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a b s t r a c t 

In the context of software product line engineering, collaborative configuration is a decision-making pro- 

cess where multiple stakeholders contribute in building a single product specification. Several approaches 

addressing collaboration during configuration have already been proposed, but we still have little hard 

evidence about their effectiveness and little understanding about how collaborative configuration process 

should be carried out. This paper presents a classification framework to help understand existing collab- 

orative configuration approaches. To elaborate it, a systematic mapping study was conducted guided by 

three research questions and 41 primary studies was selected out of 238 identified ones. The proposed 

framework is composed of four dimensions capturing main aspects related to configuration approaches: 

purpose, collaboration, process and tool. Each dimension is itself multi-faceted and a set of attributes is 

associated to each facet. Using this framework, we position and classify existing approaches, structure the 

representation of each approach characteristics, highlight their strengths and weaknesses, compare them 

to each other, and identify open issues. This study gives a solid foundation for classifying existing and 

future approaches for product lines collaborative configuration. Researchers and practitioners can use our 

framework for identifying existing research/technical gaps to attack, better scoping their own contribu- 

tions, or understanding existing ones. 

© 2019 Elsevier Inc. All rights reserved. 
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. Introduction 

Product configuration is a key activity in Software Product Line

ngineering (SPLE) that refers to choosing a set of characteristics

rom a product line model ( Clements and Northrop, 2001 ). Se-

ected characteristics must comply with product line model con-

traints and user requirements ( Salinesi et al., 2010 ). When the

roduct line model is large, the number of possible configurations

an be large too. Configuring this kind of models can be a hard,

rror-prone and time-consuming activity ( Stein et al., 2014 ), which

akes it a challenging activity for practitioners. Furthermore, it is

ard to think of a single user solely responsible of a large number

f configuration decisions ( Mendonca et al., 2008 ). Rather, team-
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ork is highly desirable in order to cope with the general com-

lexity of the configuration process. 

Feature models (FMs) are widely used to represent product

ines ( Kang et al., 1990 ). They commonly span over several tech-

ical and non-technical knowledge domains, which requires the

articipation of multiple stakeholders with different knowledge

nd background (e.g. customer, product manager, software engi-

eer, database administrator). Sharing the different configuration

ecisions by stakeholders is referred to as collaborative configu-

ation process. It consists in three main activities (1) configura-

ion role assignment, (2) the configuration itself and (3) conflicting

ituations management during the configuration ( Mendonca et al.,

008 ). 

Collaborative configuration of product lines has ap-

ealed to several researchers that addressed this topic dif-

erently where each approach focuses on a specific col-

aborative configuration aspect. In fact, some approaches

uch as Czarnecki et al. (2005) , Mendonca et al. (2007) ,

https://doi.org/10.1016/j.jss.2019.110422
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Fig. 1. Collaborative configuration process overview. 
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Mendonca et al. (2008) , Rabiser et al. (2009) and

Hubaux. et al. (2010) are interested in ensuring coordination of

configuration activities through providing a pre-designed process.

For some others such as Junior et al. (2011) , Stein et al. (2014) and

Ochoa and GonzÃ!‘lez-Rojas (2016) the goal is to allow a free-

order configuration process where stakeholders can freely express

their requirements. Other ones focus on proposing state-sharing

mechanism to increase stakeholders awareness and ensure global

state consistency of distributed configuration. Finally, few ap-

proaches make a step forward to help stakeholders find a product

that better meets their preferences by using recommendation

techniques e.g. Stein et al. (2014) and Pereira (2017) . 

This variety of approaches may indicate that collaborative con-

figuration can be carried out in different ways. Although quick

overviews of collaborative configuration approaches are given in

earlier papers, no extensive study has been reported so far for

comparing collaborative configuration approaches within SPLE in

a systematic way. We have little understanding of the different ap-

proaches, their salient characteristics and the differences between

them. 

The goal of this paper is to elaborate a classification framework

to help understand existing approaches related to product line col-

laborative configuration through the identification of their current

characteristics, shortcomings and challenges. To reach this overall

goal, we defined three research questions: 

• RQ1: What are the main characteristics of state-of-the-art

approaches on the field of collaborative product line config-

uration? 

Rationale: By answering this RQ, we extract, classify and

structure the characteristics of existing product line collab-

orative configuration approaches. This helps researchers in

better understanding the state-of-the-art and have a com-

prehensive overview of the research area. 
• RQ2: What are the strengths and weaknesses revealed from

the comparative analysis of the existing collaborative config-

uration approaches? 

Rationale: by answering this RQ, we provide researchers

with a strong and effective means to position an existing

approach or their own one with respect to other existing

ones, and to identify strengths and weaknesses of one ap-

proach against other ones. Furthermore, the full analysis of

existing state-of-the-art approaches allows researchers and

practitioners to understand the difference between these ap-

proaches and to choose the one that meets their needs. 
• RQ3: What are the major challenges of collaborative config-

uration in the field of SPLE? 

Rationale: by answering this RQ, we identify the open is-

sues related to the area which helps researchers focus their

future efforts in the challenging directions. 

To deal with these research questions, a framework called PL2C

capturing the main characteristics of product line collaborative

configuration approaches is elaborated. Some reports on compar-

ative frameworks are published; e.g. to classify software product

lines construction approaches ( Ouali et al., 2011 ), to identify issues

in scenario based approaches in requirements engineering ( Rolland

et al., 1998 ), and to give a classification and a comprehensive

overview of collaboration approaches in e-learning ( Al-Abri et al.,

2017 ). The structure of the framework is inspired from these pro-

posals. As for its enclosed information, it is obtained by carrying

out a Systematic Mapping Study (SMS) according to the guidelines

recommended by Petersen et al. (2015) . 

The rest of this paper is organized as follows: Section 2 gives

a background of product line collaborative configuration process.

Section 3 presents the process followed in the systematic map-

ping study for PL2C framework elaboration. Section 4 is devoted
o the mapping study results, while Section 5 presents the frame-

ork proposed in this paper. Section 6 reports the framework-

ased analysis of the identified primary studies. Section 7 presents

 description of the identified challenges. Section 8 analyzes some

omparative frameworks found in literature and Section 9 dis-

usses the threats to validity. Finally, Section 10 concludes the pa-

er. 

. Background 

Configuration of product line models can be achieved in many

ifferent ways. Configuration can be progressive where the vari-

bility of the product line model is eliminated on several special-

zation steps ( Czarnecki et al., 2005 ), or staged where the con-

guration is conducted in several stages in order to adhere to a

hange of constraints in each of these stages, such as the devel-

pment cost per year ( Rabiser et al., 2009; Hubaux. et al., 2010 ).

onfiguration can also be carried in one shot where elements of

he product line model, i.e. features, that meet the user’s require-

ents are simply selected in a single step from the product line

odel ( Djebbi, 2011 ). The selection of features is quite straight-

orward when it relies on an individual interaction with product

ine model presented as tree-like structure where single user se-

ects or deselects features ( Junior et al., 2011 ). However, it is ob-

erved that in real projects, product lines can contain up to 10,0 0 0

eatures ( Batory et al., 2006 ). In such a case, the configuration pro-

ess becomes an arduous task. Potentially, the larger the size of the

eature model, the higher the number of constraints. These con-

traints define dependencies between features that should be care-

ully respected to efficiently derive the desired product. Moreover,

eatures have to be compatible with each other. Otherwise, feature

nteraction issues could arise and affect the product, leading to un-

xpected behaviour. According to Apel et al. (2013) , the feature

nteraction occurs when a feature behaviour is influenced by the

resence of another features. Feature interaction may be classified

ccording to the order reflecting the number of features involved

n the interaction, and the visibility characterizing the interaction

s external if the impact is visible by the user or internal if it is at

ystem level. For a recent compilation on how feature interaction

n SPLE is dealt with, the reader may refer to Soares et al. (2018) . 

