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Abstract

Among the activities in requirements engineering (RE), requirements management ensures that requirements are tracked
throughout their life cycle, changes are controlled, and inconsistencies are corrected. Requirements management has become
increasingly critical in new ways of developing software and emerging contexts such as software ecosystems (SECO). The
changing nature of the SECO introduces complexity in requirements management and results in varied flows of emergent
requirements, making managing requirements in SECO challenging. Hence, understanding how requirements management
is performed in SECO can help requirements managers improve their practices. This work aims to characterize requirements
management in SECO. We have conducted a systematic mapping study (SMS) to achieve this goal. We selected 29 studies
using a hybrid search strategy (database search and snowballing). We defined nine characteristics of requirements manage-
ment in SECO that differentiate it from requirements management in traditional software development. We identified four
types of approaches to support requirements management in SECO: tool, method, model, and practice. We found that only
three selected studies present an assessment of their approaches. Finally, we characterize requirements management in SECO
as an open, informal, collaborative, and decentralized process involving multi-party actors susceptible to power relations.

Keywords Requirements engineering - Requirements management - Software ecosystem - Systematic mapping study

1 Introduction

Requirements engineering (RE) is commonly accepted as
the basis of high-quality software [69, 84]. RE is an itera-
tive socio-technical process to elicit, document, and manage
the requirements of a developing system [35]. Heistracher
et al. [40] state that in-deep RE and continuous requirements
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management are key prerequisites for the success of soft-
ware engineering (SE) and systems engineering endeavors.
Yaseen et al. [104] highlight the importance of requirements
management, noting that the successful implementation of
all other phases of RE is related to its effectiveness.

Fernandez et al. [27] mention that requirements man-
agement still faces problems related to incomplete and/
or hidden requirements, lack of traceability, requirements
change control, and communication failures. For the authors,
requirements management is challenging. However, per-
forming requirements management in complex systems
within open and dynamic environments that go beyond the
limits of a single organization, such as software ecosystems
(SECO), is even more challenging [24, 59]. Manikas [65]
defines SECO as developing multiple products derived from
a common technological platform based on a central archi-
tecture integrated with other systems through network actors
and artifacts.

SECO are becoming a predominant mode of software
development [24]. However, Knauss et al. [53] claim that
SECO introduces complexity in requirements management.
For the authors, the complexity and changing nature of
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SECO result in several new requirements based on ecosys-
tem trends that make requirements management difficult,
called emergent requirements. Axelsson and Skoglund [12]
state that the dynamic set of stakeholders in SECO intro-
duces challenges to understanding, managing, and maintain-
ing the balance between different stakeholder requirements.
According to Vegendla et al. [96], more research should be
performed to investigate the current state of requirements
management in SECO. Hence, investigating how require-
ments management is carried out in SECO can help pro-
fessionals in the improvement of their practices, as well as
researchers in the realization of an overview of the field.

In this work, we aim to characterize requirements man-
agement in SECO. To achieve this goal, we conducted a sys-
tematic mapping study (SMS) [50] to identify and analyze
the current state of the requirements management in SECO
concerning its characteristics and existing approaches. We
considered “characteristics” as process elements [16, 26]
that differentiate requirements management in SECO from
requirements management in traditional software develop-
ment (i.e., concepts/definitions, activities, actors’ relation-
ships, and artifacts). We consider “approaches” as types of
contributions [25, 71, 86] cited/proposed in the selected
studies (i.e., methods, techniques, tools, and practices). In
addition, we aim to verify if (and how) the approaches iden-
tified are assessed. This work also aims to offer to research-
ers in this field an overview of what has already been done
and where their contributions are still needed.

We retrieved 1028 studies from seven digital libraries
in database search (DBS) and 1458 studies in backward
snowballing (BS) and forward snowballing (FS). Hence,
we selected 29 studies in our SMS. As the main contribu-
tion of our SMS, we defined nine characteristics of require-
ments management in SECO. These characteristics include
opening organizational boundaries, power relations between
geographically dispersed multi-party actors, open com-
munication channels, and emergent requirements spread
across multiple requirements artifacts and stored in differ-
ent repositories. We also identified four types of approaches
(tool, method, model, and practice) to support requirements
management in SECO. We identified 11 selected studies
that only cite approaches to support requirements manage-
ment in SECO (e.g., a selected study only cited that issue
tracking tools support requirements management activities
in SECO) and ten that propose specific approaches (e.g., a
selected study proposed a method to support some activity
of requirements management in SECO). Only three of the
ten selected studies that proposed approaches presented their
assessment as well.

Our main results show that requirements management in
SECO is an open, informal, collaborative, and decentralized
process involving multi-party actors susceptible to power
relations. These multi-party actors manage different types of
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requirements in SECO (i.e., product, platform, and integra-
tion requirements) through strategic and emergent require-
ments flows. Our results also show that the characteristics
and approaches for requirements management in SECO are
mainly related to openness and information sharing among
a “crowd.” Hence, we discuss the relationship between the
characteristics of requirements management in SECO and
emerging RE concepts such as Crowd-Based RE (Crow-
dRE) and Open RE. We also realized that other RE activi-
ties influence or are influenced by requirements manage-
ment in SECO, and we address this relationship in our study.
Finally, we discuss challenges regarding the characteristics
of requirements management in SECO.

The remainder of this article is structured as follows.
Section 2 presents the background and related work. Sec-
tion 3 introduces the research questions and research method
details. Section 4 presents the results, which we then discuss
in Sect. 5. Section 6 points out limitations and threats to
validity of the study. Section 7 presents a research agenda for
requirements management in SECO. Finally, Sect. 8 outlines
the conclusion and future work.

2 Background and related work
2.1 Requirements management

Requirements management is an organized process of docu-
mentation, analysis, traceability, prioritization, change con-
trol, and requirements communication [41]. Garcia et al. [34]
consider requirements management a key area within RE.
According to Berenbach et al. [15], requirements manage-
ment makes RE possible for large projects and helps reduce
the chaos inherent in such projects because it includes ver-
sion control of all artifacts that are the requirements sources
of the RE process. Yaseen et al. [104] state that incorrect
requirements management is linked to more than half of the
reasons for project failures. According to Jayatilleke and
Lai [46], failure to manage the requirements changes is the
leading cause of the project’s failure. Moreover, require-
ments management ensures that changes in requirements are
reflected in project plans, activities, and work products [21].

Song [88] defines requirements management as a pro-
cess that accompanies the planning and development of
a system, capturing and mapping the origin and context
of changes. For Wiegers and Beatty [99], requirements
management includes all activities that maintain the integ-
rity, accuracy, and validity of requirements agreements
throughout the project. For the authors, the main tasks of
requirements management are four main activities: version
control, change control, tracking of requirements status,
and requirements traceability. Version control is an essen-
tial aspect of requirements management and applies at the
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level of individual and set requirements. Change control
concerns the procedures, processes, and standards used to
manage changes to requirements. Tracking the status of
each requirement during system development is an essen-
tial aspect of requirements management and provides a
more accurate indicator of project progress. Requirements
traceability aims to document the dependencies and logi-
cal links between individual requirements and other sys-
tem elements [99].

2.2 Software ecosystem

Barbosa et al. [13] and Manikas [65] mention that research
on SECO started in 2003 in the book by Messerschmitt and
Szyperski [66]. According to Bosch [17], SECO have offered
organizations advantages related to the acceleration of inno-
vation, the dispersion of innovation costs, and the reduction
of software maintenance costs when sharing activities with
other members of the ecosystem. Axelsson and Skoglund
[12] explain that SECO are based on an open environment
and have a range of actors from different organizations,
interacting around an open or semi-open platform, thriving
among themselves cooperatively and competitively (“coope-
tition”), producing several software solutions or services.

Santos and Werner [79] present three vital elements in an
SECO: (i) software, which exists as a common technological
platform, central software technology, software solutions,
software platform, or product line; (ii) transactions, taken
as the understanding that encompasses profit, reward or also
benefits other than financial; and (iii) relationships, which
are the links among the actors based on elements (i) and (ii).
There are also two fundamental concepts in the SECO: The
first is a common interest in central software technology,
and the second is the concept of a network of organizations,
which relate to symbiotic aspects of evolution, commercial
or technical jointly, where each of the actors can benefit from
participating in SECO.

In addition, Santos and Werner [78] address SECO from
three dimensions: (i) technical: centered on the platform
(technology, infrastructure, or organization). It is driven by
three factors: development infrastructure, governance, and
requirements management; (ii) business: centered on the
knowledge flow (management model for artifacts, resources,
and information). It is guided by three factors, i.e., envi-
ronment vision, innovation, and strategic planning; and (iii)
social: centered on stakeholders (influence and knowledge
networks). It is conducted by three factors: usefulness, pro-
motion, and knowledge gain. There is a need for special
attention to stakeholders in these three dimensions. Defining
their roles, putting the user at the center of the process, and
performing configuration management may establish some
challenges in the SECO context.

2.3 Related work

As related work, Vegendla et al. [96] provide an overview of
the RE in the SECO context. The work focused on two main
points: (i) RE activities in the SECO context and (ii) non-
functional requirements in the SECO context. The study only
identified topics related to ER activities that have already
been studied in the context of SECO. Its results highlight
that requirements management is a challenging activity
and cites global RE and management practices are topics
that have already been studied in the context of SECO.
However, it does not describe or discuss how these topics
were investigated. The study does not cite any approach or
characteristics of requirements management in SECO. This
work differs from the study by Vegendla et al. [96] in that it
aims to define characteristics of requirements management
in SECO and identify approaches to support requirements
management in SECO.

More broadly, some SMS on SECO was conducted to
provide an overview of the subject. Barbosa et al. [13] pre-
sent the subject’s benefits, limitations, and challenges. Mani-
kas [65] lead a longitudinal study on SECO to provide an
up-to-date overview of the field and document its develop-
ment. Barbosa et al. [13] mention the importance of com-
municating the requirements among stakeholders that may
be geographically distant. Barbosa et al. [13] also presents
aspects related to requirements negotiation as a character-
istic of a given SECO. Manikas [65] point out that RE is
represented in the SECO literature and cite a work focusing
on privacy requirements. Despite this, it is possible to notice
that none of the works present more excellent detailing on
requirements management in SECO.

