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ABSTRACT

Background: Software Development Process is a human-centered activity. This fact highlights
the impact of human factors on the development process and performance from different
perspectives.

Aim: This thesis project aims to identify and characterize human factors influencing the software
development process from development lifecycle and software management perspectives.
Method: The systematic literature review initial search resulted in 401 papers among which 67
journal papers (2000-2010) were picked based on two filtering phases. The selected papers were
classified and analyzed according to software development phases, software engineering
management, human roles and level of human factors focus.

Results: Data extracted from the selected papers was mapped to SWEBOK [125]. Among
software development phases (waterfall model) the most common one in human factors studies
is “Requirement Engineering” addressed by 67% of the inspected papers followed by “Design”
(52%). “Software Project Enactment” is the most common software engineering management
phase from human factors perspective (67 papers, 100%) followed by “Initiation and Scope
Definition and Software Project Planning” (89%) and “Software Engineering Measurements”
(56%). Human plays different roles in development process which has impact on the process
performance and success. It can be Customer, Developer or Manager. The main human role was
“Developer” covered by 94% of the inspected papers. The highest level of human factors focus
among these papers was “Individual” level addressed by 76% papers followed by
“Organizational” level. (70%) And finally the most common research method among the
selected papers was case study (industrial) being applied in 78% of the empirical studies.
Conclusion: Despite of the human factors impact on software development process and its level
of success/failure, there has not been enough focus by primary study researchers on the area.
Human factors have been overlooked in late phases of development process as well as software
engineering management. In contrast with all other areas of business which their highest concern
is the customer, among the inspected papers this role has been overlooked by researchers. As
transferring from preplanned to agile development process, there will be more “Interpersonal”
level of human factors involved that has not been addressed well by researchers so far.

Keywords: Systematic Literature Review, Human Factors, Software Development Process,
Software Engineering Management
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1 INTRODUCTION

In this chapter a brief introduction of this project, overview of the Systematic Literature Review and some
background are provided in order to provide a better understanding for the reader.

1.1 Introduction

During the last three decades, software development process has been the centre of attention for
many software engineering researchers. [1-5] Regardless of the details of products and
customers, software is an area where almost every industry is involved with. A successful
software development process is therefore crucial for industries in various fields.

Based on software development being a human-centered process, human factors have a great
impact on the process and its performance. This can be explained by the impact of human role in
development process i.e. affecting the software development market by being a customer,
influencing the development process phases by being a developer and finally having a noticeable
impact on process performance and success by being a manager. Human factors in this process
can be studied from different perspectives such as psychological, cognitive, management and
technical aspects. Moreover, human factors have different levels of impact in the process varying
from organizational and interpersonal to individual.

Although human factors have been proved to have impact on software development process,
unfortunately they have been overlooked by the researchers in the software engineering and
development research areas. Thus, there seems to be a need to identify and characterize human
factors and their impact on development process. A systematic review over software
development human factors could highlight the research needs and consequently improve the
research in the SE field.

The idea behind this thesis project is to investigate and review studies related to software
development, management and organizational/individual and interpersonal human factors via an
extensive systematic review. The systematic review includes different categories; each covering
specific human factor keyword and introducing new aspect that should be considered in Software
Development Process. The main focus of the thesis is to analyze human factors from two main
aspects i.e. Software Development and Software Engineering Management Phases. The former
perspective is consisted of Requirement Engineering, Design, Implementation, Test and
Maintenance while the latter includes Initiation and Scope Definition, Software Project Planning,
Software Project Enactment/Execution, Review and Evaluation, Closure and Software
Engineering Measurements. The term “Human Factor” is used very often in this project report
and is indicating different aspects of human being involvement and impact in a software
development process. It can vary from individual to organizational, managerial to psychological,
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customer to developer and etc. “The human factor in software development is the ingredient that
ultimately gives a project team its soul.”[29] Human factors related to each of these phases,
human roles and level of focus are analyzed and extracted from the selected research papers
resulting in a suggestion for human factor research framework.

This report is a description of the systematic review conducted on software journal papers
published during 2000-2010. The structure of the report is as follows:

1. The first chapter gives a brief background to systematic review methodology and
related work.

2. Chapter 2 describes the research methodology, research questions and project process
steps in details.

3. Chapter 3 includes the results and analysis of the systematic review.

Chapter 4 identifies, analyzes and discusses validity threats of the systematic review.

5. Finally the conclusion of the systematic review accompanied with discussions and
future work has been brought in Chapter 5.

e

1.2 Background
In this section a brief overview of the Systematic Literature Review method is accompanied with the
project related work.

121 Systematic Literature Review

“As a research area matures there is often a sharp increase in the number of reports and results
made available, and it becomes important to summarize and provide overview.” [6]According to
Kitchenham, “Systematic Literature Review (SLR) is a means of identifying, evaluating and
interpreting all available research relevant to a particular research question, or topic area, or
phenomenon of interest.” [7]

During a typical SLR, the researcher uses primary studies i.e. individual papers published in the
area as the source of the review for the related research questions. Systematic review is a form of
secondary study inspired from medical related research and guidelines[11,110] which is based on
published primary studies and has gained more attention recently by researchers in software
development and software engineering related areas.[6,8-10]

Petersen [6] explains that SR reviews the existing primary studies related to the predefined
systematic review research questions in depth, describes their methodologies, context and
analyzes their results. Among various reasons for conducting a systematic review, the most
common reasons that have been mentioned by Kitchenham[7]:

e “To summarize the existing evidence concerning a treatment or technology e.g. to
summarize the empirical evidence of the benefits and limitations of a specific agile
method.

e To identify any gaps in current research in order to suggest areas for further investigation.



e To provide a framework/background in order to appropriately position new research
activities.”

As systematic review has a predefined search strategy, which should allow assessment of search
completeness, it’s been seen to be a fair and scientific secondary study that has good potential of
being referred by other researchers conducting primary or secondary studies. When comparing
literature review and systematic review, the advantages and disadvantages of systematic review
reveal. According to Kitchenham[7,12] the main rationale for conducting a systematic review is
the lack of scientific value in most literature reviews of different researches.

As in systematic review, researchers have a predefined methodology; it reduces the bias while
conducting the review. Another advantage is the allowance of more general conclusion based on
a wider range of contexts and situations. [6,12] However the main disadvantage with systematic
review is the considerable amount of effort it requires.[6,7,12]

The main features of a systematic review that differentiate it from a conventional literature
review have been summarized as follows:

e A systematic review is conducted under a predefined review protocol specifying the
project research questions and methods being used in the review procedure.

e The search strategy for each systematic review is designed to cover and detect as much
relevant papers/documents as possible and is documented to ensure the readers about its
completeness and reliability.

e Primary study selection in systematic review is based on a carefully/explicitly designed
inclusion/exclusion criteria which meets the research questions of the review.

e Systematic review uses extraction forms or other reviewing tools to specify the
information needed to be extracted from primary studies and evaluates them via a quality
assessment section. [7]

1.2.2 Related work

As mentioned before, according to the increasing number of publications and reports in different
areas of software engineering and development there is a need for summarizing and classifying
those findings. Secondary studies such as systematic mapping and systematic review have been
used to help researchers to have a quick and easy review on a special research topic without the
need of searching for all the reports in that area. This has not been the case for Software
Engineering (SE) field in spite of a growing need for it.[6]

This can be a result of not having enough information about this method in software related
research. Systematic review is a very effective method for giving a structured summary of
specific research field in SE such as software development process. One of SE related areas
which is lacking researchers’ focus is human factors/issues influencing software development



process. Based on the research review that was carried out in this systematic review, there are
several categories that are concerned with human factors in the development process.

To the best of our knowledge, according to the search that has been carried out for this master
thesis report and its research questions there have been only 5 papers [5,6,73,74,87] in Software
Engineering that clearly have used or discussed systematic review and mapping research
methodology in one way or another. There are several systematic reviews in different areas of
software engineering but not really related to the human factors and this project research
questions. [111, 114-124].

Peterson et al. [6] has discussed the use of systematic mapping, review and their procedure in
software engineering related areas. While Michael Unterkalmsteiner et al. [5] have addressed
evaluation and measurement of Software Process Improvement by reviewing 148 papers
published between 1991 and 2008, Magne Jagrgensen and Martin Shepperd [73] carried out a
systematic review on Cost Estimation by reviewing 304 papers published in 76 journals. Tore
Dyba et al. [87] systematically identified and analyzed all the existing studies on pair
programming. Tracy Hall, et al[74] reviewed studies of motivation in software engineering
published between 1980 and 2006. One can ask why this systematic review included more
papers than this current one. The answer is that this paper reviewed 92 studies of motivation in
software engineering that were published in the literature between 1980 and 2006. Moreover the
databases used for this review are different from the current review (including ACM Digital
library, EI Compendex, Google Scholar, IEEE Explore, Journal of Systems and Software, etc).
Additionally this review has different inclusion and exclusion criteria such as including
conference proceedings, or conference experience report).

All of these systematic reviews focus on a specific category of software engineering human
factors such as Cost Estimation (bias, human judgment and anchoring)[73], investigation of
software engineers’ motivations[74], evaluation and measurements of Software Process
Improvements [5] and human factors in pair programming(PP) such as communication and
group work [87]. This reveals a need for a general systematic review on human factors in
software engineering and development which is the idea behind this master thesis. By general
systematic review, we mean a systematic review on human factors in development process in
general and not digging deep in any specific phase or category.

To cover most human factors related research papers in software engineering, two main
perspectives have been defined for this systematic review which are software development
process(phases) and software development/engineering management. The SLR investigates the
human role, level of human factor focus and research methodologies for each paper. More
explanation about this has been brought in chapter 2 and chapter 3.

1.3 Purpose

The goal of this project is to clarify and characterize human issues and challenges within
software engineering and development industry by offering a better understanding provided by
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an extensive review over various related journal papers published within last ten years. To
summarize, this thesis aims to find the answers to the following research questions:

1. What areas of human factors in software development have been addressed?

2. Which phases of software development have been addressed in SE human factors
research? What are the most and the least studied phases and what is been missing?

3. Which software management phases have been addressed in SE human factors research?
What are the most and the least studied phases and what is been missing?

4. What kind of research methods/tools (empirical, case study, survey, etc) have been used
in this research area? What types of papers are published in the area of research and what
was their approach to the topic?

5. What is the human role in these papers? Developer/manager/user, customer



2 RESEARCH METHODOLOGY

In this chapter the design and the procedure of Systematic Literature Review (SLR) of this
project has been described. The main focus is on research question definition, selection
procedure and data extraction phases.

2.1 Systematic Literature Review

Figure 1 is a schematic view of the SLR process and its detailed steps. This method has been
used to conduct the current SLR in Software Engineering.

Start Systematic Review
et
[ |
.

[ Step 1 - Need of systemalic review

v

[ Step 2 - Defining research questions ]

v

[ Step 3 - Develop review protocol

v

{ Step 4 - Evaluate review protocol
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v

[ Step 6 - Primary study selection J

v

[ SIC]] 7 - Data extraction ] Con du ctlng

v

[ Step 8 - Study quality assessment |
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| [Step 10 - Draw conclusion} Step 11 - Consider threats
| i | : .
¥ Documenting
[ Step 12 - Disseminate resulis J

e

\ /

End Systematic Review

Planning

Figure 1, Systematic review steps,[5]



This methodology in general includes three main phases, planning, conducting and documenting.
The first step (the need for systematic review) has already been discussed in introduction chapter
of this report. To find similar SLR studies in software engineering and development research
fields, special combinations of keywords were generated and searched through well known
databases such as Scopus, ACM and IEEEXplore. The main keywords were Software
Development Process or Software Engineering and Human Factors and Systematic Review
(Table 3). To reduce the bias of the search, synonyms of Systematic Review (identified by
Biolchini et. al. [13]) were added to the keywords (i.e. research review, research synthesis,
research integration, etc). Thus, the final search string for similar studies was generated as
follows:

(( “Software Development Process” OR “Software Engineering”) AND (“‘Human Factors” OR
“Human Issues™ ) AND (“systematic review” OR “research review” OR “research synthesis” OR
“research integration” OR *systematic overview” OR “systematic research synthesis” OR
“integrative research review” OR “integrative review”))

By searching this string in mentioned digital databases within the titles, abstracts and keywords
(depending on the database options) none of the retrieved results were related to any of the
research questions defined for this systematic review project.(ACM Digital Library and
Compendex had no results, IEEEXplore had four results [103,104,105,106] and only one of them
was related to the research questions of this systematic review [103] (on risk management in
distributed projects) ). There were two papers retrieved from ACM Guide that were related to
agile software development [107] and software requirement errors [108]. But as mentioned
earlier this data base was not considered in the study.

The second step was to design the research questions for which the systematic review should be
carried out upon. Research questions in this systematic review are related to human factors
involved in and influencing software development process or software engineering. Different
perspectives have been considered for software development human factors which are addressed
separately by each research question. These research questions and their aims have been brought
in Table 1.



Table 1, Research questions for the Systematic Literature Review

Questions

RQ1: Which phases of software development have been addressed in SE human factors
research? What are the most and the least studied phases and what is been missing?

RQ2: What are the project management/management issues that have been studied in software
development process research? Which management issue is mostly focused in this area and
which has been ignored? What is been missing and needs more research?

RQ3: What kind of research methods/tools (empirical, case study, survey, etc) have been used in
this research area? What types of papers are published in the area of research and what was their
approach to the topic?

RQ4. What is the human role in these papers? Developer/manager/user, customer

These research questions are later used for constructing the data extraction form to be used while
carrying out the full text reading phase. For instance RQ1 investigates human factors from
software development lifecycle perspective while RQ2 focuses more on managerial aspect of
human factors in software development process. Thus when creating the extraction form,
different categories were assigned to each research question based on the SWEBOK [125].

To reduce the bias of the search and systematic review there is a need for a specific review
protocol (step 3) which also enables researchers to replicate the review for future use. The review
protocol of this SLR has been checked and evaluated by a researcher in the area of software
engineering and human factors with a good experience of conducting systematic reviews.
Moreover, parts of this protocol has been previously used and established by several researchers
in the area working on SPI systematic review [5] Specific small modifications have been applied
after the pilot study phase to improve the protocol. This protocol and its further details have been
brought in following sections of this chapter.

2.2 Search Strategy

To find the answers to this systematic review research questions and to conduct the review with a
higher quality, the author decided to cover the papers from three well known digital databases
which are Compendex (Scoupus), IEEEXplore and ACM Digital Library published within the
period of 2000 to 2010. This was carried out to give a snapshot of current state of Human Factors
in Software Engineering. The results of the search have has been brought in Table 2. The search
only included journal papers and filtered books, early access and conference papers to give a
snapshot of the current state of this research in SE.




Table 2, Source databases

Database Retrieval date Number of retrieved papers
IEEEXplore April 2010 118

ACM Digital Library April 2010 64

Compendex (Scopus) April 2010 104

To increase the validity of the search and cover as much papers in the area as possible additional
search was carried on Google which included papers from well known digital including ACM
Guide, IEEE Computer Society. The search from Google also led to additional 115 papers which
after filtering on publication year (remaining 61 papers), article type (remaining 31 journals) and
removing Human Computer Interaction (remaining 30 papers) resulted in overall number of 30
papers which used for data extraction. Among these 30 papers one paper [94] was not published
and excluded from the primary data base.

The overall view of the search strategy has been illustrated in Figure 2.

Figure 2, Search strategy

The keywords and search strings were carefully and specifically generated based on the research
questions to reduce the bias and retrieve as many papers as possible. Table 3 includes the
keywords that were used for the search. As the main focus of this systematic review is to study
the human factors in software development process, the search strings include “human factors”
or “human issues” and “software development process” or “software development” or “software
engineering”. To cover the areas for each specific research question, related interventions were
added. For instance to cover RQ1 (software development lifecycle) each of the development
phases keywords e.g. requirement engineering, design, implementation, etc have been added to
the search.




Table 3, Keywords and Search Strings

Main Body of Search Strings:

“Software Development Process” OR “Software
Development” OR *“Software Engineering” AND
“Human factors” OR “Human issues”

Added Interventions

Details of Interventions

Lifecycle phases:

e “Requirement engineering” OR
“Requirement elicitation” OR *“Requirement
analysis” OR “Requirement”

e “Design”, “Design phase”, “architectural
design”,

e “Implementation”, “Implement”

e “Maintenance”, “Maintain”

e “Validation and \Verification”, “Test”,
“Validation”, “Verification”

Project management:

e Planning and feasibility study:
0 “Cost estimation”
o0 “Scheduling”, “Schedule”
o “Risk study”, “Risk”
o “Activity planning”, “Configuration
management”
0 “Resource allocation”, *“Resource
management”, “Resource”
e “People management”, “People issues”
e “Risk management”, “Risk analysis”

Research methods/tools:

“Empirical”, “Theory”, “Theoretical”, “Case study”,
“Survey”, “Experiment”, “Interview”,
“Questionnaire”

For trial, number of searches were carried out in IEEEXplore with the generated keywords and
the first 5 papers for each keyword were checked by their abstracts to investigate if they are
really related or not and the result was really convincing. The results of initial retrieved papers
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by search with the generated keywords for each database were stored in excel forms and their
amount were earlier brought in Table 2.

