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ABSTRACT

Background: Technical debt (TD) has been an important focus of
attention in recent years by the scientific community and the soft-
ware industry. TD is a concept for expressing the lack of internal
software quality that directly affects its capacity to evolve. Some
studies have focused on the TD industry perspective. Aims: To char-
acterize how the software industry professionals in Uruguay under-
stand, perceive, and adopt technical debt management (TDM) activ-
ities. Method: To replicate a Brazilian survey with the Uruguayan
software industry and compare their findings. Results: From 259
respondents, many indicated any awareness of the TD concept due
to the faced difficult to realize how to associate such a concept with
actual software issues. Therefore, it is possible to observe a consid-
erable variability in the importance of TDM among the respondents.
However, a small part of the respondents declares to carry out TDM
activities in their organizations. A list of software technologies de-
clared as used by practitioners was produced and can be useful
to support TDM activities. Conclusions: The TD concept and its
management are not common yet in Uruguay. There are indications
of TD unawareness and difficulties in the conduction of some TDM
activities considered as very important by the practitioners. There
is a need for more effort aiming to disseminate the TD knowledge
and to provide software technologies to support the adoption of
TDM in Uruguay. It is likely other software engineering communi-
ties face similar issues. Therefore, further investigations in these
communities can be of interest.
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1 INTRODUCTION

The concept of technical debt (TD) has been widely used in the
software engineering community since its introduction by Ward
Cunningham in 1992 [7]. It represents a simple way to capture
and communicate typical software project issues: balancing the
short-term value against the internal software quality to support
the software product’s proper evolution.

Therefore, TD’s understanding and management from an indus-
trial perspective represent a valuable input to support software
organizations in reducing the risks involved in the accumulation of
TD and its improper management. Besides, it can reveal to software
engineering researchers the need for future investigations to bene-
fit the professional practice. Therefore, several studies conducted
in the industry have focused on observing the understanding and
perception of TD by practitioners, as well as the level of adoption
of TD activities and the tools used to their support ([18] [28] [26]
(31] [9] [15] [22]).

In 2017, some Brazilian researchers performed a survey to charac-
terize the TD and its management under the perspective of Brazilian
software organizations using their practitioners as proxies [8]. At
that moment, the results have shown that TD was still unknown
to a considerable fraction of the participants. Besides, only a small
group of organizations informed to adopt TD management (TDM)
in their projects. The results were reported as evidence briefings
and sent back to the industry, aiming improving TD awareness and
its importance when the Brazilian software industry is building
software products.
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Cultural development issues can jeopardize software building.
Therefore, understanding how the Uruguayan software practition-
ers perceive and manage TD is highly significant because the soft-
ware industry is the third-largest exporting sector in Uruguay. In
South America, Uruguay is the largest software exporter per capita,
and the third-largest worldwide, exporting software to 52 countries.
Improving the software evolution is highly relevant to its software
industry and the Uruguayan government.

Therefore, the IS.uy program! was created in 2019 to collabo-
rate with the Uruguayan software industry through evidence-based
software engineering research. The IS.uy program aims to promote
collaborative and applied software engineering research among
industry, government, and academia. The understanding and man-
agement of TD have an essential place in it. Within the framework
of the IS.uy program, the replication of the Brazilian survey on TD
intended to contribute to the improvement of software development
in Uruguay regarding the understanding of TD and its management
in the software projects.

The replicated survey supported the observation of different
issues regarding TD and its management. However, for the sake
of industrial interest, this paper offers just a selection of industry-
focused results and its corresponding challenges.

In general, it has been observed that there is no common un-
derstanding of TD among the Uruguayan software practitioners,
and there is a low level of TDM adoption. Some apparent contra-
dictions between the perceived TD importance and the declared
TDM activities adoption suggest that there is an actual difficulty in
the systematic conduction of TDM activities, mainly regarding the
measurement of TD.