Other works sought to analyze SECO through specific
topics. Fontdo et al. [30] conduct an SMS on mobile soft-
ware ecosystems (MSECO). The authors state an apparent
demand for approaches, methodologies, processes, and tools
to support this type of SECO. Besides, relations were identi-
fied among the MSECO quality and business requirements
and objectives verification. However, as the work is focused
on the MSECO domain, the mapped approaches are focused
or adaptable to this context and are not directed to require-
ments management. Franco-Bedoya et al. [31] conduct an
SMS to assess state of the art in open-source software eco-
systems (OSSECO) research. The study presents the most
relevant definitions related to OSSECO and its particulari-
ties. In this context, the authors define requirements as an
essential activity in OSSECO. The authors give the need to
monitor OSSECO and link the collected data to the actors’
needs and quality requirements as a research agenda.

Jayatilleke and Lai [46] identify studies that deal with
requirements management and are common to SECO, such
as, for example, a method that supports the requirements
change management (RCM) in the context of global software
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development (GSD), a paradigm in which software devel-
opment activities are carried out beyond the geographic,
cultural and temporal boundaries [4]. Furthermore, the
existence of geographically distributed actors was identi-
fied as one of the challenges in agile RCM. However, despite
containing elements in the research that are inherent charac-
teristics of SECO, the authors do not incorporate the SECO
perception. Moreover, the work of Jayatilleke and Lai [46]
can serve as insight for research regarding requirements
management in SECO, as it addresses aspects that perme-
ate the topic.

Alsanoosy et al. [9] conduct a systematic literature
review (SLR) that investigated the influence of culture on
RE activities. The authors noted that studies on the rela-
tions between culture and RE practices are still immature.
The authors emphasize that understanding how each cul-
ture undertakes the RE process contributes to effectively
implementing their practices in a GSD context. In addition,
the study highlights that the incompatibility of practices can
lead to several challenges, such as the difference in time
for developing requirements in different locations, the com-
mon understanding among software teams on how the work
should be done, and the monitoring of the current stage of
each requirement. However, the cited practices are common
in the requirements management process. Our work consid-
ers the discussion presented by Alsanoosy et al. [9] and aims
to investigate specifically the requirements management in a
broader context such as SECO.

In the present work, we have not established a specific
type of SECO to be studied. Therefore, requirements man-
agement was characterized in studies related to any SECO,
including those aimed at MSECO or OSSECO. We notice
that several topics have been approached about RE in SECO,
among them identifying stakeholders and the roles for the
requirements elicitation and analysis. Furthermore, it was
possible to make an exciting mapping between RE activities
and research topics in the SECO context. For example, top-
ics related to modeling, reference model, and non-functional
requirements were mapped for requirements elicitation.
For requirements management, only global management
practices were mentioned. Thus, the secondary studies in
the SECO literature do not focus on requirements manage-
ment or the definition and evaluation of approaches used
to accomplish it. Overall, they seek to understand the RE
process and activities in SECO.

3 Research method

In this section, we described our research method. We
conducted an SMS to achieve the objective we present in
Sect. 1. For Kitchenham et al. [51], an SMS aims to (i) sur-
vey the available knowledge about a topic; (ii) synthesize
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this by categorization; (iii) identify where there are “clus-
ters” of studies that could form the basis of a fuller review;
and (iv) identify where there are “gaps” indicating the
need for more primary studies. In our SMS, (i) we search
the available knowledge about requirements management
in SECQO; (ii) we synthesize data about characteristics and
approaches of the requirements management in SECO; (iii)
we identify ‘clusters’ of studies about other RE activities
in SECO (Sect. 5); and (iv) we identify “gaps” (Sect. 5).
According to Kitchenham and Charters [50], an SMS
or SLR must perform the following phases: planning,
conducting, and reporting the review. The following sub-
sections detail the planning phase of this SMS. Section 4
presents details on the conducting phase and results.

3.1 Goals and research questions

This study aimed to characterize requirements manage-
ment in SECO. The objective of this study was formal-
ized based on the GQM (Goal-Question-Metric) method,
proposed by Basili and Rombach [14] and defined as fol-
lows: analyze the requirements management with the
purpose of characterizing with respect to elements (i.e.,
concepts/definitions, activities, actors’ relationships, and
artifacts) and types of contributions (i.e., methods, tech-
niques, tools, and practices) from the point of view of
researchers in the context of SECO studies. We consider
“characteristics” as process elements and “approaches” as
types of contributions cited/proposed in the selected stud-
ies. Hence, we defined three research questions (Table 1).

3.2 Search strategy

We applied a hybrid search strategy [67, 101] in our SMS.
Wohlin et al. [101] defined a hybrid search strategy as
“the pre-planned integration of at least two systematic
approaches to searching for articles for a systematic lit-
erature study.” Mourao et al. [67] presented four hybrid
search strategies used in SE: (i) DBS in Scopus followed
by full BS and FS; (ii) DBS in Scopus followed by BS
and FS in parallel; (iii) DBS in Scopus followed by BS
and then FS; and (iv) DBS in Scopus followed by FS and
then BS. Wohlin et al. [101] compared and evaluated the
four strategies and concluded that the full-fledged hybrid
search strategy (i) is better than the other alternatives. For
this reason, we applied strategy (i).

In the full-fledged hybrid search strategy (i), we must
initially perform the DBS and then identify new studies
by BS and FS based on the initial set of selected studies
from the DBS. Our hybrid search strategy involved DBS
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Table 1 Research questions and their rationale

ID Research question Rationale
RQ1 What are the characteristics (process elements, i.e., concepts defini- The answer to this RQ can reveal the main characteristics of
tions, activities, actors relationships, and artifacts) of requirements  requirements management in SECO that differentiate from
management in software ecosystems context? requirements management in traditional software development.
We consider the technical, human, and organizational factors used
by Luz et al. [64] to characterize requirements management in
SECO
RQ2 What are the approaches (types of contributions, i.e., methods, The answer to this RQ can reveal the approaches used in require-
techniques, tools, and practices) used to support requirements ments management in SECO, as well as their status interest areas
management in software ecosystems context? in the SECO research community, providing clues for summariz-
ing future research directions. We define approaches (types of
contributions of the studies) according to the software engineer-
ing research results described by Shaw [86]
RQ3 How have the existing approaches to requirements management in ~ The answer to this RQ can summarize the evaluation methods

software ecosystems context been assessed?

applied in the approaches identified in RQ2 and provide a basis
for measuring their effectiveness. We use the empirical research
methods in software ecosystems described by Abdullai et al. [3]
and empirical research methods in software engineering described
by Wohlin et al. [100] to categorize our results
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Fig. 1 Hybrid search strategy

in seven digital libraries: ACM Digital Library,' Scien-
ceDirect,” Engineering Village,> IEEE Xplore Digital
Library,4 Scopus,5 Web of Science,® and Wiley Online
Library.” Wohlin et al. [101] highlight that BS and FS
must be performed for all selected studies, i.e., they must

! https://dl.acm.org/.

2 https://www.sciencedirect.com/.

3 https://www.engineeringvillage.com/.

4 https:/fieeexplore.ieee.org/Xplore/.

5 https://www.scopus.com/.

5 https://www.webofscience.com/.

7 https://onlinelibrary.wiley.com/.

be performed in several iterations until no new studies
are selected. Figure 1 presents our hybrid search strategy.

The guidelines provided by Kitchenham and Charters
[50] recommend composing a string to find relevant stud-
ies by searching several digital libraries or index databases.
To conduct the DBS, we initially identified keywords from
terms present in the research questions. Afterward, we gath-
ered the keywords into a search string (Table 2). Regard-
ing the keywords, we restricted searches to find studies that
investigated/cited requirements management in the spe-
cific context of SECO. We highlight that one of the first
SMS on “software ecosystems” [13] used synonyms such
as “software supply network,” “software vendor,” or “soft-
ware supply industry.” However, more current studies [57,
65] use only “software ecosystems.” Additionally, the term
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Table 2 Search string used in the study

Search string

(“software ecosystem” OR “software ecosystems”) AND
(“requirements management” OR “requirements analysis” OR
“requirements communication” OR “requirements traceability” OR
“requirements documentation” OR “requirements prioritization” OR
“requirements change” OR “‘requirements negotiation”)

Table 3 Inclusion criteria

1D Criteria

IC1 The study presents charac-
teristics of requirements
management in software
ecosystems

1C2 The study proposes or cites
requirements management
approaches in software

ecosystems
Table 4 Exclusion criteria
1D Criteria
EC1 The study does not meet at least one IC
EC2 The study is duplicated
EC3 The study is unavailable for free down-
load or through institutional access
EC4 The study is not a peer-reviewed or is a
Master’s or Doctoral thesis
EC5 The study is not written in English

“software ecosystems” has been a topic of interest at the
International Conference on Software Engineering (ICSE)®
in the past years and covered by other venues as well.

To increase the reliability of our search strategy, we use
control studies in the DBS. Control studies support evaluat-
ing the quality and comprehensiveness of the search string
[42]. Control studies must be retrieved when searching in a
given digital library and are essential for calibrating a search
string [68]. We identified the two control studies [53, 62]
in exploratory studies we conducted previously. The two
control studies investigated requirements management in
SECO and were retrieved in different digital libraries as we
calibrated our search string.

8 https://conf.researchr.org/track/icse-2024/icse-2024-research-track.
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3.3 Study selection

Kitchenham and Charters [50] divide the study selection into
two parts: (a) definition of study selection criteria and (b)
definition of the study selection process. We present below
our definitions for each part.

3.3.1 Study selection criteria

According to Kitchenham and Charters [50], for the selec-
tion of retrieved studies, inclusion criteria (IC) (Table 3)
and exclusion criteria (EC) (Table 4) must be defined and
applied. Kitchenham and Charters [50] mention that an SMS
requires explicit IC and EC to evaluate each potential pri-
mary study and that these criteria are based on the set of
research questions. We were inspired by the examples of IC
and EC presented by Kitchenham et al. [51] in their recent
reference book and the related work presented in Sect. 2.3
to define the set of IC and EC.