2.3 Study selection criteria

After finding the primary set of papers for the review, the abstract reading phase was conducted
to exclude the papers not related to the research questions. For instance, there were many papers
in the area of cost estimation and scheduling which were more related to the technical aspect and
cost estimation model/methods and were concurrently excluded. Publications that were not full
papers (2-3 pages), were not journal papers, were not English, and were not within the related
area (software development, software engineering, cognitive issues, human factors, etc) were
excluded from the databases.

Furthermore another exclusion criterion was added during the abstract reading phase which was
to exclude papers related to Human Computer Interaction, Usability Design, Software Interface,
Interface Design, etc that were more retrieved in design phase search. The main reason behind
this exclusion criterion is the need of more focus on development process aspect of human

factors instead of only focusing on the interaction process aspect.

2.4 Selection Procedure

To focus more on the research questions and the goal of the project, the whole data base of
papers was reviewed for the second time by abstracts and keywords. The remaining categories,
Process, Product, Organization and Management were chosen based on the main objective of this
project and extracted using abstracts. The goal of the project was set to identify the human
factors in software development process.

After reading the abstracts of the mentioned 90 papers they were put in a data base consisted of 4
columns representing each category and the rows including the papers titles. There were some
overlaps among the categories (as some papers were analyzing development process from
several points of view each in different category) but as the most relevant categories for this
project were Management and Organization thus the papers related to only Process or Product
(not having any overlaps with Management and/or Organization) were excluded. The reason is
that this project aims on finding human related issues in development process from
organizational and managerial perspective. Consequently papers that discuss only about human
factors related to software products or other types of process are excluded. Number of papers in
each category has been summarized in Table 3. These numbers are only based on the abstract
reading phase, which were later revised after the full text reading phase.
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Table 4, Categories of the Final Database

Categories Number of Papers
Process S7

Product 1

Management 40

Organization 65

As it can be interpreted from Table 3 the main focus of the included papers has been on
Management and the least focus on Product. More detailed information on the overlaps of these

categories can be found in Table 5.

Table 5, Categories Overlaps

Overlapping Categories

Number of Papers

Process and Organization

21

Process and Management

31

Product and Process and Organization and
Management (1 paper in Product category
overlapping with all other categories)

1

Organization and Management

28

As it can be observed from Table 5, the main overlap has been among process and management
and secondly among organization and management.
The final outcome of the overall extraction procedure led to the primary database of papers to be
used for the data extraction phase and full text reading. This database included to the total
number of 67 papers in the area of Management and Organization with overlaps with other two

categories.

An overall schematic view of the whole selection procedure including the first search results,
abstract reading, exclusion/inclusion criteria, etc has been illustrated in following figure (Figure

3).
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25 Data Extraction

In this phase the remaining papers left after various/several filtering were collected for full text
reading and data extraction (Step 7 of systematic review (Figure 1)). To enable the author to
carry out this phase more efficiently, a data extraction form was designed based on the research
questions of this project. In order to evaluate the form, a pilot review was carried out. 10 papers
were selected randomly by an online random number generator (http://www.random.org) and the
full text reading was carried out for each. Based on this, the form was modified to include more
specific factors and become easier to use for the real data extraction. (Appendix A)

The first version of the extraction form included two main perspectives of this project, Software
Development Lifecycle and Project Management. As Staples and Niazi [14] have mentioned in
their studies, it was difficult to set values for all properties prior to the extraction phase as they
were completely dependent to the papers and their contents. Hence, some values in the extraction
form were expected to be detected during the extraction phase. These properties and their related
research questions which have been considered in the first version of the form are brought in the
following table. (Table 6)

Table 6, Extracted Properties

ID Property Research question
Pl Software Development | RQ1
Lifecycle

P2 Project Management RQ2

P3 Context Overview of the studies
P4 Research method RQ3

P5 Human Role RQ4

P6 Level of Human Factor Focus | Overview of studies

P7 Publication year Overview of studies

P1, P2, P3 and P4 were assigned with set of values based on the information gathered in abstract
reading phase. P1 was assigned to the set of predefined values based on the Waterfall
Model.[15,16] for software development lifecycle steps including requirement engineering,
design, implementation, etc. For P2, assigned values included Cost Estimation, Planning, Risk
management, People management, etc. As mentioned before, 4 major categories were defined for
the papers collected (Process, Product, Organization, and Management) and P3 was assigned to
these values. Forth property (research method) was to investigate the research methods and tools
that have been commonly used in this research field and to highlight those which are not used
but can be helpful for future research and studies in this area. For P4 the values were generally
Empirical and Theory. Empirical category included Case study, survey, Industrial report,
Grounded theory and ethnography. P5 clarified the human role discussed in the papers to identify
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researchers’ perspectives to human involved in the development process. The set of values
assigned for this property was: Customer, Developer and Manager.P6 investigates the level of
human factor focus for each paper to identify whether it’s Individual, Interpersonal or
Organizational. P7 indicates the publication year of the paper.

Based on the results of the full text reading pilot and, properties and their values were modified.
For instance the research methodology property (P4) was modified to include more research
methods that are common in software engineering papers which were included in full text
reading pilot. These methods were extracted from several books on the area of experimentation
in software engineering and relative systematic reviews [17,5] Other values which were modified
among properties were related to Management (P2) and Development Phases (P1). These
modifications were applied based on Software Engineering Body of Knowledge (SWEBOK)
(Appendix B) [125] to include more relevant and reliable categories. These modifications
resulted in an extraction form in Appendix A that was used for the full text reading phase.
Categories in this form have been used for data synthesis (Step 9) and drawing conclusions (Step
10). More explanation of the properties/categories, and their values have been brought in
Sections 2.5.1t0 2.5.7.

25.1 Software Development Lifecycle phases (P1)

The first property investigates software development phases. This property highlights which
software development phases have not been studied from human factors perspective and
generates some new research questions for future studies in the area.
The phases that should be investigated in this property are based on the waterfall model and
SWEBOK [125] are:

e Software Requirement

e Software Design

e Software Implementation/Construction

e Software Testing (V&V)

e Software Maintenance

Very brief and general description of each phase and the related information that has been
expected to be extracted follow in section 2.5.1.1 to 2.5.1.5.

2.5.1.1 Software Requirements

The earliest phase of the software development process is requirement engineering. “The
systems services, constraints, and goals are established by consultation with systems users. They
are then defined in details and serve as a system specification” [16] Researchers have studied
different types of requirement engineering for various development processes and the effect of
the process type on the requirement engineering methods. “Requirements engineering (RE)... is
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a traditional software engineering process with the goal to identify, analyze, document and
validate requirements for the system to be developed. [18]

As researchers have identified, RE process mainly consists of five major activities [19] which are
Elicitation, Analysis and Negotiation, Documentation, Validation, and Management. However,
according to [16] requirement engineering is consisted of four main activities: Feasibility study,
Requirement elicitation and analysis, Requirement specification and requirement validation.
Feasibility study “... considers whether the proposed system will be cost-effective from a
business point of view and if it can be developed within budgetary constraints.” [16] In
Requirement Elicitation developers focus on system observation and negotiation with potential
users, producers while in Requirement Specification they translate the information gathered to
documents defining the requirements. The last part of requirement engineering is the validation
phase where the developers check the requirements for its consistency, completeness and
realism. [16]

These phases of RE, have been the focus of many studies and researchers have compared them
in different types of development processes. For instance, there are lot of publications studying
the differences of the methods and tools used in each RE activity for traditional and agile
software development. [18] Furthermore there has been some studies on different aspects of
requirement engineering including: strategies, heterogeneous engineering, political ecology
[109], high level requirement engineering, geographic distribution of software
development(multi-site development)[57][102] and its effects on RE( multi languages, cultures
[57], stakeholders, time zone boundaries[57,102], RE practice in global software
development.[57,70,102] But as mentioned earlier this project follows the SWEBOK][125] which
has divided RE into two main categories (analysis and validation) and their related subcategories,
almost all covered by the different definitions and categories explained above.

2.5.1.2 Design

The system design process allocates the requirements to either hardware or software systems by
establishing an overall system architecture. Software design involves identifying and describing
the fundamental software system abstraction and their relationships. [16] Moreover Pierson
mentions “A software design is a description of the structure of the software to be implemented,
the data models and structures used by the system, the interface between system components
and, sometimes the algorithms used.” [16] SWEBOK][125] considers three main categories for
design phase that have been indicated in the extraction form which are Architectural styles,
Design patterns and Software design methods.

Architectural style is more related to identifying “... the overall structure of the systems, the
principal components (sometimes called sub-systems or modules), their relationships, and how
they are distributed.” [16] According to SWEBOK (Appendix B) this category describes the
general structure of the software, and classifies them to Distributed, Interactive and Adaptable
systems. Design pattern categorizes the design pattern of the software to Creational, Structural
and Behavioral patterns. And finally design methods describe the methods behind the design of
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the software that have been defined to be Function-oriented, Object-oriented, Data-structure-
centered and Component-based. Most of the focus of the research in the design phase is technical
and related to Interface Design, and researchers have not paid enough attention to other human
aspects of this phase. The design related papers (few) were mostly about requirement based
designs, design patterns and architectural design.

2.5.1.3 Implementation

The most technical phase of the software development is the Implementation phase. In this phase
“the software design is realized as a set of programs or program units...” [16] This phase
addresses human related issues connected to the technical aspect of the Implementation phase.
Some examples are: programming language, data bases, functions, coding, pair programming,
personality, productivity, dependability, reuse, end-user programming and methods. The
SWEBOK [125] considers three main subcategories for Implementation (Constructing for
verification, Coding and Reuse), that have been used in extraction form. The first category is
more related to the early concerns of the implementation such as programming language choice,
platforms and tools. Coding is the main part of the implementation phase where developers are
concerned with linguistics and visual issues. The last but not the least phase of implementation is
Reuse where developers conduct unit and integration testing in order to use the software by
integrating it to their system.

25.1.4 Test

Test phase is also another Software Development phase which is related to human factors.
Testing phase has different levels such as unit testing, integration testing and system testing. [16]
The first level of testing is unit testing where the developer/tester checks each unit regarding
specification. The second level of testing (integration testing) happens when integrating
individual programs and units to create a complete system to check if software requirements
have been met. Afterwards the software will be delivered to the user/customer. Also testing
process has been defined to include three main stages, Development testing, System Testing and
Acceptance Testing. [16] In Development Testing, developers test the system components while
system testing is carried out when integrating components to create the system to find errors that
are the results of unanticipated interactions between components and component interface
problems. Finally Acceptance testing is conducted to check the system with the data supplied by
customer to reveal the system engineering errors and requirement problems. [16] Based on the
SWEBOK (Appendix B) [125], Test levels, Objectives of testing and Techniques based on the
nature of the application are the higher level categories related to test phase. These phases have
been covered by different test definitions explained here. Test levels categorizes different levels
for testing (unite testing, integration testing and system testing) as already explained. Objectives
category includes subcategories that explain the aim of the test process such as performance,
usability, recovery and acceptance testing. In each developers focus on specific goal and test the
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software against that. The last category includes different techniques for testing software such as
object-oriented testing or GUI testing.

2.5.1.5 Maintenance

The last phase of software development Lifecycle is Maintenance which has close relations with
human factors and has been studied from different aspects. Operation and Maintenance is called
to be the longest development phase. “Maintenance involves correcting errors which were not
discovered in earlier stages of the life cycle, improving the implementation of system units and
enhancing the system’s services as new requirements are discovered.” [16]

One of the most common topics within this area that have been of focus for many researchers is
Reengineering, its consequences, challenges, and related solutions. Modification implementation
and process implementation are some other examples of research papers in this area. According
to the SWEBOK [125], Maintenance covers three main categories (included in the extraction
form), Categories of Maintenance, Process and Techniques for Maintenance. (Appendix A) The
first category includes different types of maintenance such as corrective and adaptive
maintenance while the second category (Process) characterizes different types of process related
to the maintenance phase such as process implementation and modification implementation. The
last category includes different techniques used in maintenance activity such as reengineering
and reverse engineering.

As mentioned earlier it was decided to use the SWEBOK [125] for more details on each phase.
Each subcategory of the SWEBOK in development lifecycle in addition has subcategories
indicating more details of the phase. For those papers that these details could be extracted, the
related filled form indicates the details. However, as this project is more related to the human
issues of the development they are generally related to this phase. The Software development
Lifecycle related tables (5 tables) of the SWEBOK have been brought respectively in appendix
B. This part of the form is closely related to the people management and issues of the Project
Management category as most researchers have discussed people communication, collaboration,
team work issues, etc which will be discusses more in the analysis chapter of this report.

2.5.2 Project Management (P2)

Project management property is for clarifying management issues that have been discussed in
software development. This helps readers to see if a specific management issue is discussed only
in certain software development phases. Project management issues that have been considered
when reading the papers are adapted from [20, 21]

e Cost estimation

e Scheduling
e Resource allocation/management
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e Activity planning/ Configuration management

e People management

e Risk analysis and management

e Possibly steering and management challenges regarding change management,
management skills and etc

The first three subcategories are very similar and it might be hard to separate them. When this
was not possible all relevant subcategories were marked. For CE for instance the paper may talk
about problems in scheduling for budget or time but doesn’t include a specific CE method or
explicitly specify CE terms. In these cases paper has been put in all three categories it concerns.
These subcategories are drown from two main software engineering related books [20,21] to
cover Management Issues as specifically as possible. But to follow the SWEBOK [125] in this
perspective these were combined with the general Software Engineering Management table of
the SWEBOK (Appendix c). This table considers 6 major subcategories for Management. The
first two subcategories (Initiation and Scope definition, Software Project Planning) are related to
the first 4 categories defined by [20,21] (CE, Scheduling, Resource Allocation/Management and
Activity Planning/Configuration Management). As there is one subcategory in planning phase
which has not been addressed by [20,21] this subcategory was added to the top of the list that is
Feasibility study, risk study and RE. The rest of the categories mentioned above were assigned
under each general SWEBOK subcategory. More details of these categories and their related
subcategories can be found in the extraction form in Appendix A.

Papers in this category are also related to the soft side of the development process and mostly do
not consider very technical development issues such as specific details of CE methods, models,
mathematical computations, etc. By following in section 2.5.2.1 to 2.5.2.6 more explanation
about each category has been brought.

2.5.2.1 |Initiation and Scope Definition & Software Project Planning

This category includes the planning activities related to software development process/software
engineering. These activities are mostly carried out very early in the project, consequently to a
great concern dependent to human factors. These activities are:

e Feasibility study, risk study, requirement study
e CE

e Scheduling

e Resource allocation

e Activity planning/configuration management

Risk study, investigates the risk of carrying out the development project regarding the budget,
time and resource limitations. Feasibility study is related to the first phase of software
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specification “... where an estimate is made of whether the identified user needs may be satisfied
using current software and hardware technologies”. [16] Requirement engineering and study is
the activity of identifying the requirements of the project from different aspect such as time,
resource and monitory perspectives.

Cost Estimation is the phase where the developers and project managers predict the cost of
conducting the project. This cost is calculated according to the effort required to perform the
project and the economical cost it generates.

Scheduling is a management phase which is more concerned with time limitations (deadlines)
and source that has been set for the project and the efficient way of meeting those.

Resource allocation is a phase where managers and developers set the resource limits for the
project in terms of money, time, people, and other types of resources that a software project
needs.

Activity planning is more related to the role and activity assignment and scheduling (priorities,
time schedules, etc). Most of the subcategories in this category are affected by human factors
such as overestimation, human judgment, overconfidence, human errors and lack of experiences.

