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Abstract

Since software development is in constant evolution, it presents new facets and emerging
topics. For example, the integration of qualitative data analysis through Grounded Theory
establishes a new approach to categorizing this discipline, allowing it to align with these
new contributions. The present work applies an original Glaserian Systematic Mapping
Study (GSMS) to explore new ways of categorizing software development using
Grounded Theory (GT) and GT elements. The study provides insights from the perspec-
tive of human beings, including their trust and doubts, and their attitudes towards work
teams. The categorization covers many aspects of software development. One of these
relates to Agile development, which has been defined in two pairs: Agile/Non-Agile and
Agile/Plan-driven. Although this may seem obvious, this categorization had not been de-
fined in this way before. Data, in all its diversity, accompanies the software development
process throughout its entire lifecycle. Another finding of the present work is the concept
of bridges, which correspond to the diverse interrelationships within software develop-
ment. Grounded Theory in the context of software development has enabled the creation
of various types of bridges. These bridges could be established between individuals
within the same development team, between different areas of software development, or
between developers and their tools and artifacts, among others. These findings can be
highly diverse and can help software engineers unlock their potential and explore various
options in software development.
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1. Introduction
The incorporation of Grounded Theory (GT) into software engineering is important
Copyright: © 2026 by the authors.

for several reasons. First, acknowledging the human element within software develop-
Licensee MDPI, Basel, Switzerland.

e . ment processes addresses a significant issue in this field. GT has its roots in the Social
This article is an open access article

distributed under the terms and Sciences [1] and therefore emphasizes understanding human behavior and the environ-
conditions of the Creative Commons ~ ment in which it operates [2,3]. This approach is vital for both individual and team per-

Attribution (CC BY) license. formance in software engineering projects, influencing project costs and outcomes.
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GT offers contributions to software engineering by providing methodologies that
deepen qualitative analysis and are based on data from the Grounded Theory [1,4,5]. Un-
like traditional approaches that overlook the complexities of human interaction and con-
text [6], GT provides a comprehensive understanding of these factors, enabling more in-
formed decision-making in software development.

Also, data saturation in GT ensures a systematic analysis, resulting in the emergence
of robust theories that can improve software engineering practices [4,5], in both Glaserian
(GGT) and Straussian (SGT) GT variants [7].

In the direct relationship between software engineering and human factors, GT offers
additional techniques and tools that enrich this discipline. By providing a framework for
categorizing software engineering phenomena, GT enables the generation of new knowledge
in the form of theories, development innovation, and advancement in the field.

For fully understanding the integration of GT into software engineering, it is neces-
sary to examine the previous efforts made in this direction. As is well known, GT plays a
dual role as a qualitative research methodology and as a data analysis tool, due to its abil-
ity to extract knowledge from various sources. However, existing classifications of software
development, such as those found in SWEBOK [8], often fail to incorporate the qualitative
aspects emphasized by GT and the complex nature of software development processes.

While SWEBOK provides a rigorous and widely adopted technical taxonomy, it pri-
marily organizes knowledge areas according to functional domains. It does not explicitly
capture cross-cutting sociotechnical relationships, emergent human-centered dynamics,
or relational patterns between development paradigms. GSMS does not seek to replace
SWEBOK, but rather to complement it by introducing an analytical layer focused on emer-
gent relational structures.

It is important to acknowledge that established frameworks, such as SWEBOK, are
deeply embedded in academic curricula, certification systems, and industry standards.
GSMS is not proposed as a substitute, but as an analytical complement that can coexist
with standardized taxonomies. Its adoption would require institutional validation, meth-
odological training, and integration with existing knowledge management systems.

Building on previous research that highlights the potential of GT in software devel-
opment, despite its complexities and variants, this work seeks to investigate deeper into
the integration of GT with other methodologies and techniques. Earlier studies have em-
phasized the importance of combining GT with approaches such as Systematic Mapping
or empirical studies to address the challenges inherent in software development [9,10].

The research methodology employed, the Glaserian Systematic Mapping Study
(GSMS), represents an innovative approach that merges Systematic Mapping with
Grounded Theory principles [9]. By integrating GT’s data analysis tools into the system-
atic Mapping process, GSMS enriches the analysis, enables the formulation of new re-
search questions, and facilitates iterative development guided by predefined saturation
equations [9,10]. Reaching saturation is a common GT terminology and has been formal-
ized through three equations [9]. This methodology proceeds from traditional Systematic
Mapping approaches by offering more profound insights and more specific answers to
complex software engineering questions.

As a sociotechnical endeavor, software development relies heavily on effective com-
munication among individuals. This techno-social challenge underscores the intersection
of technical objectives with sociological perspectives. Recognizing the diverse range of
data in software development, it becomes imperative to incorporate social science per-
spectives, particularly to understand the various stakeholders. In the GT methodology,
every aspect is treated as data, underscoring the need for a holistic approach to analyzing
software engineering phenomena.
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The present research builds upon the groundwork laid by the Glaserian Systematic
Mapping Study (GSMS) methodology, further advancing the integration of Grounded
Theory into the categorization of software engineering products and artifacts. GSMS,
characterized by its flexibility in analysis and result generalization, paves the way for pro-
posing new theories and integrating novel forms of information, particularly those rooted
in sociotechnical aspects.

One of the central theoretical outcomes of this study is the Bridge concept. A bridge
is an emergent relation that links distinct categories while preserving their analytical iden-
tity. Bridges serve as analytical constructs that explain how diverse elements of software
development interact within sociotechnical systems.

This paper is organized as follows. Section 2: Methodology delves into its previous
studies within the qualitative and social analysis framework. Section 3 presents a study of
Software Development using the GSMS methodology. Section 4 is the Discussion, and in
Section 5 conclusions are drawn based on the final iterations.

2. Research Methodology
2.1. Overview of the GSMS Methodology

The Glaserian Systematic Mapping Study (GSMS) methodology was utilized in the
present study. GSMS is a qualitative research methodology defined and introduced in the
work [9], where its theoretical foundations and complete procedural details are described
in depth. The methodology emerges from the integration of the Systematic Mapping
Study (SMS) and Glaser’s Grounded Theory (GGT), resulting in an approach that enables
both systematic evidence Mapping and theory generation.

GSMS maps existing research while simultaneously developing emerging theories
grounded in data, providing a deeper and more contextualized understanding of the phe-
nomena under study [9]. A characteristic of GSMS is its iterative and adaptive nature,
which allows for the refinement and creation of research questions and analytical strate-
gies as concepts emerge throughout the analysis process [9,10]. This flexibility enables
GSMS to capture the complexity and sociotechnical characteristics of software engineer-
ing phenomena.

The GSMS methodology [9] is instrumental in generating theories derived from the
literature review efforts aimed at achieving saturation [9,11]. This section provides an
overview of the three phases of GSMS: data collection, Data Analysis, and Comparison
with the literature. Additionally, the termination of iterations is guided by the formal def-
inition of saturation conditions within the GSMS methodology, which operationalizes the-
oretical saturation through three conditional statements (mathematical formulas) ex-
pressed as set-based relations between iterations, known as saturation criteria [9]. These
conditions are formally defined as follows.

Condition 1 —no emergence of new research questions:

Qi = Qi1 1)

where Q; is the set of research question of iteration i. This condition indicates that iteration i
+1 does not generate additional research questions beyond those previously defined.
Condition 2 —all research questions have at least one answer:

VRQ; € Q;,3AQy (2)

For every research question RQj that belongs to the set of research questions @; in
iteration i, there exists at least one corresponding Answer Question AQy. This ensures that
each research question has at least one associated answer.

Condition 3—no emergence of new answers:
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AQ; = AQi41 ®)

This condition indicates stabilization of theoretical outcomes. When all three condi-
tions are satisfied, theoretical saturation is reached.

The data collection phase resembles traditional SMS data-gathering processes, en-
compassing steps such as research question definition, search conducting, and paper
screening, to collect pertinent information on the topic of interest [9,10].

Data analysis is conducted iteratively, constantly comparing collected data to con-
struct theories until saturation is reached. It entails a structured approach akin to SMS
Keywording, Mapping, and Synthesis, augmented by Grounded Theory processes like
open, selective, and theoretical coding [9,10].

Within GSMS Data Analysis, the Glaserian Grounded Theory (GGT) stages —open,
selective, and theoretical coding —yield specific outcomes: concepts, categories, and prop-
ositions, respectively [1]. These stages are integrated into the SMS Keywording, Mapping,
and Synthesis steps within GSMS. Data collection yields concepts, which evolve into cat-
egories, and ultimately, theoretical statements manifest as propositions [9]. This paper
adopts the presentation style proposed by Navas and Yagiie [9,10] to maintain clarity,
where codes associated with concepts, categories, and propositions are denoted in braces,
for example, {Grounded Theory} {Software development} [10].

The GSMS data analysis phase is conducted iteratively, with each successive iteration
building upon the outcomes of the preceding one. This study consisted of five iterations,
designated as iteration 0 through iteration 4. The iterations need the repeated execution
of steps, such as Keywording, Mapping, and Synthesis, creating iterative feedback loops
within the process. The zeroth and first iterations, together with their findings, were re-
ported in a previous paper [10]. These initial iterations focused on establishing the foun-
dational analytical framework by examining Grounded Theory, resulting in the identifi-
cation of the Grounded Theory elements (GTe) [10].

The present article builds upon that foundation and focuses on the subsequent stages
of the GSMS analysis. While iterations 0 and 1 are centered on theory-oriented outcomes
related to Grounded Theory itself, iterations 2 through 4 shift the analytical focus toward
the domain of software engineering.

The comparison with the literature [1] phase involves collecting the theories from
data analysis and juxtaposing them with the established literature. SMS additionally in-
corporates Rigor and relevance assessment in this phase [9,10].

2.2. GSMS Data Collection Phase (51): Review

The present study adopts the GSMS data collection phase (S1) previously defined
and executed in earlier work [9,10]. The data collection protocol is summarized here for
comprehensiveness; all labels like 51, P1, etc., were defined in previous papers.

Goal: The GSMS data collection phase (S1) follows the SMS steps of (P1) research
question definition, (P2) conduct search, and (P3) screening of papers [9].

Sources. In accordance with GSMS guidelines, the initial sources were selected from
established scientific digital libraries, including Web of Science (WoS), IEEE Xplore, Sco-
pus, and the ACM Digital Library [9,10].

Time window and execution date. The searches covered all years available up to
2023, considering indexed scientific articles from the selected libraries.

Search string definition. GSMS recommends balancing precision and generality
when defining search expressions. Preliminary trials using complex multi-term expres-
sions retrieved a limited number of relevant publications. Consequently, a simplified two-
term expression (“Software” AND “Grounded Theory”) was adopted [9,10].

Deduplication and Screening.
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The screening process initially identified 1750 records: 700 from Web of Science
(WoS), 348 from IEEE Xplore, 418 from Scopus, and 284 from the ACM Digital Library [9,10].
The records were merged and screened using explicit inclusion and exclusion criteria. The
inclusion criteria comprised: (i) peer-reviewed publications and (ii) primary studies.

