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Abstract: In terms of productivity in software development, there is specific interest in
identifying its influencing factors. For this purpose, several classification approaches have been
previously used, which have already recognized technical factors, organizational factors,
product factors, project factors, and personal factors. However, these approaches often focus on
technical factors over social and human factors (SHFs). Nevertheless, in addition to the obvious
technical aspects, the software development process involves problem-solving skills and
cognitive aspects and social interaction. In this sense, determining SHFs can lead to software
organizations designing strategies for improving team productivity. In this study, we first
conducted a preliminary classification of the SHFs identified in the literature. Because this
study seeks to assess the factors from the standpoint of software development professionals, we
developed and validated an instrument to measure the perception of software development team
members about SHFs that may be affecting their productivity. For this purpose, the first four
stages of survey-based research were followed: objective definition, survey design, instrument
construction, instrument validity, and reliability assessment. The instrument included 79 items
assessing 13 different SHFs. After assessing both their validity and reliability, the results
demonstrated that the instrument is a valid and reliable tool for measuring SHFs perception
among software development team members.
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1 Introduction

Software development is considered a people-centered activity that does not only
include technical or technological aspects. The software product generated from this
process incorporates problem-solving skills, cognitive aspects, and social interaction
[Capretz, 14]. From this perspective, social and human factors (SHFs) play an
important role in software engineering and may even affect the productivity of the
software development team. Therefore, “soft skills” not only necessary and important
in software engineering [Matturro, 19] and software process improvement [Mufioz,
14] but also in software development education because students are fostered to
effectively and efficiently perform professional activities in a globalized world
[Zurita, 16].

Regarding software development productivity, there is specific interest in
identifying its influencing factors. Studies report different classification schemes for
these factors such as technical and soft factors [Wagner, 08]; influence and context
factors [Trendowicz, 09]; team emerging states factors, individual factors, and support
task factors [Dutra, 15]; product factors, people factors, and project factors [De
Barros, 10]; and individual factors, interpersonal factors, and organizational factors
[Pirzadeh, 10]. These classifications include patterns that are used to separate factors
using technical, organizational, or software development process features. Other
researchers even discuss person-related classification patterns or non-technical factors
known as soft factors. However, SHFs are not explicitly addressed in any manner that
may facilitate their identification and adoption to propose strategies for improving the
productivity of the software development team.

In this sense, 57 SHFs were identified in the literature [Machuca-Villegas, 19].
As part of this study, these SHFs were assessed from an organizational psychology
and a software engineering perspective; considering their significance, any
relationship may exist between them and their complexity in the context of this study.
Consequently, 13 SHFs were identified for subsequent assessment from the
perception of software development professionals. The perception assessment seeks
to validate whether the SHFs reported in the literature affect professionals in terms of
their productivity. Similarly, based on the results obtained, it expects to identify
prevailing SHFs. Therefore, this study discusses the design and validation of an
instrument developed for measuring the perceptions of software development team
members on the SHFs that influence their productivity. Identifying these SHFs and
facing their corresponding challenges can help software organizations to reduce
software project management issues, reduce development time, reduce product costs,
and ultimately improve team productivity.

The paper is structured as follows. In Section 2, studies focusing on the SHFs that
influence software development productivity are listed. In Section 3, the 13 SHFs
included in the instrument from a theoretical perspective are discussed. In Section 4,
the survey design and validation process are described. Then, in Section 5, the results
of the instrument evaluation are provided. Finally, in Section 6, the conclusions and
future work are discussed.
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2 Related Work

This section describes some previous research projects that address factors
influencing software development productivity and provides certain examples of
survey-based studies that have been conducted in this context.

Some studies reported a tertiary review on factors affecting productivity
[Oliveira, 18]. However, based on the reviewed studies, the tertiary review mentions
the lack of a factor common classification. As part of their study, they propose a
factor classification categorized into organizational and human factors, highlighting
human factors as determining factors for improving the productivity of a software
developer.

In [Pirzadeh, 10], authors reported results from a systematic literature review on
human factors in software development. The assessment of the primary studies was
aimed at identifying and characterizing human factors that exert influence on the
software development process from the standpoint of software development cycle and
management. Moreover, this study assessed the approach level for these factors by
classifying them at organizational, interpersonal, and individual levels in which the
individual level was the most prominent.

The systematic review performed by [Wagner, 08] showed a list of productivity
factors classified into two categories: technical and non-technical (soff) factors.
Among non-technical factors, corporate culture, team -culture, team member
capabilities and expertise, the environment and project factors are important.
Furthermore, as a productivity success factor, this review mentioned the importance
of communication.

Likewise, [De Barros, 10] reviewed productivity factors and describes strategies
to maximize or minimize factor influence whether positive or negative. The factor
classification was based on Boehm’s proposal for establishing productivity boosting
strategies.

Further, Murphy-Hill et al. [Murphy-Hill, 19] polled 622 software developers
from three organizations on productivity. In this study, the prevailing factors were
motivation, peer support for new ideas, and receiving useful performance reviews.
This assessment included questions on productivity, 48 productivity factors, and
demographic variables. Then, the factors were categorized into practices, focus,
experience, job, work, capabilities, people, project, software, and context. In fact,
both format and style of survey items served as a foundation for designing the
instrument proposed.

