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a b s t r a c t 

Context: Job rotation has been proposed as a managerial practice to be applied in the organizational

environment to reduce job monotony, boredom, and exhaustion resulting from job simplification, special- 

ization, and repetition. The scientific literature distinguishes between job-to-job and project-to-project ro- 

tations. Despite the potential benefits and its actual use on behalf of software companies, we do not have

an accumulated body of scientific knowledge about benefits and limitations of job rotation in software

engineering practice. In particular, we have no concrete empirical evidence about the use of project-to- 

project rotations in practice.

Goal: We aim to identify and discuss evidence about project-to-project (P2P) job rotation, in order to

understand the potential benefits and limitations of this practice in software organizations.

Method: We deployed a mix-method research strategy to collect and analyze empirical evidence from the

scientific literature, performing a systematic literature review, on one hand and from industrial practice,

performing qualitative case studies on the other. We synthesized the evidence using techniques from

meta-ethnography.

Results: We found eight benefits, nine limitations, and two factors classified as both benefits and lim- 

itations of P2P rotations in software engineering. Different research methods yielded confirmatory and

complementary evidence, emphasizing the importance of conducting mix-method research. We found no

contradictory evidence and five factors were identified in more than one study using different research

methods, contributing to the strength of the evidence.

Conclusion: We synthesized evidence from multiple sources and used different research methods con- 

cerning the benefits and limitations of P2P rotation in software engineering practice. Our findings show

that rotation tends to benefit important job outcomes, such as motivation, and to decrease job monotony.

The main limitations were associated with the potential increase in intra-group social conflicts, individual

cognitive effort, and workload, and a temporary decrease in productivity.

© 2017 Elsevier B.V. All rights reserved.

 

 

 

 

 

 

 

 

t  

b  

n  

fi  

c

 

p  

z  

[

1. Introduction

Job rotation has been proposed as a managerial practice to be

applied in the organizational environment to reduce job monotony,

boredom, and exhaustion resulting from job simplification, special-

ization, and repetition [41] . Researchers have studied job rotation

in diverse types of organizations and different jobs, such as nurs-

ing, business, and manufacturing industries, finding negative and

positive effects on factors such as knowledge exchange, job satis-

faction, motivation, and job burnout [4,9,29,32] . In an attempt to
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ap the above-mentioned benefits, software companies have also

een using job rotation in practice. However, so far there has been

o consistent and comprehensive body of evidence about its bene-

ts and limitations in software engineering practice. Our goal is to

ontribute to reducing this knowledge gap. 

Woods defines job rotation as "the systematic movement of em-

loyees from job to job, or project to project, within an organi-

ation, as a way to achieve various human resources objectives"

42] . In job-to-job (J2J) rotation, individuals are rotated between

different jobs in the same organization, to perform activities with

istinct natures. In project-to-project (P2P) rotation, individuals are

oved between projects of similar nature (e.g. two software de-

elopment projects), often keeping the same technical role. In a

ecent systematic review [35] , we identified that both types of ro-

http://crossmark.crossref.org/dialog/?doi=10.1016/j.infsof.2017.04.006&domain=pdf
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ation had been used by software organizations. For instance, Fægri

t al. [11] investigated job-to-job rotation in which software de-

elopers were rotated to customer support to increase knowledge

edundancy at the organizational level. On the other hand, Santos

t al. [34] investigated an organization in which project-to-project

otations were used to supply the need for specialized skills in a

iven project and to increase the variety of the tasks performed by

he employees. 

In our systematic review [35] , we also identified that these two

ypes of rotation serve different organizational and individual pur-

oses, thus having distinct benefits and limitations. According to

ur findings, P2P rotations seem to enhance team flexibility and

educe job monotony through its increase in task variety. On the

ther hand, J2J rotations focus on organizational goals, in particular

n organizational understanding and its effects on innovation and

he establishment of multicultural teams. Further, we also found

hat J2J and P2P rotations seem to differ in how they address or-

anizational, team, and individual needs, with J2J rotations focus-

ng on organization and managerial needs, and P2P affecting work-

roup and individual ones. 

However, among the 17 primary studies analyzed in the above-

ited review, only one investigated job rotation in the context of

oftware engineering as its main goal. The remaining studies gath-

red evidence about this practice while researching other topics, in

 non-intentional way, resulting in a low strength of evidence. Fur-

hermore, the only study that focused on job rotation investigated

2J rotation in a context where software engineers were rotated to

ther areas in the company. No primary study, therefore, explicitly

nvestigated the benefits and limitations of P2P rotations in soft-

are engineering practice. This is an important knowledge gap for

he proper application of this managerial practice. 

In this article, our goal is to contribute to reduce this knowl-

dge gap by answering the following research question: 

RQ: What are the benefits and limitations of the application of

project-to-project (P2P) job rotation in software development in-

dustrial practice? 

To achieve this goal, we synthesized evidence from multi-

le primary and secondary studies using techniques from meta-

thnography [28] . We used four sources of evidence in this syn-

hesis: (i) a systematic literature review, published by Santos et

l. [35] (hereafter called SLR) covering studies published between

997 and July 2015; (ii) an industrial case study, published by San-

os et al. [34] , which focused on the motivational aspects of P2P ro-

ations (hereafter called Case I), investigating the potential effects

f P2P rotations on the motivation and satisfaction of software en-

ineers in industry. These two studies created a preliminary un-

erstanding about potential benefits and limitations of job rotation

n software engineering practice. They found five distinct benefits

two in common) and six distinct limitations (no intersection) of

he use of P2P in software engineering. 

We added two further sets of evidence to this initial body of

nowledge: (iii) the extension of Case I (unpublished) covering

 broader set of factors besides the motivational ones (hereafter

alled Case I – Extension); (iv) a second industrial case study (un-

ublished), conducted using the same protocol of Case I and a mul-

iple case replication logic [45] (hereafter called Case II – Replica-

ion). We then compared the findings from the software engineer-

ng contexts with results from other areas. 

Our meta-ethnographic synthesis resulted in 19 distinct factors

hat are potentially affected by the practice of P2P job rotations

n software development organizations. Among them, eight were

onsidered benefits or positive outcomes of the application of P2P

otations, nine were identified with potentially negative outcomes

nd, thus, considered as limitations of this practice, and two were

onsidered as both benefits and limitations, depending on contex-
ual factors. This synthesis produced the most comprehensive set

f potential benefits and limitations of the use of P2P rotations in

oftware engineering so far. Therefore, it constitutes a solid con-

ribution to research and can also be used to inform practice, as

iscussed below. 

Summarizing, this article synthesizes and extends the find-

ngs from previous publications. Firstly, we extended our first case

tudy and then replicated it. Secondly, we used meta-ethnographic

echniques to synthesize and consolidate the evidence from the

ifferent data sources. 

The rest of this article is organized as follows. In Section 2 , we

resent the conceptual background that characterizes job rotation

n general and in software engineering projects. In Section 3 , we

escribe the research methods used in each individual study and

lso the steps used in the meta-ethnographic synthesis. In Section

 , we present the results of our study. In Section 5 , we discuss

he implications of our findings for research and practice, together

ith the limitations of this study. Finally, in Section 6 , we present

ur conclusions and directions for future research. 

. Background and related work

We start by presenting definitions and types of job rotation dis-

ussed in the literature. Then, we present a review of studies about

ob rotation performed in other areas. We also characterize P2P job

otation in software projects. 

.1. Definitions and types of job rotation 

Since the 1950 ′ s, job rotation has been proposed as a prac-

ice to be applied in the organizational environment to reduce job

onotony, boredom, and exhaustion, resulting from job simplifi-

ation, specialization, and repetition [41] . The literature presents

any definitions to describe this practice that focuses on distinct

pproaches to achieve the desired organizational goals. 

A group of authors focuses their definition on job-to-job (J2J)

otations. Coyne [5] described job rotation as the purposeful and

rganized movement of staff within and across organizational ar-

as to enhance both the success of the company and the employa-

ility of staff. Kuijer et al. [24] stated that job rotation is a regular

lternation between different jobs within an organization, based

n a scheme or spontaneously based on the workers’ personal

eeds. Richardson et al. [32] defined job rotation as a reciprocal

xchange of staff between two or more areas for a predetermined

eriod. 

Other authors made explicit reference to project-to-project

P2P) rotations, in which individuals move among projects or

laces but keep the type of job or role they were performing be-

ore the rotation. In this group, Soderquist and Prastacos [39] , Alei

t al. [1] and Brady et al. [2] presented job rotation as a practice

hat allows individuals or group of individuals to be moved from

eam to team and from project to project within the same organi-

ational area. In software engineering, this would be equivalent to

oving engineers from one software development team to another

eam in the same organization. 

Encompassing both types of rotations, Woods [42] defines job

otation as “the systematic movement of employees from job to

ob or project to project within an organization during the devel-

pment of a task, as an approach to achieve many different hu-

an resources objectives, such as staffing jobs, orienting new em-

loyees, preventing job boredom or burnout, rewarding employees,

nhancing career development, and exposing employees to diverse

nvironments”. In this study, we use Wood’s characterization as

he conceptual definition to guide our research. 



Table 1

Job rotations in other areas.

Factors Correlation with factor Impact of factor on work Benefit/Limitation

J2J P2P

Organizational factors

Organizational commitment + [4] + [29] + [18] + Benefit

Organizational understanding + [32] + [44] + Benefit

Innovation + [44] + Benefit

Learning costs + [4] – Limitation

Communication + [4] + [32] + [39] + Benefit

Time consuming + [32] + [39] – Limitation

Team factors

Knowledge exchange + [44] + [39] + Benefit

Knowledge transfer + [39] + Benefit

Work process and workflow –[4] + Limitation

Work characteristics

Task characteristics

Task variety + [4] + [32]– [19] + [21] + Benefit/Limitation (J2J) | Benefit (P2P)

Task autonomy –[19] + Limitation

Knowledge characteristics

Acquisition of knowledge + [32] + [21] + [2] + Benefit

Specialization –[19] + /– Benefit/Limitation

Social characteristics

Social interaction + [24] + [21] + Benefit

Outcomes

Individual outcomes

Motivation –[4] + [32] + [21] + Benefit/Limitation (J2J) | Benefit (P2P)

Job satisfaction –[4] + [18] + Limitation (J2J) | Benefit (P2P)

Career development + [32] + [1] + Benefit

Job outcomes and correlates

Exhaustion –[19] – Benefit

Professional efficacy –[19] + Limitation

Productivity –[4] + Limitation

Cognitive effort + [29] + [9] – Limitation

Workload + [4] + [9] – Limitation
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2.2. Related work from other fields 

We performed a review looking for articles addressing the im-

pact or effect of job rotation on several work-related factors. We

found 12 studies in distinct fields such as automotive industry

and nursing. None of the studies addressed software engineering

or software development organizations. Five studies addressed P2P

rotations and seven studied J2J rotations. Table 1 summarizes our

findings, which we used to build the initial conceptual framework

of our research and guide our empirical studies. We also compared

our results with the literature from other fields to raise the theo-

retical level and sharpen construct definitions, as recommended by

Eisenhardt [8] . 