The exclusion criteria were applied sequentially. The values reported below corre-
spond to the number of articles remaining after applying each filtering step:

(i) After removing duplicate records, 657 articles from WoS, 211 from IEEE Xplore, 154
from Scopus, and 238 from ACM Digital Library remained.

(if) After excluding non-English publications, 635 articles from WoS, 211 from IEEE
Xplore, 154 from Scopus, and 238 from ACM remained.

(iii) After excluding studies in which the term “Grounded” did not appear in the title or
abstract, 579 articles from WoS, 192 from IEEE Xplore, 154 from Scopus, and 52 from
ACM remained.

(iv) After excluding studies that did not address Software Development as a primary
topic, 365 articles from WoS, 192 from IEEE Xplore, 154 from Scopus, and 16 from
ACM remained.

(v) After excluding studies in which Grounded Theory (GT) was not a central topic, 127
articles from WoS, 67 from IEEE Xplore, 17 from Scopus, and 16 from ACM remained.

(vi) Finally, after excluding studies in which neither Software Development nor Grounded
Theory constituted the core focus of the investigation, 53 articles from WoS, 6 from IEEE
Xplore, 2 from Scopus, and 9 from ACM Digital Library remained [9,10].

Snowballing: Following the initial filtering process, backward and forward snowball-
ing were conducted to identify additional relevant studies, as recommended in GSMS.
During the validated corpus construction, snowballing removed three review-type arti-
cles and added three new primary studies, resulting in a final corpus of 70 papers [9,10].

Final corpus: The final dataset comprises 70 primary studies, which constitute the
corpus analyzed in the present paper [10].

2.3. GSMS Data Analysis Phase (S2): First Iteration Review

Iteration zero established the initial analytical conditions through a pre-classification
schema, which provided a structured starting point for subsequent analysis.

The pre-classification schema consisted of two reference lists. The Grounded Theory
list included its two main variants: Glaserian and Straussian. The Software Development
list was derived from the software engineering Body of Knowledge (SWEBOK) and in-
cluded the following knowledge areas: (1) software requirements, (2) software design, (3)
software construction, (4) software testing, (5) software maintenance, (6) software config-
uration management, (7) software engineering process, (8) software engineering models
and methods, (9) software quality, and (10) software engineering management [8-10].

This schema served as an initial analytical scaffold, enabling systematic comparison
between GT approaches and software development domains throughout the iterative
analysis.

The iteration zero. The initial conditions for GT and software engineering were es-
tablished through the [pre-classification schema], which consisted of two lists: The GT list
was formed with its two variants: Glaserian and Straussian. The Software Development
list, obtained from SWEBOK [8], includes: 1. software requirements, 2. software design, 3.
software construction, 4. software testing, 5. software maintenance, 6. software configura-
tion management, 7. software engineering process, 8. software engineering models and
methods, 9. software quality, and 10. software engineering management [9,10].

The first iteration focused on evaluating the impact of GT on software development
and studying GT from the perspective of software engineering, with the fundamental
finding being the Grounded Theory elements (GTe) [10].
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In the second and subsequent iterations, software development is analyzed from the
perspective of Grounded Theory and the findings of previous iterations. The second iter-
ation is based on the GT and software development lists obtained from the {pre-classifi-
cation schema}.

The findings of the first iteration, corresponding to GTe, are introduced in the third
iteration. This iteration resulted in novel findings, which will be described in Section 3.2.

In the fourth iteration, it is verified that saturation has been reached by meeting the
three equations proposed by the GSMS.

This section has been documented in a previous paper [10]. The present article de-
velops the remaining iterations starting from the second.

2.4. Outcomes of the First Iteration
This subsection outlines the key outcomes of the first iteration as follows [10]:

1. {Pre-classification schema}
Six research questions

From the data collection phase:

1.  RQ1: Where is Grounded Theory (GT) appropriate within the study of Software De-
velopment?

2. RQ2:Is GT applied correctly in the processes and tasks of Software Development?

3. RQ3:Is GT useful for software engineers in the industry?

From the iteration 0 phase:

4. RQ4:Is there a way to categorize documents within GT in Software Development to
increase the percentage of cataloged papers?

a. Answer to RQ4: {AQ4,: GTe}

5. RQ5: Are there other ways to categorize software beyond the pre-classification
schema?
6. RQ6: How are GT elements associated with software development?

The concept of GT elements (GTe) emerged as a significant finding, particularly in
response to RQ4, designated as AQ4u: {GTe} [10]. Six elements form the unifying concept
in GT studies within Software Development, referred to as {GT elements (GTe)}. These
elements are essential to understanding the application of GT in this field. In summary,
GT encompasses the following components: [9,10].

e {Data source}: The gathering of data through interviews, questionnaires, and obser-
vations.

e {Data analysis}: It involves various GT stages, such as open coding, selective coding,
and theoretical coding, contributing to a comprehensive data analysis process [9].

e  {Constant comparison]: It is utilized throughout the GT process to ensure consistency
and depth in data analysis.

e {Basic Coding}: It includes concepts, indicators, patterns, categories, or initial prop-
erties forming the foundation of the GT structure.

e  {Master Core category}: It represents the final category obtained after completing the
GT process, encompassing propositions, recommendations, strategies, contingencies,
consequences, changes, and more.

e {Emerging theory}: It arises from the core category and is articulated in two primary
forms:

o {AGTof..}: Itis the central theoretical statement addressing the article’s subject.
o {UseGT to...}: Itis the main theoretical statement guiding practical applications.

These elements are integral to effectively applying GT within Software Development.
They provide a structured approach to analyzing and categorizing data.
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3. Integrating GT in Software Engineering

Building upon two prior publications, this section explores the application of
Grounded Theory (GT) to software engineering. The first publication identified the need
to enhance systematic document reviews by merging Glaserian Grounded Theory (GGT)
with Systematic Mapping Study (SMS), resulting in the Glaserian Systematic Mapping
Study (GSMS) [9]. The second proposed a new classification schema for GT using GT ele-
ments (GTe) [10]. In the context of software engineering, the SWEBOK classification was
utilized as a foundation, acknowledging that existing classification methods fail to repre-
sent a significant portion of articles. This work investigates whether GT, integrated with
GSMS in its second iteration, can address this limitation by enabling a more comprehen-
sive classification of software engineering.

This study treats articles selected for GSMS as transcripts for the GT application to
generate theory. Traditionally rooted in analyzing diverse sources such as semi-structured
interview transcripts, GT is extended here to scientific articles. Using GSMS phases —Key-
wording, Mapping, and Synthesis —enhanced with GT stages of open, selective, and the-
oretical coding, we assess the compatibility of this approach within software engineering.
Specifically, open coding is initiated during Keywording, leveraging the Atlas.ti Version
25.0.2. software to automate the tagging and classification of word frequencies across se-
lected scientific articles. To avoid confusion, word-frequency output is not treated as con-
ceptualization. Instead, the lexical lists are used as a sensitizing and sampling aid to locate
candidate meaning units (sentences/paragraphs) in the corpus. Open coding is then per-
formed on those context-anchored excerpts through constant comparison and memoing,
producing concepts that are subsequently integrated into categories and propositions (se-
lective and theoretical coding).

The iterative process begins with open-coding Keywording, in which keywords are
identified and categorized based on frequency and relevance. This systematic tagging and
classification pave the way for further analysis during the Mapping and Synthesis phases.
The integration of GT’s analytical stages ensures a comprehensive examination of the
data, allowing for the emergence of robust classifications and theoretical propositions. By
incorporating these methodologies, we aim to establish a novel framework for under-
standing and categorizing software engineering phenomena.

3.1. Second Iteration: Integration of Grounded Theory (GT) in Software Engineering

A classification approach has been introduced, involving the analysis of interviews
conducted on the articles, focusing on the most frequently recurring words.

According to the GSMS methodology, the data analysis involves continuously com-
paring data and abstractions through Keywording, Mapping, and Synthesis. This process
utilizes open, selective, and theoretical coding to associate concepts, categories, and prop-
ositions. The goal of GSMS Keywording is to establish a classification schema based on
existing knowledge from the literature. The complete workflow for the second iteration is
shown in Figure 1.

The listed words made it easy to identify various concepts. Many of them were linked
to the two lists of the pre-classification schema. Other concepts that could not be cataloged
within the pre-classification schema were identified.
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Figure 1. Activity diagram for the second iteration. showing in blue the steps of keywording, map-

ping, and synthesis; in brown the findings from each step; and the verification of saturation condi-

tions for this iteration.

3.1.1. Keywording

The Keywording process was performed using the ATLAS.ti software. During the
open coding phase, a comprehensive list of all lexical terms was extracted from the full-
text content of the selected articles. These terms were sorted in descending order based on
their frequency of occurrence, excluding common stopwords such as “a,” “and,” “of,”
“to,” “is,” among others, which hold no analytical relevance. The token “The” is kept as a
pipeline control item for quality assurance. It is not subject to filtering or analysis, and its
inclusion is solely for validation and transparency.

The initial selection criterion identified words appearing more than once per article,
yielding 4307 candidate terms. The Pareto Principle (the 80/20 rule) was applied to focus
on the most representative vocabulary, reducing the dataset to the top 20% most frequent
words (862 terms). To further refine this list using objective criteria derived from the data
itself, we calculated two descriptive statistics based specifically on this subset of 862 high-
frequency terms. First, we determined the mean article prevalence (i.e., the average num-
ber of articles in which these terms appeared), which was 35.1 papers. Second, we calcu-
lated the mean occurrence rate (i.e., the average frequency of these terms per article),
which was 5.7 mentions. These mean values, inherent to our dataset, were then used as
statistical thresholds to select only those terms performing above the average of this al-
ready highly relevant group. Consequently, the final set comprises words appearing in
more than 35.1 articles and with a frequency greater than 5.7 mentions per article. This
data-driven approach, which avoids arbitrary cutoffs by deriving thresholds from the cor-
pus itself, yielded a robust set of 92 words. These keywords are presented in Table 1,
which details (1) the total frequency of each term across the corpus, (2) the number of
articles in which the term appears, (3) the average frequency per article, and (4) the as-
signed classification for each term. The classification was conducted by associating each
term with one of two predefined schemes: terms relevant to software engineering were
labeled P-C Swebok, following the Software Engineering Body of Knowledge (SWEBOK);
terms related to Grounded Theory methodology were labeled P-C GT.

Additional terms that could not be categorized under these schemes were analyzed
using open coding. Open coding led to the identification of three high-relevance
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conceptual clusters: Agile, Data, and Team. These emerged as the most prominent con-

cepts within the corpus and are positioned at the top of Table 1. Each group includes as-

sociated keywords that share a contextual or semantic affinity, which served as the basis

for subsequent selective and theoretical coding phases in the study.

Table 1. Frequency, distribution, and classification of keywords in the analyzed articles.

