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The magnitude of Software Development Outsourcing (SDO) is snowballing day by
day. However, a considerable proportion of SDO projects cannot acquire the anticipated
benefits. In most of such cases, the reasons are often associated to Requirements Engi-
neering (RE) process. The same is true for Mobile Application Requirements Engineer-
ing (MARE) process in case of SDO. The aim of this study is to cultivate the MARE
process for SDO by identifying and ranking the significant RE practices for the process.
To identify the significant MARE practices, we have employed a literature-based list of
RE practices. Two online questionnaire surveys have been conducted to complete the two
rounds of Delphi method. After the first round, we have identified 86 significant MARE
practices for SDO based on 36 responses from SDO experts. The results of the second
round have helped us to provide the overall ranking of the practices. The SDO practi-
tioners have termed the identified MARE practices beneficial to address the issues of
MARE process in case of SDO and to achieve the outsourcing benefits.

Keywords: mobile application requirements engineering, software development out-
sourcing, requirements engineering practices, Delphi method, IT outsourcing

1. INTRODUCTION

Information Technology Outsourcing (ITO) is the process of transferring all or
some of the software development and associated activities to an external service pro-
vider or vendor who performs these activities according to the agreed upon contract [1].
IT outsourcing has various forms. In case of Software Development Outsourcing (SDO),
the client outsources all or some of the activities involved in software development
lifecycle [2].

Mobile phones and tablets have reshaped the worldwide market [3]. Desire for be-
ing connected at anytime and anywhere has increased the usage of mobile applications
[4]. The mobile devices market has grown rapidly during the last decade [5]. Nowadays
more than 50% population of the world is utilizing mobile applications for the manage-
ment of everyday activities [6]. Developing versatile mobile applications for large num-
ber of users, various operating systems and devices is challenging [7-10]. Furthermore,
security breaches provide opportunities for attacking mobile phones and can cause fi-
nancial losses to mobile application users [6].
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Projects are outsourced for software development to achieve the anticipated benefits
but only half of such projects are declared successful [11]. Unexpected staff turnover,
inertia, unseen cost, scope creeping, implications of law, cultural issues and high tax
rates are commonly occurring risks for the outsourced projects [12]. However, Require-
ments Engineering (RE) related risks are the major source of outsourced projects failure
[13, 14]. RE is the most important phase during software development [15] as other de-
velopment activities are also affected because of the RE [16]. As client and contractor(s)
are at distance in case of outsourcing [17], therefore, RE issues are increased manifold
[18]. Improper communication, differences in working timings, and knowledge man-
agement issues efc. augment the problems of RE process for SDO. Because of such ob-
stacles, 40 percent off-shored projects are failed in achieving the anticipated benefits [19]
and 50 percent companies attempting GSD cannot acquire the desired benefits [20].
These trends are even more alarming for outsourced mobile application development.

Therefore, to acquire the anticipated benefits of SDO in case of mobile application
development outsourcing and to eliminate the issues of Mobile Application Require-
ments Engineering (MARE) process, significant MARE practices for SDO must be iden-
tified. Such RE practices should also be ranked so that they can be employed according
to their importance [21]. With this context, this study intends to answer the following
Research Questions (RQ):

RQ1: What are significant MARE practices in case of SDO?
RQ2: What is the ranking of the significant MARE practices in case of SDO?

2. RELATED WORK

Mobile application RE has been deliberated in several studies. The challenges of RE,
in case of mobile applications for disabled, have been presented in [22]. The role of RE
in the development of mobile phone industry has been discussed in [23]. A. Maccri [24]
presents the challenges of RE in mobile telephone industry. The RE process for provid-
ing mobile services to blind users has been described in [25]. Another study [26] pre-
sents case study about the challenges of RE for mobile games development. The mobile
commerce user requirements have been identified in [27, 28]. By applying linguistic
rules, mobile feature requests have been detected from the users’ reviews [29]. Through
sentiment analysis, the evolution of mobile application requirements has been investi-
gated in [30]. The study [31] presents a tool to elicit the requirements for mobile social
software. The web application RE has been discussed in [32]. The security requirements
for mobile device management system have been focused in [33] whereas security engi-
neering process for web application has been discussed in [34].

