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Abstract: SPL scoping is the activity for bounding Software Product Lines (SPL), gathering heteroge-
neous knowledge from diverse sources. For achieving an agreement among different stakeholders, a
commonalty scope must be understood and committed to. However, gathering this knowledge from
stakeholders with individual interests is a complex task. This paper reports the experience of scoping
the SPL of a small Colombian software company, applying and evaluating a collaborative method
called CoMeS-SPL. The company was looking to develop a set of products from a product previously
developed with great potential to be adapted and sold to different customers. From a collaborative
relationship university–enterprise model, the research groups that developed CoMeS-SPL proposed
to use it answering to the company needs for defining an organization-suitable reuse scope around
its platform called CORA. Both parties joined in the scoping co-production of the first SPL of the
company. This method implied that the company would perform new tasks and involve other roles
different for those who are used to defining the scope of a single product. The company actors
considered that they obtained a useful scope and perceived the collaboration as valuable because
they shared different knowledge and perspectives. The researchers were able to provide feedback
on their proposed model, identifying successes and aspects to improve. The experience allowed
strengthening the ties of cooperation with the company, and new projects and consultancies are being
carried out.

Keywords: software product lines; SPL scoping; collaborative work; collaboration engineering;
empirical study; experience report; empirical software engineering

1. Introduction

Software Product Line Engineering (SPLE) is a production strategy based on planned
reuse of the assets in the development of a set product that shares a set of common
characteristics and enough variability to be different products focused on target market,
known as Software Product Lines (SPL) [1]. Adopting a software production strategy, SPLE
based on asset reuse has some benefits for software companies, for example, in production
cost reduction, improvements in product quality, and reduction in time development [2].
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An essential activity in the development of an SPL is defining its reuse scope (SPL
scoping) [3], which specifies the application domain and identifies the product portfolio
with the variations among them and plans the reuse infrastructure [4]. However, scoping
an SPL is a difficult and risky activity because of the complexity and the variety of different
factors to be considered, and some of these normally are unknown by the technical team [4].
As a consequence, SPL scoping requires the participation of non-technical experts who
usually do not take part in the development team [5].

SPL scoping depends on the knowledge and experience of roles involved in gathering
the information of the target domain (context), the possibilities of development, and
market conditions [5,6]. Therefore, this activity requires the interaction of participants who
have partial and different knowledge because none of the scoping participants has all the
necessary knowledge and experience to obtain a complete and useful scope [7]. The correct
scope of an SPL depends on balanced decision-making by the participants [8] and, thus,
the diversity of participants is a critical factor. It is because this activity involves marketing
issues [8] as well as technical management practices of the SPL [1]. The implications of this
duality have been analyzed by different authors [9–12], considering that communication
and collaboration are fundamental aspects to achieving the participation of people from a
variety of organizational areas, each one defending his interests [9,11,12]. However, to the
best of our knowledge and understanding, SPL scoping approaches that have considered
collaborative practices have not been sufficiently formalized as organized collaborative
practices or do not specify unequivocal shared artifacts. There is a lack of available methods
to help answer the question: How could a software organization collaboratively perform
SPL scoping activity?

Although there are approaches for guiding decision-making software engineering
activities in a collaborative way [13], these approaches are general proposals that do not
describe elements of the method engineering (work products, roles, and tasks) and none of
these approaches is specific or focuses on scoping an SPL. Although scoping an SPL is a
decision-making activity, this involves analyzing, discussing, modeling, and validating the
SPL scope, one of the most relevant artifacts from business, management, and technical
viewpoints. Moreover, there are diverse ways for representing and building the scope,
and its use in the subsequent steps lacks clarity [14,15]. These limitations mean that the
communication and collaboration of stakeholders are not supporting, in an expected and
replicable way, the scope definition; that is to say, they do not know who, where, when, and
how collaboratively to build the scope. For achieving real collaboration, it is necessary to
structure activities that convey communication among different participants in a group [16],
including concepts and relationships of the SPL scope.

In this paper, we present a Collaborative Method for Scoping an SPL (CoMeS-SPL) and
report the experience of its application in a software company. This method includes an
ordered set of tasks and artifacts guiding, step by step, the scope definition to the domain
engineering team. At the same time, it promotes and emphasizes collaboration among
the participants. This experience of applying the CoMeS-SPL method was planned and
executed following the case study research method, evaluating the team collaboration and
resulting scope usefulness in industrial settings, combining qualitative and quantitative
approaches. The study was carried out in Sunset Software House, a small Colombian
software company, where software engineers were considering to produce a group of
products from a reference product previously developed by the company. This project
was a new experience for the company because stakeholders must have thought about a
family product instead of a single product. Additionally, the method implied changes in
the activities and roles for those that usually participate in scoping a single product.