Total

WORDS Count Qty Papers Frequency Classification
The 33,125 - - CONTROL
Software 5154 70 73.6 P-C Swebok
Development 3148 70 45.0 P-C Swebok
Process 2584 70 36.9 P-C Swebok
Research 2175 70 31.1 P-C Swebok
Theory 2126 70 30.4 P-CGT
Data 1872 70 26.7 Data
Grounded 1345 70 19.2 P-CGT
Analysis 1187 70 17.0 P-C Swebok
Information 1220 69 17.7 P-C Swebok
Systems 885 69 12.8 P-C Swebok
Study 1806 68 26.6 P-CGT
Engineering 1206 68 17.7 P-C Swebok
Qualitative 546 68 8.0 P-CGT
Ieee 528 68 7.8 P-C Swebok
Technology 648 65 10.0 P-C Swebok
Context 485 65 7.5 P-C Swebok
Tools 640 64 10.0 P-C Swebok
Interviews 586 64 9.2 P-CGT
Knowledge 1102 63 17.5 P-CGT
Methods 1043 63 16.6 P-C Swebok
management 862 63 13.7 P-C Swebok
Projects 848 63 13.5 P-C Swebok
Coding 757 63 12.0 P-C Swebok
System 736 63 11.7 P-C Swebok
Processes 576 63 9.1 P-C Swebok
Project 1575 62 254 P-C Swebok
Quality 864 62 13.9 P-CGT
Method 763 62 12.3 P-C Swebok
Practice 484 62 7.8 P-C Swebok
Group 391 62 6.3 Teams
Categories 858 61 14.1 P-C GT
Model 654 61 10.7 P-C Swebok
Concepts 546 61 9.0 P-CGT
Questions 489 60 8.2 P-CGT
Empirical 431 60 7.2 P-C GT
Team 2394 59 40.6 Teams
Code 559 58 9.6 P-CGT
Role 512 58 8.8 Teams
Technical 491 58 8.5 P-C Swebok
Tasks 358 58 6.2 P-C Swebok
Product 1031 57 18.1 P-C Swebok
Pp 946 57 16.6 Agile
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People 735 57 12.9 Teams
Communication 505 57 8.9 P-CGT
User 471 57 8.3 Teams
Literature 328 57 5.8 P-CGT
Being 326 57 5.7 P-CGT
Human 326 57 5.7 P-CGT
Requirements 1045 55 19.0 P-C Swebok
Participants 1001 55 18.2 Teams
Practices 692 55 12.6 P-C Swebok
programming 428 55 7.8 P-C Swebok
Theoretical 353 54 6.5 P-CGT
Developers 917 53 17.3 P-C Swebok
Category 528 53 10.0 P-CGT
Tool 402 53 7.6 P-C Swebok
Framework 508 52 9.8 P-C Swebok
Application 400 52 7.7 P-C Swebok
Researchers 346 52 6.7 P-C Swebok
Roles 303 52 5.8 Teams
Teams 1613 51 31.6 Teams
Business 725 51 14.2 P-C Swebok
Organization 482 51 9.5 P-C Swebok
Interview 457 51 9.0 P-CGT
Core 313 51 6.1 P-CGT
Source 367 50 7.3 P-C Swebok
Task 358 50 7.2 P-C Swebok
Proceedings 295 50 59 P-C Swebok
Companies 723 49 14.8 P-C Swebok
Organizations 481 49 9.8 P-C Swebok
Individual 280 49 5.7 Teams
Company 780 47 16.6 P-C Swebok
Test 632 47 13.4 P-C Swebok
Distributed 382 47 8.1 P-C Swebok
Models 297 47 6.3 P-C Swebok
Members 755 46 16.4 Teams
Developer 398 46 8.7 P-C Swebok
Glaser 330 45 7.3 P-CGT
Activity 266 45 5.9 Agile
Documentation 366 44 8.3 Teams
Organizational 315 44 7.2 P-C Swebok
Domain 288 44 6.5 P-C Swebok
Practitioners 264 44 6.0 Teams
Agile 2885 43 67.1 Agile
Challenges 248 43 5.8
Users 378 42 9.0 Teams
Customer 596 41 14.5 Teams
Customers 344 40 8.6 Teams
Testing 949 39 243 P-C Swebok
Manager 357 39 9.2 P-C Swebok
Individuals 231 39 5.9 Teams
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Selective coding grouped the terms into five main categories. Two of these categories
correspond to the two lists defined in the pre-classification schema, shown on the left side
of Figure 2: the Software Development list and the Grounded Theory list. The remaining
three categories include terms that did not fit into either list and were therefore consoli-
dated into three additional concepts: {Agile}, {Data}, and {Team}; shown on the right side

of Figure 2.
& Analysis
< Engineering
—— < Agile
< Requirements
< pp Agile
O Project
< Scrum
<> Management
< Product
Software
< Teams
Development list
= < Software
< Developers
< Research Teams
O Team
< systems
<> Participants
< Testing
< Process
<> Development
< Data
Pre-Classification < Knowledge Dat
Schema — =
< Theory <& Information

& Methods.
Grounded Theory list
< Grounded

O Study

Figure 2. Five categories were identified through selective coding: two from the pre-classification

schema and three emergent categories.

Theoretical coding revealed that further in-depth study of the last three categories,
{Agile}, {Data}, and {Team], is illustrated in Figure 1.

The three terms, {Agile}, {Data}, and {Team}, successfully encompassed the concepts
and keywords present in the documents that did not fit into the two predefined lists of
the pre-classification schema. Each of these terms is grouped into a series of related terms.
It is also important to note that these terms were the first to emerge during the analysis
and are not necessarily the most suitable. Our focus is on identifying terms that appear
with the highest frequency.

3.1.2. Mapping

The three categories of Keywording {Agile}, {Data}, and {Team} are the starting
points for the Mapping stage.

Concept {Agile}

Mapping: During the open coding stage, the concept of {Agile} was initially identi-
fied based on works explicitly aligned with Agile methodologies; as the analysis pro-
gressed to the selective coding stage, it became evident that there was a substantial num-
ber of works that did not align with the principles or practices of Agile methodologies.
These works exhibited characteristics that diverged from Agile, such as a focus on linear
processes, detailed upfront planning, or limited adaptability, which are commonly asso-
ciated with traditional software development approaches.
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To encapsulate these works and provide a structured categorization, a new concept
emerged: {Non-Agile}. This concept was developed by systematically examining docu-
ments that were explicitly not categorized as Agile during the coding process, ensuring a
comprehensive and grounded classification. The {Non-Agile} category is a conceptual
counterpart to {Agile}, allowing for a more nuanced analysis of the theoretical interactions
between these two opposing paradigms.

Finally, during theoretical coding, the interplay between the categories {Agile} and
{Non-Agile} enabled the identification of broader theoretical patterns and relationships.
This opposition reflects the spectrum of methodological practices in software develop-
ment and serves as a foundation for constructing a grounded theoretical framework en-
compassing the observed approaches. Specifically, the open coding stage introduces the
{Agile/Non-Agile} duo, which is further explored in selective coding. This exploration
gives rise to a new code, {Plan-driven}, and a refined pairing, {Agile/Plan-driven}. Ulti-
mately, theoretical coding reveals that software development can be approached through
two distinct yet interconnected frameworks: {Agile/Non-Agile} and {Agile/Plan-driven}.
Notably, the category {Non-Agile} subsumes the {Plan-driven} code. These findings are
illustrated in Figure 3. This pairing introduces a novel method of categorizing software
development and directly addresses RQ5.

Keywording Mapping Synthesis
=
&
= N
8 Word list q po | Agile / Non-
3 agile
&
o Itis possible to cataiog i :
s Agile topics e articles that could not Agile / Non-agile
-8 be located within the Agile/Plan-Driven
Q|3 agile topics
o3 —
g Agile / Non-
5 Agile AQ5:1
2 e — agile X
@
=
[ =

Figure 3. Keywording/Mapping and Synthesis around Agile—Non-Agile topics.

Concept {Data}

In the Mapping stage, the selected terms from open coding are systematically
grouped to uncover patterns and relationships. During the selective coding stage, the term
{Data} is identified as a central theme and organized accordingly. This organization paves
the way for the emergence of a broader concept during theoretical coding: {Data diver-
sity}. This concept highlights the variety and richness of data sources utilized in software
engineering research.

The concept of {Data diversity} underscores the importance of incorporating diverse
forms of data in software engineering studies. Examples of novel data collection methods
include Internet mailing lists [12] and email interviews [13], which expand beyond tradi-
tional qualitative approaches commonly used in Grounded Theory (GT). Traditional data
sources in GT can be further enriched with artifacts specific to software development
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practices, such as programming codes, software methodologies, or tools actively used by
practitioners.
This diversity is evident in various examples:

e  The debugging process provides insight into error resolution techniques and devel-
oper workflows [14].

e  Reusable architectures exemplify systematic approaches to software design [15,16].

e  The critical role of communication tools, such as those used by participants in Open-
Source Software Development (OSSD), is to serve as essential data points for under-
standing collaborative practices [12].

By integrating traditional and novel data sources, {Data diversity} serves as a robust
foundation for analyzing and understanding complex phenomena in software engineer-
ing, reinforcing the adaptability of Grounded Theory to this domain.

Concept {Teams}

In the Mapping stage, the selected words from open coding are grouped systemati-
cally. Selective coding identifies the term {participants}, also noted in Table 1, and organ-
izes them accordingly. Subsequently, during theoretical coding, a concept emerges refer-
ring to the {types of participants}. These participants serve to participate either individu-
ally or as part of a {group}.

Open coding entails the identification of {participants}. Selective coding delves into
the various interactions among participants and the information about Software Develop-
ment. Finally, theoretical coding introduces the proposition of {Single participant/Team},
which encompasses multiple types of {participants}, such as programmers, actors, roles,
and stakeholders, as well as a variety of {teams}.

3.1.3. Synthesis
The Synthesis resulted in the following key outcomes:

1. {Agile/Non-Agile} and {Agile/Plan-driven}: These frameworks provide a novel way
to categorize software development approaches based on their alignment with Agile
principles. The 70 articles were classified into two large groups: 28 papers related to
Agile and 42 papers associated with Non-Agile, with {Plan-driven} being a subset of
Non-Agile.

2. {Data diversity}: This concept highlights the importance of incorporating diverse
data sources in software engineering research, including traditional and novel data
collection methods. The diversity of data is summarized in terms of participants and
documents, providing an additional way to categorize software development.

3. {Single participant/Team}: This proposition emphasizes the importance of under-
standing team dynamics and individual contributions in software development. It
categorizes participants into individuals and teams, reflecting how they contribute to
the development process.

4.  These findings provide a comprehensive understanding of the multifaceted aspects
of software development, addressing RQ5 and contributing to the overall goal of cat-
egorizing software engineering phenomena using Grounded Theory.

5. By amalgamating the findings, we synthesized different results, such as {Agile/Non-
Agile}, {Agile/Plan-driven}, {Single participant/Team}, and {Data diversity}, and es-
tablished connections between these varied outcomes. This Synthesis allows for a
comprehensive understanding of the multifaceted aspects of software development.

