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Abstract—Requirements validation ensures that the
defned requirements conform to the description of the
system and are consistent and complete. It is a com-
plex activity that becomes more complicated for global
software development (GSD). This study presents the
issues associated with requirements validation in GSD
and proposes a solution (RVGSD) to overcome these
issues. We conducted a literature review and developed
a prototype tool to implement RVGSD. The evaluation
results show that RVGSD is easy to adopt in the
industry and can potentially overcome various issues
in the GSD context. Practitioners were satisfed with
our framework in all aspects, including validation of
requirements, fxing GSD issues, and overall perfor-
mance.

Index Terms—Requirements validation, Global soft-
ware development, Framework, Prototype

I. Introduction 

The requirements engineering process is an essential
part of the software development lifecycle [1], [2]. The
lack of understanding and communication between stake-
holders makes the requirements engineering process com-
plex [3]. Due to globally distributed stakeholders, global
software development (GSD) poses further challenges to
the requirements engineering process [4]–[7]. By proposing
new techniques for di�erent phases of the requirements
engineering process, authors are striving to cope with the
GSD challenges [4]–[6], [8], [9].

Requirements validation ensures that the set of re-
quirements is complete, consistent, and according to the
needs of users [2], [10]. Various methods for requirements
validation exist in the literature e.g., [11]–[28].

The stakeholders involved in validating the require-
ments are customers, users, domain experts, software
engineers, requirements engineers, and project managers.
Issues impacting requirements validation activity when
stakeholders are globally distributed have been reported
in the literature. These include control, communication,
knowledge sharing, trust, and delay [29]. Di�erences in
time zone, language, and culture are the main reasons
for these problems [19]. The authors have also highlighted
communication, coordination, and collaboration as chal-
lenges for requirements validation [30]–[32].

This study investigates the problems associated with
current requirements validation techniques and proposes
a framework (RVGSD) for requirements validation in a
GSD context. The organization of the rest of this paper
is as follows: Section II describes the background and
related work. Section III presents the methodology carried
out in this research. Section IV elaborates answers to
research questions augmented with the development and
evaluation of the prototype. Section V provides a step-
wise detail of the proposed framework (RVGSD), and
Section VI discusses the overall process and results of the
evaluation. Finally, Section VII summarizes the discussion
and conclusions on the study.

II. Background and Related Work 
It is essential that the end product, i.e., a software

system, meets the needs of users/customers. Requirements
validation is one such activity that ensures this stipulation
[10]. It is a sub-activity of the requirements engineering
process [1], [2]. Most existing requirements validation tech-
niques serve their purpose in a co-located environment;
however, a majority of these techniques cannot be used in
the context of GSD due to issues such as trust, knowledge
sharing, communication, control, and delay [4], [5], [29].
In their survey, Yousuf et al. [29] revealed that traditional
requirements validation techniques do not ft the GSD
environment.

Some authors have already worked with the require-
ments specifcation and validation for GSD [19], [29]–
[32]. Of these, three studies ( [19], [30], [31]) proposed
requirements validation techniques for GSD, and two (
[29], [32]) measured the e�ect of di�erent factors of GSD
on conventional methods of requirements validation and
suggested that new methods are required for GSD.

Di�erent authors have proposed methods for require-
ments validation in GSD. For example, Heinonen et al. [31]
provided a decision tree to select an appropriate require-
ments validation technique from the viewpoint of require-
ments engineers. The authors mention that it was reviewed
by an organization (presumably GSD-based), which will
later use it for validation. Ali et al. [30] proposed a method
for specifcation and validation of requirements, claiming
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that it is benefcial in the GSD context. The method
was evaluated by students for an online shopping system.
Sourour et al. [19] proposed an approach, CoreVDO. The
proposed approach suggests arranging a virtual meeting
and creating a prototype during the virtual meeting. The
technique provides a good starting point for validating
requirements in GSD. However, CoreVDO imposes some
constraints that make its applicability complex.