Thus, several studies focus on the activities of RE process for mobile application
development but to the best of our knowledge no study provides a comprehensive list of
the significant MARE practices required for a fruitful MARE process in case of SDO.
The objective of this research is to explore a comprehensive list of MARE practices for
SDO and to rank such practices according to their perceived benefits for SDO.
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3. RESEARCH METHODOLOGY

The list of general RE practices has been arranged by choosing RE practices rec-
ommended by Sommerville and Sawyer [35], and security RE practices from [36-42].
The practices to address communication, management and coordination, knowledge
management, and cultural issues of RE process for SDO have been taken from [21,
43-57]. The practices have been denoted by Py, P, P, ..., P13 and presented in Appen-
dix A. For further research, we have employed the Delphi method [58, 59].

Two online questionnaire surveys have been conducted to complete the two rounds
of Delphi method. The questionnaires have been sent to SDO practitioners belonging to
Malaysian and Pakistani software development companies. The respondents are project
managers, system analysts, requirements engineers, technical managers and senior man-
agers having at least 10 years experience of SDO, including mobile application devel-
opment experience, as the basic criterion. Out of 200 identified practitioners, only 36 (T)
respondents completed both the rounds.

3.1 First Online Questionnaire Survey

The respondents have been solicited to rank the given 103 RE practices according
to perceived benefits of the practices for MARE process in case of SDO. Based on
10-point scale, the different categories of the perceived benefits have been formulated as
suggested by [20, 60, 61]. The categories are; (i) High Perceived Benefits (H,, 10): A
practice has ‘high perceived benefits’ if it is mandatory and always used; (ii) Medium
Perceived Benefits (M, 7): A practice has ‘medium perceived benefits’ if it is not man-
datory but widely used; (iii) Low Perceived Benefits (L;, 4): A practice has ‘low per-
ceived benefits’ if it is used only for some particular projects; (iv) Zero Perceived Bene-
fits (Z;, 1): A practice has ‘zero perceived benefits’ if it is never or rarely used.

3.1.1 Criteria for the selection of the significant MARE practices for SDO

If according to the opinion of at least 50% participants, the perceived benefits of an
RE practice fall in the ‘high perceived benefits’ and in the ‘medium perceived benefits’
categories then that practice is considered to be ‘significant’ for MARE process in case
of outsourced software development. The similar method, using the criterion of consid-
ering the opinion of 50% or more respondents for decision making, has already been
employed effectively in the preceding studies [61-63]. For each practice, the Prominence
Level (PL) represents percentage of responses in ‘high perceived benefits’ and ‘medium
perceived benefits’ categories, and is calculated as given in Eq. (1):

PL =

@*100. 1)

Where H; = No. of responses in high perceived benefits category,
M; = No. of responses in medium perceived benefits category, and
T = Total number of responses considered for the analysis.
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3.2 Second Online Questionnaire Survey

After the first survey, we have received back 40 responses. During the second sur-
vey, online questionnaires have been sent to those SDO professionals who responded
during the first survey. For the second round, we have been successful in receiving back
36 responses that have been selected for the data analysis. The overall research method-
ology is shown in Fig. 1.

Literature-Based practices to address
RE practices recommended Literature-based security communication, knowledge management
by Sommerville and Sawyer RE practices and awareness, cultural, management and
coordination issues of RE process for SDO

[ List of potentially useful MARE practices for SDO

B2

[ Significant MARE practices for SDO

Delphi
Method
Round 2

[ Ranked Significant MARE practices for SDO

]

Fig. 1. Steps to identify and rank the significant MARE practices for SDO.

4. RESULTS AND DISCUSSIONS

The results obtained can be divided into two main categories i.e., (i) the identifica-
tion of significant MARE practices for SDO and (ii) the ranking of the significant
MARE practices for SDO. The results are discussed in the following subsections.

4.1 Identification of the Significant MARE Practices for SDO

The significant MARE practices have been identified through the first round of
Delphi method.

4.1.1 First round

By providing a literature-based list of 103 practices, we have requested the SDO
practitioners for ranking the given practices weighing their benefits in case of SDO. By
applying criterion for the significance, we have identified 86 significant MARE practices
for SDO.

