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Distributed development is a constant need in the software industry. The allocation of tasks, in turn, is a critical activity for any
project, especially in a distributed setting. Assigning a task to an individual or team can be done in a rigorous manner, taking
into account a number of factors. In this scenario, the more data on factors that influence task assignment are available to
support the assignment decision, the more likely the project will succeed. As a result, companies have been looking to build
their big data with historical project data, aiming to better their chances of success. Some studies about task allocation in
distributed software development (DSD) have been carried out along the years aiming at mapping this topic and its features.
Also, some approaches, models, and frameworks to task allocation in DSD have been proposed. This paper presents a systematic
review of the literature whose objective is to identify works based on multicriteria models for assigning tasks in DDS projects,
especially those based on qualitative decision-making methods, considering the cognitive validity present in some of these
methods. The review results allowed identifying several interesting aspects and classifying the works according to a set of
questions. In addition, it has made some important findings that may be very useful for those who intend to conduct research
with qualitative multicriteria methods, since some of them employ techniques considered psychologically valid to address the
complexity of the decision about the task allocation in distributed projects.

1. Introduction

The number of software projects grows day by day. The
projects are related to several areas or fields and have differ-
ent dimensions and characteristics. The number of software
vendors grows at the same pace to meet this growing
demand. As a result, the competition in the software market
is quite high. Because of the competition, time requirements
and quality requirements tend to be higher as well. Such a
dynamic business environment requires that organizations
develop, evolve, and maintain software at a much faster rate
than in the past.

Large software companies often have offices in several
different cities, or even, in various countries, to serve
customers around the world. Teams in company branches
can have different profiles or expertise. Some teams perform
tasks that require proximity to the customer, but other tasks
can be done remotely. Some kinds of activities can be carried
out away from the large cities, where labour is often more
expensive. Thus, companies take advantage of the low-cost
workforce that is common when activities can be carried
out in a distributed manner.

Software development consists of several different
activities, such as requirement elicitation, analysis, and


http://orcid.org/0000-0001-7062-0553
http://orcid.org/0000-0002-1718-1712
http://orcid.org/0000-0002-1491-655X
http://orcid.org/0000-0001-8657-3800
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2018/6071718

design, coding, and testing, among others. Organizations that
adopt consistent methodologies can distribute these activities
in different sites, benefiting from the best skills of each
remote team. Thus, Distributed Software Development
(DSD) has become an increasingly present reality in modern
companies. A critical challenge in distributed projects is
related to the allocation of tasks to remote teams.

In this scenario, it is crucial that the company can be able
to store as much data as possible about the history of its
projects and all the underlying data, including the influenc-
ing factors. Consequently, more and more, companies have
made efforts to build their big data ([1, 2]) with historical
data of projects, aiming to improve their chances of success.

As we could realize, distributed development is a
constant need in the software industry. The academy, in turn,
has been investigating solutions to the many challenges of
distributed software development. Thus, the literature
provides some approaches that address the assignment of
tasks in distributed software development settings.

This paper performs a systematic literature review on
studies regarding approaches to task allocation in distributed
software development. The goal was to explore the existing
studies in search of any work related to qualitative criteria
analysis, considering the cognitive validity present in some
of these methods, according to Larichev [3]. Such a review
differs from other investigations because we tried to analyze
which of these approaches, processes, models, methods,
and frameworks focus on task allocation in projects of
distributed software development. Moreover, we looked
for approaches that are based on qualitative multicriteria
methods of decision-making, such as verbal decision analy-
sis, since it employs psychologically valid techniques to
address the complexity inherent in the task assignment
decision in distributed projects. Other issues were also
considered, such as support of automated tool, adaptability,
flexibility, and the existence of a process or flowchart.

The remainder of the paper is organized as follows.
Section 2 provides some of the main works related to the sub-
ject of this study found in the specialized literature. Section 3
outlines the adopted search method and explains how the
review was planned and conducted. In Section 4, we present
and discuss the review results. In Section 5, we report
some limitations and threats to the validity of the research.
Finally, Section 6 provides the conclusions and suggestions
for future works.

2. Related Work

Some systematic literature reviews were found as result of
our search and were considered very relevant to this research.
We briefly describe some of them below.

Lamersdorf et al. [4] conducted a survey on the state of
practice in DSD in which they investigated the criteria that
influence task allocation decisions. Marques et al. [5]
performed a systematic mapping, which enabled us to
identify models that propose to solve the problems of alloca-
tion of tasks in DSD projects. They intended to propose a
combinatorial optimization-based model involving classical
task scheduling problems. Marques et al. [6] also performed
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a tertiary review applying the systematic review method on
systematic reviews that addressed DSD issues. The study
revealed that most of the work focuses on summarizing the
current knowledge about a particular research question,
and some empirical studies are relatively small.

