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Abstract

The objective of this study is to analyze the current perspective as regards knowl-

edge related to what causes stress or motivates developers, how these two aspects

are related to each other, and how this in turn affects their performance in the sphere

of Global Software Development and how these can be controlled. This paper pre-

sents the results obtained after conducting a systematic mapping study of literature

in order to analyze how stress, motivation, and performance affect the project mem-

bers in Global Software Development teams. We carried out a systematic mapping of

published studies dealing with stress, motivation, and performance in global software

engineering. A total of 118 papers dealing with this subject were found. The litera-

ture analyzed provided a relatively significant quantity of data referring to the impact

that the characteristics of distributed software development projects have on the

performance and productivity of teams, along with the actions taken to improve that

performance. However, when focusing on the analysis of the impact of this type of

projects on team members' motivation, and on the actions that can be taken to

improve that motivation, we discovered that the number of works decreases consid-

erably and that works referring to the impact of this kind of development on devel-

opers' stress were virtually non-existent, as were those concerning ways in which to

improve that stress. We are, therefore, of the opinion that it is necessary to carry out

in-depth research into the aspects of working in distributed teams that may have a

negative impact on developers' levels of motivation and stress, along with what could

be beneficial in order to improve levels of motivation and decrease levels of stress.
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1 | INTRODUCTION

Software development companies' interest in having geographically distributed and separated development teams had already increased in the

last decade.1 This tendency is known as either global software development (GSD) or distributed software development (DSD) according to

whether the members of the team are, respectively, located in different countries or in the same one. Both models have various known benefits,
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such as cost saving and the reduction in commercialization time2 thanks to access to a more extensive labour market or development approaches

such as “follow the sun.”3,4

In spite of the benefits of GSD, this model also implies challenges that must be confronted, such as temporal, geographic, and socio-cultural

distances,5–8 aspects that have been widely dealt with since the first days of GSD. Although there is a clear tendency towards developing software in a

distributed and global manner,9,10 the circumstances brought about by the current COVID-19 pandemic have led this tendency to accelerate and

become a necessity.11–13 Therefore, in Šmite et al.14 define work from home as a particular case of distributed work and, in their paper,15 describe the

social effects of this new trend, indicating that it increases the feeling of isolation, deteriorates social ties and team cohesion, and decreases the interest

in collaborative work. The factors that affected well-being and productivity during the pandemic were also analyzed by Russo et al.,16 who explained, for

instance, how anxiety, distractions, or work motivation began to change in that period of time. We are now practically back to normal life, and it is very

important to analyze what factors affect the levels of stress, motivation, and performance of developers working in distributed and global environments.

We have been unable to find any other literature reviews tackling this subject in its entirety and consequently consider ours to be the first. It

may, therefore, be of assistance as regards attaining an idea of the material available on stress, motivation, and performance in distributed settings.

The concept of stress has numerous definitions, one of which is negative responses to situations or events that the subject may consider to

be threatening from a physical or emotional point of view.17 We may consider that the factors that provoke stress and are out of our control are

detrimental to our psychophysical wellbeing.18 Another more recent definition of the term is that of Sharmilee et al.,19 which defines work-related

stress as the physically harmful emotional interruption that occurs when work does not correspond to the worker's skills, resources, and needs.

The phenomenon of stress varies greatly among different people and depends on different aspects, such as individual vulnerability, resilience,

or the work being carried out,20 and in this respect, both the quantity and difficulty of the work demanded, and employees' capacities to make

decisions in order to organize their workload are important. Stress occurs when individuals have to confront distressing situations caused by

events or actors over which they have no control.20

The impact of stress on workers' production had been widely studied, and various works tackle this problem in the software development sec-

tor.16,21,22 On the other hand, the impact of work-related stress has an important economic cost, since in the 1980s, losses related particularly to

human error, absenteeism, and less productivity were estimated as being thousands of million dollars in the United States alone.23,24 It is possible to

state that work-related stress has become one of the most common professional illnesses19 and it is, therefore, necessary to take various actions in

order to not only increase workers' productivity and decrease the costs associated with high levels of stress but also improve employees' wellbeing.22

Some of the aspects that most affect work-related stress in the IT sector are an overload of work, ambiguity as regards a person's role at work

or interpersonal relationships.21 Furthermore, Forsgren25 indicates that remote work leads people to spend more time working since it is difficult

to separate their private life from work, and this can increase their feelings of stress and burnout as work is invading their personal space.

As occurs in the case of stress, there are numerous definitions of motivation, although in the sphere of work, that of Khatri26 is highly appro-

priate, since it indicates that motivation consists of aligning the specific objectives of a determined person with an organization's objectives. Moti-

vation is increasingly considered to be one of the principal problems in software engineering and is one of the most common causes of failure of

projects of this type.27

Several theories analyze the concept of motivation from different points of view, of which it is possible to highlight Maslow's hierarchy of

needs theory,28 Herzberg's Two-Factor Theory,29 McClelland's theory of needs,30 or Vroom's Expectancy Theory.31 From a purely work-related

point of view, there are theories such as that of equity,32 which explains the concept of motivation as the intention of making what workers con-

tribute to the company and what it receives from them the same. New definitions of motivation continue to appear,33–36 although one of the sim-

plest might be as follows: the impulse to do something.37

Numerous researchers have studied the impact of motivation on the performance of professionals in the area of software development38–41

and have found that an improvement to the levels of employees' motivation has repercussions on the quality and quantity of the software devel-

oped, and on the workers' commitment to the company. However, despite the fact that numerous studies have analyzed productivity in the soft-

ware engineering sector, it is still a current topic, and new studies analyzing how to improve productivity measures continue to appear.42 For

instance, Šmite et al.14 studied how home telework affected productivity during the Covid-19 pandemic. This could be influenced by technical

aspects or social aspects, but our work focuses mainly on the social aspects.

The terms productivity and performance often appear together, and according to the book “Rethinking Productivity in Software Engineering”
(chapter 4),43 performance is even broader than productivity or profitability and covers many factors that influence a company's success. Chap-

ter 5 of the same book provides a description of a software development productivity framework in which three dimensions are considered:

velocity, quality, and satisfaction. The third captures human factors including fatigue, team comfort, and autonomy. Analyzing the human factors,

it is consequently critical to increase satisfaction and, indirectly, performance in software development.

