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Resumen
Debido a los mercados competitivos, el negocio del 
software quiere soluciones más rápidas, mejores y 
más baratas en un período corto de tiempo. La reu-
tilización de software surge como una solución via-
ble para estas demandas, ya que ofrece importantes 
beneficios, como mayor calidad y eficiencia, meno-
res costos y esfuerzos de desarrollo y menor tiempo 
de comercialización. Este artículo pretende analizar 
el estado de la práctica de la reutilización de sof-
tware en Colombia, realizar comparaciones con tra-
bajos relacionados y ofrecer con este resultado un 
instrumento para la toma de decisiones en empresas 
que adoptan estas prácticas. Para llevar a cabo los 
objetivos anteriores se plantearon tres etapas. En la 
primera etapa se definieron las preguntas de investi-
gación. En la segunda etapa se desarrolló, evaluó y 

realizó una encuesta para validar prácticas exitosas 
y barreras de adopción en el contexto de la industria 
de software colombiana. Finalmente, los resultados 
fueron analizados y reportados. El estudio mostró y 
evidenció las expectativas, barreras de adopción y 
factores que influyen en el éxito de la reutilización 
de software en entornos industriales en Colombia. 
El presente estudio muestra el estado actual de las 
prácticas de reutilización en la industria de software 
en Colombia. Asimismo, la experiencia en el desa-
rrollo de este trabajo sirve como hoja de ruta para 
otras regiones que quieran analizar el estado actual 
de la reutilización. Sin embargo, cada organización 
necesita determinar sus capacidades y encontrar los 
factores adecuados para adaptarlos a su contexto.
Palabras clave: barreras de adopción; encuesta; 
prácticas de éxito; reutilización de software.
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Abstract
Due to competitive markets, the software business 
wants faster, better, and cheaper solutions in a short 
amount of time. Software reuse emerges as a viable so-
lution to these demands since it offers significant bene-
fits, such as increased quality and efficiency and lower 
development costs and effort, as well as shorter com-
mercialization times. This research aims to study and 
understand the state of the practice of software reuse 
in Colombia, to make comparisons with related works, 
and to offer an instrument for decision-making in com-
panies that adopt these practices. To reach these objec-
tives, three stages were proposed. In the first stage, the 
research questions were defined. In the second stage, a 
survey was developed, evaluated, and carried out to va-
lidate successful practices and adoption barriers in the 
context of the Colombian software industry. Finally, the 
results were analyzed and reported. This paper showed 
and evidenced the expectations, adoption barriers, and 
factors influencing the success of software reuse in Co-
lombian industrial environments. In the same way, the 
experience from the development of this work serves 
as a roadmap for other regions that want to analyze the 
current state of reuse. Nevertheless, each organization 
needs to determine its capabilities and find the appro-
priate factors to be adopted to its context.
Keywords: adoption barriers; software reuse; success 
practices; survey.

Resumo
Devido aos mercados competitivos, o negócio do sof-
tware quer soluções mais rápidas, melhores e mais ba-
ratas num curto espaço de tempo. A reutilização de 
software surge como uma solução viável para estas exi-
gências, uma vez que oferece benefícios significativos, 
tais como maior qualidade e eficiência e menores cus-
tos e esforços de desenvolvimento, e tempos de comer-
cialização mais curtos. Esta investigação visa estudar e 
compreender o estado da prática da  reutilização de 
software na Colômbia, fazer comparações com traba-
lhos relacionados, e oferecer um instrumento para a 
tomada de decisões nas empresas que adoptam estas 
práticas. Para alcançar estes objectivos, foram propostas 
três fases. Na primeira fase, foram definidas as questões 

de investigação. Na segunda fase, foi desenvolvido, 
avaliado e realizado um inquérito para validar práticas 
bem-sucedidas e barreiras à adopção no contexto da 
indústria de software colombiana. Finalmente, os resul-
tados foram analisados ​​e comunicados. 
O trabalho mostrou e evidenciou as expectativas, bar-
reiras à adopção e factores que influenciam o suces-
so da reutilização de software em ambientes industriais 
colombianos. Da mesma forma, a experiência do de-
senvolvimento deste trabalho serve de roteiro para ou-
tras regiões que queiram analisar o estado actual da 
reutilização. No entanto, cada organização precisa de 
determinar as suas capacidades e encontrar os factores 
adequados a adoptar no seu contexto.
Palavras-chaves: desenvolvimento sustentável; inteli-
gência artificial; políticas públicas; segurança alimen-
tar; vocação agrícola.