Galvina and Smite [7] provided an extensive literature
review for understanding the industrial practice of software
development processes and concluded that the evidence of
how these projects are organized is scarce. Despite that, they
presented the models deducted from the development
processes found in the selected literature and summarized
the main challenges that may affect the project manage-
ment processes.

In [8], Babar and Zahedi presented a literature review
considering the studies published in the International
Conference on Global Software Engineering (ICGSE)
between 2007 and 2011. They found that the vast majority
of the evaluated studies were in software development
governance and its subcategories, and much of the work
had focused on the human aspects of the GSD rather than
technical aspects. There was also a growing trend to provide
solutions to the problems identified in the area. However,
many of the proposed solutions have not been rigorously
evaluated. They also noted that while the GSD search pro-
duction is increasing, there are significant gaps that must be
filled, for example, to study the particular challenges and
offer solutions for the different software development phases,
such as design and testing.

da Silva et al. [9] developed another systematic literature
review, but focusing on challenges and solutions in DSD
project management. Finally, Simao Filho et al. [10] con-
ducted a quasisystematic review of studies of task allocation
in DSD projects that incorporate agile practices. The study
brought together some other works, allowing identifying
the many factors that influence the allocation of tasks
in DSD.

We have noted that some of the models used multicri-
teria approaches, but usually focusing on quantitative and
mathematical aspects. Moreover, most of the time, few
factors were used to drive the allocation of tasks, such as hand
labour costs, mainly. Risks and other relevant factors such as
the workforce skills, innovation potential of different regions,
or cultural factors were often insufficiently recognized [11].

The main difference between those reviews and this one
is related to the research objectives. In this work, we intended
to identify gaps in the set of existing approaches for task
allocation in DSD that would allow us to drive some research
to use multicriteria methods based on verbal decision
analysis. The literature review is presented next.

3. Systematic Literature Review Planning
and Conduction

Distributed development is a constant need in the
software industry. The academy, in turn, has investigated
solutions to the challenges of distributed software devel-
opment. Thus, the literature presents some approaches
to support the allocation of tasks in distributed software
development environments. A systematic review of the
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literature (SRL) was carried out to identify and characterize
the existing approaches.

First, we wished to obtain studies related to the subject of
this research. Then, we sought to carry out research for works
with the focus on task allocation in distributed software
development. In this research, we aimed to identify studies
based on multicriteria models, especially in methods of
verbal decision analysis. The next sections describe the
research method adopted.

3.1. Objectives of the Review. The objective of this study was
to analyze experience reports and scientific publications
in the context of distributed software development, with
the purpose of identifying the reported approaches and
processes, as well as whether they were based on qualitative
multicriteria models, mainly in methods of verbal decision
analysis. We have established the following objectives:

O1 Identify the existing approaches, processes, models,
methods, and frameworks that support the allocation
of tasks in distributed software development projects
and analyze some characteristics.

02 Analyze which of these approaches, processes,
models, methods, and frameworks are based on qual-
itative multicriteria methods of decision-making,
especially on verbal decision analysis framework.

O3 Identify factors or criteria that can be used to guide
the decision on task allocation in distributed software
development environments.

The target audience of this literature review was
researchers who wish to get a view of the field of task alloca-
tion in DSD and the professionals who want to know the
approaches, processes, models, methods, and frameworks
that are available for use.

3.2. Research Method. According to Wazlawick [12], when a
research is done on some technique or approach applied to a
knowledge area, it is necessary to make a review on the
approach itself, on the application area, and mainly on appli-
cations that have already been attempted with this approach
(or similar approaches) in the same area or in related areas. A
systematic review of the literature (or merely systematic
review) is a means of identifying, evaluating, and interpreting
all available research relevant to a particular research
question, or topic area, or phenomenon of interest [13].
According to Kitchenham and Charters [13], systematic
reviews are suitable to identifying any gaps in the current
research to suggest areas for further investigation. Moreover,
a systematic review is a reliable, rigorous, and auditable
research method, which tends to produce results that are
more reliable if compared to an informal review.
Kitchenham [14] structures the stages of a systematic
review in three main phases: planning the review, conducting
the review, and discussing the review. The systematic review
process applied in this research was inspired by this
roadmap, whose phases are detailed below (see Table 1).

TaBLE 1: Systematic review process applied in this study.

Phase Stage/activity

Specify research questions (3.3.1)
Define search strategy (3.3.2)
Select publications (3.3.3)
Define search scope (3.3.4)
Select sources (3.3.5)

Define inclusion and
exclusion criteria (3.3.6)

Collect data (3.4.1)
Present data (3.4.2)

Questions analysis (4.1)

Planning the review (3.3)

Conducting the review (3.4)

Discussing the results (4) . .
Main conclusions (4.2)

3.3. Planning the Review. Specifying research questions is
the most important part of any systematic review [13].
Thus, the first step in research planning is to define the
research question. To obtain the information desired for
this study, we have identified research questions associated
with each objective.