The studies identified work-related factors that were correlated

with the use of job rotation (first column of Table 1 ). The stud-

ies identified direct and inverse correlations. Direct correlations

(shown as a + sign in the second column of Table 1 ) indicate that

the use of job rotation was related to the increase of the factor.

For instance, study [21] found that the use of P2P rotations was

directly related to an increase in task variety and individual moti-

vation. Inverse correlations (shown as a – sign in the second col-

umn of Table 1 ) indicate that the use of rotations was related to a

decrease on the factor. For instance, study [19] showed that the use

of J2J rotation was correlated with a decrease in job specialization.

The studies also analyzed the impact of the factor on the work

of individuals or organizational effectiveness. For instance, study

[39] found that P2P rotations were time-consuming, which was

considered as negatively affecting the work of individuals and, ulti-

mately, organizational effectiveness. Other factors, such as motiva-

tion, job satisfaction, and innovation were considered as positively

affecting the work. The third column in Table 1 indicates when the

factor positively ( + ) or negatively (–) impacted the work.
T

In our research, we defined benefits and limitations of P2P ro-

ations (fourth column of Table 1 ) combining the correlation of job

otation with the factor (second column of Table 1 ) and the impact

f the factor on the work (third column of Table 1 ), as follows: 

• + correlation and + impact is a Benefit: job rotation potentially

increases a factor that has a positive impact on the work;

• – correlation and – impact is a Benefit: job rotation potentially

decreases a factor that has a negative impact on the work;

• +correlation and – impact is a Limitation: job rotation poten-

tially increases a factor that has a negative impact on the work;

• – correlation and + impact is a Limitation: job rotation poten-

tially decreases a factor that has a positive impact on the work;

In two situations, the identification of benefits or limitations

eeded some care. First, studies did not always agree on the po-

ential influence of job rotations on certain factors. For instance,

ob satisfaction was negatively correlated in one study of J2J ro-

ations [4] and positively correlated in one study of P2P rotations

18] . In such cases, job rotation was found to be a benefit in some

studies and limitation in others. We acknowledge these contradic-

ory findings by indicating this in the fourth column of Table 1 as

enefit/Limitation. 

A second situation resulted from the study of Hsieh and Chao

19] , where the researchers found that the impact of the factor job

specialization on individuals was dependent on the individual’s at-

itude toward specialization, i.e., certain individuals prefer to be-

ome specialists in a narrow set of tasks or skills (high job special-

zation) whereas other individuals prefer to work on a broad range

of tasks and use broad set of skills (low job specialization). There-

ore, the impact of this factor on the work of individuals can be

oth positive and negative depending on individual characteristics.

herefore, this factor has a + /- impact sign in the third column of

able 1 and a Benefit/Limitation value in the fourth column. 
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Rotated Person (RP) 

Person allocated to RP’s tasks  

Person in charge of training RP 

Team member not directly  
involved in the rotation 

Knowledge Transfer 

Rotation 

Source Project Target Project 

Fig. 1. Illustration of a P2P rotation.
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We used the above rationale throughout the rest of this study,

n particular in the construction of the summary tables throughout

ection 4 . 

Table 1 , adapted from Santos et al. [35] , summarizes the find-

ngs of our literature review of other fields. To make the presenta-

ion of these findings consistent with the results of our synthesis,

e grouped the work related factors into four categories: 

• Organizational Factors : those related to organizational wide

and managerial aspects not directly related to a project team

or an individual.

• Team Factors : factors that are related to team characteristics

and team level processes.

• Work Characteristics : these characteristics broadly refer to the

different ways in which a given work can be structured, as-

signed to individuals and/or teams, and performed. To organize

work characteristics, we used the factor structure presented in

the WDQ model [27] . It defines three categories of character-

istics: (1) Task Characteristics, “concerned with how the work

itself is accomplished and the range and nature of tasks asso-

ciated with a particular job” [27] ; (2) Knowledge Characteristics:

“reflect the kinds of knowledge, skill, and ability demands that

are placed on an individual as a function of what is done on

the job” [27] ; (3) Social Characteristics : group together the so-

cial and interactional aspects of the work reflecting "the fact

that work is performed within a broader social environment”

[27] .

• Outcomes : as it is common in work characteristics models [17] ,

the term (work) Outcomes refers to factors related to what

turns out from performing some work either as tangible factors,

such as productivity or subjective, or less tangible ones such as

motivation and burnout.

Although the grouping of the factors in Table 1 differs from the

rouping used by Santos et al. [35] , the factors and the correspond-

ng findings are the same. 

Regarding factors at the organizational and team level, it seems

hat job rotation was capable of achieving several organizational

nd team goals, in particular in the context of J2J rotations, al-

hough some limitations were found concerning learning costs, be-

ng time consuming, and disrupting workflow. Further, no contra-

ictory evidence was found between P2P and J2J rotations. 

Concerning work characteristics and outcomes, we have a less

niform scenario. In the J2J context, studies found contradictory

vidence about the correlation of job rotation and task variety and

otivation. For these two factors, there is a divergence among

tudies regarding whether J2J rotation offers benefits or limita-

ions in practice. We did not find similar contradictions among

he studies of P2P rotations. However, J2J and P2P studies do not

gree with respect to the correlations of rotations with job satisfac-

ion and individual motivation. P2P rotations were positively corre-

ated with these factors whereas J2J rotations correlated negatively.

hese discrepancies could be explained by the potential effects of

2J on other factors, such as increase of cognitive effort and work-

oad, and a decrease of task variety and task autonomy, which are

ikely to affect motivation and satisfaction. 

We briefly discussed J2J and P2P rotations in this section to pro-

ide a broader view of the theme and to present the rationale we

sed to characterize benefits and limitations of job rotation. We

ave compared our findings for the software engineering context

ith the evidence from the literature in other fields, related to P2P

otation, in Section 5.1 . 

.3. Characterizing project-to-project job rotation in software projects 

Although both types of rotation can be used in software orga-

izations, as identified by Santos et al. [35] , the focus of this re-
earch is on P2P rotations in the software development context. In

he early stages of our study, we built a characterization of P2P ro-

ations in software projects using two sources of information. We

nterviewed project and human resources managers that have de-

loyed P2P rotations in software companies to understand how ro-

ations worked in practice in software development projects. We

hen compared and contrasted our findings with the definitions

rom the literature ( Sections 2.1 and 2.2 ) to create a characteri-

ation of P2P rotations to guide our research. This characteriza-

ion was built considering five elements, described below and il-

ustrated in Fig. 1 . 

Definition – P2P job rotation is defined as the practice of moving

ne professional from one software project (the “source project”

 to another project (the “target project) within the organization.

n most situations, the role (software engineer, test engineer, team

eader, software architect, etc.) performed by the rotated person re-

ains the same. However, this position could change under various

ircumstances, e.g., when a test engineer changes to the role of a

oftware engineer to fulfill a resource need in the target project. 

Agents – individuals in the organization who participate directly

n one rotation: (MCR) manager in charge of the rotation; refers to

he senior or project manager that implements the rotation; (RP)

he rotated person that moves from source to target project in a

otation; (RPH) the rotated person host is the individual (or group

f individuals) in charge of training RP in target project; (RPR) the

otated person replacement is the individual (or group of individ-

als) assuming RP’s tasks in source project. 

Triggers – a P2P rotation is triggered by three reasons: (1) tar-

et project needs: when the target project requires more man-

ower (quantity) or different set of skills (diversity); (2) source

roject needs: when the performance or skills of the rotated per-

on is not compatible with the requirements of the source project

nd the person is rotated to a target project with more compat-

ble performance or skill requirements (in such cases, the source

roject would potentially become a target project due to trigger

); (3) individual request: an individual manifests the desire to

hange projects. Triggers 1 and 2 are related to organizational

eeds whereas trigger 3 addresses individual motivation and sat-

sfaction needs. 

Tasks – several tasks are directly related to the rotation. They

re temporary and not directly related to the end tasks of the

roject. In fact, they support the rotation and create new workload

n project managers and some team members at target and source

roject. These tasks are mostly planned and supervised by MCR:

dentifying the trigger, agents, source, and target project involved

n the rotation; communicating the rotation to agents, source, and

arget project, potentially including projects’ clients; actually mov-

ng the RP to target project; assigning tasks to RPH to train RP in



Fig. 2. Research stages.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the new project, if needed; assigning tasks to RPR to assume RP’s

tasks in source project, if needed. 

Moment of rotation – a rotation can occur at any moment while

the project is under execution. 

Using this characterization helps to distinguish P2P rotations

from other types of resource allocation. For instance, when a

project finishes it is natural that the members of the project are

allocated to new projects. We do not consider this re-allocation as

a P2P rotation because several potential impacts (negative and pos-

itive) of rotation do not occur in this type of re-allocation. Further,

this characterization also identifies agents that might have differ-

ent perceptions of benefits and limitations of rotations, which be-

comes important when analyzing research findings. 

3. Methods

We used a mix-method research strategy combining evidence

from two types of studies: systematic literature review and qualita-

tive industrial case studies. In this section, we start describing the

stages of our research and then summarize the research method

for each type of study. 

3.1. Research stages 

The results presented in this article were produced in several

studies initiated in 2014. The four stages of this research are illus-

trated in Fig. 2 , and described below. 

Stage I – we started our investigation performing an industrial

case study in 2014 (Case I). Our goal was to investigate the

potential effects of P2P rotations on motivation and satisfac-

tion of software engineers that worked in an organization

that used rotations systematically. We, therefore, focused our

analysis using pre-formed codes from a theory of motiva-

tion and job satisfaction of software engineers [12,13] , even

though we collected data that potentially covered other fac-

tors. This analysis identified two benefits and five limita-

tions. 