3.1.4. Verification of Saturation Conditions

In the second iteration, no additional research questions emerge.
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0, = {ZRQL. ]:{RQ1+ RQ; + RQs +RQ, + RQs + RQs} (4)
i=1

where Q, is the set of research questions of iteration 2.
Ay (k) = Xji, AQ; ©)
where A, (k) is the set of Answers to the Questions of iteration 2.
A,(4) = {AQ41: {GTe}}; From iteration 1 6)
where A4,(4) is the set of the Answer to the research question 4 (RQ,) of iteration 2.
A,(5) = {AQ5;: {Agile/Non_agile}, AQ5,: {data diversity}, AQ53: {Single participant/team}} 7)

where A,(5) is the set of three Answers to the research question 5 (RQs) of iteration 2.

AQ5;: {Agile/Non — agile} is Response 1 to Question 5. Of the 70 articles, 28 were
classified as Agile and 42 as Non-Agile.

AQ5,: {data diversity} is Response 2 to Question 5. It can be summarized in emails,
members, documents, etc.

AQ53: {Single participant/Team} is Response 3 to Question 5. The participants could
be individuals or teams.

Replacing (6) and (7) in (5).

Ay (k) = {{ AQ44: GTe} + {AQ5;: {Agile/Non_agile}, AQ5,:{data diversity}, AQ53: {Single participant/team}}} (8)

For this iteration, the six research questions—RQ1, RQ2, RQ3, RQ4, RQ5, and RQ6—
remain the same as those defined in iteration 1. Since both the number and set of questions
are unchanged in iteration 2, it can be concluded that no new research questions emerged.
Therefore, one of the three saturation conditions has been met.

However, new answers to the research questions were identified in iteration 2, which
means the second saturation condition has not yet been satisfied [9,10].

3.1.5. Comparison with the Literature

During the Comparison with the literature stage, it is crucial to distinguish between
Non-Agile and Agile software within the scientific literature. Although an explicit classi-
fication of {Agile/Non-Agile} or {Agile/Plan-driven} was not found in the references, sev-
eral limited uses of the term {Non-Agile} were identified. For instance, traditional soft-
ware development is considered {Non-Agile}, and even within a Non-Agile development
environment, Agile requirements engineering techniques are applied [17].

Furthermore, the literature review revealed that information systems educators in-
corporate the concept of agility into their teaching, identifying approaches that include
using Non-Agile methods to teach Agile content [18]. References were also found regard-
ing the application of software development approaches in both Agile and Non-Agile
contexts[19], and a positive correlation was established between job satisfaction in teams
using both Agile and Non-Agile methodologies [20].

While the literature provides examples of ‘Non-Agile’ development, a more detailed
and explicit classification of the terms ‘agile’ and ‘Non-Agile’ remains to be explored,
which would allow for a deeper and more meaningful comparison.

Although there are references to both Agile and Non-Agile development, we have
not found explicit categorizations of {Agile/Non-Agile} and {Agile/Plan-driven}.

Given that the GT methodology was employed and following the existing documen-
tation, it is reasonable to include data sources and human actors— such as individual par-
ticipants or development teams—as part of the categorization process at this iteration
stage. However, when comparing our emerging categories with those reported in the

https://doi.org/10.3390/app16052458


https://doi.org/10.3390/app16052458

Appl. Sci. 2026, 16, 2458

15 of 40

literature, no explicit classifications corresponding to dimensions such as {Single partici-
pant/Team} or {diversity of data} were identified. These aspects appear to be underrepre-
sented or implicitly treated, suggesting a potential gap in how human factors and data
variability are addressed in existing development software-related taxonomies.

3.2. Third Iteration: Integration of Grounded Theory Elements (GTe) in Software
Engineering Classification

This iteration focuses on analyzing the influence of Grounded Theory elements (GTe)
in the classification of software engineering. The concept of GTe—a novel classification
schema derived from Grounded Theory principles—was introduced in iteration 1 (ex-
plained briefly in Sections 2.2, 2.3, and 2.4 and is elaborated in detail in Navas’s work [10].
As a direct outcome of iteration 1, research question 6 (RQ6) emerged, emphasizing the
necessity of classifying software engineering artifacts and practices according to the GTe
framework. Consequently, the selected papers are revisited and re-analyzed from this
perspective; in other words, the papers are interviewed again.

Inputs of this iteration include the following.

e  The six research questions, which are RQ1 to RQ6.

e The pre-classification schema, which is derived from the previous.

e  The original set of 70 selected papers.

. Equation 1, one of the three required to reach saturation, which is fulfilled, as shown
below.

e One of the three saturation conditions or equations is reached, confirming partial the-
oretical saturation between the second and third iterations.

Q; = Q3 )

e  Partial responses to RQ5, based on emergent categories such as {Agile/Non-Agile},
{Data diversity}, and {Individual participants/Teams}.

e From iteration 1, a consolidated answer to RQ4, framed through the emerging
Grounded Theory elements (GTe).

The analytical procedure follows the same structure established in previous itera-
tions, encompassing Keywording, Mapping, and Synthesis, complemented by the classic
stages of Grounded Theory coding: open coding, selective coding, and theoretical coding,
as shown in Figure 4.

This phase involved a comprehensive recategorization of software engineering con-
cepts by analyzing the literature derived from the initially selected papers, guided by the
Grounded Theory elements (GTe) framework, which was developed in the first iteration.
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From Iteration 2

Is there an
_______________________________ answer to every|
________________________ RQ asked?

Iteration 3

No more answers
to the RQ5?

\LTD Iteration 4

Figure 4. Activity diagram for the third iteration, showing in blue the stages of keywording, map-
ping, and synthesis; in brown the findings from each stage; and the verification of saturation con-

ditions for this iteration.

3.2.1. Keywording

The Keywording process, undertaken during the open coding phase, utilized the
Grounded Theory elements (GTe). This procedure resulted in the recategorization of the
GTe into two distinct levels, conceptual and operational, aligning with Morse’s [21] con-
ceptual division of Grounded Theory. During the selective coding phase, it structured the
analysis into two levels: conceptual and operational [21].

1. Conceptual Construction (Meta-Level): This tier focuses on abstract theory-building
and encompasses (1) Basic Coding, (2) Master Core Category, (3) A GT of ..., (4) Use
GTto...

2. Operational Level (Empirical Validation): This tier ensures methodological rigor
through systematic data engagement, including (5) Data, (6) Data Analysis, and (7)
Constant Comparative Method.

The theoretical coding reflects Grounded Theory’s dual emphasis on generating sub-
stantive theory while maintaining empirical fidelity, as advocated by Morse [21].

Conceptual Construction Level

Keywording: The open coding process involved a detailed categorization of
Grounded Theory elements (GTe). The first group of GTe comprised four specific ele-
ments: Basic Coding, Master Core Category, A GT of ..., and Use GT to .... It was system-
atically analyzed each selected article according to these four elements and assigned a
unique code to each one. Each code was then explicitly linked to the corresponding sen-
tence, paragraph, or section where its definition appeared in the document.

As discussed by Navas [10], these codes followed a strict formatting structure. For
example, codes corresponding to Basic Coding and Master Core Category began with a
numeral indicating the number of categories or concepts. For emerging theories, the codes
started with the phrases “A GT of ...” or “Use GT to ...”, depending on how Grounded
Theory was applied in the analyzed article.

It was used the extracted codes and their associated textual segments were used, fo-
cused exclusively on themes related to software development, to generate a word cloud
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for each of the four GTe codes. These word clouds, which illustrate the frequency and
distribution of key terms, are shown in Figure 5 {Basic coding}, Figure 6 {Master Core
category}, Figure 7 {A GT of ...}, and Figure 8 {Use GT to ...}, in descending order of word
frequency. The following sections present the most frequent words and concepts identi-
fied for each code.

In the case of {Basic Coding}, the words in the word cloud were as follows: categories,
concepts, category, study, grounded, interview, interviews, theory, knowledge, research,
software, core, framework, questions, communication, requirements, companies, domain,
Glaser, roles, code, developer, qualitative, researchers, Agile, human, information, pp,
role, user, developers, documentation, quality, application, company, models, organiza-
tion, participation, process, processing, source, systems, tools, and users stands out the
most, as depicted in Figure 5.

categories 34 research 15 grounded 11 interview 11 agile 10 code 10 communication 10
category 14
information 10 [P—

knowledge 12 —
interviews 10
company T glaser 5 qualtative 5
software 18
user 12 quality 10
questions 7
process | researche
study 18 4 4
core 11
EEkeE individuals 4

Figure 5. Word cloud regarding Basic Coding. Each rectangle represents a coded word; its size

reflects the frequency of occurrence, and the number displayed next to each word indicates its

frequency count.

For the {Master Core Category}, the words in the word cloud were as follows: cate-
gories, category, concepts, study, interview, interviews, research, grounded, software,
companies, Glaser, requirements, core, quality, theory, Agile, code, knowledge, human,
information, qualitative, questions, researchers, customer, participants, process, applica-
tion, domain, role, user, company, organization, and roles. Once again, it is as illustrated
in Figure 6.
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concepls 24 interviews 17 | knowledge 17 | information 15
study 38
organization 15 challenges 10 core 9 qualitative 8 | organization:
8
categories 50
companies 10
- theory 7 | communic] company
6 6

developers 35
grounded 10
developer 7
quality 13 disiributed users 6
6
" proceedings 7
requirements 10
category 33
questions 7
interview 12 framework 5 customjdocur
researchers 10 = =
systems 7

Figure 6. Word cloud regarding the Master Core Category. Each rectangle represents a coded word;
its size reflects the frequency of occurrence, and the number displayed next to each word indicates

its frequency count.

For {A GT of ...}, the words ordered were: pair programming (Pp), software, research,
role, roles, study, developers, Agile, knowledge, requirements, quality, code, organiza-
tions, theory, grounded, human, concepts, organization, qualitative, companies, program-
ming, systems, categories, communication, information, company, customer, framework,
individuals, interviews, business, challenge, developer, distributed, domain, category,
IEEE, user, users, customers, interview, core., one, and can pair programming. Pp appears
in 17 documents of the 70 (24%). As can be seen, the one that stands out is Pp, as shown

developers 11 agike 10 Knowiedge 10 requirements 10
roles 18
- . . ‘

in Figure 7.

code 8
concepts 6 companies 5 qualitative 5
study 18
research 21
organizations 8
organization &
o

Figure 7. Word cloud regarding A GT of ....

Finally, for {Use GT to ...}, the words in the corresponding word cloud were study,
Agile, software, framework, research, documentation, grounded, source, theory, develop-
ers, organizations, requirements, qualitative, challenge, companies, company, core, dis-
tributed, interviews, knowledge, people, quality, researchers, role, and users. As can be
seen, it is the one that stands out is study, as shown in Figure 8.
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grounded 13 requirements 10 users 10 framework 9 roles 9
knowledge 13
-

research 13 developer 7
qualitative § companies 4 distributed 4
developers 7
theory 12
olgarmnon 4
information 7
category 4
mIE ‘

Figure 8. Word cloud regarding Use GT to ....