The rest of this paper is structured as follows: section 2 provides
some background on TD and related studies; section 3 presents
the survey design and conduction; section 4 explains the survey
results regarding the research questions; section 5 offers the results
discussion, section 6 presents the limitations and threats to validity,
and section 7 presents the conclusions with the implications for
practitioners and researchers.

2 TECHNICAL DEBT BACKGROUND AND
RELATED STUDIES

The technical literature offers some definitions of TD, such as [25]
[19] [27]. However, a recent Dagstuhl Seminar of 2016 [2] defined
TD as "a collection of design or implementation constructs that are
expedient in the short term, but set up a technical context that can
make future changes more costly or impossible.” This study uses it as
"the TD definition".

Many studies have focused on presenting a consolidated state-of-
the-art on TD, synthesizing the evidence presented in the technical
literature. Some tertiary and secondary studies characterize TD
in the software life cycle [25] [29] [23] and its management [25]
[23] [11] [5] [4]. These studies define different types of TD from
different perspectives and regarding its occurrence, its influence,
the software artifact where it can be identified, and the phase or the
activity in the software life cycle where it was introduced. Despite
the valuable work these academic-based studies represent, the voice

ngenieria de Software del Uruguay, https://is.uy/
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of the software industry needs to be heard to contrast, validate,
strengthen, and extend such TD knowledge.

In this sense, some studies focus on the industrial perspective.
The practitioners’ perception of TD, its causes, impact, and occur-
rence in software projects has been investigated ([18] [28] [21]). For
instance, the InsighTD? project represents a family of surveys on
the perception, causes, and consequences of TD. Their surveying
strategy relies on continuous and independent replications of a
questionnaire in different countries (Brazil, Chile, Colombia, Costa
Rica, Finland, India, Italy, Norway, Saudi Arabia, Serbia, and the
United States). Some results were reported recently ([28] [24] [12]),
which supported the researchers to produce a list of causes and
effects organized in probabilistic cause-effect diagrams. These di-
agrams highlight the most contributing causes of TD, as well as
the most common effects resulting from the debt. Despite its po-
tential and coverage, the survey asks the participants about their
familiarity with the TD definition. However, it does not look for
the performed TDM activities (and which of them) and their corre-
sponding support technologies.

Other works focus on the industry perception about TDM ac-
tivities, strategies, and technologies supporting them ([31] [9] [15]
[22]). Yli-Huumo et al. present an exploratory case study in a large
software development organization regarding a framework of activ-
ities, practices/tools, stakeholders, and responsibilities of TDM [31].
Ernst et al. surveyed three large US organizations, followed by some
interviews to understand how software engineers deal with TD in
their software projects and about the used tools and techniques to
manage it [9]. Martini et al. combined empirical methods (surveys,
interviews, and case studies) to investigate the state of practice in
different software companies in order to understand how they start
tracking TD [22]. In another study, Komyakov et al. [16] undertook
an SLR to investigate the available techniques for evaluating TD
using automated tools.

In summary, several studies conducted in the industry have
focused on observing the understanding and perception of TD by
practitioners, as well as the level of adoption of TD activities and the
tools used to support them. However, to our knowledge, no study
focuses on the perspective of the Uruguayan software industry
on TD. Conducting replications of studies in different contexts is
very valuable in empirical software engineering [13] because they
contribute to provide new evidence and strengthen the software
engineering body of knowledge.

3 SURVEY DESIGN AND CONDUCTION

This study’s objective is to understand and characterize how the
software professionals in Uruguay understand, perceive, and man-
age TD, as well as the level of adoption of TDM technologies, using
the engaged practitioners as proxies. The research questions are:

e RQ1: Is there a consensus on the perception of TD among
software practitioners? The purpose of this question is to
determine whether the understanding of TD is homogeneous
among professionals. If so, this perception can be compared
with the academic perspective looking for common ground.

e RQ2: Do practitioners perceive TD in their software projects?
Before characterizing the TDM activities, it is essential to

http://www.td-survey.com/project-info/
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confirm that the software organizations (through their prac-

titioners) understand, i.e., observe the presence of TD in their

projects.