Similarly, Canedo and Santos [Canedo, 19] studied factors affecting software
development productivity projects and open-source projects. For this purpose,
regarding team productivity factors, they conducted a literature review and polled
software developers on their perceptions. As part of their results, they identified 37
factors influencing productivity, which were further categorized into people, product,
organization, and open-source projects. In this paper, we assessed the questions used
in this survey, however, they did not perfectly fit our SHF definitions, for this reason,
we create new items to measure SHF.

For agile development, several factors exerting influence on productivity have
been observed. Fatema and Sakib [Fatema, 18] used system dynamics to model
productivity in agile development teams and identified 38 factors that affected team
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work productivity. Here team effectiveness, team management, motivation, and
customer satisfaction were identified as the most outstanding factors. Furthermore,
their work included a survey used to measure the perception from agile team members
on the influence from productivity factors. This survey also examined the level of
influence (Low, Medium, and High) of these factors. For designing our instrument,
the survey used by [Fatema 18] was not considered because the questions only
mentioned or presented minimal details of each factor.

Igbal et al. [Igbalm, 19] performed an empirical analysis on factors influencing
agile teams. This study describes factors that arise with certain frequency in an agile
development team such as inter-team relationships, team speed, team vision, and
other factors related to team member and team lead roles, as well as their influence on
productivity. The instrument used served as a guide for designing certain questions
included in our survey.

To summarize, even when these studies discussed factors that influenced software
development productivity, they only focused on their identification and on generating
recommendations for increasing team productivity. There is no explicit definition of
SHFs that may foster improvement strategies; therefore, a classification of SHFs
specifically aimed at fostering software development team productivity for
establishing concrete and decisive improvement strategies and actions for SHFs is a
necessary input.

As for survey-based studies, some instruments used in the literature reviewed can
be applied in cases where it may want to measure perceptions on influencing factors
or measure productivity from the developer’s standpoint. Although these instruments
embody a broad and diverse set of factors influencing software development
productivity, it was unable to align them to the study’s requirements because we
could not determine which questions from the surveys assessed might conform to the
SHFs identified by us. However, the instruments reported in our literature review
served as foundation for designing our instrument.

3 SHFs that Influence Software Development Productivity

[Machuca-Villegas, 19] identified 57 SHFs from a literature review. Based on an
entire semester and in several frequent meetings, these factors were assessed by a
psychologist along with the research team (two software engineers and two
statisticians). As part of this study, SHFs were reviewed from the perspective of
organizational psychology and software engineering, assessing their significance, the
relationship that may exist between them, and their complexity within the context of
this research. From this process, 13 SHFs were selected and defined. Table 1 lists the
factors with a brief definition, and these definitions were constructed as per their
psychological rationale and the previously conducted literature review.
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Name

Definition

Communication

Within human social nature, communication is defined as the
way in which one subject is linked to another [Vallejo-Nagera,
02]. In this sense, communication is mediating all human
interaction as the bridge that allows thoughts, emotions, and
information to be transmitted [Consuegra, 10].

Collaboration

Collaboration is directly related to the feeling of being
supported by others, thus implying an impulse to act together
and maintain a spirit of solidarity. In a work team,
collaboration manifests itself when several individuals work
together for mutual benefit [Tomasello, 10].

Commitment

Commitment is the level of responsibility that a subject is
willing to assume in their tasks within their work team, just as
the work team is responsible for the goals set within the
project.

Motivation

Motivation is the factor that moves people toward actions
[Vallejo-Nagera, 02]. Motivation is intrinsic to each person,
evidences magnitude, strength and duration, varies depending
on the targets and goals, and determines a part of human
behavior [Hernandez Lopez, 14].

Work satisfaction

Work satisfaction is determined by the difference between
what the person wants and what the person receives from
work [Judge, 10]. It depends on context and the challenging
and stimulating activities of each position at work.

Leadership

Leadership is the ability to influence other people within the
work team to achieve goals and objectives [Vivas, 09].

Innovation
(creativity)

Based on creative thinking, innovation can manifest itself in
an individual or work team as the ability to establish new
relationships between events or to integrate them in a
different, original, and innovating manner. Innovation is
related to creativity, which involves the creation of something
new, different, and of a certain value, based on the
experiences and knowledge the person has previously
acquired [Vallejo-Négera, 02].

Emotional
intelligence

The ability exhibited by people to properly identify and
process their emotions so that they are in control of their
behavior rather than letting their emotions control them.

Autonomy

Capability of making decisions at the workplace without
relying on management. Autonomy is directly related to the
freedom granted to employees and the work team to make
project decisions and the way in which work is conducted
[Dutra, 15].
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Empathy and | Empathy is an ability in which a subject identifies with
Interpersonal another person or group and shares the same state of mood.
Relationship During social interaction, some values, such as respect, are
raised, which indicates a general consensus on group rules,
setting limits, and establishing a floor on which all
participants are both providers and beneficiaries [Vallejo-
Nagera, 02]. In this manner, proper interpersonal relationships
are fostered as a human social nature within the socialization
dynamics among work team members.