Introduction

Competitiveness in software development has in-
creased over the last five years (Ramírez, 2019). 
However, in addition to making advancements, 
software industries require novel techniques to 
produce faster and better systems in a short time. 
As a result, product line engineering and other 
reuse-based methodologies such as duplication-
based, component-based, and delta-based reuse 
and configuration management have gained in-
creasing attention over recent years (Chikh, 2017; 
Mazo, 2018; Nogueira Teixeira, et al., 2018; Re-
nault, 2014). Colombia is not an exception to this 
global trend. The conditions of the software in-
dustry, such as its transverse and globalized na-
ture that supports any organization type, as well 
as the low cost of raw material investment, make 
it attractive to both domestic and foreign investors 
(MINTIC, 2019). In addition, the software indus-
try is a high employment generator in design, de-
velopment, maintenance, updating, and support 
phases. According to Fedesoft (2019), in 2018, the 
software industry in Colombia employed 109.000 
people in 6.096 companies that billed 3 million 
euros per year with an average annual growth of 
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presents the conclusions of this research and dis-
cusses possible future work.

Methodology

In order to make decisions (public policies and pri-
vate initiatives) to sustain the software industry in 
Colombia, it is necessary to know its current state. 
Currently, this state is unknown, and, to the best of 
our knowledge, there are no studies about it. A de-
tailed snapshot of software reuse would enable us 
to identify the industry’s opportunities, trends, and 
weaknesses. Therefore, it is necessary (i) to know 
the state of practice in software reuse in Colom-
bia and (ii) to identify the software reuse strategies 
(i.e., how it is applied, how it is used, what are 
its implications for practice, what are the research 
trends, what are the open problems and areas for 
improvement) in the Colombian software industry. 
Taking advantage of the key factors described in 
the literature (Baharom, 2020; Barros-Justo et al., 
2019; Bass et al., 2000; Frakes and Fox, 1995; Gar-
cía et al., 2007; Karma et al., 2006; Karma et al., 
2006; Lucrédio et al., 2008; Morisio et al., 2002; 
Palomares et al., 2017; Rine and Nada, 2000; Rine 
and Sonnemann, 1998; Rothenberger et al., 2003; 
van der Linden et al., 2007), we defined five global 
research questions for the Colombian scope:

• RQG1. What are the characteristics of software
production (business factors)?

• RQG2. How is software reuse promoted in
companies (organizational factors)?

• RQG3. How is software reuse applied and
controlled (processes factors)?

• RQG4. How is software reuse supported (tech-
nological factors)?

• RQG5. What are the expectations and adop-
tion barriers in the context characteristics (or-
ganization size)?

Each global research question (RQG1, RQG2, 
RQG3, and RQG4) was composed of a set of re-
search questions, which are listed in Table 1.

16,7% during the last six years, out of which 90% 
are micro and small enterprises and 40% are five 
years old or less. Due to this growth, we consider 
it necessary to determine the state of the practice 
and identify the technical and non-technical fac-
tors that influence software reuse practices in the 
Colombian industrial context.

This paper presents a survey that attempts to re-
late software development organizations’ charac-
teristics in Colombia with software reuse practices. 
The main objective of this research is to determine 
which factors have more influence on software re-
use success. Twenty-six factors were identified in 
the literature and then considered in the survey. 
These factors were divided into four categories: or-
ganizational, business, technological, and process 
factors. In this survey, we also recorded recent ex-
periences reported by industry professionals that 
already achieved success (or not) at adopting re-
use in their organizations. Therefore, we collect-
ed information about adoption barriers in software 
reuse. This information helps identify trends, prob-
lems, and possible improvements to the reuse strat-
egies currently used in the software industry. The 
survey involved the participation of Colombian 
software organizations. However, we consider that 
other countries could take the results as a refer-
ence or carry out a similar study with the condi-
tions of their context. This is due to the fact that 
we found similar results in other surveys carried 
out in the US, Brazil, and other European coun-
tries (Baharom, 2020; Barros-Justo et al., 2019; 
Bass et al., 2000; Frakes and Fox, 1995; García et 
al., 2007; Karma et al., 2006; Kwon et al., 2015; 
Lucrédio et al., 2008; Morisio et al., 2002; Palo-
mares et al., 2017; Rine and Nada, 2000; Rine and 
Sonnemann, 1998; Rothenberger et al., 2003; van 
der Linden et al., 2007).