Selective coding, in conjunction with the four word lists (Figures 5-8), enables a
deeper analysis at this stage and leads to the creation of a new category, the Extended
Software Development List (ESDL). Theoretical coding suggests that the ESDL represents
an extension of the initial preclassification scheme lists. However, this list is currently
taken as is and has not yet been fully classified or characterized to avoid the influence and
subjective criteria of the researcher.

Operational Level

Keywording open coding involves a second level that includes by GTe: data analysis
and constant comparison of data.

The following shows the words and concepts for each code in the order in which they
appear most frequently to least frequently.

Data collection: The words ordered in the word cloud are: {Data}, {interviews},
{questions}, {interview}, {participants}, {process}, {software}, {project}, {agile}, {collection},
{analysis}, {theory}, {development}, {study}, {team}, shown in Figure 9. The data collection
is formed from four subcodes in Atlas.T1 is related to the three methods of collecting data
in GT. It was also grouped the data collection into interviews, questionnaires, and obser-
vation. The distribution for each of them is as follows:

Interviews: The words ordered in the word cloud are interviews, questions, data,
process, interview, Agile, one, semi-structured, guide, project, analysis, development,
conducted, participants, used, and Team.

Questionnaires: The words ordered in the word cloud are ‘Experience,” ‘interview,’
‘questionnaire,” ‘questions,” ‘analyzed,” * participants,” ‘results,” and ‘sample.’

Observation: The words ordered in the word cloud for this topic are Documents,
form, requirements, studied, flow, textual, algorithms, data, free-flow, level, Mapping, pa-
pers, process, prototyping, and size.

The {data source} could be participants, documents, and artifacts. The participants
can be individuals or groups, commonly known as teams.
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Figure 9. Word cloud regarding data collection.

Data analysis The words ordered from the greater to lower in the word cloud for this
topic are {Data}, {Coding}, {categories}, {analysis}, {theory}, {open}, {codes}, {grounded},
{concepts}, {process}, {category}, {interview}, and {research}, as shown in Figure 10.
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Figure 10. Word cloud regarding data analysis.

These word clouds are associated with GTe, along with the GT list from the pre-clas-
sification schema, resulting in the {Extended Grounded Theory List (EGTL)}. These are
additional concepts that the open coding stage contributes.

The first category aligns closely with typical practices in Grounded Theory research
and includes studies that rely on standard qualitative data collection methods. Specifi-
cally, this group comprises papers that mention the use of interviews (51 papers), ques-
tionnaires (39 papers), and observations (13 papers).

The second classification involves examining concepts and terms related to data col-
lection methods, including interviews, questionnaires, and observations. These methods
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constituted the primary empirical sources, including semi-structured interviews, mailing
lists, and others. These data sources may exist in either structured or unstructured for-
mats, giving rise to the second classification —the conceptual distinction between {struc-
tured data} and {unstructured data} —and revealing an initial observation: these expres-
sions are not commonly found in the lexicon of software engineering. For example, the
term {structured data} appears only once in the SWEBOK, specifically in the context of
data structures. In contrast, the word “structure” is widely used across various topics,
including structured design, structured analysis, structured programming, structured
software, structured libraries, SQL (Structured Query Language), and structured tools
within computer-aided software engineering (CASE). This pattern suggests that, although
the notion of “structure” is deeply embedded in Software Engineering discourse, the ex-
plicit distinction between structured and unstructured data has not traditionally been part
of its conceptual vocabulary, suggesting a potential gap between software engineering
terminology and data-centric research perspectives.

Selective coding allows the establishment of two categorizations: previous {inter-
views, questionnaires, and observations} and {structured/unstructured data}. In theoreti-
cal coding, we discovered a novel form of diversity within the data.

3.2.2. Mapping
Conceptual Construction Level

At the Conceptual Construction Level, particularly during the open coding stage of
the Mapping phase, the ESDL was linked to three key memos: Basic Coding, Master Core
Category, and Emerging Theory. These memos were mapped together to examine their re-
lationships within the context of Software Development.

During selective coding, it was identified, and it grouped related concepts, forming
a code-group that reflects the structural relationships among elements of Software Devel-
opment. By systematically Mapping these elements, we established how they can be clas-
sified, which led to theoretical coding and the creation of a new classification termed the
{Software Development Code-Group (SDCG)}. The SDCG emerges directly from the
ESDL categorization and characterization process.

The Software Development Code-Group (SDCG) includes the following categories:

Architecture;

Agile transformation process (ATP);
Company;

Innovation;

Knowledge sharing;
Model-metamodels—-UML;

Pair programming (PP);
Requirements;

Software Development process;
Team;

Tool;

Testing;

O 0O 0O 0O OO0 00 O o0 o0 ©o

Open-source Software Development.

The diversity of the SDCG components initially generated substantial debate among
research participants, as the items appeared to lack an explicit or intrinsic relationship.
However, Grounded Theory (GT)—and particularly the Glaserian Grounded Theory
(GGT) embedded in the GSMS framework —requires that results emerge solely from data
analysis rather than from researcher assumptions. Consequently, we accepted and con-
solidated this list as it emerged inductively from the GSMS process.

https://doi.org/10.3390/app16052458


https://doi.org/10.3390/app16052458

Appl. Sci. 2026, 16, 2458

22 of 40

The Synthesis Stage is discussed in detail in Section 3.2.3, where the SDCG is ana-
lyzed in conjunction with the results obtained from the Operational Level.

Operational Level

The Operational level: Mapping open coding, involves Mapping the various data
sources, including the diversity of data generated by the diverse range of participants, as
well as the diversity of data types established through structured, semi-structured, and
unstructured data. Selective coding: It is used to establish various categories for this di-
verse data type. Theoretical coding shows this diversity in three types.

The Operational Level: Mapping open coding focuses on systematically Mapping the
different data sources involved in the study. This process integrates the variety of data
generated by participants, encompassing the diversity of data types, including structured,
semi-structured, and unstructured data. During selective coding, it was established that
categories represent this heterogeneity, while theoretical coding classifies the diversity
into three main types:

1.  The participant and the information they generate;
2.  Structured and unstructured data;
3. Data from the interviews, questionnaires, and observations.

Just as a physician cannot be separated from their stethoscope, software engineering
remains inseparable from its artifacts.

In Synthesis open coding, it was moved from the concepts extracted from these three
data forms toward selective coding, which integrates and refines them into higher-order
categories. Selective coding recognizes that data in Grounded Theory (GT) primarily con-
sists of unstructured text [22]. Open-ended interviews often generate unstructured and
ambiguous narratives [14]. And their transcripts naturally follow an unstructured format
[23]. Consequently, these transcripts constitute a substantial body of unstructured data
that gains meaning only when analyzed through GT procedures [24].

Although modern software development typically associates unstructured data with
machine learning and big data analytics [25], GT has long provided a systematic framework
for interpreting unstructured and heterogeneous information within qualitative inquiry.

Theoretical Coding

The preceding stages reveal the need to establish a new classification of Grounded
Theory (GT) data within the field of software engineering. The data was obtained through
interviews, questionnaires, and observations, which demonstrate a dynamic interaction
between data collection processes and the inherent heterogeneity of the data. Based on
these findings, a new code {heterogeneous data} was introduced to broaden the analytical
scope of GT. This new category extends the theoretical framework by explicitly acknowl-
edging the diversity of data sources and formats involved in software engineering re-
search. The analysis presented in [22] supports this refinement.

3.2.3. Synthesis

The most significant findings emerge from the two previously developed levels: the
Conceptual Construction Level and the Operational Level.

At the Conceptual Construction Level, Synthesis is carried out for each element iden-
tified within the {Software Development Code Group (SDCG)}, considering its relation-
ship with the results obtained across all iterations.

At the Operational Level, Synthesis focuses on the integration and interpretation of
all empirical data. Finally, the results obtained from the integration of both levels are an-
alyzed. This integration consolidates and reorganizes prior findings related to the SDCG,
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exploring their relationships with agility, heterogeneous data, the fundamental elements
of Grounded Theory (GTe), and the notion of {bridges}, shown in Figure 11.

The ultimate goal is to provide a cohesive and synthetic view of how each construct
emerged and how the various findings interrelate, serving as a key analytical unit for cat-
egorizing software engineering phenomena through the lens of Grounded Theory.

Keywording Mapping Synthesis
g Word cloud about Codegroup about
E Bﬁsm Coding, o| Basic Coding, Master Code group
aster core - ] - h
= core Category And classification
2 LI T Emerging Theory
s Emerging Theory
E Code gr‘{:up about Code group Bridge: Code
- E ERiar Classification. interrrelations
22 Development
F
®
2 ; ICode group classification = Rri
3 Memaoing | about Software | | AQ51= Bridge
E Development

Figure 11. Keywording, Mapping, and Synthesis: bridging to the bridge.

Relation to Agile and Non-Agile Topics

This subsection deepens the previous analysis of the relationship between the Soft-
ware Development Code Group (SDCG) and both Agile and Plan-driven approaches by
offering a more comprehensive interpretation of the data.

It initiated the open coding process to map the SDCG to topics related to Agility,
which emerged as one of the responses to the AQ5 equation presented in Section 3.1.4.
During selective coding, 28 articles were identified addressing Agile practices. It orga-
nized these studies into the following code groups:

e {Agile transformation process (ATP)}.
[ ]

Agile architecture}.

{
° {Teams: Agile teams, owner teams, distributed teams, etc.}.
{Pair programming}.

{

Knowledge sharing}.

In contrast, it categorized 42 articles focused on Plan-driven approaches into the fol-
lowing code groups:
e  {Architecture}.
e {Company}.
e {Model-metamodels—-UML}.
e ({Tools}.

The Model-Metamodels-UML group encompasses topics ranging from fundamental
modeling practices, such as UML, to more abstract representations, such as metamodels.
Several of these studies also examine the human dimension and contextual environment.
The tools group gathers works proposing methodological enhancements and innovative
tool designs for software development.
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Certain code groups, such as architecture, Teams, and tools, appear in both methodo-
logical paradigms, indicating their cross-cutting nature. Others, such as ATP and
Knowledge Sharing, emerge exclusively within the Agile context, underscoring their close
association with Agile frameworks.

During theoretical coding, the interactions were analyzed between these code groups
and the overarching themes of Agility and Non-agility. Among the total corpus, 28 papers
(40%) explicitly address agility-related topics.

The data reveal that specific categories, particularly Teams and tools, are transversal,
appearing in both Agile and Non-Agile contexts. This finding suggests that collaboration
and tool usage remain fundamental dimensions of software development, independent
of the chosen methodological paradigm. For instance, the Teams category appears in both
types of studies (14 Agile and 8 Non-Agile), confirming that teamwork constitutes a uni-
versal component of development practice.

Conversely, categories such as ATP and Knowledge Sharing appear exclusively in
Agile-related studies, emphasizing that specific practices and processes are intrinsic to
Agile methodologies.