Team Cohesion Work team cohesion refers to the existing level of integration
between its members so that all efforts are directed toward the
same common goal [Vallejo-Négera, 02].

Capabilities and | It is the knowledge and experience in the analysis, design, and
Experiences in | development of a software product according to the role

software played by each member of the team. It involves familiarity
development with the application domain, the hardware and software
process platforms, and the programing tools and languages used.

Capabilities and | The application of knowledge, skills, tools, and techniques in
Experiences in | project activities to meet project requirements [PMI, 13].
software project
management

Table 1. SHFs influencing software productivity

4 Methodology

This section describes the process followed for developing and validating the
instrument that was designed. For this purpose, this study will use four of the six
survey-based research stages described in [Kitchenham, 08]. Within this context, a
survey-based study was selected because it is a research method that, in addition to
gathering information, describes, compares, or explains knowledge, attitudes, or
behaviors [Kitchenham, 08]. In our particular case, the goal is to gather information
on the perception of software development teams about SHFs that affect their
productivity and, based on this information, compare these perceptions against the
different variables proposed by software developers.

4.1  Setting Objectives

The first step in developing a survey-based study is setting objectives. Hence, our
expected purpose and the research questions we expect to respond through the survey
must be clearly defined.

As part of this study, the purpose of the survey, resource availability, scope, the
target population, and the research variables were determined. This allowed us to set
our research objective, which is to measure the perception from software development
professionals on the SHFs that influence their productivity. For this purpose, we
designed an instrument to measure how software development team members
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perceive SHFs in terms of their productivity. Then, the corresponding assessment
factors were defined as per the perspectives from organizational psychology and
software engineering, thus deriving survey items for each factor that was selected.
Once the survey items had been completed, subject matter experts were asked to
assess based on relevance, representativeness, and clarity of the items. Based on
expert assessments, a content validity coefficient was calculated. We expect with the
application of the instrument to the sample: i) to determine the perceptions from
software developers, and ii) to provide a foundation for identifying prevailing social
and human factors.

Furthermore, this study is framed in the following research question: Which SHFs
influence the productivity of the software development team?

This instrument can be used by development teams who may wish to identify and
rank SHFs that affect their productivity. However, note that this instrument does not
measure productivity itself.

4.2 Survey Design

This stage establishes the type of study design, which may be focused on a cross-
sectional or a longitudinal study. Similarly, this step defines the survey
implementation method that should be used.

In this light, our study is defined to be cross-sectional observational. Participants
will be polled based on their experience as software developers, and then the survey
will be conducted in a single point in time. This type of study favors time and cost
investments because its execution requires less time than a longitudinal study and
does not imply monitoring of individuals. In fact, most software engineering surveys
used are quite similar in type and design [Kitchenham, 08].

Regarding the survey implementation method, we decided to use a web-based
self-administered questionnaire because this format facilitates survey distribution and
coverage. After assessing the advantages and disadvantages of different survey
application systems, we selected Google Forms as a platform.

4.3  Survey Instrument Development

At this stage, related literature about the research topic must be taken into account, in
order to identify similar instruments that may be applied to the context of the research
being carried out. This review will help to determine whether a new instrument is
required and to identify the methods used by other researchers in similar works. If a
new instrument is required, questionnaires are often the method of choice. In this
case, we must carefully consider the type of question used and the type of answer we
expect to receive. Furthermore, we must consider the format of the survey, its length,
and any biases from the researcher.

In the literature, certain studies addressed the factors that influence productivity
wherein instruments were used either for measuring these factors or to measure
productivity. In fact, certain studies, such as [Fatema, 18] [Murphy-Hill, 19] [Igbal,
19] [Canedo, 19] were considered as survey design references. However, because
none of these instruments really fit our SHFs definitions, it was not possible to adapt
them in whole or in part. Nevertheless, the questions from these surveys served as a
foundation for designing our own survey items.



1 18 Machuca-Villegas L., Gasca-Hurtado G.P., Puente S.M., Tamayo L.M R.: An Instrument...

Once we had decided to create a new survey, we selected our theoretical
approach, which was organizational psychology, and then settled on a definition for
our SHFs [Section 3]. Then, the survey items were written, based on a four-point
Likert scale: strongly disagree; disagree; agree; strongly agree. The items were
derived from the theoretical definition for each SHF. At least five different items were
written for each factor because using multiple items improve survey reliability by
reducing the respondent errors and increase the accuracy with which each concept is
measured [Kitchenham, 08].

Based on the theoretical definition that was selected, each research team member
proposed items to measure the corresponding SHFs, thus building an item bank. Once
the item bank was completed, periodic item review meetings were held in which
item—factor correspondence was assessed and the proper wording for each item was
reviewed. This allowed the entire research team to clean the bank of items and select
only those items that should be included in the survey based on the opinion of the
investigation team. The cyclical dynamics of each meeting are as follows: i) reading
the definition of the SHF; ii) reading an item proposed by a research team member;
iii) discussing item relevance; iv) consensual decision on whether the item should be
included or not; v) reviewing the wording of the item selected; and vi) reading the
next item proposed by the research team member. Through this item proposal and
review process, we were able to mitigate researcher biases regarding survey items.

