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Abstract


Grounded theory (GT) has been extensively used in social studies through surveys and interviews. However, its application in software development has not been appropriately categorized, limiting its in-depth study in this field. Additionally, the qualitative analysis provided by GT is in increasing demand in software engineering, presenting a significant opportunity to further investigate this topic. This article discusses the identification and analysis of key GT elements beyond traditional data sources, such as research results, engineering artifacts, and written documents, and introduces the role of basic coding, master core category, and the theory emerging, thus showing a way to present the results of GT studies in software development. The study provides valuable insights for researchers and practitioners interested in applying GT in software development. The article also explores the crucial role of constant comparison until saturation and the challenges it presents. Additionally, the integration of Glaserian grounded theory (GGT) with systematic mapping study (SMS) is examined, resulting in a novel approach called Glaserian systematic mapping study (GSMS), which defines saturation through three equations, providing a set of components that satisfactorily categorize GT in software development. This article discusses the identification and analysis of key grounded theory (GT) elements beyond traditional data sources in the context of software development.
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1. Introduction


The study of GT in software development environments is challenging due to the elusive classification of GT. The variety of versions, diverse forms of application, and the relative novelty of qualitative analysis in software engineering, combined with the multitude of knowledge fields in which GT can be used, make its use difficult. In software engineering, reviewers and expert editors still face difficulties in understanding the nature and boundaries of GT. Researchers tend to be overly cautious in writing their articles and provide excessive explanations of and justifications for the GT method [1]. This conservative approach may be due to the perception that engineers receive insufficient training in the research methodologies of social sciences [2]. As a result, there are limited literature reviews on GT in software development and related topics, though the number of scientific publications that focus on literature reviews and systematic mapping is increasing [3,4,5].



It is clear from various bibliographic databases that the main challenge is the difficulty in classifying scientific papers in software development within the variants of GT [3,4,5], which has hindered the ability to conduct a deeper analysis. This lack of clear classification has led to difficulties in comparing and synthesizing findings across studies, limiting the depth of analysis and hindering the advancement of knowledge in the field of software development. Qualitative analysis, including GT, has paved the way for new methods of studying and analyzing software development. GT provides new insights into the study of humans and their environment [6,7,8], particularly regarding the cost of a project and the performance of software equipment [2].



Data are a crucial aspect in both software development and GT. However, the relationship between data in GT and software development has not been thoroughly examined. Software development deals with a wide variety of data that impacts the various aspects of its processes. At the same time, GT involves the collection and analysis of data until theories emerge and saturation is reached [2,5,9].



GT is typically utilized in the social study of individuals, groups, or communities. However, when applied to software engineering, GT faces new challenges as it becomes a socio-technical issue [10]; in this context, the subjective (sociological) aspect is intertwined with the objective (technical) aspect [10]. This convergence of social and technical aspects adds complexity to the GT analysis in the context of software engineering.



In software development, various types of data are processed, including both the volume of information and data related to processes, activities, artifacts, and the individuals and teams involved. Additionally, a diverse range of data [4] is used in the GT studies applied to software development (all data are relevant) [6,8,11]. However, this diversity has not been adequately addressed in previous studies.



Many articles applying GT in software development do not clearly state which variant of GT they are using or if they are combining variants [5]. There are also some challenges when using GT in software development. Firstly, GT is demanding and requires strict adherence to its methodology, making it difficult to implement in practice [12]. Secondly, the complexity of the processes in software development adds to the difficulty of conducting GT [13]. Additionally, there are several variants of GT, the most prominent being Glaserian and Straussian, which have significant differences [8]. Lastly, it is unclear whether it is appropriate to mix these variants [7] or not [8] when conducting GT research.



This research employs the Glaserian systematic mapping study (GSMS) methodology developed by Navas [14] to thoroughly search through selected scientific articles. This approach allows for the consideration of new questions during the data analysis process and the implementation of a series of iterations guided by three equations, which the authors call search saturation [14]. In GSMS, the Glaserian grounded theory (GGT) is employed to analyze the results and refine the SMS classification schemas through iterative processes, ultimately leading to identifying the core category and associated emerging theories [14]. Literature review documents are considered data in this context [15].



This research aims to categorize the use of GT in the field of software development using grounded theory elements (GTe or GT Elements), which are described in Section 4.4 “Data Analysis: Iteration 1”.



This paper is outlined as follows: Section 2 covers the GT definitions, concepts, the differences between versions, and the diversity of criteria around them. Section 3 is the application of methodology GSMS. In Section 4, the discussion is addressed. Finally, in Section 5, the conclusions are drawn.




2. Grounded Theory: Concepts, Differences, and Disagreements


GT is a qualitative research methodology that aims to develop or test a theory about the subject under study. It is commonly used to study human behavior and interactions with the environment. GT involves integrating empirical data into the creation of a theory through the development of abstract concepts based on time, place, and people [16]. The process involves searching for relevant data and conducting theoretical sampling to establish categories and subcategories until the emergence of new ones [7].



GT was created in 1965 through research on the awareness of death by two sociologists, Glaser and Strauss [17]. They developed a methodology to understand death in terminally ill patients. It was consolidated in 1972 in the book by the same authors [6]. Later, the way in which the methodology was applied changed, resulting in two GT: Glaserian and Straussian. Glaserian grounded theory (GGT) is viewed as more faithful to the original method and is also called classical grounded theory. Straussian grounded theory (SGT) is also called Evolved Grounded Theory [8]. The differences between the two GTs are shown in Table 1.



The fundamental differences between the two GT are:




	
Glaser emphasized the search for emerging theories. In contrast, Strauss highlighted the importance of a systematic approach and validation criteria [18].



	
Glaser paid special attention to the meaning of the data and asked: “What do we have here?”. On the other hand, Strauss studied every word present in the data and asked: “What if?” [8].



	
In GGT, the research problems and questions are not previously defined, and the literature should not be revised at the beginning of the GT process, while SGT proposes the opposite [19].



	
In GGT, open coding starts the data analysis; in SGT, open coding is used for data to be decomposed and reach higher levels of abstraction [19].










 





Table 1. Specific differences between the two GTs. Adapted from [8,19].






Table 1. Specific differences between the two GTs. Adapted from [8,19].