2.5.2.2 Software Project Enactment (Execution)

This category is related to the management issues that developers and managers are dealing with
during the project execution phase. The first category is people management which is a very
broad subcategory covering different aspects varying from psychological, such as
communication issues, personality types, and mentality patterns to programming skills,
performance, Personal Software Process improvement, work environment effect on human
productivity, customer satisfaction and etc. The main subcategories of this Software Project
Enactment management phase are:

e People management

e Risk analysis/management

e People issues / Human factors

People management category covers management issues related to people involved in the project
during the enactment/execution. This category discusses different people management issues
such as team management and group work, developers’ communication in groups, multi culture
group/project management, training staff and PSP, developers’ personalities and it’s relationship
with role assignment. Moreover management issues closely combined with psychological issues
are another aspect of this category. For instance resistance of people (developers and staff) to a
new method and the management challenges to attract people to use those are considered in this
category.

Risk analysis/management is more concerned with study of risk, and managing them during the
project execution. This category is defined to cover papers that discuss the risk studies, analysis
and management during the software development process. Failure risk management,
configuration risk management, user participation related risk, scheduling and CE risk and risk
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assessment training are some examples of risk analysis/management related topics. However
risk study is also carried out in the first phase of software engineering management process with
less information.

The last subcategory (people issues) has been added to include the human factors that are not
among the mentioned ones. Cognitive issues such as learning styles, human information
processing, client’s confidence and decision making related psychological issues are some
examples of the topics in this category.

2.5.2.3 Review and evaluation

This category has been added from the SWEBOK [125]. Mainly this category covers late
management issues in development process and software engineering (time aspect) i.e. feedback
management. This phase has impact on development process improvement. In other words this
phase is conducted to identify any problems regarding the execution phase and to take corrective
actions in an effective way. The review and evaluation of the software in this category is not
related to the technical issues but mostly studies customers’/developers’/designers’/stakeholders’
feedback in the development process. This category only has one subcategory, feedback, which
leads to a more efficient and successful process by reviewing the feedback from participants and
evaluating it. Feedback among different project phases also helps to improve the process by
implementing corrective or preventive actions. [112] Feedback is also a customer centered
process where developers try to meet the customer feedback and comments and gain their
satisfaction. Subsequently, customers’ and managers’ feedback and satisfaction are the key
points of evaluation and feedback phase. Feedback also affects the Customer Relationship
Management among the developers (software industry) and customers.

2.5.2.4 Closure

This category is also related to the late management issue (from time aspect) in the development
process; in this case is closing of the project after evaluating the feedback. Closure process is
mainly the official acceptance of the project (by customers/managers) which is companied by the
administrative activities such as documenting and archiving files. Software document design,
management issues regarding the final management phases of the development process when
closing a software development project are some examples of the topics in this category.
Closure/closing phase also indicates two main steps in the final management phases, Project
Closure and Contract Closure. Project Closure is when developers finalize all the project
activities and close the project by archiving files and documents while Contract Closure is
closing and completing each contract related to the project or a project phase. [112]

21



2.5.2.5 Software engineering measurement

Software engineering measurement is a phase in project management that highlights factors
leading to project success or failure in qualitative and/or quantitative way. Measuring the project
activities, monitoring the project variables (cost, time, etc) against the project management plan
identifies the current state of the project. Some of the factors that this category covers are
performance (group and individual), productivity, usability, success, failure, etc. As the nature of
measurement in engineering fields is mostly quantitative, studies in this area are expected to be
more quantitative based and have more statistical information.

Based on the pilot data extraction there are additional management challenges for developers and
managers which are not addressed in the subcategories mentioned above. Thus this subcategory
has been extended in the form (Appendix A) and is more related to the human role of managers.
This subcategory is called “management challenges” and includes change management,
management skills, etc.

25.3 Context (P3)

As mentioned earlier in the selection procedure, papers in the area of Software Development
Human factors in this project have been categorized into four major groups: process, product,
organization and management. As one of the goals of this project was to identify the type of
human factors that have been studied in Software Engineering, these categories were defined.
Process category is defined to cover human factors papers related to specific or general
development process phase. In other words, this category focuses on the process aspect of the
development and the human factors affecting it. This group has more technical details than the
other groups of this property.

Product category is defined to include papers which focus on software products and do not
consider other aspects and details of the development process.

Organization group is more related to organizational issues affecting the development process
such as structure, policy and environment. Some topics related to this category are work place,
regulations, communications among managers and developers or within a development team,
multi-site development, multi stakeholder’s project and etc.

Finally the management group should include studies which focus on the management aspect of
the development process such as risk management, people management, change management
etc. In this category detailed management challenges regarding the staff, organization, project,
risk, change and failure, employment (role assignment), etc should be discussed. This category is
closely related to the Software Project Management category.

254 Research methods and tools (P4)

In this category papers have been categorized based on the research methods their authors have
used when conducting the research projects. The papers in this category are divided in two types:
empirical and theoretical. Empirical research methodology has several subcategories and the
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ones that have been most commonly used in software experimentation have been considered in
the extraction form. These methods are derived from a combination of methods adapted from
three software engineering experimentation related references [5,17, 5] All the categories and
their related subcategories that have been used in this systematic review extraction form are as
follows:

1) Empirical

a) Case study
i) Industry case study
i) Non-industry case study
b) Survey (interview, questionnaire, observation, systematic review?)
c) Controlled experiment
d) Industrial report
e) Design of system/solution/model/method

2) Theoretical

The strategy for classifying the papers in these subcategories was to put the paper in the category
that has been explicitly mentioned in the papers or it could be extracted from the paper.
However, this is expected to be challenging in some cases. For instance, when a paper has not
mentioned its methodology or it cannot be interpreted from the paper, it is very hard to
distinguish which category it belongs to. This property of the papers can help to assess the
quality of papers as well because there are many papers that do not mention their method
explicitly in the report which is a quality issue for a paper being published in a journal. Also to
reduce the error rate when deciding which category the papers belong to, categories and their
criteria (accurate definition and criteria) have been set in advance. Some of these categories and
their criteria have been adapted from [5] which is a systematic review in a similar area. In
sections 2.5.4.1 and 2.5.4.2 each category and their related criteria has been explained.

2.5.4.1 Empirical

This category includes papers which have been a result of an empirical study such as case study,
survey, controlled experiment within the industry or academia. “Lessons learned” also is
considered as empirical research which is mostly categorized under case study and design
methods.

Case study (Industry, Non-Industry): Case study is defined to be used when one wants to
investigate a single entity or phenomenon in a specific period of time. [17] Another interesting
definition/explanation for case study is offered by [23] explaining the central tendency of
different types of case studies which is identified to be an endeavor to illuminate a decision or a
set of decisions: why they were taken, how they were implemented, and with what result” [22]
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The paper has been assigned this category if it meets one of the following criteria:

1) The author as addressed research question by conducting a case study in industry or
academia [24]

2) The author has evaluated a theoretical concept via conducting a case study by which the
results indicate the validity of a theory in an experimental environment and meeting a
predefined research goal. [25]

3) It has been explicitly mentioned in a paper that its research method is case study,
industrial experiment, academic case study or similar.

The industry studies are carried out in (collaboration with) industry and the rest are non-industry
studies (in academy or not stated)

Survey: survey is a research method where the researcher collects quantitative and/or qualitative
data by means of interviews and/or questionnaires. [5,17,24,26,27] conducting a survey using
interview as its data collection tool has some advantages over the questionnaire based surveys
such as higher response achievement, more precise responses (fewer number of responses such
as “l don’t know”) and possibility of observing for interviewer.[17] * A survey is often an
investigation performed in retrospect, when, a tool or technique, has been in use for a while.”
[17,28] Papers that will be assigned to this category might use different tools for their surveys.
Even in some cases the survey is accompanied with another type of research method such as case
study or controlled experiment. For instance it’s possible to use a controlled experiment to
collect information for a specific survey. Survey could be used to give a snapshot of the current
status situation. [17] Surveys do not offer a better understanding for a specific sample; instead
they help in understanding the population which the sample has been drawn. [113]

Controlled experiment: if the author has conducted an experiment with a predefined design and
has control over the experiment (has set the factors of the experiment and wants to check the
results) it should be categorized under this research method. “Experiments are normally done in
a laboratory environment, which provides a high level of control. When experimenting, subjects
are assigned to different treatments at random. The objective is to manipulate one or more
variables and control all other variables at fixed levels” [17] One example could be dividing
people in different groups and doing some experimental investigations by for instance teaching
one group and not teaching the other and then asking both groups to carry out a similar task.
Also if it has been explicitly mentioned in the paper that it uses controlled experiment, the paper
belongs to this category.

Industry report: The paper is an industrial report if it meets one of the following conditions:

1. It has been explicitly mentioned in the papers that this is an industrial report or a report of
results/lessons learned/experiences from and industrial experiment/project

2. The paper doesn’t mention any research method explicitly but is result of an industrial
experiment with no predefined research questions. “Therefore, instead of creating a
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category “N/A”(research method is not applicable), we added this category as it complies
with the “Project monitoring” method described by Zelkowitz and Wallace”. [25]

Design of system/solution/method/model: A paper belongs to this category if the author has
suggested a framework, model, guideline, and method that can be used by other researchers or
practitioners in the area to use in their research work. For instance one can give a framework for
researchers working with a specific topic in the area which has been examined in several
research projects earlier. This category mostly includes papers that have some practical/empirical
background or evidence for their suggested system/solution/model or framework. For instance
they might conduct a case study to evaluate their suggested model or implement it.

2.5.4.2 Theoretical

If the author has reviewed some theoretical concepts or suggested some theoretical solutions
with no empirical support the paper belongs to this category. The difference between this
category and Design of system/solution/method/model is the practicality of the suggestions. For
instance it’s common that in the latter case authors give some practical examples of their
implemented/partially implemented solutions while this is not the case for theoretical studies.

255 Human Role (P5)

Another aspect of the human factors studies in software development process is to investigate
which role human has when researchers study and discuss human factors. This category is
closely related to different software development phases, project management and research
methods. For instance in Design and RE phase the focus is on user or customer perspective while
the implementation phase focuses more on the developer role. Thus it’s good to identify these
different perspectives and see how they are related to a specific software phase or management
issue. The human roles that have been considered in the extraction form are: Customer/ user,
Developer/Programmer/Designer/System analyst and Manager.

Customer role is defined to cover those papers where their focus is on customer, Customer
Relationship Management, Customer satisfaction and etc. In this category customer have major
roles in different phases of development process beginning from the early phases such as
Requirement specification and ending with late phases such as maintenance and customer
support.

Developers have a major role in development process and can be referred to with various terms
such as programmers, system analyst, testers, designers and etc. In this category developers are
the focus of the papers where researchers discuss their cognitive, psychological and managerial
issues during the development process and how they affect the process and its performance. For
instance training, learning styles and Software Process Improvement are closely connected to
this category.
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Researchers tend to address different types of managers in development process carrying from
CIO and project manager to team manager and project owners.

As human is an important factor in this systematic review, it’s of interest to know how these
different roles have been addressed by researchers and how researchers see human being
involved in the development process. These subcategories can help to see how researchers see
human involved in the development process and which is the most focused role.

2.5.6 Level of human factor focus (P6)

Another property is the level of human factors in each paper. SE researchers have published
several papers, which can be divided in three subcategories:
e Individual: this subcategory covers individual related human issues to SE/software
development.
e Interpersonal: this category is related to human issues among individuals affecting or
being affected by SE or software development process.
e Organizational: Organizational subcategory includes human factors and issues related to
organizations and working environments.

As mentioned earlier human has different roles in software development process. For instance
some papers have studied individual aspect of human factors in software development such as
development skills, satisfaction, productivity and SPI while others have discussed organizational
factors having impact on the process, its productivity and success. Interpersonal level is more
related to the communication, collaboration and cooperation among individuals in a development
team and how it affects the overall success or productivity of the development process.

Individual subcategory has a narrowed down focus on individual aspect of human and
organizational factors including individual characteristics, personalities, human psychology,
cultures, decision making, managers’ management skills (individuals), Personal Software
Process(PSP), and individual learning and improvement.

Interpersonal subcategory is the domain of research where human factors in software
development have been studied from group/pair working pint of view. Some of the main
concepts/ issues that are of interest for this project pair programming, cooperation, team work,
multicultural environments, group learning and evaluation, productivity, group innovation and
efficiency.

Organizational subcategory covers the research related to human factors from organizational
point of view such as management and decision making in organizations, staffing, organization
environment (multi-culture), industrial issues, etc.

As some researchers consider all these levels in their studies a subcategory called “all” has been
added to the form. Some papers of the database do not focus in any level or it cannot be derived
from the paper which level of human factor it’s addressing. Hence, *“unknown” field has been
added as well.
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257 Publication Year (P7)

The last property helps to identify the search improvement in recent years as it’s a snapshot of
the current search on human factors in software development process and SE. This property has a
predefined list of values from 2000 to 2010. This period has been chosen to give a sense of the
current status of human factors in software engineering research. As mentioned before Journal
papers are considered in this systematic review. This property helps the reader to see the
improvement and lack of research in different stages of this period. The idea behind this property
is to highlight the need of more studies in the area of human factors in SE by showing the
research improvement over the recent years. Moreover this property highlights the gap of
research in this period.

These properties (P1-P7) should be extracted from the papers and be categorized based on the
details of each property.

2.6 Assessment of Searchability

Study Quality Assessment (Step 8) is conducted to evaluate the validity of the retrieved studies
in the area. As it has been concluded by Staples and Niazi [14] it is very challenging to
determine in what level the validity threats have been addressed by the authors of the papers.
However, this is not the only subject of the quality assessment process. Subsequently, quality
assessment is modified to another level of assessment in this project which is more based on the
author’s judgment about the studies based on papers keywords, abstracts, titles and contents
(searchability assessment). To do so several questions were designed and added to the end of the
extraction form. These questions were designed based on the results of the early readings in this
project. For instance there were many papers in this area that did not have the expected keywords
and could not be retrieved with the search strings designed for this systematic review. These
questions (in the form) were yes/no questions but during the assessment some information were
added which were useful for the analysis and conclusion phase. “Partially” column was added
for those papers that were in the middle. Following table (Table 7) includes these assessment
questions.
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Table 7, Quality Assessment Questions and Results

| Search Ability Assessment Questions

Aim

Q1. Has author keywords similar to human factors in software
development/SE, human issues in software development/SE, human
centered software development/SE
cognitive/psychological/interpersonal/individual/organizational/managerial
issues been used?

To check author’s
keywords and how
they  match  the
keywords of this
systematic review.
To determine the
difficulty of search
and retrieval of these
papers when
conducting a
secondary study in a
relevant area.

Q2. Is the abstract searchable about the topic: human factors/issues/impact
in/on software development/ SE?

To evaluate the
abstracts of the
papers according to
topic/area keywords

Q3. Does the abstract include the keywords: Human factors, human aspect,
cognitive issues, software psychology, management issues, organizational
factors/issues/impact, human factors in software development/SE, human
issues in software development/SE, human centered software
development/SE, and interpersonal/individual/organizational/managerial
issues?

To check whether
the abstract has
expected/relevant

keywords to enhance
the other researchers
when searching via

various databases
base on their
abstracts.

Q4. Is the title searchable about the topic? : Does it include human
factors/issues/impact in/on software development/ SE?

To evaluate the titles
of  the papers
according to
topic/area keywords

Q5. Does the title include the keywords: Human factors, human aspect,
cognitive issues, software psychology, management issues, organizational

To check whether
the topic includes
any related
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factors/issues/impact, human factors in software development/SE, human | keywords or not.

issues in software development/SE, human centered software This is also useful
development/SE, and interpersonal/individual/organizational/managerial for other researchers
issues? and reviewers as

generally their first
search is by title,
abstract and
keywords.

2.7 Validity Threats

Last phase of the systematic review model suggested by Kitchenham [7, 12] is to study validity
threats to the conducted systematic review by considering various threat sources and aspects.
These threats vary from Investigator Bias, Publication Bias, to Primary Studies related threats
and Data Extraction Consistency threats. This phase will be explained in more details in chapter
4.

29




3 ANALYSIS AND RESULTS

In this chapter the result gained by previously explained systematic review step (data extraction,
Step 8) have been analyzed and discussed. First a short overview of the included papers and
their general characteristics are discussed. This is followed by the results and analysis related to
each research question.

3.1 Overview of the studies

As mentioned in previous chapter, total number of papers included in the data extraction phase
was 70. Three papers [49, 59, 67] were excluded as the author couldn’t get the access to the full
text. The analysis in this chapter is based on the data extracted from 67 remained papers that
were fully read.

In this section a general overview of studies related to properties of interest is presented.