This document is structured as follows: Section 
2 (Methodology) presents the research questions 
and the methodology used to develop the survey; 
Section 3 (Results) presents the survey results and 
describes the significance of the findings; and, fi-
nally, Section 4 (Discussion and Conclusions) 
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A survey was used to answer research questions 
because it allows us to reach a larger audience and 
quickly collect and analyze data from respondents 
in different regions of Colombia. This survey was 
carried out to define the state of the practice of 
software reuse in Colombia and to answer the re-
search questions defined in Table 1. We carried out 
a survey following the guidelines by Pfleeger and 
Kitchenham (2001). The survey follows a method-
ological process divided into seven steps: 1) de-
fining the survey questions, 2) survey preliminary 

evaluation, 3) identifying the survey target popula-
tion, 4) survey data collection, 5) survey data anal-
ysis, 6) threats to validity in the survey, 7) survey 
results. Steps 1 to 6 are described in the remainder 
of this section, and Step 7 is discussed in Section 3.

Defining the survey questions

In the first step, we defined the survey questions. 
These questions were based on the 26 factors 
found in the literature (Restrepo-Gutiérrez et al., 

Id Research question

RQG1 - Business

RQ01 Which are the software application domains that have the most influence on the software reuse success?

RQ02 Which are the types of software developed in Colombia that have the most influence on software reuse success?

RQ03 Is using a particular reuse approach such as product family a factor that influences software reuse success?

RQ04
Is the implementation of a domain analysis a factor that influences software reuse success?

RQG2 - Organizational

RQ05 What are the organization and software team sizes that have the most influence on software reuse success?

RQ06 What team experience levels have the most influence on software reuse success?

RQ07 Which types of legal issues have the most influence on software reuse success?

RQ08 Is economic feasibility a factor that influences software reuse success?

RQ09 Is having organizational incentive strategies a factor that influences software reuse success?

RQ10 Is the commitment of top management a factor that influences software reuse success?

RQ11 Are training and motivation factors that influence software reuse success?

RQ12
Is having an independent team that develops reusable software assets a factor that influences software reuse success?

RQG3 - Process

RQ13 Which quality models have the most influence on software reuse success?

RQ14 Is the adoption of a software reuse process a factor that influences software reuse success?

RQ15 Is the measurement of software reuse a factor that influences software reuse?

RQ16 Is having a certification process a factor that influences software reuse success?

RQ17 What are the types of developed assets for reuse that have the most influence on software reuse success?

RQ18 What are the configuration management and change control assets that have the most influence on software reuse success?

RQ19 Which are the types of reused assets that have the most influence on software reuse success?

RQ20 Is having a pre-development of reusable assets a factor that influences software reuse success?

RQ21 Which types of origins of reusable assets have the most influence on software reuse success?

RQ22
Is having a specific role in the software reuse process a factor that influences software reuse success?

RQG4 - Technological

RQ23 Which software development approaches have the most influence on software reuse success?

RQ24 Which programming languages have the most influence on software reuse success?

RQ25 Is the use of repositories a factor that influences software reuse success?

RQ26 Is the use of CASE tools (language, frameworks, etc.) a factor that influences software reuse success?

Table 1. Research questions
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2021). The survey has 54 questions. It was built 
through an iterative process. Its final version was 
obtained after carrying out the preliminary evalua-
tion, which is shown in Subsection 2.2. The survey 
has closed and open-ended questions distributed 
in three groups. Their distribution is presented in 
the scheme sheet (Restrepo-Gutiérrez, 2021):

• Survey main question: One survey question al-
lowed us to investigate and measure the lev-
el of software reuse success and respond to
the information collected through the other
questions.

• Survey research questions: We defined 34 sur-
vey questions. Each of them was related to a re-
search question in Table 1, which, in turn, was
related to a factor. These responses and their
relationship with the main question allow us to
answer the 26 research questions.

• Survey complementary questions: We de-
fined 19 questions to collect general informa-
tion about the business and the person who
takes the survey, namely company location,
software application domain, number of em-
ployees, staff experience, and the person’s role.
Therefore, some of these questions were used
to collect information about company tools,
framework usage, programming language us-
age, among others.

The survey was designed to be completed in 
less than 20 minutes; the whole questionnaire is 
available online (Restrepo-Gutiérrez, 2021).

Survey preliminary evaluation

In the second step, the survey questions were pre-
liminarily evaluated by six software engineering 
research experts (internal review) and five software 
industry experts (external review).