Therefore, given the importance of stress, motivation, and performance for software engineering in general and, mainly, for global software engi-

neering, we have carried out the systematic mapping study shown herein. The objective of a mapping of literature is to find, evaluate, and analyze all

those studies that are relevant for determined questions or research topics through the use of a rigorous and auditable methodology. In this work, we

have used the guidelines defined in previous reviews,44–46 which have been adapted to research in the area of software engineering.47

This paper has been organized as follows. Section 2 shows related work, while Section 3 provides a description of the method used to carry

out the systematic mapping of literature, along with the criteria employed in order to select or discount papers. Section 4 presents the
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demographic results of the synthesis of literature obtained. Section 5 shows the results regarding the five research questions. The threats to valid-

ity are presented in Section 6, and our conclusions are provided in Section 7.

2 | RELATED WORK

Numerous studies analyze both GSD and its human and social impact on software development or aspects that might influence developers' pro-

ductivity. The summary of these works, which is shown below, is ordered by date.

In 2006, Holmstrom et al.7,8 studied the challenges that aspects such as temporal, geographic, and socio-cultural distance pose in GSD pro-

jects. Furthermore, Beecham et al.48 analyzed the impact of motivation on software engineers. The aim of that research was to describe the land-

scape of that motivates developers, what de-motivates, and how existing models address motivation. This work was updated by Acuña et al.49;

the authors analyze the impact that the atmosphere of working in a team may have on the quality of the software developed, while Akula and

Cusick50 analyze the impact of an excessive workload and stress on software quality. In their work, Conchúir et al.51 analyzed the benefits of

GSD; the aspect of cultural distance was also studied by Casey.52

Canedo and Santos53 carried out an empirical study in which they analyzed the factors that affect productivity in software development,

while Oliveira et al.54 also analyzed these factors in a similar work. Moreover, Johnson et al.55 studied the effect that the work environment has

on software engineers' satisfaction and productivity.

With regard to a mapping or a systematic literature review, we would like highlight the following:

Steinmacher et al.56 describe a systematic literature review addressing the topic of awareness in communication, coordination, and coopera-

tion in GSD. In the case of the review by Noll et al.,57 the focus is on the analyses of barriers and solutions in GSD. Nurdiani et al.58 conducted a

systematic review on GSD literature and gather challenges associated with this kind of projects as well as their mitigation strategies. Anh et al.59

investigate the importance of effective team coordination in global software projects. The objective of this systematic literature review was to

summarize the evidence on the relationship among dispersion, team coordination, and performance in global software projects.

The work of Nguyen-Duc et al.60 describes a systematic review on dispersion, coordination, and performance in global software teams. These

authors found that the dispersion dimensions affect team outcomes and that, for example, geographical dispersion has a negative impact. The

authors focus on analyzing how these dimensions principally affect team coordination, but no mention is made of stress or motivation.

In-depth research into the topic of soft skills is also taking place, as occurs in the work by Dubey and Tewary61 in which the authors describe

a systematic review of relevant soft skills in software engineering curricula.

Iriarte and Bayona62 conducted a systematic literature review of soft skills in IT project success, which showed the importance of the role of

project managers in the performance of a project. Massago et al. (2018) through a systematic mapping try to identify the sociocultural aspects

that can influence a software production process. The objective of this paper was to propose an approach that classifies aspects in three perspec-

tives: collaboration, people, and external, which allows the project manager to make decisions about the performance of human resources and

mitigate problems arising from communication, cooperation, and coordination, generating better results in indicators of productivity, quality, and

efficiency of GSD teams.

In the same year Wagner y Ruhe63 analyzed those works that have dealt with the factors that influence productivity during software

development.

With regard to soft skills, Matturro et al.64 described a systematic mapping of soft skills in software engineering in general, without dis-

tinguishing DSD or GSD. Kuutila et al.65 through a systematic review try to provide an overview of studies related to time pressure in software

engineering; specifically, existing definitions, possible causes, and metrics relevant to time pressure were collected in distributed software pro-

jects. The authors stated that this is the most frequent cause of unhappiness among developers.

In the selected databases, three of the most important, we have not been able to find a mapping or systematic literature review dealing with

motivation, stress, and performance in GSD settings. Because of this, and taking into account that since the pandemic most work is being carried

out in a remote manner, this research could be an interesting contribution.

3 | RESEARCH METHOD

This study was carried out following the steps described by Kitchenham44 and Kitchenham and Charters,45 which were adapted to our require-

ments for a systematic mapping study by following the indications of Petersen et al.47

The steps followed are shown below:

1. Identify need

2. Formulate research questions
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3. Carry out an exhaustive search for published works

4. Evaluate the quality of the works found and record them

5. Classify the data required to respond to the research questions

6. Extract the necessary data from each of the works selected

7. Summarize and synthesize the results

8. Interpret the results and determine their applicability

9. Write a study report

All the steps listed above were followed in this work. The papers were sought using the search engines of three important scientific reposito-

ries, and additional references were also obtained on the basis of a review of the bibliographies of the papers selected (snowballing process).

3.1 | Research questions

In order to obtain complete information about the topics that we wished to research, a total of six research questions were defined in this work:

RQ1. According to the literature selected, which factors cause stress in the members of DSD or GSD teams?

RQ2. According to the literature selected, which factors affect the motivation of the members of DSD or GSD teams?

RQ3. According to the literature selected, which factors affect the productivity and performance of the members of DSD or GSD teams?

RQ4. Does the literature selected propose any means to reduce this stress?

RQ5. Does the literature selected propose any means to increase motivation in DSD or GSD?

RQ6. Does the literature selected propose any means to increase productivity and performance in DSD or GSD?

3.2 | Search and selection procedures

The search for the papers was carried out during the month of January 2022, and they were reviewed and selected in February and March of the

same year.

The paper containing the data and conclusions of the mapping study was produced in April and May 2022.