Therefore, handling the configuration process collaboratively is

f major interest to enhance configuration within SPLE. Collabora-

ion is defined by Roschelle and Teasley (1995) as “a coordinated,

ynchronous activity that is the result of a continued attempt to

onstruct and maintain a shared conception of a problem”. Sim-

larly, within SPLE, collaborative configuration can be defined as

 coordinated, synchronous activity where a set of stakeholders

hare the configuration activities based on their domain of exper-

ise to decide about the set of features of the desired product. As

ighlighted in Mendonca et al. (2008) , a collaborative configuration

rocess consists mainly of three sub-processes, depicted in Fig. 1 :

ole assignment, configuration and conflict management. 

1. Configuration role assignment: it consists in specifying, for

each stakeholder, the aspect he/she supposed to configure.

The assignment strategy is generally handled in clusters rep-

resenting a particular functionality of the problem domain. 

2. Configuration: it consists in selecting the features of the de-

sired product by the involved stakeholders. Stakeholders can
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Fig. 2. PL2C framework elaboration process. 

 

 

 

 

 

 

 

 

 

 

c  

M  

fl  

p  

s  

o  

u  

b  

c  

m  

b  

c  

F  

p  

t  

f  

c  

p  

T  

b  

f

3

 

w  

t  

t  

i  

o  

2

 

c  

t  

c  

w  

P

3

 

p  

fi  

fi  

e  

A  

a  

t  

p  

e  

s  

S  

t  

w  

m  

(  
share the configuration process according to the role assign-

ment: they can either decide about the selection of the same

set of features or each stakeholder decide about a specific

set of features. 

3. Conflict management: it can be carried out iteratively with

the configuration step as conflicts may occur during config-

uration and have to be managed the time they happen. An-

other possible alternative is to manage conflicts at the end

of the configuration after the stakeholders decide about de-

sired characteristics. This still depends on the collaboration

mode. 

In the context of a collaborative configuration pro-

ess, conflict management is of paramount importance.

endonca et al. (2007) indicate that, when configuring a FM, con-

icts may occur when two or more features contain explicit or im-

licit dependencies that make them rely on each other’s decision

tate. This issue was also discussed by Osman et al. (2009) who

utlined the fact that a conflict occurs when two or more config-

ration decisions assigned to different configuration actors cannot

e true at the same time. In practice, collaborative configuration

omes up with serious challenges including finding effective

eans to coordinate configuration tasks and make compromise

etween all stakeholders requirements in conflict situations. The

oordination problem presents a critical issue when configuring

Ms with large sizes and complex networks of constraints de-

endencies. Potentially, the higher the number of constraints,

he higher the effort required to put in place effective strategies

or conflicts resolution is. Also, some technical issues can make

ollaborative configuration particularly challenging when involved

eople are distributed across different space and time dimensions.

herefore, aspects such as communication and group awareness

ecome relevant in order to minimize decisions conflicts and

acilitate work coordination. 
. Review approach 

In order to elaborate PL2C framework, we carried out a SMS

ith the identified research questions. The purpose of a SMS is

o investigate the literature on a field of particular interest to de-

ermine the nature, scope and number of published primary stud-

es ( Petersen et al., 2008 ). It facilitates to obtain a broader view

f wide and often poorly-defined research areas ( Petersen et al.,

008 ). 

The PL2C framework elaboration process, depicted in Fig. 2 ,

onsists of seven sub-processes: (1) manual search, (2) search

erms and strings, (3) automated search, (4) study selection, (5)

ategorizing papers, (6) framework construction, and (7) frame-

ork validation. The process was carried out with respect to

etersen et al. (2015) . 

.1. Manual search 

Manual search sub-process consists in applying a snowballing

rocess to a start set of studies composed of papers describing the

rst different approaches proposed by some known authors in the

eld, namely [S1, S3, S4, S11]. It was conducted in two steps: (i)

xploratory search in which a forward snowballing was applied.

n initial collection of 14 publications was obtained in this step

fter following references and links to citing publications. (ii) ex-

ension by related work in which a backward snowballing was ap-

lied on the initial collection of publications by scanning their ref-

rences and picking out publications relevant to this study. This re-

ulted in additional 8 publications [S9, S10, S20, S21, S22, S23, S25,

31]. In order to avoid redundancy, non-peer reviewed publica-

ions, such as technical reports, books and workshop descriptions

ere not included in the set of retained studies. The results from

anual search were used for establishing a quasi-gold standard

QGS), which is a set of known studies representing the main con-
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Fig. 3. Clustering result of high frequency terms. 

Table 1 

Group of terms. 

Group Term Subject 

1 Product line(s)/software product line(s), multi product line(s) Application domain 

2 Feature model(s), collaborative, configuration, derivation, business, process Specific process 

3 Stakeholders/users, multi Collaboration context 

4 Approach, awareness, decision(s), support, conflicts Conflict resolution mechanism 
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tributions carried in the research domain ( Zhang and Babar, 2009 ).

The QGS was then used to elicit the search strings for automated

search. 

3.2. Search terms and strings 

To make sure that all works related to collaborative configura-

tion of product lines were explored, we conducted an automated

search based on terms and strings objectively elicited from the set

of QGS. In the literature, search terms is a crucial step in the pro-

cess of systematic mapping study. It consists on eliciting domain

relative terms to retrieve relevant studies ( Zhang and Babar, 2009 ).

We applied search terms process on the set of QGS to identify

the most frequently occurring words or phrases in relation with

collaborative configuration. Search terms elicitation is done using

text mining to statistically analyze the most frequently occurring

words. To do so, we imported the title-abstract-keyword segment

of each paper under QDA Miner and WordStat 1 which are analysis

tools that can not only determine the most frequent terms but also

reveal the underlying relationship among these terms. We chose

the term frequency (TF) and inverse document frequency (IDF) us-

ing WordStat. The Jaccard’s similarity coefficient allows to deter-

mine the terms importance by comparing the similarity and di-

versity of the imported segments of QGS. Fig. 3 shows clusters of

terms that were derived with high frequency and high Jaccard’s co-

efficient. Colors represent the set of terms strongly linked to each

other. 

Generally, we can divide these terms into several groups which

have a definite subject (c.f. Table 1 ). However, despite their low
1 http://provalisresearch.com/products . 

s  

s  

a

requency, some words are closely related to collaborative configu-

ation of product lines, e.g coordination, resolution and detection.

o expand the coverage of search results, we added these terms

o the set of elicited terms as complement. Moreover, synonyms

f the elicited terms, e.g. stakeholders and users, decision or deci-

ions, model or models were considered in the final search strings.

inally, each group of terms defining the different subjects has

een used to derive one or more of the search strings presented

n Table 2 . In fact, the group of terms presenting the application

omain has been considered in all the derived search strings, the

econd group of terms has been used to formulate the first search

tring (S1), the third group of terms to formulate the second search

tring (S2) and the last one, to formulate the third and the last

earch string (S3, S4). 

.3. Automated search 

To conduct the automated search, a set of resources was se-

ected among well known and most common digital libraries

nd scientific databases used in published SMSs according to

etersen et al. (2015) guidelines namely, IEEE Xplore, ACM DL, Sci-

nce Direct, Springer, Scopus and Web of science. The first au-

hor performed a search based on the derived search strings (c.f.

able 2 ) using search engines provided by these resources. Results

ere then checked by the second author. 

After eliminating disagreement about considering or not some

apers, results of automated search are recorded as depicted in

able 3 . Column 2 gives the number of studies returned for each

earch string. Column 3 shows the total number of papers per

earch engine. Column 4 represents the number of retained studies

fter eliminating the duplication per search engine. 

http://provalisresearch.com/products
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Table 2 

Derived search strings. 

