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ABSTRACT

Context: The identification of code smells is one of the most sub-
jective tasks in software engineering. A key reason is the influence
of collective aspects of communities working on this task, such as
their beliefs regarding the relevance of certain smells. However,
collective aspects are often neglected in the context of smell iden-
tification. For this purpose, we can use the social representations
theory. Social representations comprise the set of values, behav-
iors, and practices of communities associated with a social object,
such as the task of identifying smells. Aim: To characterize the
social representations behind smell identification. Method: We
conducted an empirical study on the social representations of smell
identification by two communities. One community is composed
of postgraduate students from different Brazilian universities. The
other community is composed of practitioners located in Brazilian
companies, having different levels of experience in code reviews.
We analyzed the associations made by the study participants about
smell identification, i.e., what immediately comes to their minds
when they think about this task. Results: One of the key findings
is that the community of students and practitioners have stronger
associations with different types of code smells. Students share a
strong belief that smell identification is a matter of measurement,
while practitioners focus on the structure of the source code and
its semantics. Besides, we found that only practitioners frequently
associate the task with individual skills. This finding suggests re-
search directions on code smells may be revisited. Conclusion: We
found evidence that social representations theory allows identify-
ing research gaps and opportunities by looking beyond the borders
of formal knowledge and individual opinions. Therefore, this theory
can be considered an important resource for conducting qualitative
studies in software engineering.
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1 INTRODUCTION

For the past two decades, software engineering researchers have
been adopting qualitative research to study several topics [8]. Quali-
tative research aimed at exploring the overall context to understand
a phenomenon, a situation or an event [33]. Case study [32], fo-
cus group [16], grounded theory [1], and action research [7] are
examples of qualitative methods emerged from social sciences and
used in software engineering research. In general, these methods
help to study the complexities of human behavior, a key issue in
software engineering [8]. However, the aforementioned methods do
not enable structuring the common sense of communities, i.e., the
system of beliefs, values, and behaviors in a particular community.

Social representations emerge from common sense, influenc-
ing how individuals in this community will behave and communi-
cate [23]. Consequently, investigating social representations can
be useful to identify opportunities for improving the practices sur-
rounding the social object investigated. The theory of social repre-
sentations have been used to investigate several social objects in
different fields [12], such as education [22, 30] and health [14, 21].

The social representations theory aims at understanding how a
certain community elaborates a social object. Among others, a social
object may be any task performed by the members of this commu-
nity. Considering the sociotechnical nature of software engineering,
we can identify several social objects in the field. Examples of social
objects in Software Engineering range from developers’ tasks such
as code reviews and requirements elicitation to specific methods
and techniques, such as object-oriented design and refactoring.

In this paper, we explore the use of the social representation
theory in the context of code smells identification. Code smells are
symptoms of poor design observed in the low-level structure of a
software system [2, 15, 29]. A code smell typically affects a code
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element, such as a class or a method [36]. The code smell incidence
hampers the readability and maintainability of the source code.

We use the term identification to distinguish the manual ver-
ification of code smells from their automated detection [28]. In
other words, a code smell may be detected by a tool, but it may be
identified or discarded by a reviewer. Moreover, automatic smell
detection usually leads to several false negatives, which need to be
manually identified by reviewers. In this sense, different studies
investigated how smell identification is influenced by human as-
pects [4], such as the knowledge and the professional background
of the reviewer [6, 28, 38]. Besides the importance of investigating
these aspects, we claim it is also important to investigate the beliefs,
values, and behaviors shared by the members of particular software
engineering communities such as the academia and the industry.

For instance, let us consider a team of developers sharing the fol-
lowing belief [5]: smell detection tools are useless due to the waste
of time and potential rework resulting from their massive amount of
false warnings. Thus, this team has the behavior of discarding these
tools and remaining with the manual smell identification only. At
the same time, there is a research group sharing the belief that opti-
mizing smell detection rules is sufficient for improving the resulting
accuracy. For this group, an eventual overhead of false warnings
is a natural consequence of technological issues. These conflicting
beliefs and behaviors exemplify how identifying potential gaps
among the social representations can be useful. Not revealing these
gaps may hamper the transference of technology from academic to
industry circles, a prevailing challenge in software engineering.

We recently conducted a preliminary study [5] on the social
representations of smell identification. In this study, two local soft-
ware engineering communities composed the samples. One of this
communities was composed of post-graduation students. Another
community was composed of practitioners. The potential contri-
butions identified in the findings of this preliminary study led us
replicating the protocol over a more representative sample, in order
to perform more accurate analyses. For this propose, we resigni-
fied the scope of each community to cover a higher ethnographic
diversity. We enlarged our sample to include students and practi-
tioners located in four different regions of Brazil. As a result, we
surveyed 27 postgraduation students and 23 practitioners from
different Brazilian institutions.

The results of our study led us to identify more clear differences
between the social representations of post-graduation students and
practitioners regarding smell identification. For instance, we found
that only the community of practitioners strongly associates smell
identification with structural smells and bugs. Moreover, only the
practitioners frequently associate smell identification to seman-
tic smells and bugs. On the other hand, research-driven students
strongly associate smell identification with measurable smells, i.e.,
those smells typically detected with specific metrics and thresholds.