	
Glasserian

	
Straussian






	
Open Coding




	
Start the data analysis

	
The datum is broken down to a higher level of abstraction




	
Axial Coding




	
Not used

	
It runs parallel to open coding




	
Selective Coding




	
Identification of the core category

	
It is similar to axial coding but with a higher level of abstraction




	
Regarding Research Questions




	
The problem is not established initially; therefore, it does not start with the research questions. There is only one central concern.

	
There are research questions at the beginning




	
Theoretical Sensitivity




	
Generates concepts from the data through the process of abstraction

	
The process of abstraction is based on the researcher and their knowledge about the subject




	
Core Category




	
It is the crux and the theory is developed around it

	
Selective coding provides an abstract category; if this does not adequately cover the GT, a new abstract category is chosen, and the cycle is repeated until reaching the core category.









The two GT approaches differ significantly in their approach, initial considerations, analysis principles, coding techniques, memo writing, use of diagrams, writing phase, and evaluation criteria. Both have their merits as research methods, but researchers must decide which method they want to use since they cannot be combined [8]. It is recommended to be clear about the GT method used and not become involved in the debate surrounding which is the “best” method [19,20].




3. Research Methodology


This section summarizes the applied Glaserian systematic mapping study (GSMS) methodology [14]. GSMS generates a theory about the results of the research work conducted [14,19], as depicted in Figure 1. The first phase is data collection (S1), which starts with collecting information about the topic of interest. The second phase is data analysis (S2), where the data are analyzed using constant comparisons to develop a theory and identify new categories until saturation is reached. The third phase is literature comparison (S3) [14], where the results of the data analysis are compared with the existing literature, as shown in Figure 1.



The terms “phase,” “stage,” and “step” were used similarly to the terminology used in Navas’ paper [14]. Specifically, “phase” refers to the processes in GSMS, “stage” refers to GGT, and “step” refers to SMS.



The GSMS Data collection S1 phase takes the following steps from SMS: Research Questions Definition (p1), Conduct Search (p2), and Screening of Papers (p3). GSMS Data Analysis S2 comprises a complex grid structure using the SMS steps Keywording (p4), Mapping (p5), and Synthesis (p7) along with GGT processes (open, selective, and theoretical Coding), conducted through iterations to obtain an appropriate abstraction level until saturation [14]. Finally, in the comparison with the literature S3 phase, the Rigor and relevance assessment (p6) step is incorporated from SMS.



GSMS consists of GGT sub-processes: open, selective, and theoretical coding are associated with outcomes concepts, categories, and propositions, respectively [2]. The concepts emerge from the data and are the basic ideas that, when related, lead to the categories [14]. Finally, the propositions take the previous concepts and categories that produce a discursive set of theoretical statements.



The application of GSMS data analysis is conducted through several iterations. The beginning of the iteration uses previous iteration outcomes, a sample of which can be seen in Section 4.3 and Section 4.4. In each iteration in GSMS [14], each SMS step is described through the GGT stages, ending with the corresponding outputs for the next iteration. For the case of iteration 0, its inputs are the outcomes of the data collection stage, as presented in Section 4.3.



Sometimes, within an iteration, it is necessary to study several components or elements, and for each detail, the Keywording, Mapping, and Synthesis stages must be developed in a particular loop; see, for example, Section 4.4.1 and Section 4.4.2.



Finally, in the comparison with the literature S3 phase, in the works where the reviews of scientific articles focusing on software engineering are conducted within the variants of GT [3,4,5], there are different levels of classification with relatively low values within them, probably because it has not been adequately assessed.



In the comparison with the literature S3 phase, the Rigor and relevance assessment (p6) step is incorporated from SMS.




4. Study Case


The following section explains the previously described methodology used in a specific case related to applying grounded theory in software development environments.



4.1. GSMS Data Collection Phase


This section describes the GSMS data collection phase and comprises three subsections: definition of the research questions, search performance, and screening of papers (see Section 3).



4.1.1. Definition of the Research Questions Phase


The definition of the GSMS research questions phase is the initial research question or questions. In GSMS, it is recommended that the research question is generic, using the paradigm proposed by GGT, ‘What do we have here?’ It also affects the outcome, ‘Review Scope’, on the topic under study. Therefore, it drives the data analysis phase, as illustrated in Figure 2 label P1, with its corresponding outcome Review Scope (Figure 2 O1). P1 corresponds to the definition of the research question phase and provides as an outcome the Review Scope within GSMS.



In this research, it is interesting to know which areas of software development are suitable for studying with GT and which are not. The goal is to locate the application domain of GT in the area of software development. The aim is to establish relationships between different types of GT and various fields of software development, as well as different types of article distributions, such as annual mapping, types of GT, and areas of software development.



Additionally, it is desired to know if GT is appropriately applied within software development and among its various activities. Due to qualitative data analysis in general and GT being relatively new in software development, its application and correct use in the area are essential.



Finally, it is interesting to determine if GT is useful or not for software engineers and to see its practical utility in the industry. Given the importance of software engineering and its applicability in the industry, it is essential to locate the usefulness of GT.



The previous paragraphs determined the three research questions of this paper, which are:



RQ1: In what context is GT appropriate in the field of software development?



RQ2: Is GT applied correctly in the process and tasks of software development?



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




4.1.2. Label P2: Search Performance Phase


The search performance phase collected initial sources from scientific article libraries’ databases, including ISI Web of Science, IEEE, Scopus, and ACM. A rigorous and systematic procedure was employed [21], which started with a search string established based on the requirements of this paper. The aim was to determine if this search string was appropriate for achieving the desired outcome. To this end, a series of tests were conducted.



This work applied different chains using the ISI Web of Science database to define the search string. The first attempt was to use long and complex chains, such as ((“software development” OR “requirements engineering” OR “information systems” OR “computer systems”) & “Grounded Theory”), which could lead to errors or exclude relevant topics [21]. The second attempt was to use short terms, such as “software,” “software development,” and “Grounded Theory.” This approach yielded more articles, as shown in Table 2. The first rows are related to terms associated with software; the following rows are about GT and the combination of the two terms.