No Configuration process Search String 

S1 Process nature ((software product line OR multiple product line) AND (configuration OR derivation)) AND (collaborative process 

OR collaboration process OR process collaboration). 

S2 Multi user involvement ((software product line OR multiple product line) AND (configuration OR derivation)) AND (stakeholders OR users 

OR multiple stakeholders OR multiple users). 

S3 Conflict resolution ((software product line OR multiple product line) AND (configuration OR derivation)) AND (conflict resolution OR 

conflict detection OR resolution of conflicts OR detection of conflicts). 

S4 Process coordination ((software product line OR multiple product line) AND (configuration OR derivation)) AND (coordination of 

decisions OR decision coordination OR supporting awareness OR awareness support OR support of awareness). 

Table 3 

Results of automated search. 

Search engine Number of found papers Total First round of papers selection 

S1 S2 S3 S4 

IEEE Xplore 29 10 0 1 40 14 

ACM DL 41 15 23 9 88 14 

Science Direct 5 5 0 3 13 3 

Springer 15 10 4 8 37 5 

Scopus 9 14 5 14 42 19 

Web of Science 6 8 0 4 18 11 

Table 4 

List of inclusion and exclusion criteria. 

Inclusion criteria Exclusion criteria 

IC1. Research papers from 2005 to 2018 EC1. All research studies that are not written in English 

IC2. All research works focusing on collaborative configuration of 

product lines based on the title, keywords and abstract of the papers 

EC2. Duplicate papers from different scientific databases: excluding 

multiple copies of the same study 

EC3. All papers which are not peer reviewed (abstract, poster, 

proposal, technical report, thesis) 

Fig. 4. Steps of document retrieval process. 
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.4. Study selection 

Study selection sub-process aims at identifying the most rel-

vant studies to product line collaborative configuration domain.

hus, the studies resulted from the automated search were subject

o close scrutiny. Fig. 4 illustrates the study retrievement process

f this SMS, which consists of four steps: At the first step, we col-

ected 238 probable research. During the second step, duplicated

apers per search engine and studies that do not address our re-
earch domain were discarded. 66 out of 238 papers have been

elected in this step. During the third step, studies were filtered

ccording to identified inclusion and exclusion criteria presented

n Table 4 . The considered studies are those that were published

etween 2005 and 2018 (IC1). Actually, we collected papers from

005 as the first approach in the field has been proposed by Czar-

ecki in 2005. Obviously, any retained study had to have a clear

ocus on collaborative configuration of product lines, determined

t this stage based on title, abstract and keywords (IC2). However,

e note that when the criteria is not certainly satisfied, the re-

earch work was considered in order to not miss a relevant study.

he final decision of its inclusion was postponed while assessing it

gainst quality criteria. Furthermore, papers that are not written in

nglish (EC1) or duplicated from different databases (EC2) or non

eer-reviewed (EC3) were excluded. As for extended studies, they

ere included as they may contain additional information charac-

erizing the collaborative configuration of product lines. 

At the last step, the set of papers retrieved from the previ-

us one (50 papers) was checked against quality assessment crite-

ia presented in Table 5 . For each quality question, three answers

ere assigned: “yes”, “partially”, and “no”. Each study was checked

gainst these criteria. If a study has “yes” as answer, then 1 is as-

igned to it, if it has “partially”, 0.5 is assigned to it, and a 0 is

iven to a study that received “no” as answer. Criterion Q1 en-

ures that the paper deals with any subject related to collabora-

ive configuration of product lines and thus has a suitable context.

n top of that, criterion Q2 ensures that the paper potentially an-

wers at least one of the research questions (e.g papers presenting

uick overviews, comparative analysis approaches). Criterion Q3

emands that concrete collaborative configuration practices have

een fully or partly described. Q3 is added to ensure that works

hat meet Q2 through answering only RQ1 actually propose col-

aborative configuration approaches or deal with one of collabora-
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Table 5 

Quality assessment criteria. 

Criteria Question 

Q1 Does the study focus on collaborative configuration of SPLE domain? 

Q2 Does the study include the potential answers to research questions? 

Q3 Does the study refer to concrete collaborative configuration practices and not just deal broadly with it? 

Q4 Is the objective of the study clear? 

Q5 Does the study illustrate some collaborative configuration main characteristics ? 

Q6 Does the study report original results that have not been published elsewhere? 
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tive configuration steps. Through criterion Q6, we include in our

study extended works if they are presenting novelty compared to

the original ones. 

The quality assessment was carried by the first author by pre-

cisely studying the title, abstracts, and contents of each paper.

Then, the obtained quality scores results have been reviewed by

the other authors. To make sure of quality assessment findings re-

liability, only studies with a score equal or greater than 3 were

included, which is half of the total points corresponding to the 6

quality criteria. As result, 41 2 out of 238 research studies were se-

lected as final retrieved studies to the research domain. 

In this SMS, data were extracted based on the RQs of this work.

Each identified study was carefully analyzed to obtain suitable in-

formation that can be used to answer the defined RQ. The research

studies that highlight information characterizing collaborative con-

figuration of product lines were collected and carefully studied to

answer RQ1. Then, the collected studies have been studied in depth

to elicit concepts by following a systematic process called “key-

wording”. Details about this process are given in the next section.

Afterward, the PL2C framework has been built upon the extracted

concepts. To answer RQ2, the different collected primary studies

have been analyzed through positioning in the framework. RQ3 has

been answered based on the research studies analysis, where the

challenges and current issues of the domain have been identified. 

3.5. Categorizing papers 

To efficiently elicit concepts related to PL2C framework, we fol-

lowed a systematic “keywording ” ( Petersen et al., 2008 ) which is a

concept study process that helps define classification framework so

that it takes all the concepts of retrieved studies into account. This

process has been adopted in several papers proposing classification

frameworks such as Franzago et al. (2018) . Generally, during this

process, studies are screened in order to retrieve an overview of

the area; in particular, frequently discussed challenges, commonly

used classifications and important keywords. As shown in Fig. 2 ,

the keywording process consists of two steps: 

1. Collect keywords and concepts: keywords and concepts have

been identified by reading each primary study with a spe-

cial core to sections containing terms identified during the

search terms process. When all primary studies have been

analyzed, all keywords and concepts were combined to

clearly identify the context, nature, and contribution of the

research. This step output is the set of concepts deduced

from the primary studies. 

2. Cluster keywords and concepts: once keywords and con-

cepts extracted, a clustering operation has been performed

on them in order to have a set of representative clus-

ters of keywords. We identified the clusters according

to four dimensions: collaboration, purpose, process and

tool. These dimensions were chosen as they cover the set of
2 The result of the quality score for each selected study is available at: https: 

//bit.ly/31TfgE2 (Sheet 2). 
needed information to characterize collaborative configura-

tion within SPLE. Each dimension is further characterized by

facets that help understanding and classifying different as-

pects of collaborative configuration. Faceted classification is

based on defining attribute classes that can be instantiated

with different terms, as initially proposed by Prieto-Diaz and

Freeman (1987) to classify reusable components. Therefore,

each cluster represents one of the facets under a specific di-

mension of our classification. After the clusterization step,

keywords and concepts within a cluster were structured in

terms of facets and attributes. 

.6. Framework construction 

The structuring of PL2C framework was performed by two au-

hors, and the results were double-checked by the two others. The

utput of this sub-process is the finalized classification framework

ontaining all the concepts that were identified earlier and crite-

ia categorized into dimensions and facets representing a specific

spect of collaborative configuration of product lines. Several itera-

ions over intermediate versions of PL2C framework were required

o provide a framework that is as well-defined and as comprehen-

ive as possible. During each iteration, PL2C framework was re-

iewed by two of the authors who have more than ten years of

xperience on SPLE, and each disagreement was discussed and re-

olved. At the end of PL2C framework construction process only

ufficiently discriminating concerns and criteria were kept. 