3.3 | Search chain

The research questions proposed included the following keywords:

“global software development, stress, fatigue, phobia, tiredness, nervousness, motivation, productivity, and performance,” on the basis of

which the search string shown below was employed:

keywords (((“productivity” or “stress” or “burnout” or “fatigue” or “anxiety” or “performance” or “nervous” or “fear” or “phobia” or “motiva-

tion”) and (“global software development” or “global software engineering” or “gsd” or “gse” or “distributed software development” or “distrib-
uted software engineering” or “multi-site software development” or “multisite software engineering” or “remote work”)))

The search was carried out solely for papers published from January of 2006 onwards, since that was the year in which the first international

conference on GSD took place. The aforementioned keywords were adapted to each of the search engines employed.

3.4 | Databases used for the search

The search for papers took place in the following databases using the keywords indicated in the previous subsection.

• Scopus

• Web of Science

• ACM digital library

We chose these databases since they are the largest databases in the software engineering field. Currently, SCOPUS is the most representa-

tive library, encompassing Web of Science (WOS), the ACM digital library, IEEE, and other related databases. Moreover, in order to ensure that no
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important paper was overlooked, a secondary search was also carried out in the references of the papers found during the first search, thus com-

pleting the material selected.

3.5 | Selection of papers

The papers required for the systematic mapping study were selected on the basis of the following criteria:

Inclusion criteria:

• Papers that directly answered one of the questions.

• Papers published from 2006 onwards, since this was the year in which the first ICGSE (International Conference on Global Software Engineer-

ing) took place.

• Papers that included aspects related to motivation/demotivation, low performance or synonyms.

• Papers referring to GSD workers' satisfaction.

• Papers referring to human or social problems in DSD or GSD teams.

• When two similar papers written by the same author(s) were found, the most complete was chosen.

Exclusion criteria:

• Books, presentations, or non-academic works.

• Papers not dealing with DSD or GSD.

• Opinion or point-of-view papers.

• Repeated papers.

One of the steps followed was that of checking all the papers selected in order to ensure that the same study had not been published in two

different journals or that a publication was not an updated version of an already-existing paper.

The aforementioned selection process eventually led to the attainment of a total of 118 works.

3.6 | Quality criteria

In order to assess the quality of the papers found, we considered the following criteria:

QA1. Is there any mention of what causes stress in distributed projects or GSD?

• Yes (+1): Factors that affect stress in DSD or GSD are described

• Partly (+0.5): The causes are provided in an informal way and/or not clearly expressed or without indicating the setting.

• No (+0): No cause is mentioned.

• Unknown.

QA2. Does the paper describe any factors that affect motivation in distributed projects or GSD?

• Yes (+1): The paper describes some factors that affect motivation in DSD or GSD settings.

• Partly (+0.5): The factors are provided in an informal way and/or not clearly expressed or without indicating the setting.

• No (+0): No factor is mentioned.

• Unknown.

QA3. Does the paper describe any factors that affect the performance in DSD or GSD settings?

• Yes (+1): The paper describes some factors that affect the performance in DSD or GSD settings.

• Partly (+0.5): The factors are provided in an informal way and/or not clearly expressed or without indicating the setting.

• No (+0): No factor is mentioned.

• Unknown.
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QA4. Does the paper describe any means of decreasing stress in DSD or GSD settings?

• Yes (+1): The paper explains how stress can be controlled or reduced in a DSD or GSD context.

• Partly (+0.5): The paper explains how stress can be controlled or reduced in general in software engineering teams without explaining the set-

ting, but it could be used in DSD or GSD settings.

• No (+0): No explanation is provided.

• Unknown.

QA5. Does the paper describe how to increase motivation in DSD or GSD settings?

• Yes (+1): The paper explains how motivation can be increased in DSD or GSD contexts.

• Partly (+0.5): The paper explains how motivation can be increased in general in software engineering teams without explaining the setting, but

it could be used in DSD or GSD settings

• No (+0): No explanation is provided.

• Unknown.

QA6. Does the paper describe how to increase performance in DSD or GSD settings?

• Yes (+1): The paper explains how performance can be increased in DSD or GSD contexts.

• Partly (+0.5): The paper explains how performance can be increased in general in software engineering teams without explaining the setting,

but it could be used in DSD or GSD settings

• No (+0): No explanation is provided.

• Unknown.

3.7 | Data extraction and synthesis

The reference details of each paper were recorded, along with the research question(s) each one answered. These data were then synthesized in

the results section of our papers, which reflects the number of times that each research question was identified in the various papers selected.

The papers selected have been grouped according to year of publication, geographical location, and type of study.

3.8 | Selection of papers

The initial search led to the attainment of 770 results. After evaluating each title and abstract, and discounting duplicates, approximately 600 were

rejected. This left 178 papers of which, after reading them in their entirety, 98 were maintained. However, once the references in the papers

selected had been reviewed (snowballing), another 20 papers were found, leading to an eventual total of 118 works; that is, once a primary study

had been identified in one of the data sources, the references in that primary study were explored recursively by following the same search

criteria. The “Snowballing” method was conducted to find more documents, following the model described by Wohlin.66 This was done with the

intention of seeking additional papers referenced in those that had been completely reviewed. These papers were assessed according to the same

quality criteria as the other publications and were either discarded or accepted on the basis of these criteria.

Figure 1 shows the results obtained after carry in gout each step in the paper-selection process.

4 | RESULTS: DEMOGRAPHIC INFORMATION

This section shows the demographic data, along with a description of the types of studies found and where and when they were published.

4.1 | Type of study

Figure 2 shows the type of study conducted in the 118 papers selected. These have been divided into three groups: theoretical studies (14), litera-

ture reviews (5), and empirical studies, which comprise the majority of the works (99).
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4.2 | Temporal view of the publications

Figure 3 shows the number of publications according to year.

It will be noted that there are few publications dealing with this subject each year and that, although there was a slight increase between

2011 and 2014, there has been a dramatic decrease in these numbers in the last 3 years.

4.3 | Geographical distribution of papers

Figure 4 shows the geographical distribution of the publications.

As will be observed, the research in the papers analyzed was affiliated to 34 different countries, with authors in the United States being the

most active, followed by those from Brazil, Finland, and Ireland.