The PL of 50 or above proves that practice is significant to address the issues of
MARE process in case of SDO. In case of the only 17 RE practices, the value of PL is
less than 50. This means that according to the SDO practitioners’ perception, these 17
RE practices are not significant to address the issues of MARE processes in case of SDO.
The RE practices are P2, P3, Pl(), P12= P17, PZO: P27, Pzg, P35, P36= P3g, P40, P47, P4g, P563 P57
and Pg;. The practices have been underlined and presented in Appendix A. In case of the
rest of 86 RE practices, the value of PL is more than 50. All of the remaining 86 RE
practices are, therefore, significant according to the defined criterion. This reveals that
these practices are considered effective by the SDO industry practitioners to address the
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issues of MARE process for SDO. The significant RE practices have also been shown in
Appendix A which provides answer to RQ1 of this study.

4.2 Ranking of the Significant MARE Practices for SDO

The significant MARE practices have been ranked during the second round of Del-
phi method based on the results of first round.

4.2.1 Second round

Before starting the second round of Delphi method, average rankings and standard
deviations were calculated in case of each significant MARE practice. In the second
round, for each significant MARE practice, the SDO practitioners were provided with
their respective individual round 1 rankings and average rankings. The practitioners were
requested to reassess their respective individual rankings, for each significant MARE
practice, keeping in view the average rankings, if necessary. The average rankings and
standard deviations, for each significant MARE, were calculated again after the second
round. The average rankings calculated after second round have been shown in Table 1
in descending order. This order determines the overall ranks of significant MARE prac-
tices for SDO. This provides answer to RQ2 of this study.

Table 1. Average rankings of benefits (descending order) after round 2 of Delphi method.

Final Signif. Final | Signif. Final Signif.

S5 Ranks | Practices L S Rank | Pratices L Sr. | Rank Practices Ll
1 1 Py 10.00 | 30 30 Pig, 8.75 59 57 P; 8.17
2 2 P 9.67 31 30 Py 8.75 60 57 Ps 8.17
3 2 Py 9.67 32 30 P 8.75 61 57 Pgy 8.17
4 4 Pso 9.58 33 33 P 8.67 62 57 Pg, 8.17
5 5 Pys 9.50 34 33 Py, 8.67 63 63 Psy 8.08
6 6 Pos 9.33 35 33 Py 8.67 64 63 Ps, 8.08
7 7 Py 9.25 36 33 Py, 8.67 65 63 Pg 8.08
8 7 Py 9.25 37 37 Pey 8.58 66 66 Py 8.00
9 7 Py, 9.25 38 38 Pys 8.50 67 66 Py 8.00
10 10 Pe; 9.08 39 38 Pgg 8.50 68 66 P 8.00
11 11 Pig3 9.00 40 38 Pgy 8.50 69 66 Pgs 8.00
12 11 Pes 9.00 41 38 Py 8.50 70 66 Py 8.00
13 11 Psy 9.00 42 38 Py 8.50 71 71 Pe, 7.92
14 11 Pis 9.00 43 43 Py 8.42 72 72 Pes 7.83
15 11 Py 9.00 44 43 Pgs 8.42 73 72 Pig 7.83
16 11 Py 9.00 45 43 Pyy 8.42 74 72 Py 7.83
17 11 Py 9.00 46 43 Py 8.42 75 72 Peo 7.83
18 18 Peo 8.92 47 47 Py 8.33 76 72 P, 7.83
19 18 Pss 8.92 48 47 Pg; 8.33 77 77 Pss 7.75
20 18 Pis 8.92 49 47 Py 8.33 78 78 Py 7.58
21 18 Py 8.92 50 47 Psg 8.33 79 79 Py 7.50
22 22 Pioo 8.83 51 47 Pyy 8.33 80 80 Py, 7.42
23 22 P 8.83 52 47 P 8.33 81 80 Py 7.42
24 22 Pso 8.83 53 53 Pgs 8.25 82 82 Ps, 7.33
25 22 Pys 8.83 54 53 Pss 8.25 83 82 Pg, 7.33
26 22 Py 8.83 55 53 Py 8.25 84 82 Ps3 7.33
27 22 Ps; 8.83 56 53 Py 8.25 85 85 Py 7.17
28 22 Ps 8.83 57 57 Pg; 8.17 86 86 Pog 7.08
29 22 Py 8.83 58 57 Py 8.17
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5. CONCLUSIONS