3.1.1 Study context (P3)

As previously explained in sections 2.5.3, papers which were not related to organization or
management were excluded. After the extraction, out of the remaining 67 papers, 42(62%) were
related to process, 6(8%) were related to product, 46 (68%) were related to organization and
finally 58 (86%) were related to management. (Figure 4) As it can be identified these figures do
not add up to 100% which is a result of high overlaps among these categories. A schematic view
of papers context and its categories has been illustrated in Figure 4.
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Context and Categories
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Figure 4, Context and Categories

There are some overlaps among these categories. The pairs and triples of overlaps have been
illustrated respectively in Figure 5 and 6. In this study we only look at the two mentioned
categories (Organization and Management) and their overlaps with each other and the two
excluded categories.
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Figure 5, Overlaps among Context Pairs
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As it can be observed from Figure 5, the highest overlap is between Process and Management
which is similar to the one between Organization and Management. Also the lowest overlap is
between Product and Organization. Following figure (Figure 6) illustrates context triples and
their overlaps.

Context Triple Overlaps

Process & Process & Process & Produc &
Product & Product & Organization &  Organization &
Organization Manegement Manegement Management

B No. of Overlaps

Figure 6, Overlaps among Context Triples

As it can be observed from figure above (Figure 6) the highest triple overlap is among Process,
Organization and Management (20 papers) which is the focus of this project. Overlap among all
of the categories is very low (2 papers). These two papers [43, 62] discuss more general terms of
all categories and do not go into any details.

3.1.2 Level of Human Factor Focus (P6)

As it was explained in section 2.5.6 another interesting property is the level of human factors in
each paper. This property was assigned to three predefined values: Individual, Interpersonal and
Organizational. Based on the data extracted from 67 papers in the data extraction phase, the
focus of most studies has been on individual aspect of human factors (76%) followed by
organizational aspect (71%). Consequently the least focused level is interpersonal (38 papers,
56%) which is also a good percentage. However, 25 papers discussed about all these levels and
as it can be observed in Figure 7, have been included in “all” category. Among these papers there
were some studies where the level of focus could not be interpreted. As it can be observed the
figures do not add up to 100% which indicates an existing overlap among pairs of this category.
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4 papers between organizational and interpersonal aspects, 14 papers between organizational and
individual aspect, and finally 5 papers between individual and interpersonal aspect have
overlaps. They were categorized under “unknown”. Figure 7 illustrates the categories and the
amount of papers in each one.
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Figure 7, Level of Human Factor Focus

Papers assigned to Individual category, generally discuss individual aspects of human factors
effect on the development process. Psychological issues such as personality types,
characteristics, mentality patterns, judgment, bias and motivations, cognitive issues such as
learning skills and styles, abstract/reflective thinking, knowledge sharing, PSP (Personal
Software Process) training and individual process and improvement, estimation skills, customer
satisfaction and management skills are the centre of focus in this level.

Interpersonal related papers address issues that are related to the communication, collaboration
and cooperation of people when performing in a group, when working in an organization and
how these communication issues influence the development process. Group work, Pair
Programming, group psychology, knowledge sharing, group learning, multicultural environments
and groups, group training, innovation and group performance and productivity are the most
common discussed topics among these papers.

Papers in the Organizational level, discuss human factors involved in organizational level of the
development process. Staffing, organization environment (work environment), training classes
and workshops, management issues, cost estimation and scheduling, organization and project
planning, traditional/ preplanned organizations and agile organizations are the most addressed
organizational issues and human factors.
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This category (context) is closely related to the management category specifically people
management and people issues/human factors subcategories. More information about the details
of these factors is explained in section 3.3.

3.1.3 Publication Year (P7)

When reviewing the publication year of the papers (P7 in section 2.5.7) some interesting figures
and results show up which highlight the lack of research in some period and its growth in
another. This can help as a good guideline for future research in the area. As it has been
explained in section 2.5.7 studies that were selected for the data extraction have been published
within the last ten years (2000-2010). Among 67 papers, a total of 28 papers (41%) were
published during the first 5 years (2000-2004) and 37 papers (55%) during the last 6 years (2005-
2010).

The highest number of papers (9) was published in 2002 and the least (2) was published in 2006.
Figure 8 shows a schematic view of the distribution of papers according to their publication year.

Distribution of Papers According to
Publication Year

B No. of papers
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Figure 8, Distribution of Publication according to Publication Year

As it can be observed from figure above (Figure 8) during the last 4 years 28 papers have been
published and the number of publications in each year has grown. These figures indicate a
growing research interest in this area during recent years, which can invites more researchers to
conduct research projects within the area of software development human factors.

In the following sections (3.2 to 3.6) the results of the data extracted for each research question
has been summarized followed by the relevant analysis and discussion.
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3.2 Software Development Lifecycle Phases (RQ1)

As mentioned in previous chapter first research question of this project is to investigate the human factors
and their effects on different software development process phases. To do so this project used the
SWEBOK [125] (Appendix A) and investigated human factors related to each phase and its subcategories
and their effects in the covered journal papers. This section summarizes the results and analysis related to
the first research question.

3.2.1 Results

As the goal of this project was to identify human factors in software development process,
consequently one sub goal of the project was to find the most and least discussed development
phases and their relevant human factors. The purpose of this research question is to help the
researchers see the connection between the development phase and human factors and identify
which phases focus least/most on HF. The results have been summarized in Table 8. Based on
the SWEBOK [125], development process includes 5 main phases (Requirement Engineering,
Design, Implementation, Test and Maintenance) which will be analyzed respectively in section
3.2.2.

Table 8, Development Phases

Software Papers Frequency
Development

Phases

Requirement [33],[35],[371.[47],[50],[51],[52],[66].[72], [571.[32], 45
Engineering [60],[48].[38],[70],[41],[43],[44], [53].[55].[63],

[65],[68].[69].[73].[741.[75],[76] [77].[79],[80],
[81],[84],[85],[88],[30],[91],[92],[93].[96],[97].[99],
[100],[101],[102]

Design [33],[351,[47].[511,[72].[32],[48] [38],[70],[39],[40] |35
[41],[43],[44].[46] [53],[54],[55],[78].[56],[58].[61],
[68],[691,[71].[741,[75].[761,[77].[81] [30],[93]
,[96],[99],[102]

Implementation | [35],[37],[47],[50],[51],[66],[72],[32],[60]1,[36].[38], | 31
[701,[39],[40],[41] [43].[44],[53].[55].[62],[68],
[69],[741,[751,[761,[771,[791,[871,[99],[97],[100]

Test [331,[35], [511,[361,[38],[701,[40],[41],[43],[531.[55],[5 | 25
61,[63]1,[681,[69] [71],[741,[75],[84],[881,[30],[93],[95]
[99], [100]

Maintenance [35],[50],[48],[60],[36],[38],[70],[39],[401,[42],[43] | 21
,[53],[55],[62],[63][68],[69],[74],[75],[76],[83],[30],
[100]
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“Requirement Engineering” is the most studied development phase from human factors
perspective (45 papers, 67%), followed by “Design” and “Implementation” respectively 35
papers (52%), and 31 papers (46%). “Maintenance” is the least studied development phase;
covered by 21 papers (31%).

Following figure (Figure 9) illustrates the distribution of papers according to the development
phases. 11 papers are in common among all the development phases indicating their general
perspective to the development process. 26 papers overlap between Requirement Engineering
and Design, 26 papers between RE and Implementation, 20 between RE and Test and finally 17
between RE and Maintenance overlap. 22 papers overlap between Design and Implementation,
20 between Design and Test and 16 overlap between Design and Maintenance. 16 papers
between Implementation and Test, 18 between Implementation and Maintenance and finally 15
papers between Test and Maintenance overlap. As it can be observed the highest overlap is
among both RE and Design and RE and Implementation.

Software Development Phases

l :
l B No. of Papers
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Figure 9, Software Development Phases
3.2.2 Analysis and Discussion

Development phases are more often discussed in general terms within the papers reviewed by
this project. For instance a paper by Luiz Fernando Carpets et al. with a title of “Making Sense of
Software Development and Personality Type”[32] discusses different personality types and how
they match a specific development phase or career. This paper discusses development phases but
does not specifically go into any detail for these phases. A high proportion of the papers in this
category (Software Development Phases) are of this type. Although this is almost what has been
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expected from the beginning of the project as the research questions of this review do not aim for
technical details of development process.

Requirement Engineering: Requirement engineering phase was divided into two main
subcategories based on the SWEBOK [125] that the extraction form was developed upon. These
subcategories are Requirement Analysis and Requirement Validation. The papers in this area
were mostly about requirement specification (22 papers),
[57,33,50,51,52,44,53,66,76,77,85,88,30,91,92,93,96,99,100,101,102] elicitation (10 papers)
[48,38,70,44,63,65,73,80,81,30] and negotiation (4 papers), [37,51,57,102] which are more
related to the Requirement Analysis subcategory. The rest of the “Requirement Engineering”
related papers were about change requirements (4 papers), [30, 49, 60,101] that can be
considered as requirement analysis as well. There is one other group of papers in Requirement
Engineering (16 papers) category which does not include any detail for this phase but as the
paper has a general view over most of the development phases, this paper has been marked to be
under this category as well.

Requirement Elicitation is the first phase of Requirement analysis which addresses the process of
deriving the system requirements by observations, discussions with users and task analysis [16]
The most discussed issues in Requirement Elicitation are cognitive/psychological issues (7
papers) followed by group work, collaboration and communication aspect of requirement
engineering (5 papers). Communication issues are not only related to the communication among
developers and system analysts but also consider communication with the customer and their
participation while conducting requirement engineering. Generally papers related to this phase
discuss customer centered development process and how to meet their demands.

During the Requirement Specification, the collected information is translated into a document
used for the rest of the development process [16] Table 9 gives more information on
Requirement Specification related topics.
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Table 9, Requirement Specification

Topics Papers Number
Meeting user requirement | [50], [51] 2
specification

Cross organizational | [76] 1
requirement specification

Multi site Requirement | [57],[102], [76] 3
engineering challenges

Early requirement study in | [44],[52],[53].[33] 4

planning (initiation and scope
definition of projects)

Personnel training , cost and | [77],[50],[52] 3
time requirements

Human resource requirements | [66],[88] 2
Psychological and | [44],[53],[85], [96], [37], [88], | 11

management issues in | [30], [91], [92], [99], [100]
requirement specification

Team work, collaboration and | [99], [33],[37], [51].[57].[88] |5
communication

Cultural issues in requirement | [57],[77] 2
specification and engineering
Documenting, user | [57],[50],[53] 3

participation in requirement
specification

Agile requirement engineering | [30],[88],[75].[80] 4

Design requirements [93] 1

To summarize most papers related to requirement specification cover management and
psychological issues involved in requirement engineering documentation and specification (11
papers) followed by team work and communication (5 papers).

Requirement Negotiation is another subcategory of the “Requirement Analysis” that it’s relevant

papers cover requirement engineering issues related to the negotiation process of the requirement
engineering. Papers and their main focused topics have been listed in table 10.
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Table 10, Requirement Negotiation

Topics Papers Number
Communication medias and | [57],[102],[37],[51] 4
requirement negotiation

psychological issues [37],[57],[102] 3
Distributed group meetings | [37] 1
and negotiations

Negotiation in Geographical | [57],[102] 2
distributed development

Common understanding [57] 1
Users participation in | [57] 1
requirement engineering

Cultural diversity [57],[102] 2
Management  issues  and | [57],[102] 2
steering

As it can be observed the most discussed topic in this subcategory is communication and
negotiation tools (4 papers) among stakeholders distributed geographically, etc. This is followed
by psychological issues (3 papers) mostly related to the effects of (virtual) media enhanced
communication and face-to-face communications. Cultural diversity is another affecting issue
when negotiating the requirements among stakeholders. Perceptions and interpretations vary in
different cultures.

As explained in previous chapter Requirement Validation is the process of checking the
requirements documents and specification with users to reveal the errors and confusions. There
was only one paper to the best of our knowledge that could be assigned to this category and
discussed the goal review and validation and acceptance test [86].

Design: Design phase is the second most discussed phase in the area of Software Development
Human Factors based on this systematic review (35 papers, 52%). This is indicating the effect of
human factors involved in design phase from researchers’ point of view. One of the most
published topics in the area of design and human factors is HCI which was extracted earlier in
the primary study selection as it was mainly about the interaction of software/ system with
human. The remaining papers were divided into three subcategories: Architectural styles, Design
patterns and Software design methods. As some papers are of general nature a high number of
the papers in Design category has not explicitly mentioned details about the three mentioned
subcategories. Data that could be categorized is explained in more details in Table 11.
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Table 11, Design

Topics | Papers Number
Architectural Styles
Use of design documents | [81] 1
during the design phase
Design and software related | [43] 1
courses
Customers satisfaction [43],[61] 2
Architecture level reliability [71] 1
Design Patterns
Cross organizational business | [76] 1
process design
Usability, user centered design | [93],[78],[46],[56].[72],[40] 6
Test driven design patterns [30] 1
User involvement and iterative | [33] 1
design
Design Methods
Object  Oriented design | [33],[39] 2
methods
Component based design [38] 1
Design methods (OO0, | [39],[33] 2
procedural design)
Use of components in reuse | [38] 1
and integration

Implementation: Implementation is the third phase of software development which according to
the SWEBOK includes three main subcategories: Construction for verification, Coding and
Reuse. As it can be interpreted from the subcategories, this phase includes technical issues such
as programming languages, integration testing, platforms, etc. This phase is the third most
discussed phase in resource papers of this systematic review (31 papers).

Some of the articles in this phase are guidelines for practitioners and developers, case studies
carried out while developing special software in an organizations, proposals, reuse guides related
to problems identification while implementing software in an organization. 16 papers of the
implementation category had overall view about this phase and did not include any detail to
enhance categorizing them under these mentioned subcategories.

The least discussed implementation subcategory/topic was Constructing for Verification (4
papers). Among the remaining papers the most discussed subcategory was Coding (13 papers).
Team work, collaboration and psychological issues are the most common topics in Coding
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subcategory. Reuse is the second frequent topic in implementation category (8 papers). More
details on papers in Coding and Reuse categories and their addressed topics are listed in Table
12.

Table 12, Coding and Reuse

Topics \ Papers Number
Coding
ERP customization, | [35][62] 2
adaptation and
implementation
Personal Software Process [77], [41] 2
Teamwork and pair | [79],[87],[100],[62],[66],[72] 6
programming
Component based coding [38] 1
Cultural issues [38][62] 2
People characteristics, | [33],[44] 2
psychological and cognitive
issues
Reuse
ERP reuse, customization, | [35][62][60] 3
adaptation, flexibility
Cognitive issues and | [35][38][41][44][62] 5
psychology
Management issues [74] 1
Reuse and integration | [35][38] [60] 3
management
PSP modifications for reuse [41] 1
Software reuse in | [51] 1
organizations and legacy
issues

Test: Most papers in this phase look at human as imperfect creature making several mistakes and
errors in all process. Consequently human error rate, performance test, usability test, integration
test are the most common topics in this area. 25 papers in software development phases were
related to testing. Among these, 13 papers had more general description and did not include any
specifications/details about this phase. According to the SWEBOK][125] (Appendix B) Test
phase has three main subcategories: Test levels, Objective of Testing and Techniques based on
the nature of the application.
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Test Levels: This subcategory discusses more about the level of test in the development process.
It can be unit testing, integration testing, early testing or system testing. Papers in this
subcategory mostly discuss unit testing and its related acceptance testing. Other levels of testing
addressed by studies are integration testing, early phase and configuration testing.

Objectives of testing: This subcategory is the most common test subcategory (8 papers) including
papers on testing quality and performance, acceptance testing, reliability testing and strategic risk
management, usability testing and regression testing.

Techniques based on the nature of the application: only two papers were related to this
subcategory. These papers discussed component based testing and object oriented testing. List of

papers related to test category and their topics is presented in Table 13.

Table 13, Test

Topics | Papers Number
Test Level
Acceptance testing [35] 1
Integration testing and risk | [38] 1
management related to Of The
Shelf components
Early phase testing and | [36] 1
configuration testing
Obijectives of Testing
Testing quality and | [84][99][56] 3
performance
Acceptance testing, regression | [63][30][95] 3
testing
managerial and psychological | [30] [99][95][56][63][40] 6
issues
reliability testing and strategic | [71] 1
risk management
Configuration testing [36] 1
Usability testing [40] 1
Techniques based on the nature of the application
Component based testing [38] 1
Obiject oriented testing [33] 1
Rapid software development [38][33] 2
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Maintenance: The last and the least discussed phase is maintenance (21 papers). According to
SWEBOK [125], Maintenance covers three subcategories: Categories of Maintenance, Process
and Techniques for maintenance. Among the papers in this category 11 papers have overall view
about the maintenance phase and do not specify any details related these subcategories. The
remaining papers mainly cover maintenance issues related to reengineering, maintenance
acceptance, modification implementation, evolution related maintenance, change management,
etc.