- RQ2.1: Do the companies manage TD? If TD is perceived,
it is essential to know whether companies manage it in
their software projects.

* RQ2.1.1: What TDM activities are most relevant to soft-
ware projects? The goal of this question is to identify
which TDM activities, among those proposed by Li et al.
[20], are more relevant or at least more often considered
during software projects.

% RQ2.1.2: Which technologies and strategies are adopted
for each TDM activity? For all eight TDM activities pro-
posed by Li et al. [20], which approaches and techniques
are used to their support.

The differences between this replication and the original [8] are
the following:

o All survey materials were translated from Portuguese to
Spanish.
o It adds a new question to characterize startup companies.

The survey is divided into fourteen sections: three sections to
characterize the participant, the organization, and the software
project; one part regards the TD perception; one section relates
to TDM in general, and eight sections are concerned with specific
TDM activities. The last section intends to collect information on
TDM activities not eventually listed by Li et al. [20] but used in
the participant’s software organization. The complete laboratory
package is available at https://doi.org/10.6084/m9.figshare.5923969.

A pilot trial was performed in January 2019 after reviewing all
the materials by the Brazilian and Uruguayan researchers. It in-
volved four software engineering researchers from IS.uy Program
with a strong relation with software industry. Next, the survey in-
vitation was distributed in February 2019 among personal contacts,
to the more than 500 software practitioners subscribed to the IS.uy
mailing list, social networks (Facebook, LinkedIn and Twitter), as
well as through IT associations (CUTI® and Uruguay XXI*). The
survey was conducted between February and March 2019. 397 par-
ticipants answered the survey. After discarding incomplete and
invalid responses, 259 valid responses were obtained.

4 RESULTS

The level of participation in the survey can be considered high. We
assume that it was due to the effort invested in the dissemination of
the study. The strong cooperation between industry and academy
in Uruguay and the multiple personal contacts in the industry that
the researchers have helped to strengthen this response rate. These
results will be object of discussion in Section 5.

4.1 Participants’ characterization

Out of the 259 valid answers, 57% of the participants work in compa-
nies with more than 100 employees. The participants’ activity areas
are quite diverse. Figure 1 shows that a large part is concentrated
in Information Technology followed by Financing.

3Camara Uruguaya de Tecnologias de la Informacion, https://www.cuti.org.uy/portada
4https://www.uruguayxxi.gub.uy/en/
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Figure 1: Participants’ organization - Activity areas

The majority (85%) of the respondents state to use agile or in-
cremental life cycles (62% and 23% respectively) in their software
projects (to develop or evolve software products), leaving 15% for
waterfall-type approaches, spiral and others (Figure 2).

SOFTWARE LIFECYCLE

23% .
§2% |

Agile @ Incremental @ Waterfa Other WSpira

Figure 2: Participants’ organization - Software lifecycle

Concerning the participants’ roles (more than one role could be
marked), 45% mentioned to play leadership roles, 41% informed to be
programmers or software developers, 19% act as software architects,
14% reported doing requirements analysis, and 21% declared to
perform other types of activities.

Thirty-three participants (13%) informed to work in startups.
An in-depth analysis of this survey results, considering only the
startup context is available in [1].

4.2 TD Awareness and TD Perception

Regarding the perception of TD, 109 respondents (42%) claimed to
be unaware of the TD concept. In contrast, the remaining 150 (58%)
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Table 1: TD perception - related issues

Issue % of par-
ticipants

Architectural problems (like modularity vio- 79%
lation)

Low internal quality aspects, such as main- 78%
tainability and reusability

"Shortcuts" taken during design 78%
Poorly written code that violates code rules 59%
Presence of known defects that were not corrected 47%
Code smells 44%

Trivial code quality issues, that do not violate code  42%
rules

(*)Low external quality aspects, such as usability 40%
and efficiency

(*)Planned, but not performed, or unfinished, tasks 24%

(*)Lack of support processes to the project activities 24%
(*)Defects 24%
(*)Required, but unimplemented features 22%

declared to understand the concept and related it to issues that best
match (from their point of view) to the TD metaphor. Table 1 shows
these issues sorted by the number of votes. According to the TD
definition [2], some of the problems (marked with *’ in Table 1)
presented in the survey do not relate to TD.