This study aims to identify and rank the significant Mobile Application Require-
ments Engineering (MARE) practices for addressing the issues of MARE process in case
of Software Development Outsourcing (SDO). Two rounds of Delphi method have been
conducted by involving the SDO practitioners. The respondents have been requested to
rank the given practices, extracted from literature, according to the perceived benefits of
these practices for SDO. Based on 10-point scale, the different ranks of perceived bene-
fits are: High (10), Medium (7), Low (4) and Zero (1). The study identifies and ranks 86
significant MARE practices for SDO based on the analysis of responses from 36 SDO
practitioners. The top 10 practices are about unique identification of requirements, using
simple specification language, defining system boundaries, employing standard tem-
plates, planning for conflict resolution, informing stakeholders about requirements’
changes, facilitating requirements negotiation through software support, using business
concerns to drive requirements elicitation, accessibility of all stakeholders to awareness
support system and specifying misuse scenarios. Thus, these aspects should be given
special attention for a successful MARE process in SDO context, where stakeholders are
physically dispersed.
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APPENDIX A: List of RE Practices and Results of Delphi Method Round 1

P;: Define and follow a standard document structure, P,: Include a section in introduction part of document to
explain how to use it, Ps: Include a summary of the requirements, P,: Make a business case for the system, Ps:
Define specialized terms, Pg: Lay out the document for readability, P;: Help readers to find desired information,
Pg: Make document easy to change, Py: Assess system feasibility, Pyo: Be sensitive to organizational and politi-
cal considerations, Py;: Identify and consult system stakeholders, Py, Record requirements originating sources.
Py;: Define the system’s operating environment, Py4: Use business concerns to drive requirements elicitation,
Py5: Look for domain constraints, Pis: Record requirements rationale, Py;: Collect requirements from multiple
viewpoints, Pys: Prototype the poorly understood requirements, Pyo: Use scenarios to elicit requirements, Py:
Define operational processes, P, Reuse requirements from already developed similar systems, Pz,: Define
system boundaries, P»3: Use checklists for requirements analysis, Py: Provide software to support negotiations,
P,s: Plan for conflicts identification and resolution, Py Prioritize requirements, Py;: Classify requirements
using a multi-dimensional approach, P,g: Use interaction matrices to find requirements conflicts and overlaps,
Pyy: Assess requirements risks, P3: Define and use standard templates for requirements description, Ps;: Use
simple, consistent and concise language to describe requirements, Ps,: Use diagrams appropriately, Ps3: Sup-
plement natural language with other descriptions of requirements when appropriate, P34: Specify requirements
quantitatively where appropriate, P3s: Develop complementary system models, Pss: Model the system’s envi-
ronment, P3;: Model the system’s architecture, Psg: Use Structured methods for system modeling, P3: Use a
data dictionary, Ps: Document the association between stakeholder requirements and system models, Py;:
Check that the requirements document meets your standards, Pg,: Organize requirements inspections, Py3: Use
multi-disciplinary teams to review requirements, Py Define requirements validation checklists, Pys: Use pro-
totyping to animate requirements, Pss: Write a user manual draft, Py;: Propose requirements test cases, Pis:
Paraphrase system models into natural language, Pss: Uniquely identify each requirement, Psy: Define policies
for requirements management, Ps;: Define requirements traceability policies, Ps;: Maintain traceability manual,
Ps3: Use a database to manage requirements, Pss: Define requirements change management policies, Pss: Iden-
tify global system requirements, Psq: Identify volatile requirements, Ps;: Record rejected requirements, Pss:
Agreeing on definitions, Pso: Selecting techniques for elicitation of security requirements, Pgy: Specifying high
level functional requirements of software, Pg;: Identifying assets and resources of the software, Pg,: Evaluating
assets and resources of the software, Pg3: Identifying potential attackers of the software, Pg4: Identifying possi-
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ble interests that attackers may have about the resources or assets, Pgs: Identifying competencies of potential
attackers, Pgg: Specifying use cases, Pg;: Specifying misuse scenarios, Pgs: Identifying potential threats, Pgo:
Developing security requirements by analyzing potential threats, Py: Identifying goals of security by involving
all the stakeholders, P7: Specifying high level security requirements, P7,: Specifying security policy and con-
straints on the software by involving all the stakeholders, P3: Specifying low level functional requirements
containing requirements of security mechanisms, P4 Specifying low level security requirements, Pss: Per-
