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Abstract. This paper reports on research work on Argentinean software development organizations. The analysis pro-
vides insights on the profile of the companies regarding the usage of agile methods and software engineering practices
trends, their motivations, and drivers. The conclusions can be used to understand what drivers facilitate the understanding
of bonds between both in order to increase their competitiveness in domestic and off-shore markets.
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1 INTRODUCTION

A research effort aiming to understand how organizations perceive the relationship between agile methodolo-
gies and traditional software engineering practices has been carried out by the authors (Colla, Bustos, & Ruiz
de Mendarozqueta, Agile and software engineering, an invisible bond, 2020), an experiment using the data
gathered by means of a survey among software organizations in Argentina, and the analysis of its results throw
some additional light on the subject. In these software organizations, activities are executed for the develop-
ment of standard products and customized implementations, update and maintenance of existing products, as
well as embedded applications for electronic devices. Software size and complexity are increasing rapidly and
the total software staff is growing continuously; still, most of the work is performed at Small and Medium En-
terprises (SMEs) organizations (OPSSI, 2016). Previously published efforts (Colla, Ruiz de Mendarozqueta, &
Bustos, Agile in practice, a systemic approach, 2020) from the authors have been focused on building a prelim-
inary discussion about the importance of addressing best, well-established practices from software engineer-
ing-based methodologies when adopting agile methods and premises. Also, a detailed discussion on how the
agile and software engineering concepts are strongly bonded, even if this relationship is not often highlighted
by the bibliography, has been made (Colla, Bustos, & Ruiz de Mendarozqueta, Agile and software engineering,
an invisible bond, 2020).

The usage of agile methodologies bears relevance to this software industry segment, as well as the deployment
of sound software engineering practices as in the local and regional demanding technology markets, as well as
customers from the US and Europe that routinely ask provider organizations to present objective proof of their
Software Engineering capabilities; in some cases even requiring the adherence to some formal quality model
such as 1SO9000 (IS0, 2020), SEI-CMMI (Program, 2010) or CoBIT (Elue, 2020) maturity levels, as a condi-
tion to compete..

Most scenarios and results captured by the bibliography (Brodman & Jonhson, 1995) reflect the experiences of
large-scale organizations formally adopting software engineering practices, leaving smaller ones wondering
whether a formal approach is realistic for them, frequently leading to the prior estimation that formal initiatives
are simply outside their realm of possibilities. Even though software engineering deployment efforts made at
SMEssized companies have already been documented, the focus is often placed on qualitative or methodologi-
cal factors rather than quantitative ones. It seems that the implicit assumption for software engineering best
practices efforts to be a good initiative, unconditionally, regardless of the company’s business context is not
embraced by many organizations.

At the same time, the deployment of sound software engineering practices is known to be required to stay com-
petitive in terms of productivity, quality, and schedule compliance, especially in the demanding off-shore tech-
nology markets.

This notion has been challenged by several authors by whom the actual affordability and suitability of formal
software engineering-oriented improvement initiatives for SMEs is questioned from different perspectives.
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Previous work from the authors (Colla, Ruiz de Mendarozqueta, & Bustos, Agile in practice, a systemic
approach, 2020) described a comprehensive framework that helps in the understanding of organizations at-
tempting to implement software process improvement (SPI) initiatives and allows to understand the different
organizational parameters involved in the business decision, the outcome that might be expected, and the level
of risk associated with it.

Until now, research work had to be done using sources from different development markets and results ex-
trapolated to Argentina under the implicit assumption of validity. Very few sources previously addressed a
systematic analysis or provide insights into this market.

This paper proposes a contribution by analyzing data collected in Argentina, trying to understand the dynamic
behavior of the different variables associated with the usage of agile methods and software engineering practic-
es, to understand the bonds between both approaches in order to evaluate possible strategies to address the like-
lihood of its results. Finally, threats to the validity of this approach and preliminary conclusions are explored.

