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ABSTRACT
Code quality is an important aspect of programming, as quality code
is easier to maintain, and code maintenance makes up the majority
of software cost. For that reason, code quality should be emphasized
in programming education. Previous work has identified many code
quality defects commonly made by students. However, the current
state lacks a clear organization and prioritization of these defects.
In this paper, we propose an organization framework for code qual-
ity defects, presenting a catalog that describes 80 defects, with a
specific focus on defects frequently encountered in code by novice
programmers. To determine which defects are worth pointing out
to students, we conducted a survey among 72 educators, who rated
the priority with which each defect should be reported to a student.
These presented results serve multiple purposes: they facilitate com-
parison across various research studies, support the advancement
of software tools, and offer inspiration for programming education.

CCS CONCEPTS
• Applied computing→ Education; • Social and professional
topics → CS1.
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1 INTRODUCTION
Code quality is a crucial aspect of programming. Recent systematic
mapping by Keuning et al. [12] highlight the growing focus on
this topic: Researchers are developing innovative tools and assign-
ments to teach code quality, exploring perceptions of code quality
among students and teachers, and examining methods to assess
code quality.

Research in the field of code quality lacks standardized termi-
nology, with terms like code quality issue, defect, or code smell
being used with interchangeable or overlapping meanings. In this
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paper, we use the term code quality defect in meaning “any imper-
fect part of code for which it is possible to provide some feedback
or advice” [7]. On the other hand, the frequently used term code
smell typically refers to an indicator of potential problem [9], i.e., a
code smell is often a symptom of some specific defect.

In recent years, multiple researchers analyzed code quality de-
fects in the context of introductory programming. Effenberger and
Pelánek [7] list 32 defects appearing in Python solutions from an
online learning environment used by high-school and university
students; they categorize the defects into six groups, which we
expand on. Keuning et al. [11] list around 20 defects that teachers
would point out in three pieces of Java code. Edwards et al. [6]
report on detecting 112 different defects in several programming
courses in Java (including advanced ones). For detection, they used
popular Java linters, which mostly focus on easy-to-detect defects,
like formatting inconsistencies and empty code blocks. Other re-
searchers also list defects found in novice code. De Ruvo et al. [4]
give 16 defects prevalent in Java code. Keuning et al. [10] identify
24 defects found in novice Java code. Aivaloglou and Hermans [1]
explore a dataset of Scratch programs and mention two code quality
defects they encountered often. Liu and Woo [14] list 10 defects
most frequently occurring in Python programming assignments.

Overall, the current state of the field indicates the importance of
defects and interest in their study but lacks clear organization. Ex-
isting research typically explores only a limited number of defects,
partly determined by the specific course or learning environment.
The lists presented in existing work intersect only on a small num-
ber of defects, though not all of the defects are specific to given
programming languages. Some important defects are notmentioned
at all (like the use of global variables or non-English identifiers).

To address this gap, we study the following three questions:

RQ1 What are common code quality defects (in the context
of introductory programming) and how should we organize
them?

RQ2 Do educators agree on the importance of defects? Which
defects are perceived as most and least serious?

RQ3 How well do the currently available tools detect code
quality defects? Where are the blind spots?

To address these questions, we have developed an extensive cat-
alog of code quality defects. Table 1 gives examples of defects from
the catalog; currently, the catalog contains 80 defects (language
independent or specific to Python) 1. We propose a systematic way
to organize code quality defects, where the primary organization
criteria are the relevant programming construct and defect type.
We also rate the defects’ severity, prevalence, tool support, and
language independence.

1Available at https://github.com/adaptive-learning/iticse-2024-defects-catalog
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Table 1: Examples of Defects and Their Attributes Tracked in the Catalog.

defect name description code example construct defect type to
ol

su
pp

or
t

la
ng

ua
ge

in
de
p.

se
ve
rit
y

pr
ev
al
en
ce

redundant if-else If-else statement with both branches
being return True/False.

if c: return True
else: return False

condition simplifiable 3 1 5 3

duplicate expression Repeated occurrences of the same
(complex) expression.

if a[n//2] % 2 == 0:
print(a[n//2] % 2)

variable duplicate
code

1 1 4 3

while as for While loop with the number of
iterations known before its start.

while i <= n:
print(i); i += 1

loop unsuited
construct

1 1 4 2

misleading name Variable name i or j used when
traversing items, not indices.