.7. Framework validation 

The validation of the PL2C framework is assessed in two steps.

1) Conduction of systematic mapping study to collect informa-

ion characterizing the collaborative configuration in SPLE domain.

he set of keywords and concepts extracted from primary studies

ave been used to construct the framework and evidence his com-

leteness. (2) Classification of all found primary studies using the

ramework to illustrate its usefulness. During this step, the first au-

hor of this paper read the full text of each paper and extracted

ts data according to the classification framework with the sup-

ort of the other co-authors. Details of the full analysis are given

n Section 6 . 

. Mapping results 

As aforementioned, 41 3 research papers were selected as pri-

ary studies to be within the scope of this work. Fig. 5 shows

hat 10 research papers among the primary studies were published

n journals; 29 research papers were presented in conferences and
3 The list of included studies is available at: http://bit.ly/30vmtsh (Sheet 1). 

https://bit.ly/31TfgE2
http://bit.ly/30vmtsh
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Table 6 

Primary studies venues and identification step. 

Venue Manual search Automated search Total 

List of conferences 

International Symposium on Object-Oriented Programming S2 1 

Systems, Languages and Application (OOPSLA) 

Hawaii International Conference on System Sciences (HICSS) S3 1 

ACM Symposium on Applied Computing (SAC) S4 S36 2 

IEEE International Conference on Requirements Engineering (RE) S6 1 

International Conference on Industrial Engineering and S7 1 

Engineering Management (IEEM) 

International Conference on Systems and Software Product S9, S10, S14, S18, S33, S35 9 

Line (SPLC) S16, S20, S27 

International Conference on Requirements Engineering: S11 S26 2 

Foundation for Software Quality (REFSQ) 

International Workshop on Automated Configuration and S12 1 

Tailoring of Application (ACoTA) 

International Conference on Information Management and S13 1 

Engineering (ICIME) 

International Conference on Automated Software Engineering (ASE) S15 1 

IberoAmerican Conference on Software Engineering (CIBSE) S17 1 

International Workshop on Variability Modelling of Software- S19 1 

intensive Systems (VAMOS) 

Asia Pacific Conference on Software Engineering (APSEC) S21, S22 2 

IEEE International Conference on Services Computing (SCC) S23 1 

International Conference on Software Engineering and S29 1 

Knowledge Engineering (SEKE) 

International Conference on Software Engineering (ICSE) S38 S30, S39 3 

International Conference on Software Language Engineering (SLE) S32 1 

International Workshop on the Move to Meaningful Internet S37 1 

Systems (OTM) 

List of journals 

Software Process: Improvement and Practice S1 1 

Journal of Software (JSW) S5 1 

Science of Computer Programming journal S8 1 

Journal of China Universities of Posts and Telecommunication (JCUPT) S24 1 

Software and Systems Modeling journal (SoSyM) S25 1 

Requirements Engineering journal S28 1 

Information and Software Technology journal (IST) S31 1 

Computer and Industrial Engineering journal (CAIE) S34 1 

Journal of Systems and Software (JSS) S40 1 

Journal of Computer Languages, Systems and Structures S41 1 

Total of papers 22 19 41 

Fig. 5. Primary studies categorized by venue type. 
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 research papers were presented in workshops. Studies are sum-

arized according to their venues and the research step in which

hey were collected in Table 6 . We notice that around one third of

onference papers was published in SPLC which is specialized on

PLE domain. 
Furthermore, Fig. 6 gives more details by presenting the publi-

ation years and types of the primary studies. As depicted in the

istogram, the number of publications has increased from 2010

nd almost 50% of papers were published between 2010 and 2013.

e notice that 2010 had the highest number of published papers.

n fact, from the first proposed approach in the field (2005) to

007 only one paper per year was published. For the two years

0 08 and 20 09 two papers per year were published. The follow-

ng years starting from 2010 witnessed the growth of interest

n collaborative configuration within SPLE which can be deduced

hrough the publications number. 

Fig. 7 depicts a map of publications over our defined classifi-

ation criteria. The size of each bubble represents the number of

ublications in the corresponding category pair. Research focus is

hown on the Y axis, contribution type is shown on the right X

xis, and research type is shown on the left X axis. 

For the research type, we adopted the classification approach

escribed by Wieringa et al. (2006) . This classification has been

lso used by Petersen et al. (2008) . Research type is categorized as

ollows: 

– Experience papers: papers explaining what and how some-

thing has been done in practice. It has to be the personal

experience of the author. 

– Philosophical papers: papers sketching a new way of looking

at existing things by structuring the field in form of a tax-

onomy or conceptual framework. 
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Fig. 6. Primary studies distribution per year and publication types. 

Fig. 7. Bubble chart map of research focus over research and contribution types. 
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– Validation research: papers investigating novel techniques

that have not yet been implemented in practice. Techniques

used are for example experiments, i.e., work done in the lab.

– Solution proposal: papers proposing solution for a problem.

The solution can be either novel or a significant extension

of an existing technique. The potential benefits and the ap-

plicability of the solution is shown by a small example or a

good line of argumentation. 

– Evaluation research: papers presenting implementation of

practical techniques along with their evaluation. That means

it is shown how the technique is implemented in practice

(solution implementation) and what are the consequences

of the implementation in terms of benefits and drawbacks

(implementation evaluation). This also includes to identify

problems in industry. 

Research focus is classified into four main categories: (1)

Requirements satisfaction: approaches considering the satisfaction

of stakeholders’ requirements. (2) Process flexibility: approaches

proposing a mechanisms that are used to ensure the flexibility

of collaborative configuration process. (3) Activities coordination:
pproaches that are used for coordinating configuration activities.

4) Conflict management: strategies used for the purpose of resolv-

ng conflicts in the collaborative configuration approaches. 

Finally, contribution type comprises four main categories: (1)

ethod: description of how to carry out a specific step of collab-

rative configuration (conflict resolution for instance). (2) Process:

esearch that deals with the collaborative configuration process. (3)

ool: any tool designed to support collaborative configuration. (4)

etrics: metrics that are used for the purposes of configuration ac-

ivities assignment, configuration, conflict resolution or satisfaction

easurement. 

Some articles involve more than one contribution type. For ex-

mple, ( Junior et al., 2011 ) involves both method and tool contribu-

ion types and hence is considered in each one of them. However,

ach paper is classified under only one research type: the one to

hich we feel the study belongs the most. 

With regard to research type, the majority of the articles are of

he evaluation research type (43.9%) and solution proposal (43.9%)

ompared with the small number of studies that were philosophi-

al (7.3%), experience articles (2.4%) and validation research (2.4%).

 large majority of papers (75.6%) were about methods (46.3%) and
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Fig. 8. PL2C framework for collaborative configuration approaches in SPLE. 
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rocesses (29.3%), and only 1/4 of studies is about metrics (17.1%)

nd tools (7.3%). Activities coordination (50%) was the largest re-

earch focus area, followed by requirements satisfaction (29.5%). 

A very small number of the studies focused on conflict manage-

ent (11.4%), and process flexibility (9.1%), with a combined total

f 20.5%. 

Overall, the proposal and evaluation of activities coordination

ethods and processes currently dominate the body of the litera-

ure on collaborative configuration of product lines. 

The different research focus have been studied in depth and

onsidered in our framework elaboration, this is discussed in more

etail in the following section. 

. The PL2C framework 

The main objective of this paper is the elaboration of frame-

ork to provide a generic and conceptual artifact containing

nowledge about collaborative configuration within SPLE domain.

his framework will provide support for classifying and analyzing

xisting and future approaches that address product line collabo-

ative configuration. This should help researchers and practitioners

n better scoping their own contributions or understanding exist-

ng ones. 