There were several papers related to Process and Techniques for maintenance subcategories
discussing various maintenance issues. These topics and their related papers are listed in Table
14,

Table 14, Maintenance

Topics | Papers Number
Process

Modification implementation | [35][36][60][62] 4
Maintenance acceptance [63][30] 2

RE process implementation [50] 1

ERP modification and | [35][62][80] 3
adaptation

Configuration ~ management | [36] 1

and its  similarity to
maintenance

Management and | [62][60][63][30] 4
psychological
Process implementation [60] 1
Agile  implementation  in | [30],[75][80] 3
traditional organizations
Software process | [50] 1
improvement

Techniques for Maintenance
Reengineering and change | [39][48][60][30] 4
management ) ERP

reengineering, preplanned and
agile organization change
management
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3.3 Project Management (RQ2)

According to the goal of this project and based on the papers retrieved in this systematic review
another aspect of human factors in software development is project management. SWEBOK
(Appendix B) was used to identify the main subcategories related to management issues in
software development. SWEBOK defines 6 main categories for Software Engineering
Management: Initiation and Scope Definition, Software Project Planning, Software Project
Enactment, Review and Evaluation, Closure and Software Engineering measurement. Each of
these categories was related to project management phases extracted from [20,21] supporting
more details and information about the management issues involved in software development. In
this section first the results extracted from papers related to management issues are reviewed
(section 3.3.1) and later each subcategory is analyzed individually (3.3.2).

3.3.1 Results

Results from the data extraction of papers show that the main project management subcategory
discussed by researchers is Software Project Enactment/execution (67 papers, 100%). The
second most discussed project management subcategory is the combination of Initiation and
Scope definition and Software Project Planning (60 papers, 89%). These two subcategories were
decided to be merged in one phase in this systematic review based on the discussions with an
expert in the area and difficulties of distinguishing between planning and initiation related
activities. The least discussed project management subcategory is Closure (1 paper, 1%) which
shows that more research is needed in this area software engineering management. Table 15
includes the list of papers for each category of project management and their frequency.
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Table 15, Software Engineering Management Papers Distribution

Software Papers Frequency

Engineering

Management

Initiation and Scope | [33],[34],[51][52][57][66][32][70][86][41][54][55][61] | 60 (89%)

Definition & [65]1[69]1[71]1[731[75][79][80]1[81][83][84][851[88]1[30][

Software Project 90]1[92][93]1[95][96][971[98][99][100][101][102][50][6

Planning 0][36][39][46][53][78][62][63]1[74]1[76][91]]38][44][58
1[771[82][871[35][371[72][58][771[48]

Software Project [33], [34] [35] [37] [47]1[50][51][52] [66] [72][57] | 67 (100%)

Enactment/Execution | [32][48][60][36][38][70][39][86][41][43][44][46][31][
53][54][55][78][56][58][61][62][63][65][68][69]1[74]1[7
51[76][771[79][80][81][82][84]1[85][871[88][30][90][91
1[92][93][95][96][97][99][102][71][40][42][64][71][73
1[98][101]

Review and [47][50][51][65][68][79][90][97][101] 8 (11%)

Evaluation

Closure [42] 1(1%)

Software Engineering | [33] [34][37][47][52][60][39][86][40][41][42][43][46] | 38 (56%)

Measurement [31][53][54][56][58][61]1[65][691[ 71174117511 771[79][

81] [83][84][85][87][30][90][91][98][99][100][101]

Following figure (Figure 10) has a schematic view of the distribution of papers among the
project management subcategories.
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Figure 10, Software Engineering Management

These figures show a need for research in the area of Review and Evaluation and Closure. As the
two mentioned software engineering management categories can help in improvement of the
development process and its efficiency, there is a need for more studies on those phases and their
effects on the process improvement and customer management (marketing).

By following section (3.3.2) each category and its related subcategories, covered topics will be
explained and analyzed.

3.3.2 Analysis and Discussion

Software Engineering management /Project management is a human related factor in software
development process and has been of great focus by researchers in the area of software
engineering human factors. In this section each management category, subcategories and their
area of focus will be analyzed. This can be used as a guideline for future research work in the
area of Software Engineering Management.

Initiation and Scope Definition & Software Project Planning: As explained earlier due to the
proximity of subcategories in these two categories they were merged and considered as one. This
category is about the early management issues related to software development. 60 papers out of
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67 were related to this category. The main subcategories in this subcategory are Feasibility
Study, Risk Study, and Requirement Study/engineering, Cost Estimation, Scheduling, Resource
Allocation, Activity Planning/ Configuration Management.
Feasibility studies/Risk Studies/ Requirement Studies : 60% of the papers (35 out of 58 papers
related to the fist Software Engineering Management category) were related to Feasibility
studies/Risk Studies/ Requirement Studies. This makes this subcategory the second most
discussed topic in Initiation and Scope Definition and Project Planning. The main discussed topic
in this subcategory was risk study (19 papers), followed by requirement study/engineering (11
papers) and finally feasibility study (6 papers). Table 16 is a list of topics addressed by papers in

this subcategory.

Table 16, Feasibility Study, Risk Study, and Requirement Study/Engineering

Topics Papers Number

HRM, planning, professional requirements, | [52] 1

training needs

Feasibility study and planning capabilities, | [36][51][79][80][75][81][88] 9

team work, communication and leadership | [101][66]

Risk and requirement studies in agile and | [30][75][80][83][88] 5

preplanned organizations

Risk of change, flexibility [30][83][101] 3

Providers selection risk [91] 1

Cognitive and cultural issues [80][81][76][85][97][62][66] 8
[69]

Psychological issues [46][91][92][85][88][97] 11
[101][63][69][61][90]

Effects of risk and feasibility study on cost | [92][97][100][101][63][90] 6

estimation accuracy

Cross organization requirement studies [76] 1

Software bidding risk study [84] 1

Risk study related to information and | [85] 1

knowledge management

Risk study and awareness for software | [39] 1

reuse

Optimization based scheduling [62] 1

Process implementation risk study [50] 1
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User participation risks, usability risk and | [53],[78] 1
user management

ERP implementation feasibility study [62] 1
Priority and scope definition [65] 1
Early(architectural) risk study [71] 1

Cost estimation: CE is the most focused topic in the first software engineering management
category including 63% (37 out of 58 papers related to the first category). This can be due to the
impact of cost/effort and budget management and estimation on a successful software
development process. Only 15 papers are not common between the first subcategory (feasibility,
etc) and cost estimation. Most researchers discuss management and psychological issues leading
to wrong/over optimistic cost estimations which make the development process to be a failure.

Table 17 gives more details on these papers.

Table 17, Cost Estimation

confidence

Topics Papers Number
psychological and cognitive issues (bias, | [51][46][66][63][65][76][81] 21
anchoring, judgment, thinking styles, experience, | [83][85][30][90][91][92]
optimistic decisions, over confidence) [93]1[97]1[44]1[73][82][95][96][98]
Management issues [46][33][78][63][65][85][30] 18
[97][101][34][44]1[58][33]1[38]
[771[95][99][60]
ERP implementation cost estimations [60] 1
Productivity, performance [80][98][93][87][81][34] 6
Collaboration, communication and team | [80][99][87][51][65][100][34] 9
working, pair programming [33][60]
Personal Software Process and its effects on CE | [41][77] 2
Individual assessment and self training [41] 1
Cultural and organizational issues [66][78][83] [38][95] 5
Cost reduction and risk study [71][84][97] 3
Software biding [91] 1
COCOMO model and improving client | [101][34] 2
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Scheduling: 30 papers among 58 initiation and scope definition & software project plan related
papers discuss scheduling issues. All of these papers have overlap with previous mentioned
subcategories (a, b). Subsequently, they discuss similar planning and scheduling issues that have
been mentioned in two previous categories. Table 18 is a list of these papers and their topics.

Table 18, Scheduling

Topics Papers Number

Optimization based scheduling [61] 1

Team work and communication [80][99][87][65][100] 7
[33][60]

Cognitive and psychological issues [56][44][82][86][87][117][120] |11
[121][123][127][129]

Management issues [33][81][40][70][75][86][87] 9
[105][117]

PSP [27][105][131] 3

Performance [115][123] 2

Scheduling and planning issues in agile | [133] 1

development

As it can be interpreted from the topic mentioned above, cognitive issues, different management
and psychological issues and team work have been on focus in the papers related to scheduling.
Resource Allocation: 20 among 58 papers discuss resource allocation management issues. The

most common topic related to resource is human resource management and how managers
should improve developers’ performance and productivity by using different training methods,
increasing communication and group spirit among developers and their related management
challenges. More details on these papers is listed in Table 19.
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Table 19, Resource Allocation

Topics Papers Number

Human Resource Management (HRM) [52][66][46][55][58] 8
[69][75][88]

Professional requirements [52][66][55][69][81] 5

Training needs and resources [50][51][52][66][46] 8
[62][77][30]

Communication resources, resource | [37] 1

constraints

Collaboration, communication needs [51][72][55][65][75] 7
[88][81]

Role assignment [58] 1

Optimization based scheduling [61] 1

ERP [62] 1

Priority management and conflicts in these | [65] 1

priorities(cost, time, etc)

Work place/environment [75] 1

Activity Planning/Configuration Management: This subcategory of project planning is more
related to task and activity planning in early phases of software development process. This phase

leads to a more efficient and less time consuming development process.

25 papers have mentioned some configuration management related issues. Team work,
communication and collaboration are the most common factors when researchers discuss
configuration management or activity planning. More details on papers in this subcategory are

presented in Table 20.
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Table 20, Activity Planning/Configuration Management

Topics Papers Number

Task/role assignment [34][32][48][58][79] 5

Team work and communication | [34][35][37][51][72][3][102][36][70][65][79] 15
[80][83][88][30]

Virtual team working [51] 1

Management/Human Resource | [66][70][39][41][58][65][69][80][83][88][30] 12

Management [98]

Personal participation [57][102] 2

Configuration management in | [36] 1

Open Source Software

companies

Configuration management in | [39] 1

software reuse

Figurell summarizes the distribution of papers among Initiation and scope definition and

Software project planning.
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Initiation and Scope Definition & Software Project
Planning

B No. of papers

Figure 11, Initiation & Scope Definition and Project Planning (Software Engineering
Management first two phases)

As it can be observed from the figure above the most common topic is Cost Estimation followed
by Feasibility/Risk/Requirement studies. The least discussed topic is resource allocation which
indicates the need for more research in this area. However, there are different levels of resource
management to study such as Human Resource Management, Training Needs, Professional
Requirements, etc which have impact on the success level of a development process.

Software Project Enactment/Execution: This phase is the most discussed one among papers
reviewed in this study covering People Management, Risk Analysis and People Issues categories.
People Management: this level is the most common topic among the execution/enactment
related papers. This category includes 59 papers (88%) discussing different people management
issues varying from people/developers communication and relation in development groups and
teams, communication among different stakeholders in development process (developers,
managers, project owners, etc), people cognitive issues (thinking styles, learning, development
skills, experience ), training, human resource management and psychological issues (mentality
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patterns, personality characteristics, change resistance, motivation, commitment, independence,
rationality ), to management issues (management challenges in implementing new
strategies/processes, steering, change management, risk management), role/task assignment,
Personal Software Process, Software Process Improvement, people performance in groups and
individually, efficiency, pair programming and impact of work/organization environment on
developers process. All these topics were almost related to all other categories defined here
(development phases, software engineering management, human role and research methods), as
people management is one of the main aspects of software development human factors and its
success. For instance the analysis reveals that in people management subcategory people can be
divided into three major groups: people as employees or developers, managers and customers.
For the latter case researchers are more concerned about the software development as a product
and focus on how to satisfy a customer but for the former case, management is more focused on
managing the group, individuals and improving people productivity.

Risk analysis/smanagement: 13 papers of the total number of 67 Software Project
Enactment/Execution belong to the risk analysis/management category. This category includes
papers that discuss the risk studies, analysis and management during the software development
process. This category is closely related to the risk study category in the first two Software
Engineering Management phases. These papers and their details are listed in Table 21.

Table 21, Risk Analysis/Management

Topics Papers Number
Early risk analysis and | [60][75][30] 3
management, Risk study and

cost estimation, change risk

management

Failure risk management [60] 1
Configuration ~ management | [36] 1
risk analysis

Risk analysis in choosing Of | [38] 1
The Shelf components

Risk analysis related to | [30] 1
process management

User participation risk | [78] 1
analysis

Risk analysis related to | [78] 1
cultural issues

Cost Estimation risk studies [63][30][90]1[92][97] 5
Scheduling related risk | [63][30][90] 3
management

Group and individual risk | [69][75] 2
management
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Uncertainty management and | [63][69][30][90][92][97] 6
analysis related to human

judgment

psychological an cognitive | [69][75] 2
issues

software bidding risk | [62] 1
management

Effects of lessons learned in | [97] 1
risk and uncertainty

assessment

As it can be observed among the risk related topics the most common one is Cost
Estimation/Effort estimation, its risks and the negative impact on the estimation accuracy [122].
People issues/human factors: this category covers management human factors during the
software project enactment/execution that have not been covered by the previously mentioned
categories (people and risk management). However, these three categories have a very high
overlap. Only 6 papers in this category are not covered by people management and risk
management categories, 57 papers are common between people management and people issues
and 12 papers are common between risk management and people issues. Hence, in this part the
uncommon papers (6 papers) among these categories have been brought and referred to, for
decreasing the repetition of the similar topics. Table 22 includes a list of these papers with more
details.

Table 22, People Issues

Topics Papers Number
Human Cognition in | [40] 1
Technical Communication

Learning styles [42] 1
Behavioral and  cognitive | [64][73] 2
issues, human information

processing

Psychological issues in | [98] 1
planning and decision making

Client’s confidence [101] 1

To summarize people management is the most common software project execution management
issues that has been of focus for many researchers. However there are not enough research
papers related to risk management which highlights the need for more research in this area.

Review and Evaluation: this phase covers late management issues in development process and
software engineering. Reviewing feedback from different stakeholders and participants leads to
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improvement in the development process. Customer satisfaction, customer feedback, manager
satisfaction, customer confidence and similar issues are the main keys in the evaluation and
feedback phase. Although this is an important phase in management only 9 papers have
discussed it. A successful review and evaluation phase can lead to a great improvement in
Customer Relationship Management, marketing and development process and can offer lessons
learned for the rest of the developers and organizations. Among these 8 papers 2 papers could be
assigned to feedback category. [68][90] Topic covered by the papers in feedback category are:
Mentality feedback activity in which “team members provide evaluation and corrective
information to each other with respect to the mentality patterns and mentality principles already
established”[68], lack of feedback and its negative impact on effort
estimation(overconfidence)[90].

The rest of the papers in the review and evaluation phase discuss different issues such as impact
of employees’ participation in workshops and its effect on their use of electronic guides[47],
evaluation of implementing RE processes in organizations and meeting customer demands and
needs[50], evaluation of user requirements and cost-benefit analysis[51], reviewing and checking
the documents (requirement) with customers and evaluating their satisfaction before starting the
design and implementation process[79], evaluating the lessons learned session on effort
estimation and their comparison with on the job learning[97], software evaluation framework[65]
and evaluation of a 2stage model for effort estimation and project duration.

To summarize papers in this category are often concerned with customers’ needs, requirements
and a way of meeting them to increase customer satisfaction and confidence.

Closure: Among 67 papers only one paper [42] was related to closure management phase. This
paper is about software document design and considering users understanding and learning styles
in this process. This paper discusses improvement of usability of software documents and
guidelines for users with different knowledge/information in the area and learning styles. This
paper is theoretical which shows a great need for more empirical research on this phase.
Software Engineering Measurement: This phase is the last management phase according to
SWEBOK. (Appendix B) This phase is a management phase highlighting quantitative/qualitative
factors in development process leading to more successful, efficient and high performance
process. 38 papers have discussed measurement factors varying from quality, performance and
productivity to decision making, judgment, etc.

Some of the most focused measurement factors among these papers are: performance (20 papers,
52%), developers’ productivity (7 papers, 18%), quality (12 papers, 31%), usability (2 papers,
5%), effectiveness/efficiency (5 papers, 13%), control (1 paper, 2%), process improvement (1
paper, 2%), success and failure (4 papers, 10%), progress (1 paper, 2%) and motivation (1 paper,
1%). The most discussed measurement factor is performance which has been addressed from
individual and team work perspective. More details on these papers is listed in Table 24.

Management Challenges: This category has been added in addition to SWEBOK (appendix B)
to include the management issues and skills that have been discussed in management related
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papers. This category includes 54 out of 67 papers. A list of these papers with more details is

presented in Table 23.