The replication of the preliminary study also led us to identify
clear similarities among the social representations of the commu-
nities. Both students and practitioners do not seem to disassociate
smell identification from refactoring and the identification of design
problems. They seem to see these tasks as a single intertwined task
in practice. These findings seem to be misaligned with recurring
characteristics of smell detection tools [9].
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This paper reports our investigation on the social representa-
tion of code smells identification by students and practitioners.
Despite the existence of key challenges for effectively applying
the theory of social representations in the field [5], our experience
conducting this investigation suggests that the social representa-
tions theory may be an useful tool to support qualitative studies in
software engineering. The remainder of this paper is organized as
follows. Section 2 presents the Theory of Social Representations.
Section 3 describes our study settings. Section 4 characterizes each
community investigated. Section 5 presents social representation
analysis. Section 6 discusses threats to validity. Section 7 present
an overview of the related work. Finally, Section 8 concludes the
paper and suggests future work.

2 THE THEORY OF SOCIAL
REPRESENTATIONS

At the beginning of the 20th century, the sociologist Emelie Durkheim
have presented the theory of collective representations. For her,
the human being is a sociable being due to group living. This way
of living let individuals learning habits, customs and reproducing
myths. For Durkheim, collective representations are constructed
by a wide range of knowledge acquired and reproduced in society,
unconsciously. Some decades after, the social psychologist Serge
Moscovici develops the theory of social representations influenced
by Durkheim’s theory. Moscovici affirms that collective represen-
tations do not contemplate contemporary individuality, once the
current social phenomena are much more related to the daily life of
the individual. Thus, the theory of social representations considers
the individual as part of the construction of representations. It aims
to explain the humans’ phenomena from a collective perspective
without losing sight of the individuality.

Social representations mean the collective elaboration of a social
object by a particular community for behaving and communicat-
ing [23]. A social object corresponds to an object socialized by two
or more individuals from a group. It can be, for instance, a software
engineering task such as the identification code smells. Social rep-
resentation emerges from common sense. They comprise a system
of values, ideas, and practices with the purpose of behaving and
communicating. One of the goals of the social representations is to
establish an order that will enable the members of a community to
guide themselves in their material and social world. Another goal is
enabling the communication among the members of a community,
establishing a code for social exchanging and a code for naming
and classifying the different aspects of their world [23].

Howarth [12] argue that social representations is not a quiet
thing, embodying and defining the experience of reality. Different
social representations both extend and limit possibilities, being
converted continuously into a social reality while continuously
being reinterpreted. The social representations theory has been
used to support research in many fields, including health and ed-
ucation [14, 21, 25, 30, 31]. Moreover, characterizing social repre-
sentations of the same object by different communities may help
to identify commonalities and gaps between them, which can be
useful to enhance the communication among their members [5].
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The study of social representations in different fields is grounded
in analyzing free associations made by individuals from communi-
ties regarding the social objects investigated [14, 21, 25, 30, 31]. Free
association is a technique used in psychoanalysis and frequently
applied through individual semi-structured interviews [3]. In free
association tasks, individuals are asked to quote what first comes
to mind when they think about the social object investigated. The
question should be immediately answered, and the quotations pro-
vided should be noted the same way they were uttered, i.e., the
order they came to mind. Several associations with different fre-
quencies may emerge from the free association task. In this sense,
it is possible to identify and group terms with similar meanings in
the context of the study.

Therefore, it is important to note that working on free associa-
tion tasks is quite different from opinion gathering, obtained from
typical survey questions [34]. The characteristics of the free associ-
ation task stimulate subjects to do not censor their thoughts. On
the other hand, opinions are given by reflection regarding an issue,
which may be strongly influenced by formal knowledge, external
pressures, and moral codes.

3 STUDY SETTINGS

This section describes the settings of the study. Except by the pop-
ulation and sample, we made efforts to follow the same protocol
applied in [5]. Section 3.1 presents both goal and research ques-
tion. Section 3.2 describes the population and sample. Section 3.3
overviews our study instrumentation. Finally, Section 3.5 reports
execution of the study.

3.1 Goal and Research Question

Our study aims at characterizing the social representations of differ-
ent software engineering communities regarding the identification of
code smells. We aim to answer the following research question (RQ):

RQ. What are the social representations of the identification of code
smells by communities of postgraduate students and practitioners?

We opted by investigating postgraduate students once they: (i)
conduct state-of-the-art research on the topic, and (ii) are frequently
involved in conceiving and developing software engineering tools
and technologies, including those for supporting the identification
of code smells [9]. On the other hand, those tools are candidates,
at some point, to be eventually used by practitioners, i.e., software
engineering professionals playing different roles. Therefore, by an-
swering our RQ, we aim at identifying opportunities for conceiving
new technologies and improving current ones to better support the
identification of code smells in practical settings.

3.2 Population and Sample

The social representations theory is grounded in the common sense
emerged from particular communities or groups. The members of
a community share sociocultural aspects, having the opportunity
of exchanging knowledge at some level. A community may be, e.g.,
the employees of a particular organization or a specific type of
professional from a particular city or country. Thus, a member of a
community may not be able to directly and frequently interact with
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the other member. However, all of them are influenced by common
sense emerged from this community. Besides, it is important to
note that individuals may be members of one or more communities.