for i in text:
print(i)

loop poor name 1 1 4 2

missing docstring A function, class, or method is
missing a docstring.

def f(x, y):
return x + y

multiple poor docu-
mentation

3 1 2 3

unnecessary
parenthesis

A single item in parentheses after
if, return, or another keyword.

return(value) expression poor
formatting

2 0 3 3

too many arguments The function has too many
arguments.

def move(board, x, y,
dx, dy, color): ...

function poor design 3 1 3 1

changing the control
variable of a for loop

Changing a control variable at the
end of the body has no effect.

for i in range(n):
...; i += 1

loop unused 1 0 5 1

To determine the severity of the defects, we conducted a survey
among 72 educators at the Faculty of Informatics, Masaryk Univer-
sity (FI MU). For the survey, we selected 30 representative defects
from the catalog. The survey shows that while the opinions on the
severity of individual defects differ, some defects are generally con-
sidered more severe than others. Code blocks with no effect, using
global variables and duplicate code blocks have the highest severity,
while missing docstrings have one of the lowest. We extrapolated
values from this survey to rate the severity of all of the 80 defects.

Some aspects of the catalog may still be subjective or disputable.
Our aim is to clearly document our design process and provide a
usable starting point for further development and research.

The presented results have multiple uses. For researchers, they
provide a framework for organizing research on code quality defects
(e.g., analyzing their prevalence or studying the impact of teaching
tools on student learning). For tool developers, the results can
help with selecting defects to implement and report. It can also
inspire a structured presentation of detected defects to students, e.g.,
grouping related defects and prioritizing them. For educators, the
catalog informs which code quality defects are suitable to discuss
with students in a class on a given programming construct.

2 CATALOG OF CODE QUALITY DEFECTS
In this section, we present our proposal for organizing code quality
defects. Table 1 shows an excerpt from the catalog; the entire catalog
comprises 80 defects and is available online2.

2Available at https://github.com/adaptive-learning/iticse-2024-defects-catalog

We give the rationale behind choosing what attributes to track
for each defect and describe the meaning of their values (Sections
2.1 and 2.2). We also describe the process of populating the catalog
with defects (Section 2.3).

2.1 Categorizing the Defects
We built the catalog to have the following desirable characteristics:

(1) All attributes and values should have a clear meaning and
be intuitive for researchers, tool developers, and educators.

(2) Each value should be used reasonably often.
(3) The classification of the defects should be unambiguous; i.e.,

the values should have high inter- and intra-rater reliability.
(4) The classification of the defects should be consistent; i.e.,

similar defects are similarly classified, e.g., unused variable
and unused parameter agree on five out of six attribute values.

(5) The attributes should be immediately useful to researchers,
educators or tool developers.

We used these characteristics as soft guidelines informing the
design process and author discussion.

In addition to name, description, and example, we track several
other properties for each defect (see Table 1 for examples). We
classify each defect by two nearly orthogonal properties: the type of
the defect (e.g., simplifiable, unused) and the programming construct
it concerns (e.g., conditions, variables).

Defect type is based on three key characteristics: what the defect
looks like (e.g., code repetition), how it can be fixed (e.g., introduc-
ing a new code construct), and why it is desirable to fix it (e.g.,
succinctness and generalizability). Table 2 lists the defect types and
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Table 2: Overview of the Defect Types.

defect type description how to fix reasons to fix

unused Redundant lines of code that do not influence
the behavior of the program.

delete whole lines tidiness, conciseness

simplifiable Code that can be simplified by local changes
that do not introduce a new construct.

local edits (reordering or
deleting)

conciseness

unsuited
construct

Code that can be made more explicit and
simpler by using a different construct (e.g.,
operator, function, control flow statement)

local rewrite self-descriptiveness, explicitness,
possibly efficiency, robustness, ...

duplicate code Repetition of identical or very similar code
(expressions, lines, blocks).

replace by a suitable
abstraction

conciseness, structuredness,
modifiability

poor design Code that is unnecessarily complex due to poor
design choices.

non-trivial refactoring traceability, structuredness

poor name Inappropriate name for a variable, function or
another construct.

rename self-descriptiveness, explicitness,
legibility

poor
formatting

Inconsistent formatting or a violation of
stylistic recommendations.

simple formatting edits consistency, predictability

poor
documentation

Missing, misleading, or unhelpful
documentation (docstrings, annotations,
comments).

add/rewrite documentation maintainability

their description. The proposed set of eight defect types is based on
the six types used in the most closely related previous research [7],
which we refined to fit our considerably broader set of defects.