In the end, a total of 123 items were selected to assess the 13 SHFs, including
both affirmative and negative statements as per the guidelines provided by Aiken
[Aiken, 96]. Table 2 presents an example of two of the items used to assess SHFs.
Each item was preceded by the general statement “To improve the productivity of
software development teams ....” Although the number of items is high, the research
team decided to use all of them to provide a broad set of options for the validation
process, thus expecting that certain items may have to be removed from the process.

Social and Item
Human Factors
Communication | ¢ Communication between team members is important

Oral or written communication between members of the

software development team should be avoided (REVERSE

ITEM)

Commitment e  Work team performs tasks required to guarantee project
success based on the set objectives.

e The team is committed, accountable for the deliverables,
and is readily available to perform any task required to
achieve their goals.

Motivation e  Tasks assigned to team members should be perceived as
interesting

e Team members should feel that tasks they perform are part
of something important

Work e  The activities performed by team members should

satisfaction contribute to both personal and professional growth

e Team members are satisfied with the activities they
perform
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Emotional Each team member should face challenges without letting

intelligence them negatively affect their emotions and the emotions of
their peers
Each team member should be able to adapt themselves to
project-related changes

Collaboration Team members should collaboratively work to jointly

achieve project goals
Team should be characterized by endorsing and supporting
all members

Team Cohesion

It is important that members feel identified with the team
by participating in an autonomous and motivated manner
Each member of the software development team should
place their best skills at the service of the team’s goals

Empathy and Social activities, both within and outside the workplace, are
Interpersonal necessary
Relationship Each member should participate in workplace activities.
Leadership The team allows any member to lead activities within the
project
The leader should promote positive attitudes and build trust
among team members
Innovation Team members enjoy performing new activities that have
not been previously attempted
Team members should avoid using solutions that have not
been satisfactorily tested (REVERSE ITEM)
Autonomy All team members should be granted the autonomy to make
any decision without direct supervision
The team can organize itself to set and meet their goals
Capabilities and The work team should be updated regarding the best tools
Experiences in and practices to perform the tasks
Software Team members should be familiarized or have worked on
Development similar applications
Process
Capabilities and Each team member should adequately manage deadlines

Experiences in
Software Project
Management

Each team member should be able to plan, execute, or
control project activities

Table 2. Sample Survey Items

4.4  Survey Instrument Evaluation

At this stage, the instrument is assessed before its application. We reviewed whether
the items were understandable and determined the validity and reliability of the
instrument. We describe the process used to assess instrument reliability and validity
below. Then, the first draft of the instrument was applied to a pilot sample.
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44.1 Validity Assessment

Hernandez et al. [Hernandez, 14] suggest conducting a literature review to identify
how other researchers have measured the variable as the first step in order to
determine content validity. Then, based on this review, a “universe of possible items
or reactions may be written to measure the variable and its dimensions (the universe
should be as exhaustive as possible). Later, researchers acquainted with the variable
must be engaged to determine whether the universe is truly exhaustive” (p. 209). The
items included in the instrument were generated from the theoretical review of SHFs
reported in software development productivity literature.

Validity refers to the degree to which an instrument actually measures the
variable you intend to measure based on several types of evidence: content, construct
and criteria. For our instrument, we assessed its content validity by understanding it as
the degree to which our instrument reflects a specific content domain of what we
intended to measure. For this purpose, we calculated the content validity coefficient
(CVC) [Pedrosa, 13]. Because many factors may affect instrument validity and
reliability, we must implement validation methodological processes to reduce
application and interpretation biases before applying our measuring instrument based
on criteria and theories that will enable us to obtain valid, reliable, and objective
results [Florez, 15].

To account for content validity, the following procedure was used for the
proposed instrument. First, a literature review of existing academic and scientific
papers and surveys on the subject matter was conducted. From these papers, we
selected 13 SHFs, and, for each factor, 123 items were written. Then, to determine
whether the items written for each factor effectively represented what we intended to
measure and were aligned with the objectives set forth, the instrument was submitted
to the consideration of subject matter experts (SME) [Pedrosa, 13] who were asked to
validate their content. For this purpose, we selected five SME reviewers based on
their expertise on software development and in the linguistic and psychological fields.
The survey was provided in a validation format, i.e., it did not include the response
options, but rather spaces where SME reviewers may write their assessment of each
item, and any comments or the corresponding theoretical definitions. SME reviewers
were instructed to read the instructions and assess each item as listed in Table 3.
Then, the data received from these five reviewers were transcribed into an Excel
spreadsheet for CVC calculation. The corresponding results are reported in the
following section.
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Score Assessment Criteria
1 e Not relevant so it should be removed

e  This item is not clear

e This item has no logical relationship with the factor. This item
has a tangential relationship with the factor

e This item can be removed without affecting the factor
measurement

2 e It must be rewritten

e The item requires several modifications or a very large
modification in terms of wording or structure

e A very specific modification is required for some wording

e The item has a moderate relationship with the factor it is
measuring

e  The item is relatively important

This item is relevant

This item is clear with proper semantics and syntax

This item is completely related to the factor being measured
This item is very relevant and must be included

Table 3. Item assessment criteria

4.4.2 Reliability Assessment

An instrument is reliable if, when administered several times, approximately the same
distribution of results is obtained each time it is applied [Kitchenham, 08]. In this
sense, reliability is related to measurement consistency. The less results change, the
more consistent the measurement and therefore more accurate [Espinosa, 08].