To elaborate this framework, we defined the three research

uestions highlighted at the beginning of the paper which are: 

• RQ1: What are the main characteristics of state-of-the-art ap-

proaches on the field of collaborative product line configura-

tion? PL2C framework is composed of four dimensions as il-

lustrated in Fig. 8 . Features extracted from the retrieved pri-

mary studies have been clustered according to these dimen-

sions. We have chosen these dimensions as they cover the

set of needed information to characterize collaborative con-

figuration within SPLE. The four dimensions are: 
Fig. 9. Purpose dimen
– Purpose dimension: This dimension discusses the 

“why” angle of the collaborative configuration ap- 

proach. In other words, it explains the objectives of

collaborative configuration approaches. 

– Collaboration dimension: This dimension discusses 

the “what” aspect in the framework. Defining what is

collaboration in product line configuration and what

it is all about (e.g. collaboration mode, interaction and

collaboration level). 

– Process dimension: This dimension discusses how the

configuration process is carried out. 

– Tool dimension: A tool, or a combination of tools, is

considered to be the instrument which is necessary

to complete the purpose of the task based on the

method applied. 

Dimensions are characterized by sets of facets that help un-

derstand and classify different aspects of collaborative con-

figuration. As pointed in Al-Abri et al. (2017) , faceted clas-

sification is based on defining attribute classes that can be

instantiated with different terms. Facets are considered as

viewpoints suitable to characterize configuration approach

through a set of relevant attributes. These attributes are de-

scribed by a set of values for measuring and positioning the

observed aspect based on the extracted data. Some facets

may depend on other facets belonging to the same dimen-

sion across values that an attribute may have. 
• RQ2: What are the strengths and weaknesses revealed from the

comparative analysis of the existing collaborative configuration

approaches? As dimensions are defined with multiple facets,

the characteristics of each approach, including strengths and

weaknesses can be identified through the positioning of ex-

isting approaches in the framework. 
• RQ3: What are the major challenges of collaborative configu-

ration in the field of SPLE? Likewise, shortcomings and chal-

lenges can be identified through the positioning analysis of

the different approaches. 

.1. Purpose dimension 

Purposes can be discussed based on varied facets (c.f. Fig. 9 )

hich are classified according to the role the collaborative config-

ration aims to play. 

.1.1. Principle facet 

The studied approaches show that decision making during con-

guration can be: either shared between two or more stakeholders

 Mendonca et al., 2008 ) where the selection of feature is decided

y more than one stakeholder, or each set of decisions is assigned

o a single stakeholder according to his/her expertise ( Czarnecki

t al., 2005; Mendonca et al., 20 07; 20 08; Hubaux. et al., 2010 ).
sion overview. 
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Fig. 10. Collaboration dimension overview. 
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The principle facet is presented with a decision-making attribute as

follows: 

Decision making: ENUM {Shared decision, Individual decision,

Mix} . 

5.1.2. Collaboration scenario facet 

Collaborative configuration can be carried out in different sce-

narios according to the involved team category ( end users and/or

domain experts ). In fact, a collaborative configuration approach can

be designed to allow a group of users collaboratively express-

ing their requirements towards a desired product (e.g. a group of

friends want to buy a tablet Stein et al., 2014 ). Moreover, a collab-

orative configuration approach can be designed to be adopted in a

real industrial project (e.g. car manufacturing) where configuration

process is carried out by a group of domain-experts. The different

scenarios are presented as following: 

• User group : The collaborative configuration approach is de-

signed to allow end users who do not have a background in

SPLE domain (not expert) in expressing their requirements

towards the desired product such as the approach proposed

by Dou et al. (2016) . 
• Product manager and domain-experts : collaborative configu-

ration may be shared between a product manager who de-

cides about product features at a high-level and domain-

experts who decide about product features at a technical

level, as it is the case in industrial context ( Mendonca et al.,

2008 ). 
• Domain-expert group : in this collaboration scenario, there

is no role hierarchy, where configuration activities are

fairly shared between stakeholders according to exper-

tise level as it is the case in the approach proposed by

Czarnecki et al. (2005) . 

In some cases, we can find approaches that are designed to sup-

port both user group and domain-expert group where end users

express their requirements and domain-experts consider these

choices in configuring the desired product (e.g. Bingliang et al.,

2010 ). 

The different collaboration scenarios presented above are cap-

tured by the following three Boolean attributes: User group, Product

manager and domain-experts, and Domain-expert group . 

5.1.3. Stakeholder satisfaction facet 

Stakeholder satisfaction is of paramount importance when col-

laboratively configuring a product within SPLE. It can be ensured

by considering preferences of stakeholders in deriving the de-

sired product. Therefore, preferences have been differently con-

sidered in the existing collaborative configuration approaches.
or example, preferences can be expressed in terms of hard

nd soft requirements as proposed by Bagheri et al. (2010) , or

n terms of functional and non-functional requirements as pro-

osed by Soltani et al. (2012) . Satisfaction can also be ensured

uring conflict resolution by finding the good compromise be-

ween the different requirements of stakeholders as proposed by

tein et al. (2014) and Ochoa et al. (2015) . 

The satisfaction measurement is captured by the Boolean Satis-

action measurement attribute, and by the Method attribute: 

Method: ENUM {Available, Not available}. 

.2. Collaboration dimension 

This dimension discusses the “what” aspect in the framework.

efining what is collaboration in product line configuration and

hat it is all about (e.g. collaboration mode, interaction and col-

aboration level). An overview of collaboration facets is depicted in

ig. 10 . 

.2.1. Collaboration level facet 

According to the studied approaches, collaboration can be

resent at two different moments: (1) during configuration ,

here stakeholders actively share the configuration activities

 Mendonca et al., 2008 ). They can either decide about the selection

f the same set of features or each stakeholder decide about a spe-

ific set of features according to role assignment process. (2) during

ecision-support , where collaboration-based recommendation tech-

iques (i.e., collaborative filtering Schafer et al., 2007 ) are used to

uide stakeholders in making the good configuration decision by

ecommending features for example ( Pereira, 2017 ). It is possible

hat a configuration approach encompasses the two collaboration

evels such as Mendonca et al. (2008) and Junior et al. (2011) . The

ollaboration level facet is characterized with a type attribute as

ollows: 

Type: ENUM {During configuration, During decision-support, Mix}. 

.2.2. Collaboration mode facet 

Collaboration requires a collaboration space as an environment

o facilitate the collaborative process. The characteristics and na-

ure of this space depend on the form of collaboration. There are

wo forms of collaboration based on the space: (1) collocated that

ccurs in the same place as the case in the approaches proposed

y Mendonca et al. (2007) and Stein et al. (2014) and (2) dis-

ributed that occurs in different places. Several approaches pro-

osed different methods to improve awareness and ensure global

onsistency when the configuration is geographically distributed

uch as Junior et al. (2011) and Holl et al. (2012) . There are also

wo forms of collaboration based on the time. It can be either
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Fig. 11. Process dimension overview. 
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arried out in real time ( synchronous ) where stakeholders config-

re the pro same time (e.g. Bingliang et al., 2010 ) or in different

imes ( asynchronous ) (e.g. Hubaux. et al., 2010 ) where the config-

ration states are communicated to ensure global consistency ( Al-

bri et al., 2017; Camarinha-Matos and Afsarmanesh, 2008 ). 

Time: ENUM {Synchronous, Asynchronous}. 

Space: ENUM {Distributed, Collocated}. 

.2.3. Interaction facet 

During the configuration process, interaction is mainly re-

uired between stakeholders. Stakeholders share configuration in-

ormation to improve awareness and ensure global state co-

erence during configuration. Awareness improvement has been

ainly addressed in the context of Multi Product Line configura-

ion where some approaches such as Rabiser et al. (2010b) and

oll et al. (2012) proposed a shared repository that allows stake-

olders to share their decisions in order to be aware about the de-

isions of other stakeholders. In some cases, stakeholders also need

o communicate when a conflict arises ( Mendonca et al., 2008 ).

he interaction can be ensured with different means as character-

zed with the following attribute: 

Mode: SET (ENUM { Direct communication, State-sharing }). 