The investigation performed in local communities in the pre-
liminary study was an important step to identify the pertinence of
investigating country-wide communities. In this study, we aim at
listening to communities of research and practice of software engi-
neering located in Brazil. In total, 50 individuals had participated in
the study. These individuals represent a considerable ethnographic
diversity from the perspective of our study. They have different
levels of background and knowledge. Besides, they are located in dif-
ferent regions of Brazil. Figure 1 shows the geographic distribution
of the participants by region.

Figure 1: Distribution of the study participants among the
regions of Brazil

The research community is represented by postgraduate students.
They are Master and Doctoral students from the Department of
Informatics of three Brazilian universities. Each university is located
in a different region of the country. All 27 subjects that represent
this community investigate topics in software engineering. Among
others, these topics include software maintenance ones, such code
smells and design problems.

The population of practitioners is composed of software devel-
opers actively working in the Brazilian industry. We obtained a
sample of 24 practitioners from four Brazilian software companies
located in different regions of the country. Two of these companies
deliver software solutions to the Brazilian government, typically
web applications. A third one is a large-scale company from the
automotive sector, having more than 1,000 employees. This com-
pany owns the development of several IT solutions for supporting
their processes, including vehicle assembling. A fourth company
is a software startup having predominately private clients. This
company typically delivers web and mobile applications.
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3.3 Instrumentation

We designed a questionnaire with two categories of questions, in-
tended to gather quantitative and qualitative data from the subjects.
The first category comprises questions for gathering subjects’ back-
ground and specific opinions. The second category consists of ques-
tions for supporting the free association task [3] and, therefore, our
analyses of the social representations (RQ). The former category
will help us to characterize the communities investigated. Their
questions will also support our broader investigation of human
aspects affecting smell identification (Section 3.1).

Table 1 presents the questions (translated from Portuguese) in
their respective blocks. The first category of questions is part of the
B1, By, B4 and Bs blocks, while the free association questions are
grouped in the B3 block. We intentionally organized and grouped
the questions to avoid biasing participants’ responses along the
free association task. Each block of questions was presented to the
subject only after answering the previous one.

After identifying the familiarity of the respondent with the term
code smells (B), the participants should perform the free association
task (B3). In this task, we asked to list at least five words that
immediately come to mind when thinking about the identification
of code smells, following the sequence in which the words are
evoked. Only after performing this task we asked about the opinion
(B4) and knowledge (Bs) regarding the social object of study, i.e.,
the identification of code smells.

We designed the questionnaire to be applied in a controlled envi-
ronment, without access to external sources. At least one researcher
should supervise this environment, assuring the subjects comply
with the requirements to the proper realization of the free associa-
tion task. For instance, the subjects should be also instructed and
monitored to answer the free association task immediately. Before
the subjects started filling out the questionnaire, they were enforced
to follow the sequence of questions and not change their previous
answers. The study was carried out on five different executions
from June 2017 to March 2018. The environments were controlled
as planned in all executions. Besides, the researchers identified that
all subjects followed the instructions.

Table 1: Questionnaire Items

Block Question
Q1. What is your highest academic degree in computer science or related fields?
() Graduate degree () Master degree () Doctorate degree

By
Q2. Are you currently working in the industry? If so, what is your current role?

Q3. In the following lines, briefly summarize your experience with software develop-
ment.

Q4. Are you familiar with the term code smells? () Yes () No

Q5. For you, what is a code smell?

Q6. What immediately comes to mind when you think about the identification

B3 of code smells? Please provide up to five words in the order they came to your mind.

Q7. Considering the words you have mentioned, which one do you consider the most
relevant to express your opinion on the task of identifying code smells?

Q8. On the following statement: “Identifying and removing code smells are essential
tasks for understanding the source code,” you:

() Totally disagree ( ) Partially disagree () Partially agree () Totally agree

By

Q9. On the following statement: “Identifying and removing code smells are essential
tasks for promoting the structural quality of the source code,” you:
() Totally disagree () Partially disagree () Partially agree () Totally agree

Q10. Please provide all types of code smell that you remember how to identify. If you
Bs do not remember the name of the type of code smell, you may describe the general
situation associated with it.
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3.4 Data Analysis

From the associations defined by the students and practitioners, we
evaluate the frequency and the average orders of evocation (AOE)
related to each association. We calculate the frequency by counting
how many times the association was quoted in the community. AOE
is the sum of the positions in which each respondent had quoted an
association divided by the frequency of the association. The lower
AOE of an association is, more promptly the community is to asso-
ciate the social object investigated to the corresponding term and
vice-versa. For instance, suppose that three participants quoted the
term complex in a certain free association task. However, two par-
ticipants quoted it in the first place, and a third participant quoted
it in the fourth place. Therefore, the frequency of the association
complex will be 3, and its AOE is 2 ((1 + 1 + 4)/3).

The strength of each association indicates in which extent it is
more or less relevant to the social representations of a community.
It is measured through the four quadrant analysis [3]. For identi-
fying in which quadrant each association should be included, the
following thresholds are calculated: (i) the mean frequency of the
associations, and (ii) the ratio between the sum of the AOE and
the sum of the frequencies of the associations. Figure 2 shows the
distribution of the four quadrants and the importance of each one to
social representation. The strongest quadrant is the central system,
composed by the core elements, i.e., the associations which were
more frequently and more promptly evoked.