Although all the participants who indicated the TD issues re-
ported to be aware of the TD concept, there is no consensus about
which items are associated with this concept (no option achieved
100% of answers). However, more than 78% of the respondents
agreed that the concept of TD is associated with internal software
quality problems, architectural problems, and design shortcuts (in
adherence to the TD definition). Code smells were selected by less
than half of the participants (42%) who declared to be aware of the
TD concept. Code smells represent an excellent example of poor
internal software quality that negatively affects the maintenance
and evolution of software, and it is directly concerned with the TD
definition. Contradicting the TD definition, 40% of the respondents
associated it with external quality problems.

The degree of adherence to the TD definition relates to the re-
sponses of the participants. It is possible to observe that from the
150 (58%) participants who declared knowing the TD concept, only
two of them selected all the TD issues concerned with the TD def-
inition and did not select any of the issues that does not directly
relate to it.

From this same 58% of TD aware participants, 126 of them (48%
of all participants) perceived the occurrence of TD in their software
projects, and 83 (32% of all participants) of these 126 participants
stated that their organizations or their project managers have car-
ried out TDM activities in their projects (Figure 3).

4.3 TD Management

Taking into account the total number of participants (256), only
32% (83) declared to carry out TDM activities. We asked these
participants what TDM activities their organizations adopted and

Apa, et al.
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Figure 3: Summary of TD awareness, TD perception and TD
management responses

which roles are responsible for them. In turn, we also asked them
to rank the different TD activities according to the importance that
they should have in their organization, in their perspective.

Figure 4 shows the adoption (in %) of each TDM activity (blue
bar). In turn, on a secondary axis, the green bars show the degree of
importance given by the participants (measured through a weighted
vote count) to each TDM activity.

Adoption Importance
I Prevertion I
— Monitoring  ——

| Payment
I Priorzation I

. Measurement I

I Communication I

I Cocumentstion IR
I dentification I
100 80 60 40 20 o 0 100 200 300 400 500 500

Figure 4: TD Importance vs. TD Adoption

Following the blue bars, the most adopted TDM activity is TD
identification (82%), followed by TD payment (64%) and TD prior-
itization (63%). The less taken TDM activity is TD measurement
(18%), followed by TD monitoring (27%). Following the green bars,
the activities voted as most important are TD identification (461
points), TD prevention (408 points), TD measurement, and TD com-
munication (388 points each). The activities voted as least necessary
are TD documentation (306 points), TD monitoring (327 points),
and TD payment (362 points).

As shown in Figure 4, for TD measurement and TD monitoring
activities, there is a shallow adoption compared with the relative
importance that is given to these activities. TD measurement was
ranked as one of the essential activities but is the least adopted.

Although TD identification is the activity with the highest degree
of adoption, it does not reach 100%. There are 15 participants (18%)
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Table 2: TD Results about responsibilities of each TDM ac-
tivity

TDM Activity PM TL SA DT None | TDM-F
Identification 15% 57% 54% 87% 0% DT, SA
Documentation 13% 50% 45% 65% 0% DT, SA
Communication 45% 73% 35% 47% 0% DT, SA,
TL/PM
Measurement 22% 33% 50% 56% 0% SA,
TL/PM
Prioritization 65% 60% 33% 33% 0% SA,
TL/PM
Payment 17% 42% 45% 87% 4% DT, SA
Monitoring 36% 55% 36% 36% 5% SA,
TL/PM
Prevention 34% 72% 62% 77% 2% DT, SA

PM = Project Management, TL = Team Leader, SA= Software Ar-
chitect, DT = Development Team, None = None of the previous
roles, TDM-F = TDM Framework [18]

who do not carry out TD identification but carry out other activities
such as TD documentation, TD prioritization, and TD monitoring.