.3. Process dimension 

This dimension discusses how the configuration process is car-

ied out. It addresses seven facets as depicted in Fig. 11 : configura-

ion type, level, flexibility, guidance, role assignment, conflict manage-

ent and decision-support . 

.3.1. Configuration type facet 

In the studied approaches, different configuration types have

een outlined: the partial configuration , the total configuration and

he staged one. In partial configuration , each stakeholder config-

res a part of the product such as in Mendonca et al. (2008) . In
otal configuration , each stakeholder configures the whole product

hen the different configurations are checked and merged accord-

ng to stakeholders’ requirements ( Stein et al., 2014 ). In staged con-

guration , as pointed by Czarnecki et al. (2005) , the configuration

s refined from stage to another through a set of specializations

rogressively applied on the feature model. The configuration type

acet is characterized with a Type attribute as follows: 

Type: ENUM {partial, total, staged}. 

.3.2. Requirement-based facet 

The configuration process can mainly be carried out at two dif-

erent levels: the intentional and the operational level. At the in-

entional level, stakeholders express their requirements regarding

he desired product without being constrained to a model struc-

ure (e.g. feature model). At the intentional level, the configuration

s non-model based . One of the first works proposing a non-model

ased configuration is Djebbi and Salinesi (2007) where stakehold-

rs’ requirements are matched with product line requirements to

erive a consistent configuration with respect to stakeholders’ pri-

rities and company’s constraints. Different collaborative configu-

ation approaches have adopted the non-model based configura-

ion principle such as Chen et al. (2009) and Dou et al. (2016) . As

or the operational level, the configuration is model-based where

equirements are mapped with the corresponding FM to see which

eatures meet them. At this level, requirements are translated

nd directly considered as decisions of selecting/deselecting fea-

ures from the FM. Most of the proposals found in the litera-

ure such as ( Mendonca et al., 2007 ), Mendonca et al. (2008) ,

abiser et al. (2009) , Hubaux. et al. (2010) , Junior et al. (2011) ,

oll et al. (2012) , Stein et al. (2014) and Pereira (2017) have pro-

osed model-based configuration approach. 

The requirement-based facet is characterized with a Type at-

ribute as follows: 

Type: (ENUM {Non-model based, Model-based}). 
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5.3.3. Selection order facet 

Flexibility is widely recognized as one of the most important

dimensions of a successful manufacturing strategy. As pointed by

de Groote (1994) “A particular technology is said to be more flex-

ible than another if an increase in the diversity of the environ-

ment yields a more desirable change in performance (i.e. higher

increase or lower decrease) than the change that would obtain

with the other technology under the same conditions”. In a flexi-

ble configuration process (e.g. Junior et al., 2011; Stein et al., 2014 ),

stakeholders can freely express their requirements without being

constrained to prior decisions when making new choices. When

the configuration relies on pre-designed process with a predefined

order (e.g. Mendonca et al., 2007; Mendonca et al., 2008 ), deci-

sions made by some stakeholders constrain posterior ones made

by other stakeholders. In such a case, backtracking may be occa-

sionally required to cope with constrained decisions, which makes

it difficult to reach a valid configuration agreed by all stakeholders.

Selection order: ENUM {Free order, Predefined order}. 

5.3.4. Guidance facet 

The configuration process can be guided differently depending

on the product line model, and on the requirements of the stake-

holders. Usually, configuration is driven by the feature model as it

is broken down into different insulated modules (also called views)

and each stakeholder deals with the configuration of a module

based on his/her expertise domain while respecting the domain

constraints ( Hubaux. et al., 2010 ). In some cases, the configuration

can also be driven by a process model describing the configuration

process that means role assignment, configuration order, priority

schema ( Mendonca et al., 2007 ). Moreover, configuration processes

can be driven by stakeholder requirements independently of the

FM hierarchy by scheduling the different configuration activities

according to the importance of requirements . The guidance facet is

characterized by the guidance attribute defined as follows: 

Guidance: SET (ENUM {Feature model, Process model, User require-

ments}). 

5.3.5. Role assignment facet 

The assignment process takes into consideration two criteria:

authority and knowledge of the domain ( Czarnecki et al., 2005;

Mendonca et al., 2008 ). Thus, the leader of the process (e.g.

the product manager) configures the product at high-level then

other roles are assigned according to the expertise of stakeholders

( Mendonca et al., 2007 ). A random assignment is also possible in

some cases ( Stein et al., 2014 ), according to the nature of persons

involved (e.g. an academic prototype tested by a group of students,

or a commercial online configuration tool used by a group of cus-

tomers). The Role assignment facet is characterized by an attribute

called Role : 

Role: ENUM {Expertise-based, Authority-based, Random}. 

5.3.6. Conflict management facet 

During collaborative configuration, causes of conflict range from

heterogeneous requirements to divergent points of view regarding

how the desired product should be. 

During collaborative configuration, conflicts are managed

through different resolution methods and policies . The conflict man-

agement facet gives an understanding on how the resolution pro-

cess is carried out. It addresses the following attributes: Preference-

based, Decidability, Resolution method and Resolution policies . 

A conflict resolution strategy cannot be considered effective if

it does not take into account preferences of the different stake-

holders and try to find a compromise between the most of them

Stein et al. (2014) . Moreover, resolution strategy should also be de-

cidable in the sense that it must guarantee a finite state where con-
icts are always resolved ( Ochoa et al., 2015 ). The nature of reso-

ution strategy is characterized through the following attributes: 

Preference-based: BOOLEAN. 

Decidability: BOOLEAN. 

Different resolution methods have been proposed for col-

aborative configuration of product lines. Some works such

s Chen et al. (2009) resolve conflicts by inviting stakehold-

rs to negotiate . Some workflow-based approaches such as

endonca et al. (2008) proposed a merging sessions method to

esolve decision conflicts. During the merge, domain-experts in

harge of related configuration decisions reason about potential so-

utions to the conflict. The merge is required if two or more par-

llel interdependent configuration sessions contain decisions that

ogether violate global configuration constraints. Other works such

n Mendonca et al. (2007) , propose a predefined priority scheme

here conflicts are resolved according to stakeholders’ role impor-

ance or decision importance. Moreover, we find other resolution

ethods where a set of correction values called Range Fixes are ei-

her directly suggested to stakeholders ( Rabiser et al., 2009; Xiong

t al., 2012 ) or recommended using a personal assistant metaphor

 Junior et al., 2011 ). 

Some other approaches were interested in increasing stake-

olders satisfaction by proposing preference-based conflict reso-

ution methods. In these methods, preferences are considered in

ifferent manners. (1)expressed through soft and hard constraints

 Stein et al., 2014 ), during the resolution, hard constraints are mit-

gated by assigning preference degrees and maintaining the deci-

ion with the highest degree of preference expressed, (2) by us-

ng language-based criteria to consider stakeholders preferences ex-

ressed in terms of non-functional properties ( Ochoa et al., 2015 ). 

The different collaborative resolution methods presented above

re captured by a set of values characterizing the resolution method

s follows: 

Resolution method: SET (ENUM {Negotiation, Predefined priority

chemes, Merging sessions, Range fixes, Personal assistant metaphor,

itigating hard constraint, Language-based criteria resolution}) . 

These resolution methods can be executed according to differ-

nt policies : (1) conflicts are manually resolved where stakehold-

rs are involved in the resolution process either by revising their

equirements or by expressing their preferences towards the con-

icting ones, (2) conflicts are automatically resolved considering a

et of criteria such as stakeholders’ role importance and require-

ents importance. In some cases, it is possible to combine both

olicies where stakeholders express their preferences toward con-

icting requirements, then a preference-based resolution process is

utomatically launched. 