Internal review: For the internal review, we asked 
the six research experts to evaluate each survey 
question according to a list of aspects to avoid in 

a survey, which have been defined by Barbara and 
Shari (2002) and Leung (2001). The list is available 
in the replication package by Restrepo-Gutiérrez 
(2021). We asked the research experts to send 
feedback via email; some changes were analyzed 
and applied to the survey questions based on it. 
This internal review resulted in minor changes 
such as clarifying terms and completing questions. 
Regarding the confusing terms, experts identified 
elements of the survey with unclear definitions that 
could result in misunderstandings. These elements 
were redefined for the sake of clarity. For example, 
one of the experts suggested defining the term 
systematic approach since it was not understood 
as referring to software quality models. Regarding 
the incomplete questions, experts suggested adding 
more items to the answer lists for some questions. 
For example, in the list of services offered by 
companies, hosting and software integration 
services should be added.

External review: After the internal review with 
research experts, we conducted a review with 
software industry experts. This evaluation 
included people with a high degree of experience 
in the field (head of the technology department, 
product manager, software innovation leader, 
and business analyst roles). These people were 
associated with well-known software companies 
in Colombia, located in several departments 
of Colombia. To evaluate the survey, we held a 
one-hour meeting with each industry expert. We 
presented the contents of the content in each 
meeting, and we explained the research goal to 
each industry expert. We also requested that each 
industry expert complete the survey aloud: “say 
everything you think" (GAO, 2009). Then, we 
asked them to find issues regarding the survey 
questions. We recorded and reviewed these 
issues. We also discussed the survey structure 
(topic coverage, survey length, sensitivity, and 
missing questions) with the industry experts. The 
final survey version was finished and shared with 
the external reviewers.
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Identifying the survey target population

The survey target population was companies in 
Colombia, whose main economic activity is soft-
ware development. To identify this population, 
we got information from the Colombian Cham-
ber of Commerce. This entity has a complete 
database that includes information that allows 
identifying the population under study. We got in-
formation of companies established in Colombia 
grouped by type of economic activity. Using the 
database, we got 5.818 companies whose main 
economic activity was software development. 
The filters used are available in a replication 
package (Restrepo-Gutiérrez, 2021). From these 
5.818 software companies, a sample of 361 was 
determined for the survey, considering a confi-
dence level of 95% and a margin error of 5% ac-
cording to the general rule regarding acceptable 
margins of error mentioned by Kotrlik and Hig-
gins (2001). Since the response rates are typical-
ly well below 100%, the authors recommended 
oversampling: “if you are mailing out surveys or 
questionnaires, count on increasing your sample 
size by 40%-50% to account for lost mail and 
non-responders” (Salkind, 2017, p. 107). For this 
reason, oversampling was used to anticipate the 
response rate. To calculate the response rate, the 
results from the first week after sending the sur-
vey were used to estimate how many addition-
al responses were required. As the response rate 
was 9% of the initial sample of 361 companies, 
it was established that the survey would be ran-
domly sent to 4.011 companies.

Survey data collection

We defined a standardized email to send the sur-
vey to the target population. We applied the fol-
lowing strategy to send the standardized email: 
(i) if the company provided an email address
(for example, on its website), we sent the stan-
dardized email to that email address; or (ii), if
the company did not provide an email address,

we tried to contact it through the Contact us 
section, phone calls, or social networks (Face-
book, Messenger, LinkedIn, and WhatsApp Busi-
ness). 2.534 software companies were contacted 
through email and 1.477 by other means. To mo-
tivate the respondents to share their experiences 
freely, it was mentioned that their answers would 
remain anonymous and that the results would be 
shared when they were published. It is important 
to note that we internally recorded each compa-
ny’s name and location (department). This infor-
mation was used to guarantee that the survey was 
answered by no more than one representative per 
company. To manage the survey responses, we 
used an online survey platform. In the end, 367 
companies fully completed the online survey, 
thus complying with the sample needed, with 
an average time responding of 15 minutes and a 
withdrawing rate of 37%.

Survey data analysis

This project was based on quantitative survey data, 
allowing us to perform statistical analyses to test 
our research questions. Descriptive statistics and 
multinomial and ordinal logistic regressions were 
used to analyze the research questions. This analy-
sis aimed at determining which of the responses 
of the survey research questions (predictor vari-
ables) were the most influential over the survey 
main question responses (response variable), and, 
in the end, to be able to answer the research ques-
tions. Logistic regression models describe the rela-
tionship between a response variable and one or 
more explanatory variables. The strength of logistic 
regression models is their ability to handle many 
variables, some of which may be on different mea-
surement scales (Harrell, 2015). There are different 
logistic regression models: multiple, multinomial, 
and ordinal logistic. Multiple logistic regression 
models consider more than one independent vari-
able, ordinal logistic regression models consider 
the ordinal nature of the outcome, and multino-
mial logistic regression handles the case where the 
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outcome variable is nominal with more than two 
levels (Harrell, 2015). As there is only one indepen-
dent variable in the study, multiple logistic regres-
sion models were ruled out. Instead, multinomial 
and ordinal logistic regression models were cho-
sen to describe the relationship between variables.