For this study, we estimated reliability via internal consistency. This is a
procedure that measures the correlations between items included in the same test, i.e.,
the items produce similar results in repeated applications. There are several
procedures used to determine reliability through internal consistency [Pérez, 09]:

e The Spearman—Brown procedure (correlation between halves)
The Rulon procedure (variance between differences)
The Guttman scaling procedure (variance between split halves)
The Kuder—Richardson procedure (item intercorrelations)
The Cronbach’s alpha procedure (the sum of variances of the individual
items divided by total variance weighed by the total number of items)

From the abovementioned procedures, we selected Cronbach’s alpha [Quero, 10],
which is based on the covariances between items measured through any multiple-
choice scale [Martinez, 96]. This measurement requires a single instrument
administration and produces values ranging from 0 to 1 [Molina, 13]. If Cronbach’s
alpha is high (> 0.7), items are highly correlated and together measure a single
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construct [Kitchenham, 08]. The alpha coefficient is derived from the following
equation [Martinez, 96]:
2

NEES=E

2
. . 2 . . .

where # is the number of test items, 7 represents item variance (j= 1,2, ..., n), and Ox
represents total test variance. The following section discusses Cronbach’s alpha
results for each factor and for the entire instrument.

4.4.3  Pilot Sample Application

After validating the SHFs to be included in the instrument, we designed the draft
version of the survey using Google Forms. Once hosted on the Google platform, the
research team reviewed the items once again to streamline wording, structure, and
operational details. Then, the corresponding adjustments were made, and the final file
was structured. The instrument includes the following sections:

e A contextualization, data management authorization, and reliability section.

e A personal data section.

e One section for each factor. We agreed that the instrument must specify the

name of each factor measured.
e An additional data section.

This first version of the instrument was applied to a pilot sample of 23 participants in
Medellin, Colombia. The purpose of this test was to estimate the time respondents
required to answer the survey, review the results structure generated by the platform,
and identify opportunities for improvement. The corresponding results are discussed
in the following section.

5 Results

This section discusses instrument evaluation results based on its validity and
reliability assessments, as well as its application to the pilot sample and final version
of the instrument.

5.1  Validity and Reliability Assessment Results for the Instrument Designed

The content validity coefficient (CVC) was calculated from the data obtained from
the five SME reviewers. Through the CVC, the degree of agreement among the
experts was determined for each of the items included in the instrument as well as for
the total instrument. These results allowed us to identify those items that exceed 0.7 in
a scale from 0 to 1 and therefore must be included in the final version of the
instrument. All items that reported a CVC under 0.8 were deleted (24 items).
Moreover, the reviewers suggested merging several items because their content was
similar, thus reducing the final item number to 79 items.

Table 4 below lists the CVC results, the number of items per each SHF, the
percentage of positive valences worked for the SHFs, the factors that have been
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removed based on their CVC, and the number of items per SHF included in the final
version of the instrument. Because the CVC for each factor exceed 0.80, the
instrument is deemed valid [Pedrosa, 13].

SHFs Number % items Removed | Accepted* | CVC

of Items | with positive (CvC

valences <(0.80)

Communication 13 76.9 6 6 0.81
Collaboration 7 85.7 2 4 0.85
Commitment 7 85.7 1 6 0.85
Motivation 11 100.0 4 5 0.83
Work satisfaction 13 100.0 2 7 0.91
Leadership 12 83.3 3 7 0.92
Innovation 11 81.8 1 6 0.94
(creativity)
Emotional 10 100.0 0 8 0.97
intelligence
Autonomy 9 100.0 4 5 0.86
Empathy and 12 91.7 1 9 0.89
Interpersonal
Relationship
Team Cohesion 7 100.0 0 6 0.91
Capabilities and 7 100.0 0 7 0.94
Experiences in
software
development
process
Capabilities and 6 100.0 0 4 0.97
Experiences in
software project
management
Total 123 91.9 24 79 0.86

Table 4. Instrument content validity results
*Some items were merged, therefore the total of accepted items does not correspond to the difference
between the number of items and the removed items

Table 5 below lists the assessment values from the SME reviewers. Values were
calculated from the Excel spreadsheet using SPSS. Here, the SME reviewers
approved a high number of the items assessed with percentages ranging from 61.6%
to 83.2%. However, two of the five SME reviewers believed that no item should be
removed, while reviewer 4 suggested that 16.8% should be removed, i.e., the highest
percentage from any of the reviewers.
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Assessment
Not relevant This item is
Reviewer Needs rewording relevant

No. % No. % No. %

Items Items Items
REVIEWER 1 0 - 21 16.8 104 83.2
REVIEWER 2 5 4.0 17 13.6 103 82.4
REVIEWER 3 15 12.0 33 26.4 77 61.6
REVIEWER 4 21 16.8 24 19.2 80 64.0
REVIEWER 5§ 0 -- 21 16.8 104 83.2

Table 5. Instrument Item Assessment from Reviewers

Table 6 shows the CVC values such as the minimum, maximum and average
(0.86) CVC values. Because the average CVC value exceeds the suggested optimum
value (0.8), the instrument is deemed to be valid [Pedrosa, 13].