Mean of Weighted Average Orders of Evocation

First periphery

AOE equal to or above average

Elements of the central system

AOE lower than average
(greater importance) (minor importance)
Most frequent terms Most frequent terms

mean frequency
of evoked words

Second periphery

AOQE equal to or above average
(minor importance)

Contrast zone
AOE lower than average
(greater importance)

Less frequent terms Less frequent terms

Figure 2: Structure of the four-quadrant analysis

3.5 Executions

The study was conducted in two major periods of executions. The
first one was conducted from June 2017 to March 2018, involving the
participation of 30 individuals. The second period was conducted
from March 2019 to April 2019. In this period, we count with the
participation of more 20 individuals.

We made effort to apply the questionnaire in the subjects’ en-
vironments. The students answered the questionnaire in the their
classrooms or in their research laboratories. The practitioners an-
swered the questionnaire at their respective companies. The envi-
ronments were controlled as planned in both cases. Therefore, the
study involved five researchers spread in the country. All of them
certified that all 50 subjects followed the instructions for answering
the questionnaire. The questionnaire was applied in Portuguese.
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4 CHARACTERIZATION OF THE
COMMUNITIES

We aim at characterizing the social representations of the iden-
tification of code smells by two different communities: Brazilian
postgraduate students and Brazilian software engineering practi-
tioners. We opted by studying Brazilian communities due to the
observed interest of different Brazilian research groups in this topic.
They have been publishing studies regarding code smells in dif-
ferent forums, including national (e.g., SBES and SBCARS) and
international conferences (e.g., ICSE and ESEM). For this purpose,
we made efforts to recruiting samples that would reflect the diver-
sity of the communities investigated. In this sense, it is important to
characterize the communities investigated for identifying in which
extent members from these communities have commonalities and
differences. This characterization will be useful to understand the
different contexts in which the social representations emerge.

In this section, we characterize both communities by using the
personal background and opinions given by the respondents (see
Table 1). The results of the free association task are used in Section 5
to perform the Social Representation analysis. We characterize both
communities as follows.

4.1 Academic and Professional Background

Both communities are composed of individuals sharing a similar
distribution of higher academic degree. Most of the participants
hold bachelor’s degrees or similar degrees, whereas the rest hold
master’s degrees except by two practitioners. Although experienced
in software development, these subjects did not have a bachelor
degree in the field. Therefore, the main difference among the com-
munities is that students are involved in a Master or a Doctoral
program. Besides, a third of the students are conducting investiga-
tions related to code smells. These investigations include research
topics addressing the detection of code smells, the identification of
design problems and refactoring.

The majority of the individuals from both communities declared
previous experience with software development (96%). In both com-
munities, the experience varies a lot, ranging from a few academic
projects until several projects in the industry. Particularly, we ob-
served that a considerable part of the post-graduation students also
works in the software industry. We also found a similar distribution
of experience in conducting code reviews among both communities.

4.2 Definition of code smells

Most of the students (85.15%) declared familiarity with the term
“code smell”. On the other hand, only 56.22% of practitioners de-
clared familiarity with this term. Despite that, most of the subjects
who were not familiar with code smells provided valid definitions
of the term. All students and great most of the practitioners (83.33%)
provided definitions of the term “code smell” somehow compatible
with the definition available in the technical literature [2, 15, 29].
Most of the students pointed out the negative consequences of
the incidence of smells in the source code (59.26%). More specifi-
cally, they referred to possible structural problems and their impact
on the software quality and its maintenance. For instance, one stu-
dent reported that code smells are “(...) characteristics identified in
the code that may represent or generate a maintenance problem”,
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whereas another student defined code smell as “(...) a symptom of
a problem in the source code”. Two other students related their
definitions to bad programming practices, providing examples of
code smells. For instance, one of them provided “(...) a class with
too many attributions” as an example.

As the students, most of the practitioners that provided valid
answers quoted negative consequences of code smells (65%) in their
definitions. These consequences include, e.g., the impact of code
smells in the source code quality. However, they also frequently
mentioned concerns with the understanding of the source code
(4), which were not quoted among the students. For instance, one
practitioner defined code smells as “(...) an implementation prob-
lem which hampers the reading and the analysis of certain code
snippets”. Moreover, about a half of the practitioners (45%) also
mentioned root causes of code smells, i.e., the incidence of bad
programming practices and anti-patterns. For instance, another
practitioner defined code smells as “(...) some extraneous code snip-
pet that does not follow the design patterns that should be used”.