F IGURE 1 Search, filtering, and mapping procedure.

F IGURE 2 Type of study carried out in papers.
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5 | RESULTS: STRESS, MOTIVATION, AND PERFORMANCE IN GSD

This section shows how the literature selected has analyzed the stress, motivation, and performance of developers in GSD.

The 118 works dealt with in this section are referenced numerically online (in https://alarcos.esi.uclm.es/repo/Art%C3%ADculos%20

seleccionados.pdf).

Figure 5 shows the number of papers that respond to each of the research questions.

It is important to indicate that some papers address more than one research question, which is why there is a difference between the sum of

papers that address each question and the total number of selected papers.

The review of literature carried out herein made it possible to identify a significant number of aspects of GSD and distributed projects that

may affect both the levels of stress and those of the motivation and performance of developers who work in this manner. However, it will be

noted that the majority of the works selected (a total of 94) analyze the factors that affect performance, which are considerably fewer than those

that analyze the factors that influence the developers' stress (only 13) or the impact on motivation (only 21).

As will be seen in the following subsections, the analysis of the papers found showed that the factors in question tend to be the same or very

similar. We discovered that the aspects that affect workers' levels of stress also affect their motivation and performance, although it would also be

true to say that not all the aspects that reduce workers' performance or lead to a lack of motivation in them in turn increase their levels of stress.

The factor analyzed will been classified in three blocks: those that depend on the characteristics of the project, those that depend on the

companies (work philosophy, etc.), and those that depend on people. This classification or similar has been previously applied in literature, as

occurs in Basili et al.,67 in which the authors define the context in which software engineers work. This is divided into three factors: human,

domain, and organizational, which could match our classification, since domain could be similar to factors related to the project and organizational

F IGURE 3 Number of papers per year included in review.

F IGURE 4 Countries represented in studies.
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could be similar to factors related to the company. Sadowski et al.68 also consider that the particular project features and stakeholders are “lens”
that, in this case, affect productivity in software engineering.

5.1 | Research Question 1

There were 13 papers responding to Research Question 1 (RQ1): “According to the literature selected, which factors cause stress in the members

of distributed or global software development teams?” The papers show 22 factors that may lead to stress in the developers in these work teams.

These factors are shown in Table 1.

It is interesting to note that the most influential factor of those related to a company is work pressure, while the factor most frequently cited

as regards provoking stress in team members is cultural distance, ahead of development methodology, in the aspects related to the project. It is

also interesting that the characteristics that intervene to the greatest extent as regards causing stress in team members are those of a personal

nature and that the most important of these are, according to the literature studied, lack of confidence and external interruptions.

5.2 | Research Question 2

There were 21 papers responding to Research Question 2 (RQ2): “According to the literature selected, which factors affect the motivation of the

members of distributed or global software development teams?” The papers contained 43 factors that may affect the levels of motivation of the

developers in these work teams. These factors are shown in Table 2.

According to the literature on motivation, several aspects were related to the company's work philosophy intervene, from the lack of recogni-

tion to not having well-defined roles.

Cultural distance continues to head the list of factors related to the project, which denotes its importance. There are several personal factors

affecting motivation; in the case of bad work environment, this factor may also depend on the company or even on project colleagues, and it

could, therefore, be in all three categories.

5.3 | Research Question 3

There were 93 papers responding to Research Question 3 (RQ3): “According to the literature selected, which factors affect the productivity and

performance of the members of distributed or global software development teams?” The papers contained 55 factors that may affect the levels

of productivity and performance of developers on these work teams. These factors are shown in Table 3.

One of the main factors to affect productivity and performance in the case of the organization is knowledge management, since an adequate

management of knowledge avoids “reinventing the wheel” and obviously improves productivity, as stated in the literature studied. With regard to

F IGURE 5 Papers responding to each research question.
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the characteristics of the project, all those related to cultural, temporal, geographic, and linguistic differences have a direct effect, as the literature

regarding GSD has stated for many years.

In the case of the personal factors, it is interesting to note that the lack of personal relationships has an influence, which is an important

aspect to consider after the pandemic, since personal relationships have decreased considerably as mentioned by Šmite et al.14,15 and Russo

et al.16 A similar factor is the lack of face-to-face communication, which should be reinforced in order to increase productivity, along with some of

the other factors cited, such as cohesion and identification with the team.

5.4 | Research Question 4

There were eight papers responding to Research Question 4 (RQ4): “Does the literature selected propose any means to reduce this stress?”
The papers contained 14 factors that may reduce the levels of stress of the developers on these work teams. These factors are shown in

Table 4.

It will be noted that almost all the factors related to reducing stress concern the company (eight factors) and human features (five), and it is

for this reason that this study is relevant for companies, since it may allow them to become aware of how to improve these aspects.

5.5 | Research Question 5

There were 24 papers responding to Research Question 5 (RQ5): “Does the literature selected propose any means to increase motivation in global

software development?” The papers contained 37 factors that may increase the motivation of the developers on these work teams. These factors

are shown in Table 5.

TABLE 1 Factors that cause stress in the members of DGS or GSD teams.

Factors related to the company Papers No. of papers

Work pressure 3, 6, 8, 11, 13 5

Daily time schedules 8 1

Lack of flexibility 8 1

Knowledge transfer 31 1

Technological issues 31 1

Work in distributed projects 60 1

Factors related to the project Papers No. of papers

Cultural distances 18, 31 2

Intermediate teams 3 1

Agile methodology 8 1

Communication issues 10 1

Linguistic distances 31 1

Temporal distances 31 1

The level of initial requirements definition quality 42 1

Changes in requirements 42 1

Factors related to human features Papers No. of papers

Lack of trust 1, 31 2

External interruptions 6, 7 2

Lack of motivation 7 1

Emotional aspects 7 1

Work organization 8 1

Lack of time 13 1

Increased competition 31 1

Lack of contribution 42 1
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TABLE 2 Factors that affect the motivation of the members of DGS or GSD teams.