Minimum Maximum Average CVC Number of Items
Rating Rating
0.53 1.00 0.86 123

Table 6. Summary of Instrument Item Assessment Statistics

After the instrument was considered to be valid in terms of content, we proceeded
to calculate the reliability for each factor and for the instrument as a whole using
Cronbach’s alpha coefficient based on the covariances between items. For these
calculations, we used SPSS (version 21 for Windows) and the corresponding results
are summarized in Table 7. Because all of Cronbach’s alpha values are within the
range suggested by [Oviedo, 05] for one-dimensional scales (0.7-0.9), we can safely
assume that all instrument items exhibit proper internal consistency.

Social and Human Factors Number of | Cronbach’s
Items alpha
Communication 13 0.743
Collaboration 7 0.753
Commitment 7 0.782
Motivation 11 0.690
Work satisfaction 13 0.753
Leadership 12 0.761
Innovation (creativity) 11 0.751
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Emotional intelligence 10 0.804
Autonomy 9 0.749
Empathy and Interpersonal Relationship 12 0.713
Team Cohesion 7 0.797
Capabilities and Experiences in  software 7 0.788
development process

Capabilities and Experiences in software project 6 0.793
management

Total 123 0.958

Table 7. Instrument Reliability Results

5.2 Assessment of Pilot Sample Application Results

Rather than assessing the responses from pilot sample respondents, we focused on
response time and the difficulties that might affect proper survey completion.
According to our results, the average response time was 25 min and certain items
required some wording adjustments. Some of the adjustments suggested were as
follows:
e All wording must be consistent. All items must be reworded using “should”
e  All factors and questions must be numbered
e In the Work Team Cohesion factor, the “Activities should be performed in a
timely and comprehensive manner” must be rewritten as “Activities should
be performed in a timely manner and with participation from all
stakeholders”
e All questions and answers must be separately worded rather than using the
matrix used in the original version of the instrument.

Based on these results, we decided to restructure the entire instrument and apply
it to a different group of participants because this would provide additional feedback
and allow us to make the corresponding adjustments. Once the second pilot was
applied, additional minor wording adjustments were made, and we were able to
determine that these wording changes did not significantly change response times.

5.3 Instrument Final Version

From the results of the instrument evaluation and the pilot sample, we generated a
new version. With this instrument, it is expected to measure the perception of
software development team members about 13 SHFs that can influence their
productivity, therefore its purpose focuses, particularly, on aspects associated with the
person, in contrast to some research that they encompass other types of factors that
influence productivity [Canedo, 19] [Fatema, 18] [Igbalm, 19] [Murphy-Hill, 19].
This particularity allows us to go deeper into each SHF and expect more detailed
results.

This instrument includes additional SHFs to those included in [Canedo, 19]
[Fatema, 18] [Igbalm, 19] and [Murphy-Hill, 19]. For instance, in [Canedo, 19],
Canedo and Santos included eight factors associated with the person, five of them are
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related to the SHFs Communication, Collaboration, Team Cohesion, Motivation,
Capabilities and Experiences in software development process, Capabilities and
Experiences in software project management.

The results contribute to the researchers focused on studying the factors that
influence the productivity of software development. It adds value to the related works.
The instruments used in the literature reviewed were a reference for the instrument
design described in this article. The instrument’s final version is presented below.

Title
Perceptions from the software development team members

Contextualization, Data Management Authorization, and Reliability Section.

As part of the framework of the “Classification and Influence of Social and Human
Factors on Software Development Team Productivity in Small and Medium IT
Businesses” project, this study seeks to identify these factors; therefore, we hereby
request and acknowledge your valuable participation in this study.

As you are working in our area of interest, you have been randomly selected to
respond this survey. Note that there are no right or wrong answers. We would only
like to know your perceptions based on the below factors. We guarantee that your
answers will remain strictly confidential and in full compliance with the applicable
laws on statistical secrecy and protection of personal data. All information provided
herein is anonymous and confidential, and all individual survey will be destroyed and
data will be aggregated with all other respondents.

Would you like to continue? YES ~ NO

General Data.

Please answer each of the following questions according to your current situation
e Country

City

Age

Gender

Maximum academic level reached

Profession

Position

Years in the company

Years of professional experience in software development

Questions by Social and Human Factors
Select the most appropriate answer for each of the following statements, according to
this scale: Strongly Disagree; Disagree; Agree; Strongly Agree.