3.3.1. Specifying Research Questions. The central research
questions (primary questions (PQ)) were defined as follows:

PQ1 What approach was used or suggested for the allo-
cation of tasks in distributed software development
projects? The purpose of this question was to iden-
tify which approaches, processes, models, methods,
or frameworks are present in the literature that
assists in the allocation of tasks in distributed
software development projects, either automatically
or manually.

PQ2 Is the approach based on qualitative multicriteria
methods of decision-making? This question is
aimed at identifying works related to this research,
that is, which studies described approaches that
support the allocation of tasks in distributed
environments and were based on qualitative multi-
criteria methods of decision-making.

PQ3 Is the approach based on any method of verbal
decision analysis framework? With this question,
we intended to determine whether there is any
approach directly linked to the verbal decision
analysis methods.

PQ4 Does the study mention any factor or criterion
that influences the allocation of tasks in distrib-
uted software environments? With this question,
we intended to identify which factors or criteria
were used to guide the decision on task allocation
in distributed software development environments.

Additionally, the study is aimed at answering some
secondary research questions (SQ):



SQ1

SQ2

SQ3

SQ4

SQ5

SQ6

SQ7

SQ8

SQ9%

Does the approach describe a process? This
question is aimed at identifying if the approach
describes some process or flow that guides the
execution of the activities in order to reach the
proposed objectives.

Does the approach have any automated support
tool? This question had the purpose of identifying
whether the approach uses or implemented some
automated tool to support the execution of activities.

Does the approach apply influencing factors
extracted from the specific literature? The purpose
of this question was to identify whether the
approach used or applied influencing factors
found in the literature on distributed software
development or whether it created its list of factors.

Can the approach be instantiated from an organi-
zation standard? The objective of this question
was to investigate whether the approach could be
instantiated from an organization standard; that
is, once the company has a template or even some
templates, we wanted to know if it would be
possible to create instances from these templates
by changing only some data (parameters or factors
or others).

Does the approach reuse knowledge? With this
question, we sought to know if the approach
allowed the use of knowledge from other sources
(factors, criteria, relations, etc.) or even from the
company’s past.

Does the approach presuppose consensus meet-
ing? This question is aimed at finding out if the
approach included some activity or stage dedicated
to evaluate the generated results and decide on
their application.

Does the approach presuppose feedback of results?
With this question, we wanted to know if it was
possible to feedback the approach with generated
results, allowing model calibration.

Does the approach allow using a subset of the
whole process? The purpose of this question was
to find out whether the approach could only be
fully applied or whether it was possible to apply
only a few stages of the process, taking advantage
of the knowledge gained in other experiences or
the company’s past.

Does the approach allow modifying the main
parameters (allocation object and executing unit)?
With this question, we intended to know how
parametrizable the approach was, that is, whether
it was possible to apply it to different task sizes
(individual tasks, task packages, stages of software
development, etc.) as well as for different levels of
executing units (individuals, teams, departments,
offices, etc.).
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SQ10 Has the approach been applied in the real-world
situations? With this question, we wanted to know
if the approach was submitted to some experience
of use in the real context of the software industry,
ie., if the approach was experienced in practice,
either partially or totally.

SQ11 Has the approach been evaluated by users or
professionals? The objective of this question was
to know the rigor with which the presented
approach was submitted for validation or evalua-
tion by users or professionals who participated in
some kind of experience of use or similar activity,
allowing knowing the level of maturity of the

proposed approach.

SQ12 Has the approach been evaluated by knowledge
area experts? The purpose of this question is to
know the rigor with which the presented approach
was submitted for validation or evaluation by
professional or researchers with a high degree of
experience and knowledge in their areas of
practice, allowing knowing the level of maturity
of the proposed approach.

3.3.2. Defining Search Strategy. It was necessary to determine
and follow a search strategy [13]. This was important so that
relevant studies were included in the search results. To
achieve broad coverage in the search, we aimed to carry out
the research by making several combinations of terms related
to the subject of the research, both in digital libraries of the
academic area and in search engines where it was possible
to obtain related works.

(1) Search Method. Automated searches were performed on
electronic database engines or digital libraries using search
expressions, to reach a large number of publications. Manual
searches were avoided because the amount of work is
usually high. Also, we ran the risk of leaving out relevant
works. Thus, to define the search, we established the
following strategy:

(i) Derive the main terms from the research questions
(ii) Identify synonyms, plurals, and related terms

(iii) Use the OR logical operator to incorporate the
synonyms

(iv) Use the AND logic operator to connect the
parameters

(v) Check the terms in the titles, abstracts, and keywords
of the publications

(2) Search String. It was necessary to establish the population,
intervention, comparison, and production parameters to
formulate the search sequence, based on research questions,
as described in [13] and shown in Table 2.