As summarized in Table 2, these patterns demonstrate that the SDCG functions as a
conceptual interface between contrasting development paradigms. This bridging role po-
sitions the SDCG as a foundation for integrating divergent methodological perspectives —
a concept explored further in subsequent sections

Table 2. Agility and Non-agility vs. code groups.

Agility Non Agility

Architecture 1 3
ATP 7

Company 1

Innovation 1
Knowledge sharing 6

Model-metamodels-UML 2 15
Pair programming 2 1
Requirements 1 7
Software Development process 9 7
Teams 14 8
Tools 4 4
Testing 2 3
Open-source Software process 0 3

Relation to Heterogeneous Data

Heterogeneous data establishes a new classification when applying the GT in soft-
ware development, distinguishing between data with a schema and data without one. We
call them structured, semi-structured, and unstructured data.

Several SDCG elements—pair programming, tools, testing, and Team —are dis-
cussed based on data collected through diverse methods, including interviews, observa-
tions, documentation, and software artifacts. It supports the theoretical development of
heterogeneous data as a category, showing how different data types enrich the under-
standing of sociotechnical systems.

It follows that the SDCG are not just thematic groupings but represent convergence
points between various forms of empirical evidence.
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Before continuing, it is going to be defined as structured and unstructured data.
Structured data has a schema that defines it, and unstructured data does not [26] found in
Lidong Wang’s BigData studies [25].

Interviews in GT are usually classified as semi-structured because the interview has
a schema {structured data} that corresponds to the planning of the questions, and what is
unstructured is found in the answers obtained. Figure 12 shows an example of the Syn-
thesis of the {unstructured dataj}.

79:12 p 9 in (Hansen & Kautz, 2005) D 2: (Zayour & Hamdar, 2:24 p 3 in (Zayour & Hamdar, 2016)
2016)

thorough analysis
the transcripts in their unstructured form.

&> Unstructured data

D 79: (Hansen & Kautz, 2005)

D 25: (Treccani & De Souza, 2011) D 118: (Wiirfel et al,, 2016)
79:13 p 3 in (Hansen & Kautz, 2005)

The ¢ grounded theory The data collection
resulted in a large quantity of unstructured data

25:12 p 4 in (Treccani & De Souza, 2011)

ng can be used to group and connect

assess the analysis as well as er
analysis of the callected data

Figure 12. Synthesis of unstructured data derived from the analysis of [14,23,24,27].

During open coding, the relationships were analyzed among previously identified
concepts, categories, and propositions to uncover a framework of interconnections. These
relationships emerged between Agility and Non-agility, between different types of col-
lected data, and between theoretical models and their industrial applications. It was iden-
tified that relationships among research participants, such as teams, roles, and actors, as
well as across various fields of software development, exist between Grounded Theory
(GT) and other research methodologies.

In the selective coding stage, it was determined that these interconnections are not
incidental; instead, they represent a fundamental characteristic of GT when applied to
software development.

During theoretical coding, this defining characteristic of GT revealed its capacity to
build authentic bridges among diverse fields, participants, institutions, and methodologi-
cal approaches within software development. Each analyzed article provides evidence of
these interrelationships and conceptual bridges, confirming the integrative nature of GT
in this research context.

Relation to Grounded Theory Elements (GTe)

Multiple SDCG elements align directly with the Grounded Theory elements (GTe) as
defined in iterations 1 and 3. For example:

e  Requirements, Software Development process, and model-metamodels (UMLs) ap-
pear in both {Basic Coding} and {Master Core Category}.

e  Pair programming (PP) stands out as a dominant topic in the {A GT of ...} theories,
with 17 mentions.

It confirms that the SDCG are not merely context-driven codes, but reflect theoretical
patterns identified at different GT coding levels. This relationship strengthens the internal
validity of SDCG as grounded analytical categories.

Shows a direct relationship between the Basic Coding and Master Core category be-
cause there is a coincidence in the number of topics in both GT elements.

e  Engineering models and metamodels have 10.
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e  Software testing has 7.
e  Software requirements have 6.
e  The Engineering process has 5.

It was also observed that the number of theories is the most significant, with models,
metamodels, methods, and UML being the most notable.
Bridges

A cross-analysis of the SDCG reveals that several components act as bridges connect-
ing traditionally segregated domains within software development. For example, Model-
Metamodels, UML serves as a bridge between theoretical foundations and UML-based
tools; Team connects individual roles with group dynamics; and tool links Grounded The-
ory (GT) data sources to developer-oriented technologies.

A bridge is conceptualized as an emergent relational construct that links categories
or concepts that have previously been analytically distinguished within the theorizing
process. This relational construct operates as an articulating mechanism that enables the
integration, transition, and co-interpretation across distinct conceptual domains, while
preserving the properties and analytical identity of the entities it connects.

This bridging behavior highlights the multidimensional nature of the SDCG and un-
derscores its potential to elucidate complex interrelationships across software engineering
processes. It was identified multiple instances of such bridges spanning diverse subfields of
software development were identified. These include studies that bridge heterogeneous data
and human actors, those addressing sociotechnical aspects, works linking theoretical models
with their industrial applications, and others connecting software engineering research with
corporate practice. This constitutes the answer A3(3) to RQ3, following some examples:

e  Abridge between Agile methodologies and cybersecurity, proposing the integration
of a novel cybersecurity model within Agile environments [28].

e A bridge connecting open-source repositories on GitHub with the identification of
professionals responsible for specific code contributions, analyzing how developers
engage with the technical debt arising from their work [29].

Overall, these bridges connect:

e  Methodological paradigms (agile vs. Non-Agile).

e Levels of abstraction (theory vs. industrial application).
e  Human actors (developers, designers, users).

e Data types (heterogeneous and multi-source data).

e  Methodological approaches (qualitative methodologies).
e  Software development domains.

e  Multidimensional topics.

Their implications for understanding the integrative dynamics of software engineer-
ing research will be explored in depth in Section 4.

3.2.4. Verification of Saturation Conditions

The application of Grounded Theory (GT) to software development processes and
tasks was explicitly evaluated using the Grounded Theory elements (GTe) framework,
enabling the assessment of its methodological correctness beyond a merely instrumental
use. The analysis indicates that most of the reviewed studies adhere to the core principles
of GT, including the use of empirically grounded data relevant to the software engineer-
ing domain, the systematic application of open, selective, and theoretical coding, and the
consistent use of the constant comparison method. Moreover, the recurrent presence of
elements such as {Basic Coding}, {Main Category}, and explicitly articulated theories ex-
pressed as {A GT of ...} or {Use GT to} demonstrates that GT is applied not simply as a
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qualitative analysis technique, but as a comprehensive theory-generation process aimed
at explaining socio-technical phenomena in software development.

The results of the current iteration further confirm that GT is correctly applied when
it is coherently integrated with software engineering—specific processes and tasks. In par-
ticular, the findings reveal a consistent adaptation of GT to contexts such as Agile teams,
plan-based processes, and the use of diverse data sources, which were previously identi-
fied in iteration 2 in response to RQ5. At the operational level, the functioning of the GTe
elements—{Data}, {Data Analysis}, and {Constant Comparison} —leads to the emergence
of higher-level analytical outcomes, including the Software Development Code Group
(SDCG), heterogeneous data management practices, and the identification of bridges be-
tween actors, practices, and tools. These outcomes constitute the response to RQ6 in iter-
ation 3. Consequently, the empirical evidence analyzed supports the conclusion that GT,
when applied in accordance with its constituent elements and within the GSMS frame-
work, is methodologically sound for the study of software development processes and
tasks, thereby providing an affirmative answer to RQ2.

In the third iteration, no additional research questions emerge.

05 = {ZRQL- }: {RQ, + RQ; + RQ; + RQ, +RQs + RQ4} (10)
i=1

where Q3 is the set of research questions of iteration 3.

A3(k) = ZT:1AQ;' (11)
where A;(k) is the set of Answers to the Questions of iteration 3.
A;(4) = A,(4) = Aj(4) = { AQ4,:{GTe}} (12)

where A3(4) is the set of the Answer to the research question 4 (RQ,) of iteration 3.

A;(5) = A,(5) = {AQ5;: {Agile/Non_agile}, AQ5,: {data diversity}, AQ53: {Single participant/team}}  (13)

where A3(5) is the set of the Answer to the research question 5 (RQs) of iteration 3.

As(6) = {{AQ61: {(SDCG)}}, {AQ62: {Homogeneous and Heterogeneous data}}, { AQ6;: {Bridge}}} (14)

where A3(6) is the set of the Answer to the research question 6 (RQg) of iteration 3.
A3(1) ={43(5) + 43(6)} (15)

where A3(1) is the set of the Answer to the research question 1 (RQ,) of iteration 3.
A3(2) ={ AQ24:{GT - A3(5)} + AQ2,:{GTe — A;(6) }} (16)

where A3(2) is the set of the Answer to the research question 2 (RQ;) of iteration 3.

A;(3) = { AQ3;: {Bridge between a theoretical model and its industrial application}} 17)

where A3(3) is the set of the Answer to the research question 3 (RQ3) of iteration 3
Az(k) = { A;(D+ A3(2) + A3(3) + As(4) + A3(5) + A3(6)} (18)

where A;(k) is the set of Answer Questions of iteration 3.

3.2.5. Comparison with the Literature

It is interesting to identify the literature reviews that incorporate heterogeneous data
sources. In the study [30] on non-functional requirements, the literature was followed by
interviews and surveys with specialists. So, data heterogeneity arises between the data
obtained from the analyzed scientific articles and that collected through surveys and in-
terviews [30].
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3.3. Fourth Iteration

The fourth iteration begins with two of the three necessary conditions for saturation
already fulfilled.

The first condition is that no new research questions have emerged, and the second
condition is that all research questions have at least one answer.

At this stage, it is therefore necessary to verify whether additional answers can still
emerge for any of the existing research questions.

The inputs for this iteration are
e  The six research questions identified: RQ1, RQ2, RQ3, RQ4, RQ5, and RQ6.
e  The pre-classification schema.
e  The 70 originally selected papers.
e  The set of answers associated with RQ1-RQ6 obtained in previous iterations.

In terms of Keywording, no additional word resources are available in this iteration.
No new word lists, word clouds, or other elements exist from which further Keywording
and Mapping could be initiated.

Related to Synthesis, the third saturation condition is fulfilled in this iteration, as no
new answers can be identified for any research question. This situation is formally ex-
pressed as

A,() =As())  fori=123456 (19)

This equality indicates that the set of answers in the fourth iteration is identical to
that of the third iteration, confirming that no additional answers can be obtained. As a
result, the third and final saturation equation of the GSMS process is satisfied.

Verification of Saturation Conditions

Table 3 summarizes the progression of the GSMS iterations and the fulfillment of the
three saturation conditions across iterations.

Table 3. Summary of iterations and fulfillment of saturation conditions. For each research question
(RQ) and its associated answers (AQ), it indicates the specific iteration in which each saturation

condition was satisfied, using check marks (v).