Table 23, Management Challenges

Topics Papers Number
Risk management [36][71][84] 3
Configuration management, process | [47] 1
management
Organizational training management [66][70][62] 3
Personal management(group and individual) [66][37][55][69][81][87][88] 7
Management strategies (rewarding, etc) [66] 1
Quality management [33][77]1[83] 3
Cost and scheduling management [33][46][63][65][84][91] 6
Steering/management  skills, leadership, | [52][57][102][48][38][39][40][43] |13
decision making, analysis skills [46][62][63][79][80]
Organization environment/ office management | [72][54][55][78][62][69] 6
Change management and customization [35][50][66][60][36][70][33][41] 19
[55]1[78][62][75][76][80][83]
[30][97][100][101]
Innovation management [66] 1
Project management [48][63][74][76][99][100] 6
Distributed work management [36] 1
Intellectual capital management [36] 1
Knowledge management [57][70][102] 3
Global management [57][102] 2
Managers’ believes and awareness [39] 1
Procurement management [46] 1
Customer Relationship Management [53] 1
Priority management [63] 1
Conflict management [87] 1
Bidding management [91] 1

To summarize the most discussed management challenges are related to change management and

steering/management skills.
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3.4 Research Methods (RQ3)

This research question (RQ3) was designed to investigate types of research papers in the area of
Software Development Human Factors and the methods researchers use for conducting their
research projects. As this area is related to psychology, management and human factors, it was
expected to see more empirical methods that are common in these research fields. Research
methods in this research question were designed to cover most of the research methods in the
area. This was pursued based on the pilot extraction in this systematic review, use of research
methods description in a systematic review close to this project area of research [5] and
experimentation methods in software engineering [17]. These methods are mainly divided into
two main categories (Empirical and Theoretical). The Empirical category included Case Study,
Survey, Controlled Experiment, Industrial Report and Design of
System/Solution/Model/Method/Guideline. Table 24 includes a list of these papers related to
each method and their frequency.

Table 24, Research Methods

Research Methods | Papers | Frequency
Empirical (55 papers, 82%)

a) Casestudy | [33][34][47][50][51][66][57][60][36][38][70] 43
[40][41][43][44][31][54][64][78][58][61][63][6
8][69][71][76][77]1[79]1[81][82][83][85][88][30]
[90][92][93][96][28][99][100] [101][102]

b) Survey [33][35][37][47][51][52][66][72] [7][60][36] 26
[38][70][39][861[31][53][54][55][56][62][65]

[68][69][91][95]

¢) Controlled | [37][44][54][92][93][95][96][97][99] 9

experiment

d) Industrial 0

report

¢) Design of [501[52][66][721[57][36][38][70] (391 [A1][43][3 36

system/solutio | 1][54][78][56][58][61][68][691[71][73][76][77]
n/model/ [79][80][81][82][83][84][88][30][21][02][93] 1
Method 00][101]
Theoretical [35][32] [48][40][42][43][46][64][68][73][741[7 17(25%)
5][76][80][82][87][91]
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3.4.1 Results

Table 24 shows that Empirical research method (55 papers, 82%) is the most common one.
Several papers did not explicitly mention their research method but it was possible to interpret
from the paper. Some of the papers in each research method category are interpreted from the
text. Among the Empirical papers (55 papers), Case Study (43 papers, 78%) was the most
common type of research method. The second most common method was Design of
system/solution/model/method (36 papers, 65%). The least used research method is Industrial
report (0 papers) followed by Controlled experiments (9 papers).

3.4.2 Analysis and Discussion

Case study is the most common method among the papers used for data extraction in this
systematic review. This method was divided into two groups: industrial case study and non-
industrial case study. Based on the paper content and some information about the case study also
were extracted during the full text reading phase such as the number of case studies conducted in
each project/paper, Number of companies or people involved in the case studies and occasionally
duration of the case study. Among 43 case studies in this systematic review, 32 papers (74%)
used industrial case studies and only 8 papers (18%) were non-industrial case studies. There
were three papers which the type of case study could not be extracted or interpreted from

[54][71][93]. The results show that almost ¥4 of the case studies had industrial background and
support which is very promising. However the lack of non-industrial case studies in this area
shows that the human factors in software development process has been overlooked by academic
researchers. The most common topics investigated by case studies are
psychological/management, cognitive issues and team work, communication and collaboration.
Number of cases/companies, their size, names, and duration of these industrial case studies were
extracted if it was mentioned in the paper. This information has been summarized for each paper
in a table (Appendix D). Also if there was confusion in deciding about the paper research method
(case study, controlled experiment and survey) it has been mentioned in the table.

As it can be interpreted from the table most of the case studies have been conducted in several
companies, environments or multiple case studies have been carried out in a single organization.
As mentioned earlier only 8 papers were non-industrial case studies. Among these non-industrial
case studies 4 cases were multi cases or multi company cases [44][77][98][81] and two were
single cases in University of Southern California[30] and Southeastern Louisiana University
faculty[79].

For both industrial and non industrial case studies it’s more reliable when a case is conducted in
several/multi companies or several cases have been carried out in a single paper. This increases
the readers’ confidence when they refer to these papers or use them as a basis of their research.
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Survey: Survey is another common research method in empirical studies. When a researcher
uses questionnaire or interviews (semi structured, structured, web based, emails, etc) to collect
quantitative or qualitative information about his/her research question the papers is assigned to
survey category. [24,26,27]

As it can be observed in Table 10 survey is the third most common empirical research method
that has been used in 26 papers (47%). Among these papers 16 papers have explicitly mentioned
they have used interviews as their research tool for the survey. And among these 16 papers 3
papers have explicitly mentioned they have used semi-structured interviews [57][47][56]. For
one paper it can be interpreted that semi structured interview has been used by the researcher
[68] as it mentions the interviews were carried out occasionally during the coffee breaks and
meetings. There are one structured interview [39] and one consistent interview [60] among these
papers as well. The rest of the papers have not explicitly mentioned type of the interview they
conducted during their survey. These figures show that the most common type of interviewing is
the semi-structured interview.

Questionnaire is the other survey research tool used by 9 papers which had different types such
as web based questionnaire [31] and self administered questionnaire [55], scaling
questionnaire[66], and open ended questionnaires[60].

The number of respondents/organizations/ cases involved for the survey was not possible to be
extracted for all the papers as they didn’t mention any details of their survey. Although there
were several papers for which this data has been extracted and summarized in a table (Appendix
E)

As it can be observed in appendix E, most papers mentioned details about their surveys and only
4 papers didn’t. This can be a good factor for evaluating the reliability of these papers according
to the level of reference other researchers can make to the results of these papers as they have
explained details of their survey process and their sources.

Controlled experiment: This category was the hardest to find in papers as it was not explicitly
mentioned whether they have used this method or not. Subsequently most of the papers assigned
to this category have been decided by interpretation. Thus there is a possibility of wrong
assignment in this category. For instance there are some papers that could not be decided
whether they are case studies or controlled experiments. 9 papers were assigned to this research
method. Among these, 8 papers overlap with case studies and survey methods. Only one paper
[128] just uses this research method. In this papers the author has empirically investigated the
impacts of lessons learned sessions by dividing people into two groups, one participating in these
sessions and the other doesn’t. Then the author has asked both groups to carry out 5 similar tasks
and the paper is about the differences and similarities that have been made by the training
sessions. Although there are some papers based on the content of the paper assigned to both
controlled experiment and case study (5 papers) and controlled experiment and survey (3 papers)
This is indicating the need of more controlled experiments research in the area of Software
Development Human Factors. The most common subject that has been studied by controlled
experiment is Cost Estimation and its related psychological, cognitive and management issues.

59



Industrial report: The papers in this category must be a report from industrial experience which
explains the industrial case with no predefined research questions or do not mention any research
method at all. [25] Among the primary study selected papers in this systematic review, no paper
was found to use this research method.

Design of system/solution/method/model: This research method is the second most common
empirical research method used in 36 papers (65%). Papers using this research method offer
some type of solution, method, framework, guideline or model that can be used by other
researchers in the area. Among 36 papers, the most common type of solution is model (9 papers,
25%) followed by guideline (8 papers, 22%) and the least common solution type is method (2
papers) and metaphor (1 papers, 2%). A list of these papers (system/model/framework/guideline)
has been brought in Table 25.

Table 95, Types of offered solutions in Design research method

Paper Type of solution Frequency
[50][52][72][31]158][68][71][79][84][100] Model 9
[52][36][83][30][91] Framework 6
[61][73][76][91][66][39][43][54] Guideline 8
[36][70][82] Lessons learned 3
[38][78][92][93] Hypothesis 4
[39][30][101] Approach/proposal 3
[56] Metaphor 1
[68][71] Method 2

Theoretical: papers using this research method mainly discussed different concepts
theoretically. As mentioned earlier, among 67 papers, 17 papers (25%) have used theoretical
research method. This shows that most of the researchers in the area prefer empirical research
methods and support their research project with empirical data which increases the reliability of
their projects. These theoretical papers discuss various issues and concepts such as personality
types of software developers [32], IT, work centered organizations and leadership [48], technical
communications [40], cognitive issues [40,42,43],systematic review on CE[73],systematic
review about motivations of software engineers[74], agile software development] 75][80],
individual professionalism[82] and systematic study on pair programming human factors[87].

To summarize the answer to this research question (Research methods), the most common
research method is empirical and the most common empirical research method is case study.
Lack of empirical research methods such as controlled experiment and industrial reports
highlights the need for more research project using these methods.
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3.5 Human Role (RQ4)

Human role is an interesting factor in software engineering human factor research as it’s
interesting to investigate how researchers see human being involved in the development process.
This category is closely related to different software development phases and project
management. As it was explained in previous chapter the predefined roles were: Customer/user,
Developer and Manager. More details about the last role (manager) and other roles were added
during the extraction phase. Table 26 includes the papers related to each role and their frequency.

Table 26, Human Roles and related papers

Human Role Papers Frequenc
y
Customer/User [79][80][85][88][100][101][40][42][43][57]1[44][46][50][51] |23
[53][54][78][33][60][61][62][65][72]
Developer [731[741[75][76]1[77][79]1[80][81][82][83][84][85][35][87][8 | 63

8][30][901[92][93][95]1[961[971[98][99][100][36][101][102]
[371[32][39][86][40][41][57][42][43][44][46][47][48][50]
[51][52][31][53][54]1[55][78][56][33][58][60][61][63][65]
[66][68][69][71][72][34]

Manager [74][751[771[791[80][831[841[88][30][91][92][93][96][98] | 45
[36][99][100][102][39][861[401[41][571[46][47][48][49][51]
[52][54][64][55][56][58][33][60][61][62][63][65][66][68]
[69][34]

351 Results

Results gained from the 67 papers indicate that the most discussed human role is developer (63
paper, 94%) and the least discussed role is customer/user covered by 23 papers (34%). Figure 12
illustrates the distribution of papers according to human roles.
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Human Role

B No. of Papers

Customer/User Developer Manager

Figure 12, Human Roles
There were two papers [38][70] in which the human role couldn’t be extracted (manager or
developer were assigned to these two papers), therefore they are not included.
3.5.2 Analysis and Discussion
Customer: Customer related papers cover various customer related issues that have been listed

in Table 27.
Table 27, Customer

Topics Papers Number
User participation in software | [33][50][51][72][57][100] |7
development process and RE [102]

Customer satisfaction [53][102] 2
Customer behavior and related | [38][70][60][40][42][44] 9
design issues [46][78][56]

As it can be observed, customer role is more discussed in papers focusing on early Software
Development Phases (requirement engineering, design), middle and final phases of Software
Engineering Management (Execution, Review and Evaluation and feedback). This is due to the
user/customer involvement in the early phases of development to enable understanding of
customer needs and emergence of user centered development and design. Consequently this
leads to more customer satisfaction and confidence in the development process and better
Customer Relationship Management. From business and economical point of view Software
Development is successful if it meets customer demands and achieves customer
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satisfaction/confidence. However this role is the least discussed role (34%) and should be
considered by researchers.

Developers: Developers are the most focused role in software development human factors
research papers (94%) which is almost expected. This is due to dependence of software
development process on the individuals involved in developing the software. There are important
technical issues in software development but if the human aspects are not paid enough attention
the process won’t succeed. Researchers have focused on developer role in different phases of
software development process and software engineering management. Specifically middle
phases of software development (Design, Implementation) and Software Engineering
Management (Software Project Enactment/Execution) consider developer role. Design and
Implementation in development processes are completely dependent on developers and how they
conduct these phases affect the development performance, process productivity, effectiveness
and success. [31,32,55] Some studies have been carried out to investigate which personality type
matches each of the software development tasks. “By mapping soft skills and psychological traits
to the main stages of the software life cycle, the authors claim that assigning people with
personality types best suited to a particular stage increases the chances of the project’s successful
outcome.”[32] Also links between the personalities, views and attitudes of software engineers
have been studied which is more in individual level of human factors.[31] As these two are more
related to the execution management, software project enactment and management is the most
common management phase in papers which basically includes people management, risk
management and people issues. From management point of view it’s useful to know how to
manage developers to work individually or in groups with high performance, efficiency, while
considering communication, collaboration[36][53][54][74][75][87][37][66], sharing and
learning[57, 42], self assessment, cultural diversities, cognitive and psychological issues
(learning, thinking, judgment, resistance, personalities, etc). [31][32][55][96][42]These are the
most common discussed people management issues related to Developers.

Manager: Manager is the other human role that has been discussed by many researchers in this
area of research (45 papers, 58%). As manager acts during all phases of development process
and different activities from feasibility study, cost estimation and scheduling to change
management and steering, this role is expanded all over these phases. But as mentioned earlier in
this section, manager role has different types, which was expected to be extracted from each
paper during the full text reading phase. These management roles are Senior manager, Chief
Information Officer, Project manager, Function Manager, System Manager, Senior Manager,
Product Manager, Organization Manager, Team/Office Manager, Coordinator, Sponsor,
Organization/Project Owner, Support Manager (Customer Manager), Employer, Director, HR
Manager, Database Manager and IT Manager. Figure 13 illustrates distribution of papers among
different types of manager roles.
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Figure 13, Manager Types

Organization Manager and team/office manager are the second most mentioned (5 papers)
manager types in software development human factors research papers. As it can be observed
from Figure 13 High proportion of papers (20) are in “manager” column where the type of
manager could not be extracted and was concluded to be “manager”.

To summarize Customer/User is a common role in studies related to early phases of the
development (RE, Design) and also late phases of the project management (evaluation,
feedback). Developer role is mostly related to the middle phases of both project management and
development and finally manager role is a broad category covering most of the phases of both
categories.

3.6 Assessment of Papers Searchability

In this section the searchability assessment phase conducted during the full text reading has been
discussed. As mentioned instead of assessing the quality of papers, this phase is based on the
author’s judgment of papers’ keywords, abstracts, titles, thus assessing their searchability. This is
a carried out to examine other researcher’s possibility to search papers in the field. Five
assessment questions were designed to investigate the title, abstract and keyword searchability
papers of this systematic review. As explained in previous chapter, these questions were added to
the bottom of the extraction form and were answered while reading each paper. The answers to
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each of these questions could be yes, partially and no. Partially was used when the answer was
not even exactly 100% yes nor 100% no. Results of the searchability assessment for each paper
are summarized in table 28.