The resolution policies is characterized with the following at-

ribute: 

Resolution policies: ENUM {Automatic, Manual, Mix}. 

.3.7. Decision-support facet 

When configuring large feature models, guidance can be useful

o support users in decision-making at different levels. Guidance

an be ensured by different methods. For example, ( Junior et al.,

011 ) propose an assisted user-guidance method provided by soft-

are agents to guide users during configuration process. More-

ver, recommendation techniques also represent an effective guid-

nce mean: either during configuration , where features can be

ecommended to help stakeholders meeting their requirements

 Pereira, 2017 ), or during conflict situations, where alternative

eature-selection scenarios can be recommended to stakeholders to

uide them in conflict resolution ( Xiong et al., 2012 ). The Decision-

upport facet is characterized by the following attributes: 

Recommendation: BOOLEAN. 

Guidance: BOOLEAN. 
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Fig. 12. Tool dimension overview. 
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Support- level: ENUM {During configuration, During conflict, mix,

ot available}. 

.4. Tool dimension 

The final view in PL2C framework is the tool dimension (c.f.

ig. 12 ). A tool, or a combination of tools, is considered to be the

nstrument which is necessary to complete the purpose of the task

ased on the method applied. According to the studied approaches,

ome proposals are not supported by a configuration tool ( Czarnecki

t al., 2005; Mendonca et al., 2007 ). Some others propose a tool

hat supports a step of the collaborative configuration (e.g. a tool

or FM decomposition and role assignment Mendonca et al., 2008 ).

ctually, the most of the developed tools mainly support the con-

guration step ( Holl et al., 2012; Soltani et al., 2012 ). Some tools

re still in experimentation level ( Junior et al., 2011; Stein et al.,

014 ), other ones are validated within industrial case studies and

lready deployed in some companies ( Hubaux. et al., 2010; Rabiser

t al., 2010b ). 

The Tooling facet is characterized with the three following at-

ributes: 

Tool Support: BOOLEAN. 

Coverage: SET (ENUM {Role assignment, Configuration, Conflict res-

lution, All steps, Not available}). 

Version: ENUM {Experimental, Industrial}. 

. Approaches analysis 

According to framework-based positioning of the 41 retrieved

tudies 4 , works can be categorized as follows: 

• Studies proposing collaborative approaches that rely on a

predefined process in which configuration tasks are coordi-

nated and assigned to expert group where each of them is in

charge of configuring a specific module (called view in some

papers) of the feature model, such as [S1, S2, S3, S4, S5, S6,

S8, S11, S14, S20, S25, S40]. Some of these approaches [S4,

S5, S8] permit sharing configuration decision making where

a module can be configured by a team and not by only one

expert. 
• Studies proposing flexible collaborative approaches where

configuration is carried out in a free order process without

imposing a selection order on stakeholders [S17, S26, S27,

S32, S33, S34, S35, S37]. 
• Studies proposing collaborative approaches that do not pro-

vide explicit information about all the collaborative aspects

and the selection order during the configuration [S7, S9, S10,

S12, S13, S15, S16, S18, S19, S21, S22, S23, S24, S28, S29,

S30, S31, S36 ]. However, each group of these studies has

a specific focus on one of the main characteristics of col-

laborative configuration. For example, [S12, S16, S19, S21,

S22, S31 ] propose methods to ensure configuration consis-

tency and increase awareness during configuration of multi

product lines. As for [S7, S9, S10, S13, S15, S18, S23, S24,
4 The classification of all primay studies is available at: https://bit.ly/31TfgE2 

Sheet 3). 

 

 

 

 

S28, S29, S30, S36], they propose various solutions permit-

ting the consideration of all stakeholders individual configu-

rations while deriving a valid configuration that better con-

sider their functional and non-functional requirements. 
• Studies considering collaboration at a decision support level

[S38, S39, S41] where collaborative-based techniques are

used to guide users in selecting features during configura-

tion process. Here, the collaborative aspect is approached

differently as it consists in learning about relevant features

from other users’ configurations. 

Moreover, according to the reported analysis, it was noticeable

hat only 14 studies among 41 consider the satisfaction of stake-

olders in the different solutions they propose [S9, S10, S13, S15,

18, S23, S24, S27, S28, S29, S32, S34, S36, S37]. These studies

im at improving the satisfaction of stakeholders in two differ-

nt manners: (1) by taking into account the preferences of stake-

olders during the configuration step. In other words, they con-

ider their functional and non-functional requirements in the final

erived configuration [S9, S10, S13, S15, S18, S23, S24, S28, S29,

34, S36]. (2) by increasing the stakeholders’ satisfaction through

reference-based strategies for conflict resolution [S27, S32, S37].

owever, most of the other 27 studies do not provide information

bout conflict management, except [S2, S3, S4, S5, S7, S8, S11, S17,

22, S26] that propose resolution strategies without dealing with

takeholders’ preferences. 

In terms of main results, the focus was generally on analyzing

takeholder’ requirements to derive consistent configuration, or on

nsuring coordination during the configuration process. The collab-

ration was more aligned with the two first steps of the collabora-

ive configuration process (role assignment, configuration) than the

onflict management (e.g. resolution method or policy). 

. Challenges 

According to the full analysis of the 41 retrieved studies, three

hallenges can be highlighted: 

1. Configuration process coordination: the coordination repre-

sents one of the main challenges of collaborative configu-

ration. The coordination issue can be addressed in two dif-

ferent ways: (1) by following a pre-designed configuration

process specifying the role and the intervention time of each

stakeholder. However, such a method constraint decisions of

some stakeholders, hence it limits the configuration process

flexibility. (2) by allowing free order configuration process

where stakeholders express their requirements separately, 

then a mapping process is in charge of finding a compro-

mise between the different requirements. Here, more effort

is required to ensure the global state consistency. Therefore,

awareness and state sharing means have to be set up be-

tween the distributed stakeholders. 

2. Conflict management: this challenge is about providing an

effective support for decision conflict resolution. Different

methods can be set up to resolve conflicts. (1) systematic

resolution by prioritizing choices made at early stage. (2)

automatic resolution by analyzing all stakeholders choices

and deriving a consistent configuration regardless of ex-

pressed preferences. (3) manual resolution through negotia-

https://bit.ly/31TfgE2
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tion of possible alternatives. (4) preference-based resolution

by considering hard/soft and functional/non-functional re-

quirements in the resolution process. 

However, conflict resolution is still challenging whatever the

adopted strategy is as it depends on how the found compro-

mise between heterogeneous requirements satisfy the stake-

holders in question. 

3. Stakeholders’ satisfaction: It is important to highlight that

stakeholders satisfaction should be considered as a key crite-

ria to measure the effectiveness of a collaborative configura-

tion process and a purpose that a collaborative configuration

has to reach at first. The satisfaction is quite challenging in

front of finding a good compromise between stakeholders’

decisions as in the case of total intersection of their hard

constraints or when stakeholders share all the configuration

decisions space in a order-free process. 

8. Related work 

The current state-of-the-art research work is limited to elabo-

rating various collaborative configuration approaches without pre-

senting a comprehensive framework that permits understanding

the collaborative configuration process, its main characteristics

the effectiveness and the limitation of the current dedicated ap-

proaches. Thus, there is still little understanding about how collab-

orative configuration process should be carried out and its steps

remain ambiguous. To the best of our knowledge, we are the

first to propose a framework capturing the main characteristics of

collaborative configuration approaches. The framework gives a“big

picture” of the collaboration in product line configuration research

area and helps understanding the configuration challenges treated

in currently developed product line collaborative configuration ap-

proaches in the literature. 

The different attributes captured in PL2C framework are in-

spired from characteristics of both collaborative process and con-

figuration of product lines identified in different previous studies.