4.3 Relevance of code smell identification and
removal

Figure 3 summarizes the perception of students and practitioners
regarding the relevance of identifying and removing code smells to
promote the structural quality of the source code. In general, we
observe that the students and practitioners tend to agree that iden-
tifying and removing code smells is a matter of structural quality.
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Figure 3: Perception about identifying and removing code
smells to promote the structural quality of the source code

Figure 4 summarizes the perception of students and practition-
ers on the relevance of identifying and removing code smells for
understanding the source code. We found that the vast majority
of the members from both communities agree that identifying and
removing smells promotes the understanding of the source code.
Therefore, the results indicate an overall perception that it is worth-
while to identify and remove code smells. This perception addresses
the characteristics of code smells observed in the technical liter-
ature [2, 15, 29]. However, the distributions of agreement levels
also indicate that attributing a protagonist role to the identification
and removal of code smells is questionable. Due to the small size of
some distributions, the chi-square test could not be applied.
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Figure 4: Perception about identifying and removing code
smells to promote the understanding of the source code

4.4 Knowledge of code smell types

We also asked the subjects which code smell types they remember
how to identify. The respondents are allowed to describe the actual
smelly structure even if they did not remember the formal name
associated with the type representing that smelly structure. We care-
fully associated each descriptive answer to the definitions available
in the catalogs [11, 17]. Then we classified the code smells by the
predominant scope on which they apply — measurable, structural
or semantic — adapting the classification proposed in [19]

Measurable smells have their detection based on measures of
internal attributes of the program elements. Structural smells are
based on the structural properties and relationships that define
the program elements. Semantic smells concern the semantic prob-
lems associated with program elements, which includes, among
others, the proper naming of code elements according to the require-
ments specifications or other terms of the system vocabulary. We
also classified each code smell type by granularity — inter-class or
intra-class. Intra-class smells are anomalous code structures which
affect a particular class of the system. Inter-class smells are those
which affect multiple classes together [5]. Finally, we calculated
the frequency of each type of code smell by each community and
analyzed the distributions using quartiles [20]. Table 2 presents the
most frequent types of code smell mentioned by students.

Table 2: Code smell types mentioned by students

Code smell types Granularity Scope Frequency
God Class Inter-class Measurable 15
Long Method Intra-class Measurable 13
Feature Envy Inter-class Measurable 6
Duplicated Code Inter-class Structural 6
Refused Bequest Inter-class Measurable 5
Long Parameter List Intra-class Measurable 4
Lazy Class Inter-class Structural 3
Switch Statement Intra-class Structural 3
Speculative Generality Intra-class Structural 2
Shotgun Surgery Inter-class Structural 2
Comments Intra-class Semantic 2
Data Clumps Intra-class Semantic 2

The most frequent code smell types mentioned by students (third
quartile) are measurable smells: God Class (15), Long Method (13),
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Feature Envy (6), Duplicated Code (6), Refused Bequest (6), and Long
Parameter List (4). Only these six types of code smells represent
more than 60% of all the mentions. On the other hand, the knowl-
edge about the identification of structural smells is less frequent,
except by Duplicated Code, a type of code smell which detection
is frequently automated. Regarding semantic smells, only Com-
ments and Data Clumps were mentioned. Moreover, we can observe
that there is a balanced distribution of mentions to intra-class and
inter-class smells.

Table 3 presents the most frequent types of code smell mentioned
by practitioners. By considering the third quartile, the most fre-
quent types of code smell mentioned by practitioners were: Feature
Envy (6), God Class (6), Switch Statement (5), Long Method (4), and
Duplicated Code (3), i.e., the same measurable smells mentioned by
the students. They represent 59% of the total amount of mentions.
Thus, practitioners also reported less frequent knowledge about the
identification of structural smells than measurable ones. Besides,
no semantic smell was mentioned. Moreover, we can observe more
mentions of inter-class smells than intra-class ones.

Table 3: Code smell types mentioned by practitioners

Code smell types Granularity Scope Frequency
Feature Envy Inter-class Measurable 6
God Class Inter-class Measurable 6
Switch Statement Intra-class Structural 5
Long Method Intra-class Measurable 4
Duplicated Code Inter-class Structural 3
Dispersed Coupling Inter-class Measurable 2
Intensive Coupling Inter-class Measurable 2
Shotgun Surgery Inter-class Structural 2
Lazy Class Inter-class Structural 2
Middle Man Inter-class Structural 2

4.5 Discussion

Our results indicate that the community of students and the com-
munity of practitioners are not too different from a perspective of
specific knowledge and professional experience. Most of the mem-
bers from both communities are aware of code smells and their
consequences for the source code. They also share positive opinions
regarding the benefits of smell identification and removal. Besides,
the knowledge of both students and practitioners about code smell
types is concentrated in measurable ones.

We emphasize that the investigated communities are dynamic,
being continuously changed. Such dynamism includes the exchang-
ing among its members. Former students may shift to industry, as
well as experienced professionals may shift to academia. However,
each community has its own world that will influence its members.
For instance, even new postgraduate students are stimulated to see
software engineering practice from a researcher perspective. Conse-
quently, these individuals begin sharing new beliefs and values that
will influence their behavior. Therefore, despite of the similarities
found in the individual characteristics, we emphasize that each
community has its collective background, from which emerges the
social representations discussed in the next section.
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5 SOCIAL REPRESENTATIONS OF THE
IDENTIFICATION OF CODE SMELLS

This section describes and discusses the analysis of the social repre-
sentations of smell identification by each community investigated.
The communities of students and practitioners, both characterized
in Section 4. For this purpose, the participants of the study per-
formed a free association task (see Section 3.3). In this task, each
subject should answer the following question: What comes to mind
when you think about the identification of code smells?.