1. Communication
1.1 To improve productivity in software development processes, communication
between team members is paramount.
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1.2 Project objectives and their corresponding activities should be explicit and clear to
all team members to improve productivity in software development processes.

1.3 To improve the productivity in software development processes, each task should
have a clearly identified person in charge.

1.4 Team members should maintain fluid communication to improve productivity in
software development processes.

1.5 To improve productivity in software development processes, team members
should be informed in a timely manner about goal progress and objective
achievements.

1.6 To improve productivity in software development processes, a communication
protocol between the team members and external personnel should be defined.

2. Commitment

2.1 To improve productivity in software development processes, the work team
should perform the tasks required to achieve project success according to the
objectives that were set.

2.2 The members should be assigned a level of responsibility that facilitates assuming
their tasks in favor of team objectives to improve productivity in software
development processes.

2.3 To improve productivity in software development processes, the team should be
clear about its responsibility for completing tasks and be willing to help as necessary.
2.4 All team members should be accountable for the obtained results, fulfill their
duties, and admit their mistakes to improve productivity in software development
processes.

2.5 To improve productivity in software development processes, the team members
should completely and promptly complete all of the tasks that were assigned.

3. Motivation

3.1 To improve productivity in software development processes, positive attitudes are
essential to achieve the project’s objectives.

3.2 The tasks assigned to team members should be perceived as interesting and
challenging to improve productivity in software development processes.

3.3 To improve productivity in software development processes, team members
should believe that the tasks they perform contribute to achieve objectives.

3.4 Team members should receive rewards for activities performed because this
improves productivity in software development processes.

3.5 To improve productivity in software development processes, good furniture,
computer equipment, and optimal environmental conditions should be available.

4. Work Satisfaction

4.1 To improve productivity in software development processes, the contribution
from each team member should be recognized.

4.2 The activities performed by team members should contribute to their personal and
professional growth and improve productivity in software development processes.

4.3 To improve productivity in software development processes, team members
should be satisfied with the equitable distribution of work.
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4.4 Team members should be satisfied with the activities they perform to improve
productivity in software development processes.

4.5 To improve productivity in software development processes, the tasks assigned to
each team member should largely correspond to what each one wants to do.

4.6 To improve productivity in software development processes, tasks should be
assigned according to the profile of each team member.

4.7 Team members should be satisfied with the possibility of acquiring additional
knowledge about software development to improve their productivity.

5. Emotional Intelligence

5.1 To improve productivity in software development processes, each team member
should be able to adapt themselves to project changes.

5.2 To improve productivity in software development processes, each team member
should be able to express disagreement in a timely manner and to the right person.

5.3 To improve productivity in software development processes, team members are
required to perform their activities, even when they become difficult.

5.4 Team members need to know how to appropriately manage their emotions to
improve productivity in software development processes.

5.5 To improve productivity in software development processes, it is important for
each team member to listen to criticism and act accordingly.

5.6 To improve productivity in software development processes, the team should be
appropriately able to solve conflicts.

5.7 To improve productivity in software development processes, team members
should know how to recognize the emotional states of their colleagues and
empathetically act.

5.8 To improve productivity in software development processes, team members
should build relationships based on both trust and respect.

6. Collaboration

6.1 To improve productivity in software development processes, team members
should collaboratively work to achieve the project’s goals.

6.2 There should be trust among team members for the performance of their duties
and protection of common interests, which contributes to improving productivity in
software development processes.

6.3 To improve productivity in software development processes, team members
should be willing to help, endorse, and support their colleagues.

6.4 To improve productivity in software development processes, team members
should share their knowledge, information, and experience with their colleagues.

7. Team Cohesion

7.1 To improve productivity in software development processes, team members need
to work at similar rates.

7.2 Importantly, members feel identified with the team participating in an autonomous
and motivated manner, which helps to improve productivity in software development
processes.

7.3 To improve productivity in software development processes, team members
should put their best skills at the service of the project objectives.
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7.4 To improve productivity in software development processes, team members
should enjoy performing tasks with their colleagues.

7.5 The activities should be executed in a timely manner and with the participation of
everyone involved to improve productivity in software development processes.

7.6 To improve productivity in software development teams, team members should
know what each of their colleagues does.

8. Empathy and Interpersonal Relationships

8.1 To improve productivity in software development teams, team members should
participate in social activities both within and outside the work environment.

8.2 To improve productivity in software development teams, team members may have
little or no relationship with each other as long as they do their job.

8.3 To improve the productivity of the software development teams, team members
should recognize that failing to perform their tasks may affect the performance of
their colleagues and the team as a whole.

8.4 To improve productivity in software development teams, team members should
receive training in interpersonal relationships, assertive management of emotions,
teamwork, and quality.

8.5 To improve productivity in software development teams, there should be good
personal relationships between team members.

8.6 To improve productivity in software development teams, members of the team
should be able to take the place of the other when you need help and collaborate to
meet your need.

8.7 To improve productivity in software development teams, each member should
participate in workplace activities.

8.8 To improve productivity in software development teams, the members should
promote a pleasant work environment.

8.9 To improve productivity in software development teams, team members should
respect the agreed-upon coexistence agreements.