The response variable (survey main question re-
sponses) was an ordinal numerical scale from 1 to 
10, where 1 was unsuccessful, and 10 was very 
successful. This scale was grouped by two values, 
thus obtaining a scale of 5 levels from no success 
to strong success (no success, limited success, mod-
erate success, substantial success, and strong suc-
cess), where the values 1 and 2 of the initial scale 
correspond to the no success level and so on. Some 
of the predictor variables (survey research ques-
tion responses) are also ordinal, and they go from 
strongly disagree to strongly agree (questions with 
the Likert answer scale). Other predictor variables 
were defined as categorical. The main question (re-
lated to the response variable) and an example of 
a survey research question (related to a predictor 
variable) can be found in the aforementioned rep-
lication package (Restrepo-Gutiérrez, 2021). The 
type of variable for each survey question can be 
viewed in the scheme sheet (Restrepo-Gutiérrez, 
2021). To analyze open-ended questions, each an-
swer was hand-coded into one of several catego-
ries defined as presented on the sheet questions 
(Restrepo-Gutiérrez, 2021). These categories were 
created with a general review of the answers.

It should be noted that multiple-choice ques-
tions cannot be considered as single variables, so 
each item of those questions counted as an inde-
pendent variable. Therefore, there were 135 inde-
pendent variables and one dependent variable in 
each model (Restrepo-Gutiérrez, 2021). Although 
some variables may be correlated, this analysis 
is not contemplated within the scope of this ar-
ticle. Each model required the response variable 
and the predictor variables. For the multinomi-
al logistic regression, the response variable was 
entered as nominal. The response variable was 
ordinal for the ordinal logistic regression. The 

predictor variables associated with Likert-scale 
answers could be entered as nominal or ordinal. 
For this reason, four models were created with the 
variation resulting from taking the response and 
predictor variables as ordinal and nominal, re-
spectively. In order to create the models, the polr 
and multinom commands from the MASS pack-
age of the R tool were used (Ripley, 2020). To 
estimate the best logistic regression model, an it-
erative model evaluation was performed with the 
Step command from the R stats package to fit the 
model. Step is an automated method based on 
AIC (Akaike Information Criterion) model selec-
tion that aims to find out the best fit model from 
all possible subset models and returns the opti-
mal set of features (Hosmer et al., 2013). The four 
models were evaluated with the AIC. The replica-
tion package (Restrepo-Gutiérrez, 2021) has the 
created and evaluated models. As a result of this 
process, models 3 and 4 had the lowest AIC and 
the same value. The lowest AIC between models 
1 and 2 was considered to decide on the model to 
choose, thus resulting in model 1, where the pre-
dictor variable is nominal. model 4 was also cho-
sen, where the response variable is ordinal, and 
the predictor variables are nominal. The results of 
the regression are available in the referenced lit-
erature (Restrepo-Gutiérrez, 2021).

Threats to validity in the survey

Threats to the survey’s validity can be analyzed 
from the points of view of construct, internal, ex-
ternal, and statistical conclusion validity.

Construct validity: Construct validity addresses 
how well whatever is purported to be measured 
has been actually measured (Lavrakas, 2008). 
Verifying survey questions for construct validity 
is essential, especially when these questions are 
self-developed. We followed three steps to veri-
fy the construct validity. First, we performed a 
series of validation tasks for identifying and cal-
ibrating ambiguously worded surveys. Second, 
four experienced researchers not involved in the 
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questionnaire design were consulted to discuss 
each question. Then, the survey was revised based 
on the feedback collected to ensure that the closed 
questions were easy to interpret and sufficiently 
complete. Finally, a pretest was conducted to fine-
tune the survey; it was taken by two researchers. 
They were asked to comment on their understand-
ing of each item after filling out the questionnaire. 
Based on their feedback, minor revisions were 
performed.

Internal validity: Internal validity considers 
whether the experimental design can support con-
clusions on causality or correlations (Morisio et al., 
2002). Questionnaires should have items that are 
logically interrelated to elicit information about 
the constructs under analysis without defects that 
would distort the information. The questionnaire 
presented in Restrepo-Gutiérrez (2021) was evalu-
ated for internal consistency by computing Cron-
bach’s alpha test, which is the most widely used 
measure of reliability. It describes the internal va-
lidity (Hinkin, 1998), which is how much each 
measured element correlates to each other, or the 
overall consistency of the questionnaire (Cron-
bach, 1951). According to Hinkin (1998), an ac-
ceptable value for Cronbach alpha is 0,7, but a 
minimum of 0,8 is the most desirable value. The 
evaluated questionnaire has a Cronbach’s alpha 
of 0,9. Therefore, the questionnaire’s internal co-
herence is acceptable, and the results presented in 
Section 3 are valid.