The rest of this paper is organized as follows. Section 2 discusses similar proposals
related to SPL approaches that consider collaborative practices. Section 3 presents our
proposal, CoMeS-SPL. Section 4 presents the methodology used to carry out CoMeS-SPL in
a company and Section 5 and describes this experience. Sections 6 and 7 present results of
this experience and the company evaluation, respectively. Section 8 concludes this paper.
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2. SPL Scoping Approaches That Considering Collaborative Practices

Collaborative Engineering (CE) is an approach that supports the design and imple-
mentation of collaborative processes from patterns in order to enhance communication,
cooperation, and team awareness. The collaboration implies teamwork, meaning that
multiple individuals combine their knowledge and efforts to achieve a team goal [17,18].
CE uses patterns of collaboration to classify group activities [17–19] and also proposes
design blocks, named thinkLets [20]. ThinkLets are used for the design or re-design of
tasks to structure them in such a way that communication and collaboration is achieved
among the different participants based on collaboration patterns [20]. A thinkLet is a
scripted technique where the specification task of process describes inputs, steps, and out-
puts [20]. ThinkLets are construction bricks used by process designers to build processes
and each task composing it. ThinkLets have become reusable units to define predictable
and repeatable tasks that involve teamwork [18,19].

Several literature reviews have reported, to date, different approaches for SPL scoping
in journals or closed to SPL conferences [6,15,21–23]. Many of the approaches for SPL
scoping highlight the importance of involving participants with diverse knowledge and
different work experiences [21,24]. Although many of the proposals and studies about SPL
scoping highlight the importance of involving participants with diverse knowledge and
expertise [21,24], most of the approaches only mentioned participants in a general way or
only named the roles or provided brief descriptions [11,12]. Some authors mentioned that
the benefits obtained by including collaborative practices in scoping activity [11,12,25,26].

Some proposals have analyzed the effect of communicative factors on SPL scoping,
and some of these have focused on improving communication and collaboration among
participants [11,12,25]. However, one of the limitations that has been reported in the
different scoping reviews is the lack of formality in this activity, evidenced by little clarity
and disagreement on how the scope is created and represented, and that causes the obtained
scope not to be so used as input artifact in the following activities the development process
of a SPL [21,23]. If the participants do not know how the is composed and represented of a
product line scope, the communication and collaboration among them will be difficult.

Table 1 presents a comparison among SPL scoping approaches that include scoping
type, collaborative practices, considering additional indicating the level with which the
proposal addresses elements such as practices, roles, and artifacts, as well as their avail-
ability. Product portfolio and functional domains refer to the set of products of the SPL,
early identifying commonalities and variabilities. The last approach included in the table
corresponds to the CoMeS-SPL method that we propose to define the scope of an SPL in a
collaborative way and which is described in the next section of this article.

One of the items considered in Table 1 is the scope type or types covered by SPL
scoping approaches that use collaborative elements. The SPL scope has been classified into
three types of scopes: product portfolio scoping, domain scoping, and asset scoping [21,27].
Product portfolio scoping identifies the particular products that belong to the line as well
as the features that each of these products must provide. In domain scoping, the identified
features are grouped by functionalities and, finally, in asset scoping, particular and reusable
components (functional parts of the product line) are identified [15,21,27].

Some of the artifacts proposed as work products in the scope approaches in SPL are
the product map, product portfolio, or matrix of features and products, which begins to be
carried out in the first tasks of the portfolio scope and is validated as it does refining in
the tasks of the other two types of scope. In this artifact, it can be observed which features
are common to all or most of the products belonging to the line and which are specific
or particular features. This classification makes it possible to identify the functionality
domains, the particular and reusable components (functional parts of the product line) as
well as they will be the basis for later raising the points of variability [15,27].
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Table 1. Comparison among SPL scoping (Software Product Line Scoping) approaches that consider-
ing collaborative practices.

Approaches Characteristics

People Oriented
Approach

Type of scope Scope of product portfolio

Roles describes in which aspects of the
scope it influences

Artifacts Description, it does not include
template

Additional practices Collaborative practices applied
to a specific artifact

Availability Partial in a published article

Collaborative
Approach to

Scoping

Type of scope Scope of product portfolio
Scope of functionality domains

Roles general description of their
interests and participation

Artifacts Only names

Additional practices Collaborative practices
Agile practices

Availability Partial in a published article

RiPLE-ASC
(RiPLE-The RiSE

Process for Product
Line Engineering)

(Rise-Reuse in
Software Engineering)
(ASC-Agile SCoping)