Stage II – before publishing the results from Stage I, we decided

to understand how job rotation was being investigated in

empirical software engineering research. In 2015, we con-

ducted a systematic literature review (SLR) that covered

studies published until July 2015. We analyzed 17 unique
studies published in 18 articles, addressing both J2J and P2P

rotations. The set of 11 studies that addressed P2P rotations

presented four benefits (3 new ones with respect to Stage I)

and two limitations (new). 

We then consolidated the results of Stages I and II, and pub-

lished them in separate venues. Santos et al. [34] published

the full analysis of Case I, presenting a preliminary theory

about the interacting effects of benefits and limitations of

P2P rotations. Santos et al. [35] published the results of the

SLR. The intersection of the results from Case I and the SLR

were very small, with only one benefit in common and no

common limitations. We attributed this small intersection to

the focus of the analysis of Case I on motivational factors

and also to the fact that no study in the SLR investigated

P2P as its primary goal. This prompted us to perform an ex-

tended analysis of Case I data, looking for a broader set of

factors, and to extend the findings of the SLR by synthesiz-

ing evidence from other studies. 

Stage III – in the first half of 2016, we performed two stud-

ies that produced complementary results. We extended the

analysis of the data collected in Case I (Case I – Extension),

looking for benefits and limitations not directly related to

motivation or satisfaction. This extended analysis found six

benefits (2 new ones concerning stages I and II) and seven

limitations (2 new ones). In parallel, we performed a repli-

cation of Case I (Case II – Replication) where we selected

two other projects in the same software company and inter-

viewed 14 participants that were not involved in Case I. We

used the same data analysis technique looking for a broader

set of benefits and limitations. Case II – Replication identi-

fied eight benefits (no new ones), six limitations (no new

ones), and a factor considered as both a benefit and a limi-

tation (new), as explained in Section 2.2 . 

Stage IV – in this stage, we applied techniques from meta-

ethnography [28] to synthesize the findings of the previous

three stages. The synthesis produced a consolidated set of

19 factors divided into eight benefits (1 new for the previous

studies), nine limitations, and two factors considered as both

benefits and limitations. During the final steps of the meta-

ethnographic synthesis, we looked at the scientific literature

on work design and organizational psychology to refine the

meanings of these factors and raise construct validity, as rec-

ommended by Eisenhardt [8] . 
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Table 2

Profile of participants – case I.

Projects PA PB

Team roles 4: Software engineers 4: Software engineers

1: Test engineer 1: Test engineer

1: Team leader 1: Team leader

1: Project manager 1: Project manager

Genders 6: Males 6: Males

1: Female 1: Female

Ages 3: < 25 1: < 25

3: 26 – 35 4: 26 – 35

1: > 36 2: > 36

Education 3: Undergraduates 1: Undergraduate

1: Technician 3: B. Sc .

2: B. Sc . 3: M. Sc .

1: M. Sc .

Time in the job 1: < 3 years 2: < 3 years

4: 3 – 5 years 3: 3 – 5 years

2: > 6 years 2: > 6 years

Experience with

rotation

3: Never rotated 1: Never rotated

2: Rotated 1 or 2 times 4: Rotated 1 or 2 times

2: Rotated > 3 times 2: Rotated > 3 times
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In the rest of the section, we describe the research methods

sed in each stage. We finish the section describing ethical issues

onsidered in our study. 

.2. Stage I – qualitative case study 

In this study, we followed the method proposed by Eisenhardt

8] to build theories from case study research. In this section, we

resent a summary of the research protocol to make this article

omplete. The detailed description of the case study protocol can

e consulted in [34] .

.2.1. Getting started 

We started with the definition of the research question and the

ase study design. We performed a broad literature review in sev-

ral research fields to better understand and to precisely define job

otation ( Sections 2.1 and 2.2 ), which together with the interviews

ith managers supported the characterization presented in Section

.3 . Further, this review aimed at identifying potentially important

ariables to be observed in the field, and to increase construct and

nternal validity during data analysis and synthesis. Based on this

nformation, we selected a case, a well-established, mature soft-

are company, in which the job rotation practice was performed

hroughout all projects and teams, and all employees knew about

he application of this practice. 

As recommended in the literature [8] [36] [45] , we used mul-

iple data collection methods: interviews, document analysis, and

uestionnaires. The semi-structured interviews were performed

ith two groups of participants (using different interview scripts):

) the senior managers of the company, to collect data about the

rganizational context; b) project managers and software team

embers, to obtain information about their experience with, per-

eptions about, and attitudes toward job rotations. We validated

he interview scripts by conducting pilot interviews with a group

f five professionals of different companies, who had prior experi-

nce with P2P rotations. 

.2.2. The study context 

We performed Case I in a Brazilian software company, founded

n 1996. At the time of this case study, the company had just over

00 employees, about 70% of which worked directly in software

evelopment. The company executed an average of 50 projects

oncurrently in various business areas. The company had a typi-

al hierarchical organizational structure. The software development

ivision was headed by the Chief Operation Officer (COO) and sup-

orted by a Project Management Officer (PMO). Both COO and

MO were in charge of resource allocation for all projects and also

ob rotation (they had the role of the MCR agent, as described in

ection 2.3 ), with support from the Human Resources department.

.2.3. Entering the field 

Field research was performed in three steps. We first selected

he target projects and the individual participants within each

roject, then we interviewed the project managers and members

f the project teams, and finally, we accessed documents to com-

lement and triangulate the data collected in the interviews. 

We purposively sampled two projects in the organization port-

olio seeking for a maximum variation of information. We were

eeking projects with different levels of incidence of rotations.

e, thus, asked the Project Management Officer (PMO) to select a

roject with a great incidence of rotations (Project A) and another

ne with a more stable team (Project B): 

• Project A – this team was developing a web-based system for a

multinational logistics company. At the time of data collection,

the project had been running for 2.5 years. The project team
was composed of 13 professionals. One project manager, four

software engineers, one test engineer, and one technical team

leader were interviewed in this research. Project A used an Ag-

ile process based on SCRUM. 

• Project B – this team was developing a 3D visualizer for a

multinational printer company. This was an innovation project

with the objective of creating and implementing new products.

One project manager, four software engineers, one test engi-

neer, and a technical team leader were interviewed in this re-

search. Project B also used an Agile process based on SCRUM.

This diversity was important for understanding the different

erceptions concerning benefits and limitations of job rotation. For

roject B, to achieve the necessary diversity we selected all team

embers. For project A, just under half of the team provided the

equired diversity. 

We then selected participants from each project using purpose-

ul sampling methods to achieve large variation in data collec-

ion, as recommended in the literature on qualitative research [26] .

herefore, we selected participants with different team roles, gen-

er, age, education level, and time in the job, and distinct expe-

iences in participating in rotations. In Table 2 , we only present

ggregated profile of participants to comply with ethical norms re-

arding anonymity of the participation. 

All interviews occurred in the organization’s facilities and were

erformed by an interviewer and supported by a second researcher

that took notes to enhance data analysis). All interviews were

ecorded with permission from participants. 

.2.4. Data analysis 

The objective of the qualitative analysis is to consolidate, re-

uce, and interpret data obtained from various sources, and make

ense of them [26,36] . It involves labeling and coding all data to

dentify similarities and differences to describe the phenomenon

nder study. We used coding techniques [36] to code, categorize,

nd synthesize the data collected from the field. 

Initially, all audio from the interviews was verbatim transcribed.

ata analysis began with open coding of these transcripts, in

hich codes were constructed and attached to particular direct

uotes of participants ( Fig. 3 ). Then, the codes arising from each

nterview were constantly compared to codes in the same inter-

iew and from other interviews and grouped into categories that

epresent benefits and limitations of job rotation ( Fig. 4 ). 

In this article, we only used the results from open coding from

ase I to identify benefits and limitations of P2P rotations. Santos



Fig. 3. Open coding - example.

Fig. 4. Open coding - building categories.

Fig. 5. String construction.
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et al. [34] presented the entire data analysis process, including ax-

ial and selective coding, together with propositions and a central

narrative that explains the interacting effects of benefits and limi-

tations in the studied context. 

3.3. Stage II – systematic literature review 

We followed the conceptual work on systematic literature re-

view [31] and the guidelines for performing this type of study in

software engineering [22] . In this section, we present a summary

of the review protocol, which can be seen in full in Santos et al.

[35] .

We used the following research question to guide our review

processes: 

RQ1. What is currently known about the benefits and limitations

of the use of job rotation in software organizations? 

3.3.1. Search process 

We performed an automatic search in five search engines and

indexing systems (IEEE Xplore, ACM, Scopus, Science Direct and

Springer) using a search string based on the general terms ex-

tracted from our research question ( Fig. 5 ). The automated search

process, performed until July 2015, retrieved over 40 0 0 papers. The
et of synonyms for job rotation added to the search string, to-

ether with the use of just one term to specify the research field

software), increased the sensitivity of the search (thus increasing

overage) but also decreased its precision, i.e., a number of non-

elevant studies found in the automatic search. 

.3.2. Selection process 

The pre-selection of papers was based on the analysis of the

ull text of all the papers retrieved by the automatic search. Two

esearchers, working independently, excluded those papers that ei-

her addressed other areas besides computer science or only ref-

renced papers about job rotation without actually addressing job

otation in their findings. At this point, sixty-three potentially rel-

vant studies were pre-selected. 

Next, we excluded studies addressing topics of computer sci-

nce that were not related to software engineering, or papers that

id not present discussions concerning the practice of job rotation

n the context of software engineering. Duplicates were also ex-

luded at this stage. When a study had been published in more

han one journal or conference, all versions were reviewed for the

urpose of data extraction. The selection process concluded with

8 papers, reporting 17 unique studies. 

.3.3. Data extraction and data synthesis 

An extraction form implemented in MS Excel TM guided the data

xtraction process. Two researchers, working independently, ana-

yzed each paper in order to extract the following data: Paper ti-

le, year of publication, type of publication (journal or conference),

ountry where the authors were located, main objective of the re-

earch, study method (according to [7] ), instruments to collect data

sed in the study, type of participants of the study, definition used

y authors to define job rotation, main application of the practice

f job rotation reported in the study, benefits and limitations of

he use of job rotation. 

Two researchers working in the data extraction process were

mplied to improve the accuracy of the information extracted and,

herefore, the reliability of the results. Conflicts of extraction were

iscussed and solved in a consensus meeting, which involved a

hird researcher. 