Three researchers performed separated analyses of the terms
evoked by the members of each community. The goal of these
analyses was identifying and clustering similar terms into a single
association. Thus, the researchers eventually used the respondents’
answers to the other items of the questionnaire, such the explana-
tion regarding the more relevant association (see Section 3.3). This
verification aims to reach the actual meaning of the terms quoted. In
cases of doubt regarding the meaning of a term, the association was
not grouped. After concluding the grouping activity, one researcher
composed the final set of associations for each community. Then,
the final sets of associations were submitted to the four-quadrant
analysis, following the methodology presented in Section 3.4.

Table 4 exemplifies how the groupings were performed. It presents
the set of terms clustered for depicting the design problem associa-
tion in each community. One can see that practitioners and students
evoked a different set of terms. However, it was verified that each
term was evoked addressing a similar meaning. The researchers
also grouped the different types of code smells quoted based in
types of properties on which they apply (see Section 4).

Table 4: Example of terms clustered into a single association

Students Practitioners Association
fixing the problem (1) refactoring (5)
solving the problem (1) removing smells

refactoring (8) rewrite the code (1)

anti-pattern (1)

design problem (1)
structural problem (1)
bad structured code (2)

design problems (1)

fail on following a pattern (1)
jerry-rig (gambiarra)(1)
problems (1)

design problem

5.1 Students

Most of the 27 students made five quotes, resulting in 105 associa-
tions, including repetitions. After performing analyses, we consoli-
dated a set of 40 distinct associations. From these, 22 associations
were quoted only once. Therefore, they were excluded from further
analysis. Table 5 presents the four-quadrant analysis, distributing
the associations - translated from the Portuguese — by frequency
and the average order of evocation (AOE). In this community, the
associations with the frequency equal or higher than 5 and with
AOE lower than 2.80 composed the central system.

We can depict some interesting findings from Table 5. The central
system (top-left quadrant) reveals that the community of students
promptly associates the smell identification to removing smells and
to the incidence of design problems. This community also has a
strong belief that smell identification is a matter of inspection, rec-
ognizing the need for further manual analysis once smell suspects
are automatically detected.
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Table 5: Four-quadrant analysis of the social representations
of smell identification by students

Central system First periphery
r s AOE < 2.80 - s AOE > 2.80
e 7= Frequency AOE e 7= Frequency AOE
Removing smells 10 2.40 Design 8 3.75
Measurable smells 10 2.10 Source code 6 3.33
Inspection 8 1.38 Structural smells 7 3.14
Design problem 5 2.20 Anomaly 4 3.00
Contrast zone Second periphery
Frequency < 5 ___ACE<280 | Frequency < 5 ___AOE>280
Frequency AOE Frequency AOE
Bug 4 2.25 Problem 3 3.00
Detection 4 2.25 Quality 3 4.00
Individual Skills 4 1.50 Maintenance 3.00
Strategy 2 1.50 Cohesion 3.50

4.50
3.00

Reuse
Context knowledge

[N

The associations made by the students included the evocation
of several types of code smells. We observe that students promptly
associate the smell identification with measurable smells. The de-
tection of these smells is typically supported by a combination of
metrics and their thresholds. In this sense, detection is an low fre-
quent association but also relevant (third quadrant). This term com-
prises formal rules and automated support to detect different smell
types. On the other hand, the association with structural smells is
also frequent but less relevant (top-right quadrant). This finding
suggests that the community of students believe that identifying
code smells is more about measuring code rather than identifying
design violations. Besides, no association with semantic smells was
made by students.

In general, the associations made by the students are predomi-
nantly technical and partially reflects the concern of the research
community in automating the process of smell identification. The
detection of measurable smells is largely supported by existing solu-
tions despite prevailing issues with precision and recall. Curiously,
different from the solutions available, postgraduate students seem
to think of smell identification and its removal as intermingled
tasks that require inspections, i.e., manual analysis. However, this
concern with inspections may not be extended to the identification
of semantic issues.

5.2 Practitioners

Most of the 23 practitioners quoted five terms, resulting in 80 associ-
ations, including repetitions. After analyses, we consolidated a final
set composed of 24 distinct associations. From these, eight associa-
tions were quoted only once. Therefore, they were excluded from
the analysis of social representations. Table 6 presents the analysis
of the four quadrants for the practitioners’ community. Associa-
tions with the frequency equal or higher than 4 and with AOE lower
than 2.55 compose the central system of the social representations.

The central system (top-left quadrant) reveals that the commu-
nity of practitioners frequently and promptly associate the identifi-
cation of code smells with the practice of removing. This community
also share a strong belief that the prevalence of code smells is asso-
ciated with the incidence of design problems and even bugs. The
relationship between code smells, and design problems have been
largely discussed in the technical literature. Although bug is a buz-
zword used in software engineering research and practice with
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Table 6: Four-quadrant analysis of the social representations
of smell identification by practitioners

Central system First periphery
- o1 AOE <2.55 r -1 AOE>2.55
e 7= Frequency  AOE e 7= Frequency  AOE
Removing smells 6 2.33 Inspection 12 2.58
Structural smells 5 2.00 Individual skills 8 2.88
Bugs 6 2.50 Semantics 5 2.60
Design problem 4 1.50 Code complexity 4 3.75
Contrast zone Second periphery
= AOE<2.55 AOE>2.55
e y<4 Frequency AOE Frequency <4 Frequency AOE
Source code 3 2.33 Design 2 3.00
Measurable smells 3 1.00 Performance problems 2 3.50
Detection 3 2.00 Problems 2 5.00
Maintenance 2 2.50
Testing 2 2.50

several meanings [26, 27, 39], we found that the references to bug
made by practitioners addresses problems in the execution of the
source code and semantic issues. Therefore, we may interpret that
practitioners believe that code smells would hamper maintenance
activities by contributing to the incidence of bugs [10].

