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Abstract. Effective coordination is a crucial aspect of successful Global Software Development
(GSD) projects. Limited studies have examined coordination strategies and their related
indicators. Therefore, this study focuses on assessing the coordination processes that require
specific strategies and related indicators that can contribute to effective coordination. Thus, the
main aim of this research is to consolidate the coordination strategies and the related indicators
that were extracted from two different sources namely, Systematic Review and Semi-structured
interview. Grounded Theory was used for the consolidation of these two sources. The results of
this study are a set of coordination strategies and related indicators that will be used to formulate
the evaluation to assess the effectiveness of the coordination processes in GSD projects.

1. Introduction

Globalization is going on very rapidly in modern world technology and has brought significant
transformation into software development businesses. When software is being developed across the
countries, this approach is called Global Software Development (GSD) [1]. Many software
organizations are shifting their strategies towards GSD approach due to many benefits such as access to
large pool of competent developers, less time taken for software development, reduce software
development cost, less time taken to market the software product and to produce better quality software
compared to traditional way of development [2].

Despite enjoying the benefits, IT industries that adapted GSD are suffering from many
challenges [3]. Babar and Leicester (2014) also have grouped these challenges into three different
themes, namely, coordination, collaboration, and communication mechanisms [4]. Although all three
themes are playing essential roles in the GSD environment, coordination is the main focus of this
research. Coordination Theory defines coordination as working together process and managing interlink
between activities to achieve a specific goal [5]. Literature shows that many difficulties are occurring in
the GSD environment due to lacking coordination between the collocated and distributed team members,
and one of the prominent issues is ineffective coordination.

Ineffective coordination in GSD has caused many problems such as delay in coordination,
difficulty in organizing tasks, misinterpretation of tasks, extra time needed for coordination due to
mismatches in goals, and others. Empirical research indicates that achieving a state of effective
coordination is a crucial success factor for GSD projects. Although researchers are producing many
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distinctive solutions for coordination in GSD, to confirm effective coordination in GSD remains a big
challenge. Thus, this has motivated the researcher to propose an evaluation model to assess the
effectiveness of coordination processes by incorporating coordination strategies and related indicators
for each coordination processes in GSD projects [13].

A research framework which consist of four phases [16] were followed to formulate the model
and one of the steps in formulating the model is to consolidate the coordination strategies and the related
indicators that were extracted from two different sources namely, Systematic Review and Semi-
structured interviews from the GSD project practitioners. Hence, this study was conducted to achieve
this objective.

This paper is organized as the following. Section 2 discusses the literature review of the
selected methodology. Section 3 discusses the activities involved in the methodology of this study.
Section 4 presents the results of this study and analysis of findings. Finally, the researcher concluded
the work in Section 5.

2. Literature Review

Grounded Theory originally was established by Barney Glaser and Anselm Strauss [8][9].
Grounded theory "is a detailed grounding by systematically" and intensively "analyzing data, often
sentence by sentence, or phrase by phrase of the field note, interview, or other document; by 'constant
comparison,’ data are extensively collected and coded," using the operations touched, thus producing a
well-constructed theory. The emphasis of the study is not purely on accumulating or collecting "a mass
of data, but on establishing several thoughts which have arisen from the study of the data."

The researcher selected Grounded Theory as it delivers a meaningful means of analyzing the
data and data are gathered from various sources [10]. In the software engineering field, Grounded
Theory is one of the well-established methods to analyze qualitative data. The researcher use sources of
data from enhanced analysis of research literature, which is SR and semi-structured interview. This was
part of the data collected. Data analysis was carried out according to the theories identified by grounded
theory through practicing open, axial, and selective coding techniques [9] [10][11]. Researcher used this
coding phases because it has become the most commonly practiced phases in Grounded Theory, and it
is utmost prolific when all three stages of coding are practiced [12].

Figure 1 shows the continuous steps in Grounded Theory that was used by the researcher.

Data \ Open —) Axial
Collection Coding Coding

Figure 1. Grounded Theory Phases

Selective
Coding

e

a) Open Coding

At this stage, the raw data were initially examined and coded. This open coding was completed
by attentively analyzing the research literature, which is SR and semi-structured interview very
attentively: phrase by phrase or even word by word. The aim was to produce impressions that seem
suitable for the data. These ideas directly contributed to additional matters relating to circumstances,
strategies, interactions, and significances, which will be later explained.