In fact, several works propose different frameworks. Some of them

such as Rolland (1998) and Nurcan (2004) address process engi-

neering and workflow flexibility which give an overview to un-

derstand and classify characteristics and issues in the field. Other

studies such as ( Al-Abri et al., 2017 ) and Franzago et al. (2018) in-

directly address collaborative process through adopting their char-

acteristics to elaborate a comparative framework classifying ap-

proaches in different fields. These studies give an overview of the

main attributes characterizing a collaborative process regardless

the application domain. Another framework has been proposed by

Gacita et al. (2019) for the classification of FMs construction ap-

proaches. To evidence the framework completeness and assess its

usefulness, the different works cited above use the framework to

classify approaches identified in the field. 

In the context of software product lines engineering, a lot of

work was devoted to presenting the most common characteris-

tics of the configuration process and the related challenges es-

pecially when facing large-scale product lines such as configu-

ration consistency checking, performance concerns and scalabil-

ity. These challenges have been identified in different surveys

and systematic reviews carried in the field such as Sabin and

Weigel (1998) , Hubaux and Heymans (2009) , Rabiser et al. (2010a) ,

Afzal et al. (2016) and Ochoa et al. (2017) . 

Mainly, much work has been carried out in the context of

feature model analysis and decision support during configura-

tion. Various approaches have been developed to help reduce the

complexity of the configuration process by automating the fea-

ture model configuration activity ( Benavides et al., 2005; Batory

et al., 2006 ) and proposing effective support to manage constraints

among features ( Pillat et al., 2013; Martinez et al., 2014 ). Some
ther approaches proposed using recommendation techniques to

uide the user during the configuration process ( Mazo et al., 2014;

riki et al., 2014; Pereira et al., 2018 ). However, these studies do

ot take into consideration the collaborative aspect of this process

hat can be more challenging when involving more than one stake-

older. 

. Threats to validity 

In this paper, a comparative framework for characterizing col-

aborative configuration within SPLE is presented. In our study,

e achieved such a high level of quality by (i) formalizing our

tudy design into a research protocol (ii) conducting our study by

arefully following well-accepted and updated guidelines of SMS

 Petersen et al., 2015 ) and (iii) analyzing and discussing the results

f the approaches positioning against the framework. 

In the sequel, we detail the main threats to validity related to

his work. 

• Research questions. The goal of this study is to give an

overview of product line collaborative configuration field.

Therefore, our research questions are relatively general.

However, possible more specific questions may be identified

to explore in depth the research domain. 
• External validity. This threat related to external validity con-

sists in having a set of primary studies that is not rep-

resentative of the whole research on collaborative configu-

ration of product lines. We mitigated this potential threat

by following a systematic search process with respect to

Petersen et al. (2015) guidelines. The selected studies have

been explored in depth. Moreover, defining, iteratively refin-

ing and validating the set of the selected criteria contributed

to reinforce the external validity of our study. 

A further threat related to external validity is associated

with gray literature (e.g. white papers, non-reviewed publi-

cations or books, etc.) which is not included in our research

since we want to focus exclusively on the state of the art

presented in high-quality scientific studies. 
• Internal validity. It refers to the influence of extraneous vari-

ables on the design of the study. This potential threat to va-

lidity has been mitigated by defining and validating our clas-

sification framework by carefully following a well-structured

elaboration process (see Section 3 ). Regarding the validity of

the synthesis of collected data, we structured both vertical

and horizontal analysis according to collaborative configu-

ration challenges defined through attributes combination so

the threats were minimal. 
• Construct validity. It concerns the validity of extracted data

with respect to the research questions. To mitigate this

source of threats, we performed an automated search on

multiple electronic databases to avoid potential biases due

to publishers policies and business concerns. Also, we ap-

plied the framework on all the 41 primary studies to give

an understanding of how collaborative configuration can be

carried out in SPLE. Thus, it allows answering the research

questions highlighted in the introduction and making us rea-

sonably confident about our search strategy. 
• Conclusion validity. It concerns the relationship between the

extracted data and the obtained results. Threats to conclu-

sion validity have been mitigated by applying well-assessed

research protocol throughout our study. The corresponding

process has been formalized and documented, so this study

can be replicated by other researchers interested in collab-

orative configuration of product lines. Moreover, other re-

searchers may identify facets and attributes different from

the ones captured in our framework. We mitigated this po-



S. Edded, S.B. Sassi and R. Mazo et al. / The Journal of Systems and Software 158 (2019) 110422 15 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1

 

s  

a  

t  

r  

f  

fi  

n

 

q

 

p

 

e  

i  

p  

h  

c

 

p

 

a  

e  

fi  

r  

s  

t  

e  

w

 

fi

 

s  

p  

I  

l  

o  

fi  

a  

t

 

p  

i  

v

A

 

o  

E  

u  

n

A

 

t  

m

 

f  

i  

o  

p

 

p  

c  

S

 

o  

t

1

 

p  

d

 

fi  

t

 

t  

p  

d

 

e  

e

 

w  

h  

w

 

l  

t  

w

 

w  

t  

g  

V

 

d  

r  

A  

2

 

c  

t  

I  

C

 

B  

n

tential threat by iteratively validating the framework with

SPLE experts. During each iteration, the framework was re-

viewed by two of the authors who have more than ten years

of experience on SPLE, and each disagreement was discussed

and resolved. 

We also performed an evaluation with others researchers

who were not involved during the elaboration of the frame-

work. We also avoided to discuss analysis results that may

not be directly related to collaborative configuration chal-

lenges that we have identified. Therefore, we avoided includ-

ing any concepts that, since solely extracted from research

papers, may not be representative of the product lines col-

laborative configuration process. Finally, we claim that our

framework is extensible and open as it can encompass new

concepts (facets and attributes) characterizing new aspects

that may be proposed by future collaborative configuration

approaches. 

0. Conclusion 

Our study has shown that no extensive study has been reported

o far for comparing and understanding collaborative configuration

pproaches within SPLE. Hence, this motivated us to explore fur-

her the domain by conducting a systematic mapping study. The

esult of this study has been used to conceptualize an analysis

ramework for work in the area of product line collaborative con-

guration, and capture the current state of this area through the

otion of dimensions and facets. 

Through this study, we arrived at answering the three research

uestions addressed in the introduction as follows: 

RQ1 What are the main characteristics of state-of-the-art ap-

roaches on the field of collaborative product line configuration? 

We followed a well-defined process to retrieve the most rel-

vant studies in the literature. Then, we adopted a keyword-

ng process to identify the main features characterizing existing

roduct line collaborative configuration approaches. These features

ave been captured within a classification framework which allows

haracterizing the collaborative configuration process within SPLE. 

RQ2 What are the strength and weakness revealed from the com-

arative analysis of the existing approaches? 

The outcome of this review demonstrated the potential of all

pproaches in performing collaborative configuration by differently

nsuring the global state coherence and the consistency of the con-

guration at the end. However, most of current approaches do not

ely on preference-based resolution process thus do not consider

takeholders satisfaction as an end-goal. Also, it was noticeable

hat few satisfaction measurement methods have been set up to

valuate to which extent the final product specification conforms

ith stakeholders requirements. 

RQ3 What are the major identified challenges of collaborative con-

guration in the field of SPLE? 

The main challenges are basically related to configuration deci-

ions coordination among stakeholders and finding the good com-

romise between their configuration decisions in case of conflicts.

n fact, collaboration mechanisms are extremely rigid: the resulting

ack of flexibility poses several obstacles for interactive negotiation

f the different requirements. The big challenge is therefore to de-

ne in-between approaches that provide enough structure to re-

lly guide the process, while offering enough flexibility at the same

ime to handle all the difficulties that are met in reality. 

Finally, these results present a strong reason to research the

roduct line collaborative configuration domain further, and there

s a need to develop a new configuration approaches that can pro-

ide solutions to the aforementioned challenges. 
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