Factors related to the company Papers No. of papers

Role ambiguity 14, 15, 16, 26 4

Inequity 14, 16, 26 3

Unfair reward system 14, 26 2

Lack

of sufficient appreciation

3, 55 2

Lack of organizational motivation 3 1

Employment policies 9 1

Lack of workplace innovation 9 1

Daily time schedules 9 1

Long working hours 9 1

Work pressure 11 1

Lack of professional development 16 1

Staff turnover 53 1

Lack of appropriate infrastructure 55 1

Knowledge transfer 55 1

Work-life balance 24 1

Lack of feedback 55 1

Lack of standards 55 1

Factors related to the Project Papers No. of papers

Cultural distances 16, 26, 55 3

Work distribution 14, 16, 26 3

Boring work 6, 16, 55 3

Temporal distances 2, 9 2

Low development quality 9, 16 2

Geographical distance 2 1

Management problems 53 1

The level of initial requirements definition quality 53 1

Changes in requirements 53 1

Undefined development methodology 53 1

Lack of adequate staff 53 1

Poor attention to individualities 55 1

Factors related to the human features Papers No. of papers

Lack of trust 1, 2, 5, 10, 12, 26, 53, 55 8

Communication issues 5, 14, 15, 16, 26, 53, 54, 58 8

Fear of losing job 2, 4, 17, 38, 58 5

Bad work environment 14, 16, 26, 53 4

Lack of influence 14, 16, 26, 55 4

Difficulty in developing personal relationships 2, 56 2

Lack of participation 15, 55 2

Lack of autonomy 14, 55 2

Bad relationship with colleagues 14, 16 2

Teamwork problems 53, 55 2

Bad work experiences 53 1

Problems with shared leadership 55 1

Sense of lack of belonging 55 1

SUÁREZ and VIZCAÍNO 11 of 26

 20477481, 2024, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/sm

r.2600 by U
niversidad C

astilla-L
a M

ancha, W
iley O

nline L
ibrary on [22/05/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



TABLE 3 Factors that affect the productivity and performance of the members of DGS or GSD teams.

Factors related to the company Papers No. of papers

Knowledge transfer 4, 11, 22, 27, 28, 34, 40,

45, 49, 52, 69, 70, 71, 98

14

Technological differences 29, 33, 34, 40, 49, 86 6

Differences in work methodology 8, 12, 48, 56, 71 5

Regulatory differences 33, 34, 45, 71, 86 5

Organizational differences 8, 40, 49, 56 4

Role problems 34, 40, 60 3

Lack of support for remote work 7, 73 2

Large employee turnover 9, 60 2

Work pressure 11 1

Lack of organizational commitment 21 1

Work-life balance 24 1

Temporary work teams 46 1

Factors related to the project Papers No. of papers

Cultural distances 2, 3, 4, 12, 17, 19, 23, 28, 32,

33, 34, 35, 36, 37,

40, 42, 45, 48, 49, 52, 61,

62, 63, 64, 86, 87,

88, 90, 96, 98, 118

31

Temporal distances 2, 17, 19, 23, 30,

32, 33, 34, 37, 40, 49,

52, 56, 61, 62, 66, 69,

77, 78, 86, 97

21

Geographical distances 2, 17, 19, 23, 30, 32,

37, 49, 52, 56,

62, 69, 71, 75, 77, 78,

82, 86, 89, 99

20

Linguistic distances 2, 4, 12, 17, 23, 30,

32, 34, 37, 40,

45, 52, 56, 69,

71, 78, 98

17

Coordination problems 22, 28, 33, 34, 35,

37, 40, 57, 67,

72, 86, 97, 98

13

Management problems 4, 7, 11, 18, 27, 29,

34, 57, 71, 80, 84, 86

12

Work dispersion 29, 40, 61, 77, 82 5

Redundant skills or tasks 34, 40, 45, 92 4

Changes in requirements 44, 59, 92, 98 4

Work distribution 40, 74 2

Differences in teams' contributions 35 1

Poor quality requirements 37 1

Software test problems 37 1

Team composition 40 1

Educational differences 42 1

Bad description of reused requirements 43 1

Transfer of tasks between locations 50 1

Bad project estimate 74 1

Large project scope 76 1

Inappropriate onboarding 81 1

Lack of control of the other offices tasks 98 1
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Factors related to the human features Papers No. of papers

Communication issues 4, 5, 11, 12, 17, 20, 21, 22,

27, 28, 33, 34, 35, 36, 39,

40, 45, 54, 61, 64, 66,

71, 74, 84, 86, 90, 93, 95,

98, 107, 116

31

Lack of trust 1, 4, 5, 10, 12, 17, 23, 28, 34,

35, 40, 49, 52, 58, 65, 60, 63, 69, 71,

85, 93, 98, 111

23

Lack of collaboration 4, 7, 22, 23, 28, 29, 34, 35, 86, 98 10

Low motivation 3, 4, 5, 7, 9, 14, 16, 21, 25,

51, 53, 55, 69, 71, 114

15

Lack of personal relationships 34, 39, 63, 69, 86, 90, 93 7

Fear of losing job 4, 17, 23, 34, 58, 86, 93 7

Teamwork problems 32, 34, 60, 71, 74 5

Less team cohesion and identification 7, 34, 35, 49, 86 5

Problems with leadership 35, 52, 71, 84 4

Different work habits 35, 40, 49, 78 4

External interrupts 6, 7, 68 3

Lack of compromise 34, 35, 40 3

Feedback delay 12, 34, 40 3

Individual experiences and skills 7, 73, 107 3

Interpersonal conflicts 27, 83 2

Stress 6 1

Emotional aspects 7 1

Problems adapting to the work environment 7 1

Lack of face-to-face communication 36 1

Boredom 68 1

Lack of creativity 71 1

Behavior problems 83 1

TABLE 4 Papers that propose any means to reduce the stress.