3.3.2 Study selection process

In our SMS, we divided the selection process into seven
stages and explained each stage and its relationship with
the IC and EC, according to Kitchenham and Charters [50],
in Table 5. We also considered the selection processes
defined in the related work of Sect. 2.3. The selection pro-
cess involved the four authors. The first two authors initially
applied the IC and EC independently. Thereafter, the same
two authors compared the results and sought a consensus in
case of divergence. Finally, the last two authors, who have
more than ten years of experience conducting and publishing
secondary studies, assessed the results of each stage.

3.4 Data extraction and synthesis

According to Kitchenham and Charters [50], the data extrac-
tion process must collect the data items needed to answer the
research questions. The data extraction process in a second-
ary study comprises elaborating forms to accurately record
the information obtained in the primary studies [50]. Our
data extraction form is openly available via ZENODO.’
During data extraction, we identified in each selected
study: (a) specific characteristics of requirements manage-
ment in SECO (RQ1); (b) approaches used for requirements
management in SECO (RQ2); (c) whether or not there was
an assessment of the approaches used for requirements
management in SECO (RQ3); and (d) the method used for
assessment (RQ3). We also extracted data that allowed us
to do the demographic analysis of the studies selected in our

9 https://doi.org/10.5281/zenodo.8131745.


https://conf.researchr.org/track/icse-2024/icse-2024-research-track
https://doi.org/10.5281/zenodo.8131745

Requirements Engineering (2023) 28:567-593

573

Table 5 Study selection process

Stage  Description

Stage 1

We apply the search string in digital libraries to obtain the set of studies retrieved

Stage 2 We apply the Ist filter (removal of duplicates) to the set of studies retrieved in stage 1. We frame all duplicate studies in EC2

Stage 3

We apply the 2nd filter (application of IC and EC after reading the title, abstract, and keywords) in the set of studies analyzed in stage 2

Stage 4 We apply the 3rd filter (application of IC and EC after reading the introduction and conclusion) in the set of studies analyzed in stage 3

Stage 5

We apply the 4th filter (application of IC and EC after the complete reading) in the set of studies analyzed in stage 4

Stage 6 We apply snowballing (BS and FS) in the set of studies analyzed in stage 5. Then, we perform stages 2, 3, 4, and 5 in the set of studies
retrieved in snowballing. We iteratively repeat stage 6 until no new studies have been selected

Stage 7 We extract data from the studies analyzed in stages 5 and 6

SMS. We followed the example of some related work men-
tioned in Sect. 2.3 [9, 96]. These works present an overview
of the demographic data of the select studies without refer-
ring to specific RQ. We identified in each selected study: (a)
Title; (b) Year; (c) Authors; and (d) Country of 1st author.

We performed the data extraction process by following
these steps: (a) The first two authors initially extracted data
from the studies independently; (b) the first two authors
jointly analyzed and compared the individual data extraction
results and completed the data extraction form; and (c) the
last two authors with more than fifteen years of experience in
conducting secondary studies in SE and information systems
evaluated the process and the results obtained at each stage.
Ampatzoglou et al. [10] suggest the cross-check process of
the extracted data by a more senior researcher. During this
process, the role of the additional researchers is to cross-
check results or resolve conflicts.

To answer the research questions, we used data synthesis.
Kitchenham and Charters [50] state that there are two main
data synthesis methods: (i) descriptive (qualitative) and (ii)
quantitative. We used the qualitative method to analyze the
extracted data and answer our research questions, which led
to descriptive data synthesis [22]. We applying open and
axial coding procedures [18] to support the qualitative syn-
thesis method. Open coding involves applying codes that
are derived from the text, and axial coding categorizes the
initial codes into key codes [18]. Qualitative methods such
as content analysis, thematic analysis, and grounded theory
use coding procedures.

4 Results

Figure 2 presents an overview of the selection process. We
performed a DBS in the seven digital libraries. We retrieved
1,028 studies published up to March 2023 in the DBS. Then,
we applied the filters defined in the stages of the selection
process (Sect. 3.3.2). We selected 25 studies in the DBS.
Thus, we applied BS and FS to the 25 studies selected from
the search database and retrieved 1300 studies. We selected

three studies in the first snowballing iteration. Then, we
applied BS and FS for the second time in 120 retrieved stud-
ies in the three selected studies in the first snowballing itera-
tion. Thus, we selected one study in the second snowballing
iteration. Finally, we applied BS and FS for the third time
in 38 retrieved studies in the selected study in the second
snowballing iteration. However, when we applied the filters
defined in the selection process, we did not select any new
studies. Hence, we got a total of 29 selected studies in our
SMS. Appendix A presents the selected studies in ascending
order by year of publication and are referred to as S1-S29.

4.1 Demographic data and overview of results

Figure 3 shows the distribution of selected studies over the
years. We noted that at least one study was published from
2012 to 2021. The selected studies had 87 different authors.
However, for analyzing the countries related to each study,
we considered only the countries of the first author. Figure 4
presents the distribution of publications by country. Swe-
den (9 studies) and Brazil (7 studies) are the countries that
authored most of the selected studies.

Figure 5 presents this study’s main findings and the sum-
mary of answers to research questions (Sects. 4.2, 4.3, and
4.4). In addition, Fig. 5 also shows other information dis-
cussed in Sect. 5, such as the main reasons requirements
management in SECO is considered a challenge and what
other activities of the RE are related to requirements man-
agement in SECO.

4.2 Characteristics of requirements management
in SECO (RQ1)

In our work, characteristics are process elements [16, 26]
related to requirements management in SECO that differen-
tiate it from requirements management performed in tradi-
tional software development. To define them, we considered
the technical, human, and organizational factors in SECO
used by Luz et al. [64]. Luz et al. [64] state these factors
can influence SECO technical and organizational elements.
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For example, the factor multiplicity of organizations and
relationships of a SECO influence the requirements manage-
ment in SECO.

We defined the characteristics of requirements manage-
ment in SECO through the data synthesis process detailed
in Sect. 3.4. We used the synthesis qualitative method [22]
to analyze the extracted data and answer our research ques-
tions. To do so, we initially used an open coding approach.
We coded the extracted data of the selected studies in an
inductive (bottom-up) way [18]. We performed a detailed
reading of selected studies and divided parts of the text of
these studies into coherent units (sentences or paragraphs).
Subsequently, we agreed on a set of codes that captured the
most frequent and relevant characteristics of requirements
management in SECO cited in the selected studies. The cod-
ing was done by two authors and reviewed over several itera-
tive cycles by the other two authors (with more than fifteen
years of experience with SE research).

After executing open coding, we used axial coding to
group the codes into categories, as described by Charmaz
[18]. We categorized the characteristics into (i) concepts/
definitions; (ii) activities; (iii) actors’ relationships; and (iv)
artifacts. Table 6 shows examples of the coding process of
the selected studies (the resulting codes and their catego-
ries). The complete coding process is openly available via
ZENODO.'? Finally, Table 7 presents the nine characteris-
tics of requirements management in SECO (C1-C9).

10 https://doi.org/10.5281/zenodo.8131745.

4.2.1 Concepts/definitions

C1 refers to the openness, informality, collaboration, and
decentralization of requirements management in SECO. S13,
S14, S17, S19, and S24 state that requirements management
in SECO is informal, has overlapping practices and uses
informalisms [83]. S3, S11, S13, S15, S17, and S24 men-
tion that the requirements management process in SECO is
decentralized and collaborative. S15 highlights that SECO
require a collaborative and joint requirements engineering
process. S24 defines requirements management in SECO as
a lightweight and evolutionary process compared to more
traditional processes characterized by heavy processes and
supporting tools.

S11, S13, S14, S15, S16, S17, S20, S22, and S29 indi-
cate that requirements management in SECO is open. S11,
S16, S17, and S22 cite that the requirements management in
SECO is cross-domain and uses the open innovation para-
digm. S16 suggests that open innovation positively impacts
requirements change management, quality requirements,
and requirements communication. However, open innova-
tion negatively impacts identifying stakeholders’ needs,
requirements prioritization, and requirements traceability.
S20 mentions that SECO are, by nature, cross-domain and
open. Then, requirements managers in SECO no longer deal
with one domain at a time and must accept the openness
inherent to SECO in requirements management activities.
S11 points out that involving new business models to sup-
port open RE is necessary.
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Fig. 5 Requirements management overview in SECO

C2 focuses explicitly on the concept of emergent require-
ments in requirements management in SECO. S17 mentions
that the complexity and ever-changing nature of SECO
results in several new requirements based on ecosystem
trends and defines them as emergent requirements. S3, S13,
and S17 cite that emergent requirements originate from end
users of consumers in the ecosystem, who find new ways to
use existing services. S29 mentions that new functionalities
offered by external developers (complementors) can generate
emergent requirements. S7 highlights that multi-party actors
who are not responsible for the requirements but contribute
to discussing them beyond organizational boundaries origi-
nate emergent requirements. For S29, emergent requirements
allow keystone to innovate further to grow platform offer-
ings, creating a circular flow of requirements knowledge.
According to S17, it is difficult to map emergent require-
ments to specific actors, especially since they are generally
transversal to several SECO actors.

C3 focuses on the types of requirements that affect
requirements management in SECO. S3 bifurcates the
requirements in SECO into kernel requirements and
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periphery requirements. S8 ranks the requirements in
SECO into partner requirements and customer require-
ments. S8 highlights that partner requirements in SECO
may be a higher priority than customer requirements.
For S9, there are product, integration, and platform
requirements in SECO. Integration requirements must
be “generic and reusable” among partners as they are
part of a shared infrastructure. Platform requirements
are the basis of the development environment actors
use to develop complementary products in SECO. S15
highlights that most demands in a SECO are integration
requirements involving data types exchanged and data
dictionary, for instance. S29 mentions that evangelists
are a key source of feedback and provide several integra-
tion requirements.

S10 identifies several requirements communicated
by the keystone to other SECO members. S10 classi-
fies them into three generic categories of requirements:
strategic, brand, and platform requirements. Strategic
requirements ensure a particular function that is essen-
tial to the systemic product the customer will acquire.
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Branding requirements play a role in preserving SECO’s
brand reputation. Platform requirements facilitate product
design and development in SECO. S26 carries out a case
study in a specific SECO. It suggests that the RE pro-
cess in SECO should have three main focuses: RE for the
product, RE for the platform, and RE for the ecosystem
(holistic view to identify integrations between products).
For S26, the developers of partner applications are direct
users of the platform, and their needs are essential for the
ecosystem’s health.