Most of the reasons for fixing the defects (e.g., conciseness, struc-
turedness) also have their exact meaning and taxonomy, see [2].
We decided to use the negative (“what is bad”) rather than positive
(“why to fix it”) formulations for the defect types since fixing a
defect nearly always has multiple reasons. Moreover, the reasons
have different strengths, and the strengths differ case by case. Con-
sequently, we could not find a set of non-overlapping reasons to
use directly for classification.

In some cases, the distinction between types is nuanced, yet
their differentiation is useful. The unused and duplicate code can be
thought of as special cases of the simplifiable and poor design types.
We decided to keep them as separate types since: 1. They have a
clear, intuitive meaning; 2. They were used in previous research on
code quality defects [1, 7, 10]; and 3. We wanted to avoid inflating
the already large simplifiable type.

The distinction between the unused and simplifiable can be de-
fined as follows: If a whole line (or lines) can be deleted without
additional edits, then this code is unused. If, on the other hand, the
fix is just a selective deletion of characters within a single line, or
if it requires some additional edits around the deleted lines, we
consider it simplifiable.

The second property by which we organize the defects is the
programming construct they concern. This property is nearly or-
thogonal to the defect types and is especially useful for preparing
lectures since these frequently address specific programming con-
structs.

We use the following constructs: expressions, variables, con-
ditions (including conditional statements), loops, functions, com-
pound data structures, and modules. A few defects are relevant to
multiple constructs and can occur for each in isolation (e.g., un-
reachable code); we assign them value multiple. On the other hand,
if a defect always involves multiple constructs, we assign it the most
advanced construct. For example, changing the control variable of
a for loop involves both variables and loops. Still, the students can
only commit the defect once they learn about loops, not variables,
so it is preferable to list this defect under loops.

2.2 Ranking the Defects
One of the goals of the catalog is to facilitate prioritization – which
defects to research, implement detectors for, or address in lectures.
To this end, we assign each defect three importance rankings: lan-
guage independence, severity, and prevalence. Additionally, we
record how well is the detection of each defect enabled by the
current tools.

Table 3 describes the values we used for assessing tool support
and the importance rankings. The rankings are meant as initial
broad estimates and merit further refinement.

The defects in the linked catalog are ordered by the sum of the
importance rankings.

Tool support. We examined open-source Python linters available
through the package installer for Python (PIP). We imposed these
limitations to consider only those linters that can be used immedi-
ately and with relative ease. The selected linters were Pylint [16],
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Table 3: Tool Support and Importance Rankings.

tool support
3 reliably detected by multiple (open source) tools
2 detected only partially by common tools or detected well by

a specialized tool
1 not detected by current tools or detected only partially by a

specialized tool

language independence
1 occurs (in similar form) in many programming languages
0 specific to Python (specific constructs or conventions)

severity
5 both notifying the student and fixing the defect has high

priority
4 notifying the student has high priority and fixing the defect

has medium priority
3 notifying the student has medium priority but fixing the

defect has low priority
2 notifying the student has low priority
1 the student should not be notified of the defect

prevalence
3 can occur in many circumstances and does indeed occur
2 middle
1 can occur only in specific circumstances, or is committed by

only a small subset of students

Flake8 [8] and its plugins, PyTA [13], EduLint [5] and Clonedig-
ger [3]). For each linter, we inspected whether it is able to detect
given defect and how well.

Language independence. We considered popular languages of
different paradigms and levels of abstraction. If a defect or its close
variation can occur in all of the languages, then it is language
independent.

Severity. To determine the defects’ severity, we conducted a sur-
vey (see Section 3). However, the survey did not cover all of the
defects in the catalog. To rate the remaining defects, only the team
of three authors rated the defects and we used the median of these
ratings.

Prevalence. For defects that can be detected automatically, we
analyzed several datasets of novice code to determine the number
of occurrences, which we then transformed to our prevalence scale.
For defects without detectors, we only used our experience with
novice code. The current rating provides only coarse estimates;
these should be clarified in future research.

Further in this paper, we will focus on severity and tool support.