Table 28, Searchability Assessment Questions and Results

Quality Assessment | Yes Number | Partially Number | No Number
Questions
Q1. Has the correct [44][47][48][31 | 10 [38][70][86][52][55] | 15 [33][39][40] | 15
author keyword ] [78][56][58][60][66] [42][50][51]
(human factor in [64][65][68][74 [76][771[96][99][10 [61][62][69]
software ] 0] [71][72][73]
development and [93][97] [84][91][10
similar) been used? 1]
Q2. Is the abstract [571[38][32][39 | 24 [36][37][70][861[41] | 27 [33][34][35] | 16
searchable about the | ][40][43][44][4 [54][78][56]1[58]1[61] [42][471[52]
topic? 6][49][501[51][ [62][63][65][71][74] [53][73][75]
31][64][55][60] [76][771[79]1[80][85] [82][84][91]
[66][68][69][72 [30][90][92][95][96] [93][98]1[99]
1[811[83]1[871[8 [100][102] [101]
8][97]
Q3. Does the abstract | [57][38][32][39 | 25 [371[52][36][70][86] | 29 [33][34][35] | 13
include the keywords | ][50][51][66][7 [41][42][54][78][58] [471[53][73]
(Human factors, 2][48][60][40][ [61][62][63][65][71] [58][82][84]
human aspect, 43][44][46][31] [74][76]1[771[79][80] [91][98][99]
cognitive issues, [64][55][56][68 [85][30][901[92][95] [101]
software psychology, | 1[69][81][83][8 [96][93][100][102]
human centered, etc.) | 7][88][97]
Q4. Is the title [32][51][66][60 | 10 [571[36][40][41][42] | 15 [33][34][37] | 42
searchable? 1[431[44][46][5 [31][54][78]1[68][74] [47][50][52]
6][69]1[82] [751[771[87][90][10 [72][48][48]
2] [70][39][86]
[53][64][55]
[58][61][62]
[63][65][71]
[73][76][79]
[80][81][83]
[84][85][88]
[301[91][92]
[93][95][9€6]
[971[98][99]
[100][101]
Q5. Does the title [32][51][60][66 | 11 [571[36][40][41][42] | 14 [33][34][37] | 42
include the relevant 1[43][44][46][3 [54][78][681[74]1[75] [47]1[50][52]
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keywords? 1][56][69][82] [77][87][90][102] [72][48][38]
[70][39][86]
[53][64][55]
[58][61][62]
[63][65][71]
[73][76][79]
[80][81][83]
[84][85][88]
[30][91][92]
[93][95][96]
[97]1[98][99]
[100][101]

Total frequency 80 100 128

As it can be observed from Table 27 the highest proportion of the answers are no for all the
questions. This shows that authors did not use research keywords in their titles or abstracts which
could increase the searchability of their papers. The questions with highest number of “no”
answers are 4 and 5 (42 papers, 62%) which are about title and title keywords. This is indicating
that more than half of the papers that selected for this systematic review did not have searchable
titles which increase the difficulty of finding them. Figure 13 illustrates the results for each
research question regarding the searchability assessment of the papers.

Searchability Assessment Results
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used? about the important keywords?
topic? keywords?

Figure 13, Searchability Assessment Results
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As it can be observed from figure 13 the highest amount of “yes” answers is related to abstract
searchability and the least number of “yes” is related to both authors’ keywords and titles
searchability. Thus researchers aiming to conduct systematic reviews in this area have to
consider these searching issues in their search procedure.
The results of this phase show that a high percentage of the researchers in this area

¢ do not have keywords that would increase searchability

¢ do not include searchable keywords in their abstracts,

e do not consider these keywords when generating their papers titles

3.7 Summary of results

To summarize this chapter, the connection between different categories of the research questions
has been illustrated in Figure 14, 15 and 16 to illustrate how software development phase,
management and human roles are related. Figure 14 illustrates the connection between software
development and management phases.

Development Pahses and Software Engineering
45 Management

M Initiation and Scope Definition &
software Project Planning

B Software Project Enactment
(Execution)

[ Review and Evaluation

M Closure

[ Software Engineering Measurement

Figure 14, Software Development Lifecycle and Software Engineering Management
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As it can be observed the most common software development phase studied from management
point of view is Requirement Engineering and the least studied phase is Maintenance. Also the
least addressed management phase in different development phases is Closure. The most
common management level discussed in various development phases is Software Project
Enactment (Execution).

Following figure (Figure 15) illustrates the relation between human role and software
development phases.

Human Roles and Software Development
Phases

W Developer

M Customer

[ Manager

Figure 15, Human Roles and Development Phases

As concluded before developer is the most discussed human role in software development
phases. The highest level of “Developer” role has been addressed by papers is in Requirement
Engineering phase. The least discussed role is “Customer” which has been addressed in Test
phase.

Finally the last figure (Figure 16) illustrates the connection/relation between software
management and human roles.
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Software Engineering Management and Human Role
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Figure 16, Software Engineering Management and Human Roles

As it can be observed from the figure the most common role among software engineering
management phases is also “Developer” which has been mostly addressed by Software Project

Enactment (Execution). The least discussed role is Customer within the Closure management
phase.
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4 VALIDITY THREATS

In this chapter validity threats to this systematic review and its results will be identified and
discussed. The threats divided into four main categories Investigator Bias, Publication Bias,
Primary Studies Related Threats and Bias and finally Threats to Data Extraction Phase and its
Results. Each of these threats will be identified and discussed respectively in this chapter.

4.1 Investigator Bias

As this systematic review was conducted by an individual researcher, there is a potential of more
validity threats in comparison with systematic reviews conducted by several researchers, due to
the effects of individual judgment, bias, anchoring, and other types of investigator related biases
[101][40] on different phases of this systematic review. These biases could have affected primary
study selection and the data extraction phase, as well as its results which will be explained in
following section. However, different phases and results gained in this systematic review were
checked and approved by another researcher who has previously conducted systematic reviews
in similar areas to reduce this bias and threat. Every task has been carried out several times (if
possible) to make sure the results are similar to previous identified results. For instance abstract
reading phase was conducted several times to reduce the probability of making mistakes by
investigator. However it cannot be confidently claimed that these have solved the investigator
bias/threats but to some extent has reduced it.

4.2 Publication Bias

This bias is related to the low publication probability for negative research outcomes and high
probability of positive outcomes publication.[12] This bias is low in this systematic review since
none of the research questions have been designed to evaluate a specific phase performance or
specific concept such as management phases or development phases. Due to the general nature
of this systematic review, papers studying human factors challenges in software development
have been as equally analyzed as those discussing the positive effects of human related factors
on development process. Also the results indicate that influential organizations or publishers
have not promoted any specific development or management phase as each of them have various
papers under both topics. As this systematic review was conducted based on the papers retrieved
from three major databases and it was restrict to the full text journal papers, there might be a bias
related to the papers being published in journals and not other types of papers(proceedings,
conferences, etc).This restriction was made to increase the reliability of the accumulated
information and make a trade-off between the amount of retrieved information and its
reliability.[12] Subsequently there might have been some journal biases in these databases. For
instance IEEEXpolre includes more engineering related journals; thus there might have been
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some papers in other journal categories which have not been included in IEEEXplore. Finally as
mentioned in methodology chapter, to reduce this publication/journal bias even further, Google
search was conducted which added 30 papers also included the data extraction. The interesting
result was that many of these papers were published in ACM guide and IEEE computer Society.
This shows that there has been some journal bias which was covered by the Google search.

4.3 Threats to Identification of Primary Studies

Search Strategy used in this systematic review was designed to cover as many papers as possible
related to Human Factors in Software Engineering. It was decided to use IEEEXplore, ACM
Digital Library and Compendex as the main sources of this systematic review. These three
databases are among the most well known and common databases used in similar areas and a
systematic review on SPI[5]. Also these data bases were discussed with other researchers. As
explained in section 3.1 and table 3 to reach this goal, the search string was designed very
carefully considering all possible aspects of human factors in software engineering. For instance
(“Software Development Process” OR “Software Engineering”) AND (“Human Factors” OR
“Human Issues”) AND (“Requirement Engineering” OR “Requirement Elicitation” OR
“Requirement Analysis”) is the search string used for the human factors in requirement
engineering. Therefore similar words to the ones that were used commonly were considered not
to miss papers using different terms for the same issue. Also after searching, the abstracts of the
papers were carefully read to evaluate the relevance of the paper to the research questions of this
systematic review. This step was conducted several times to reduce the investigator bias and
judgment when excluding and including papers. After this phase papers were categorized based
on their context (product, process, organization and management) by abstract, keywords and
title. To focus on the area which was related to the research questions, papers which were only
related to product or process were excluded. Although after doing the full text reading there was
one paper which was only related to product and was excluded from the data base used for
statistical analysis. To decrease the probability of primary study selection bias, the author
searched Google using similar search strings which resulted in a high number of papers that were
already retrieved from the three source databases used in this systematic review and 30 more
papers were added. Another threat to the primary study selection is the limited access to the full
text of certain papers retrieved from the databases. There were three papers [49][59][67] that
their full text could not be accessed via Chalmers University accessible databases and were
ordered by this researcher but didn’t succeed therefore were excluded from the primary study
database, although they were relevant and related to the research questions of this systematic
review. However, as the study was carried out by one person, the investigator bias could have
affected this phase. For instance there were some papers that were considered in the primary
study data base but after the second round the abstract reading phase were excluded. If several
researchers had been involved, the paper selection could be compared and discussed leading to a
higher precision and validity of the search. To summarize, the author has done her best to cover
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the interesting papers for this systematic review but some primary study selection threats still
exist and can be improved by reviews with other researchers and systematic reviewers.

4.4 Threats to Data extraction and its Results Consistency

As suggested by Kitchenham [7,12] to have a more efficient and effective systematic review, a
review protocol is necessary. As explained in section 3.2 of chapter 3, the inclusion and
exclusion of papers based on the selection criteria (journal papers, English papers, human factors
and cognitive related papers, non HCI related papers, etc) resulted in a consistent database used
in data extraction phase. This protocol and its criteria were based on discussions with two
software engineering researchers. To increase the consistency in the data extraction phase a data
extraction form was designed and evaluated in a pilot extraction of 10 papers randomly chosen
from the primary studies database. Based on the results of the pilot review the form was
modified. This was also checked by two other researchers. For instance by the beginning of the
extraction no details for software development phases were considered (e.g. maintenance or
requirement engineering categories, etc). After conducting the pilot extraction and reviewing the
results it was decided to use the SWEBOK for both Software Development Process and Software
Engineering Management. This increased the reliability and consistency of the extraction phase.
During the data extraction phase, this form was used and in confusion cases regarding the data
extraction it was referred to and checked with the supervisor. However, this phase is also
affected by investigator bias that could be reduced if there were several researchers working
together. Although this (group work) is a very reliable way of increasing the validity of this
phase, researchers try to pilot the selection and extraction and iteratively improve the extraction
which is what has been done in this systematic review as well. This strategy has been proposed
by Brereton et. al[29] to increase the efficiency, reliability and validity of these phases while
considering the time/scheduling limitations.
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5 DiscussioON AND CONCLUSION

This chapter gives a brief discussion on major findings of this thesis. The results suggest some areas
for future primary and secondary research studies. Finally some highlights of the research need for
special fields of human factors in software development have been suggested.

51 Summary of Results

As software development process is a human dependent activity the human factors have great
impact on its performance, success and failure. Main contribution of this thesis project was to
investigate, identify and characterize these human factors and their impact on development
process from different perspectives. Development Phases, Management Phases, Human Roles
and Level of Human Factors were the main categories that this systematic review considered
while covering 67 journal papers published in 2000-2010.

The retrieved papers were divided into four main categories of product, process, organization
and management (section 3.1.1). Based on the research questions, the last two categories were
focused on. Among 67 papers there were many papers overlapping with process (42 papers,
62%) and only 6 papers (8%) overlapping with product. The most focused category of human
factors by researchers was management including 58 papers (86%). 46 papers (68%) were
related to the Organizational context while 42 papers (62%) were assigned to product category
and only 6 papers (8%) to the product category. The finding regarding the Study Context
property (P3) is that Management followed by Organization are the most common context in the
area of Human Factors in SE. Moreover the result shows that most of the research in human
factors in software engineering is concerned with managerial issues addressed by the second
research question of this systematic review.

Level of human factors was the sixth property (P6) defined to be investigated among the papers
this systematic review covers. This was set to identify the researchers’ perspective when they
investigate human factors in software development and engineering .In other words this
identifies the level of human factors impact on the development process. Research papers in this
systematic review have discussed different levels of human impact on development and
management phases. The highest level of human factors focus among these papers was
“Individual” level addressed by 76% papers followed by *“Organizational” level. (70%)
Consequently the least discussed level of human factors is “Interpersonal” covered by 38 papers
(56%). Although the effects of interpersonal relationships and its effect on development
efficiency has been proved specifically on new development approaches (agile development
process), the individual level of human factor has been of more interest for most researchers. As
the agile development process implementation grows in traditional/preplanned development
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organizations, the level of human factor focus will be converged to interpersonal relations and
issues. Thus, it’s expected that the interpersonal aspect of human factors gains more attention by
researchers and practitioners in future.

Another interesting property of these papers covered in this project was the publication year
distribution (P7). Among 67 papers, 28 papers (41%) were published the first 5 years (2000-
2004) and 37 papers (55%) were published the last 6 years (2005-2010).

The highest number of papers (9) was published in 2002 and the least (2) was published in 2006.
However the increment of the publications over the last six years shows some improvement in
this research area.

Data extracted from the selected papers was mapped to SWEBOK [125]. According to the first
research question (P1), papers were classified under software development phases (Requirement
Engineering, Design, Implementation, Test and Maintenance). Among software development
lifecycle phases the most common one in human factors studies is “Requirement Engineering”
addressed by 67% of the inspected papers followed by “Design” (52%). The least discussed
development phase is “Maintenance” covered only by 21 papers (31%) which highlights the
need for more research in this area. Moreover, “Implementation” was covered by 31 papers
(46%) and “Test” was addressed by 25 papers (37%).

The second research question was designed to investigate human factors involved in the software
project management process (P2). According to SWEBOK (Appendix C), this process includes 5
main phases( Initiation and Scope Definition, Software Project Planning, Software Project
Enactment, Review and Evaluation, Closure and Software Engineering Measurement).Among
them “Software Project Enactment” is the most common software engineering management
phase from human factors perspective (67 papers, 100%) followed by “Initiation and Scope
Definition and Software Project Planning” (89%) and “Software Engineering Measurements”
(56%). The least discussed management phase was “Closure” indicated only by one paper (1%)
followed by “Review and Evaluation” addressed by 8 papers (11%).

Research methodology used in the papers published in the area of Human Factors in Software
Development was another research question (RQ3, P4) of this SLR. Results of data extraction
regarding the research methods show that Empirical research (55 papers, 82%) is the most
common. Among the Empirical papers (55 papers), Case Study (43 papers, 78%) was the most
common type of research method. The second most common method was Design of
system/solution/model/method (36 papers, 65%). Survey was used by 26 research papers (47%).
The least used research method is Industrial report (0 papers) followed by Controlled
experiments (9 papers). However, among 67 papers only 17 papers (25%) used theoretical
research method which is very low in comparison with the amount of empirical papers.
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Moreover, Human Role was the fourth research question (RQ4, P5) in this systematic review. It
was of interest to know which human roles have been addressed by researchers in SE area. These
roles were of three types of Customer, Developer and Manager. Results of this systematic
review, reveal that the most discussed human role by researchers is Developer (65 papers, 94%)
and the least focused role is Customer (23 papers, 34%) which is in contrast with its effect in
software business industry. One main reason to this result can be the exclusion of Human
Computer Interaction/User Centered design papers which mainly focus on user/customer
behavior and interface design. Systematic review results regarding the development phases show
that early and middle development phases (requirement engineering, design and implementation)
have been more addressed by researchers from human factors perspective. The main reason for
this conclusion is the higher level of human participation in early development phases. For
instance in requirement engineering related papers, managers, developers and customers have
been addressed by great amount of papers while in test phase few papers have addressed
customers or managers. However it doesn’t indicate that human factors affect these phases less,
but they have been overlooked by many researchers. For instance human factors such as
customer support and satisfaction which are among factors affecting maintenance phase have
been almost neglected by researchers. Manager role was addressed by 45 papers (58%) with a
high variety of management tasks such as project management, function management, Human
Resource management, product management and etc. Among these different types of
management, Project Management was the most common one addressed by 11 papers followed
by Organization and Team Management (5 papers).

Another goal set for this project was to assess the searchability of the papers published in the
area of Human Factors in Software Development. This was carried out to examine other
researcher’s possibility when searching primary and secondary studies in the field. As already
explained, to achieve that five assessment questions were defined to assess the title, abstract and
keyword searchability of the papers reviewed in this SLR. The answers to each of these
questions could be yes, partially and no. Results of the searchability assessment of papers reveal
that the negative marks are more than the positive ones. The most negative marks (42 papers,
62%) are related to the fourth and fifth assessment question assessing the titles searchability.
However the question with the most positive marks (24 papers, 35%) was the second research
question assessing the searchability of abstracts regarding the topics. This shows that even the
amount of most positive marks is a very low number. The results for the first research question
regarding the author keywords include 10 positive and 15 negative and partially marks. The
second research question assessing the searchability of the abstracts had 24 positive, 27 partially
and 16 negative marks. The third research question that was designed to assess the keywords
used in abstracts resulted in 13 positive, 29 partially and 25 negative answers. The forth research
question resulted in 10 positive, 15 partially and 42 negative replies regarding the title
searchability. Finally the last research question assessing the title keywords revealed that 11
papers had relevant keywords in their titles, while 14 papers partially did and 42 papers didn’t.
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5.2 Discussion

As it has been addressed by Kitchenham [7] some of the main goals of SLR are to:
e Summarize the existing evidence regarding a technology or a specific method
e Clarify the gaps of the research field and to give suggestion for suture studies
e To give a framework or background for future related research projects

Moreover as defined in the “Introduction” chapter the purpose of this SLR was to find the
answers to the following research questions.

e What areas of human factors in software development have been addressed?

e Which phases of software development have been addressed in SE human factors
research? The most and the least studied phases and what is been missing?

e Which software management phases have been addressed in SE human factors research?
The most and the least studied phases and what is been missing?

e What kind of research methods/tools (empirical, case study, survey, etc) have been used
in this research area? What types of papers are published in the area of research and what
was their approach to the topic?

e What is the human role in these papers? Developer/manager/user, customer

Additionally it was set to find the level of human factors focus, research publication distribution
and types of study context in the area of Human Factors in Software Development.