4.2.2 Actors'relationships

C4 refers to groups of multi-party actors that influence the
requirements management in SECO. S7 and S17 cite that
requirements emerge and propagate through multiple stake-
holders’ collaboration across a SECO. S2, S4, S6, S26, and
S28 point out that in SECO, it is necessary to consider the
interaction of several stakeholders to define requirements
for their products and platforms. For S6, it is necessary to
identify requirements from several customers with different
contexts of use and coordinate the work with several teams
responsible for the products of the SECO. S8, S20, S21,
S24, and S29 highlight that requirements managers must
consider external and interdependent stakeholders in SECO.
For S21, one of the major differences between distributed
teams in GSD and SECO is that the teams or actors are not
within the same company or organization but instead spread
across several organizations, whereby each actor contributes
different elements to the system or product.

C5 focuses on power relations among different multi-
party actors that influence requirements management in
SECO. However, C5 focuses explicitly on the power rela-
tionship between actors in SECO. For S15, companies exer-
cise their legitimate power by proposing new requirements
for partners in SECO. S9 mentions that power conflicts are
frequent between partners in SECO. S17 cites that multiple
stakeholders are susceptible to issues of stakeholder power
affecting requirements management activities. Power rela-
tions strongly affect stakeholder identification (S17), nego-
tiation (S9, S20, and S21), prioritization (S20, S24), and
requirements communication (S17) in SECO. For S9, the
notion of power is a common problem affecting RE decision-
making. S24 highlights that power relations can result in
misalignment with internal RE processes.

4.2.3 Activities

C6 focuses on requirements negotiation activity that impacts
requirements management in SECO. S14 highlights that
requirements negotiation in SECO is fundamental, as a con-
sensus often is needed to make certain decisions. S2 and S9
mention that requirements negotiation in SECO establishes

an agreement of interests and intentions between multiple
stakeholders distributed globally. S5 states that geographic
distribution causes the inefficiency of negotiation activities
that depend on face-to-face communication or require inter-
action between teams. S7 justifies that since the stakeholders
are multiple and spread across the SECO, the requirements
negotiation is complex, as it must consider shared objectives
and relationships between the ecosystem actors. S5 points
out that these actors have different and sometimes conflict-
ing expectations.

S7 suggests using specific technologies or techniques to
address requirements negotiation in SECO. However, S7
mentions that these technologies or techniques do not have
an in-depth view of the social dynamics of SECO. For S7,
SECO introduce specific requirements negotiation questions,
such as aligning interests and expectations among compa-
nies and its markets. S13 and S17 point out that emergent
stakeholders from across the ecosystem and the relationship
with partners are important in requirements negotiation in
SECO. For S5, requirements negotiation involves a decision-
making process conducted by several different actors along
the SECO lifecycle. In traditional software development,
requirements negotiation is often less complex, as it usually
occurs between a limited number of customers and a limited
set of organizations developing the software.

C7 focuses on requirements identification and prioritiza-
tion that impacts requirements management in SECO. S4,
S6, S7,S15, S17, 825, S26, and S29 cite that keystone must
consider interacting with several stakeholders to identify
requirements. S15 highlights that the requirements are not
equally important and must be ranked or prioritized with a
value. For S5 and S9, SECO provide products for a broad
market, which means that requirements are often jointly
defined by the suppliers of the ecosystem rather than elicited
from users. S17 points out that traditional RE methods were
reported as insufficient to support requirements elicitation
in SECO. For S5 and S25, the high number of stakehold-
ers in SECO presents challenges regarding requirements
elicitation.

S14 and S24 mention that SECO maintainers (keystones)
commonly conduct requirements prioritization, though care
is often taken to the opinions of other developers and users.
For S5 and S8, requirements prioritization in SECO should
only be carried out by relevant stakeholders. According to
S21, requirements prioritization can differ highly between
SECO actors because different stakeholders value different
attributes when dealing with a requirement. Every partner
contributes requirements to the ecosystem, which might
result in a requirements overload, causing complications
in the prioritization process. S24 cites that practices such
as requirements identification and prioritization in SECO
overlap and are done collaboratively through iterative and
transparent discussions and negotiations. S5 highlights that
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Table 6 TIllustration of the coding process for the definition of characteristics of requirements management in SECO

Cl (Table 7)
Category
Code
Coherent units

Concepts/definitions

Requirements management in SECO is open, informal, collaborative, and decentralized

S11: “Changes happen from a centralized to a decentralized management. It also involves new business models to support an

open requirements engineering, with a collaborative process where clients suggest and vote for new features”
S13: “RE has moved to become more decentralized and collaborative with an evolving set of stakeholders”
S14: “Looking at OSS ecosystems, requirements practices are often informal and overlapping”

C4 (Table 7)
Category
Code

Actors’ relationships

agement in SECO

Coherent units

Multi-party actors (i.e., users, external developers, and others) who are external to the keystone influence requirements man-

S2: “Large-scale organizations need to consider the interplay of a considerable number of stakeholders for defining require-

ments of their commercial and technical products and product platforms”
S28: “Having too many stakeholders to manage completely is a problem that requirements managers of the technological base

product of SECOs face”

S29: “In a SECO, the keystone has to consider the wishes and needs from not just its own end users, but also its ecosystem”

C7 (Table 7)
Category
Code

Activities

actors (i.e., users, external developers, and others)

Coherent units

Keystone usually conducts the requirements identification and prioritization in SECO collaboratively and involves multi-party

S5: “The majority of requirements are defined by participants of the ecosystem, rather than elicited from users”

S6: “Large-scale organizations need to consider the interplay of a considerable number of stakeholders for defining require-
ments of their commercial and technical products and platforms”
S14: “Requirements are commonly asserted through transparent discussions and suggestions. Prioritization is commonly

conducted by ecosystem maintainers”

S24: “Practices such as elicitation and prioritization overlap and are done collaboratively through iterative discussions”

the requirements definition cannot be disconnected from
business processes governing the SECO.

C8 focuses on requirements communication activity
that is fundamental to requirements management in SECO.
S10 and S17 highlight that the requirements must be com-
municated inside and outside the SECO. For S5, require-
ments emerge through communications among the actors
of the ecosystem. S20 and S26 cite that CrowdRE supports
requirements communication through open and heterogene-
ous communication channels. According to S2, S6, and S8,
a requirements communication network (RCN) enables the
analysis and design of requirements communication between
multiple stakeholders. RCN describe the stakeholders, the
communicated requirements traces, and the structure of a
SECO in terms of actors, groups of actors, and negotiation
channels.

S4, S21, and S27 highlight using multiple open communi-
cation channels to allow transparent communication between
the multiple SECO actors. S4 cites that RE via open chan-
nels is an innovative process. The studies present discussion
forums (S3, S13, S15), problem/issue trackers (S13, S14,
S27), mailing lists (S13, S14, S15, S27), ticket/helpdesk sys-
tems (S14, S15, S27), and version control systems (S27) as
examples of open communication channels. This scenario
diverges from requirements management in traditional soft-
ware development, where the actors are usually well defined,
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the view on requirements management tends to be more cen-
tralized, and communication channels are generally closed.

4.2.4 Artifacts

C9 focuses on the requirements repositories in SECO.
For S8, requirements sharing in SECO must be expanded
with relevant and authorized external actors. S14, S19, and
S24 mention that there is often no central repository with
requirements defined, along with heavy processes and tools
for examining the requirements for completeness and con-
sistency in SECO. According to S19, decentralized reposi-
tories (i.e., issue trackers, mailing lists, and source-code
repositories) store the requirements in SECO. S19 and S24
highlight that in OSSECO, several artifacts can represent
a requirement, often complementing each other to give a
complete picture, i.e., as an issue, in a mail thread, and/or
as a prototype or a finished implementation.

4.3 Approaches used to requirements management
in SECO (RQ2)

To categorize the approaches identified in the selected stud-
ies, we used the taxonomy defined by Shaw [86] and the
definitions of types of contributions cited by Paternoster
et al. [71] and Dermeval et al. [25]. Shaw’s taxonomy uses
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Table 7 Characteristics of requirements management in SECO

ID Characteristics of requirements management in SECO

Selected
Studies

Concepts/definitions

Cl Requirements management in SECO is open, informal, col-

laborative, and decentralized

Cc2 Emergent requirements originated by multi-party actors

affect requirements management in SECO

C3 Requirements management in SECO considers different

S3, S11, S13, S14, S15, S16, S17, S19, S20, S22, S24, S29

S3, 813, S17, 829

S3, S8, S9, S10, S15, S26, S29

types of requirements (i.e., platform, integration, and

product requirements)

Actors’ relationships

C4 Multi-party actors (i.e., users, external developers, and

S2, 54, S6, S7, S8, S17, 820, S21, S24, 526, S28, S29

others) who are external to the keystone influence require-

ments management in SECO

C5 Power relations among multi-party actors influence require- S9, S15, S17, S20, S21, S24
ments management in SECO
Activities
C6 Keystone usually orchestrates the requirements negotiation ~ S2, S5, S7, S9, S13, S14, S17
in SECO and counts on the participation of multi-party
actors (i.e., users, external developers, and others)
Cc7 Keystone usually conducts the requirements identification S4, S5, S6, S7, S8, S9, S14, S15, S17, S21, S24, S25, S26,
and prioritization in SECO collaboratively and involves 528, S29
multi-party actors (i.e., users, external developers, and
others)
C8 Multi-party actors (i.e., keystone, users, external develop- S2, S3, S4, S5, S6, S8, S10, S13, S14, S15, S17, S20, S21,
ers, and others) use multiple open communication chan- S26, S27
nels for requirements communication inside and outside
SECO
Artifacts
Cc9 Requirements are not laid out in a central repository, and S8, S14, S19, S24

requirements discussions and implementations are spread
across a series of requirements artifacts, each of them

with its own repository

some research results in SE, such as procedure or technique;
model (qualitative or descriptive, empirical, analytic); tool
or notation; or a specific solution (i.e., practice).

Paternoster et al. [71] also use the taxonomy described by
Shaw (2003). For Paternoster et al. [71], types of contribu-
tions can be divided into weak (advises and implications,
lessons learned, tools and guidelines) and strong (theory,
framework/method, and model) contributions. Dermeval
et al. [25] mention that its classification of approaches (type
of contribution) was based on the work of Petersen et al.
[72]. Dermeval et al. [25] defines method, model, tool, and
process as types of approaches. Finally, we also considered
the classifications of approaches defined by the authors of
the selected studies. For example, S23 mentions the term
“practice” to refer to the approach that the study cites.
Table 8 presents the definitions of each type of approach
according to Shaw [86].