The element of comparison was discarded. Thus, the
search string consisted of three parts: (population) AND
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TaBLE 2: Question structure.

Population Works related to distributed software development.
Intervention Works that addressed task allocation.
Comparison It did not apply, as it is not the objective of this work to carry out comparative analyses.
Outcomes  Approaches, processes, or other kinds of solutions that addressed the allocation of tasks in distributed software development.
TABLE 3: Parameters of search question.
distributed software development OR global software development OR collaborative software development OR global
Population software engineering OR globally distributed work OR collaborative software engineering OR distributed development OR
P distributed team OR global software teams OR globally distributed development OR geographically distributed software
development OR offshore software development OR offshoring OR offshore OR offshore outsourcing OR dispersed teams
Intervention task allocation OR task assignment OR task distribution
Outcomes approach OR process OR model OR method OR framework

(intervention) AND (outcomes). Different authors can use
distinct terminologies to represent the same subject. For this
reason, it is common to create a broader expression involving
several synonyms of the searched term to guarantee the pres-
ence of a greater number of related works, even if this can sig-
nificantly increase the amount of returned work. The
synonyms were then connected through the logical OR oper-
ator to form the search string. Thus, we defined the following
strings (see Table 3).

The complete search string was defined as follows:

(distributed software development OR global software
development OR collaborative software development OR
global software engineering OR globally distributed work
OR collaborative software engineering OR distributed
development OR distributed team OR global software teams
OR globally distributed development OR geographically
distributed software development OR offshore software
development OR offshoring OR offshore OR offshore
outsourcing OR dispersed teams)AND(task allocation OR
task assignment OR task distribution) AND(approach OR
process OR model OR method OR framework)

(3) Protocol Experiment. We performed a pilot experiment
that allowed us to identify some relevant works to the
theme of our research. For this, the following studies
were considered for testing the search string: Lamersdorf
and Miinch [15], Almeida and Albuquerque [16], and
Prikladnicki et al. [17].

3.3.3. Selecting Publications. The selection of the publications
was structured in three stages: (i) preliminary selection, (ii)
primary selection, and (iii) final selection. In the first stage,
we selected the digital libraries, performed the search expres-
sion for each base, and compiled all the returned works,
along with other works identified in manual searches (other
literature reviews and theses). In the second stage, we
discarded duplicate works and nonscientific publications,
based on the full reference of each work. Also in this step,
we applied the first selection filter, aiming to analyze the
works abstract according to the inclusion and exclusion

criteria. At the end of this step, we had a list of candidate
publications. In the last stage, we downloaded the candidate
publications, which were read and analyzed again according
to the inclusion and exclusion criteria, corresponding to the
second selection filter. Finally, the research questions were
applied to these works and the results were consolidated.

3.3.4. Defining Search Scope. We considered three dimen-
sions for the scope of our search: time period, language,
and source. The period of publication of the papers was not
limited so that the research was comprehensive, including
works that could be sources of reference in the study on the
topic explored. Thus, we take into account the works
published until the date of the research, i.e., the first quarter
of 2016.

Regarding the language, we decided to use the English
and Portuguese languages. The choice of English language
is due to its adoption by most international conferences
and journals related to the research topic and because
most relevant publishers use it. The choice of the Portuguese
language is due to its adoption by major national confer-
ences and journals of Software Engineering, especially the
ones supported by the Brazilian Computer Society, and
because there are many master dissertations and doctoral
thesis of main Brazilian universities that were written in
Portuguese.

3.3.5. Selecting Sources. Concerning sources of the work, the
search should be carried out in digital libraries through its
search engines. Therefore, to be selected, libraries should
meet the following criteria:

(i) Have search engines that allow the use of logical
expressions

(ii) Allow search in specific fields of publications, such
as title, abstract, and keywords

(iii) Belong to one of the publishers listed in the Portal
of Periodicals of Brazilian Coordination for the
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(iv) Contain publications from the area of computing at
their base

Thus, we selected the following digital libraries:

(i) ACM Digital Library (http://dl.acm.org)

(ii) IEEE Xplore Digital Library (http://ieeexplore.
ieee.org)

(iii) Elsevier Scopus (http://www.scopus.com)

(iv) ScienceDirect (http://www.sciencedirect.com)

Also, theses and dissertations related to the research
theme were also considered. These works were obtained
through manual searches using the search engine provided
by Google Scholar (http://scholar.google.com).