Factors related to the company Papers No. of papers

Reduce work pressure 3, 8 2

Prioritize quality 1 1

Eliminate the middlemen 3 1

Changes in development methodology 8 1

Changes in the organization 8 1

Agile methodology 13 1

Improve knowledge transfer 31 1

Work from home 41 1

Factors related to the project Papers No. of papers

Team structure improvements 3 1

Factors related to the human features Papers No. of papers

Improve communication 10, 31 2

Improve collaboration 31 1

Improve trust 1 1

Improve team spirit 1, 18 2

Understand the different cultural models 3 1
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According to the literature studied, the majority of the factors that help to improve motivation are partly related to the company (28), but if

these factors are analyzed in order to see whether they contribute to improving hard or soft skills, it will be noted that almost all of them, with

the exception of professional development, address improving confidence, communication, participation, team spirit, and sense of belonging, sig-

nifying that it is vital to improve employees' social skills.

TABLE 5 Papers that propose any means to increase motivation in GSD.

Factors related to the company Papers No. of papers

Give recognition for work 3, 9, 14, 15, 25, 26, 51 7

Provide feedback 15, 16, 21, 25, 51, 101 6

Challenging jobs 9, 25, 26, 51 4

Address cultural differences 14, 15, 25, 26 4

Improve work-life balance 9, 24, 51 3

Improve equity 15, 26, 51 3

Appropriate infrastructure (hard) 15, 25, 51 3

Improve knowledge transfer 15, 25, 58 3

Improve participation 26, 51 2

Professional development (hard) 26, 51 2

Ensuring continuity at work 4, 38, 51 3

Shared leadership 15, 25 2

Take care of individualities 15, 25 2

Use agile methodology (hard) 5, 79 2

Variety at work 6, 51 2

Improve working conditions 9, 51 2

Improve management (hard) 9, 51 2

Implement motivation programs 3 1

Improve development methodology (hard) 16 1

Improve sense of belonging 9 1

Establish common standards 25 1

Increase face-to-face meetings 43 1

Use of games 100 1

Work from home 6 1

Reduce time pressure 13 1

Give prizes and incentives 51 1

Challenging job 51 1

Give responsibility 51 1

Factors related to the project Papers No. of papers

Improve autonomy 9, 15, 16, 25, 51 5

Foster team spirit 9, 15, 25, 26 4

Improve teamwork 26, 51 2

Involve workers in the project 9, 51 2

Improve coordination 26 1

Improve project information 21 1

Build team spirit 51 1

Factors related to the human features Papers No. of papers

Improve trust 1, 2, 5, 10, 12, 51, 58 7

Improve communication 2, 5, 16, 58 4
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5.6 | Research Question 6

There were 88 papers responding to Research Question 6 (RQ6): “Does the literature selected propose any means to increase productivity and

performance in global software development?” The papers contained 65 factors that may increase the productivity and performance of the devel-

opers on these work teams. These factors are shown in Table 6.

According to literature, the majority of the factors that help to improve employees' productivity and performance depend principally on the

company (46 factors), and the majority of them are also related to improving the atmosphere at work. Eight factors are related to the project and

teams features, and 11 to the human features.

A conclusion that could be obtained after analyzing how to improve these indicators is that it seems that researchers are more concerned

about analyzing the factors that impact on developers' performance than those that affect their levels of motivation and stress, such that in the

study presented herein, 89 papers show how to improve performance, but only 24 indicate how to improve developers' levels of motivation and

only 9 analyze how to reduce their stress.

5.7 | Common factors

Of all the factors analyzed above, there are seven that together affect the three variables analyzed: workers' stress, motivation, and performance.

These aspects are shown in Table 7 and should, given their impact, be considered a priority for consideration by companies.

The first aspect considered, communication problems, is that which was found most frequently in this mapping study. It has been analyzed by

Casey and Richardson,69 who determined that this is one of the aspects that has a negative influence on workers' performance. On the other

hand, in their work, Paasivaara et al. (2008) considered that communication problems, together with lack of confidence, have a negative impact

on both the motivation and performance of developers; furthermore, Jarvenpaa et al70 stated that communication problems have a negative

impact on professionals' levels of stress.

Regarding the second factor cultural distance, the work by Casey and Richardson69 indicated that this is, together with fear of losing one's

job, communication problems, and lack of confidence of language problems, an aspect that has a negative impact on developers' performance.

Casey71 also refers to cultural distance as a problem as regards performance. In their work, Šteinberga and Šmite72 discuss the negative impact

that geographical, temporal, and cultural distance has on developers' motivation and also add that this lack of motivation has an impact on their

performance. In another work, Šmite73 states that factors such as geographic and temporal distance or cultural differences have a negative impact

on professionals' levels of stress when developing software, and this opinion is shared by Amin et al (2011), who also indicates that geographical

and temporal distance or cultural differences lead to stress in developers.

The third important factor considered is lack of confidence, an aspect that is once again dealt with by Casey and Richardson,69 who empha-

size that this lack of confidence, together with low motivation, fear of losing one's job or language problems are negative for developers' perfor-

mance. The work of Misra et al.74 also identifies that some of the aspects that affect performance are lack of confidence, in addition to

communication problems, cultural distance, or knowledge management. With regard to stress, both Kabbur et al.75 and Amin et al (2011) consider

that lack of confidence has negative repercussions on the levels of stress of professionals in the IT sector. In the case of the impact that lack of

confidence has on employees' motivation levels, Kabbur et al.,75 Paasivaara et al (2008), and Moe and Šmite76 all discuss the importance of this

factor as regards reducing developers' levels of motivation.

When analyzing the third factor, temporal distance, we discovered that Casey71 mentioned that geographical and temporal differences

increase the complexity of software development projects, which has a negative influence on performance. Temporal distance also makes it diffi-

cult to keep in direct contact, thus limiting cooperation and the development of confidence. The same researcher also indicates that some of the

risks confronted by a software development project are cultural and linguistic differences, motivation, and temporal distance77 and that these

affect aspects as important as coordination, the visibility of the project, cooperation, and communication. In their work, Šmite and Wohlin78 stated

that transferring software development work to locations that are geographically, temporally, and culturally distant negatively influences perfor-

mance, while Bass et al.79 analyzed the aspects that have an influence on software developers' motivation and found that things such as bad com-

pany policies, an excess of extra working hours, having to work antisocial hours and temporal distance may have a negative effect on employees'

motivation. Furthermore, Amin et al (2011) focused on analyzing the aspects that cause work-related stress in software engineering professionals

and discovered that pressure to update knowledge, lack of confidence, cultural, or linguistic differences or temporal distance, among others, have

a negative effect on professionals' levels of stress.