Regarding the responsibilities, there were differences among
participants on which roles should be responsible for each TDM
activity. Table 2 shows the percentage of participants who marked
each role as responsible for each TDM activity. The results show
some agreement between the participants’ responses and the TDM
framework proposed by Yli-Huumo et al. study [31].

Most of the TDM activities show an agreement with the TDM
framework. However, in the case of the TD measurement, most of
the participants indicated that it was the responsibility of the devel-
opment team. In contrast, the framework suggests that the primary
responsibility should be with the architect or project manager/team
leader. At least 33% of the participants marked the development
team as responsible for each TDM activity.

Table 3 presents a list of practices, techniques, and tools used in
each TDM activity, as reported by the participants. The numbers
in parentheses represent the number of participants answering
that specific section (column “TDM activity”) and the number of
participants that claimed using that technology or strategy (col-
umn “Technologies and strategies”). We can observe that different
technologies support TDM, and it is not possible to observe any
common pattern about which one to use.

5 DISCUSSION

RQ1: Consensus on the awareness of TD. We did not observe
consensus among participants on the awareness of TD. Each partic-
ipant was asked to select which of the 12 suggested issues should
be associated with the TD concept, as presented in Table 1. Out of
those options, only three issues were selected by 75% or more of
the 150 respondents who claimed to be aware of the TD concept.
None of the suggested issues received indications from all of the
TD aware participants. In addition, only two participants demon-
strated a 100% adherence to the TD definition.
2020-10-02 21:49. Page 5 of 1-9.
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The lack of adherence to the TD definition by many participants,
together with a lack of TD perception in the software projects by
a minor percentage of participants, can indicate the existence of
misconceptions regarding TD. It leads the participants to associate
the TD definition with any issue occurring during the software de-
velopment. However, despite this apparent misconception, it is also
possible to observe some alignment with the TD definition since
most of the indicated TD issues are concerned with its definition.

It can suggest a smooth and not a consistent spread of TD con-
cept among the software practitioners in Uruguay. Therefore, it will
be imperative to promote better dissemination on the distinction
between issues related to internal quality, which impact the soft-
ware evolution (in this particular case, due to TD) and those related
to external quality or defects, which have no impact on software
evolution.

RQ2: practitioners’ perception of TD Eighty-four percent of
150 participants claimed to perceive TD in their software projects.
Although this number could be considered high, 16% declared not
to perceive any TD. In general, it is unlikely not to have any TD at
some point during software development. Even when there is an
exceptional architecture quality, clean code, among others, TD often
arises from external factors: technological obsolescence, change of
environment, rapid commercial success, and the advent of new and
better technologies. Kruchten mentioned, "Even an architectural
design that makes the system more flexible and adaptable than it
really should be, can be a form of TD, if this additional flexibility
hinders future development without actually being exploited" [19].
Why some participants did not perceive TD is a question that we
think can reveal some misunderstandings about the TD concept
or possibly indicating a lack of quality perception in the overall
product internal quality perspective.

RQ2.1: Do the companies manage their TD? Considering the
total of valid answers (259), the declared adoption of TDM activities
is low (32%). The participants stated to adopt at least one of the eight
TDM activities presented. Therefore, some of these adoptions are,
in fact, a weak adoption of TDM activities. Because we only asked
about TDM adoption to the participants who declared knowing
the TD concept, there is a small chance of a high TDM adoption.
Possibly, participants who were unaware of the TD concept, but
were familiar with internal quality issues (e.g. low internal quality,
design erosion, among others), actually managed TD but were
unable to respond to that question.

The responsibilities declared by participants show some agree-
ment with the TDM framework [31]. At least 33% of the participants
marked the development team as responsible for all TDM activities.
Maybe the “agile culture” influenced it because more than 80% of
the participants declared to follow agile software life cycles.