The combination was addressed by combining the two search strings “Grounded Theory” & “Software Development”, while excluding terms such as “requirement,” “design,” or “development.” This search yielded 197 articles, as shown in Table 2.




4.1.3. P3: Screening of Paper


In the screening phase (P3), the search string “Grounded Theory and Software” was used (Table 2), which resulted in 700 articles from the Web of Science database, 348 from IEEE, 418 from Scopus, and 284 from ACM, with a total of 1750 articles. Inclusion and exclusion criteria were applied to these articles, as outlined in Table 3, And are shown below.



The inclusion criteria were:




	
Peer-reviewed documents.



	
Only primary papers were used.








The exclusion criteria were:




	
Duplicated papers.



	
Paper not written in English.



	
GT was not mentioned in the abstract.



	
Documents in which the GT was used as an alternative methodology.



	
Software development and GT were not the focus of the article.



	
GT within a software implementation study.



	
Dark literature.








The initial list of articles was obtained from the four selected databases, as shown at the top of Table 4. After applying the inclusion and exclusion criteria, the number of articles was reduced, as shown at the bottom of Table 3, resulting in 70 papers. Then, a thorough review of the document was conducted using a snowball process, which resulted in the removal of three articles [22,23,24], which included a literature review, and the addition of three more [25,26,27].





 





Table 3. Database with the exclusion and inclusion criteria.
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Database

	
Web of Science

	
IEEE

	
Scopus

	
ACM




	
Description

	
Minus

	
Total

	
Minus

	
Total

	
Minus

	
Total

	
Minus

	
Total






	
Initial articles

	
-

	
700

	
-

	
348

	
-

	
418

	
-

	
284




	
Duplicates in the previous database

	
-

	
700

	
121

	
227

	
264

	
154

	
21

	
263




	
Duplicates

	
43

	
657

	
16

	
211

	
0

	
154

	
25

	
238




	
Not in English

	
22

	
635

	
0

	
211

	
0

	
154

	
0

	
238




	
The word “Grounded” does not appear in the article’s title and/or abstract

	
56

	
579

	
19

	
192

	
0

	
154

	
186

	
52




	
Software development is not the topic

	
214

	
365

	
-

	
192

	
0

	
154

	
36

	
16




	
Grounded theory is not the topic

	
238

	
127

	
125

	
67

	
137

	
17

	
0

	
16




	
Software development and grounded theory are not core topics

	
104

	
53

	
61

	
6

	
15

	
2

	
7

	
9




	
Total = 70 [28]

	

	
53

	

	
6

	

	
2

	

	
9




	
Total, after the inclusion criteria (primary papers)

	

	
53

	

	
6

	

	
2

	

	
9




	
Total = 70 (after of snowball process)

	

	
53

	

	
6

	

	
2

	

	
9











 





Table 4. Software development fields.






Table 4. Software development fields.











	Description
	No. Papers
	Percent (%) over Classified Articles (42)
	Percent (%) over Total Papers





	Software Requirements
	6
	14.3
	10.0



	Software Design
	4
	9.5
	4.3



	Software Construction
	5
	11.9
	7.1



	Software Testing
	6
	14.3
	8.6



	Software Maintenance
	1
	2.4
	1.4



	Software Engineering Process
	5
	11.9
	7.1



	Software Engineering Models and Methods
	12
	28.6
	15.7



	Software Quality
	2
	4.7
	2.9



	Software Engineering Management
	1
	2.4
	1.4



	Software Configuration Management
	0
	
	



	Total
	42
	100
	58.5










4.2. GSMS Data Analysis Phase


This article only covers the first two iterations (0 and 1) related to the paper’s objectives, even though a complete data analysis was performed with four iterations. The first iteration deals primarily with GT, while the second focuses on software development. The third iteration examines the relationship between GT and software development. The final iteration aims to demonstrate that saturation was achieved by fulfilling the three equations proposed by Navas and Yagüe [14].



According to the three equations of Navas [14], for the start of data analysis, these elements compose RQ1, RQ2, and RQ3, which are the input for iteration 0.


    Q   D C   =     ∑  i = 1   n      R Q   i       =     R Q   1   ,   R Q   2   ,   R Q   3     ,  



(1)




where     Q   D C     is the set of three research questions of the data collection.


    A   D C     k   =   ∑  j = 1   m      A Q   j     = ∅ ,  



(2)




where     A   D C     k     is the set of answered questions of the data collection, which is currently empty.




4.3. Data Analysis: Iteration 0


Navas and Yagüe established, in their methodology [14], that inputs of the current iteration are outcomes of the previous iteration. In the case of iteration 0, its inputs are outputs of the data collection phase. It comprises the research questions to be answered and the set of papers to be analyzed. In the case of this research, they are:




	
Research questions “RQ1, RQ2, RQ3”.



	
The 70 papers concerned with grounded theory and software engineering.








It is essential to note that open, selective, and theoretical coding lead to concepts, categories, and propositions, respectively. Figure 3 shows the activity diagram corresponding to iteration 0. For the purpose of clarity, the codes associated with concepts, categories, and propositions are presented in curly brackets, for example, {Grounded Theory} and {Software Development}.



4.3.1. Keywording


Keywording is a crucial component of the GSMS methodology, which involves the constant comparison of data and abstractions through open, selective, and theoretical coding that are associated with concepts, categories, and propositions, respectively [14]. The goal of GSMS keywording is to develop a classification schema based on the previous knowledge in the literature. Figure 4 shows the saturation search process.



In open coding, two concepts were identified: software development and GT. These concepts have been extensively studied in the scientific literature, and they were compiled in two lists of relevant terms: one for {Software Development}, obtained from Swebok v3.0 [13], and the other for {Grounded Theory variants} [5,8,9].



In selective coding, categories were established based on these lists. The {Grounded Theory list} [5,8,9] had two variants: {Glaserian Grounded} and {Straussian Grounded}. The {Software Development list} [13] included ten categories that are the body of knowledge for software development: 1. {Software Requirements}, 2. {Software Design}, 3. {Software Construction}, 4. {Software Testing}, 5. {Software Maintenance}, 6. {Software Configuration Management}, 7. {Software Engineering Process}, 8. {Software Engineering Models and Methods}, 9. {Software Quality}, and 10. {Software Engineering Management}.