Finally, we used the following steps to synthesize data: 

1) Identifying Factors : we used qualitative coding techniques

[26,36] to identify work-related factors that were potentially

impacted by job rotation in each study. We compared the find-

ings between studies to make sure they were addressing the

same construct. We performed an analysis similar to open cod-

ing as described in Section 3.2.4 .

2) Grouping Factors : similar to the use of axial coding in qualitative

analysis, we compared and grouped the factors in three levels

related to the: organization, workgroup or team, and individual.

3) Creating Propositions : finally, using selective coding techniques,

we performed an analysis of factors and categories to find re-

lationships among them, and to present these relationships as

propositions.

In this article, we use results from steps (1) and (2) to cre-

te a list of benefits and limitations of job rotation. Santos et al.

35] present the complete results of all three steps.

.4. Stage III – extension and replication 

This stage consisted of two parts: Case I – Extension and Case II

Replication. We started by extending the analysis of the data col-

ected in Case I. We performed open coding on the transcriptions

of all interviews. In Stage I, our analysis concentrated on identify-

ng factors related to motivation and satisfaction. In this stage, we

xtended this analysis to look for all factors related to P2P rotation.
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he extended analysis used the same coding techniques described

n Section 3.2.4 . 

The second case study (Case II – Replication) was performed in

he first half of 2016. We used the replication logic described by

in [45] to develop Case II based on the same protocol used in

ase I ( Section 3.2 ). Consistently with the first case study protocol,

e purposively sampled two other projects, one with a great inci-

ence of rotations (Project C) and another one with a more stable

eam (Project D): 

• Project C – this team was developing a web-based system for a

multinational company. Details about the type of system were

not provided by interviewees, due to confidentiality issues. At

the time of data collection, the project has been running for

3 years, and the team was working on the development of

new features, fixing bugs, and working on the performance im-

provements. This team was composed of 11 professionals: One

project manager, one technical team leader, one designer, two

test engineer and six software engineers. Project C used an Ag-

ile process based on SCRUM.

• Project D – this team was working on a research project, in-

vestigating algorithms to perform an image-based search. The

team worked in identifying these algorithms in the literature

and implementing them to validate the results with the client.

At the time of data collection, the project has been running for

three years and the team was composed of one project man-

ager, one technical team leader, and five software engineers.

Project D also used an Agile process based on SCRUM.

We then selected participants from each project using purpose-

ul sampling methods, as in Case I. In Table 3 , we only present

ggregated profile of participants to comply with ethical norms re-

arding anonymity of the participation. 

.5. Stage IV – data synthesis 

To synthesize the findings, we applied phases 2 to 5 of meta-

thnography as described by Da Silva et al. [6] , summarized as fol-

ows: 

.5.1. Phase 2: deciding what is relevant for the synthesis 

In this phase of the meta-ethnography, we decided the studies

hat would be included in the synthesis. We used the results of the

revious Stages I to III as data for the meta-ethnographic synthesis.
Table 3

Profile of participants – case II - replication.

Projects PC PD

Team roles 3: Software engineers 5: Software engineers

2: Test engineer 1: Team leader

1: Designer 1: Project manager

1: Project manager

Genders 6: Males 5: Males

1: Female 2: Female

Ages 3: < 26 1: < 26

2: 26 – 35 4: 26 – 35

2: > 36 2: > 36

Education 2: Technician 1: Technician

4: B. Sc . 5: B. Sc .

1: M. Sc . 1: PhD

Time in the job 0: < 3 years 1: < 3 years

4: 3 – 5 years 1: 3 – 5 years

3: > 6 years 5: > 6 years

Experience with

rotation

2: Never rotated 0: Never rotated

2: Rotated 1 or 2 times 6: Rotated 1 or 2 times

3: Rotated > 3 times 1: Rotated > 3 times
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.5.2. Phase 3: reading the studies 

This phase involved carefully going through the findings from

ach study to identify the key concepts addressed in the studies

hrough repeated reading and noting of the main concepts. The re-

ults from the three studies were already presented in tabular for-

at, which simplified the work in this phase and also reduced the

ikelihood of misinterpretations. 

.5.3. Phase 4: determining how the studies are related 

In this phase, we considered the relationships between the dif-

erent studies. It was the first phase in which we put the studies

ogether and started comparing them. Noblit and Hare [28] suggest

uxtaposing the lists of key metaphors, ideas, and concepts occur-

ing in each study as the initial step in relating the studies. We

dentified two different types of factors to guide our work in this

hase: 

• Factors addressed by two or more studies: these were used as

input to the translations performed in Phase 5.

• Factors addressed in only one study: for these factors, we could

not perform translations. Therefore, these factors were used in

Phase 5 and compared with existing concepts from the litera-

ture ( Sections 2.1 and 2.2 ) to sharpen construct definition.

.5.4. Translating the studies into one another and raising theoretical 

evel 

During this phase, we started translating the concepts from one

tudy into the concepts of the other ones for those concepts that

ere addressed in at least two studies. As prescribed in the lit-

rature [6,28] , we started by considering studies as analogies, i.e.

onsidering that findings in one study are like findings in the other

tudies, but also taking into account their non-similarities. An ad-

quate translation preserves the meanings of concepts in each

tudy. It also compares the meanings of concepts from one study

ith those from the other accounts. In general, concepts from the

tudies can compare with each other in three ways: (i) they are

irectly comparable as reciprocal translations; (ii) they may contra-

ict or stand in opposition to one another as refutational transla-

ions; (iii) taken together they may represent a line-of-argument . In

ur synthesis, we only found cases of reciprocal translations. 

Table 4 shows an example of how the translation of the con-

epts Task Variety and Skill Variety was built. From left to right,

olumns 1–4 present the concepts extracted from each study used

n the synthesis (in this case, work or task variety was identified

n all four studies). The fifth column presents the concept defini-

ion from the literature. In the example, the concepts of Task Va-

iety and Skill Variety were extracted from the work of Morgeson

nd Humphrey [27] . The sixth column shows the synthesis of the

oncept that aggregates the results of all studies, checked for con-

istency with the concept definitions from the literature (column

). 

In Table 4 , the reader can see how the use of meta-

thnographic translations allowed the researchers to refine the

eanings of the concepts when comparing the studies. Case I and

LR identified concepts related to Work or Task Variety. Compar-

ng these two studies showed that the concepts were similar and,

hus, supported synthesis through reciprocal translation. 

As we added results from Case I – Extension and Case II –

eplication, which provided richer qualitative information, we no-

iced that participants were describing two different types of va-

iety. First, some participants referred to variety related to per-

orming different software engineering tasks, such as requirement

nalysis and coding, which is consistent with the interpretations

f Task/Work Variety from Case I and SLR (labeled Work Varity (T)

here T stands for Task). Second, participants also referred to va-

iety related to use of different skills and technologies and to work



Table 4

Translation of concepts.

Case I SLR - SwEng (P2P) Case I (Extension) Case II (Replication) Concept from literature Synthesis of the concept

Work variety Task variety Work variety (T) Work variety (T) Task variety Task variety

"(…) It’s really good

(job rotation)

because one can

work with several

different things .”

[PB-IN11]

“Job rotation may help

to increase the

variety and

challenge of IS

development work .”

[JOB11]

“I would be like, ‘man,

there is no other

thing (task) for me

to do ? I’m doing

this for such a long

time’…” [PB-IN08]

(…) I can’t work for

too long doing the

same thing . So, I

need to be moving

(job rotation).

[PD-IN26]

“Task variety refers to the

degree to which a job

requires employees to

perform a wide range of

tasks on the job. As

such, it is similar to

notions of task

enlargement discussed

in the literature” [27] .

In software engineering, Task Variety

refers to the scenario in which

software engineers can perform a

wide range of tasks. Thus, Task

Variety is related to the role

performed in the project. For

instance, a developer that is

assigned to perform tests activities

or an analyst that also team leader.

“(…) I think this is

great (job rotation)!

I think it’s good

because you know

you’ll have the

opportunity to work

with new and

different

technologies .”

[PA-IN02]

“Job rotation strategies

could accommodate

the different

individual

aspirations related to

task variety.” [JOB08]

Work variety (S) Work variety (S) Skill variety Skill variety

“…, there is no other

thing (task) for me

to do ? I’m doing

this for such a long

time’…” [PB-IN08]

“(…) Good (job

rotation).

"(…) (job rotation)

allows one to know

different types of

projects, different

types of

technologies …

[PD-IN27]

“Skill variety reflects the

extent to which a job

requires an individual to

use a variety of different

skills to complete the

work [17] ” [27] .

In software engineering, skill variety

refers to the diversity of different

skills that the software development

process requires from professionals.

Thus, Skill Variety is related to the

variety of technology or process

related issues. For instance, the

ability to work with backend and

with interfaces, or the ability to fit

in different domains using new

technologies.

Especially if this

rotation allows you

to work with a

different

technology .

[PA-IN04]

“I don’t want to spend

the rest of my life

working with

computer graphics

(same technology

always)." [PB-IN12]
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on different application domains (labeled Work Variety (S) where

S stands for Skill). 

At this point of the synthesis, we searched the literature about

work design looking for definitions of work characteristics that

would explain these two types of variety. The study of Morgeson

and Humphrey [27] consolidated over 50 years of research on work

design and their model distinguishes Task Variety (a task charac-

teristic of the work) from Skill Variety (a knowledge characteristic

of the work). The definitions of these two concepts, presented in

the fifth column, are consistent with the two types of variety de-

scribed by the participants. We then added Skill Variety to the list

of factors related to job rotation. 1 

Finally, we provided definitions for each factor synthesized from

the five studies. We used the definitions from the literature (col-

umn 5) and compared with the coding of the concepts resulting

from the studies (columns 1–4) and created a definition of the con-

cept that synthesizes our findings in column 6. In Appendix A , we

present the complete glossary with the definitions of factors. 

3.6. Ethics 

In the development of Case I and Case II – Replication we fol-

lowed the norms of Resolution 466/12 – CNS-MS of the Brazilian

National Health Council that regulates research with human sub-

jects. The software organizations signed a Term of Authorization,

and the researchers signed a Non-disclosure Agreement (covering

access to sensitive information). Both documents granted the re-

searchers access to facilities, to the participants, and to necessary

documentation. They also authorized the participants to use work
1 It is clear that Task and Skill Variety are related because to perform a task one

requires certain skills, but these are different work characteristics. The study of their

relationships is not in the scope of this study, but is an important theme for further

research.