Figure 5 shows a timeline in which our study, the original study
conducted in Brazil [8], and the Rios et al. study [26] are placed
temporarily according to their period of execution. Comparing
the results of the three studies (Figure 6), we can observe a very
similar distribution of TD awareness. Regarding the perception of
TD, it became difficult to compare with Rios’ study [26] because it
does not have a specific question of TD perception without taking
into account a low level of TD management. Compared with Da
Silva’s study [8], we observe a higher level of TD perception in
Uruguay. Regarding TD management, Uruguay presented a slightly
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Table 3: TDM activities in software companies in Uruguay- technologies and strategies

TDM Activity Technologies and strategies

TD identification (68)
Bugs(9), Code Climate (2)

Manual code inspection (59), dependency analysis (33), checklist (23), SonarQube/SCALE (15), Find-

TD documentation / representa- TD backlog (21), specific artifacts for TD documentation (1), JIRA (24), Wiki (9), Trello (2), Excel (1),

tion (40)

TD communication (49)
TD measurement (18)
TD prioritization (52)
TD payment (53)

Youtrack (1)

Discussion forums (14), TD topic in project meetings (29), specific TD meetings (22)

Manual measurement (7), SonarQube (4), JIRA (8), Wiki (2), Proprietary tool (1)

Cost/benefit analysis (15), specific technology for decision-making (6), classification of issues (35)
Refactoring (47), Re-writing code (44), Re-design (35) TD monitoring (22), Manual (15), SonarQube (2),

JIRA (8), Wiki (3), Definition of Done (2)

TD prevention (47)
Done (24)

Guidelines (32), coding standards (40), code revisions (44), retrospective meetings (36), Definition of

higher level than Da Silva’s study [8] and more elevated level than
Rios’ study [26]. It represents an unexpected observation whether
comparing the sampling sizes and results of both Da Silva’s and
Rio’s studies.

2017 2018 2019
Jun 1] | Dec 1 Da S(i:;"r:':"s)tudy

Rios' study

Dec 7‘ \Jan 7 (Brazil)

Feb 1. lApr 12 Replication

(Uruguay)
Figure 5: Timeline
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Figure 6: Studies’ results comparison

Despite the fact that the time difference in conducting studies
is small (one and a half years), it is possible that the industry has
deepened its TD knowledge. Also, it is possible that the performing
of Da Silva’s study [8] improved to some extent the TD awareness
when compared with the Rios’ study [26]. Regarding our study, we
carried out a TD workshop in October 2018 (with the participation
of 30 Uruguayan software practitioners), which could have a pos-
itive effect on Uruguay’s results. Finally, the sample size in each
study is different (Da Silva’s study = 37, Replication in Uruguay

= 259, Rios’ study = 112) and therefore affects the results’ confi-
dence. Perhaps this could explain the differences found between
the studies, especially between the two Brazilian ones.

RQ2.1.1: What TDM activities are most relevant to soft-
ware projects? The activities declared as most important for the
participants are TD identification, TD prevention, and TD mea-
surement. Most studies regarding TDM focus on TD identification,
measurement, and prioritization, which shows some agreement
with the declared importance. However, TD prevention was de-
clared as very relevant to TDM. Maybe it is worth paying more
attention to it.

None of the activities are declared as adopted by all participants.
TD identification and TD prevention have a high rate of adoption.
Still, the participants declare TD measurement as the least adopted
activity, although it has been ranked as one of the three most im-
portant activities. This could indicate the existence of difficulties in
the adoption of activities that are considered essential to carry out
and should be explored further in future works.

Despite TD identification being declared as the most adopted
activity, there are some responses where other TD activities are
declared as adopted without including TD identification. It draws
our attention as it goes against the natural sequence between some
TDM activities, which can be derived from the activities description
presented in several studies [20] [14]. In the Li et al. study [20] the
definition of TD prioritization is “ranks identified TD according to
certain predefined rules to support deciding which TD items should be
repaid first and which TD items can be tolerated until later releases.”
We observed this lack of “order” in many responses about TDM
adoption.