Theoretical coding seeks to establish propositions, which are abstract and deeper levels of the categories obtained in selective coding, and they encompass several concepts. These propositions were refined and evolved into specific ways about software development and GT, and were unified into what is called the {Pre-classification schema}.



Keywording aims to find a classification schema in an SMS. On the other hand, the {Pre-classification schema} is defined as arising from previous knowledge for the current iteration and refers to the two lists related to the knowledge available about software development and grounded theory.




4.3.2. Mapping


In the GSMS methodology, mapping involves open, selective, and theoretical coding [14].



Open coding began with each element of the two lists of the {Pre-classification schema}, creating a code for each. The articles were then categorized within the codes of the lists.



In selective coding, the aim is to map the number of articles that can be categorized within the two lists of the pre-classification schema to categorize each paper within one of the codes of the open coding. Table 4 shows the number of documents that can be organized under the issues of software development, with 41 articles corresponding to 58.5% of the total. One paper was classified into two topics, so it is duplicated, resulting in 42. A column also ranks the list considering that 42 are the 100% of the papers.



Table 5 shows the two variants of GT. A total of 48.57% of the articles were classified in these two variant. The third column ranks the list of 34 items, which are 100%.



The elements described in Table 4 and Table 5 were converted into codes within Atlas.ti, and the articles were assigned to one of these codes from the two lists corresponding to software development and GT.



Theoretical coding involves establishing propositions that summarize the previous results. These theoretical propositions lead to four levels of classification:




	
Papers that are on both lists and are fully classified.



	
Articles in the software development list are partially classified in software development.



	
Papers in the grounded theory list are partially classified in GT.



	
Articles that are not in either list remain unclassified.








This work analyzed how the articles were classified in the two lists of the {Pre-classification schema}. It was determined that 20 articles (28.6%) were in the two lists. A total of 18 (25.7%) papers were not in either list. A total of 19 (27.1%) papers were classified in software development lists, but none in GT. Additionally, 13 articles (18.6%) were classified in GT lists but not in software development, as shown in Table 6.



In Atlas.ti, four stored queries [29] were performed to determine the articles’ numerical distribution within each pre-classification schema list, as shown in Table 6.




4.3.3. Synthesis and Outcomes


The synthesis phase highlights the lack of a proper categorization of the selected works. We did not obtain enough representative results when classifying the documents. This process was similar to the traditional SMS conducted by [21,28,30], with an additional phase that we called the pre-classification schema. The two topics were consolidated in the specialized publications, resulting in a low classification in the GT and software list versions.



The lists of the pre-classification schema were obtained from fully consolidated lists on software development and GT. However, other articles could not be classified. It led us to pose two new research questions, as follows:



RQ4: Is there a way to categorize the documents within GT in software development to increase the percentage of cataloged papers?



RQ5: Are there other ways to categorize the software than that given by the pre-classification schema?




4.3.4. Comparison with the Literature


In the works where reviews of scientific articles on software engineering are made within the variants of GT [3,4,5], they show different levels of classification with relatively low values within them, probably because it has not been adequately assessed.




4.3.5. Summary Iteration 0


Applying the equations of Navas [14] for iteration 0, the research questions were increased by two, corresponding to RQ4 and RQ5. These elements create RQ1, RQ2, RQ3, RQ4, and RQ5, which are the input for iteration 1.


    Q   0   =     ∑  i = 1   n      R Q   i       =     R Q   1   ,   R Q   2   ,   R Q   3 ,     R Q   4   ,   R Q   5     ,  



(3)




where     Q   0     is the set of research questions of iteration 0.


    A   0     k   =   ∑  j = 1   m      A Q   j     ,  



(4)




where     A   0     k     is the set of answered questions of iteration 0; it is empty.


     A   0   ( 1 ) = Ø   ;     A   0   ( 2 ) = Ø   ;     A   0   ( 3 ) = Ø   ;     A   0   ( 4 ) = Ø   ;     A   0   ( 5 ) = Ø   








where     A   0   ( 1 )   is the answered question to     R Q   1     and so on. In general,    A   0   ( n )   is the answered question to     R Q   n    .


    A   0     k   = ∅ ,  



(5)







To finish the GSMS data analysis, three conditions must be completed, which leads to saturation [14]. First, there should be no new further questions in the current iteration, but there are two additional research questions in the current iteration, so a new iteration must be initiated.





4.4. Data Analysis: Iteration 1


The inputs for this iteration include:




	
The five research questions from iteration zero, which are RQ1, RQ2, RQ3, RQ4, and RQ5.



	
The pre-classification schema.



	
The 70 selected papers.



	
Equation (1) of the available three to reach saturation is not fulfilled.



	
Two new research questions are added       R Q   4     a n d     R Q   5      .


    Q   1   =   Q   0   +     R Q   4   ,   R Q   5      
















Figure 5 shows the activity diagram for iteration 1, which contains two loops. Each loop consists of the keywording (see Section 4.3.1), mapping (see Section 4.3.2), and synthesis (Section 4.3.3) steps. Each step also includes its respective open, selective, and theoretical coding stages (see Section 4.3).



This iteration focuses on achieving a complete understanding of grounded theory in two respects. The first is the fundamental findings in each article, and the second is the concepts presented within the papers. These two issues lead to the two loops.



4.4.1. Loop 1


Loop 1 focuses on the fundamental findings in each paper through the constant comparison of data and abstractions. Figure 6 shows the progress of the keywording, mapping, and synthesis steps, each of which includes open, selective, and theoretical coding stages.



Open coding focuses on general concepts, while selective coding evolves from general concepts to specific categories. Finally, theoretical coding deepens the categories on theoretical propositions.



Table 7 expands on the data and examples shown in Figure 6. In the keywording section of Table 7 are shown examples of the codes per article, illustrating the evolution from keywording open coding to selective coding. The Keywording theoretical coding concludes that the findings found in each article can be expressed through two essential propositions, which can be synthesized as {A GT of…} and {Use GT to…}.