The results obtained show that requirements management
in SECO has been performed with the support of Tool (S4,
S6, S9, S12, S13, S14, S17, S19, S20, S23, S24, S26, S27,

S29); Model (S5, S7, S14, S19, S25, S28); Method (S1,
S18, S24); and Practice (S23). Figure 6 shows that most of
the approaches found are related to the use of tools. In the
context of RQ2, the selected studies propose or cite the iden-
tified approaches. Furthermore, a unique selected study may
propose or cite multiple approaches. We present more details
about each type of approach in the following subsections.

4.3.1 Tool

S4 presents a qualitative and quantitative investigation of
RE in SECO. S4 conducts a case study on SECO IBM Col-
laborative Lifecycle Management (IBM CLM) and cites
two tools related to requirements management in SECO:
Rational Team Concert (RTC) and Rational Require-
ments Composer (RRC). S4 also cites issue trackers, dis-
cussion forums, and other open communication channels
to the public as tools that support requirements manage-
ment in SECO. S17 also conducts a study related to SECO
IBM CLM and demonstrates requirements flow in SECO.
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S17 evidences the use of RTC and cites that the tool facili-
tated the discussion of requirements and the creation of bug
reports and change requests.

S6 proposes a framework for dealing with various aspects
of SECO, called Reuse-based Software Ecosystems Engi-
neering and Management (ReuseSEEM). The study high-
lights the need to create tools that map socio-technical
networks to manage the needs, platform requirements, and
SECO products and services. For S6, these tools allow com-
munication and requirements management based on com-
munity participation, suggesting and solving customer needs
on an extended social networking site.

S9 presents a case study of two software companies par-
ticipating collaboratively and competitively in an SECO.
One of the interviewers mentioned that one of the companies
used the One Studio tool to record requirements change.
Furthermore, client company stakeholders used a web-based
request system to describe their new demands. Requests
were automatically forwarded to the helpdesk service, which
selected or discarded the requests. Then, company teams
analyzed these demands and tracked their status in the tool,
from registering the demand to fulfilling the requirements
in a future release.

S12 presents a case study to analyze RE challenges in a
specific SECO (AUTOSAR Ecosystem). One of the inter-
viewees from the study pointed out that in their new project,
they have started using an issue tracker for requirements
management. He believed using the issue tracker has facili-
tated requirements management and communication. S13,
S14, S19, S20, S24 S26, S27, and S29 mention issues track-
ers, discussion lists, and a version control system as tools
that support requirements management in SECO. S23 and
S27 also cite requirements portals, S29 cites Stack Over-
flow and social media (such as Twitter and LinkedIn), and
S24 mentions source-code repositories, and code reviews
to support the requirements management in SECO.

4.3.2 Model

S5 and S7 propose a requirements negotiation model in
the SECO context to enrich the requirements management
process. The proposal is associated with the management of
the software platform and seeks to establish requirements
for negotiation activities in this social context. S14 presents
the Requirements Analysis and Management for Ben-
efiting Openness (RAMBO) model. This model is used
for requirements analysis and management to benefit open
innovation. The model presents how the main stages of RE
and requirements management processes can be adjusted to
benefit from the new context’s openness.

S19 presents the model called Contribution Accept-
ance Process (CAP). It aims to help motivate the contri-
bution of companies in OSSECO. Its operationalization in

@ Springer

the organization is performed through a meta-model that
integrates the requirements management infrastructure so
that the contribution strategies of the primary model can be
communicated and tracked. The meta-model enables inspi-
ration and guidance on how developer organizations should
implement necessary adaptations to their requirements man-
agement infrastructure or create a new one.

S25 and S28 propose a reference process model to iden-
tify key stakeholders as part of requirements elicitation
in SECO. According to S25, this model can be applied by
requirements managers of the common technological plat-
form of SECO to design a business process model to identify
stakeholders. In this model, requirements managers identify
stakeholders they already know and document their roles in
SECO. After that, they open lines of communication with
the identified stakeholders (or primary stakeholders) and ask
them to identify others (secondary stakeholders). S28 sug-
gests that requirements managers of the keystone use the
reference process model in their activities. The model will
provide a structured approach to identifying stakeholders
in complicated environments. For S28, the existing stake-
holder identification methods in the literature do not take a
comprehensive approach to consider all stakeholders while
pinpointing only a subset from whom to elicit requirements
and also with approaches that preserve SECO health, espe-
cially in SECO that include proprietary software.

4.3.3 Method

S1 mentions three ecosystem elements that constitute agile
methods: barely sufficient methodology, collaborative val-
ues, and chaordic perspective. Thus, the more volatile the
requirements are, and the more experimental the technology,
the more agile approaches increase the chances of success in
SECO. The study cites that agile methods hold significant
promise to deliver greater value to all main SECO actors.
For S1, agile methods in the SECO context can help in (i)
technical issues: requirements and tests management, and
(ii) organizational issues: process adaptation, knowledge
sharing, transfer, and culture change.

S1 highlights the need for new approaches to require-
ments elicitation in SECO to ensure that the voice of the cus-
tomer is accurately captured. S1 cites goal-oriented brain-
storming and workshops as potential strategies to support
agile requirements elicitation. Moreover, S1 suggests that
visual specifications (high-fidelity prototypes) can be used
as partial replacements for exclusively textual specifications,
thus increasing the emphasis on requirements assessment.
S1 also cites the user story-driven development for require-
ments management in SECO. According to S1, agile meth-
ods mitigate the impact of emerging changes between sys-
tems and embedded software that can unexpectedly increase
the cost and duration of the development process.
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Table 8 Description of types of approaches

Description in our work

Type of approach Description by Shaw [86]

“Tool” provides (semi-) automated support for some technique, method, or model to

Implemented tool that embodies a technique; formal language to support a technique

Tool

support requirements management in SECO

or model (should have a calculus, semantics, or other basis for computing or doing

inference [86]

(a) Descriptive model: Structure or taxonomy for a problem area; architectural style, “Model” can be defined as a representation or abstraction of the activities character-

Model

ized in the requirements management process in SECO

framework, or design pattern; non-formal domain analysis, well-grounded check-
lists, well-argued informal generalizations, guidance for integrating other results,

well-organized interesting observations; (b) Empirical model: Empirical predic-

tive model based on observed data; and (c¢) Analytic model: Structural model that

permits formal analysis or automatic manipulation [86]

“Method” is the procedure, technique, or way of doing some activity related to the

New or better way to do some task, such as design, implementation, maintenance,

Method

requirements management process in SECO

measurement, evaluation, selection from alternatives; includes techniques for

implementation, representation, management, and analysis [86]

“Practice” is a less prescriptive way of doing some activity related to the requirements

Shaw [86] does not define “practice”

Practice

management process in SECO

S18 presents the results of an investigation into the effects
of SECO in two software consumer organizations that con-
ducted information technology management activities. In
one of the cases, the study reveals that the demand manage-
ment team faced challenges related to requirements man-
agement concerning the frequent “re-prioritization” of the
project portfolio due to external issues. An agile method
was adopted to mitigate this challenge. The study does not
provide further details on use. However, it is possible to fig-
ure out that agile methods have been used to support require-
ments management in SECO.

S24 proposes the stakeholder influence analysis (SIA)
method. SIA aims to help companies analyze an OSSECO
to identify its stakeholders’ influence by their impact on the
requirements implemented. The method SIA was based on
social network analysis constructs that have proven useful in
characterizing the influence of stakeholders but also effec-
tive when analyzing a firm’s participation in OSSECO and
requirement-centric stakeholder collaborations.

4.3.4 Practice

S23 presents the Software Ecosystem Governance Maturity
Model (SEG-M2). This model seeks to evaluate and clas-
sify, from the keystone, various elements of SECO in terms
of governance. The model is divided into seven focus areas
concentrating on a set of practices. S23 points out a practice
related to requirements management, which is requirements
sharing. This practice is evidenced at level 3 of the model
when adopting a requirements portal (cited in Sect. 4.3.1) is
recommended. Furthermore, the study mentions that imple-
menting an open requirements management system would
face technical and cultural problems in the organization. A
third-party system interfaced with the company is already
used internally through an application programming inter-
face (API) and manual data copying.

In the context of RQ2, we identified the approaches to
support requirements management in SECO that were pro-
posed or cited in the selected studies. Hence, we noticed
that some requirements management tools used in traditional
software development also are used in the SECO context.
However, the selected studies highlight several difficulties
in using the SECO context. Additionally, when it comes to
models, methods, or practices, none focus specifically on
requirements management in SECO. The studies only cite
that these approaches affect or benefit the requirements man-
agement in SECO and do not present much detail.

4.4 Assessment of approaches used
to requirements management in SECO (RQ3)

RQ3 aimed to identify if (and how) the approaches to
requirements management in SECO identified in RQ2 were
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assessed. We classified the selected studies into (i) studies
that do not cite or propose approaches (S3, S8, S10, S11,
S15, S16, S21, S22), (ii) studies that only cite approaches
(S1, S$4, S9, S12, S13, S17, S18, S20, S26, S27, S29), and
(iii) studies that propose approaches to requirements man-
agement in SECO (52, S5, S6, S7, S14, S19, S23, S24, S25,
S28). We identified multiple approaches in the same study
(e.g., in S24, we identified a tool and method). We also
identified that some selected studies (S14, S19, S23, S24)
propose a certain approach while only citing others. Thus,
we classified these studies as (iii). To answer RQ3, we con-
sidered only selected studies that proposed approaches (iii).

Among the selected studies that proposed approaches
(iii), we classified them into (a) studies that present assess-
ment (S19, S23, S24) and (b) studies that do not present
assessment (S2, S5, S6, S7, S14, S25, S28). Among those
that do not present an assessment, some mention the need
for future assessment (S2, S6, S7, S25, S28).