S  

o

 

w  

j  
ours for the interviews. We believe that this formalization re-

uced the possibility of participants concealing information that

hey would consider sensitive. Before the interviews, each partic-

pant signed an Informed Consent Form that explained the overall

bjective and relevance of the research, guaranteed data confiden-

iality, the anonymity of the participation, the non-obligatory na-

ure of the participation, and the right to withdraw from the re-

earch at any moment. All invited individuals freely agreed to par-

icipate and no participant withdrew from the research. 

. Results

We start by describing the results of each study. We summa-

ize the findings of Case I ( Section 4.1 ) and the SLR ( Section 4.2 ).

e then describe the novel results related to Case I – Extension

 Section 4.3 ), Case II – Replication ( Section 4.4 ), in more detail. Fi-

ally, we present the results of the meta-ethnographic synthesis,

hich consolidates the benefits and limitations of P2P job rotation

n software engineering practice, in Section 4.5 . 

.1. Case I 

Participants in Case I identified work-related factors that were

irectly affected by job rotation according to their perceptions.

e analyzed the potential effects of job rotation on each factor

nd how participants perceived the importance or impact of each

actor on their work ( Table 5 ). Using the rationale explained in

ection 2.2 , we built column 4 indicating benefits or limitations

f job rotation. 

Job rotation provided software engineers the opportunity to

ork with a wide diversity of projects and technologies. Therefore,

ob rotation helped to create a working environment that was rich



Table 5

Benefits and limitations – case I.

Factor Correlations with factor Impact of factor on work Benefit/ Limitation

Team factors

Knowledge transfer + – Limitation

Work characteristics

Task characteristics

Work variety + + Benefit

Well-defined work – + Limitation

Knowledge characteristics

Knowledge acquisition + + Benefit

Social characteristics

Feedback – + Limitation

Outcomes

Job outcomes and correlates

Workload + – Limitation

Performance – + Limitation
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n Work Variety , 2 which was positively valued by software engi-

eers: 

“(…) It is very good because one is going to work with several

different stuff.”

Participants also perceived the lack of variety at work as being

egative, reinforcing the positive value of Work Variety: 

“… I can’t stay in the same project for long.”

Job rotation also created an opportunity for the rotated per-

on (RP) to acquire new knowledge ( Knowledge Acquisition) , both

echnical and business related, increasing professional experience

nd skills regarding technologies, process, tools, business domains,

tc. Knowledge acquisition was also perceived as positive for the

ob, emphasizing the constantly changing nature of the technolo-

ies and practices in software engineering: 

“(…) I think it is good because you know you will have the oppor-

tunity to learn.”

Job rotation could happen at any point in the life cycle of

 project. Therefore, individuals could be transferred to a new

roject before completing their assignments in the source project.

wo effects of this characteristic of the job rotation practice were

dentified. First, participants emphasized that when they were ro-

ated and left the assignment unfinished, they still had to perform

ome activities in their previous project, mostly to transfer knowl-

dge about their prior tasks: 

“You will keep supporting the previous project. So you will have to

help that person on what you were doing”

Job rotation, thus, creates the need for Knowledge Transfer and

he RP perceived no positive effect on her work. A second effect

f rotating a person before the end of the project or the person’s

ssignments was the perception that they were not developing

 Well-defined Work . Participants emphasized that they liked to

erform complete tasks, i.e., from start to end, before moving to

nother project: 

“I would not say it [job rotation] would be good. Because it is good

when you do something and finish it”. 

“During the on-going project, if I’m moved, then I would be mad,

because I’ll get that feeling that my work remains unfinished.”

Participants felt that job rotations could negatively impact the

eedback provided by managers and team leaders about their
2 Notice that at this point we had not yet produced the meta-ethnographic trans- 

ations that separated Work Variety into Task and Skill Variety.

i  

f  

w  

i

erformance. They felt that managers and team leaders did not

ave enough information about their performance or capabilities

t work because they were frequently moving between projects, as

mphasized by this participant: 

“… There are some guys who had to wait too much time to

get a good feedback because they were always switching between

projects”. 

Finally, participants pointed out that job rotation had a poten-

ial negative impact on the Performance of all three individuals

irectly involved in the rotation (RP, RPH, and RPR described in

ection 2.3 ,). Therefore, job rotation had a potentially negative ef-

ect on performance, as emerges from the following quotes: 

“It is always traumatic [job rotation]. You end up having loss of

performance” [point of view of the RP] . 

It is possible to contend that there are several complex inter-

cting effects among the factors potentially influenced by P2P ro-

ations. In fact, Santos et al. [34] studied some of these interactions

nd presented relationships among these factors. Discussing these

nteractions is not in the scope of this paper, but constitutes an

nteresting topic for future research. 

.2. SLR 

The SLR searched for evidence about how job rotation affected

he work of software engineers in practice. In this section, we sum-

arize the results directly related to the benefits and limitations

f P2P rotations, which is the focus of this paper. Table 6 summa-

izes the factors potentially affected by the rotations reported in

he primary studies. The references [JOBnn] are presented at the

nd of the list of references in this paper. 

The SLR identified six factors related to the use of P2P rotations.

ll correlations were direct, meaning that the use of rotations was

elated to the increase of the factor. Four factors were identified

s having a positive impact on the job and two as having negative

nes. Using the rationale described in Section 2.2 , we identified

our benefits and two limitations of the use of P2P rotations in the

rimary studies analyzed in the SLR. 

Case I and the SLR have only one benefit in common: Task/Work

ariety . The two studies agreed on the direction of the relation-

hip, considering Task Variety as a potential benefit of P2P rota-

ions. Further, Task Variety was the only work characteristic found

n the SLR, indicating that software engineering studies have not

ocused on individual and social work characteristics, contrasting

ith Case I and also with the literature from other areas discussed

n Section 2.2 . 



Table 6

Benefits and limitations – SLR.

Factor Correlation with factor Impact of factor on work Benefit/ Limitation

Organizational factors

Communication ( new ) + [JOB01] + [JOB03] + [JOB12] + [JOB17] + Benefit

Difficult to plan ( new ) + [JOB15] – Limitation

Time consuming ( new ) + [JOB09] – Limitation

Team factors

Team flexibility ( new ) + [JOB14] + [JOB15] + Benefit

Knowledge exchange ( new ) + [JOB09] + [JOB12] + [JOB13] + Benefit

Work characteristics

Task characteristics

Task variety ( Case I) + [JOB02] + [JOB08] + [JOB11] + Benefit

Table 7

Benefits and limitations – case I – extension.

Factor Correlation with factor Impact of factor on work Benefit/ Limitation

Organizational factors

Communication (SLR) + + Benefit

Team factors

Knowledge exchange (SLR) + + Benefit

Knowledge transfer ( Case I) + - Limitation

Social conflicts ( new ) + – Limitation

Work characteristics

Task characteristics

Work variety ( Case I/SLR) + + Benefit

Knowledge acquisition ( Case I) + + Benefit

Well-defined work ( Case I) – + Limitation

Social characteristics

Feedback ( Case I) – + Limitation

Social interaction ( new ) + /- + Benefit/Limitation

Outcomes

Individual outcomes

Motivation ( new ) + + Benefit

Job outcomes and correlates

Job monotony ( new ) – – Benefit

Cognitive effort ( new ) + – Limitation

Workload ( Case I) + – Limitation

Performance ( Case I) – + Limitation
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Comparing the results of Case I and the SLR, we devised new

directions for our research. First, to perform a broader analysis of

the data collected in Case I trying to identify factors that were

found in the SLR but were missed in Case I due to the focus on

motivational aspects. Second, to produce further primary evidence

from new empirical studies in software engineering to increase the

strength of the evidence. 

4.3. Case I – Extension 

We performed an extended analysis of the data collected in

Case I, in order to identify further factors related to P2P rotations

in addition to those directly related to motivation. This process re-

sulted in seven new factors not presented in Case I. Among these

seven factors, two were found in the SLR and five are new find-

ings from this extended analysis: two new benefits, two new lim-

itations, and one factor classified as both benefit and limitation.

We grouped the factors into the same categories defined in Section

2.2 . Table 7 shows all factors; we marked (Case I) for those found

in Case I, (SLR) for those found in the SLR and (new) for the new

finding from Case I – Extension. 

The extended analysis shows that the participants see job ro-

tations positively related to Motivation , because the movement

among projects can give them new opportunities for personal de-

velopment, dynamism, and new challenges. Further, some of the

factors identified so far, e.g., work variety and acquisition of knowl-

edge, are related to motivation according to existing motivation

theories [12,17] . 
“(…) The dynamism (of rotations) is positive to the motivation, be-

cause it brings new stuff.”

Job rotation is also perceived as a practice negatively related to

ob Monotony at work, which might help to reduce boredom and

ther factors that can demotivate the individual concerning the

ob. 

“(…) I liked it (job rotation). Because it changes my everyday

work, it changed what I normally do.”

“(…) Normally, people like change. In my opinion, most of the peo-

ple like when things change.”

On the other hand, there are new factors associated with the

ractice of job rotation identified in the extended analysis that re-

ulted in limitations. One of these factors is the Cognitive Effort re-

uired to equalize the need for new knowledge required for the

ew assignments. 

"(…) My knowledge about the project was too little, so I had to

work hard on that (to fulfill that lack of knowledge after the rota-

tion)" 

“The rotated person will have to study really hard for like… a

month, or two months, to start to understand the project.”

This and other factors potentially affected by the use of job ro-

ation can cause internal conflicts in the project. Interviewees re-

orted that the frequent movement of individuals could result in



Table 8

Benefits and limitations – case II - replication.

Factor Correlation with factor Impact of factor on work Benefit/Limitation

Organizational factors

Communication (SLR/ Extension) + + Benefit

Difficult to plan (SLR) + – Limitation

Team factors

Knowledge exchange (SLR/Extension) + + Benefit

Team flexibility (SLR) + + Benefit

Work characteristics

Task characteristics

Work variety (SLR/Case I /Extension) + + Benefit

Knowledge acquisition (Case I/Extension) + + Benefit

Well-defined work (Case I/Extension) – + Limitation

Knowledge characteristics

Specialization ( new ) – + /- Benefit/Limitation

Social characteristics

Feedback (Case I/Extension) – + Limitation

Social interaction (Extension) + + Benefit

Outcomes

Individual outcomes

Motivation (Extension) + + Benefit

Job outcomes and correlates

Job monotony (Extension) – – Benefit

Cognitive effort (Extension) + – Limitation

Workload (Case I/Extension) + – Limitation

Productivity (Case I/Extension) – + Limitation
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ocial Conflicts among professionals in the team, as exemplified be-

ow: 

"Man, you try and try, and try to help, but the person doesn’t want

to be helped. (…) So, most of the times we just don’t care about

her." 