2.3 Populating the Catalog
We base our catalog on the most extensive previously published
catalog of code quality defects [7], which included 32 defects. We
then added new defects, trying to leverage our combined experi-
ence in CSEd research and CS1 teaching to reveal the breadth of

code quality defects. We purposefully included diverse defects (and
only later captured the differences in the organization structure
presented in previous sections). Despite that, the catalog is (and
probably forever will be) incomplete.

We included language-independent and Python-specific defects,
as Python is the language we use in introductory programming.
We decided to aggregate some groups of defects (for example, most
formatting rules violations are under inappropriate whitespace: tabs
and spaces, visible or trailing) to keep the defects at similar levels
of granularity.

3 SURVEY ON DEFECT SEVERITY
To determine the most subjective defect aspect, severity, we con-
ducted a survey among educators at FI MU.

3.1 Design of the Survey
Out of the 80 defects in the catalog, we selected 30 for the survey.
We did not use all in order to make the survey shorter and the
respondents more likely to fill it in.

When selecting the defects, we first filtered out all defects specific
to Python, as we wanted to target even educators who do not teach
Python. Out of the 55 language-independent defects in the catalog,
we selected 30 to cover all defect types and programming constructs.
We also rated the defects’ severity preliminarily and then selected
such ones so that defects with different levels of this preliminary
severity would be present.

We conducted the survey through a customweb page. It collected
basic demographic information on each respondent (name, years of
experience, experience with different student groups, like university
or high school students). It instructed respondents to rate how
severe they consider the defects for CS1 students.

For each defect, the page displayed its name, description, code
example and fixed code example (same as in the linked catalog).
Based on that information, the respondent was asked to rate the
defect on the five-point severity scale.

For each respondent, the defects were presented in random order.

3.2 Participants
For participants, we reached out to teachers and teaching assistants
of three introductory programming courses, two in Python and one
in Haskell. We also contacted students and alumni of a course on
university teaching (all of whom have practical experience with
teaching).

We collected responses from 72 educators. Out of these, 46 had
at least two years of experience in teaching and 67 had experi-
ence teaching university students of computer science (others had
experience with different student groups).

All of the participants were students or employees at FI MU.

3.3 Results
The survey results are summarized in Figure 1. The results show
that there are large differences in defect severity. Block with no effect
is considered severe almost unanimously, while almost half of the
participants consider argument does not come first in comparison
not worth mentioning.
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Figure 1: Ratio of Ratings for Each Defect, Sorted by Average Rating (N = 72).
The number in each bar segment gives the number of respondents who chose that option.

While individual opinions sometimes differ widely, the overall
degree of agreement (measured by standard deviation) is similar
(around 1) across all defects. The defect with the highest degree
of agreement (0.63) is block with no effect. Local variable used only
to return, on the other hand, exhibits the lowest degree of agree-
ment (1.23).

A possible explanation for the differences in ratings is that dif-
ferent educators have a different level of strictness about what they
would require from their students. To see how this would affect the
results, we normalized the ratings of each educator by their average
rating. Nevertheless, this made little difference in the relative order
of defects. So, there may be differences in how severe different
educators consider one defect, but there seems to be much higher
agreement on which defects are more severe than others.

3.4 Limitations
Our survey contains several limitations, which could be beneficial to
address in future research. Most importantly, the severity of a defect
may vary between its occurrences (e.g., the extent of duplication
for duplicate block), and it may depend on context (e.g., single letter
variable name i used as an index or as a character in a string).
Therefore, the severity rating from the survey may depend on the
specific example we presented.

The formulation of severity levels is a compromise between
clarity and conciseness. While designing the survey, we considered
several variants of severity level formulations, and the specific
choice of formulations may have impacted ratings by participants.

The defect severity can differ for different target groups; e.g.,
defects that are severe from the perspective of CS1 may not be
as severe when teaching high school students. We instructed the
respondents to consider CS1 students, assuming that the severity
would just shift, but not significantly change, for different target
groups. While this seems to us a reasonable assumption, it is still
unverified.

All respondents of the survey were affiliated with a single institu-
tion. It is thus possible that the results are influenced by the shared
background of the respondents. While we believe that the described
factors do not have a fundamental impact on the presented results,
it may be useful to replicate the survey in a modified setting.