We use the empirical research methods in SECO
described by Abdullai et al. [3] and empirical research
methods in SE described by Wohlin et al. [100] to catego-
rize our results. Abdullai et al. [3] enumerate nine research
methods used in SECO: (a) Case study; (b) Mixed methods;
(c) Design science; (d) Survey; (e) Longitudinal study; (f)
Experimental study; (g) Exploratory study; (h) Interview;
and (i) Repository mining. Wohlin et al. [100] enumerate
four research methods used in SE: (a) controlled experiment;
(b) case study; (c) survey; and (d) postmortem analyses.

S19 defines the model described from the collaboration of
Sony Mobile professionals. However, the authors conducted
three exploratory case studies to evaluate it, verifying its
usability and applicability. The companies that participated
in the validation were: (i) a small company that creates a
platform product in the agricultural domain, the Chief
Technical Officer (CTO) was interviewed; (ii) a small busi-
ness that creates games for mobile platforms, the founder
was interviewed; and (iii) a large company in the field of
telecommunications, a workshop with 8 participants was
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held. From the three evaluations, the study concludes that
the model can be applied to a set of features, a product, or a
complete project.

S23 assesses in six case studies with professionals from
the following companies and/or platforms the model and
practices presented: (i) platform for augmented reality that
provides API through an extension from Unity; (ii) enter-
prise resource planning companys; (iii) credit management
company; (iv) network equipment manufacturer; (v) plat-
form specifically designed to facilitate the ecosystem of
the company mentioned in item iv; and (vi) a business-to-
business platform that allows telecommunications providers
to build their ecosystems. First, they applied the model to
companies and assessed whether it was valid, functional, and
effective. The overall conclusion of the evaluation showed
that the model is a valuable collection of practices that ena-
ble decision-making regarding governance in SECO.

S24 conducted a case study on the Apache Hadoop
OSSECO. S24 applied a proof of concept to demonstrate
that the model is functional and practical. The Apache
Hadoop OSSECO was chosen due to the high concentra-
tion of firms in the ecosystem and because it is the Apache
project with the highest number of committers. The case
study further helped to evolve and refine the model and its
seven steps.

5 Discussion

The results presented in Sect. 4 provided some insights that
will be discussed in this section. Initially, we discuss the
results obtained with the RQ responses with the RE and
SECO literature in other contexts. Next, we discuss how
other RE activities influence or are influenced by require-
ments management in SECO. Finally, we discuss why the
selected studies find requirements management challenging
in SECO.
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5.1 Characteristics and approaches of requirements
management in SECO

In Sect. 4.2, we identified nine characteristics of require-
ments management in SECO. Some of these characteristics
relate to challenges and concepts emerging from RE. C1 to
C3 and C9 refer to the openness and informality of require-
ments management in SECO, among other aspects. Accord-
ing to S16, SECO are inherently open, to some extent, which
influences requirements management activities. Openness
in RE processes is also discussed in the context of open-
source software (OSS) projects, which can form OSSECO.
Iyer and Lyytinen [43] point out that RE processes in OSS
projects are less formal and reliant on online documentation
and communication tools.

We notice that the open innovation paradigm is explored
in requirements management in SECO. Open innovation has
been linked to both SECO and RE in the literature. Hanssen
and Dyba [38] cite that the emergence of SECO relates to
the inherent potential for open innovation. Linaker et al. [61]
highlight that RE needs to consider the implicit changes in
open innovation and adapt to this new context. Yin and Pfahl
[105] cite that the application of open innovation strategies
in RE is little investigated and that there is no support from
proprietary tools for open innovation in RE.

We look deeper at openness and open innovation in
requirements management in SECO and identify their rela-
tionship to emerging concepts in RE. S20 and S22, for exam-
ple, discuss the ubiquitous RE in the context of digital trans-
formation involving the formation of SECO. S20 and S22
envision RE in multiple dimensions (i.e., RE everywhere,
RE with everyone, RE for everything, automated RE, open
RE, and cross-domain RE), resulting in the digital transfor-
mation of RE itself into ubiquitous RE. In these dimensions,
S20, S22, and S26 highlight the importance of the CrowdRE
paradigm for requirements management in SECO. Crow-
dRE refers to an emerging paradigm that promotes the active
involvement of a “crowd” of stakeholders, including current
and potential users of a software product [36].

S26 mentions that RE in SECO involves a crowd that
includes different types of users, external developers, and
the keystone. According to S26, CrowdRE in SECO brings
new opportunities and challenges for keystones and its part-
ners. S22 highlights that traditional requirements elicitation
techniques, such as interviews or focus groups, present scal-
ability problems in SECO. For S22, the CrowdRE paradigm
addresses typical problems experienced in RE in SECO (i.e.,
involvement of multiple actors and the lack of scalability
of RE) using global automation to perform with a crowd.
According to S20, in heterogeneous and dispersed settings
that include a crowd, such as SECO, allowing anyone to
provide potential requirements can be more effective than
involving only a selection of representative end users or

applying personas. S20 states that CrowdRE help address
RE challenges in a social context such as SECO.

Current works have investigated CrowdRE in different
contexts. Abdullah et al. [1] present research efforts and
challenges in CrowdRE and conclude that researchers in
CrowdRE continually explore the research area and pro-
pose new techniques and tools to improve it. Tizard et al.
[90] state that researchers found relevant information about
requirements in feedback from multiple online communica-
tion channels, including app stores, social media, and prod-
uct forums. For Wouters et al. [102], CrowdRE expands the
reach of established RE approaches, which involve a selected
sample of stakeholders, extending the notion of market-
driven RE toward the democratic participation of users in
RE. G6émez et al. [37] demonstrate that a SECO designed to
leverage different types of crowds greatly benefits all actors
in the ecosystem. The growing trend in CrowdRE research
indicates that this field has more room to be improved and
explored, including the context of SECO.

C4 to C8 highlight the existence of geographically dis-
tributed multi-party actors groups that influence require-
ments management in SECO. Geographical distribution has
been studied in the context of the GSD. Ali and Lai [7] cite
that organizations collaborate with software teams world-
wide in GSD. GSD collaboration can be inter-organizational,
intra-organizational, and of mixed nature (inter+intra). The
authors indicated a significant difference between the num-
ber of intra and inter-organizational collaborations due to
management and communication processes, which often
differ in inter-organizational setups. S21 identifies one of
the main differences between teams distributed in traditional
organizations and SECO. In SECO, the teams or actors are
not within the same company or organization but are spread
across several organizations. Each actor contributes different
elements to the system or product.

In RQ2, we identified approaches to support requirements
management in SECO, and the most cited was “Tool.” Sev-
eral selected studies mentioned using “issue trackers” as a
tool to support requirements management in SECO. Crow-
dRE explores the “issue trackers” as a source of feedback.
Ali Khan et al. [8] propose a CrowdRE framework. The
framework can be applied in issue trackers to identify or
respond to critical issues. Cleland-Huang [20] mentions that
the use of digital technologies as tools have brought about
disruptive changes in all domains, widely known as “digital
transformation.” For Cleland-Huang [20], disruptive change
is a powerful force that explodes on the scene, introducing a
new dominant solution or an unprecedented practice.

Regarding methods in RQ2, we identified that agile meth-
ods had been used to support requirements management in
SECO. Cleland-Huang [20] highlights that agility is just one
example of a disruptive change that significantly impacts
RE. Disruptive changes bring unprecedented opportunities

@ Springer



584

Requirements Engineering (2023) 28:567-593

for innovation. In addition, the author argues that the wide-
spread adoption of agile methods across multiple project
domains threatens many of the existing true practices asso-
ciated with requirements management. However, for the
author, there is an industrial tendency to move away from
“traditional” requirements processes in the digital transfor-
mation scenario.

Jayatilleke and Lai [46] differentiate requirements change
management between traditional and agile software develop-
ment. In addition, they cite challenges for these two contexts.
In our work, we noticed that there are initiatives to use agile
methods to help manage requirements in SECO, despite the
additional disruptions in new ways of software development
and emerging contexts such as SECO. Hence, when dis-
cussing requirements management challenges in SECO, we
relate them to some challenges identified by Jayatilleke and
Lai [46]. For example, we highlight the challenges related to
requirements communication are different in SECO. We also
note that the analysis of how organizations make decisions
presented by Jayatilleke and Lai [46] focuses on the con-
text of a single organization. In the results of our work, we
extend the analysis to a requirements management context
that goes beyond the limits of organizational boundaries, as
happens in SECO.

Santos and Werner [82] mention that SECO emerged
to improve software reuse in the GSD industry, consider-
ing the relationships between companies and stakeholders
worldwide. The authors also observe that the SECO vision
has motivated the leading players in the sector to rethink
their operational actions to open their platforms to exter-
nal agents and keep their businesses alive. S29 points out
that success no longer depends solely on keystone’s efforts
to manage end user expectations of its offering. Instead, it
works with a more complex set of business relationships
within the SECO. The situation becomes even more com-
plex when these relationships include collaboration between
competitors, that is, a state of competition. S21 points out
that in SECO, several types of relationships exist between
actors, which can be competitors or share mutual benefits
about requirements. The complexity of relationships and
dependencies increases with the number of stakeholders in
the ecosystem.

5.2 Requirements engineering activities related
to requirements management in SECO

Vegendla et al. [96] investigated RE activities in SECO and
divided RE into five activities: requirements elicitation,
requirements analysis, requirements specification, require-
ments validation, and requirements management. In our
SMS, we characterize requirements management in SECO.
We use the definition of ISO/IEC/IEEE [41], which con-
siders requirements management an organized process of
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documentation, analysis, traceability, prioritization, change
control, and communication of requirements. However,
when answering our RQ, we noticed that other RE activi-
ties influence or are influenced by requirements manage-
ment in SECO. Table 9 presents the citation frequency in
the selected studies of other RE activities related to require-
ments management in SECO.

5.2.1 Requirements elicitation

S25 focuses on one aspect of requirements management
in SECO, identifying stakeholders as a preliminary step of
requirements elicitation. S25 considers that the first step of
requirements management is requirements elicitation, but it
is imperative to know from whom the requirements should
be elicited before that. According to Lim et al. [56], digital
transformation has spawned new opportunities for require-
ments elicitation in different contexts. The authors high-
light that currently, requirements elicitation can consider an
unprecedented and increasing amount of high-velocity and
heterogeneous data. Vegendla et al. [96] highlight that the
platform’s openness in SECO allows everyone to provide the
requirements without role identification.