"(…) Sometimes the team is not so friendly because they were

used to work with the other guy.”

Finally, the Social Interaction can be positively or negatively re-

ated to the rotations, in the sense that individuals can start, keep

r drop contact with co-workers when they are moved among

rojects, as shown below: 

Positive - “You’ll start to work in a new project, with new people,

so you end up starting new relationships. I think this is important.”

Negative - “It’s negative, when you lose contact with people that

you used to work with.”

In summary, the extended analysis of Case I resulted in a

roader view of factors related to P2P rotations that were not di-

ectly related to motivation of satisfaction factors. 

.4. Case II - Replication 

In the analysis of Case II – Replication, we performed open and

xial coding on the interview transcripts looking for factors related

o the use of P2P rotations using no pre-formed codes. This repli-

ation found 15 factors, one of them was new, and 14 had been

ound in the other previous studies (Case I, SLR, and Case I – Ex-

ension). In Table 8 , we show all factors found in Case II – Replica-

ion, identifying benefits and limitations as previously done. 

The results of the replication were consistent with all 14 factors

ound in the previous three studies, increasing the strength of the

vidence. Only three factors previously identified, were not found

n the replication: Time Consuming, Knowledge Transfer, and Social

onflicts. The potential impact of P2P rotations on job specializa-

ion appeared as a new factor in the replication, which we further

iscuss below. 

Participants emphasized the negative relationship of the use of

2P rotations and job specialization, consistent with findings from
he literature [19] . All participants that mentioned job specializa-

ion in the interviews made it clear that rotations would (poten-

ially) decrease the opportunity for the individuals to specialize in

 given type of task, technology, or business domain. The difference

mong participants was with respect to whether this impact was

erceived as positive or negative for their work. For those partic-

pants that have a positive attitude toward becoming a specialist,

his was perceived as having a negative impact on their work, as

xemplified below: 

"There are people that don’t want to be moved. You know, some

people just prefer to be a specialist." 

“If you are comfortable with what you are doing (being a special-

ist). Maybe this is not good (rotation).”

"You keep moving, you never get to fully know or understand any-

thing, so in the end, you are not a specialist in anything." 

On the other hand, some professionals seem to have a different

ttitude toward job specialization, as emphasized by this partici-

ant: 

“I don’t think it’s interesting when you become a specialist. (…) So

the changes are very healthy.”

For those participants that did not value specialization, the im-

act of the P2P rotations on specialization was not perceived as

egative, but as a potential benefit. We shall discuss the implica-

ions of this finding in Section 5 . 

.5. Synthesis of results 

In this section, we present the synthesis of the benefits and

imitations of P2P job rotation in software engineering constructed

sing meta-ethnographic techniques ( Section 3.6 ). In Table 9 , we

ummarized the synthesis of all factors found in the five studies.

ltogether, we synthesized 19 factors and classified them as po-

ential benefits (8), limitations (9), and benefit/limitation (2) of the

se of P2P rotations in software engineering practice. To our best

nowledge, this is the most comprehensive study of the potential

mpacts of P2P job rotation in software engineering published so



Table 9

Synthesis of the evidence.

Factors Correlation with factors Impact of factor on

work

Benefit/ limitation

Case I SLR - SwEng (P2P) Case I (extension) Case II (replication)

Organizational factors

Communication + Communication + Communication + Communication + Benefit

Difficult to plan + Difficult to plan + difficult to plan – Limitation

Time consuming + Time consuming – Limitation

Team factors

Team flexibility + Team flexibility + Team flexibility + Benefit

Knowledge exchange + Knowledge exchange + Knowledge exchange + Knowledge exchange + Benefit

Knowledge transfer + Knowledge transfer + Knowledge transfer – Limitation

Social conflicts + Social conflicts – Limitation

Work characteristics

Task characteristics

Task variety + Work variety + Task variety + Work variety (t) + Work variety (t) + Benefit

Learning opportunity + Knowledge acquisition + Knowledge acquisition + Knowledge acquisition + Benefit

Task identity - Well-defined work - Well-defined work - Well-defined work + Limitation

Knowledge

characteristics

Skill variety + Work variety (s) + Work variety (s) + Benefit

Specialization - Specialization + /- Benefit/limitation

Social characteristics

Feedback from others - Feedback - Feedback - Feedback + Limitation

Social support –

friendship

opportunities

+ /- Social interaction + Social interaction + Benefit/limitation

Outcomes

Individual outcomes

Motivation + Motivation + Motivation + Benefit

Job outcomes and

correlates

Job monotony - Job monotony - job monotony – Benefit

Cognitive effort + Cognitive effort + cognitive effort – Limitation

Workload + Workload + Workload + Workload – Limitation

Productivity - Performance - Performance - Productivity + Limitation
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far. In Table 11 ( Appendix A ), we present the definitions of each

factor listed in Table 9 . 

This synthesis provides a broader view of the potential effects

of P2P rotations than previous research in software engineering.

Using three different types of research methods (systematic liter-

ature review, qualitative case studies, and meta-ethnography), we

achieved two important results. 

First, we enlarged the body of evidence, with different stud-

ies adding new evidence. This is clear when we analyze the re-

sults summarized in Tables 5-8 . Starting with a set of two bene-

fits and five limitations in Case I, the subsequent studies, including

the meta-ethnographic synthesis, were progressively adding new

factors until the final set of 19 factors was consolidated ( Table 9 ).

This shows the relevance of using mix-methods research and repli-

cation designs when investigating the complex phenomenon in the

natural settings. 

Second, we improved the strength of the evidence by confirm-

ing findings among the studies. The analysis of the results in Tables

5-8 also shows that, besides adding fresh evidence, new studies

also confirmed previous findings. These confirmations happened

across different types of studies:

• Between Case Studies and SLR: we confirmed the SLR findings

with primary evidence from the qualitative case studies. In this

sense, Task Variety, Knowledge Exchange, Team Flexibility, and

Communication were identified as potential benefits in the SLR

and confirmed by at least one of the case studies. Similarly, the

potential limitation related to rotations being Difficult to Plan

was also found in the SLR and confirmed in one case study.

Only one factor found in the SLR was not confirmed by the case

studies, namely P2P rotations being Time Consuming.
• Between Case Studies: by using a replication logic, we were

able to produce confirmations for 12 of the total set of 14 fac-

tors found in Case I and Case I – Extension. Therefore, Case

II – Replication produced the intended result of increasing the

strength of the evidence with respect to the first case study.

• In the meta-ethnography: the process of translating evidence

among studies only found reciprocal translations, in which the

meaning of the concepts was consistently translated across the

studies. No refutational translation was found, increasing the

strength of the evidence in the synthesis stage.

Therefore, our findings show a very good strength of evidence,

onsidering the consistency of findings among studies (reliability)

nd a number of different results with consistent findings (replica-

ions). We have only two factors with contrasting evidence (Spe-

ialization and Social Support), thus with low reliability, which

ould be explained by individual attitudes toward the factors, as

iscussed above. In those cases, the reader should note that the

ontrasting evidence was found within a single study, not across

tudies. Only three factors were found in a single study (low repli-

ation): Time Consuming, Social Conflicts, and Specialization. The

emaining 14 factors were consistent in at least two studies, with

ix of them found in studies using different research methods,

ointing to high reliability and replication. 

Further investigation on the interacting effects of these factors

s needed. Nevertheless, the strength of the evidence of these re-

ults indicates that we have a consistent and comprehensive set of

actors that can be used in future research and also inform practice

bout the potential positive and negative effects of P2P rotations.

e discuss these implications in the next section. 



Table 10

Comparing findings with other fields.

Factors Studies from other areas This synthesis Benefits/Limitations

Studies from other areas This synthesis

Organizational factors

Organizational commitment (not found) + [18] Benefit

Communication + [39] + SLR/Case I/Case II Benefit Benefit

Time consuming + [39] + SLR Limitation Limitation

Team factors

Knowledge exchange + [39] + SLR/Case I/Case II Benefit Benefit

Knowledge transfer + [39] -Case I Benefit Limitation

Work characteristics

Task characteristics

Task variety + [21] + SLR/Case I/Case II Benefit Benefit

Learning opportunity + [21] + [2] + Case I/Case II Benefit Benefit

Social characteristics

Social support – friendship opportunities + [21] + Case I/Case II Benefit Benefit

Outcomes

Individual outcomes

Motivation + [21] + Case I/Case II Benefit Benefit

Satisfaction (not found) + [18] Benefit

Career development (not found) + [1] Benefit
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. Discussion

In this section, we discuss the findings of our research. We start

omparing our findings with results from other areas. We then dis-

uss the implications of our results for research and practice. Fi-

ally, we discuss limitations and threats to validity. 

.1. Comparing findings with other research fields 

In Table 10 , we compare the benefits and limitations found in

he studies from other research fields ( Section 2.2 ) with our find-

ngs. Those studies reported 11 benefits and limitations, and our

tudy confirmed eight of them in the software engineering con-

ext. 

Only one factor produced contradictory evidence between the

wo areas (highlighted in boldface in Table 10 ). Knowledge Trans-

er was considered a benefit in study [39] and a limitation in Case

. This could be explained because study [39] investigated rota-

ions in the context of new product development (NPD) projects,

or which Knowledge Transfer is likely to be a natural or even

andatory activity, whereas in software engineering this activ-

ty increased workload on the rotated person without a perceived

enefit, as identified in Case I and discussed in detail by Santos et

l. [34] . 

Three factors were not found in our studies: Organizational

ommitment, Career Development, and Satisfaction. Regarding Sat-

sfaction, one possible explanation is that individuals naturally con-

ate Satisfaction and Motivation, as discussed by França et al. [13] .

herefore, it is possible that P2P rotations were in fact related to

atisfaction, but our participants conflated this concept with Mo-

ivation in the interviews. In general, this could also indicate that

he potential effects of job rotations are complex and results are

ikely to be strongly dependent on the type of job. This reinforces

he need for studies, such as ours, focusing on the specific charac-

eristics of software engineering practice. 

.2. Implications for research 

In this study, we consolidated a comprehensive list of factors

epresenting potential positive and negative impacts of P2P rota-

ions in software development practice. However, the interacting

ffects of these factors have not been studied in empirical software
ngineering research. The studies analyzed in the SLR did not ad-

ress job rotation as their primary goal. Our primary studies (Case

 and Case II – Replication) showed important findings regarding

he set of potential benefits and limitations, but we only performed

 limited set of studies regarding the relationships among these

actors [34] . We believe that this topic offers relevant and chal-

enging problems to software engineering researchers. 