3.3.6. Defining Inclusion and Exclusion Criteria. Study
selection criteria were intended to identify those primary
studies that provided direct evidence about the research
question [13]. Thus, we have adopted some inclusion and
exclusion criteria to ensure that only scientific papers that
met the objectives of the review were analyzed. Therefore,
for some publication to be analyzed in this study, it would
need to meet the following inclusion criterion: studies that
describe approaches that support the allocation of tasks in
distributed software development context.

Exclusion criteria were also established in order to
discard the publications returned by searches that did not
belong to the scope of the survey: (1) the study did not meet
the inclusion criterion; (2) the study was unavailable for
download without cost; and (3) the study was unavailable
in English or Portuguese.

All the studies returned in the searches were analyzed
considering the established criteria. First, we examined title,
keywords, and abstract of each publication by checking the
inclusion and exclusion criteria (first filter). Papers that met
some exclusion criteria were removed from the list of
candidate publications. Afterwards, the remaining publica-
tions were downloaded and entirely read, reevaluating the
inclusion and exclusion criteria (second filter). In the end,
the remaining papers composed the final list.

3.4. Conducting the Review

3.4.1. Collecting Data. The systematic review was developed
in the first quarter of 2016 and was initially conducted by
only one researcher. As planned, the selection procedure
was carried out in three steps: preliminary selection, primary
selection, and final selection. In the preliminary selection
stage, the search string was applied to the chosen digital
libraries, resulting in 415 publications returned. We then
proceeded to the second stage, primary selection, in which
the selection filters were applied; that is, we analyzed titles,
keywords, and abstracts verifying the inclusion and exclusion
criteria, resulting in 63 candidate publications. In the third
stage, final selection, we read the full text of the candidate
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publications, again verifying the inclusion and exclusion
criteria, resulting in 21 publications. The selected publica-
tions were presented to a second researcher, who agreed with
the final selection. Figure 1 illustrates the process and
presents its findings.

3.4.2. Presenting Data. After the selection stage, we began to
analyze the publications. In this step, each paper was exam-
ined to understand the described approach, as well as to
answer the research questions, both primary and secondary
questions. Table 4 indicates the codes used in data consolida-
tion table. Table 5 provides an overview of the selected and
consolidated papers as well as the answers to the research
questions. Cells marked with “v” indicate that a positive
answer to the corresponding question was found in the inves-
tigated works. Cells marked with “—” indicate that no con-
clusive information about the research question was found
in the consulted publications. It is important to emphasize
that this analysis considered the information that was
available and accessible during the period of accomplishment
of this work, as well as the author’s understanding of issues
that were not explained explicitly in the texts read.

4. Results and Discussion

4.1. Question Analysis. In this subsection, question responses
are analyzed and discussed: firstly, the primary questions,
then, the secondary ones.

PQl What approach was used or suggested for the
allocation of tasks in distributed software develop-
ment projects?

Eleven different approaches were identified in the
consulted publications. The researched approaches
used different denominations, being six models,
two frameworks, one reference model, one envi-
ronment, and one tool. Although the approaches
are focused on the same central theme, that is,
allocation of tasks in a distributed scenario, some
of them tackle specific problems, such as 24-hour
development [30], allocation in SCRUM projects
[16], or component allocation in Distributed
Software Product Lines [35]. The methods and
techniques applied to solve the task allocation
problem in DSD were also quite varied. Some
approaches were based on multicriteria methods
([16, 34]), one tool used Fuzzy Logic [23], one
model adopted simulation techniques [27], and
another based on the Bokhari algorithm and
Bayesian networks [15]. Also, some approaches
have been devoted to indicating the best recom-
mendation for the allocation (e.g., [15, 35]),
while others have proposed reference models
and processes for the allocation flow of tasks
(e.g., [17, 19]).

PQ2 Is the approach based on qualitative multicriteria
methods of decision-making?
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FIGURE 1: Publication selection process.

TaBLE 4: Codes used in the data consolidation table.

Question ID

Description

PQ1
PQ2
PQ3
PQ4
SQ1
sQ2
SQ3
SQ4
SQ5
SQ6
SQ7
SQ8
SQ9

SQ10
SQ11
SQ12

What approach was used or suggested for the allocation of tasks in distributed software development projects?

Is the approach based on qualitative multicriteria methods of decision-making?

Is the approach based on any method of verbal decision analysis framework?

Does the study mention any factor or criterion that influences the allocation of tasks in distributed software environments?

Does the approach describe a process?

Does the approach have any automated support tool?

Does the approach apply influencing factors extracted from the specific literature?

Can the approach be instantiated from an organization standard?

Does the approach reuse knowledge?

Does the approach presuppose consensus meeting?

Does the approach presuppose feedback of results?

Does the approach allow using a subset of the whole process?

Does the approach allow modifying the main parameters (allocation object and executing unit)?