Saturation Condition RQ and Emerg: Iteration
ing Answers First Second Third Fourth
RQ1 v
RQ2 v
First condition ﬁgz j
(No new RQs have emerged.) RO5 v
RQ6 v
Achieved v
AQ1 v
AQ2 v
Second condition AQ3 N
(All RQs have at least one an- AQ4 v
swer.) AQ5 v
AQ6 v
Achieved v
Third condition AQ1 v
(There are no additional an- AQ2 v
swers to any RQ.) AQ3 v
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AQ4 v
AQ5 N
AQ6 N
Achieved N

The first saturation condition (no emergence of new research questions) is satisfied
early, during the first iteration, for all RQs.

The second saturation condition (each research question having at least one answer)
is satisfied progressively across iterations and is fully achieved by the third iteration.

The third saturation condition (no emergence of new answers for any research ques-
tion) is only satisfied in the fourth iteration, indicating that theoretical saturation has been
fully reached at this point.

The final row of each condition block (“Achieved”) indicates the iteration in which
the corresponding saturation condition is completely fulfilled.

4. Discussion

This study establishes conceptual relationships between the SDCG and the method-
ological paradigms of software engineering —namely, the dichotomies {Agile/Non-Agile}
and {Agile/Plan-driven}. The analysis highlights the inherent heterogeneity of the data
employed in Grounded Theory (GT) research, a term often associated with Big Data but
relevant here given the human and socio-technical nature of GT data. Since GT treats all
elements arising from human-artifact interactions as data, this diversity poses both a
methodological challenge and a source of theoretical richness.

Integration under the unifying concept of the Bridge provides substantial theoretical
insight. In total, 25 papers were identified that fit one or more of the bridge types described
earlier, with 11 exhibiting multidimensional bridging characteristics, spanning several an-
alytical dimensions simultaneously. Altogether, 31 articles (44.3%) demonstrate the pres-
ence of bridging phenomena that connect diverse methodological, conceptual, and prac-
tical domains. These bridges link Agile and plan-driven processes, heterogeneous data-
collection strategies, different actors in software development ecosystems, theoretical
models, industrial practice, and the interplay between Grounded Theory and complemen-
tary research methodologies.

The data analysis further reveals that seven of the reviewed papers explicitly address
high levels of data diversity and heterogeneity through various methods of data collec-
tion, including semi-structured interviews [31], participant observation [31], and online
questionnaires [32,33]. Several studies adopted a multistage approach to data collection,
beginning with pre-questionnaires to obtain participant background information, fol-
lowed by the review of archival materials —formal or informal —and concluding with
semi-structured interviews or focus groups [34,35]. For example, Lubin [34] employed a
two-stage process combining think-aloud sessions with semi-structured interviews to un-
derstand programmers’ cognitive processes. Similarly, Ardo et al. [28] used semi-struc-
tured interviews with 23 Agile practitioners and validated their theoretical model through
focus groups with cybersecurity experts. Other studies examined secondary sources such
as repositories, including Common Weakness Enumeration (CWE) and Common Vulner-
abilities and Exposures (CVEs) [36]. Collectively, these examples demonstrate that GT-
based research in software engineering not only embraces data heterogeneity but also de-
pends on the timing and contextual integration of data collection activities to ensure the-
oretical robustness.

Let us delve deeper into the types of bridges based on the seven categories, shown in
Table 4.
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Table 4. Bridge type.
Bridge Type Description Example
Methodological Bridge Connects Agile and Non-Agile paradigms Hybrid development environments
Human-Technical Bridge Links actors and artifacts Developers interacting with tools

Human Factor Bridge

Research Methodology Bridge

Data Bridge
Theory—Practice Bridge

Multidimensional Bridge

Connection and integration among diverse ac- Collaboration between developers and
tors and/or teams designers

GT combined with Action Research or
Method Engineering (e.g., Grounded
Method Engineering)

Integrates structured and unstructured data Interviews + repositories

Connects theoretical GT models with indus-
trial applications

Connects Grounded Theory with other re-
search methodologies and paradigms

DevOps GT studies

Integrates multiple analytical axes Agile Transition Process

A key finding concerns the variety of bridges across methodological paradigms. Sev-
eral papers demonstrate interactions between Agile and plan-driven approaches [37-41].
Some organizations apply both simultaneously [37,39], while others selectively integrate
Agile principles into plan-driven environments or vice versa [40]. In certain cases, hybrid
development strategies leverage the strengths of both paradigms to optimize productivity
and adaptability [38,41]. These findings indicate that GT is particularly effective for cap-
turing hybrid methodological realities and the coexistence of contrasting development
logics within software projects. Additionally, bridges have been observed between User
eXperience (UX) and Agile approaches, especially within the context of Agile UX Integra-
tion Practices [32]. Where UX design cycles are synchronized with Agile sprints to en-
hance collaboration and usability outcomes.

Another pattern involves bridges between theoretical models and their industrial ap-
plications. Studies have demonstrated that GT can serve as a framework to connect con-
ceptual research with professional practice in software engineering [42—-45]. For example,
GT has been used to design and validate surveys with practitioners in requirements engi-
neering [43], to predict and explain the adoption of software processes in small enterprises
[45], and to improve security practices in organizations preparing to implement DevOps
[44]. Similarly, research linking architectures and smart city mobile applications (SCMA)
demonstrates GT’s capacity to ground theoretical constructs in practical development
contexts [33].

Human factors constitute a further dimension of bridging. GT facilitates the explora-
tion of collaboration and integration among diverse actors, such as developers, designers,
users, and multidisciplinary teams [37,46,47]. These studies reveal bridges between devel-
opers and designers [46], between programmers and artists [47], and across teams that
include testers, architects, and project managers [37]. Moreover, the human-centered fo-
cus of GT enables an understanding of creativity, innovation, and communication dynam-
ics in both traditional and open-source development environments [12]. The interaction
among three actors in Open Source Software Development (OSSD) projects involves the
leader, team members, and users [12].

Data heterogeneity emerges as a methodological bridge that links diverse sources,
formats, and contexts. Several studies extend traditional GT data collection by incorporat-
ing programming code, software artifacts, and communication logs as empirical evidence
[12,14-16,22,48-52]. Such heterogeneous data enable the reconstruction of complex devel-
opment phenomena that transcend textual narratives. Stol, Ralph, and Fitzgerald [22] empha-
size that managing large volumes of heterogeneous data is a significant challenge but also an
opportunity for theoretical integration. Examples include GTs of human model-merging ac-
tivities [48], pair-programming interactions [49], confidential business documentation on
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Agile practices [50], and communication exchanges between students [51]. These cases con-
firm that software engineering data are inherently multimodal, requiring analytical frame-
works that can integrate technical, behavioral, and organizational evidence.

Methodological bridging between GT and other research paradigms also appears re-
currently in the analyzed literature. Studies combining GT with action research, lateral
thinking, controlled experimentation, and method engineering demonstrate that GT’s
flexibility supports both qualitative exploration and systematic validation [53-56]. The
emergence of Grounded Method Engineering (GME) [56] exemplifies this Synthesis, as it
builds methods and frameworks grounded in empirical data while retaining theoretical
rigor. This integrative potential reinforces GT’s role as a methodological mediator across
empirical and theoretical dimensions.

In the domain of software engineering, GT has been applied to bridge specific subar-
eas, such as requirements engineering and systems architecture [57], as well as to propose
iterative processes, such as Grounded Requirements Engineering (GRE) and GT2UC
transformations [27]. These applications demonstrate G1’s capability to facilitate transi-
tions from conceptual insights to standardized modeling practices. Collectively, these
bridges reveal that GT can manage diverse and even opposing, thematic relationships,
leading to the Synthesis of new theoretical categories that address the research questions
posed at the outset of this study.

Particularly noteworthy is the identification of multidimensional bridges, where
multiple axes of analysis interact simultaneously. The Agile Transition Process (ATP) ex-
emplifies this multidimensionality, encompassing transitions in software development
practices, team structures, management approaches, reflective activities, and organiza-
tional culture [58-63]. Each dimension evolves independently, reflecting the uniqueness
of every Agile transformation. Beyond the Agile context, similar multidimensional mod-
els emerge in studies on technical debt [64], software quality [37], and knowledge sharing
in Agile teams. The Internet-based software development has given rise to a new class of
processes distinct from traditional software engineering. Three driving dimensions —
competitive environment, lack of experience, and time-to-market pressure — have made
quality negotiable and triggered the emergence of “extreme” practices [65]. The adoption
of software process standards (ISO/IEC 29110) in micro-enterprises is represented by
bridges that include dimensions such as stimuli (awareness and acceptance), organiza-
tional conditions, and the application of best practices [66]. Other works identify multidi-
mensional frameworks spanning business vision, project approach, value propositions,
stakeholder groups, and contextual factors [67]. These studies collectively indicate that
software engineering processes are inherently multidimensional, shaped by interactions
between technical, organizational, and human components [68-75].

Finally, multidimensionality also characterizes sociotechnical processes in both Agile
and Non-Agile environments. In Agile contexts, GT conceptualizes development teams
and the Agile Transition Process (ATP) as complex adaptive sociotechnical systems,
where social and technical dimensions coevolve dynamically [14,58-60,76,77]. Con-
versely, Non-Agile contexts also exhibit sociotechnical bridging, as evidenced in studies
on change request management in small companies [78], debugging practices in enter-
prise IDEs [14], and trust contagion in distributed teams [79]. Additional research con-
nects use case modeling with theory development for demand-response systems [80] and
explores coordination mechanisms in software security patch management [70]. Collec-
tively, these examples confirm that both Agile and Non-Agile processes exhibit inherent
multidimensionality, with social, technical, and organizational elements converging.

The notion of saturation discussed throughout the GSMS iterations should be inter-
preted strictly within the methodological boundaries of Grounded Theory. In this study,
saturation refers to the stabilization of categories and answers within the analyzed corpus,
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as operationalized through the GSMS formal conditions. It does not imply completeness
of knowledge in software engineering practice, nor does it suggest that engineering arti-
facts themselves reach epistemological closure.

5. Threats to Validity

This study faces several threats to validity when viewed through the lens of classic
(Glaserian) GGT and within the context of software engineering research artifacts and
processes.

5.1. Construct Validity

The analysis is grounded in 70 peer-reviewed primary studies identified via the
GSMS protocol. While methodical, this constitutes a protocol-bounded sample rather than
theoretically sampled material in the strict Glaserian sense. Consequently, the data may
not cover sufficient variation across domains (e.g., safety-critical vs. web systems), devel-
opment paradigms (e.g., Agile, DevOps, model-driven), or organizational settings (e.g.,
startups vs. regulated enterprises) to fully establish conceptual fit. This delimitation threatens
the fit and relevance of emergent categories —particularly the bridge construct and its typolo-
gies—by potentially underrepresenting negative cases or boundary conditions. Although we
pursued constant comparison within the available corpus, theoretical sampling across addi-
tional, diverse settings is needed to improve conceptual density and delimiting.

Mitigation and residual risk. We documented the GSMS selection decisions and used
memos to flag conceptual gaps; however, without directed theoretical sampling beyond
the initial corpus, some variation remains unobserved, constraining the fit and relevance
of the theory to wider SE contexts.