Although this apparent contradiction (paying a TD that has not
been previously identified), we conjecture that the participants
answered about the systematic adoption of formal TDM activities.
The adoption of TDM activities can be recognized as immersed
in other software management or quality assurance activities. For
example, TD identification can be performed when a programmer
is implementing a change in existing code and realizes that the old
code has intricate and duplicated parts that can be improved by
reusing built-in software components. That is, to ad-hoc identify
TD. Also, that identified TD can be documented, e.g., in the form of
code comments like fixme, hack, or TODO, without following any
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agreed practice or standard that, e.g., making challenging to track
TD in the software project. Thus, many times, there is no systematic
execution/conduction of TDM activities. Developers simply "know"
about the existence of TD and pay it. The consequences of not
carrying out TDM activities in a systematic way can be experienced
like underlying maintainability issues in software systems, which
sometimes, developers perform ad-hoc identification. Other times,
developers make their identification so late that the cost and effort
to address them are incredibly high, making the evolution of the
system quite hard or unfeasible.

These findings are in agreement with other study findings. In
Martini’s study [22], the observed TDM Adoption was as much
in ad-hoc or manual level, according to their "Strategic Adoption
Model for Tracking Technical Debt". In Ernst’s survey [9], more than
65% of the participants declared not to have a standard approach to
manage TD.

RQ2.1.2: Which technologies and strategies are adopted
for each TDM activity?

Table 3 shows a list of technologies and tools the participants
reported to manage TD activities. Some technologies are used for
several activities. An example is Sonarqube’, which is used for iden-
tification, measurement, and monitoring of TD. In the case of TD
measurement from the 18 participants who declared to adopt it,
seven participants (38%) declared to carry out the measurement
activity manually, without any tool support. TD measurement has
been presented as one of the most complex TD management ac-
tivities [17], which justifies the research efforts concentrated on it.
Khomayakov et al. [16] reported 20 available TDM tools for evalu-
ating TD. From these, the participants in Uruguay declared only to
use two (SonarQube and FindBugs®).

Overall, the adoption of tools is rather low. It is not necessarily
due to the unavailability of TDM tools. Perhaps, it may be due to
the lack of knowledge on the available tools by the participants,
or even a lack of empirical evidence on tools’ potential usefulness.
For instance, Khomayakov et al. [16] indicated that only SonarQube
and Findbugs have been empirically evaluated. Again, the same two
tools reported by the participants in Uruguayan replication.

The technologies presented can be used in further studies looking
for evidence on their effectiveness and efficiency in managing the
TD, helping to increase their adoption rate. Despite that, we believe
that the use of tools per se does not solve the problems caused by
the accumulation of TD if they are not supported by the adoption
of TDM activities in the software development process.

6 LIMITATIONS AND THREATS TO VALIDITY

This replication has limitations and validity threats, as it regards
any empirical study [30]. Regarding the generalization of the results
that affect the external validity, we had a relatively high response
rate, according to the Uruguayan population (3.5 million), when
compared with the original study [8] and with other related works
[26] [31]. The participants’ characterization presented in section 4.1
revealed a high level of diversity concerning the participants’ role,
the size, type, and activity area of the participants’ organization.
The level of awareness, perception, and management of TD was

Shttps://www.sonarqube.org/
Shttp://findbugs.sourceforge.net/
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similar to the first results from the Brazilian study. These results
cannot be generalized to the entire Uruguayan software industry
or even to other software engineering communities. However, the
high response rate can suggest a certain level of confidence in the
results.

Regarding the participants’ bias and the instrumentation that
affect the internal and the construct validity; the participants
might have misunderstood some terms and concepts presented in
the questionnaire, based on their different experiences and knowl-
edge. The issues that can be related to the TD definition and the
TDM activities organized in [20] were obtained from the technical
literature. To minimize the impact of this threat, we conducted
a pilot trial, which contributed to evolve all the materials before
performing the replication.