Type of scope Scope of product portfolio
Scope of functionality domains

Roles description of what they
contribute to scoping

Artifacts Description, templates for some
artifacts

Additional practices Agile practices, Scrum

Availability

Partial in a published article
Doctoral thesis in web repository
http://repositorio.ufpe.br
Accessed on 10 July 2019

RiPLE-SC
(RiPLE-The RiSE

Process for Product
Line Engineering)

(Rise-Reuse in
Software Engineering)

(SC-Agile SCoping)

Type of scope

Pre-scoping
Scope of product portfolio
Scope of functionality domains
Scope of reusable assets

Roles Only mentioned
Artifacts Brief description

Additional practices Agile practices

Availability

Partial in a published article
Doctoral thesis in web repository
http://repositorio.ufpe.br
Accessed on 10 July 2019

CoMeS-SPL
(Collaborative

Method for
Scoping an SPL)

Type of scope Scope of product portfolio
Scope of functionality domains

Roles description of what they
contribute to scoping

Artifacts Description and included template
Additional practices Collaborative practices

Availability

Partial in a published article
http://repositorio.unicauca.edu.co
Accessed on 17 March 2021
Website http://comesspl.com
Accessed on 12 May 2021

http://repositorio.ufpe.br
http://repositorio.ufpe.br
http://repositorio.unicauca.edu.co
http://comesspl.com
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3. CoMeS-SPL Method

This section presents CoMeS-SPL, Collaborative Method for Scoping of Software
Product Lines (CoMeS-SPL), built using Method Engineering guidelines and Collaboration
Engineering practices in its specification.

The CoMeS-SPL method guides the participants involved in scoping through steps,
roles, and well-defined artifacts. The steps encourage and focus on collaborative tasks to
obtain a set of tangible, descriptive, and multiview SPL scope artifacts. Figure 1 shows the
hierarchical structure of the CoMeS-SPL method. The top node represents the main activity
goal: “To define the software product line scope”, and this node is broken down into six
sub-objectives, where four of them correspond to the three scope types defined [27]. From
left to right, the children’s nodes that come from “To identify product and features” until
“To define the assets for reuse” correspond to activities of the scope types. The children
nodes that come from the two nodes located at the extreme left and right correspond to
communicative objectives. The lower level represented with orange nodes corresponds to
the tasks and sub-tasks of the proposed method.

»

To
establish

the SPL goals

To identify
products

and features

To determine
functional

domain

To specify
the product

map

To define
the assets
for reuse

To
communicate

SPL scope

Initial
meeting

Identify
features

Identify
Products

Identify
functional
domains

Classify
features in
functional
domains

Tabulate
products

and
features

Validation
product

map

Set
metrics

Quantify
Product map

and functional
domains

Final
meeting

lll

lllGoal Task Sequential temporal operator Concurrent temporary operator

Legend

Figure 1. Hierarchical structure of CoMeS-SPL (Collaborative Method for Scoping an SPL).

Table 2 presents the scope type, goals, and tasks of the CoMeS-SPL method, as also
indicated each task or sub-task, the collaborative patterns, and the applied thinkLets. The
CoMeS-SPL method is formed by tasks (units of work), roles, and artifacts (work products).
The CoMeS-SPL method is composed of 10 tasks, and the first two tasks have been divided
into sub-tasks in such a way that each task or sub-task is associated with a collaborative
pattern and a thinkLet, a one-to-one relationship. The thinkLets associated with each task
or sub-task were selected from analyzing and identifying the type of necessary interaction
among the participants, strengthening the communication among them and combining
their efforts to achieve the objective of the task. For this reason, some tasks of the scope
were divided into sub-tasks in such a way that for each type of necessary interaction among
the participating people, the appropriate thinkLet will be used considering a one-to-one
relationship among sub-tasks and thinkLets.

CoMeS-SPL was modeled using the notation for the modeling of collaborative pro-
cesses proposed by Solano et al. [28,29], which is an extended proposal of the notation
HAMSTERS (Human-centered Assessment and Modeling to Support Task Engineering for
Resilient Systems) [30]. The HAMSTERS notation offers a set of appropriate elements to
complement the graphical representation of the FPM (Facilitation Process Model) which
complements the graphical representation including elements that allow representing
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the concurrence and interaction between activities or tasks to achieve an objective [31].
This notation provides graphic representation of different elements of a process, as they
are such as tasks, relationships among tasks, input or output artifacts, and the workflow.
Additionally, this notation also provides graphic representation of collaborative elements
as participating roles, collaboration patterns, the used thinkLet, and the task steps.