{A GT of…} presents a theory about the study, while {Use GT to…} uses GT to study the subject in depth. In the mapping phase, the sub-phase open coding unified {A GT of…} and {Use GT to…} conceptually. Selective coding deepened the analysis and unified the two codes. Theoretical coding led to the proposition that 98% of articles were categorized. Finally, synthesis emphasized the need to clearly express the {Emerging theory} in these two ways. See Figure 6 and Table 7 for more details on the keywording, mapping, and synthesis steps and their concepts, categories, and propositions.




4.4.2. Loop 2


GSMS’s keywording involves the constant comparison of data through an in-depth study of each cycle. In this loop, the starting point is the final propositions of loop 1, which become the initial concepts of loop 2 and concepts that arise from the keywording, which can be obtained from each paper.



Figure 7 shows the progress from keywording to synthesis, each with their respective open, selective, and theoretical coding.



Table 8 expands on the data and examples shown in Figure 7. In the keywording column, examples of the codes per paper of the evolution from keywording open coding to selective coding are shown. Finally, keywording theoretical coding proposes that the findings in each article can be expressed through two essential propositions.



These two propositions were studied in-depth and characterized. They changed and went through various names or codes.



The first one had the following names or codes: {Basic elements}, {Initial coding}, and {Basic coding}. The second proposition had the following codes: {Result products}, {Core category}, and {Master Core category}.



Finally, the two selected codes were {Basic coding} and {Master Core category}. These resulted from a process of maturation of the name and are in accordance with the terminology of GT, but should not be confused with existing terms, such as the cases of {initial coding} used in constructivist GT by Charmaz [7] or {core category} used in the GGT and SGT processes.



These two propositions are analyzed in the mapping stage and it was established that 85 and 87% of the articles, respectively, contain these codes.



Finally, the code resulting from loop 1 ({Emerging theory}) and the two codes obtained from loop 2 ({Basic coding} and {Master Core category}) were present in the open coding concepts in the synthesis phase. Table 9 shows examples of how these three coding are used in the articles.



{Basic coding}, {Master core category}, and {Emerging theory} were analyzed in-depth and characterized to find relationships between them. The idea behind this was to unify or relate these elements and reduce them to common concepts. The result is a set of diverse relationships between them, unified into common concepts. Two propositions arise, {Data constant comparison} and {Data analysis in GT}, which are the forces that move and relate the findings of the previous loops.



These five propositions were analyzed together to determine if there is any additional element that complements it, which was {source of data}. This entire process can be observed in Figure 7 and Table 8.



Six elements compose the unifying concept concerning GT studies in software development, {GT Elements (GTe)}.




4.4.3. Comparison with the Literature


According to Navas and Yagüe [14], the findings should be compared with tertiary articles or reviewed for scientific rigor and industrial relevance at the end of each iteration.



Our findings on GT elements, although independent, match the criteria of the two papers that named them “key components of GT” [4] and “principles and coding procedures” [5]. Table 10 compares these two with our {GT Elements}.



In Stol’s first paper, 98 articles were reviewed [4]. Forty-six of these articles uses GT ambiguously, while the others used more specifically. GT was classified as “Using a grounded theory approach […]”, “We used grounded theory to […]”, and “We generated a grounded theory” [4]. Our findings show two ways of manifesting the theory that emerges: {A GT of…} and {Use of GT to…}. It allowed us to classify the emerging theories in these two ways by establishing specific sentences for each paper.




4.4.4. Summary of Iteration 1


In summary, GT has the following elements:




	
{Data source} is the data collection conducted through interviews, questionnaires, and observations.



	
{Data analysis} is confirmed by various stages of the GT, such as open coding, selective coding, and theoretical coding, which are interrelated [9].



	
{Constant comparison} is developed through the GT process.



	
{Basic Coding} is the concepts, indicators, patterns, categories, or initial properties that support the GT structure. {Basic Coding} could be found at an early or middle stage of the GT process, and they are the foundations of the {emerging theory}.



	
The {Master Core category} is the final category obtained after undertaking the entire GT process. They are propositions, recommendations, strategies, contingencies, consequences, and changes.



	
{Emerging theory} emerges from the core category and is formed through the resulting products or final categories that were defined in two ways:








{A GT of…} corresponds to the central statement theory that deals with the article.



{Use of GT to…} corresponds to the main theory statement used to accomplish something.



The current iteration corresponds to number 1, as shown in Figure 7. GT Elements is the first answer to RQ4, which can be expressed as:


  Q 4 = { A Q 41 : { G T e } } ,  



(6)







One additional question that arises is RQ6:



RQ6: How are GT elements associated with software development?



In iteration 1, the research questions were increased by one, which corresponded to RQ6.


    Q   1   =     ∑  i = 1   n      R Q   i       =     R Q   1   ,   R Q   2   ,   R Q   3 ,     R Q   4   ,   R Q   5   ,   R Q   6      



(7)




where     Q   1   ,   is the set of research questions of iteration 1.


    A   1     k   =   ∑  j = 1   m      A Q   j     = {   AQ 4   1   : G T e }  



(8)




where     A   1     k     is the set of answered questions of iteration 1; it is     A Q 4   1    .






5. Discussion


GT elements have an established a pattern and were characterized according to the data, its collection, its process, and its result. We called these {GT Elements}. They were used to classify the articles efficiently and allowed us to include a significant number of them.



{Basic coding}, {Master Core category}, and {Emerging Theory} are the elements driven through the {data source} and related to each other through {data analysis} and {constant data comparison}, as shown in Figure 8.



Concerning GT, there are the {Glaserian} and {Straussian} variants within the pre-classification scheme in iteration 0. In iteration 1, the {GT Elements} were reached, and it was possible to identify if a higher classification was achieved despite having a higher level through the {GTe}. GT variants are the traditional classification within GT. Through the six elements of GTe, it was possible to establish a more significant categorization of articles, as recommended by Navas and Yagüe [14].



Table 11 includes 18 articles (from 2020 to 2023) from the IEEE, Web of Science, and ACM libraries related to the topic of study. The components of the six GTe were searched in these articles, and the results were very satisfactory. In all cases, the emerging theory was classified through a code using one of the two options: {A GT of…} (11) and {Use of GT to…} (7). Additionally, a different code was written for each article for basic coding and master core category, maintaining the format of the number and description. The existence of another three items, which are {constant data comparison}, {data collection}, and {data analysis}, was also validated. There was only one article [45] in which the {constant data comparison} code was not found.