forming cost and benefits analysis, Ps: Classifying and prioritizing low level security requirements, P;;: Intro-
ducing selected low level security requirements in the requirement specifications, P;s: Managers should arrange
the computer-mediated negotiations, involving all the appropriate stakeholders, for resolution of the require-
ments conflicts, Pyy: Face to face start-off meeting should be scheduled at the start of the project in order to
establish personal relationships among key stake holders, Pgy: Synchronous communication should be supported
by asynchronous communication (mixed media) in order to provide time for information processing and sifting
through the issues which help to resolve outstanding issues and building common grounds, Pg;: Special consid-
erations should be given to persuade the professionals that revealing of the issues will not negatively affect their
organizational positions, and instead will assist in overcoming the problems and enhancing the performance, Ps,:
A peer-to-peer workshop tool can substitute traditional face to face workshops during which stakeholders work
together, Pg3: Open lines should be maintained for communication among all the stakeholders, Pss: Video con-
ferences or teleconferences should be scheduled daily, weekly, bimonthly, monthly efc. so that there are no or
minimal inconvenient hours for all the stakeholders, Pgs: Requirements documents should be prepared collabo-
ratively by the remote stakeholders, Pss: Try to find natural overlapping of working hours, Ps;: Assess
‘around-the-clock’ capability of working, Pgs: During videoconferencing meetings share the agenda of meeting
and list of issues, and designate a facilitator from each stakeholder, Pgo: In order to facilitate the communication
with the system users, personnel should be appointed for field support, Pyy: Requirements Management(REQM)
tool support providing these features: (i) Continuous access to requirements related information (like history,
who is working on requirement, decisions made efc.); (ii) On occurrence of certain events (like change in re-
quirements) timely notifying relevant stakeholders. Po;: By using an awareness support system, all the stake-
holders should be able to access following information: (i) Requests’ descriptions, rationale and priorities, (ii)
Dependencies among the requirements and with design, coding and testing; (iii) Each team member’s responsi-
bilities with respect to particular requirement(s) and contact information like email, phone number; (iv) Re-
quirements’ initiators; (v) Issues’ initiators, status of the resolution of issues and decisions taken due to issues;
(vi) Meetings date, time and location, stakeholders that are involved, discussed problems and decisions taken;
(vii) Initiators of change request, decisions made about the request of change and people involved in taking
decisions, Py, After every meeting, a team member or facilitator should summarize that which issues have been
raised during the meeting, what has been decided about each issue, which issues are pending, whose responsi-
bility is to find out further information and whose advice should be sought in case of each issue, Po3: In case of
requirement(s) change(s), relevant stakeholder can be informed about change: (i) Through the telephone calls,
emails, NetMeeting , messengers, skype; (ii) By generating automatic notifications through the system, Pos: A
standard language should be decided and used for communication, Pys: A common glossary should be devel-
oped and/or used to create consensus on terminologies, Pyg: If all the stakeholders cannot express in standard
language then cultural liaisons should be appointed to enable fruitful communication. The individuals, who are
familiar with the cultures of key stake holders and keep traveling between their locations, should be given pri-
ority for this purpose, Py;: Through cultural trainings team members are informed about stakeholders’ regional
and religious values, communication style, English dialect and techniques to deal with the consequences of
cultural differences, Pyg: Preparing backup teams at different locations to handle the unforeseen circumstances
because of cultural differences. These teams can also be used to provide 24hours-7days support, Pgy: Process
standards (like standard terminology, standard language, standard templates efc.) should be defined and used,
Pyy: Clearly defined responsibilities of each individual and group, Pyo;: Authoritative leadership at the level of
project managers and team heads, Pyg2: Explicit sequence of commands, Pye3: For requirements meetings: (i)
Engaging a human facilitator and using a rich communication media that supports integration of data, videos
and audios, (ii) Preparation of agenda and then following it, (iii) Relevant participant selection to take part in
requirements meetings, (iv) Timely exchange of supporting documents to give participants enough time to read
the relevant material, (v) Participants should be able to access the resources (like chatting messages, emails,
documents provided by the clients efc.) that contain information about the requirements.
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