5.2. Internal Validity

The initial keyword filtering employed frequency-based thresholds from descriptive
statistics. From a Glaserian standpoint, this introduces a risk of forcing (i.e., prestructuring
the data space before categories are allowed to emerge). While we subsequently applied
open coding, constant comparison, and iterative memoing to counteract this risk, the early
filter may have suppressed weak signals associated with nascent or low-frequency con-
ceptual indicators —especially for early concept identification related to bridges. This con-
stitutes a threat to emergence and to identifying latent patterns that do not manifest
strongly in term frequencies.

Mitigation and residual risk. We revisited the filtering decisions during selective cod-
ing and theoretical coding (e.g., considering coding families such as Cause—Effect, Strat-
egy, Process, Context-Condition—Consequence). Nonetheless, the possibility of missed
early indicators persists, particularly for subtle bridge mechanisms linking SE artifacts
(e.g., requirements—architecture, architecture—test, dev—ops pipelines).

5.3. External Validity

The bridge construct and its typologies are analytically derived from the literature
and conceptually validated within the reviewed studies. From a Glaserian perspective,
the theory’s claims hinge on theoretical saturation and modifiability. Saturation is not yet
demonstrated across industrial field settings; thus, the current formulation should be
treated as provisionally delimited to the literature-reported contexts. In Glaser’s criteria,
a theory should fit the data, work (explain the main concern and how it is resolved), be
relevant (to those concerned), and be modifiable (open to refinement as new data vary the
pattern). Our current status supports fit/work within the corpus but requires further var-
iation to substantiate relevance and modifiability across diverse software lifecycles and
socio-technical environments.
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Mitigation and residual risk. We articulate the conditions, strategies, and conse-
quences under which bridges were observed in the literature and propose operational
proxies (e.g., trace links, dependency graphs, workflow handoffs) for future evaluation.
Until industrial theoretical sampling and field validation are conducted, transferability to
real-world projects remains a threat.

5.4. Interpretive Threats

As in all Glaserian GT, coding, memoing, and theoretical integration rely on the re-
searcher's judgment. We sought to cultivate theoretical sensitivity through sustained mem-
oing, constant comparison across incidents, and disciplined theoretical coding to raise rela-
tionships to a conceptual level. Still, selective perception and premature closure constitute
threats: researchers may inadvertently privilege familiar patterns or canonical SE narratives
(e.g., “traceability always improves coupling management”) over emergent properties.

Mitigation and residual risk: We maintained a memo bank, an audit of decision rules
(e.g., when a property becomes dimensional), and we delayed the literature integration to
the extent feasible in a secondary-study design. We also challenged emerging patterns via
negative case analysis within the corpus. However, classic GT values emergent objectivity
over inter-coder agreement; hence, some subjectivity remains inherent to the method and
may be reflected in the delineation of categories and bridging relations.

5.5. Reliability, Auditability, and Reproducibility

In classic GT, reliability is not equated with inter-coder reliability; instead, emphasis
is placed on a transparent analytic process that supports modifiability. We provide a doc-
umented audit trail (GSMS protocol, inclusion/exclusion rationales, code evolution,
memo excerpts, theory integration decisions). Nevertheless, because emergence is sensi-
tive to the researcher’s theoretical sensitivity and to where comparisons are drawn, repli-
cations may yield different but legitimate conceptualizations (especially alternative theo-
retical codes linking the same categories). This variability is expected in classic GT but
may concern readers seeking procedural reproducibility.

Mitigation and residual risk: By making the decision log, memo bank, and coding
artifacts available (where possible), we enhance auditability. Still, alternative analysts may
produce different theoretical delimitations of bridges and their properties.

5.6. Software Engineering—Specific Threats

SE is heterogeneous across domains, team structures, and tooling ecosystems. Re-
ports vary in artifact granularity (e.g., fine-grained commit traces vs. high-level process
descriptions) and may employ domain-specific lexicons (e.g., safety cases, hazard logs,
user stories, architectural viewpoints). Such heterogeneity threatens comparability during
constant comparison and may obscure bridge manifestations (e.g., “requirements—test”
bridges vs. “ops telemetry—feature toggles” bridges). Additionally, publication bias and
reporting deficits (e.g., missing negative outcomes, limited detail on failed integrations)
may underreport bridge breakdowns (e.g., brittle traceability, unaligned architectural and
testing strategies).

Mitigation and residual risk: We triangulated across lifecycle stages (requirements,
design, implementation, testing, operations) and roles (analysts, developers, testers,
SRE/DevOps). Nonetheless, variations in method (agile vs. plan-driven), regulation (reg-
ulated vs. non-regulated), and scale (component vs. system-of-systems) remain underex-
plored, limiting transferability.

5.7. Future Work
To address the above threats, future research will:
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Extend theoretical sampling beyond the initial GSMS corpus to incorporate industrial
case studies across diverse domains and development processes, actively seeking varia-
tion and negative cases to test the boundaries of the bridge construct.

Pursue theoretical saturation by iteratively sampling where comparisons are most
fruitful, guided by the evolving core category and theoretical codes.

Develop operational indicators for bridge types in SE artifacts (e.g., traceability ma-
trices, dependency networks, architectural conformance analyses, CI/CD pipeline
handoffs) to support mixed-method evaluation (qualitative grounding with quantitative
patterning).

Embrace modifiability by revising properties and dimensions of bridge typologies as
new field data vary the pattern, ensuring the theory continues to fit, work, and remain
relevant for practitioners.

Document audit artifacts (decision rules, memos, selective/theoretical coding moves)
to enhance process transparency and enable informed theoretical replication.

6. Conclusions

The Glaserian Systematic Mapping Study (GSMS) enables the identification of
emerging factors that may not be well represented in the existing literature, offering inno-
vative insights and practices grounded in qualitative evidence. The emerging theories and
theoretical propositions developed through GSMS can be directly applied to improve soft-
ware engineering practices and processes, providing a solid foundation for informed de-
cision-making. By generating Grounded Theories, GSMS can significantly contribute to
the education and training of software engineers, offering theoretical and practical frame-
works based on observed reality.

The Software Development Code Group (SDCG) comprises emergent elements from
analysis conducted using Grounded Theory (GT) and the GSMS methodology. These ele-
ments were explored across various dimensions, particularly agility, data heterogeneity,
core GT principles, and the presence of conceptual or methodological bridges across soft-
ware engineering practices.

A high proportion of the SDCG components are directly associated with Agile meth-
odologies. Elements, such as the Agile Transformation Process (ATP), knowledge sharing,
pair programming, and team dynamics, are tied to Agile environments, supported by
multiple studies within the dataset. Others, such as architecture, model-metamodels—
UML, and company-related themes, appear more frequently in plan-driven or Non-Agile
contexts. This dual presence highlights the importance of categorizing development prac-
tices along dimensions such as {Agile/Non-Agile} and {Agile/Plan-driven}, which
emerged as significant classifications in the second iteration of the study.

Many SDCG elements also exhibit strong connections to heterogeneous data sources.
Items such as pair programming, tools, testing, and team structures are discussed in the
context of data collected through diverse methods, including interviews, observation,
documentation, and software artifacts. These sources vary in format and structure, sup-
porting the theoretical development of the {heterogeneous data} category and highlight-
ing the importance of integrating structured, semi-structured, and unstructured data in
the analysis of sociotechnical systems.

Moreover, several SDCG items align directly with the Grounded Theory elements
(GTe) framework. Concepts such as requirements, software development processes, and
model-metamodels (UMLs) frequently appear within the {Basic Coding} and {Master
Core Category} phases, supporting their theoretical relevance. In particular, pair pro-
gramming stands out as a dominant theme in {A GT of ...} theories, indicating its central
role in empirical GT-based studies.
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One of the most insightful contributions of this categorization is the identification of
conceptual {bridges}. These bridges represent cross-cutting interactions between technical
and human-centered practices, connecting divergent methodologies, participant roles, or
data paradigms. For instance, bridges emerge between Agile and plan-driven develop-
ment, between theoretical models and industrial application, and between developers and
other actors such as designers or users. Tools and testing practices, often associated with
both Agile and Non-Agile contexts, further exemplify how certain elements mediate be-
tween contrasting domains. Similarly, team structures and open-source processes reflect
bridges between individual and collective practices, particularly in distributed or collab-
orative environments.

The classification outlined in the table synthesizes the multidimensional nature of
software engineering through a grounded theoretical lens. It demonstrates how method-
ological elements, sociotechnical structures, and practical applications are interrelated. Ul-
timately, the integration of GT into software engineering not only enables a richer catego-
rization of development artifacts and practices but also exposes underlying theoretical
patterns and cross-domain linkages that traditional taxonomies, such as those based solely
on technical domains, fail to capture.

The data that GT accesses primarily pertain to social studies as they relate to human
beings. In software development, these studies encompass the environment and reality of
software participants and practitioners, as well as their artifacts. It results in a diverse
collection of data, known as heterogeneous data.

GTe, as a general classification approach for GT across articles, regardless of the spe-
cific GT employed, has facilitated a broader, more in-depth categorization of software en-
gineering articles.

Something that has enabled the identification of GT elements is the establishment of
a diversity of interrelationships, which initially seemed to be isolated cases of GT use in
software engineering and later proved to be more profound and more widespread. These
interrelationships are observed as a whole, giving rise to a pattern in which GT has created
bridges. The interrelationships form a pattern of bridges designed by GT among diverse
elements of software development, such as actors, specialists, graphic designers, and par-
ticipants, between Agile and plan-driven approaches, and across different stages of soft-
ware development.

An additional bridge is the so-called multidimensional bridge, which, due to the it-
erative nature of the GT methodology, enables researchers to shift their focus or the di-
mension studied, yielding new, more complete, and more profound findings within the
scope of their research.

GTe and its findings, such as heterogeneous data, bridges, and single- and multidi-
mensional bridging, have enabled a way of classifying software engineering that differs
from the traditional SWEBOK approach.

When working with GT in software engineering, it has been proven that GT is not
limited to interviews, observations, surveys, focus groups, and social studies. It can also
be applied to research results, engineering artifacts, and documents in general, allowing
the development of strategies and conclusions using GT in the form of statements or ex-
pressions of emerging theories.

Although saturation is a methodological construct within Grounded Theory, its ex-
tension to software development is employed here strictly as a heuristic analogy. The term
“engineering saturation” is not proposed as a formal property of software artifacts, but as
a descriptive metaphor indicating perceived structural coherence within a given develop-
ment context.

The concept of the Bridge encapsulates Grounded Theory’s integrative capacity to
connect paradigms, methodologies, human factors, and practical applications in software
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engineering. The presence of bridges across methodological, epistemological, and empir-
ical domains reinforces GT’s role as a unifying framework capable of managing complex-
ity, fostering theoretical Synthesis, and promoting methodological innovation. These find-
ings provide an articulated response to the research questions posed in this study and
highlight the enduring value of GT as a means of reconciling diverse perspectives in the
empirical analysis of software development.
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