4 TOOL SUPPORT
Figure 2 shows the relationship between severity and tool support
for different defect types. It is necessary to keep in mind that while
the catalog is extensive, it still contains only a sample of defects,
and some categories contain only a few defects. Also, we evaluated
tool support only for open-source Python tools, so the classification
is subject to our knowledge of them.

Still, the figure shows that there are deep disparities between
different defect types: poor formatting defects are precisely defined
and easy to detect (they can usually be discovered by local inspec-
tion of the code), but not very severe. Opposed to this, duplicate
code defects are neither well-defined nor easy to detect but are
among the most severe.
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Figure 2: Defect Type Severity by Tool Support.

That is not to say there are no detectors for duplicate code. Pylint
itself has a detector for duplicate code, but it only detects identical
pieces of code in different files, which makes it unusable for detect-
ing code duplication in single-file student submissions. Clonedigger
reported false positives (code blocks that can not be deduplicated,
like sequences of variable assignments) even for conservative pa-
rameter settings.

There are many other open-source tools for the detection of
duplicate code that did not meet our requirement of being avail-
able through PIP. However, many of these are copy-paste detectors,
which fail to report code where only variable names or some con-
stants changed, which is the case in many pieces of duplicate novice
code.

We further examined three clone detection tools described in a lit-
erature review by Zakeri-Nasrabadi et al. [19]: PMD [15], Simian [17]
and SourcererCC [18]. For Python, PMD is able to detect identical
clones only. Simian was able to detect clones differing in literals
and variable names, but it failed to verify whether the segments can
even be deduplicated. We were not able to detect any duplicates
through SourcererCC.

Also, none of the tools we examined differentiated variations of
duplicate code, failing to provide specific, actionable feedback to
novices, who may be clueless when faced with a crude report of
“duplicate code.”

Duplicate code is not the only noteworthy defect type. Some
severe poor design defects (reimplementing a library, redundant
variable/attribute) are also not detected. Detecting them would
require a more extensive analysis of what the program is supposed
to compute, which is hard to generalize (and specific cases may not
be prevalent enough to justify the effort).

Another notable defect type is poor name, almost evenly split
between well-detected and poorly-detected defects. However, the
well-detected defects all deal with the syntactic side of naming
(e.g., conventions, number of characters), and most of the poorly-
detected defects look at the meaning of the name.

5 DISCUSSION
We conclude with a discussion of our results, the outline of possible
future work, and answers to our research questions.

5.1 Organization of Defects
RQ1: What are common code quality defects (in the context of intro-
ductory programming) and how should we organize them?

We have proposed an organization framework for code qual-
ity defects with a particular focus on novice programmers. In this
framework, defects are categorized by their programming construct
and defect type; for each defect, we further characterize its prop-
erties (language independence, severity, relevance to beginners,
prevalence).

We also provide a publicly available catalog of 80 defects. Both
the organization framework and the catalog of defects are meant as
starting points for further development. The meaningful directions
include:

• extending the coverage of defects,
• improving the description of defects (specifically adding
more examples and tips on how to improve the code) so that
the catalog can be directly used as a learning material,

• evaluating the design of the catalog, e.g., by comparing al-
ternative organizations.

5.2 Severity of Defects
RQ2: Do educators agree on the importance of defects? Which defects
are perceived as most and least serious?

We conducted a survey among seventy educators at FI MU. It
shows that defect severity is at least partly subjective. However,
there seems to be consensus on the relative severity of different
defects.

The most severe defects are often those concerning the structure
of the code (use of global variables, duplicate blocks) and those
that may hint at a misconception / missing knowledge of the stu-
dent (block with no effect, duplicate sequence). Defects regarding
stylistic details or language-specific conventions seem to be less
severe.

5.3 Tool Support and Improvement of Defect
Detectors

RQ3: How well do the currently available tools detect code quality
defects? Where are the blind spots?

Although many tools detect code quality defects, these tools
have overlapping coverage that focuses on defects that are easy
to detect automatically (e.g., formatting issues). These defects are
not always the most important ones, particularly for novice pro-
grammers. Our catalog provides a clear direction for improving
defect detectors: prioritize the defects with high severity and low
tool support. Specific examples are detecting duplicate code and
poor names. It is challenging to design detectors for these defects
that achieve high accuracy. Nevertheless, it is a worthwhile effort –
the task should be feasible and would be very useful in practice.
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