Has the approach been applied in real-world situations?

Has the approach been evaluated by users or professionals?

Has the approach been evaluated by knowledge area experts?

We have found only two approaches that were
structured in qualitative multicriteria methods of
verbal decision analysis: McDSDS [16] and the
model of Barcus and Montibeller [34]. In fact,
Barcus and Montibeller [34] reinforce the maturity
that MCDA has achieved, with well-developed
methods and many real-world interventions.
However, they believe that more research focused
on the process of supporting groups of decision-
makers with MCDA is needed.

PQ3 Is the approach based on any method of the verbal

decision analysis framework?

No approach based on verbal decision analysis
methods was found in the searched literature. This
situation reveals a gap in the bibliographic studies.
Once task allocation in the DSD environment
consists of a multicriteria decision-making prob-
lem and involves a certain degree of subjectivity,
it would be useful to investigate how the VDA
framework could be applied in this context, since
VDA proposes to deal with problems with many
criteria through qualitative analysis.

PQ4 Does the study mention any factor or criterion that

influences the allocation of tasks in distributed
software environments?

All investigated approaches have taken into
account several factors, from personal aspects,

SQ1

such as technical skills and project manager
maturity, to geographic issues, such as cultural
and time zone differences. Some factors appeared
more frequently, such as team skills and labour
cost. Barcus and Montibeller [34] dealt not only
with software engineering issues but also with
“soft” and strategic issues, like team satisfaction
and training opportunities. Different classifica-
tions have also been found. Lamersdorf and
Miinch [15] classified the factors (or criteria) for
task allocation in standard and custom software
development. Prikladnicki [17] identified five
categories of factors: development process, project,
stakeholders, organization, and dispersion. Ruano-
Mayoral et al. [19], in turn, defined metrics for the
factors used in their framework.

Does the approach describe a process?

A process is necessary to guide users in per-
forming the activities to achieve the proposed
goal. Nevertheless, only a few studies have
presented approaches that describe some process
or flow of activities: TAMRI [15], Ruano-Mayoral’s
Methodological Framework [19], MuNDDoS
[17], MCDA model of Barcus and Montibeller
[34], and the Recommendation Framework for
SPL [35].

SQ2 Does the approach have any automated sup-

port tool?
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Complexity

SQ3

SQ4

SQ5

Automated support tools are helpful because they
make it easier to use the approach, reducing the
effort to perform the process or activity. Besides,
other benefits such as storing historical data and
speed in generating results are quite useful for
these kinds of approaches, which often require
knowledge reuse and rapid decision-making. For
this analysis, we considered tools that have been
implemented for the approach or third-party tools
that were used by the approach. We did not
consider spreadsheets in Excel. Regarding auto-
mated support, more than half of the evaluated
approaches provided some kind of tool, namely,
TAMRI [15], Ruano-Mayoral’s Methodological
Framework [19], McDSDS [16], DIMANAGER
[23], Global Studio Project [32], and NextMove [33].

Does the approach apply influencing factors
extracted from the specific literature?

The literature mentions a good number of
factors that influence the assignment of tasks in
distributed projects. All the consulted approaches
make use of these factors present in the literature
in their mechanisms or processes.

Can the approach be instantiated from an organi-
zation standard?

For some approaches, it is possible to establish a
standard within the organization. With this, every
time a decision on task allocation needs to be
made, the approach can be instantiated from the
existing standard using current or historical data,
and the lessons learned. This facilitates the process
as it avoids the overhead of having to start the
entire decision process without any data. Regard-
ing this, in several approaches it was possible to
find evidence that it was possible to create
instances from an organizational standard, such
as TAMRI [15], Ruano-Mayoral’s Methodological
Framework [19], GSD Simulation Model [27],
24-Hour Development Model [30], MuNDDoS
[17], NextMove [33], MCDA model of Barcus
and Montibeller [34], and Recommendation
Framework for SPL [35].

Does the approach reuse knowledge?

Decision-making processes use and generate a lot
of information. Historical data, records of deci-
sions, lessons learned, all these are examples of
knowledge generated during decision-making.
Storing such knowledge, either automatically or
manually, and using it as input in future situa-
tions can increase the chances of achieving
better results. Thus, the following approaches
provided indications that it was possible to reuse
knowledge: TAMRI [15], GSD Simulation Model
[27], MuNDDoS [17], NextMove [33], MCDA
model of Barcus and Montibeller [34], and
Recommendation Framework for SPL [35].

SQ6 Does

SQ7

SQ8

SQ9

the approach presuppose consensus

meeting?

After executing any approach or model and
generating the allocation recommendations, it is
important to assess the feasibility of implementing
such recommendations, as external factors or
issues not initially thought may arise. In such
cases, holding consensus meetings appears to be a
good practice, as they allow assessing such situa-
tions. Despite this, only the reference model of
MuNDDoS [17] mentions something like a
consensus meeting.