In the above discussion, we learned that there are some
techniques to validate requirements in the GSD context.
However, the existing techniques have shortcomings that
compromise their applicability in the industrial context.

III. Methodology 
This section presents the methodology we used to de-

velop our proposed framework (RVGSD). Our work is di-
vided into two parts: 1) studying the existing requirements
validation techniques to identify their limitations, and 2)
formulation and evaluation of a framework applicable for
requirements validation in GSD. We conducted a litera-
ture review to study existing techniques on requirements
validation. We aimed to investigate the following research
questions as part of our research.

• RQ1- What are the existing requirements validation
techniques?

• RQ2- What are the limitations of the existing re-
quirements validation techniques in the GSD context?

• RQ3- What guidelines can be used for an improved
requirements validation approach in a GSD context?

We chose a fve-step process proposed by Rowley et al.
[33] for the literature review. These steps are to scan
documents, make notes, organize the literature review,
write the literature review, and build the bibliography.

We chose IEEE Xplore, Science Direct, ACM, and
Google Scholar to search for relevant studies. Search
strings were formulated according to the research ques-
tions and applied to each database. An example search
string is ”requirements validation” AND ”global software 
development”. A total of 1351 studies were retrieved from
these databases. After scanning the titles and abstracts, in
some cases, full papers, we selected 25 studies, of which 23
(92%) were on requirements validation in general, and 2
(8%) were specifc to the GSD context. To complement
database searches, we adopted the snowball approach
[34]. Two relevant studies from the frst phase [19], [29],
were chosen as base papers for forward and backward
snowballing. At the end, by applying database searches
and snowballing, we found a total of 44 relevant research
articles for our literature review (39 for requirements val-
idation in co-located settings and 5 for the GSD context).

The second phase of our research methodology is based
on design science theory. We followed the steps identifed
by Pe�ers et al. [35], which are i. problem identifcation
and motivation, ii. the defnition of the objectives for a
solution, iii. design and development, iv. demonstration,
v. evaluation, and vi. communication.

IV. Results from Literature 

Constructive Analytical

RVTs
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Fig. 1. Classifcation of Requirements Validation Techniques found
in literature.

RQ1 - What are the existing requirements vali-
dation techniques? 

Considerable work has been done on requirements val-
idation. The selected studies were classifed into three
categories for ease of comprehension derived from Felderer
et al. [13] i.e., analytical, constructive, and hybrid (if
someone has used both in their study). Figure 1 presents
the classifcation of requirements validation techniques.

According to our classifcation, prototyping, tools,
framework, simulation, specifcation of formal methods,
and model-driven fall under the category of constructive
techniques, whereas reviews and testing are analytical
techniques. Each leaf at the bottom shows the count of
studies presenting these techniques.

Out of 43 classifed techniques, 67% are constructive,
19% are analytical, and 14% are hybrid. This reveals
that existing studies have put more emphasis on con-
structive requirements validation techniques in compar-
ison with the other two categories. Further analysis of
specifc techniques led us to choose prototype and tool-
based approaches for our proposed requirements validation
framework in GSD, as both are used more (approximately
28%) and appear more successful than others.

RQ2 - What are the limitations of the existing 
requirements validation techniques in the GSD con-
text? 

From the review of the selected studies, we found some
solutions addressing requirements validation issues in the
context of GSD [19], [30]–[32]. However, these solutions
have certain limitations. For example, language restriction
was found in [19], as the only language allowed is English.
Similarly, prototypes defned in [19] and [32] consume
excessive time and resources. The solutions given in [19],
[30], [31] are not limited to requirements validation, and
the evaluations are carried out on a limited scale (for
example, in a single domain) [19], [30]. Time overlap
restriction is another issue associated with the technique
provided in [19]. The technique works well only for sites
that have common working hours.

RQ3- What guidelines can be used for an im-
proved requirements validation approach in a GSD 
context? 