The study of Hseih and Chao [19] reveals important issues to

e considered in research in our field. They found that in high-

echnology industries, the design benefits (and also the limitations)

f job rotation and job specialization might be quite different from

hose in low-tech industries, where job rotations were employed to

educe the negative effects of job specialization. They argue that

n high-tech industries, fast technological advances and technical

hallenges inherent in the new technologies have made jobs much

ore professional and specialized, leveraging on specialist knowl-

dge and expertise. These jobs have more task variety, task auton-

my, task identity, and task feedback, than low-tech ones. Some of

ur findings support this view, as discussed in the results. 

Therefore, according to Hseih and Chao [19] job specialization,

ot job rotation would be an effective way to increase satisfaction

nd lower the effects of job burnout. Further, the authors show

hat in high-tech jobs, job rotation has a negative relationship with

ask variety, contrary to what would be expected in past job de-

ign theories. Our findings only partially agree with their conclu-

ions. We found that software engineers have contrasting attitudes

oward specialization, with some individuals having a positive at-

itude toward becoming specialists and others preferring more va-

iety regarding tasks or skills to experience. The effect of low and

igh specialization requires further investigation. 

We must address the nature of the software development tasks

oncerning characteristics (autonomy, variety, identity, significance,

nd feedback). As discussed before, variety in software engineer-

ng could mean several different things: to work on another soft-

are system in a different business or application area (increasing

kill Variety), but keeping the same role, e.g. as a developer (with-

ut changing Task Variety); or changing the role from developer to

ester (increasing Task Variety), but working on the same system

potentially without significant change in Skill Variety); changing

ole and business area at the same time (increasing both Task and

kill Variety). Further, it is clear that both types of variety are re-

ated, as one would potentially require new skills to perform other
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tasks. We need to investigate the distinct and interacting effects of

these two types of variety. 

Second, we must investigate the role of specialization in soft-

ware engineering more deeply. We argue that P2P rotations could

increase job specialization and tap the benefits of modern software

development task design characteristics. Therefore, P2P could raise

professional efficacy and decrease exhaustion, contributing to re-

duce the effects of job burnout as well as positively affecting mo-

tivational factors. However, we also showed that the attitude to-

ward job specialization is not uniform among software engineers.

Some individuals prefer to specialize, whereas others might prefer

to work on a wider range of tasks and with different technolo-

gies and application domains. It is also possible that a certain level

of skill specialization can be achieved even changing tasks, as dis-

cussed above. 

Consistent with the complex nature of the phenomenon and a

large number of factors involved, mixed-method research, includ-

ing longitudinal case studies and replications, seems to be an ap-

propriate methodological choice. Therefore, precise conceptual and

operational definitions of constructs become important to inte-

grate qualitative and quantitative findings, and generate consistent

knowledge about the phenomenon. 

Finally, research in software engineering needs to broaden its

focus to address individual factors, in particular, those related to

motivation and job satisfaction. In our SLR, only three studies

addressed one motivational factor: Task Variety. Further, we also

must broaden our focus on the outcomes of the job to include

job burnout, voluntary turnover, loafing, absenteeism, etc. together

with technical factors such as productivity and efficacy. Our case

studies provided preliminary insights into these factors and their

interacting effects, but further research is needed. 

5.3. Implications for industrial practice 

The number of potential benefits and limitations were large. In-

teracting effects between these factors may produce unexpected

results. Therefore, understanding these potential effects is impor-

tant in practice and our synthesis offers a starting point. 

P2P rotations might be used to achieve organizational goals

related to project resource allocation as well as individual mo-

tivational needs. However, it seems likely that addressing these

needs might yield potentially conflicting outcomes that may not be

straightforward to predict. Conducting empirical studies in indus-

trial practice, in industry-research collaborative efforts, may pro-

vide relevant empirical evidence in specific organizational contexts.

The potential effects of P2P rotations seem to be moderated

by individual characteristics. This was clear for Social Interaction,

which was perceived to be positively and negatively related to the

use of rotations by different participants. On the other hand, the

clear negative effect on specialization was understood as a bene-

fit for those with a negative attitude toward specialization and as

a limitation to individuals that desire to be a specialist in some

technology or task. 

Our findings showed important distinction, in the software en-

gineering context, between Task and Skill Variety. This distinction

was also found in the literature on work design [27] , but had not

been investigated before in software engineering research. Accord-

ing to our findings, in software engineering Task Variety is associ-

ated with performing different types of tasks in the software de-

velopment life cycle, whereas Skill Variety is related to the applica-

tion of different technologies and work in different application do-

mains, regardless of performing the same task. Both types of vari-

ety have positive motivational effect on individuals and are clearly

interrelated. A P2P rotation can increase variety on one of the di-

mensions or in both. It may also not change the level of both types

of variety. One key factor that must be evaluated when performing
 rotation is the amount of variety (Tasks and Skills) involved. Lit-

le variety (moving a person to the same role in a project with

imilar technical requirements or to work on the same business

omain applying the same technologies) creates less opportunity

o learn and, therefore, would bring less direct benefits to the ro-

ated person. On the other hand, too much variety may create a

ong and steep learning curve for the rotated person and increase

he burden on the RPH, which could cause loss of performance and

ncrease cognitive workload. It is desirable to plan a rotation tak-

ng the amount of variety into consideration whenever possible in

ractice. 

Similarly, it is also important to take into consideration if the

otated person will need to still support the source project after

he rotation. This creates the need of Knowledge Transfer that can

ncrease cognitive workload and decrease performance. It is pos-

ible that creating practices to increase knowledge redundancy in

he software teams will make rotations more effective by reducing

he need of Knowledge Transfer. However, the literature does not

how evidence about the effectiveness of knowledge redundancy

o counteract the negative effects of job rotations. 

Another important factor is the moment to perform a rotation.

t is important to have a balance on the frequency of rotations of a

iven person. Rotations performed too often, and in the middle of

he project development decrease, the perception of well-defined

ork (Task Identity) and might have a negative impact on Feed-

ack from Others. On the other hand, leaving a person for too long

n the same project is not desirable because software engineers

alue variety (task and/or skill), as shown by our synthesis of evi-

ence. 

In summary, certain desirable goals with the use of P2P job ro-

ation can be conflicting, and some of these conflicts may not be

econciled due to practical reasons. Practitioners must be aware

f these potential conflicts when planning rotations of personnel

mong software teams. Our synthesis provides a comprehensive

ist of potential factors to use in this planning. 

.4. Limitations and threats to validity 

This study synthesizes the results of four different studies

three case studies, one of which being a replication, and a Sys-

ematic Literature Review). Reporting and synthesizing results of

ix-method studies is always a challenge in terms of balancing the

amount of information and the depth of explanation of any given

tudy. Our choice in this article has been to increase the breadth

f information about the evidence and sacrifice a little of the de-

ails regarding some methodological aspects of the studies that, in

ome terms, have already been published in other venues as sum-

arized in Fig. 2 . For instance, the case study protocol and data

nalysis are detailed in [34] and the SLR in [35] . We acknowledge

hat this may be a limitation as it makes the current manuscript

ot fully self-contained with respect to some methodological is-

ues, but has at the same time, allowed us to give more detailed

nformation about the pieces of evidence, which was the ultimate

ocus of the manuscript. 

Another limitation of our study relates to the SLR, which cur-

ently includes studies published until July 2015. Our experience

ith secondary and tertiary systematic studies (including exten-

ions and updates) has shown that yearly updates of SLR tend to

roduce very small changes in the evidence set and rarely (if ever)

esult in evidence that invalidates the previous findings. Moreover,

n the one hand, a full-scale update on the systematic literature

eview presented by Santos et al. [35] would not be feasible con-

idering the extra time and effort required for search, selection,

nd analysis phases compared to the added value of potential new

ources (if any) identified. On the other hand, an ad-hoc addition

f manually searched studies would be incorrect from a method-
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logical point of view, as it may have introduced bias to the study.

o the best of our knowledge, this is the first attempt to systemat-

cally review the literature on job rotation in software engineering

esearch and provide results that are relevant to guide future re-

earch that is beneficial for industrial practice as well. We, there-

ore, acknowledge the limitation but are also confident that the ev-

dence reported is valid and relevant. 

We addressed threats to validity from an interpretative episte-

ological perspective, as discussed by Merriam and Tisdell [26] .

n this perspective, construct validity is related to the precise and

lear-cut definition of constructs that is consistent with the mean-

ngs assigned by the research participants. In our study, this no-

ion of validity extends to the consistent meaning of the constructs

cross the different studies. To enhance construct validity in the

ase studies, we employed member checking to ensure our in-

erpretations were consistent with those of the participants. We

hen compared and contrasted the initial construct definitions with

hose used in the studies analyzed in the SLR. We used the theo-

etical literature on work design to resolve ambiguities and incon-

istencies. We used meta-ethnographic translations as a systematic

ethod to perform these comparisons to achieve higher construct

alidity. Finally, we compared our findings from software engineer-

ng with the literature from other fields ( Section 5.1 ), as recom-

ended by Eisenhardt [8] , also to sharpen construct definition. 

Internal validity, or credibility , is related to the extent that the

esults match the meanings and knowledge constructed in the in-

estigated context. To increase credibility in the case studies, we

ried to achieve maximum variation collecting data from partici-

ants in different projects, with different roles, and with different

erspectives regarding rotations. We also performed a replication

f the first case study looking for further evidence. We then syn-

hesized the results of primary studies with the findings from the

LR. This synthesis produced no contradictory evidence, increasing

ur confidence in the credibility of our findings. 

Consistency refers to whether the researchers did not make any

nference that cannot be supported by the data. To increase con-

istency, we performed all data analysis in pairs. In the case stud-

es, coding was performed by one researcher and reviewed by two

ther researchers. Member checking with participants was also

sed to check the consistency of our interpretations. In the SLR,

earch, selection, extraction, and analysis were all performed in

airs and checked by at least one other researcher. Inconsistencies

mong researchers were resolved in consensus meetings. We used

he Framework Method to enhance the consistency of data analysis

mong the researchers [14] . 