Does the approach presuppose feedback of results?

In the decision-making process, recording the suc-
cess or failure of a decision, as well as the involved
aspects, is very relevant to calibrate the model. For
this, it is necessary to feedback the model with the
results produced in previous iterations. Thus, the
incorporated knowledge can be applied to new sit-
uations. Concerning this, the following approaches
mentioned feeding back the model with some kind
of resulting data: GSD Simulation Model [27],
MuNDDoS [17], NextMove [33], MCDA model
of Barcus and Montibeller [34], and Recommen-
dation Framework for SPL [35].

Does the approach allow using a subset of the
whole process?

Models composed of various activities or modules
may allow applying only a subset of the whole,
without compromising the quality of the outcome.
This is usually possible when there is a knowledge
base that allows starting the process from the
intermediate steps. In this regard, the following
models provide evidence that it is possible to
perform only a subset of activities or steps of the
full version: TAMRI [15], GSD Simulation Model
[27], MuNDDoS [17], Global Studio Project [32],
and Recommendation Framework for SPL [35].

Does the approach allow modifying the main
parameters (allocation object and executing unit)?

A model is created to meet a demand or need,
thus solving a particular problem. However, it
may be possible to adapt or extend the model
to suit other scenarios or dimensions. For example,
an approach initially designed to support task
allocation to team members can be adapted to
support the allocation of work packages to teams.
In this sense, most of the surveyed models
presented indications that they can be adapted in
relation to the allocation object and the executing
unit, except McDSDS [16], DIMANAGER [23],
and NextMove [33].

SQ10 Has the approach been applied in real-world

situations?
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Applying an approach in real-world scenarios is
essential for its validation, calibration, and
improvement. Regarding this, the following papers
have reported on the application in real situations:
TAMRI [15], Ruano-Mayoral’s Methodological
Framework [19], McDSDS [16], DIMANAGER
[23], 24-Hour Development Model [30], and
Recommendation Framework for SPL [35].

SQ11 Has the approach been evaluated by users or
professionals?

In addition to applying the approach in real-world
scenarios, it is also quite pertinent to conduct some
evaluation in the process, whether quantitative or
qualitative. The purpose of the evaluation is to
check whether the objectives of the approach have
been achieved or not, identifying weaknesses and
strengths, as well as opportunities for improve-
ment. Concerning this question, the following
approaches mentioned having performed some
evaluation by users or professionals participating
in the experiences of use of the approach: TAMRI
[15], Ruano-Mayoral’s Methodological Frame-
work [19], and DIMANAGER [23].

SQ12 Has the approach been evaluated by knowledge

area experts?

Also regarding the evaluation, it is a common
practice to submit a model to the evaluation of
experts in the field of knowledge. In this sense,
the following works indicated having applied some
evaluation with project management experts:
TAMRI [15], Ruano-Mayoral’s Methodological
Framework [19], DIMANAGER [23], and MCDA
model of Barcus and Montibeller [34].

4.2. Main Review Conclusions. The approaches were given
different denominations, such as process, framework, and
model, among others, which required more attention in
search of publications. All approaches have taken into
account several factors, from personal aspects, such as
technical skills and project manager maturity, to geographic
issues, such as proximity to the client and time zone
differences. Some factors appeared more frequently, such as
team skills and labour cost.

We have noted some variation in the granularity of the
task to be allocated. Some approaches consider individual
tasks, such as [25, 30, 33, 34], while others focus on groups
or packages of tasks ([20, 34]), or even entire projects, such
as [17]. We also have perceived variations concerning the
destination of the allocation. Some studies addressed the
assignment of tasks to individuals [25, 30, 33]; others
consider teams, offices, or branches ([11, 16, 17, 27, 34]).
Some studies defined conceptual models, such as frameworks
and reference models ([17, 19]), while others implemented
automated tools from the proposed models ([23]). It is
important to note that, considering the papers analyzed, only
three presented approaches based on multicriteria decision-
making methods ([16, 33, 34]). However, only two of them

Complexity

TaBLE 6: Total of positively answered questions.

Approach Count
TAMRI 11

Ruano-Mayoral’s Methodological Framework 9

Recommendation Framework for
allocation of dev teams in dist. proj. SPL

MuNDDoS

Barcus and Montibeller

GSD Simulation Model
NextMove

DIMANAGER

McDSDS

Global Studio Project
24-Hour Development Model

Ul U1 Y O NI O O

were based on qualitative analysis, ([16, 34]), and none
were based on methods of the verbal decision analysis
framework. In addition to works listed above, other studies
did not describe approaches but did some mention of
factors or criteria that influence or affect the allocation of
tasks in distributed software development. Among them,
we highlight [36-42].