Various techniques exist for requirements validation for
the co-located software development environments. How-
ever, the validation of requirements in GSD requires the



attention of software engineering researchers. The authors
have presented solutions for the context of GSD (see,
e.g., Souror et al. [19]), but these solutions have several
shortcomings. Various guidelines to improve requirements
validation approaches have been suggested in di�erent
studies [19], [29]–[32]. These guidelines can be followed
to overcome the problems highlighted in RQ2. A so-
lution/framework should be proposed that exhibits the
following characteristics.

• Multilingual: The framework must allow communica-
tion, collaboration, and coordination using multiple
languages.

• Requirements Validation Centric: The solution
should focus only on requirements validation.

• Inexpensive: The framework should be an economical
solution.

• Applicable to Multiple Domains: The framework
should be applicable in multiple domains and a real
industrial environment.

• Round the Clock Working Hours: The framework
must consider all the involved sites, i.e., overlapping
and non-overlapping working hours.

• General Features: The proposed framework must
solve the issues related to distribution, language dif-
ferences, time di�erences, knowledge management,
control, and delay.

V. Proposed Framework – RVGSD 
RVGSD is divided into three divisions, namely OD

(Organizational Division), OT RV (Overlapping Time Re-
quirements Validation), and NOT RV (Non-Overlapping
Time Requirements Validation). The details of these divi-
sions are discussed in Sections V-A, V-B, and V-C.

A. OD – Organizational Division 
It is the inception phase where planning has to be done.

It comprises numerous activities that need to be performed
in order to proceed to requirements validation.

Two key activities are performed within this division,
including pre-and post-validation. Concerning the pre-
validation activities in the OD phase, requirements are
gathered, and later, the detail of participating sites is
collected. There could be two possibilities for participating
sites: i- sites with overlapping time and ii- sites with non-
overlapping time. For the sites with non-overlapping time,
a request for requirements validation will be forwarded to
participating sites. Further processing will be performed
at the NOT-RV phase. For the site with overlapping time,
further activities will be carried out in the OD phase.
The activities that will be carried out before forwarding
to the OT RV phase are i- Groundwork (It will establish
the ground for virtual meetings, including decisions about
communication channels, schedules, and the possible num-
ber of iterations), ii- Manage roles and responsibilities,
i.e., who will participate in the requirements validation
process. iii- Assessment (Before moving to the OT RV

RVGSD
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No

DL

Personal Methodology

Set of preliminary
validated requirements

Parse/Translate Language

Review validated requirements

NoAcceptance

Set of finalized
validated requirements
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Requirements Collection
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Yes

Satisfactory
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Call to Action

Check for conflicts

Conflicts

Save in Rep Examine

Negotiate &
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OT RV

DL

Create virtual prototype
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Unify views

Modify prototype

No Acceptance
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Fig. 2. RVGSD – The proposed framework for requirements val-
idation in GSD. (Acronyms used in Figure: DL => Di�erence in
Language, SWOT => Sites With Overlap Time)

phase, all the previous activities will be assessed to en-
sure everything is decided and in place), and iv- Call
to action (from here onward, the requirements validation
process will continue at the OT RV phase). Post-validation
activities will be carried out after the requirements are
validated at the NOT RV and OT RV phases. Post-
validation activities are i- checking for conficts among the
validation sets of NOT RV and OT RV sites, ii- examining
conficts (the team at OD will examine the conficts to
check the nature and signifcance of the conficts, and
the team will also decide on the possible measure to
negotiate and resolve the conficts), and iii- fnally, the
validated requirements will be saved in a central repository
accessible to all participating sites.

B. OT RV – Overlapping Time Requirements Validation: 
OT RV phase represents the sites that have common

working hours. Most activities in this phase will be car-
ried out using virtual meetings. The only concern during
these meetings could be language di�erences. In that case,
we suggest the use of appropriate language translators.
The frst activity at OT RV will be translating natural
language requirements into a virtual prototype. The vir-
tual prototype comprises primarily two constructs: 1) the
requirements graph and 2) the state transition diagram.
The requirements graph presents a structural view of the
requirements, while the state transition diagram provides
a functional or behavioral view. The team may use a ques-
tionnaire to clarify and transform the natural language
requirements to the prototype. The virtual prototype will
be reviewed in the next step to look for possible issues,