The principles of open coding are apprehended in what Glaser (1978) called the concept-
indicator model [11]. The concept-indicator model, as shown in Figure 2, is grounded on the persistent
evaluation of indicators, that is, on regularly recognizing resemblances and discrepancies in writings.
According to Larossa (2005), the “‘basic, defining rule’’ of constant comparison is that, while coding a
pointer for a concept, one compares that pointer with previous pointers that have been coded in the same
technique [12]. An indicator refers to a word, phrase, or sentence, or a series of words, phrases, or
sentences, in the resources being studied. A concept is a tag or name related with a pointer or pointers;
stated another way, a concept is a representation or conventional sign attached to a referent. Lines among
indicators are intended to show how the constant comparison of indicators generates concepts.
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Concept (XXX)

Figure 2. Concept-Indicator Model

To map into this study, concept is represented by “coordination strategies,” and an indicator
is represented by “indicator.” The researcher used this constant comparison method to finalize the
coordination strategies and related indicators according to the coordination processes in this study.

b) Axial Coding

Axial coding is an essential aspect of open coding. It compromises of intense analysis carried
out around one category at a time, in relations of the pattern items (conditions, consequences, and so
forth). These outcomes in collective knowledge about relations between that category and other groups
and subgroups.

c) Selective Coding

Selective coding relates to coding analytically and specifically for the main category. "The
other codes become compliant to the important code under focus. To code selectively, then, means that
the researcher has restricted coding to only those codes that narrate to the essential codes inadequately
important ways as to be used".

Subsequently, this study used Open Coding, Axial Coding, and Selective Coding to
consolidate coordination strategies and related indicators. First, the findings from SR and semi-
structured interview were gathered as a data unit in the Open Coding stage. Then, the similarity and
commonality between these data units were summarized in the Axial Coding stage. Then data were
assembled by making connections between SR and semi-structured coordination strategies and related
indicators. Axial Coding was performed using Constant Comparison and Memoing methods. This is
followed by Selective Coding stage where the suggested coordination strategies and related indicators
were formed. Finally, the consolidated coordination strategies and related indicators according to the
coordination processes were ready for validation.

3. Methodology

The model formulation is divided into three essential activities, which are indicators
consolidation, indicators description, and indicators validation. These activities produce finalized
indicators which will be significant for the model formulation. This paper focuses only on the first
activity which is indicators consolidation by using Grounded Theory.

Indicators consolidation phase involves the consolidation of coordination strategies and
related indicators which was documented through Systematic Review study [15] and semi-structured
interview [14] sessions in which the final coordination strategies and associated indicators that likely to
contribute to the significance of coordination process assessment. These coordination strategies and
relevant indicators were consolidated using Grounded Theory [6][7]. The Grounded Theory approach
consists of three stages, which are Open Coding, Axial Coding, and Selective Coding.

3.1 Open Coding
In this stage, the researchers gathered the raw data from the SR study and semi-structured
interviews together and performed data analysis. These data were grouped to form the categories of
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similar phenomena. Open coding process examines the data without any limitations in its scope and
without any filters application. Units to analyse differentiate from an individual word, line by line,
sentences, or paragraphs. This would create a space for the researcher to search for patterns that may
lead to a particular process, which may be of basic interest. The initial finding shows that there are three
scenarios involved in the consolidation process for this study, namely as the following:

a) First scenario

The coordination strategies and related indicators are available for both SR and semi-
structured interview. The coordination strategies and related indicators found are also mentioned in SR
and semi-structured interview methods. An example is shown in Table 1.

Table 1: Example of Open Coding for Scenario 1

Coordination  Indicators from SR Indicators from Sami Concolidation:
Stravegy (Indl) structured Interview (Ind2?) | Case
Team Kaowdedge Kaoowledge Sceaarnid |
Membecz Numoder of yeare of MNuomber of years' expacieace | Sceaarid 1
Selection experienca

Competant and oompatence ekille Sceaariv 1

committed develcpers

b) Second scenario

The coordination strategies and related indicators are available for SR only. The coordination
strategies and related indicators found through SR study were not mentioned by the GSD practitioners
in interview sessions. An example is shown in Table 2.

Table 2: Example of Open Coding for Scenario 2

Covrdinativn  Indicators [rom SR Indicaturs from Sewi- Comvulidation
Strategy (Indl) structured Interview Case
(Ind2)
Team Techaizal Skil's - Scenar.o 2
Mezbaey Lyps ot geoder - Sccnano 2
Selecticn Area of expert.ce - Scenar.o 2
c) Third scenario

The coordination strategies and related indicators are available for semi-structured interview
only. The coordination strategies and related indicators found through semi-structured interview
sessions were not mentioned in SR study. An example is shown in Table 3.