To mitigate the research bias in the data analysis that affects the
conclusion validity, we minimized the amount of open questions
in the questionnaire to avoid the subjective data interpretation.

7 CONCLUSIONS AND FUTURE WORKS

In this work, we presented the results of a survey replication con-
ducted with the software industry in Uruguay. Its results were
discussed and compared with the Brazilian study (original) and
other related works. It was possible to observe that there is no
common ground yet on how software practitioners in Uruguay
perceive the technical debt, and there is a low level of performing
of TDM activities” and tools’ adoption. The perceived importance
of TDM activities seems to contradict their adoption since some
activities such as TD measurement were declared as very impor-
tant, but in practice little adopted. It could indicate the existence
of difficulties in adopting TDM activities. In addition, the observed
"lack of order" in the adoption of such management activities can
indicate that there is non-systematic conduction of TDM activities,
which can bring some difficulties in the management of technical
debt in software projects.

It is expected that the results of this study provide the following
contributions:

o For software practitioners: they suggest that there is a
need for a better understanding of the TD concept and to
improve the adoption of TDM activities and tools in software
projects. The findings in Uruguay present a list of technolo-
gies that can be used to support TDM activities, which need
to be evaluated according to the context of each software
project. The results also indicate the roles involved in each
TDM activity, as informed by the practitioners who conduct
TDM activities in their software projects. It can be used as
an initial guideline to assign TDM responsibilities into a
software project. However, the results also indicate a lack of
activities systematization in software organizations, which
reduces their capability of perceiving and managing TD.

o For researchers: our results strengthen the findings of the
original study in Brazil and confirm the results of other
related studies. It provides higher confidence and increases
their level of generalization. The results indicate that there is
aneed to improve the dissemination of the TD knowledge to
practitioners, as well as to provide more precise instructions
and directions on how to adopt TDM activities. Besides, there
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is a need for further evaluation and proposals of software
technologies to support the management of technical debt.
The replication of this survey can represent an opportunity
to support the investigation of TD and its management in
other software engineering communities.

As has been raised, the results indicate the existence of difficul-
ties in adopting some TDM activities and systematizing them. Why
TDM is not adopted in a more systematic manner and what under-
standing do companies have of the costs and benefits of managing
TD are questions that can not be answered with this research, but
they will guide our future research. Therefore, the next steps of this
research include investigations together with the Uruguayan soft-
ware industry aiming to propose tailored strategies to support them
in a viable way for dealing with technical debt and its management
in their software projects. In this sense, we started to conduct focus
group-based studies in different contexts to acquire the challenges
and needs of TD. Also, a more in-depth analysis of the survey’s
data is necessary to provide further insights from different and
complementary perspectives. The Uruguayan software industry
received the results of this study through different mechanisms:

e An evidence briefing distributed throw the IS.uy mailing list,
which is available at https://www.fing.edu.uy/sites/default/
files/biblio/38129/technical %20debt%20-%20uruguay.pdf.

o Realization of a meeting with software practitioners from
different organizations invited through the MIS.uy group
(which is part of the IS.uy program) at the meetup.com’
platform (which is part of the IS.uy program) at the https:
/[www.meetup.com/es-ES/MIS-uy/events/262071850/.

o Anindustry talk at the 29th GeneXus Meetings, which is avail-
able at https://meetings.genexus.com/2019/speakers/ENG#S,
technical-debt-and-how-are-we-doing-at-home.

o A short talk recorded to the #StayAtHome series of videos of
the IS.uy program, created due to the context generated by
COVID-19. The video is available at https://www.youtube.
com/watch?v=DM3C0cTcdc0&t=>5s.

We believe in the need for more collaborative research between
academia and industry, focusing on solving real problems, as high-
lighted by the software engineering community [6] [3] [10]. That
is one of the main objectives of the IS.uy program and the study
presented in this paper. Furthermore, this is one of the biggest
motivations to keep going with our research.
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