2 RESEARCH METHOD

Most empirical studies regarding the adoption of agile methods and software engineering practices rely on
very simple statistical and analytical methods such as percentage tables, charts, and related univariate and biva-
riate statistics. Sample sizes are typically small, with correspondingly few degrees of freedom to support multi-
variate analysis. A good deal of insight can be gained from relatively simple analytical techniques. Even fewer
sources throw light onto the understanding of how organizations address the connection between agile methods
and the underlying connection with the software engineering best practices implemented with them.

2.1  Research questions

Our research questions were:
Avre the adoption of Agile methodologies and the embracement of software engineering practices perceived
as mutually related by the organizations?
How the adoption of agile methodologies and deployment of software engineering practices are related to
the organizational size and age?
What is the influence on the adoption of agile methodologies and/or software engineering practices related
to the markets the organizations participate in, the deployment of formal quality models evaluation and the
operation under incentive programs? In particular how do both correlate to Argentina’s software promo-
tion law (Ley 25922)?

2.2 Data Source

The scope of the collected survey attempts a research activity to include a group representing a variety of
software organizations in Argentina. It is composed by few questions related to several organizational charac-
teristics, context factors, and the usage of both agile methods and software engineering practices. A combina-
tion of Yes/No, Multichoice, and 5-Likert categorical values are captured through the questions. The survey
went public thru different social media, personal network, and other academic channels and enough answers
were collected, according to the design of the research experiment, to ensure that the results would be within a
pre-defined sample error and confidence interval.

2.3 Analysis Framework

The organization size, measured as the direct software development resources, is mapped as a token of the
organization’s strength in terms of scale at the moment to decide whether or not to perform investments on
improving their performance. The organization age is used as a direct indicator for the room to collect feedback
from customers experience, and actual results, into the need to introduce structural compliance with software
process methodologies.

Some factors are subject to decisions being made by the management whose relationship to the agile and/or
software engineering practices is to be evaluated. Among these factors, the actual core business and the nature
of the served markets, might define the need for the organization to raise software development performance
level. Other parameters are the management decision to embrace formal quality-related evaluations and the
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affiliation to external programs that might be related to the fulfillment or adoption of industry frameworks.
Colla et.al (Colla & Montagna, 2008) referred a research made that predicts a significant relationship between
the organization size (N) and the likelihood of embracing formal quality models. Intuitive as it might seem, this
notion had received little attention in published papers in terms of validation.

Finally, the analysis includes the adherence to Argentina’s Software Law (agencia.mincyt.) (Ley 25922) as a
factor assumed to facilitate the formal adoption of quality systems, and therefore included as a parameter
whose relationship with other research factors needs to be explored.

2.4 Design of experiment

Although a full census would be desirable to understand the subjects under research, this is deemed imprac-
tical as a preliminary evaluation of the factors addressed by this paper. This might even be impossible, as many
organizations would refuse to go public with their internal data in fear of exposing competitive information of
internal nature. Because of that, a sample survey has been attempted with a pre-defined level of representation
of the target organizations, which derives on a measurable confidence interval on the results. The sample could
be considered, in broad terms and not completely void of skew factors, a random one, as the call for answers
was made public and no individual answers were solicited. After saying that, the affiliation and personal net-
work of the authors play a role that might, up to some extent, skew the results. However, the resulting dataset
collected is deemed acceptable as it reaches the sampling error defined for the experiment.

For the analysis's sake, generalizations would be made with the collected information assuming that a ran-
dom data sample has been collected, and understanding the threat to validity that this approach might introduce.

According to the data made available by CESSI (OPSSI, 2016), close to 650 organizations are involved in
the software development business in Argentina, delivering to different segments and capabilities. This proba-
bly would be a very conservative number as many organizations might not be truly devoted to software devel-
opment but other activities of the value chain of the software industry; however, assuming a larger than needed
number, would make the results stronger in terms of the confidence level.

In order to achieve a given significance of the results, it is necessary to identify what would be the mini-
mum sample size, this factor defines both the precision and the confidence interval of the results. It is a judg-
ment call of the authors to balance the precision to be achieved, against the resources realistically available to
perform the data collection.