Regarding the types of code smells, we found that practitioners
promptly associate the smell identification with structural smells.
Besides, they often associate the smell identification to semantic
issues (second quadrant). Although semantic smells are not fre-
quently cataloged or supported by detection tools, the identification
of semantic problems in the source code is typically supported by
code inspections. On the other hand, measurable smells is a less
frequent association. These results indicate that the community
of practitioners share a belief that smell identification is a matter
of understanding the source code and its design rather than de-
tecting issues in metrics. Consequently, it indicates the concern
of this community on avoiding or prioritizing fixes for smells that
indicate relevant, major design problems rather than tiny code
smells affecting only a program statement or the inner body of a
design-irrelevant method.

The set of associations presented in the second quadrant strengths
the aforementioned findings. The associations in this quadrant
somehow address the human capacity of analyzing the code: inspec-
tions, individual skills, semantics, and code complexity. Moreover,
one can see that the inspections and semantics have AOEs pretty
close to the maximum AOE accepted in the first quadrant (2.55). Re-
garding the individual skills, the practitioners evoked non-technical
ones such as patience and attention. These associations indicate
that the community of practitioners believe that it is worthwhile to
perform an accurate analysis for identifying code smells.

5.3 Discussion

In Section 4, we found that practitioners and students have similar
technical knowledge and opinions about code smells and its iden-
tifications. However, the results of social representations analysis
revealed that these communities have more differences than sim-
ilarities in their associations. In a big picture, both communities
have the belief that code smells deserves to be properly identified
and removed, mitigating the incidence of design problems. Even
removing a single code smell may be a costly activity, affecting sev-
eral code elements. Moreover, it also brings the risk of rework due
to the incidence of false positives. The unnecessary maintenance
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of the source code also increases the risk of introducing other code
smells and even bugs. However, they diverge on the emphasis that
should be given on performing the task.

The community of students strongly associates the smell identi-
fication with measurable smells, for which detection is grounded in
metrics and thresholds largely applied in detection tools [24, 35, 37].
This association is compatible with the formal knowledge of code
smells reported by students (see Section 4). On the other hand, the
community of practitioners shows a high association with struc-
tural smells, for which detection rules are more grounded in expert
judgment than metrics. Besides, only practitioners associate the
smell identification with semantic smells, although they do not have
showed formal knowledge about them (see Section 4). Interestingly,
we note that the current catalogs and tools available for supporting
the identification of code smells barely address semantic ones.

Therefore, the social representations indicate the need for re-
thinking certain directions on developing technologies for sup-
porting the smell identification. For instance, let us consider the
complexity involved in identifying semantic smells. The mere ver-
ification of a single method name requires checking not only its
correctness and compliance with the system vocabulary but also if
other classes are using the same name with different purposes (con-
sistency). Besides, it should be verified whether the method name
does not lead to ambiguous interpretations, i.e., the lack of mean-
ingful names that correspond to the real behavior of the method. In
this sense, one possible alternative for overcoming this challenge
may be investing research efforts on guiding the code reviews
performed by practitioners through recommendation systems. Rec-
ommendation systems may also provide customized guidelines for
supporting the decision of the developers on fixing semantic smells.
Such guidelines may include the support to impact analysis of the
different decisions that could be taken.

Despite the difference of the communities investigated, we can
perform some comparison among the social representations of com-
munities of research and practice from this study and the prelimi-
nary study [5]. If we compare the local industry/academia (previous
study) with the Brazilian industry/academia (this study), their four-
quadrant analyses resulted in considerable differences. For instance,
in the Brazilian community of practitioners, bug is a strong associa-
tion, while in the local community of practitioners is not. Similarly,
design problem and removing smells are strong associations among
Brazilian students, which was not observed among the local com-
munity of students surveyed in the previous study. Besides, the
replication presented in this paper resulted in higher mean fre-
quencies and several new associations. Therefore, it was possible
to identify more accurately the strongness of the associations.

The findings of this study indicate that investigating social rep-
resentations is a useful resource to expand the possibilities of per-
forming qualitative research in the field. Especially in the case of
practitioners, one can see that gathering technical answers and
opinions was not sufficient to identify the collective beliefs and
values shared by the community. On the other hand, the free asso-
ciation tasks allowed individuals to expose actual concerns that go
beyond the boundary of formal definitions of the research topic.
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6 THREATS TO VALIDITY

We recruited postgraduate students to represent the Brazilian aca-
demic community, which may be considered a threat. However, our
experience in interacting with different research groups suggest
that investigations on technologies for supporting the identification
of code smells are typically conducted in the context of Master and
Doctoral Theses.

We made efforts to involve as much as possible all Brazilian re-
search groups deeply investigating code smells. Unfortunately, we
could not find research groups located in the North of Brazil con-
centrating their investigation on code smells. Thus, it also affected
the composition of the sample of practitioners, once the researchers
were only able to recruit practitioners located in their respective
regions.