This SLR addressed the goals defined by Kitchenham, by giving a snapshot of the current status
of Human factors in Software Engineering field covering 67 journal papers published during the
last ten years. The project contributed in finding the answers to the research questions defined
and revealed the gaps of research in this area as summarized in previous section (Summary of
Results). Hopefully the revealed results can contribute in highlighting the areas that lack primary
studies and invite researchers to conduct more studies on specified fields.

Despite of the human factors great impact on process success, failure, performance and quality,
lack of primary and secondary studies on human factors related to software development process
reveals the fact that software engineering studies still focus on technical context. Most
researchers in this area overlook the human factors that are the center of development process.

Most of the topics that have attracted researchers in software engineering are related to technical
software engineering, programming languages, architectural design, software reuse, etc.
Subsequently there is a very small proportion of the papers that have mentioned and discussed
human factors. The main reason behind this fact is that software development is an everyday
updating process which needs numerous papers introducing these new technologies, their
practical issues and challenges. This leads most researchers to investigate, introduce and discuss
the technical side of software development process, leaving the human side of the area aside. For
instance motivation of software developers is a factor that affects the development process
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efficiency and group performance. Moreover cognitive issues (learning and thinking styles,
abstract/reflective thinking, etc.) psychological issues (mentality patterns, personality and
characteristics, their match with different development tasks, etc.) managerial issues (people
management, risk management, feasibility study, etc.) have great impact on software
development process.

This systematic literature review introduces the human factors that have been addressed by
several researchers in the area of Software Engineering. However, the interesting finding is their
impact on the process. In this systematic review we look at human factors from different
perspectives such as human related Organizational and Managerial factors, Human Role’s impact
on the process, their level of depth (Individual, Interpersonal and Organizational). Moreover,
these factors were classified under subcategories such as psychological and cognitive issues,
collaboration and team working, cultural diversity, management issues, etc. All papers
discussing these issues, investigated the impact/potential effects of these human factors on the
development process. For instance, the systematic review by [74] discussed the impact of
software engineers’ motivation on their development process efficiency, success, quality, etc.
Moreover, thinking and learning styles of developers/customers have great impact on different
activities in the project. For instance the thinking styles and personal characteristics (confidence,
optimism, judgment, etc) of developers and manager has a great impact on their planning
regarding the resource allocation, cost estimation, scheduling and requirement studies.
Additionally management skills such as steering, communication, staff relationship management,
confidence and management strategies affect the process success level. Although development
process is very technical but existence of good management strategies and communication has
great impact on its success rate. For instance as the development process is transferring from
traditional to agile methods, management, steering and communication will play major roles in
the process success. Agile development process is a group dependent method where all members
collaborate to deliver the desired outcome. In such environment, a good management strategy,
steering skills and feedback is crucial for the process to succeed otherwise.

However according to the results of this SLR, early phases of development process and software
project management have gained more attention than later phases. Among these phases the most
discussed level of human factors impact was revealed to be individual level which is also
connected to the human roles in the development process. Developers have the major role in the
process and researchers are more interested to investigate their individual impact on the process
such as their learning skills, cultural impacts, motivation, performance and etc. Another factor
that needs more attention is the research methods used in primary studies. As it was explained in
section 3.3 the most common research method is case study which has been conducted mostly in
industrial context (74%). However, it’s also interesting to study software development human
factors in academic context such as human factors related courses in software engineering.
Moreover, the problems in identifying research methods in papers that did not explicitly clarify
their methods is challenging, specially for researchers who want to conduct systematic reviews,
and mappings in this area. The results invite researchers to consider clarifying their research
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methods in papers to reduce the difficulty of systematic reviewers and other researchers referring
to their papers.

According to this systematic review, only 70 journal papers were published during last ten years
in the area of this SLR interest which is a very low amount. The low amount of relevant primary
studies affects the systematic reviews conducted in the area. This is due to the direct relationship
between the number of primary studies and the need for the systematic reviews, as when the
amount of primary study becomes high; the need for conducting systematic review becomes
more. Therefore the need for systematic review might have been overlooked, despite of its great
impact. As the number of systematic reviews increases, the lack of the primary studies will be
highlighted, hopefully leading to improvement and increment of research. Based on the findings
of this systematic review, the number of primary studies has been increased during last three
years which is promising for both primary and secondary study researchers.

5.3 Conclusion

Despite of the human factors impact on software development process and its level of success,
failure and performance, there has not been enough focus by primary study researchers on the
area. Human factors have been overlooked in late phases of development process as well as
software engineering management. Although both late development process and project
management have major effect on development process success and improvement by means of
improving the maintenance and test accordingly customer satisfaction, improving the process
according to feedback either by managers and developers or customers. Closure of the projects is
another management phase which lacks attention and more research. The more research is
conducted on this phase, the more improvement will appear in other software development
projects. This is a result of the documentation of software project failures and success and their
lessons learnt.

Empirical research papers in this area mostly use case studies as their tool in conducting their
projects. However there are many other useful empirical research methods in SE field such as
survey, industrial report and other types of qualitative and quantitative studies. The reason is that
although case studies are very useful methods but they mostly help to investigate a single entity
or phenomenon in a specific period of time. [17] For giving more general and applicable research
project in the area we need more use of other types of empirical and theoretical research
methods.

In contrast with all other areas of business which their highest concern is the customer, among
the inspected papers this role has been overlooked by researchers. Customer/user participation in
development process has various advantages leading to a better market for the software product,
improving the CRM while helping developers to know what customers are looking for. For
instance the more users participate in requirement engineering and specification phase the better
results will be gained in acceptance testing and later providing better market for their software
products.
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Human factors have different levels of impact on development process and the most discussed
ones are Individual. However, a transferring from preplanned to agile development process,
there will be more “Interpersonal” level of human factors involved which has not been addressed
well by researchers so far. As agile development process becomes more common in traditional
software development organizations, interpersonal aspect of human factors will be more focused.
This is due to the human-centered nature of agile software development and great impact of team
work and communication in its success. Software development process is transferring from an
individual based activity to a more team/group oriented process where the success and
performance of the process is dependent to the group work and communication skills of the
group. Consequently it is expected to have more research projects investigating the interpersonal
aspect of the human factors affecting the process.

Management and Organization were the main perspectives researchers had when discussing the
human factors in development process. Product is the least discussed perspective as expected.
This is due to the research questions defined for this systematic review which basically didn’t
consider the product aspect of software and was more interested in its development process.
Furthermore, as this SLR reveals that there is a significant improvement of publications in this
research field, it highlights the recent attention this field has gained by researchers in academia
and industry. This also encourages more researchers to conduct research project where there is a
significant gap in the field as specified by this systematic review.

Human factors study in software development process has been partially overlooked by both
primary study researchers. Among papers that have been published during last ten years, most do
not have searchable title/keywords/abstracts which increase the challenges for systematic
reviews. Also, there are many papers in the area that do not explicitly mention their research
method which further increases the systematic review related challenges. This systematic review
results invite researchers to consider choosing clearer, more searchable keywords, titles and
writing more searchable abstracts.

Another factor that can be interpreted by reviewing these results is the validity threats in
systematic reviews being conducted in similar areas. As these results show high number of
papers that have not used searchable keywords in their abstracts, titles and the base of the first
search in systematic review is on keywords/abstracts/titles search, there is a probability of
missing relevant papers of the area due to their searchability issues.

Furthermore, this systematic review highlights the need of additional systematic reviews by
several researchers. This increases the validity and quality of the systematic review as indicated
in the validity threats chapter. These findings will hopefully help to identify areas for future
primary and secondary research search.

54 Future work

The results of this systematic review, highlights research areas for further primary and secondary
studies and research. These areas can improve the understanding of human factors impacts and
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roles in software development process. The main areas this systematic review suggests for more
studies have been summarized by following.

Investigation and study of human factors related to later phases of software development
process (test, maintenance)

Studies of late phases of software engineering management and their connection with
human factors (Review and Evaluation, Closure and software engineering measurements)
Conducting more research on human factors in software development in academic and
education related context

Investigating more interpersonal issues involved in software development process and
software engineering management

And finally conducting more systematic reviews of general type related to human factors
in software development for highlighting the research needs in the area.
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APPENDICES

Appendix A

Data Extraction Form

Paper assessed: _ Time for assessment:
1. SE Perspective(s):

A, Product

B, Process

C, Organization
D, Management

2. SE phases(s):

A, Requirements Eng:
requirement analysis ----- requirement validation-----

B, Design/Architecture
Architectural designs------ design patterns------- software design methods------

C, Implementation
Constructing for verification?------- Coding---- reuse------

D, Testing/V&V
Test levels---- objectives of testing-----techniques based on the nature of the application-----?

E, maintenance
Categories of maintenance?----- process----- techniques for maintenance: -----

Use of SWEBOK tables for this part for more details:

Table 1 (software requirements), Table 2 (software design), Table 3 (software construction),
Table 4 (software testing), Table 5 (software maintenance) in Appendix B
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3. Management issues:

Initiation and scope definition & Software project planning:

A, Feasibility study, risk study, RE
B, CE

C, scheduling

D, resource allocation

E, activity planning/configuration management

Software project enactment/execution:
E, people management

F, risk analysis/management

G, People issues / Human factors

H, Review and evaluation:
Feedback

I, Closure

J, Software engineering measurement: performance

K, Management challenges: change management, management skills, etc

L, Other:

Use of SWEBOK tables:

Table 1: software engineering management in appendix ¢

4. Type of research method and tool:
A, empirical ---------

Al, case study:------

Industry case study----------
Non-industry case study-----------

Num cases / companies / systems:
Other:

A2, survey: Number of “cases” / respondents:

A3, controlled experiment:---------
A4, industrial report------------

Other:
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A5, Design of system/solution/model/method - Type of system/solution:

B, theoretical

5. Human role:
A, customer/user
B, developer

C, manager: -------
E, other

6. Level of human factor focus:
A: Individual

B: Interpersonal

C: Organizational

D: all

E: unknown

7. Publication date; ----

9. Quality assessment: keyword assessment

Other:

QL. Has the correct author keyword (human factor in software development and similar) been

used?
Q2. Is the abstract searchable about the topic?

Q3. Does the abstract include the keywords (Human factors, human aspect, cognitive issues,

software psychology, human centered, etc?
Q4. Is the title searchable?
Q5. Does the title include the right keywords?
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Appendix B
SWEBOK: Software Development Phases

Table 1, Software Requirements

Category

Sub-class

Requirement Analysis

e Requirement Classification

e Conceptual Modeling

e Architectural Design
Requirements Allocation

and

¢ Requirement Negotiation

Requirement Validation

e Requirement Reviews

e Prototyping

e Model Validation

e Acceptance Test

Table 2, Software Design

Category

Sub-class

Architectural Styles

e General structure

e Distributed systems

e Interactive systems

e Adaptable systems

Design Patterns

e Creational patterns

e Structural patterns

e Behavioral patterns

Software Design Methods

e Function-oriented design methods

e Object-oriented design methods

e Data-structure-centered design

e Component-based design

Table 3, Software Construction

Category

Sub-class

Constructing for verification

e Communication methods

e Programming languages

e Platforms

e Tools

Coding

e Linguistic

e Formal

e Visual
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Reuse

Unit testing

Integration testing

Table 4, Software testing

Category

Sub-class

Test levels

Unit testing

Integration testing

System testing

Objectives of testing

Acceptance/qualification testing

Installation testing

Alpha and beta testing

Conformance testing/functional

testing/correctness testing

Reliability achievement and evaluation

Regression testing

Performance testing

Stress testing

Back-to-back testing

Recovery testing

Configuration testing

Usability testing

Test-driven development

Techniques based on the nature of the
application

Object-oriented testing

Component-based testing

Web-based testing

GUI testing

Testing of concurrent programs

Protocol conformance testing

Testing of real time systems

Testing of safety-critical systems

Table 5, Software Maintenance

Category

Sub-class

Categories of maintenance

Corrective maintenance

Adaptive maintenance

Perfective maintenance

Preventive maintenance
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Process

Process implementation

Problem and modification analysis

Modification implementation

Maintenance review/acceptance

Migration

Software Retirement

Techniques for maintenance

Program Comprehension

Reengineering

Reverse engineering
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Appendix C
SWEBOK: Software Engineering Management

Table 1, Software Engineering Management

Category

Sub-class

SEM activities

e Initiation and scope definition

e Software project planning

e Software project enactment/execution

e Review and evaluation

e Closure

e Software engineering measurement
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Appendix D

Information extracted from Case studies in the Human Factors in Software Engineering

Paper | Case study Related Extracted Information

33 1 company, a Fortune 100 automobile company

34 client server app for 400 users and 16 contractor

47 19 months longitudinal case study at a medium sized software company

50 3 Finish orgs, action research method

51 2 year user centered project European Automotive Manufacturer project, 7
cases/activities

57 grounded theory on case study, seven month at org development site Sydney
Australia, jul2001-feb 2002

66 91 small and medium sized software development companies

60 one company: California bases multinational company

36 Case study and survey: 3 open source software projects

38 133 companies in Norway, Italy, Germany

70 2 German software enterprises

40 3 cases

41 1 FIDA ISO 9001 company in Italy

31 Case study and survey: 47 engineering, in 10 Swedish development comp

78 5 cases in three development organizations

58 1 company 2 cases in Taiwan

61 2 cases one company MORRISSA, north Greece

63 49 cases in one medium sized Norwegian web development company, 10 months

68 several SME projects

69 some SME companies

76 one aero space case study and one company: European union Project

82 Canadian experience?

83 1 company, AGCO

85 4 studies

90 4 case studies/controlled experiment

92 4 experiments/ controlled experiment

96 controlled ex: 4 cases

99 controlled or case: one Norwegian SME software company

100 one company between 1989-1994 , 18 projects: survey or case

101 pilot study in Electronic data system Europe, middle east, Asia
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102

grounded theory on case study, seven month at org development site Sydney

Australia, jul2001-feb 2002
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Appendix E

Survey related extracted information

Paper

Survey related information

35

Review video recorded, face to face interviews
with managers and leader developers in three
consultancies

47

Three rounds interviews, each round 8 people
in a medium sized software company

51

40 engineers from 4 countries

52

Semi structured Interview with senior staff,
owner manager of 20 software related
companies (5 micro, 12 small, 3 medium sized)

66

Two types of interviews, and scales among 91
SME s in the area of CRM, ERP, etc

72

Survey of representative set of Process
Centered Software Development Environment

57

Semi-structured interview with 24 people from
4 sites in USA, 3 sites in Australia, 1 site in
New zealand, 1 site in Europe. These people
have different roles in each site including
producer, developer, engineer, customer
support manager, software engineers and team
leaders

60

Semi-structured and consistent interview, open
ended questionnaire with MIS director of
California based multinational company. 2
directors of MIS and customer service and six
employees

36

Interview with key people in 3 Open Source
Software projects (KDE, Mozilla, Linux)

38

Interview with 16 developers of 13 IT
companies

39

24 project in 1994 -1997, structured interviews
in 19 companies

86

Interview with 6 computer science major
students, 3 senior undergraduates and 3
graduates

53

Web based questionnaires, 2 sections, 56
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questions, 47 engineers in 10 different Swedish
software companies

91

Self  administered  questionnaire, 145
questionnaire distributed among 40 companies,
108 employees responses from 30 different
software companies were used.

62

Several ERP companies survey for ERP
implementation

65

403 subjects from 22 Australian organizations
in different areas such as Telecommunication,
banking, insurance, etc. Pilot survey
questionnaire  included 23 users and
developers. Real survey included 600 users and
developers

68

Interview, project meetings, coffee breaks

69

Interview with software managers of 8 projects
in SMEs

91

Interview and discussions with software
providers

95

Questionnaires for 347 developers working in
6 outsourcing companies
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