Cochran (Cochran, 1977) recommends a sample size (np) for a very large population as:

_2""p’q
X
Equation 1

Ny

Where the normalized random variable (Z), represents the value at the confidence level assuming a normal
distribution. Using a value of 1.96 to achieve a 95% confidence level. The assumed proportion of the popula-
tion with a given attribute (p) and the lack of it (q) is assumed, in the worst case, by assigning the same value to
both (0.5). The minimum sample size (ny) can be computed for different accepted error levels (e) as seen in
Table 1.

Ny
Cl 70% 95%) 99%
[ e [ ¢ z 0.7 1,9 2,58
5% 5% 49 384 666
10% 90% 12 9% 166
15% 85% 5 43 74
20% 80% 3 24 42
25% 75% 2 15 27
30% 70% 1 11] 18]
35% 65% 1 8 14
40% 60% 1 6 10
45% 55% 1 5 8
50% 50% 0 4] 7
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Table 1 Confidence levels for a random variable Z and resulting sample size (Yamane, 1967) (Cochran, 1977)

Based on Table 1, a minimum sample size of 15 answers and a desirable level of 24 answers are adopted as a
preliminary design level for the response to the survey that would yield acceptable results for the scope of this
effort.

As the total population is finite, a validation is needed to find whether that number is appropriate.

Yamane (Yamane, 1967) provides criteria to define the sample size for small populations, when the sample
size might be comparable to the total population or in any case, it cannot be considered as much larger. A sim-
plified formula with maximum variation and 95% confidence interval is given by:

N

u

n =————
"O1+N, T€?
Equation 2

The accepted error level (e) is now defined as to how close the estimations made using the collected data are
compared with those of the population it samples. The relation between precision and sample error is given by:

Error =1-e¢
Equation 3
N 650
e ]
5% 95% 248
10% 90% 87
15% 85% 42
20% 80% 24|
25% 75% 16
30% 70% 11
35% 65% 8
40% 60% 6
45% 55% 5
50% 50% 4
Table 2

Applying this criterion, the resulting recommended sample size is given by Table 2where a minimum num-
ber of 16 answers and a desired number of 24 answers is obtained, which is deemed as pretty consistent with
the previous evaluation. The overall assumed accepted error level might look like a little high, but considera-
tion needs to be given to the fact that this research is aimed to obtain preliminary insights on a previously un-
explored subject, and that the authors consider that this sort of precision is a reasonable balance between the
available resources and the robustness of the conclusions made possible by them

3 SURVEY DESIGN

Two factors represent the dependent variables under study, the degree of agile deployment (AGILE, Y,) and
the degree of software engineering practices deployment (SWE,Y). Both are captured as categorical variables
represented using a 5-Likert scale, where the minimum level is little or no implementation, and the maximum is
full adoption, whereas the mid-scale represents the awareness and some fair level of usage. Both scales are
designed to represent a similar depth of adoption per level. Organizational characteristics are assigned as inde-
pendent variables. Organizational size (X;) and Organizational age (X,) are both assigned with 5-Likert cate-
gorical values. For the size, the CESSI, (OPSSI, 2016), usual categorical scale is used while for the organiza-
tional age, an experimental sequence is adopted. The main goal of the organization is based on development
type performed. Markets served, quality accreditations achieved, and technology focus, are also captured with
multi-choice options, that can be manipulated as different kinds of discrete answers with convenient grouping.
The main factors used can be seen at Appendix — Survey Design.
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3.1  Survey Design and distribution

As design criteria, the total survey has created as a “one-pager” to increase the likelihood of being answered
(Mardsen & Wright, 2010). A small operating definition is attached to each question and general instructions
for fulfilling and returning are provided as well. A confidential statement ensures the participant that no indi-
vidual answer will be used or published, all the results would be statistical aggregates characterizing the sample
to understand the whole population. Fulfillment help is provided in terms of drop lists and checkboxes to uni-
form the answers provided within the defined categories. Google Forms, (Ruiz de Mendarozqueta, Goggle
Forms), has been used to implement the survey form and several validations and verification tests were per-
formed by the authors to ensure the functionality of different options.

The survey was published on the LinkedIn account (Ruiz de Mendarozqueta, Linkedin) and other social me-
dia platforms for all the authors. A fair amount of bouncing from direct network professionals was observed
allowing the survey to reach a larger audience resulting in the request to reach several hundred individual prac-
titioners at the end of the diffusion process.