The nature of the free association task requires a level of control
that hampers reaching large samples such as in opinion surveys.
In this sense, it was needed to train several researchers to run the
study in loco with students from different universities spread in
the country. Even though the sample sizes of each community is
relatively small, it is important to note that they are composed of
individuals considerably diverse in background and experience, as
presented in Section 4.

In free association tasks, subjects should provide their quotations
immediately, avoiding the bias of elaborating opinions and formal
knowledge. For this propose, interviews are typically conducted.
We opted by applying a questionnaire due to the opportunity of
controlling in person the answering to each item, including the
free association task. In this way, we observed that the subjects
followed all instructions provided by the researchers 3.3. Besides,
our option by questionnaire was also motivated by time constraints
in industrial settings.

7 RELATED WORK

In this paper, we applied the social representation theory to charac-
terize the beliefs, behaviours, and practices regarding the identifica-
tion of code smells. The study presented in [5] is the only previous
work we find investigating the social representations of a software
engineering activity. This preliminary study, published in a work-
shop, involved 13 software developers working in a particular city
and 17 students from a post-graduation course.

In this study, each subject was quoted to answer what immedi-
ately comes to his/her mind when thinking about smell identifi-
cation. The authors found that both communities share a similar
knowledge of code smells and similar opinions regarding the rel-
evance of identifying and removing code smells. However, after
analyzing the associations, the authors found considerable differ-
ences between the social representations of the communities. How-
ever, due to the small sample sizes and the low frequency of the
associations, the discussion of the findings were restricted to first
impressions.

An important contribution of [5] resides on discussing five lessons
learnt by the authors on applying the social representations theory
in software engineering. These lessons address challenges such
as the diffuse terminology of the field and the predominance of
technical associations. Therefore, this work can be considered a use-
ful reference to perform investigations of social representations of
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social objects from software engineering. As presented in Section 2,
the social representations from a collective emerge from three differ-
ent spheres of pertinence: the intersubjective, the trans-subjective
and the (individual) subjective sphere. In this sense, the individual
subjectivity of the identification of code smells has been investi-
gated in previous work. These investigations are predominantly
grounded in controlled experiments and surveys.

A recent study [13] investigated the level of agreement of several
software developers regarding the incidence of different code smells.
For this propose, 40 developers were divided into four groups. All
participants from each group analyzed the possible incidence of
code smells in 15 different code snippets. In most cases, the level of
agreement found was significantly low. Moreover, different argu-
ments were provided by the subjects to take the same decision. The
authors concluded that developers tend to have different percep-
tions about the incidence of code smells. Yamashita and Moonen
[38] conducted an exploratory survey with developers from dif-
ferent countries regarding code smells. By listening to developers
with different demographic characteristics, they found different
interpretations of code smell and different perceptions about the
impact of code smells to the software design and its overall quality.

Méntyld et al. [18] investigated the effect of demographics on the
evaluation of code smells previously detected in software modules
of a Finnish software company. They found initial evidence that
the conflicting perceptions about the incidence of code smells were
associated with the professional experience and the professional
role of the reviewers. Palomba et al. [29] investigated the devel-
opers’ perception of poor design and implementation choices by
investigating developers with previous experience in the software
modules and outsiders. The researchers concluded that developer’s
experience and the previous knowledge of the modules to be re-
viewed influences their perceptions.

More recently, we conducted empirical studies to observe the
influence of three human factors in the precision of the code smell
identification: the professional background; the module knowledge;
and the conduction of single or pair reviews [6, 28]. The executions
of the study were conducted in industrial settings, having software
professionals as subjects and real software projects as objects of
study. We found evidence that setting and combining these factors
may influence the precision of the identification tasks.

8 CONCLUSION AND FUTURE WORK

In the last decades, software engineering research had been bene-
fited from the adoption of different qualitative research methods.
The social representations theory proposes a new perspective on
doing qualitative research, grounded in common sense. It comprises
the system of beliefs, behaviours, and attitudes of communities re-
garding social objects, such as software engineering tasks. In this
way, investigating social representations is a useful tool to guide
the research agenda, identifying opportunities for bridging the gap
between research and practice.

In this paper, we conducted a preliminary study using the social
representations theory for investigating the identification of code
smells from the perspective of two communities located in Brazil:
post-graduation students and software engineering practitioners.
We found the communities have different social representations
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of the task, although they share similar knowledge of code smells
and opinions regarding the task. Among others, the findings of the
presented study may be used in the development of more effective
technologies for supporting the identification of code smells. In
this way, we intend to refine the current findings by increasing
the representativeness of the samples, which includes cover all the
regions of the country. In a second step, we intend to replicate the
study in other countries.

Different from the observed in fields such as health and edu-
cation, we observed that the social representations address more
technical attributes than qualitative ones. At the same time, the
diffuse terminology in the field demands a rigorous analysis for
understanding the context of the associations made by the subjects.
We also observed in practice the need for rigorously conducting the
free association task. Based on these lessons, we intend to evolve the
planning and execution of future investigations of social represen-
tations of other software engineering activities highly influenced
by human aspects. We also plan to use the experience gathered in
this study to investigate the social representations of other software
engineering activities highly influenced by human aspects.
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