These 18 papers were added to the 70 papers studied, resulting in a total of 88 papers. The results concerning the GTe are more satisfactory than with the original 70 articles, as the percentages of the GTe components increased. Regarding GT variants, seven were Glaserian, four were Straussian, four were Constructivist, and the remaining papers did not have a defined variant, as shown in Figure 9.



Table 12 compares our research papers’ {GT variants} and the {GT Elements} of the 88 papers.



	
The first column is the article code.



	
The following two columns show the GT classification.



	
The following six columns show the {GT Elements}.






The present methodology incorporates the emergence of questions within the process of continuous iteration and their subsequent answering as the iterative process progresses. In this study, RQ4 was addressed. The results correspond to the six elements of the GTe, enabling a more comprehensive answer to the remaining research questions. For future work, we intend to address the other questions that are part of this study and that emerged during the application of the GSMS methodology. Through this, it will be possible to visualize how the enrichment is in terms of qualitative analysis towards software engineering and in the reverse direction. In other words, the contribution is in both directions.




6. Conclusions


It was demonstrated that, when using GT in the field of software engineering, it can be applied to elements beyond traditional sources, such as interviews, observations, surveys, focus groups, and social studies. It can be used on research results, engineering artifacts, and written documents to obtain strategies and conclusions through the expression of emerging theories.



The grounded theory elements (GTe) formalize the GT processes in software development. GTe provides an answer to research question 4 (RQ4) in iteration 1, and iteration 2 confirmed that there are no further answers to RQ4. Additionally, no previous attempts to formalize the GT processes have been discovered, making the determination of GT Elements a significant finding.



	
The process of {constant comparison} until saturation is essential in GT, and different GT processes in software development focus on different moments. The main challenge of {constant comparison} may be the diversity of data sources or dimensions in finding the core category in each paper. Therefore, the {data analysis} and constant comparative techniques were created to complete the {GTe} and are a common part of all GT processes.



	
This leads to the question of when the initial elements in the GT process emerge, which we called {Basic Coding}. For the Glasserian variant, it could be the first result of open coding; for the Straussian variant, it could be the data of the initial research question, and for the constructivist variant, it could be initial coding.



	
The result is the {Master Core Category}, which was initially called {Result product}. The relationship between {Basic Coding} and the {Master Core category} leads to a holistic and multidimensional result.



	
If a highlighted quote is classified as {Basic Coding} or {Master Core category}, it is always shown as a list, matrix, or chart of topics and is quantifiable. Therefore, the description of the code begins with a number.



	
Two ways to present the theory GT were found: {A GT of…} and {Use of GT to…}. “A GT of” and “Use of GT to” were later converted into a short description of what we called {Emerging theory}.






The emergence of codes followed a path of discovery that is different from that of the traditional GT analysis. They appeared at various stages of theoretical coding. Initially, the {Emerging theory} appeared in two forms, {A GT of…} and {Use of GT to…}, which occurred at the end of loop 1 in the synthesis stage. Then, two elements, {Basic Coding} and {Master Core category}, emerged during the keywording of loop 2. Lastly, the last three codes, {Data analysis}, {Constant Comparison}, and {Data collection}, emerged during the synthesis of loop 2. All six codes together form what was defined as {GT Elements}.



Due to its ease of adaptation, GTe could be applied in various areas where qualitative elements are a fundamental component, achieving a way to write the codes for the Master Core Category and emerging Theory. Table 11 shows an example of this coding.



Integrating the methodology of GGT with SMS works systematically and rigorously, supported by equations, leading to saturation to obtain new theories. Therefore, GSMS creates a novel way of defining saturation through three equations to handle new research questions, which provide a set of components for categorizing GT in software development. It allows for a rigorous and systematic analysis of the existing literature, identifying key elements of GT and their application in the context of software development. By clarifying the position of GSMS in bibliographic analysis, it could highlight the unique contribution of this approach and provide a clear framework for future research in the field.



This holistic approach of GSMS acknowledges the complex interplay between social and technical factors in software development research, providing a more comprehensive understanding of the field. Therefore, the relevance of GSMS in addressing the challenges for bibliographic analysis could be emphasized.



Although saturation is commonly used in grounded theory, we can also apply it in engineering and software development. In some cases, we may create algorithms, programs, codes, computer designs, modules, classes, architectures, or any exceptionally well-designed and aesthetically pleasing artifact, which we can consider as reaching saturation in engineering.
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Figure 1. GSMS methodology, adapted from Navas [14]. 
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Figure 2. Data collection in the GSMS process as an activity diagram. 






Figure 2. Data collection in the GSMS process as an activity diagram.



[image: Applsci 13 05889 g002]







[image: Applsci 13 05889 g003] 





Figure 3. Activity diagram for iteration 0. 
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Figure 4. Saturation search within keywording in iteration 0. 
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Figure 5. Activity diagram for iteration 1. 
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Figure 6. Loop 1 of iteration 1. 
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Figure 7. Loop 2 of iteration 1. 
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Figure 8. GT elements: basic coding generates the core category, and the GT emerges through the analysis and constant comparison of data. 
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Figure 9. (a) GT variants vs. quantity of articles. (b) GT Elements vs. quantity of articles. 






Figure 9. (a) GT variants vs. quantity of articles. (b) GT Elements vs. quantity of articles.



[image: Applsci 13 05889 g009]







 





Table 2. Quantity of papers according to the search string in the ISI Web of Science database.
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Topic

	
Search String

	
Quantity






	
About Software

	
Software

	
1,994,441




	
software development

	
376,823




	
“software development”

	
92,070




	
About Grounded Theory

	
Grounded Theory

	
195,631




	
“Grounded Theory”

	
24,725




	
Combined

	
“Grounded Theory” & “Software Development”

	
197




	
“Grounded Theory” & “Software” 1

	
700








1 Selected search string.













 





Table 5. Grounded theory variants.
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	Description
	Qty Papers
	Percent (%) over the Classified Articles (34)
	Percent (%) over the Total Papers





	Glaserian Grounded or Classical Grounded
	12
	35.3
	17.14



	Straussian Grounded or Evolved Grounded
	22
	64.7
	31.43



	Total
	34
	100
	48.57










 





Table 6. Paper classification levels.
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Documents Classified in the List of Software Development

	
Documents Classified in the List of Grounded Theory

	
Quantity of Papers

	
Percentage (%)






	
X

	
X

	
20

	
28.6




	
X

	

	
20

	
28.6




	

	
X

	
14

	
20.0




	

	

	
16

	
22.8




	
Total

	
70

	
100











 





Table 7. Loop 1 of iteration 1 in GSMS.
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Open Coding

Concepts

	
Selective Coding

Categories

	
Theoretical Coding

Propositions






	
Keywording phase

	
{GGT} {SD} {Software Quality} {GGT type} [31]

	
{A GT of human factors in software quality construction} [31].