9. Leadership

9.1 To improve productivity in software development teams, any team member may
have qualities to lead activities within the project.

9.2 To improve the productivity of the software development teams, team members
should feel that they can offer solutions to project problems.

9.3 The leader should promote positive attitudes and build trust among software
development team members to improve productivity.

9.4 To improve productivity in software development teams, work decisions should
be made in group discussions and not unilaterally.

9.5 The leader should coordinate and guide the activities of the software development
team toward project objectives and goals to improve productivity.

9.6 To improve productivity, the leader should be equitable in his/her treatment and
demand toward software development team members.

9.7 To improve productivity in software development teams, the leader should be
concerned with both project results and human relations.
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10. Innovation

10.1 To secure process innovation and to improve productivity in software
development teams, team members should consider customer’s suggestions,
complaints, and/or claims.

10.2 Company policies should promote the incorporation of innovation in projects to
improve productivity in software development teams.

10.3 To improve productivity in software development teams, using solutions that
have not been satisfactorily tested should be avoided.

10.4 To improve productivity in software development teams, their members should
be able to take on new challenges and develop various skills.

10.5 The members of the software development team should support and be receptive
to new ideas for improving productivity.

10.6 To improve productivity in software development teams, the leader should
encourage members to place their own ideas into practice and identify new ways to
deal with problems.

11. Autonomy

11.1 To improve productivity in software development teams, members should be
empowered to make project decisions and the way in which they work.

11.2 To improve productivity in software development teams, their members can
organize themselves to set and meet their goals.

11.3 To improve productivity in software development teams, team members should
make decisions about the methods, techniques, and strategies to perform the tasks.
11.4 To improve productivity in software development teams, team members should
trust their abilities to execute the tasks that have been assigned to them.

11.5 To improve productivity in software development teams, team members should
be able to take corrective measures on their own initiative.

12. Capabilities and experiences in the software development process

12.1 To improve productivity in software development teams, team members should
remain updated on the best tools and task execution practices.

12.2 To improve productivity in software development teams, team members should
be knowledgeable on the subject matter or have worked in similar contexts.

12.3 To improve productivity in software development teams, team members should
have knowledge or experience in the tools and programing languages used in the
project.

12.4 To improve productivity in software development teams, team members should
have knowledge or experience in the analysis, design, construction, or implementation
of software.

12.5 To improve productivity in software development teams, team members should
exhibit logical reasoning and systemic thinking skills.

12.6 To improve productivity in software development teams, team members should
be able to implement efficient solutions to meet project requirements.

12.7 To improve productivity in software development teams, team members should
have knowledge or experience in the analysis, design, construction, or implementation
of software.
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13. Capabilities and experiences in software project management

13.1 To improve the productivity of the software development teams, team members
should adequately manage deadlines.

13.2 To improve productivity, software development team members should be able to
plan, execute, or control project activities.

13.3 To improve productivity, software development team members should have
knowledge or experience in project management tools and techniques.

13.4 To improve the productivity of the software development teams, team members
should have knowledge or experience in the use of metrics used for project
monitoring.

Additional Data
e Please specify how many people are included in your team, including
yourself

Please specify the main activity of the company you work for

Please specify the legal nature of the company you work for

Please specify the number of employees in the company you work for

Please specify the number of projects completed last year in the company

you work for

Please specify the certifications achieved by the company you work for

e  Please specify your role within the company you work for

e Please specify the type of software development methodology used by the
company you work for

e Please list the software development methodologies used by the company

you work for

6 Conclusions and Future Work

This study discusses the development and evaluation of an instrument used to
measure perceptions on the SHFs that exert influence on the productivity of the
software development team. For this purpose, the authors designed a 79-item survey
covering 13 SHFs. Then, the instrument developed was assessed in terms of validity
and reliability using the CVC and Cronbach’s alpha coefficient. Moreover, the first
version of the document was applied to a pilot sample.

The results from this instrument assessment revealed an average CVC of 0.86 and
a Cronbach’s alpha coefficient of 0.958, which indicates that the instrument is both
valid and reliable.

Overall, this study improved the comprehension of the significance of the SHFs
that affect software development productivity because, as confirmed by the
corresponding content validity results, all items included in the instrument reflect a
specific subject matter domain.

This instrument can be used by development teams that may wish to identify and
rank SHFs that affect their productivity. Software development organizations can use
these instruments to measure perceptions on the SHFs that may affect team
productivity and implement improvements based on their results.
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As for future work, the instrument designed will be applied to software
development team members in Colombia and other Latin American countries. For this
purpose, we plan to make the survey available for up to two months or until they
obtain enough responses for a representative sample. Based on the results obtained,
the authors expect to identify and rank the SHF identified as most significant by our
subject matter experts and propose gamification strategies aimed at improving
productivity of software development teams. According to [Garcia-Mireles, 19],
gamification has a positive impact in terms of improving productivity; it improves the
quality of the software product and increases the developer’s performance.

Additionally, the study of SHFs can be expanded by deepening factors related to
user experience and customer satisfaction.
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