
g =
= H3 0 1 11 1 < H3 2 0 11 0
@ 7]
H* 1 7 1 2 H* 2 3 2 2

Table 5: Edge-case handlings in CTRL Table 6: Edge-case handlings in EXPT

H1 H2 H3 H* H1 H2 H3 H*
CTRL 0 0 2 0 CTRL 3 5 2 3
EXPT 0 1 0 0 EXPT 5 10 3 3

Table 7: Edge-case handlings of
submissions for S* resubmissions

Table 8: Edge-case handlings of
resubmissions for S* submissions

V. CONCLUSION

Although SCA and PCR have been studied extensively
in education contexts, they have surprisingly coexisted so
far rather independently. In this work, we have made the
arguably first effort for combining the two rich bodies of
knowledge together, by using Sense in a PCR process im-
plemented in an introductory CS course for matching peers
based on the heterogeneity of their initial submissions’ and
analyzing the subsequent effects on resubmissions. Our initial
findings suggest that while our matching technique was not as
impactful as we had expected, it did affect the resubmissions of
students who submitted either non-standard or incorrect initial
implementations.

With that in mind, much is left for future work. For
a start, one can examine in more detail whether changing
one or more of the settings chosen for our experiment will
lead to different results. Alternatively, SCA can also be used
to explore correlations between students’ resubmissions and
other factors, either within the PCR process (e.g., students’
satisfaction with the process) or outside of it (e.g., course
grades).

All in all, we believe our work offers two significant
contributions to the CS education research:

1) Our peer grouping technique is an exemplary use of
SCA for assigning reviewers in PCRs, as well as a novel
addition to the relatively scarce literature on the effects
of group composition in PCRs

2) Our analysis methodology is an exemplary use of SCA
for assessing the outcomes of PCRs, as well as a
novel addition to the relatively scarce literature on code
revisions in PCRs.

We hope that together, these contributions demonstrate the
potential power of leveraging SCA for PCR in CS education.
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