	
{A GT of …}




	
{training}

{agile}

{Agile transformation process (ATP)} [32].

	
{A GT of the impact of inadequate and dysfunctional training on the Agile transformation process (ATP)} [32].




	
{agile}{architecture} {agile architecture}

	
{A GT of agile architecture} [33].




	
{teams} {high-performing teams} [34]

	
{Use GT to construct the core category of Performance Alignment Work in high-performing teams} [34].

	
{Use GT to …}




	
{variability} [35]

	
{Use GT to define the mapping between variability types and mechanisms to handle variability} [35].




	
{software process} {situational factor} [36]

	
{Use GT to construct a reference framework for the software process’s situational factors} [36].




	
{testing} {engineers’ soft skills} [37]

	
{Use GT to understand testing engineers’ soft skills from different viewpoints} [37].




	
{agile} {Agile software development} {Distributed teams} [38]

	
{Use GT to investigate the impact of trust on Agile software development with distributed teams} [38].




	
Mapping phase

	
{A GT of …}

{Use GT to …}

	
{A GT of …} (48.6%)

{Use GT to …} (54.3%)

	
Most articles were categorized in these two ways (98.6%)




	
Synthesis phase

	
{A GT of …}

{Use GT to …}

	
Categorized in two ways

	
{Emerging theory}











 





Table 8. Loop 2 of iteration 1 in GSMS.
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Open Coding

Concepts

	
Selective Coding

Categories

	
Theoretical Coding

Propositions






	
Keywording phase

	
Examples: {process}, {data}, {tools}

	
{Seven constructs or features of DSM} [39].

	
{Basic elements}

[image: Applsci 13 05889 i001]

{Initial Coding},

[image: Applsci 13 05889 i001]

{Basic Coding}




	
{Programmers}

{tasks}

	
{Ten tasks performed by programmers} [10].




	
{Awareness information}

{Main categories}

	
{Four main categories in collaboration in awareness of information} [40].




	
{GT method}

{process}

	
{Three phases of the GT process} [19]




	
{DSM}

{process}

	
{Six propositions that affect the DSM process positively or negatively} [39].

	
{Result products}

[image: Applsci 13 05889 i001]

{Master core category}




	
{Bug resolution}

	
{Four categories of activities during bug resolution} [10].




	
{Evaluating awareness}

{Discussion}

	
{Three methods and discussions for evaluating awareness} [40].




	
{Software engineering} {Research}

	
{15 guidelines to conduct software engineering research} [19].




	

	

	
Two propositions:

{Basic Coding} & {Master core category}




	
Mapping phase

	
{Basic coding}

	
59 papers {Basic coding} (84.3%) and

	
Of the papers categorized in these two codings, over 80% were categorized.




	
{Master core category}

	
61 {Master core category} (87.1%)




	
Synthesis phase

	
{Emerging theory}

{Basic coding}

{Master core category}

	
{Basic Coding} and {Master core category} lead to expressions with systematic rules

	
{Data constant comparative}

{Data analysis in GT}




	

	
Data Source




	
GT Elements











 





Table 9. Examples of basic coding, master core category, and {A GT of…} and {Use of GT to…}.






Table 9. Examples of basic coding, master core category, and {A GT of…} and {Use of GT to…}.











	Document
	Basic Coding
	Master Core Category
	Emerging Theory





	Stray et al. (2016) [39]
	Seven constructs o features of DSM
	Six propositions that affect the DSM process positively or negatively
	A GT of DSM



	Zayour et al. (2016) [10]
	Ten tasks performed by programmers
	Four categories of activities during bug resolution
	A GT of debugging coding in an IDE



	Ghanbari et al. (2016) [41]
	
	Four categories make software processes challenging and could lead to the production of technical debts
	A GT of technical debt in critical domains



	Seth et al. (2015) [31]
	Eight super-categories
	Five findings that illustrate the human factor in the software quality construction
	A GT of human factors in software quality construction



	Santos et al. (2015) [42]
	
	One inter-team knowledge-sharing effectiveness
	A GT of effective knowledge sharing in agile teams



	Warweman et al. (2012) [43]
	Six forces to the agile architecture
	Five strategies to the agile architecture
	



	Gandomani et al. (2015) [32]
	Six coding with six C’s family
	One inadequate and dysfunctional training
	A GT of agile architecture



	Fernández et al. (2015) [44]
	Four subsets of the hypothesis
	Five results structured about the suggested survey
	A GT of the impact of inadequate and dysfunctional training on the agile transformation process



	Document
	Basic Coding
	Core Category
	Emerging Theory



	Fagerholm et al. (2015) [34]
	Four factors: two positive and two negative
	Three main categories of how teams adapt their performance
	Use of GT to construct the core category of performance alignment work in high-performing teams [34]



	Galster et al. (2015) [35]
	Seven types of variability
	Eight mechanisms to handle variability
	Use of GT to define the mapping between variability types and mechanisms to handle variability



	Clarke et al. (2012) [36]
	Seven related research domains
	Eight factors with 34 sub-factors
	Use of GT to construct a reference framework of the situational factors affecting the software process



	Yu et al. (2012) [37]
	Four interview rounds
	Five topics for further research
	Use of GT to understand the testing engineers’ soft skills from different viewpoints



	Dorairaj et al. (2012) [38]
	Six causes of lack of trust
	Four consequences of lack of trust
	Use of GT to investigate the impact of trust on agile software development withing the distributed teams



	Schenk et al. (2012) [40]
	Four main categories in collaboration in awareness of information
	Three methods and discussions to evaluate awareness
	Use of GT to improve the evaluation of awareness in distributed collaborative teams



	Adolph et al. (2011) [19]
	Three phases of the GT process
	15 guidelines to conduct software engineering research
	Use of GT to apply GT to empirical software engineering research










 





Table 10. Comparison between GT elements and other GT characterizations.
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Key Components of GT

	
Principles and Coding Procedure

	
Our {GT Elements}






	
Limited exposure in the literature

	
Role of a priori theory and literature review

	
It is a recommendation, not an element




	
Treat everything as data

	
GTM and types of data

	
Data collection in software development could be greater. Program code, architectural software, GT emerging




	
Immediate and continuous data analysis

	

	
Data analysis




	
Theoretical sampling

	
Theoretical sampling.