Finally, our case studies (Case I, Case I – Extension) and the

eplication (Case II – Replication) were conducted in the context

f Brazilian software organizations. Different cultural practices and

ssues such as the legal framework that regulates job relationships

ight have influenced the results. Therefore, we do not claim gen-

ralization of our results to a large population in a positivist per-

pective. Instead, consistent with our interpretive perspective, we

elieve that the use of multiple sources of data and research meth-

ds supported good analytical generalization increasing the poten-

ial of transferability [26] of the findings to other contexts. In fact,

e should keep in mind that the organizations are representative

f software companies and are structured with roles and respon-

ibilities comparable to companies of other countries. As summa-

ized by the context details in Table 2 and Table 3 , we can see how

he profile of participants are heterogeneously distributed in terms

f the factors such as team roles, genders, age, education, time in

he job and experience with rotation. Being thus typical of any

oftware organization, we are confident in concluding that the re-

ults are representative. Moreover, to further strengthen the results

f these case studies, we are currently performing a replicated

ulti-country, mix-method (qualitative and quantitative) study in-
olving software organizations from Brazil, Canada, and Italy in the

ttempt to apply similarity-based generalization [16] . 

. Conclusions

We synthesized evidence from multiple sources (literature re-

iew, case studies, and replication) about the benefits and limi-

ations of project-to-project job rotation in software engineering

ractice. Before our study, evidence related to P2P rotations in soft-

are engineering was restricted to studies that did not investi-

ate this problem as their primary goal. Further, this evidence was

ighly concentrated on organizational and team level factors, with

ndividual factors highly neglected. 

In this study, we found eight benefits, nine limitations, and two

actors considered both benefits and limitations of P2P rotations

n software engineering. The different studies used in our synthe-

is yielded complementary and confirmatory evidence, emphasiz-

ng the importance of conducting mix-method research when the

nvestigated phenomenon is complex and involves multiple vari-

bles. We found no contradictory evidence and six factors were

dentified in studies using different research methods (SLR, case

tudies, and meta-ethnography), contributing to the strength of the

vidence. 

Our findings show that P2P rotation is related to important

enefits and limitations at different levels: organizational, work-

roup, and work characteristics. It is also related to important out-

omes such as motivation and productivity. The main limitations

ere associated with the potential increase in intra-group social

onflicts and individual cognitive effort and a temporary decrease

n individual productivity. We discussed that these factors have in-

eracting effects that create a challenge for the effective application

f P2P rotations in practice in previous sections ( Section 5.3 ). We

arned practitioners that they must be aware of these challenges

nd carefully plan rotations considering a broad set of factors. 

We discussed the implications of our findings for software en-

ineering research and proposed some directions for future work

 Section 5.2 ). In particular, we believe that the study of a phe-

omenon such as job rotation, which involves multiple factors and

heir interacting effects, should be addressed by the use of mul-

iple research methods. Further, the development of longitudinal

tudies is important to check the interplay between short-term

egative effects and long-term benefits of the use of P2P rotation,

s discussed by Santos et al. [34] . We believe that our synthesis

rovides a solid conceptual framework for future investigations. 

cknowledgments 

Fabio Q. B. da Silva holds a research grant from CNPq

314523/2009-0 . Cleyton V. C. Magalhães and Ronnie E. S. San-

os are PhD students and receive a scholarship from CNPq. FACEPE

lso supported this research under the MSc scholarship IBPG-0651-

.03/12 . We thank the reviewers of IST Journal for valuable com-

ents and criticisms that greatly improved our work. Last but not

east, we are very grateful to all participants in case studies I and

I for dedicating their time and attention to our research. 

ppendix A. – definitions of concepts 

In Table 11 , we present the definitions of each concept result-

ng from our synthesis of evidence. First column shows the name

f the concept, the second column provides a definition from the

iterature, and the third column gives a definition of the concept in

he context of software engineering. 
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Table 11

Definition of concepts.

Factors Concept from literature Definition

Organizational factors

Communication Communication is the process whereby individuals

and groups transmit a variety of information

within different areas of the organization using

several techniques available [3] [38] .

Communication is the process from which software engineers can interconnect to

handle information or express ideas and thoughts along the organization. For

instance, two developers of different projects talk about problems related to

leadership in their workplace.

Difficulty to plan Perceived task difficulty is characterized for the

belief that a specific assignment requires much

effort to be successfully done [43] .

Difficulty to Plan refers to a task or assignment in software development that

requires much planning effort, that is, a task that is not easy to be planned. For

instance, the use of job rotation among software projects is a practice difficult

to plan because there are too many factors involved to be considered.

Time-consuming Following the Cambridge English Dictionary a

time-consuming activity is defined as a task that

requires an amount of time to be done.

Time-consuming is defined as a large amount of time required to execute a given

task in software development.

Team factors

Team flexibility Flexibility refers to adaptation in response to

changes in the work environment, that is, an

ability to choose among different techniques in

reaction to a range of changes [33] .

Team flexibility is the degree in which a software team can respond to a variety of

changes in the workplace. That is, how easy a team can adapt to variations in

the environment, domain or in the scope of their tasks. For instance, a software

team has to adapt their process due to a critical change in the main

requirements of a system being developed.

Knowledge exchange Knowledge exchange is the opportunity to share

knowledge and learn from coworkers’

experiences [12] .

Knowledge exchange represents the opportunities that individuals have to share

their knowledge and experiences to co-workers in the same project or in a

different project at the organization, with the possibility of receive knowledge

from those with whom his/her knowledge is being shared. For instance,

developers from two different projects exchange information and share their

experience on the use of a specific framework.

Knowledge transfer Knowledge transfer refers to the process by which

knowledge moves from one party of the

organization to another. This process is

characterized by the transference a specific

understanding from one unit, e.g. individual,

team or department, to another [44] .

Broadly, knowledge transfer is an issue related to the transference of knowledge

from one part of the organization to another. In software engineering knowledge

transfer refers to the process by which an individual needs to transfer a specific

understanding to another individual located in a different software project in

the organization. This process is focused on giving information; thus, there are

few opportunities for receiving knowledge (as in the exchange process). For

instance, a designer who needs to act as a tutor of a group of designers from

another project to help them with responsive interfaces.

Social conflicts Social conflicts refer to relations in which two or

more individuals believe they have incompatible

objectives [23] .

Social conflict is not one of the beneficial types of conflicts. This problem is

characterized by two or more people having incompatible needs, goals or

viewpoints, and this differences end up causing a non-friendly relationship

behavior at work, e.g., two developers quarrelling over the time to perform a

task.

Work characteristics

Task characteristics

Task variety “Task variety refers to the degree to which a job

requires employees to perform a wide range of

tasks on the job. As such, it is similar to notions

of task enlargement discussed in the literature”

[27] .

In software engineering, Task Variety refers to the scenario in which software

engineers can perform a wide range of tasks. Thus, Task Variety is related to the

role performed in the project. For instance, a developer that is assigned to

perform tests activities or an analyst that also team leader.

Learning opportunity Acquisition of useful knowledge is the knowledge

that the individual believes that he/she can

acquire as part of, or a reward for, a task

execution, and which can be useful for their life,

career, performance, etc. [12] .

Learning opportunity refers to the knowledge and the understanding that an

individual acquire at work. For instance, a developer that used to work with

Java and learned C# while performs a specific task in a project, or a testers that

learn issues related to configuration management process.

Task identity Task identity reflects the degree to which a job

involves a whole piece of work, the results of

which can be easily identified [37] [27] .

Task Identity reflects a well-define work. That is, the degrees to which software

engineers perceive their work as a process with beginning, middle, and end.

That is, the steps to be performed to complete their assignments and the

expected results of this work can be easily understood to who will perform it.

For instance, a software engineer that is allocated in a project during a whole

sprint, or an analyst that work in a project during the whole process of software

requirements, or a tester allocated to perform a test suite to validate a

component.

Knowledge characteristics

Specialization Job specialization can be defined as the process

whereby work activities become fragmented,

simplified, and repetitive and limit the

autonomy or discretion exercised by individual

workers [40] .

Specialization is related to the level of specific and specialized knowledge and skill

that a given work requires to be performed. In other words, specialization

requires deep understanding and expertise in a particular topic. For instance, a

developer working with a specific framework, using a specific technology, for a

long time.

Skill variety “Skill variety reflects the extent to which a job

requires an individual to use a variety of

different skills to complete the work [17] ” [27] .

In software engineering, skill variety refers to the diversity of different skills that

the software development process requires from professionals. Thus, Skill

Variety is related to the variety on technology or process related issues. For

instance, the ability to work with backend and with interfaces, or the ability to

fit in different domains using new technologies.



Table 11 ( continued )

Factors Concept from literature Definition

Social characteristics

Feedback from others Feedback from others reflects the degree to which

others in the organization provide information

about performance [27] .

Feedback from others refers to the frequency in which managers, leaders,

supervisors and co-workers give direct and clear information about the

effectiveness of an individual’s performance at work, e.g., a manager that

provides to their team individual information about their performance at the

end of a sprint.

Social support – friendship

opportunities

Social interaction refers to the means of

relationship building among members in a given

community [20] .

Social interaction can be seen as the process by which software engineers react

and relate to others around him/her in the workplace. That is, how

inter-relationships (friendship) among co-workers are created and maintained in

a software organization.

Outcomes

Individual outcomes

Motivation Motivation refers to “being turned on to one’s work

because of the positive internal feelings that are

generated by performing well” [17] . Thus,

motivation refers to the desire to work [12] .

Motivation is a broad term used in the context of this research to describe the

desire and the interest of software engineers to perform a task.

Job outcomes

Job monotony Job monotony refers to tasks or jobs characterized

by repetitiveness or lack of variety [15] .

Job monotony refers to de development of repetitive tasks, which reflect the lack

of variety at work. For instance, a software tester that perform the same suite of

tests in the same type of product for a long time.

Workload Workload refers to the relationship of work

demands with time and resources [25] .

Workload refers to the amount of work to be performed, in particular when a

specific individual received more work than he/her can handle in a given

period. For instance, a developer needs to finish his/her daily assignments and

the daily assignments of another developer, because this other person needs to

go to a business travel.

Cognitive effort Mental (cognitive) effort refers to the amount of

capacity or resources that is actually allocated to

accommodate the task demands [30] .

Cognitive effort can be defined as the amount of mental effort required to perform

a given task in the software development process.

Productivity Work productivity refers to the capacity of a

worker to produce good results through his/her

occupation [10] . That is, the ability to conclude

the activities just as (or better than) the plans

[12] .

Productivity is related to the extent that the development of a task in software

development process is performed with effectiveness and quality.
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