The accuracy of the answers is difficult to cal-
culate due to the anonymity of the respondents 
(Singh, 2011). To address this issue, no incentives 
were given for responding to the survey other than 
the self-interest of respondents to complete it. The 
answers were also reviewed. As a result of this pro-
cess, 222 incomplete and 6 completed surveys 
were rejected due to inconsistency in the data, 
such as company name not within our list of soft-
ware companies or meaningless data in open-end-
ed questions. Additionally, the impact on the data 
depends on the size of the group surveyed. In the 
research, we have 367 reviewed and completed 

surveys. It would take several people entering the 
wrong information to make a noticeable differ-
ence. In this case, the use of a survey protects us 
against bad actors. The dates of the studies found 
in the literature are different, so the comparisons 
are approximate since the state may have changed 
over time. The only way to avoid this threat to the 
validity of the comparison is to conduct the study 
in parallel. Such a study is costly, and we do not 
have the resources to do it.

External validity: It refers to the extent to which 
the research findings based on a sample of indi-
viduals or objects can be generalized to the same 
population from which the sample is taken or to 
other similar populations in terms of contexts, in-
dividuals, times, and settings (Lavrakas, 2008). The 
defined sample represents the population in our 
survey, and the participants were chosen using a 
random sampling method. Therefore, our research 
can be generalized to describe software organiza-
tions in Colombia. Also, to avoid survey non-re-
sponse effects, the response rate was maximized 
by sending reminder emails and re-sending the un-
completed survey.

Statistical conclusion validity: It refers to the 
accuracy of a conclusion regarding a relation be-
tween or among variables of interest. As the sam-
ple size is considerable, there is no bias in the 
assumptions made of the descriptive statistics. 
Nevertheless, due to the large number of variables 
in the logistic regression model, there may be a 
bias in the results given by model 4. For this rea-
son, a chi-squared-type statistic to test the validity 
of the logistic regression model was applied, using 
the anova command from the stats package of R 
(Harrell, 2015; Hastie and Pregibon, 2017), which 
compares model 4 before executing the Step com-
mand against the resulting model. The residual 
deviance of the model 4 was 521,8, 477 for the 
resulting model, and the Pr(Chi) was 0,9998, near-
ly 1, which indicates that the resulting model is 
better than model 4 and concludes that the result-
ing predictor variables have significant interactions 
with the independent variable. Another threat to 
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the statistical conclusion validity is that the survey 
results focused on the impact of individual factors 
on the dependent variable, but some influences 
may imply combinations of factors. Finally, and 
as it was not contemplated, a correlation analy-
sis within this article’s scope is considered a threat 
that will be mitigated in future work.

Results

This section presents the survey results and the an-
swer to the 26 research questions.

Figure 1 shows the number of participants of 
the survey grouped by region. The software orga-
nizations that answered the survey were mainly 
located in the Colombian middle-eastern region, 
since 64.4% of the industry is located there. The 
Coffee Axis region follows with 18,2% of the sur-
vey population, the Pacific region with 9,5%, and 
the other regions with 7,9%.

The Flatlands (Llanos) (40%), the Coffee Axis 
(67%), the Colombian Middle-Eastern region with 
(72%), the Pacific (73%), the Caribbean (76%), 
and the South-Center region (80%) reported 
a reuse success level that ranges from strong to 

substantial, which indicates that Colombian soft-
ware organizations are at similar levels in terms of 
software reuse (68% on average), regardless of the 
region where they are located. It is stressed that 
68% of the participants indicated that reuse suc-
cess is associated with companies that measure 
the reuse level; the remaining companies made a 
subjective analysis.

The participants represented a broad range of 
software domains (Table 2). The categories are not 
mutually exclusive, and one participant can be 
placed in multiple software domains. Most of the 
participants work in software companies dedicat-
ed to developing custom products. Table 3 pres-
ents the participant roles. Again, the categories 
are not mutually exclusive, and one participant 
can play multiple roles. Most of the participants 
had the CIO role as their main role while play-
ing a complementary one. In Colombia, mainly 
in startups, a CIO can hold multiple roles, such 
as back-end and front-end software developer and 
architect at the same time. In large, medium, and 
small companies, the organizational structure is 
very well-defined, so people generally do not oc-
cupy more than one role.