	
Coding

	
Coding procedures: Glaserian is associated with open, selective, and theoretical coding. Straussian is associated with open, axial, and selective.

	
Basic coding and data analysis




	
Memoing

	

	
Core category




	
Memo sorting

	




	
Constant comparison

	
Constant comparative analysis

	
Constant comparison




	
Theoretical saturation: T he e theoretical saturation is reached and the theory emerges

	
The principle of emergence: Both the outcome (grounded theory) and the research design process should be emergent

	
GT emerging theory











 





Table 11. GT elements in another 18 papers.






Table 11. GT elements in another 18 papers.














	1. Reference
	2. GT Theory
	3. Basic Coding
	4. Master Core Category
	5 1
	6 2
	7 3





	Moshtari et al. (2022) [46]
	{Use of GT to construct a generic attack surface model, using vulnerability data}
	3 branches considered within attack surface models
	4 major categories for each of these branches
	✔
	✔
	✔



	De Souza Santos and Ralph (2022) [47]
	{A GT of coordination within software teams in the context of remote and hybrid work arrangements}
	4 possible ways to have work arrangements
	4 factors that influence coordination
	✔
	✔
	✔



	Rodríguez et al. (2022) [48]
	{A GT of value-based feature selection in software engineering}
	4 research gaps motivate the study of value-based feature selection
	5 characterizations of value propositions
	✔
	✔
	✔



	Pillay and Wing (2019) [49]
	{A GT of Agile UX integration practices and UX vision}
	2 themes considered on Agile UX Integration and UX Vision
	2 sprints were conducted around Agile UX Integration Practices and UX Vision
	✔
	✔
	✔



	Danilova et al. (2020) [50]
	{A GT of developer preferences for security warning types}
	4 aspects to consider for security warning design
	3 phases based on the GT approach
	✔
	✔
	✔



	Pina et al. (2022) [51]
	{A GT of technical debt prioritization from a developer’s perspective}
	15 categories to group criteria
	5 super-categories: 2 related to paying the technical debt and 3 related to not paying
	✔
	✔
	✔



	MacArthy and Bass (2021) [52]
	{A GT of the role of skillset in the determination of DevOps implementation strategy}
	7 memos emerged
	6 strategies used by organisations to implement DevOps
	✔
	✔
	✔



	Chitchyan and Bird (2020) [53]
	{Use of GT to generate additional software requirements through theory development in energy demand–response systems}
	8 categories during the focused coding activity
	2 approaches to research questions about the use and theory for DSR adoption
	✔
	✔
	✔



	Tuape et al. (2022) [54]
	{A GT of non-technical characteristics affecting process adoption in small software companies (SSC)}
	5 non-technical characteristics
	5 hypotheses for predicting and explaining the adoption of software engineering processes by small software companies
	✔
	✔
	✔



	Ardo et al. (2022) [55]
	{A GT of secure agile software development process}
	3 ways of organizing groups
	2 contributions about security practices and collaborative ceremonies
	✔
	✔
	✔



	Salman et al. (2022) [56]
	{A GT of antecedents to confirmatory and disconfirmatory behavior of software testers}
	4 antecedent classification about confirmatory and disconfirmatory
	9 categories resulting from the antecedents
	✔
	✔
	✔



	Farias et al. (2019) [57]
	{Use of GT to develop smart city mobile applications (SCMA)}
	21 categories related to SCMA
	16 propositions related to SCMA
	✔
	✔
	✔



	Masood et al. (2020) [58]
	{Use of GT to explore self-assignment work in agile teams}
	6 coding paradigms adaptions about self-assignment in agile teams
	6 coding paradigms results about self-assignment in agile teams
	✔
	✔
	✔



	Dissanayake et al. (2021) [59]
	{A GT of role of coordination in security patch management}
	3 codes relevant to the role of coordination in security patch management
	4 inter-related dimensions of coordination in security patch management
	✔
	✔
	✔



	Dantas et al. (2022) [60]
	{Use of GT to investigate technological risks and mitigation strategies in software projects}
	8 codes to form the integration axioms
	9 technological risk factors
	✔
	✔
	✔



	Rafi et al. (2020) [61]
	{Use of GT to create a hypothetical framework to secure DevOps adoption}
	15 security concerns
	2 types of security concerns
	✔
	✔
	✔



	Ayas et al. (2021) [45]
	{A GT of decision-making in microservices migrations}
	3 decision-making processes
	3 types of migrations
	
	✔
	✔



	Lubin (2021) [62]
	{Use of GT to study statically typed functional programmers author code}
	4 ways programmers approach problem domain modeling
	4 observations applied in the statically-typed functional programming process
	✔
	✔
	✔







1 5. Constant comparative Data; 2 6. Data collection; 3 7. Data analysis.













 





Table 12. GT variants vs. GT elements.
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GT Variants

	
{GT Elements}




	

	
Glaserian Grounded

	
Straussian Grounded

	
Total Number of Papers: Glaserian + Straussian Grounded

	
Data Collection

	
Constant Comparative Method

	
Data Analysis

	
Basic Coding

	
Master Core Category

	
GT Emerging

	
The Average Number of Papers






	
Quantity of papers

	
19

	
26

	
45

	
71

	
57

	
74

	
77

	
79

	
87

	
74.2




	
Percentage %

	
21.6

	
29.5

	
51.1

	
80.7

	
64.8

	
84.1

	
87.5

	
89.8

	
98.9

	
84.3
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