According to Vegendla et al. [96], requirements elici-
tation involves identifying SECO members’ requirements
according to their business goals and can be considered
a challenging issue. Fricker et al. [33] mention that large
organizations need to consider the interaction of several
actors to define the requirements of their products and com-
mercial platforms. However, conventional requirements elic-
itation techniques are not sufficiently scalable or capable of
considering stakeholder groups that are becoming increas-
ingly large and global [56, 91]. For S1 and S7, requirements
elicitation requires new approaches that must provide mech-
anisms to capture the customer’s voice. We consider that the
scalability that SECO requires in requirements elicitation
approaches also affects requirements management, mainly
concerning change control and traceability.

5.2.2 Requirements analysis

Our results show that requirements management and analy-
sis strongly relate to SECO. Vegendla et al. [96] cite that
requirements analysis and management should be con-
ducted in parallel to handle the conflicts and ambiguity in
the requirements. However, S9 mentions that companies
participating in SECO perform requirements analysis dif-
ferently. Alsanoosy et al. [9] mention the influence of cul-
ture on requirements analysis. For the authors, each culture
relies on its context to interpret and understand information.
Finally, Oriol et al. [70] state that SECO health objectives
are achieved as part of a requirements analysis and refine-
ment process with the stakeholders.
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Table 9 RE activities in

g RE activity
SECO related to requirements

Selected studies

management in SECO Requirements elicitation

Requirements analysis
Requirements specification
Requirements validation

S1, S3-S5, S7-S9, S12-S17, S19, S20, S22, S24-29
S1, 82, 85, 87, 89, S11-S14, S17, S20, S26, S27

S1, S2, S6, S9, S12, S18-S20, S24

S12, S14, S17, S20

We consider that requirements management and analysis
must jointly and continually control changes and require-
ments status considering the open and dynamic environment
of SECO. Nonetheless, S14 points out that the challenge of
requirements analysis in SECO is the analysis of require-
ments with openness in mind. For the authors, from this
broader perspective, requirements analysis should calculate
the probability of completion if someone else in the ecosys-
tem contributes to co-development or analyzes optimistic
or pessimistic scenarios with or without other contributions
within the same SECO.

5.2.3 Requirements specification

S24 points out that multi-party actors dispersed geographi-
cally collaboratively conduct the requirements specifica-
tion at SECO. Vegendla et al. [96] cite several works on
SECO modeling related to the requirement specification
and highlight the importance of GSD in SECO. In this
scenario, S19 mentions the difficulty of specifying require-
ments linked to different repositories of software artifacts
within a global requirements management infrastructure in
SECO. For Ali and Lai [6], social, linguistic, geographic,
and cultural differences in GSD make it challenging to
understand poorly written requirements specifications by
introducing pauses and delays in communication. We con-
sider that this is not different in the SECO context. How-
ever, we emphasize that SECO’s open and inter-organiza-
tional environment makes this scenario even more difficult.

S18 mentions the need to develop formal requirements
specifications that consider the specificities of the eco-
system platform to assist in decision-making in SECO.
Shahzad et al. [85] state that it is necessary to consider
the properties of ecosystems, such as sustainability, con-
tribution, and incentives in requirements elicitation and
specification. The authors justify that people usually have
requirements for socio-technical systems, and such a sys-
tem consists of several different actors (e.g., other peo-
ple and machines). In addition, according to the authors,
most socio-technical systems are operated for an extended
period, and they should be improved and sometimes
adapted to the current situation.

5.2.4 Requirements validation

S14 highlights that informalism facilitates social interaction
in requirements management in SECO and supports require-
ments validation. S20 mentions that using crowdsourcing
techniques that include crowd members was essential for
collaborative and systematic requirements validation in
SECO. Vegendla et al. [96] cite that there are few studies
on requirements management and validation in SECO. Nev-
ertheless, for the authors, without validation and manage-
ment of the requirements, the consistency and complete-
ness of the requirements and models and the changes in the
requirements are not ensured. For Kamalrudin and Sidek
[48], the requirements validation process in the context
general of software development needs to consider consist-
ency, completeness, and correctness for producing software
specifications.

Cysneiros and Zisman [23] claim that requirements trace-
ability, an activity of requirements management, supports
requirements validation in traditional software development.
In turn, Vegendla et al. [96] state that requirements trace-
ability is a significant task to provide requirements changes
in SECO. However, according to the authors, more research
should be performed for requirements validation and trace-
ability in SECO. Che and Perry [19] state that SECO need
efficient automated traceability between system drivers (such
as requirements, business, and market needs) and architec-
ture design decisions. Nonetheless, the authors also point
out that extensive research is still required on architectural
knowledge traceability to SECO.

5.3 Challenges of requirements management
in SECO

During data extraction and synthesis to answer RQ1, we
found that 16 of the 29 selected studies in our SMS (S2,
S4-S7, S9, S14, S15, S17, S20, S21, S25-S29) consider
requirements management (or some related activity) a chal-
lenge in SECO. Thus, we realized that the main challenges
pointed out by the selected studies are related to the charac-
teristics of requirements management in SECO (Table 7).
Table 10 presents the relationship between the identified
challenges and the characteristics of requirements man-
agement in SECO. Table 11 illustrates some examples of
coherent units we define to answer RQ1. The rest of the
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Table 10 Relationship between challenges and characteristics of
requirements management in SECO

Challenge Characteristic Selected studies
in Table 7
Requirements communication ~ C8 S2, S4, S5, S6, S15,
S20, S21, S26,
S27
Requirements identification C7 S5, S14, S25, S28
Multi-party actors C4 S5, S17, S21
Openness Cl1 S14, S17, S29
Requirements negotiation C6 S5,S7,S9
Emergent requirements C2 S17, S29

coherent units are available in the RQ1 complete coding
process, which is available at ZENODO.'! Then, we detail
and discuss the challenges.

S5 mentions that the SECO approach brings new chal-
lenges to RE. S6 states that requirements communication
and management in SECO are challenging. For S2, S5,
S6, and S20, requirements communication is challenging,
especially when multiple actors must collaborate in dis-
persed locations in the GSD scenario. In the GSD context,
Qureshi et al. [73] mention several challenges related to
requirements communication as “inadequate use of informal
communication” and “inadequate transfer of information.”
Several works consider the requirements communication
between stakeholders in distributed geographic locations as
a challenge [2, 11, 46, 103]. In addition, S4 points out that
requirements need to be communicated and understood by
all relevant stakeholders in SECO and identifies this as a
challenge. S15 reports that there are challenges in establish-
ing centralized requirements communication in SECO. For
S21, S26, and S27, requirements communication in SECO is
challenging due to multiple communication channels.

S14 cites challenging aspects that open innovation brings
to requirements identification in SECO. For S5, S25, and
S28, the number of SECO stakeholders may become too
large, which presents a challenge for requirements identi-
fication. Lim et al. [56] highlight that conventional elici-
tation techniques are often time-consuming and not suffi-
ciently scalable for considering stakeholder groups that are
becoming increasingly large and global. For Lim et al. [56],
CrowdRE is an excellent example of dealing with this chal-
lenge. The authors cite that the primary focus of CrowdRE
is the requirements identification from explicit crowd users’
feedback (e.g., app reviews and data from social media) by
applying various techniques based on machine learning and
natural language processing.

S5 cites that the existence of multi-party actors intro-
duces challenges to requirement management in SECO. S17

1 https://doi.org/10.5281/zenodo.8131745.
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points out that connecting the right actors to clarify require-
ments in SECO is difficult. S21 mentions that the coordina-
tion between multi-party actors has already been identified
as a significant challenge in agile and large-scale distributed
teams. However, for S21, this challenge cannot be taken sim-
ilarly in SECO because each actor has a way of working that
can hardly be standardized. This results in several different
practices being applied across the ecosystem. In addition,
S21 highlights that it is necessary to consider that the actors
in SECO do not belong to a single organization but to many
organizations that share different, possibly competing rela-
tionships (coopetition). Roth et al. [74] explore open coope-
tition, i.e., open innovation cooperation between competitors
that includes third parties such as networks, platforms, com-
munities, ecosystems, or triple helices. The authors suggest
using open innovation management principles to deal with
open coopetition.

S14, S17, and S29 mention that openness brings RE-
related challenges in SECO. S14 cites the challenge of ana-
lyzing requirements with openness in mind. For S14, in an
open perspective, the requirements analysis should calculate
the probability of completion of the implementation of the
requirements if someone from the ecosystem contributes in
co-development or analyzes optimistic or pessimistic sce-
narios with or without other contributions within the same
ecosystem. S17 points out that openness brings challenges
related to requirements engineering in SECO, such as man-
aging dynamic and emerging contributions from ecosystem
stakeholders and collecting their input while protecting their
intellectual property. Zaggl et al. [106] ensure that finding
the right degree of openness is challenging, especially in
complex open innovation ecosystems. For the authors, being
too open involves the risk of imitation and slippage of val-
ues. Furthermore, users can gain a lot of influence on cor-
porate decisions, leading to the challenge of requirements
negotiation.

S5 points out that the SECO approach makes require-
ments negotiation difficult. S7 considers that the require-
ments negotiation in SECO is a relevant challenge for
the social dimension of an ecosystem and states that it
directly affects the success of a SECO. For S9, interacting
with multiple partners in a SECO introduces challenges to
requirements negotiation. Abdullahi et al. [2] cite the need
for SECO actors to reach agreements effectively through
requirements negotiation. However, for the authors, there
is little understanding of how stakeholders make decisions
in requirements engineering. Abdullahi et al. [2] also state
that decision-making is the most challenging and difficult
task in requirements negotiation in SECO. According to the
authors, when making a decision, several challenges need
attention before starting the negotiation. The authors cite
some of them as the interaction between multiple actors
in a SECO and the existence of incompatible objectives of
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Table 11 Tllustration of the
process for defining challenges
of requirements management
in SECO

Challenge related to C7 (Table 7)
Challenge
Coherent units

Challenge related to C8 (Table 7)
Challenge
Coherent units

Requirements identification in SECO

S5: “SECO approach impacts on the tradi-
tional Software Engineering (SE) models
and brings new challenges to Requirements
Engineering (RE). By putting together mul-
tiple and dispersed actors, SECO approach
hampers requirements elicitation”

S25: “The number of stakeholders may become
too large to manage completely. This presents
challenges in the case of requirement elicita-
tion”

Requirements communication in SECO

S2: “Requirements communication is chal-
lenging, in particular when people and
organizations need to collaborate over dis-
persed locations”

S6: “Requirements communication and man-
agement in SECOs is a challenge, especially
in the distributed software development
scenario”

S26: “We describe open challenges for SECOs
in the context of CrowdRE. New communica-
tion mechanisms are needed that scale with
the crowd”

these actors that require careful negotiation to avoid further
conflicts.