e.g., risks, conficts, and inconsistencies. All issues identi-
fed during the prototype review process will be properly
documented, and there will be a negotiation process to
resolve conficts. After the negotiation step, the prototype
will be modifed according to a unifed view. Several
iterations can occur here before reaching a consensus set
of validated requirements. The fnal step in the OT RV
will be an acceptance test that will be performed using
the guidelines specifed by IEEE (830)1. The requirements
are evaluated for being correct, unambiguous, complete,
consistent, ranked for importance, verifable, modifable,
and traceable.

C. Non-overlapping Time Requirements Validation: 
Similar to OT RV, the frst condition to be checked is

the di�erence in language.
If the received requirements document/request is writ-

ten in a language other than the native language of
the organizations who have to deal with it, then the
parse/translate language activity is executed. The OT RV
phase starts with the personal methodology, which allows
the participating site to use a validation technique that
suits their organizational unit, e.g., inspections, reviews,
walkthroughs, testing, and viewpoint resolution. After this
step, the participating site(s) will have a preliminary set
of validated requirements that will be reviewed in the next
step to ensure the absence of issues. The outcome of the
review activity will be a fnal set of validated requirements
at NOT RV. Finally, like OT RV, the acceptance test will
be performed at NOT RV.

VI. Evaluation of Framework 

RVGSD is evaluated using two means, i.e., execution
leading to comparison and user studies. The following
sections describe these after introducing the associated
tool developed.

A. Tool development for RVGSD 

To carry out the activities defned in the framework,
a prototype tool was developed. The technologies used
during tool development are Java Server Faces, Java
Database Connectivity, and MySQL. Primefaces was used
as a framework for the front end. The developed tool
inputs raw requirements and site details and saves them in
a database. The interfaces for NOT RV help send requests
for validation from OD and the validated requirements
back to OD. Similarly, interfaces for OT RV help inform
the stakeholders about the virtual meeting, record con-
ficts, and maintain language translation logs. The fnal
interface displayed to the users contains check boxes for
di�erent parameters that the requirements must fulfll to
be accepted. This interface also takes the fnal validated
set of requirements as input and saves them in a database.

1https://standards.ieee.org/standard/830-1998.html

B. Execution of Framework 

To validate RVGSD, we compared it with an exist-
ing requirements validation approach CoreVDO [19]. The
rationale for choosing CoreVDO was the commonalities
between RVGSS and CoreVDO. For example, both have
three distinct phases for di�erent activities, allowing the
application of prototyping for validation, etc. The require-
ments for an online book-selling system were validated
using both approaches, i.e., RVGSD and CoreVDO.

To avoid bias, independent participants (fnal semester
students of Masters in Computer Science) were given
both methods with a set of requirements to be validated,
keeping both approaches anonymous. After using both
methods, participants were asked to comment against
the given parameters. Table I provides the results of
the comparison between the two approaches (RVGSD
& CoreVDO). The comparison shows that compared to
CoreVDO, RVGSD produced better results against all the
identifed parameters.

TABLE I
Comparison between CoreVDO and RVGSD 

Sr. 
No. 

Parameter CoreVDO RVGSD 

1. Validation Centric No Yes
2. Language Di�erence No Yes
3. Caters overlapping and

non-overlapping working
hours

No Yes

4. Cost E�ective No Yes
5. Eÿcient (in terms of

time)
No Yes

6. Ease of understanding No Yes
7. Multi-Domain

Implementation
No Yes

8. Independence No Yes
9. Communication Yes Yes
10. Knowledge Management Yes Yes

C. User Study / Expert Review 

The practitioners of three GSD companies with
branches in Islamabad, Pakistan, participated in evalu-
ating RVGSD. The practitioners were requested to use
this framework in their ongoing projects while evaluating
RVGSD. Company 1 provides software and web develop-
ment services to various o�shore clients. Its head oÿce
is located in Liverpool. Company 2 develops back-end
modules for a client company located in China. Company
3 is Japan-based and provides software development and
consultancy services in Asia Pacifc, the Middle East, Eu-
rope, and the USA. To evaluate RVGSD, Company-1 used
RVGSD for a Learning Management System, Company-
2 for a Billing Management System, and Company-3
for an Enterprise Resource Planning System. A total
of 27 practitioners from these companies participated in
the evaluation of RVGSD, 11 from Company-1, 9 from
Company-2, and 7 from Company-3. All participants were
actively working on the projects. To demonstrate the
overall working of RVGSD to the participants, the second