The fifth aspect analyzed was the problem of knowledge management, which Casey and Richardson69 consider to be negative for developers'

performance, as do Humayun and Jhanjhi80 or Zahedi and Babar.81 According to Amin et al (2011), the problems of knowledge management have

negative repercussions on stress levels. Furthermore, Vujdan et al.82 include knowledge management, along with other aspects such as lack of

autonomy, lack of confidence, or the nature of the work to be carried out, as key factors in developers' low motivation.
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TABLE 6 Papers that propose any means to increase productivity and performance in GSD.

Factors related to the company Papers No. of papers

Improve knowledge transfer 4.6, 11, 13, 22, 27, 28, 30,

32, 33, 34, 35, 37, 46, 50,

62, 70, 75, 81, 108, 117

21

Improve coordination 2, 19, 30, 33, 50, 56, 57,

59, 67, 72, 91, 92, 97, 100, 102

15

Improve and adapt the management strategy 12, 13, 33, 37, 40, 44, 45,

49, 50, 59, 82, 91, 99, 112, 113

15

Improve trust 1, 4, 5, 10, 12, 17, 22, 28,

30, 40, 58, 63, 83, 112

14

Provide adequate infrastructure, tools and support 7, 11, 20, 29, 30, 32,

34, 37, 40, 41, 50, 59, 91

13

Improve motivation 3, 5, 6, 7, 9, 11, 14, 15,

25, 30, 37, 100, 112

13

Improve collaboration 1, 2, 7, 11, 17, 22, 30, 35, 91 9

Use agile methodology 5, 13, 64, 66, 79, 103, 104, 105 8

Establish common goals, standards, and rewards 17, 21, 23, 34, 37, 65, 66 7

Improve definition of roles and responsibilities 1, 29, 30, 37, 39, 112 6

Improve team work tracking 27, 29, 34, 65, 66, 92 6

Improve equipment stability and ensure job security 4, 28, 34, 46, 58 5

Improve documentation 23, 34, 41, 50, 62 5

Visits to other teams 27, 34, 39, 62, 112 5

Improve daily time schedules 33, 34, 39, 54, 94 5

Define a single working language 28, 30, 34, 94 4

Build team spirit 19, 28, 34, 39 4

Have qualified employees 41, 47, 50, 112 4

Rotation of teams between locations 4, 29, 34 3

Encourage face-to-face communication 10, 50, 54 3

Improve well-being and job satisfaction 6, 41, 68 3

Improve participation 87, 110 2

Improve self-management 10, 34 2

Minimize the number of workplaces 34, 76 2

Have a suitable workspace 7, 41 2

Evaluate results as a single team 17, 47 2

Improve communication tools 36, 41 2

Reduce the size of projects 47, 76 2

Improve development methodology 8 1

Adoption of a corporate culture 80 1

Improve worker flexibility 102 1

Good selection of team locations 61 1

Improve socio-technical convergence 19 1

Improve risk management 11 1

Improve feedback 12 1

Encourage informal communications 17 1

Create internet spaces to share information 17 1

Improve work-life balance 24 1

Combine waterfall and agile methodologies 44 1

Relocate to nearby locations 50 1

Create small teams 76 1
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The six common factor is changes in requirements which, according to Čavrak et al.,83 cause stress in team members. Moreover, Shameem

et al.84 indicate that these changes negatively impact on developers' performance, while Verner et al.85 discuss the impact that changes in require-

ments have on technicians' levels of motivation.

The last aspect considered was the poor quality of requirements, which, as also stated by Casey and Richardson,77 has an influence on devel-

opers' performance. According to Čavrak et al.,83 the bad quality of requirements, together with changes to them and a lack of contribution by

TABLE 6 (Continued)

Factors related to the company Papers No. of papers

Use of cloud infrastructures 109 1

Use of instant messaging tools 115 1

Recruit workers before transferring tasks between locations 62 1

Focus on key resources 62 1

Schedule transfer tasks 62 1

Factors related to the Project Papers No. of papers

Creation of adequate and diverse work teams 32, 33, 34, 37, 48, 83, 89, 110 8

Improve work organization 1, 8, 28, 34, 50, 91 6

Communicate project expectations and status to the team 12, 58, 92 3

Give visibility to the work of others 2, 30 2

Improve teamwork 34, 46 2

Document and leverage lessons learned 37, 43 2

Improve conflict management 12 1

Requirements reuse 43 1

Factors related to the human features Papers No. of papers

Improve communication 2, 4, 5, 7, 12, 17, 19, 20, 23, 28, 29, 30, 32, 33, 34, 35, 36,

39, 50, 56, 59, 61, 64, 65, 66, 80, 84, 91, 94, 95, 96, 104

32

Improve personal relationships 20, 30, 47, 59, 63, 65, 85, 94 8

Recognize cultural differences 3, 4, 34, 37, 39, 62, 94 4

Improve skills 9, 21, 47, 62 4

Improve autonomy 41, 68 2

Improve customer relations 11 1

Combine simple tasks with complicated ones 11 1

Improve language skills 12 1

Detail specifications 66 1

Perform interesting tasks 41 1

Previous employment ties 88 1

TABLE 7 Aspects that affect stress, motivation and productivity and performance in GSD and DGS.

Factors Papers No. of papers

Communication issues 4, 5, 10, 11, 12, 14, 15, 16, 17, 20, 21, 22, 26, 27, 28, 33, 34, 35, 36, 39, 40, 45, 53, 54, 58, 61, 64, 66,

71, 74, 84, 86, 90, 93, 95, 98, 107, 116

38

Cultural distances 2, 3, 4, 12, 16, 17, 18, 19, 23, 26, 28, 31, 32, 33, 34, 35, 36, 37, 40, 42, 45, 48, 49, 52, 55, 61, 62, 63,

64, 86, 87, 88, 90, 96, 98, 118

36

Lack of trust 1, 2, 4, 5, 10, 12, 17, 23, 26, 28, 31, 34, 35, 40, 49, 52, 53, 55, 58, 60, 63, 65, 69, 71, 85, 93, 98, 111 28

Temporal distances 2, 9, 17, 19, 23, 30, 31, 32, 33, 34, 37, 40, 49, 52, 56, 61, 62, 66, 69, 77, 78, 86, 97 23

Knowledge transfer 4, 11, 22, 27, 28, 31, 34, 40, 45, 49, 52, 55, 69, 70, 71, 98 16

Changes to requirements 42, 44, 53, 59, 92, 98 6

Poor quality requirements 37, 42, 53 3
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other team members, increases the level of stress in software development professionals. In their work, Verner et al.85 analyzed the negative

impact of the bad quality of requirements, along with other aspects such as communication problems, bad work atmosphere, or the rotation of

personnel, on technicians' motivation.