Considering the 15 objective questions assessed in this
study (three primary questions (PQ2 to PQ4) and twelve
secondary questions), TAMRI was the best evaluated
approach, which scored in 11 out of 15 questions. For the
criteria considered in this study, the McDSDS, Global Studio
Project, and 24-Hour Development Model approaches
obtained the lowest score (only 5 out of 15 questions). The
PQ4 and SP3 criteria, both related to the influencing factors
for task allocation in DSD, were successful by all approaches,
while only one approach addressed the SQ6 question
(consensus meeting) and no approach satisfied the P3
question (based on any VDA method). Tables 6 and 7 detail
the performance of the approaches researched and the issues
investigated, respectively.

Other studies have conducted systematic reviews or
extensive systematic mapping on task allocation in dis-
tributed software development environments, such as
[4-10, 41, 43-47]. As mentioned previously, the main dif-
ference between the other reviews and this one is related
to the research objectives. In this work, we intended to
identify gaps in the set of existing approaches for task
allocation in DSD that would allow us to drive some
research to use multicriteria methods based on verbal
decision analysis. Since no such approach was found,
we understood that our goal had been achieved in this
sense. Moreover, many influencing factors have been
identified in the DSD task allocation decision process,
which may be useful for future works. Also, several
aspects were analyzed in the existing approaches that
allowed us to delineate some desirable characteristics for
a new approach in this field. Finally, this review served
as support for the research developed in other works
such as [48-54].
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TaBLE 7: Total approaches that scored for each question.
Q.ID Description Count
PQ4 Does the study mention any factor or criterion that influences the allocation of tasks in distributed software environments? 11
SQ3 Does the approach apply influencing factors extracted from the specific literature? 11
SQ4 Can the approach be instantiated from an organization standard? 8
SQ9 Does the approach allow modifying the main parameters (allocation object and executing unit)? 8
SQ2 Does the approach have any automated support tool? 6
SQ5 Does the approach reuse knowledge? 6
SQ10 Has the approach been applied in real-world situations? 6
SQ1 Does the approach describe a process? 5
SQ7 Does the approach presuppose feedback of results? 5
SQ8 Does the approach allow using a subset of the whole process? 5
SQ12 Has the approach been evaluated by knowledge area experts? 4
SQ11 Has the approach been evaluated by users or professionals? 3
PQ2 Is the approach based on qualitative multicriteria methods of decision-making? 2
SQ6 Does the approach presuppose consensus meeting? 1
PQ3 Is the approach based on any method of verbal decision analysis framework? 0

5. Limitations

The main threat concerns the publication bias to which all
studies of this type are subject, i.e., most literature reviews
do not clarify the underlying justification.

About sources, we do not access all possible sources. Also,
there were issues related to restricted access to some digital
resources. We used only reputed digital resources that were
accessible to us. However, we understand that we have
covered enough literature to generalize our findings. It is
important to emphasize that the publication analysis took
into account the information that was available and accessi-
ble during the period of accomplishment of this work, as well
as the author’s interpretation of issues that were not provided
explicitly in the texts read. To mitigate such a threat, the
results analysis was discussed with two other researchers
who also had access to the selected publications.

Regarding the interface of the search engines, it was not
possible to use the same search string in all digital libraries.
Some of them made it possible to formulate more complex
queries, while others provided only a few filters. Another
limitation identified was the lack of relevant information
for some works researched, such as the location where the
research was conducted and the time in which the research
was developed, as well as the number and profile of the
researchers involved.

More detailed information on the limitations and threats
to the validity of this study can be found in [48].

6. Conclusion and Future Work

This paper described a systematic review of the literature on
studies related to approaches to the allocation of tasks in
distributed software development. The goal was to evaluate
the existing studies in search of any work related to qualita-
tive multicriteria analysis. The results showed that, although
it is a subject present in recent publications and others not so

recent, few studies have some relation to task allocation
using qualitative multicriteria methods. If we consider
methods of the verbal decision analysis framework, no
work has been identified.

The research carried out allowed a better understanding
of the main approaches related to the allocation of tasks in
distributed software projects. Moreover, the results obtained
in the systematic review allowed us to identify some research
opportunities such as applying qualitative multicriteria
methods for task allocation in DSD projects. The review also
allowed identifying numerous factors or criteria that influ-
ence or affect the allocation of tasks in distributed software
development.

As future works we suggest (i) to investigate the
impact of the influencing factors identified in this review
on task allocation in both centralized and distributed
development projects, (ii) to explore the application of
qualitative multicriteria-based approaches to the problem
of task assignment in DSD scenario, and, finally, (iii) to work
on a proposal of an approach based on verbal decision
analysis to support the allocation of tasks in DSD projects.
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