Figure 1. Software organizations participants by regions of Colombia
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Table 2. Study population’s software domains

Table 3. Participant roles

Table 4 summarizes the influence of the stud-
ied factors on software reuse success. For factors 
associated with a survey question with multiple 
choice answers, the influence column shows the 
categories that had the most influence according 
to the regression results. To see more details in the 
results for each factor, see the replication package, 
file “Survey Detailed Results” (Restrepo-Gutiérrez, 
2021).

Discussion

The results for every RQG are reported in the fol-
lowing items:

• RQG1. What are the characteristics of soft-
ware production (business factors)? As its
main production characteristic, the software
industry in Colombia has the development of
various custom software products that share
features. Furthermore, most organizations do
not focus on a specific application domain;
only 14% do. Therefore, the companies have
an excellent opportunity to take advantage of
the software product line approach. Howev-
er, it should be noted that this factor was not
thoroughly investigated because it is a software
reuse strategy that contains many concepts,
processes, and practices (Mazo, 2018) that are
beyond the scope of this research.

• RQG2. How is software reuse promoted in
companies (organizational factors)? The com-
panies promote software reuse through incen-
tives, training, and motivation, and the top
management supports the introduction and
maintenance of software reuse. Legal issues can
occur when working for Colombia's banking,
financial, government, and health domains.
Most participants believe that software reuse is
economically feasible in their company.

• RQG3. How is software reuse applied and
controlled (processes factors)? Software reuse
is applied through a systematic reuse process
established by the company, which is not as-
sociated with quality models. In this process, it
was identified that:

· Planning the development of reusable
assets is not carried out from the begin-
ning of the project; it is performed dur-
ing the system’s development.

· Companies do not usually have a role
or independent team dedicated to de-
veloping reusable assets; it is the task of
all members of the development teams.

· The most created reusable assets are
source code, detailed designs, software
components, and libraries. These assets
are under a configuration management
platform.

Software domain Percentage

Custom software development 68,1%

Development of new products 48,2%

Software and application integration 48,2%

Computer consultancy activities 47,4%

Software maintenance 36,2%

In-house development 35,1%

Administration of computer facilities 24,8%

Software testing 24,5%

Hosting 21,3%
IT (Information Technology) training 
programs

20,2%

SaaS (Software as a Service) 2,4%

Role Percentage

Chief Information Officer (CIO) 31,3%

Software development analyst 24,8%
Back-end software developer 24,3%
Software architect 21,0%
Front-end software developer 19,3%
Chief Technology Officer (CTO) 14,2%
Database administrator 13,9%
Consultant 10,9%
Component developer 9,5%
Test analyst 8,4%
Business Analyst (BA) 6,3%
Requirements engineer 6,0%
Other 5,7%

Coach 1,9%
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· The reliability of the certification process
of these reusable assets is not strictly ap-
plied in startups and small companies.

· The most reused assets are the software
components, architectures, test cases,
and detailed designs.

· The origin of the reused assets is main-
ly from existing projects, which are
improved for use. Almost half of the
companies measure their progress in
software reuse.

Research questions and factors Influence

RQ01 Application domain
Communications; construction and engineering; financial; legal; 
logistics; manufacture; health and social security; insurance; 
telecommunications; tourism and entertainment

RQ02 Type of software developed

Applications for mobile devices; web applications; applications 
for data analytics; digital content; information systems for business 
management; IoT systems; solutions based on artificial intelligence; 
virtual and/or augmented reality

RQ03 Product family approach Yes

RQ04 Domain analysis Yes

RQ05 Software organization and team size
Team size - No Startups, micro-enterprise, small and medium organization sizes

RQ06 Project team experience All senior; more senior than junior; all junior

RQ07 Legal problems Legislation; contractual issues

RQ08 Economic feasibility Yes

RQ09 Reward and incentives Yes

RQ10 Management commitment Yes

RQ11 Software reuse education Yes

RQ12 Independent reusable assets 
development team No

RQ13 Quality model usage CMMI-1 to CMMI-4; ISO 15504

RQ14 Systematic reuse process No

RQ15 Software reuse measurement Yes

RQ16 Software	 certification process Yes

RQ17 Development of assets for reuse User stories; test plans

RQ18 Configuration management Deployment artifacts; user documentation; detailed design

RQ19 Reused asset type identification Requirements; user histories; high-level design (architecture); 
software components

RQ20 Previous	 development of reusable 
assets No

RQ21 Origin of the reused assets

Artifacts are enhanced copies of existing work; artifacts are 
developed from the re-engineering of existing products, not 
necessarily their own products; artifacts are unmodified existing 
project work

RQ22 Specific function in the software reuse 
process No

RQ23
Software development approach 
(method, methodologies, practices, 
and paradigms)

own methodology; FDD; Scrum; aspect-oriented programming; 
procedural programming, constraint-based programming; reactive 
programming

RQ24 Programming language C#; C++; SQL

RQ25 Repository systems usage Yes

RQ26 CASE Tools usage Yes

Table 4. Factors that influence software reuse
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• RQG4. How is software reuse supported (tech-
nological factors)? Software reuse is supported
through the use of repositories and CASE tools.
It should be noted that the most used program-
ming paradigm is object-oriented, and the
most used methodology is the agile method.