Upon analyzing Table 7, it is possible to conclude that the first five factors are directly applicable to the challenges of GSE and that the last

two concern requirements. More research should, therefore, be carried out in GSE field in order to mitigate these challenges.

6 | THREATS TO VALIDITY

We have carried out a fairly exhaustive review in which we have included the works of 289 researchers from 34 different countries in

118 papers.

Using the suggestions of Wohlin et al.86 as a basis, in this section, we provide details on the threats to the validity of this work, along with

descriptions of how we have attempted to deal with them.

6.1 | Construct validity

The choice of a search chain that would allow us to find the highest possible number of studies is a threat to the construct validity that should be

considered. In order to avoid missing relevant publications, several tests with different variations of search chains were tried until the most repre-

sentative chain was found that produced the least number of undesired publications. In order to ensure that it worked correctly, we took various

publications that are relevant in the domain as a reference and ensured that they appeared in the results of the search. An effort was also made

to verify that hardly any publications from outside the domain of our discipline appeared among those found.

With regard to the databases selected, the principal search sources used were Scopus, Web of Science, and ACM Digital Library, which are

the largest and most extensive research databases in the field of study.

6.2 | Internal validity

Internal validity can be affected by the extraction, analysis, and publication classification process.

With regard to the process carried out, one person was in charge of the extraction, analysis, and mapping of the publications. This work was

reviewed by another person, who was in charge of evaluating it and of mapping any other publication that had not initially been included. This

evaluation was carried out individually by that person, thus ensuring the impartiality and individuality of decisions. Finally, the two people involved

informed each other of the decisions made in order to ensure definitive impartiality. In the case of discrepancies, an additional review was carried

out in order to eventually assign the publication.

Moreover, the inclusion, exclusion, and quality evaluations were selected individually and then pooled by the authors in an attempt to guaran-

tee that the publications extracted were genuinely relevant.

6.3 | Conclusion validity

In order to guarantee the validity of the conclusions and, therefore, the reproduction of a similar mapping with the same results, each of the steps

comprising the mapping process was expressing described. Moreover, the publications were mapped thanks to the agreement reached by two

people in an attempt to reduce possible subjectivity in the choice of papers and the assignation to each of the objectives or categories of

the work.

6.4 | External validity

With regard to the possibility of generalizing the results obtained, they cannot be completely extrapolated, both because of the possible existence

of works dealing with the subjects analyzed in an indirect manner that were not found with the search terms used, and the possibility that some

publications in gray literature (which was not contemplated) were missed. In spite of this, we consider that the study provides a general view of

the state of the art of the performance, stress, and motivation of developers working on distributed projects.
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7 | CONCLUSIONS

In this review, we have identified 22 factors that affect the stress levels of developers working on distributed projects. Forty-three factors that

affect motivation and 55 that affect performance have been also found. Moreover, the factors have been classified according to whether they

depend on the company, the project, or human features. This classification helps to reflect on the nature of each factor. With regard to the

aspects that reduce the level of stress, eight factors were related to the company, one was related to the project, and five were related to human

features. Upon analyzing the factors that increase motivation, it was discovered that 28 factors concern the company, 7 are related to the project,

and 2 are related to human features. In the case of increasing productivity and performance, 46 factors were related to the company, 8 concerned

the project, and 11 were related to human features. These results are very interesting for software factories, since the largest group of factors is

that which depends on the company's policy. Companies could, therefore, study which factors to improve or enhance in order to create an opti-

mum work environment with which to improve motivation and performance and reduce stress. This will have an indirect influence on other

aspects such as turnover and will consequently reduce the probability of employees changing company and taking the intellectual capital formed

by the company with them.

Another contribution is the analyses of the seven of the factors that jointly affect developers' levels of stress, motivation, and performance,

which are temporal distance, cultural distance, lack of trust, bad quality of requirements, communication problems, knowledge management prob-

lems, and changes to requirements. We are of the opinion that, without ignoring the other aspects, it is necessary to focus mainly on controlling

these factors.

Another interesting finding is that, according to literature, the usage of agile methodologies improves performance and motivation and reduces

stress, and it would, therefore, also be convenient for those companies that have not yet done so to contemplate the use of agile methodologies.

Furthermore, this review verifies that, although significant number of works tackle the problems related to performance in GSD projects and

how to deal with them, there are relatively few papers concerning the impact of these projects on motivation and very few concerning the impact

of GSD projects on their team members' stress. We, therefore, consider that more studies on this area are necessary.

In summary, it is possible to state that the contributions of this paper are also useful for project heads for three reasons, since it may allow

them to discover which factors have an influence on stress, motivation, and performance and help them to decide which employees might be best

for a specific project or even what profile a person who is going to be hired should have. They might also be able to predict the problems could

arise in a project owing to the projects' domain and the employees' features, thus allowing risks to be controlled in advance.

Furthermore, it is important to consider that team members could also take the soft skills mentioned in this paper into consideration and

attempt to evaluate the extent to which they can be improved with the objective of increasing their performance, reducing their stress and

improving their motivation.

This paper could also be interesting for universities, since it would allow them to discover which soft skills could be added to their curricula in

order to improve students' professional identities, as this is currently a hot topic, as stated in Kapoor and Gardner-McCune87 and Tomlinson and

Jackson.88

This study is the first step towards the creation of a model that will help companies to detect problems in their projects and that will propose

solutions to them. This model will be developed as future work, along with a tool that will help to automate that management.
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