https://1https://standards.ieee.org/standard/830-1998.html
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author conducted short training workshops with selected
practitioners at each company.

1) Feedback Questionnaire:: The three software devel-
opment companies were presented with the framework
along with the tool developed for execution. They were
also provided with a questionnaire to document their
experience with the proposed approach. We opted for
a closed-ended questionnaire because it is easy to use
and provides a quick response. There were 18 questions
in the questionnaire. Likert scale was used to measure
the responses. The questions were divided into multiple
sections addressing di�erent aspects of the framework,
including requirements validation, fxing of GSD issues,
and overall performance.

The stakeholders involved in implementing the frame-
work and answering the questionnaire were requirements
engineers, developers, team leaders, testers, and project
managers. Most of them had experience, while some de-
velopers were relatively new, with at least one year of ex-
perience. The second author also observed the evaluation
of RVGSD on a Billing Management System in Company
2.

2) Analysis of Results: We used descriptive statistics to
analyze the collected data. 23 out of 27 participants sub-
mitted the questionnaire. Only 22 forms were considered
valid and analyzed.

The results are presented in Figures 3 to 5. The three
key aspects of analysis are presented due to the limited
space allowed in the paper. Figure 3 provides the prac-
titioners’ feedback regarding the framework’s capability
of validating requirements, Figure 4 displays the results
regarding alleviating GSD issues, and Figure 5 shows the
view of practitioners about the overall performance of the
RVGSD.

Fig. 3. RVGSD is capable of requirements validation

From the results, we learned that 77% of the respon-
dents either strongly agree or agree on the ability of
RVGSD to validate requirements. Similarly, 76% of them
agree or strongly agree regarding the capability of the
framework to fx the GSD issues, and 71% of them have
given positive feedback concerning the performance.

VII. Discussion and Conclusions 

Based on the guidelines by Felderer et al. [13], this
study classifes the existing techniques for requirements

Fig. 4. RVGSD is capable of addressing GSD issues concerning
requirements validation

Fig. 5. Overall performance of RVGSD in terms of ease of use and
time eÿciency

validation into three categories, namely, constructive, ana-
lytical, and hybrid. Existing techniques serve their purpose
well in a co-located environment, but in GSD settings,
several issues arise. Some of these issues are inherent to
the distributed environment, making it diÿcult to conduct
requirements validation. The lack of existing techniques
for requirements validation in the GSD context motivated
us to propose a framework capable of resolving the GSD
problems. Taking inspiration from existing techniques and
considering GSD issues, we developed a framework for
requirements validation in GSD. We also developed a
prototype tool for the implementation of the framework.
For the evaluation of the RVGSD, we compared it with
existing techniques for requirements validation in GSD
(CoreVDO). We executed CoreVDO and RVGSD using
a similar set of requirements. The results showed that
RVGSD performed better than CoreVDO in resolving
GSD issues. To triangulate our fndings regarding RVGSD
evaluation, we conducted user studies in three GSD orga-
nizations. In all three organizations, selected practitioners
evaluated RVGSD by actually implementing it on real
projects, and then, by responding to a questionnaire, they
provided their feedback. The practitioners were satisfed
with our framework in all aspects, including validation
of requirements, fxing of GSD issues, and overall perfor-
mance.

VIII. Future Work 
We are working to provide a fully automated process

for requirements validation in GSD. We are also investi-
gating to use the Generative AI to support requirements
engineering processes.
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