4 SURVEY ANALYSIS

4.1  Survey demographics

A total of 30 valid and unique responses were provided as collected by the Google Forms tool. The distribu-
tion of organizational size and by organizational age is given by the following figures.
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As per the subject of interest for the survey, the agile methodologies and the perception of best practices
adoptions is shown in the following figures.
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As a validation of the distribution of organizational size, the proportions devoted to different markets the
mainline of activity have been compared with the 2018 CESSI sponsored survey [ (CESSI, 2018)] , the main
proportions are found within reasonable approximation to the survey results as a sample of this population.

4.2  Evaluation of dependent variables

The main tools for statistically analyzing a dataset, differ depending on whether the distribution of the data
follows a normal distribution or not. For non-normal distributions, so-called "non-parametric” tools are used,
which, in general, are less powerful and versatile. It is therefore an accepted practice to use tools aimed at nor-
mal distributions, even in cases where the distribution differs from it to a lesser extent. The organization size is
found not to follow a normal distribution since the Anderson-Darling normality test has a p-value=0.005. The
organization age (AGE) normality test has also a p-value=0.005 and doesn’t follow a normal distribution either.

Assumed both dependent variables represent equivalent levels of implementation for both agile practices and
software engineering practices, the Mann-Whitney test compares the sample medians to be equal vs. not equal,
resulting in a p=0,7958 therefore, the null hypothesis cannot be rejected and both populations can be considered
as having the same median value. The paired t-test needs to be used with caution because of the lack of normal
distribution on both variables but it yield a T-Test of mean difference = 0 (vs # 0): P-Value = 0,889 therefore
the null hypothesis of no mean difference cannot be rejected. Using Ordinal Logistic Regression, (Kruskal,
1954), an evaluation on the relationship between the dependent variables with both organizational size (N) and
organizational age (AGE) is made, a result of p>0.05 means there is insufficient evidence to claim the model
does not fit the data adequately, and therefore, the variables are related as seen in the following tables.

Y(AGILE) Y(SWE) AGILE SWE
N 0435 0183 GLOBAL 0.062 (yes) 0.244 (not)
— SPI 0.604 (not) 0.007 (yes)
AGE 0.12 0.948 EXT 0.104 (yes) 0.322 (not)

The impact of parameters such as the market being served (GLOBAL), the adoption of quality systems certi-
fication/assessments (SPI), and the operation under external program (EXT), is evaluated in terms of the de-
pendency of the agile or software engineering practices adoption with them using a Chi-Square method (Table
3).

Source p-value
N 0.667
AGE 0.032
GLOBAL 0.473
SPI 0.199
EXT 0.270

Table 3 Generalized Linear Model between independent variables to the adoption of agile methodologies

Using a Generalized Linear Model (GLM) regression between the independent variables and parameters,
and the adoption of agile methodologies, can be also seen in Table 4, where a p-value of less than 0.1 means a
dependency was found, whilst a larger p-value indicates the independence (null hypothesis), cannot be rejected.
Repeating the analysis, but now with the implementation of software engineering practices, can be seen at

Source p-value
N 0.060
AGE 0.487
GLOBAL 0.877
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SPI 0.079
EXT 0.474

Table 4 GLM between independent variables to the adoption of software engineering practices

Finally, the discretized responses representing agile methodologies and software engineering practices adop-
tions, are related to the adoption of Argentina’s software promotion law as a discrete (binary) variable. The
Chi-Square analysis between SWE and LEY yield p=0.033, so a dependency has been found while the relation-
ship between AGILE and LEY yield p=0.783 and a dependency has not been found.

5 DISCUSSION

The adoption of agile and software engineering are similar in organizations, the higher the one the other cor-
relates as higher too. This is a hint regarding that organizations apply stricter agile methods as they are aware of
the need to deploy software engineering practices as well. Organization size dominates the adoption of agile
methodologies, in a stronger way than the adoption of software engineering practices, whilst the opposite is
suggested for software engineering practices.