• RQG5. What are the expectations and adop-
tion barriers in the context characteristics (or-
ganization size)?  It was identified that cost
reduction, decreased labor needs, and produc-
tivity increase are significant software reuse
expectations. And the principal adoption bar-
riers are the diverse running projects, the lack
of time and resources, and lack of communica-
tion between employees.

Concerning state of the art, a high level of sim-
ilarity between the result of this study and the lit-
erature was found (Baharom, 2020; Barros-Justo et 
al., 2019; Bass et al., 2000; Frakes and Fox, 1995; 
García et al., 2007; Karma et al., 2006; Kwon et al., 
2015; Lucrédio et al., 2008; Morisio et al., 2002; 
Palomares et al., 2017; Rine and Nada, 2000; Rine 
and Sonnemann, 1998; Rothenberger et al., 2003; 
van der Linden et al., 2007). Some factors led to the 
same conclusion of influence on software reuse suc-
cess: application domain, product family approach, 
domain analysis, management commitment, eco-
nomic feasibility, team size, the origin of the reused 
assets, configuration management, reused asset type, 
and development of assets for reuse. Furthermore, it 
was evidenced that they have been conserved over 
time given the new development practices. 

Particularly for the Colombian case, the results 
concluded that the software organization size has 
an impact on software reuse success. In the litera-
ture (Frakes and Fox, 1995; García et al., 2007; Lu-
crédio et al., 2008; Morisio et al., 2002), this factor 
was treated in conjunction with the team size factor, 
but we found that it has a different influence, which 
suggests that this factor should be separated for fur-
ther research. Also, it was found that a systematic 
reuse process, an independent reusable assets de-
velopment team, and the previous development of 

reusable assets do not influence software reuse suc-
cess. This shows that a software reuse process has 
not been formally adopted in Colombian software 
companies; the reuse of assets is made opportunis-
tically, that is, reactive and unplanned. Despite this, 
it is noted that benefits have been obtained since 
great work has been done from the organizational 
factors (incentives, training, top management sup-
port, etc.), but all companies need to formalize 
these reuse practices as part of their process mod-
el activities in order to get to a point where reuse 
is planned and adopted by the entire development 
group. We hope that this information helps to show 
the importance of these reuse practices and encour-
ages others to replicate this work in other countries 
with emerging software industries, as well as to see 
that these reuse practices accelerate the growth, 
quality, and rapid delivery of software.

Conclusions

This paper presented the results of the survey on 
software reuse in Colombian software organiza-
tions, providing important factors to consider for 
success in the adoption of this approach, as well 
as experiences, the current state, adoption barriers, 
and expectations in software reuse, information that 
can be used to introduce reuse in all organization 
sizes to obtain the desired benefits. Additionally, 
the work presented here is the result of collabora-
tive work with the software industry in Colombia, 
people interested in this result, and the appropri-
ate skills to provide us with evidence of what is 
happening in organizations concerning this issue. 
To summarize, we hope that this work has helped 
identify aspects where software reuse can be incor-
porated or improved. Nevertheless, each organiza-
tion needs to determine its capabilities and find the 
factors appropriate to adopt these practices to its 
context. With this work, we also want to motivate 
other regions to prepare this type of study in order 
to have a more global understanding of reuse and 
its adoption factors, so that more companies have 
support information for decision-making.
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As for future works, the following remarks could 
be made: (i) a deeper analysis should be conducted 
regarding the factors in order to present them in the 
form of a typology, given that there may be rela-
tionships among them (some may be sub-types of 
others and some may complement others); (ii) an 
analysis of correlations between the variables will 
be carried out; (iii) a comparison between the re-
gions of Colombia will also be made; iv) the re-
sulting factors should be put into further practice 
through the use of case studies with companies that 
want to deepen their understanding; and (v) a capa-
bility maturity model will be produced with these 
results to describe particular software development 
processes with the purpose of recommending fea-
sible successful practices to enable and foster the 
adoption of asset reuse. Then, this proposed model 
will be validated with the software industries.
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