Table 3: Example of Open Coding for Scenario 3

Coordination | Indicater: from SR Indicatore from Semi Coneolidation
Strategy (Indl) structured Interview Case
(Ind2)
Team Size of -ha project Scenaric 3
Structuse Team Size Scenzric 3
Trewing p.aa Scenztic 3

These three scenarios were included in the consolidation process. In the first scenario, the
researcher compared both existing raw data from the SR study and the semi-structured interview
sessions as the core categories, which is coordination strategy and related indicator. In the second
scenario, the researcher determined the existing raw data from the SR study as the core category, which
is coordination strategy and relevant indicator. In the third scenario, the researcher discovered the
existing raw data from semi-structured interview, which is coordination strategies and related indicators
as the core category. After that, the researcher continued running the Axial and Selective Coding on
these Open Coding data.
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3.2 Axial Coding

Axial Coding is the process of relating codes (core categories) to each other and is done to
identify the properties and dimensions of categories. Then, the core categories that include all the data
are identified systematically. An example is shown in Table 4.

Table 4: Example of Axial Coding

Coardination | Todicators from SR Tndicstors from Seni- Cunsolidation
Siratruy (Tnd1) stenctared Trteevien (Tral?) | Cose
Team Kocwixdge Erowledze Sceaarid 1
Memhers MNinmber rf yezes of Nrrher ofyeans’ expeniaace | Seeqanin |
Selecium [ sk
Coempetent ard competacice sk:ll; Sceaario 1
oommited davelopars

3.3 Selective Coding

Selective Coding is the process of selecting the codes based on the core categories by refining
and validating the data according to the core categories. Subsequently, we followed step-by-step
Constant Comparison Analysis and Memoing method to perform the consolidation of the indicators.
Five steps were followed to achieve the strategies and related indicators consolidation. All the steps are
taken from the same example, namely Managing Cultural Diversity, which represents the coordination
process.

Step 1: The coordination strategies and related indicators are read according to its phrases,
meaning, logic and sentence structures under the individual coordination strategies and related
indicators.

Both SR and semi-structured interview mentioned a few same coordination strategies. An
example is shown in Table 5. Next, the indicators for the coordination strategies in both SR study and
semi-structured interview are read through and understood. For example, the documented Managing
Cultural Diversity (coordination process) strategies from the SR study and the semi-structured
interviews are Labour turnover, Social Network, and Team awareness. The documented indicators for
Labour turnover are Type of Gender, Balance of Religion, Face-to-face meeting, and set expectation.
An example is shown in Table 5.

Table 5: Example of Step 1 in Selective Coding

Coordination Indicators from SR Indicators from Semi- Consolidation
Strategy (Indl) structured Interview Case
(Ind2)
Labous Tumover Gender attstudes Type of gender Scenanio |
Religion attitudes Balance of religion Scenano 1
- Face-to-face meetings Scenario 3
Set expectation Scenano 3

Step 2: The similarity (phrases, meaning, logic and sentence structures) between two
coordination strategies and indicators identified from the SR study and semi-structured interviews were
compared.

The coordination strategies were compared by determining the similarities between the
strategies. Same applies to the indicators also. Each strategies and the indicators were compared
implicitly and explicitly. Explicit comparison requires that the strategies and the indicators share the
same name. Hence, there is no argument as to their meaning because strategies name and indicators
name are the same. For example, the researcher compared the Managing Cultural Diversity
(Coordination Process) strategies from both the SR study and the semi-structured interviews.
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Alternatively, implicit comparison means the strategies and also the indicators were examined according
to their meaning, logic, and structure.

Nevertheless, both strategies and indicators are the same and only differ in terms of the words
used. As shown in Table 6, for instance, in the case of labor turnover strategy, indicators like Gender
Attitudes (from SR) and Type of Gender (from Interview) have the same meaning but differ in terms of
words used. Next, the researcher executed the consolidation process by merging these indicators into
one name. An example is shown in Table 6.

Table 6: Example of Step 2 in Selective Coding

Coordinzdon | Indicators from Indicators from Stmflarity | Conselidation  Suggested
Strategy SR (Indl) Semi-structured Type Case Indicarors
Interview (Indl) (based on
Indl & Ind2)
Laxuc Jencer atttudaz Tvpe cf zendar Implic:t Scenario | Type of gender
Turacver Re.dcicn atitedee Balaace cf ralimzon Imglic:t Scenario | Balance of
selicion

Step 3: In some cases, the coordination strategies and related indicators were not available, either in
the Second Scenario or Third Scenario.

As mentioned previously, several strategies and indicators were not available either in the
Second or Third Scenario. In this type of scenarios, the strategies and the indicators are not compared
but finalized as the final output. For example, in the case of team awareness strategy, several indicators
from SR study were not mentioned in the semi-structured interview such as knowledge level of team
members, number of tasks that have to complete and schedules, as shown in Table 7, so that these
indicators were taken as the final indicators. An example is shown in Table 7.