The operation servicing global markets is related to the adoption of agile methodologies, whilst the adoption
of strict, committed or certified, quality frameworks is related to the adoption of software engineering practices,
surprisingly, the usage of external incentive programs seems to relate stronger with agile than the adoption of
software engineering practices. The operation under the benefits of Argentina’s Software Law drives the adop-
tion of software engineering practices but it’s not related to the usage of agile methodologies within the statisti-
cal margin assumed.

Threats to validity

The data for this study were collected using a survey instrument designed to support this particular research
study, a realistic assessment of the number of feasible answers to be collected, results on the authors’ decision
to accept a relatively high sample error. This has resulted in more threats to internal validity than would be
desirable. We have persevered because this is very scarce data that sheds light on important, but previously
unaddressed questions, especially for the Argentina environment.Organizations might be tempted to give inac-
curate answers that reflected better on them than their real reasons, especially when talking about factors relat-
ed to their current maturity of adoption of agile and software engineering practices. This threat is partly con-
trolled by a careful survey design, avoiding negative implications of the different levels used by the answers.

In an idealized setting, organizational decisions are cost vs. benefit judgments; however, in practical terms,
this is a simplistic theoretical perspective that might be invalid for any individual organization to decide on
adopting a given methodology. This is especially true for the resources-constrained small organizations, which
were a large part of the surveyed population. A further complication is that the independent variables were
assessed using retrospective recall. This involves the risk of the introduction of retrospective bias. The method
used to distribute and gather data, might introduce some skewness in the conclusions because of being con-
ducted thru the professional network of the authors; however, the level of bouncing beyond that network, the
random nature of the respondents that choose to answer, and additional validations performed with the data,
give the authors some confidence that this factor is probably within the overall error level accepted for the con-
clusions. In this regard, some results were accepted with a p-value of 0.05 or below whilst for other a value of
0.1 was found acceptable; in general, for non-parametric methods, the latter was found acceptable given the
overall lack of power of the test itself.

Regarding external validity, it is possible that our findings do not generalize to other contexts. Although the
sample is large enough, there may be hidden systematic bias affecting the valid generalization of results. Or-
ganizations in the study are all Argentineans, which was one of the focus of the work, given the lack of previ-
ous analysis in the same direction, but this makes it worth note that our findings might not be generalized to
other environments. However, it is relevant to highlight that the overall results agree with a large body of re-
search and industry references, and our previously published modeling based on simulation techniques.
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6 Conclusion

The survey analysis provides some findings of the adoption of agile methodologies together with software
engineering practices at the Argentina software organizations, and extends previous research from several per-
spectives. Of course, all conclusions from a single study are tentative at best, and require confirmation through
further research, since additional and new questions are identified. In the following points, we summarize the
main conclusions related to the original research questions addressed:

Are the adoption of Agile methodologies and the embracement of software engineering practices perceived
as related by the organizations?

Yes, they are related, a statistically significant correlation has been found within the accepted error mar-

gins.

¢How the adoption of agile methodologies and deployment of software engineering practices are related to
the organizational size and age?

Both factors are related to organizational size and age. Agile is related to organization age whilst software

engineering practices are related to size.

What is the influence on the adoption of agile methodologies and/or software engineering practices related
to the markets the organizations serve, the deployment of formal quality models evaluation, and the opera-
tion under incentive programs? In particular, how both correlate to each identified incentive program?

Agile is related to the serving of global markets, while software engineering is related to the adoption of

formal software models.

7 Future work

Methodological implementations and the embracement of software engineering practices are controversial
issues and more research is needed to study their relationship. Several levels of analysis are possible (i.e. indi-
vidual, group, process, and organization, each one with complex interactions with the others). Further research
should be related to the study of the improved analysis of efforts being conducted in the same environment,
comparison of key investment characteristics, and validation of the results. At the same time, context variables,
such as organizational culture, business environment and other factors key to the survival of SMEs did not play
an important role in understanding the relationship with outcomes available in the bibliography. It is needed
then to investigate further the importance of such variables to several types of the usage of common agile
methodologies within the framework of accepted software engineering practices and to validate the approaches
proposed for solving them. We would like to express our thanks to the Universidad Tecnol6gica Nacional
(Regional Cdrdoba) for partially fund the publication of this paper as part of the research program up to this
point.
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