S17 and S29 mention that managing emergent require-
ments in SECO is challenging. For S17, it is difficult to map
emergent requirements to specific actors in SECO. Ailane
et al. [5] cite challenges regarding emergent requirements
and propose a new attempt to define the emergence phenom-
enon from a SE perspective. According to the authors, the
emergence phenomenon is an important phenomenon that
is difficult to formalize and standardize in complex systems
(such as SECO).

6 Threats to validity

This section presents potential threats to the validity of
this study and our actions to mitigate them. The discussion
builds on the guidelines for addressing threats to the validity
of secondary studies provided by Ampatzoglou et al. [10].
Threats in this context can be classified as study, data, and
research validity.

6.1 Study validity

Threats in this category are directly related to the study
selection process. Therefore, they may lead to the omission
of relevant studies or the inclusion of irrelevant studies. This
potential threat includes (i) limitations in search strategy; (ii)

ineffective search strings; and (iii) bias in the selection of
studies that were selected in this SMS.

To mitigate (i), we applied a full-fledged hybrid search
strategy (DBS + snowballing via BS and FS). Mourio et al.
[67] mention that hybrid search strategies are efficient com-
pared to the simple DBS strategy. According to Wohlin
et al. [101], a full-fledged hybrid search strategy is better
than other alternative hybrid strategies. In addition, we run
searches in seven digital libraries, including Scopus, which
index works from several other digital libraries. Then, we
selected 29 studies in our SMS. Therefore, in this category,
we emphasize the limitation regarding the generalization of
the results. To mitigate (ii), we used two control studies to
evaluate the quality and comprehensiveness of our search
string. To mitigate (iii), our study had the participation of
four researchers, two of them with more than ten years of
experience in conducting secondary studies, which helped in
conducting the activities. Two researchers applied the IC and
EC independently, and two more experienced researchers
evaluated the results. Regarding disagreements, a consensus
was sought between the parties.

6.2 Data validity

The data extraction and synthesis process can threaten the
data’s validity, as it could lead to dubious results and con-
clusions. This potential threat includes (i) unverified data
extraction and (ii) researcher bias during the data extraction
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and synthesis. To mitigate (i), we documented all data trans-
formations so that it is possible to trace the synthesis back
to the corresponding selected study. Concerning (ii), two
researchers performed data extraction independently. After-
ward, the same two researchers performed a joint analysis,
and finally, they condensed the data. Later in this process,
two other more experienced researchers verified the result.

6.3 Search validity

The lack of auditing and the difficulty in replicating the
research threaten the validity of the research. These threats
are related to (i) lack of documentation on study planning
and (ii) lack of justification for changes made during the
conduct of the study. To mitigate (i) and (ii), we defined a
detailed protocol based on well-established guidelines of
Kitchenham and Charters [50]. Finally, we analyzed, justi-
fied, and documented all necessary changes that occurred
during the conduct of this study.

7 Research agenda

Motivated by the results of this SMS, we suggest a research
agenda inspired by the work of Santos et al. [75] and Santos
and Carvalho [76], where some issues raised during the SMS
can investigate in the future:

1. How can CrowdRE, open innovation, and ubiquitous RE
support requirements management in software ecosys-
tems?

2. How can the different requirements (product, platform,
and integration) be managed for different types of soft-
ware ecosystems (open, proprietary, and hybrid software
ecosystems)?

3. Are the requirements management approaches identified
in this SMS sufficient to support the problems and spe-
cificities of different types of software ecosystems (open,
proprietary, and hybrid software ecosystems)? How to
assess or adapt them?

4. How to carry out requirements traceability in software
ecosystems considering the characteristics of require-
ments management in software ecosystems?

5. How to monitor emergent requirements flows in software
ecosystems and manage such requirements in conjunc-
tion with other requirements?

6. How to perform the requirements change control in soft-
ware ecosystems considering the changes requested in
multiple open communication channels by multi-party
actors?

@ Springer

8 Conclusion and future work

In this study, we characterize requirements management in
the SECO context. We define specific characteristics (pro-
cess elements, i.e., concepts/definitions, activities, actors’
relationships, and artifacts) that differentiate requirements
management in SECO from requirements management in
traditional software development. In addition, we identify
approaches (types of contributions, i.e., methods, techniques,
tools, and practices) to support requirements management in
SECO. To do so, we conducted an SMS to identify studies
related to the topic in the literature.

From a total of 1028 studies retrieved in DBS and 1458
studies retrieved in snowballing, we selected 29 studies
for data extraction. Of the 29 selected studies, 25 contrib-
uted to defining characteristics of requirements manage-
ment in SECO, and 21 cited/proposed one or more support
approaches to requirements management in SECO. Only ten
of 21 studies proposed a specific approach, and only three
presented the evaluation.

We defined nine characteristics of requirements manage-
ment in SECO that differentiate it from requirements man-
agement in traditional software development. Requirements
management at SECO is open, informal, collaborative, and
decentralized. It is influenced by geographically dispersed
multi-party actors affected by power relations. We empha-
size that some of these characteristics may have already been
identified in other software development contexts, such as
0SS, GSD, and agile development. However, we emphasize
that the SECO context differs mainly because it allows a
holistic view of an ecosystem formed by different projects,
products, networks of actors, and artifacts. Thus, in SECO, it
is possible for multi-party actors geographically distributed
to conduct OSS projects and to implement different develop-
ment practices, including agile development.

Among the found approaches, we identified that tools
(14 studies) and models (6 studies) were the most frequent
in the selected studies. However, we observed that most of
the approaches identified were not focused only on require-
ments management. This can happen due to the transversal
character of requirements management in RE activities. Case
studies assessed a few of these approaches (3 studies). In
addition, we identified different types of SECO in the stud-
ies selected in our SMS (i.e., automotive SECO, MSECO,
OSSECO), which highlights the scope of this terminology
for several scenarios.

Finally, based on the knowledge built from this SMS,
we defined a research agenda that presents research topics
that can help understand requirements management activi-
ties in SECO and the approaches used for their realiza-
tion. As a result, in future research, we will investigate in
a more directed way the different requirements flows and
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their characteristics, considering the different dimensions
of an SECO. Furthermore, after investigating the require-
ments flows, we can propose a specific approach to support
requirements management in the SECO context.

Appendix A: List of selected studies

ID Title References

S1  ‘State of the Art’ in Using Agile Srinivasan et al. [89]
Methods for Embedded Sys-
tems Development

S2  Specification and Analysis of Fricker [32]

S3

S4

S5

S6

S7

S8

S9

Requirements Negotiation
Strategy in Software Ecosys-
tems

The metropolis model and its
implications for the engineer-
ing of software ecosystems

Towards Understanding
Requirements Engineering in
IT Ecosystems

Analysing Requirements Nego-

tiation in Software Ecosystems

with Multi-Agent Systems
Techniques

On the Impact of Software
Ecosystems in Requirements
Communication and Manage-
ment

Requirements Negotiation
Model: A Social Oriented
Approach for Software Eco-
systems Evolution

Software Ecosystems: From

Software Product Management

to Software Platform Manage-
ment

Competition and Collaboration
in Requirements Engineering:
A Case Study of an Emerging
Software Ecosystem

S10 Innovation Processes in Busi-

ness Ecosystems Creating a
Common Understanding by
Requirements

S11 Using Social Networks to Sup-

port Software Ecosystems
Comprehension and Evolution

S12 Cross-Organizational Chal-

lenges of Requirements
Engineering in the AUTOSAR
Ecosystem: An Exploratory
Case Study

Kazman and Chen [49]

Knauss et al. [52]

Valenca et al. [92]

Santos and Werner [80]

Valenca [94]

Jansen et al. [45]

Valenga et al. [95]

Harland et al. [39]

Santos et al. [77]

Soltani and Knauss [87]

Title

References

S13

S14

S15

S16

S17

S18

S19

S20

S21

S22

S23

S24

S25

S26

S27

S28

How Firms Adapt and Interact
in Open Source Ecosystems:
Analyzing Stakeholder
Influence and Collaboration
Patterns

Requirements Analysis and
Management for Benefiting
Openness

Understanding How Power
Influences Business and
Requirements Decisions in
Software Ecosystems

A Survey of Practitioners Use of

Open Innovation

Continuous clarification and
emergent requirements flows
in open-commercial software
ecosystems

Ecosystems effects on software-
consuming organizations
an experience report on two
observational studies

Motivating the contributions
An Open Innovation perspec-
tive on what to share as Open
Source Software

Towards Ubiquitous RE: A
Perspective on Requirements
Engineering in the Era of
Digital Transformation

Scaling Agile Beyond Organiza-

tional Boundaries - Coordina-
tion Challenges in Software
Ecosystems

Ubiquitous Requirements

Engineering: A Paradigm Shift

That Affects Everyone

A focus area maturity model for
software ecosystem govern-
ance

A method for analyzing stake-
holders’ influence on an open
source software ecosystems
requirements engineering
process

Identifying Key Stakeholders as
Part of Requirements Elicita-
tion in Software Ecosystems

Open CrowdRE Challenges in
Software Ecosystems

Public Sector Platforms going
Open: Creating and Growing
an Ecosystem with Open Col-
laborative Development

A comprehensive approach to
identifying key stakehold-
ers in complicated software
ecosystems

Linaker et al. [58]

Lindker and Wnuk [62]

Valenca and Alves [93]

Fernandez and Svensson [28]

Knauss et al. [53]

Santos et al. [81]

Lindker et al. [63]

Villela et al. [97]

Figalist et al. [29]

Villela et al. [98]

Jansen [44]

Linaker et al. [59]

Lewellen [54]

Johnson et al. [47]

Linaker and Runeson [60]

Lewellen [55]
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References

S29 Challenges and Strategies for

Damian et al. [24]
Managing Requirements

Selection in Software Eco-

systems
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