Table 7: Example of Step 3 in Selective Coding

Courdinafion | Tedicsiors Tndicators | Similarity | Comalidation | Suggestal Final
Strmiegy from SR from Tapr Cose Tolicors Trulicaions
(Iadl) Semi- (sl om

structured Tndl & fnd2)
Tnierview
(And2)
Tean Kaowledge - - Scerario 2 Erowledze Kaoutedge
AVAMSres teve of tram Tovel afeam  leval 0% rsam
menlmee o ben < e e
Nounlis of - - 8 e N ben 07 Tot1
tod s that teey e Lk el wnber of
Wovmnple e tawr o Izt s fha
comnpleie [
e dele
Schedalas - - Scerario 2 Scaedule: Schedules

Step 4: The coordination strategies and indicators name were suggested.
In this step, the researcher suggested the name by doing grouping for each strategy and related
indicators. Example is shown in Table 8.

Table 8: Example of Step 4 in Selective Coding

Coord: il B¢ lidati Sugzested Indicators
Strategy from £R from Ivpe Case (bascd on Indl &
{Ind1) Scmai- ind2)
ctructured
Interview
(Ind2)
Lrownung Leadordsp - Scenano 2 Lyp: ot Skalls
Skalls
Assenrveacyy’  Asserinve Explic:t Scenano L Lyp: ok Skalls
CUoabdence Skaly
Skills
Negotuation - - Scenano 2 Lype of Skalls
Shalls

Step 5: The finalized coordination strategies and indicators were derived.
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As the last step, the researcher finalized the strategies and the indicators for the Managing
Cultural diversity process. Table 9 outlines the sample of finalized indicators for the Managing Cultural
diversity process. Total of eight strategies and 19 indicators were identified for the Managing Cultural
diversity process by doing this consolidation in this study.

Table 9: Example of Step 5 in Selective Coding

Coord ¢ d: Suggzested Indicators
Stratcgy from £R from Iype Case (baacd on Indl &
{ind1) Scmi- ind2)
ctructured
Interview
(Ind2)
Lrownng Leaderbsp - Scenano X Lyp: of Skullz

Skills
Assenmveacmy’  Asserive Explie:t Scenano L Lyp: of Skalls
CUoahdence Skaly
Skills

Negotiation - - Scenano 2 Lype of Skalls
Skalls

4. Results and Discussion

A total of 36 coordination strategies and 167 indicators were derived from this consolidation
process. Table 10 shows the example of coordination strategies and indicators list according to the
Coordination Process identified in this study before expert validation. Each indicator is assigned its own
indicator ID.

Overall, these results indicate that every coordination process has its strategy and indicators,
and it depends on the project managers on how they handle them. Project managers could use these
strategies and indicators as a benchmark before executing the GSD project. For example, for team setup
(coordination process), the coordination strategy found is team members selection as shown in Table
10. Choosing a right team member is very essential in GSD as all the tasks involve teamwork. List of
indicators that are formed is shown in Table 10. One of the indicator shown is total number of years of
experience, before selecting a team member, a project manager needs to consider this indicator as it
might reflect many numbers of years of experience but it might not be from GSD environment. Then
coping with GSD projects, might be a new challenge if the person is hired into the project as GSD
involves coordination across the countries. Then, the project manager need to check what type of skill
or expertise the person has such as good communication skills is required to work with other team
members who are located in different parts of the world. Thus, the indicators will serve as a good
guideline for the project manager to assign the best person to form an ideal team.

Table 10: Example of Coordination Strategies and related Indicators List before Validation

No Coordination Indicator Indicator Name
Strategy 1D
- CPiTeamSetwp |
1 Team Members TSI Team Knowledge
2 | Selection TS2 Total number of technical skills
3 TS3 Type of gender
4 TS4 Type of skill or expertise
5 TS5 Able to handle cross functionality
6 TS6 Total number of years of experience
7 TS7 Build the trust
8 TS8 Competent and committed developers
9 TS9 Labour Cost

5. Conclusion
This work describes a study that was carried out to consolidate coordination strategies and
related indicators for assessing the coordination processes in GSD projects from two different sources
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namely, SR and semi structured interview. As a conclusion, the researcher has consolidated 36
coordination strategies and 167 related indicators. Each finalized strategies and indicators from
consolidation process were described according to the ISO/IEEE 15939 Software Measurement
Standard before validation by the GSD experts. These coordination strategies and the related indicators
were used to formulate the Evaluation Model for assessing the effectiveness of coordination processes
in GSD projects.
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