There are different modeling languages that can be used in the specification of a pro-
cess or method, and one of the options is SPEM (Software Process Engineering Metamodel)
that facilitates the elements and concepts necessary for the modeling, documentation,
presentation, administration and exchange of processes. and software development meth-
ods [32]. SPEM is a language proposed specifically to model software engineering processes
and methods and consider the basic elements of the specification such as role, work product,
and task; however, SPEM does not allow modeling specific elements of collaborative engi-
neering such as which is the collaborative pattern in a task or the participating roles [32].
De Vreede and Briggs propose a Facilitation Process Model (FPM) that uses three graphic
symbols to represent the flow of a process or method. This notation allows identifying the
activity or task, the collaborative pattern, and the thinkLet instantiated in the activity, and
FPM also allows modeling the flow of the process or method [33]. However, this notation
proposal falls short in the inclusion of other important elements in a collaborative method
such as the roles involved in an activity or task. This notation was used in the proposal
”Collaborative Approach to Scoping“ [12]).

Figure 2 presents the CoMeS-SPL workflow, complementing the general vision of the
method provided by Table 2, allowing us to observe the order in which the proposed tasks
and sub-tasks should be performed.
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Participating roless

ThinkLet

Collaborative pattern

Task

Task Identifier

Information Input indicators Information Output indicators

Legend

Figure 2. CoMeS-SPL (Collaborative Method for Scoping an SPL) workflow.
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Table 2. CoMeS-SPL (Collaborative Method for Scoping an SPL) tasks.

Sub-Goal Scope Type Task Sub-Task Collaborative
Pattern ThinkLets

To
establish

the
SPL goals

Initial
meeting

Assemble
the profile
of the line

Gamestorming Empathy
map

Baptize
the line

Gamestorming Voting
by points

To
identify

products
and

features

Product
Portfolio
Scoping

Identify

features

Explore
existing
products

Does not apply does not
apply

Propose
features

Generate Free
Brainstorm

Analyze
features

Convergence Garlic
Squeezer

Agree on
features

Gamestorming Voting
by points

Identify
Products

Generate OnePage

To
determine
functional

domain

Domain
Scoping

Identify
functional
domains

Organize Theme
Seeker

Classify
features in
functional
domains

Organize Popcorn
Sort

To
specify

the
product

map

Product
Portfolio
Scoping

Tabulate
products

and
features

Evaluation StrawPoll

Validation
product

map

Evaluation Bucket
Walk

To define
the assets
for reuse

Asset
Scoping

Set
metrics Convergence DimSum

Quantify
product
map and

functional
domains

Gamestorming Voting
by points

To
communicate

SPL scope

Final
meeting Gamestorming

Matrix
who-

what-when
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The complete description of the CoMeS-SPL method is available at the website
(https://comesspl.com, accessed on 12 May 2021), where we can find its elements such
as tasks, roles, artifacts, and artifact templates. For each task, the method describes the
objective, the participating roles, the input artifacts, the output artifacts, and the steps or
sub-tasks, as well as the collaboration patterns and associated thinkLets.

This article presents one of the sub-tasks from the CoMeS-SPL method. The second
task of our proposed method, called “Identify features”, belongs to the scope type product
portfolio. This task is broken down into four sub-tasks shown in Figure 3. The used
modeling language of the third sub-task “Analyze features” is an extension of HAMSTERS
language (see Figure 4). In this modeling language, a task, represented by a rectangle,
is divided into five sections: in the middle is the task’s name, in the upper part is the
task code (IF3), on the right slot the associated thinkLet (GarlicSqueezer), on the left and
vertically the used collaborative pattern (Convergence), and on the lower right corner the
abbreviations of the participating roles. Above the rectangle are the input and output
artifacts of the sub-task. At the right side of the rectangle, the steps to be carried out
are found, each one indicating the corresponding type of collaborative action. Table 3
illustrates the specification of this sub-task.

Participating roless

ThinkLet

Collaborative pattern

Task

Task Identifier

Information Input indicators

Information Output indicators

Legend

Figure 3. Task identify features.

https://comesspl.com
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Figure 4. Sub-task analyze features.



Appl. Sci. 2021, 11, 6820 11 of 25

Table 3. Analyze features.

Sub-Task Analyze Features

Task Identify features

ID IF3

Description This task seeks to filter features lists, contributions, and
contrapositions to achieve a clean list and an agreement
by the team

Collaborative
pattern

Convergence

ThinkLet GarlicSqueezer

Mandatory roles

Expert domain of application (ED)
SPL project leader (PL)
Software architect (SA)
Marketing expert (ME)

Optional roles

Business administrator (BA)
Potential customers (PC)
Sales staff (SS)
Technical expert (TE)
SPL expert (LE)
Teamwork advisor (TA)
Domain analyst (DA)

Input artifact List features

Output artifacts Revised features lists

Steps

1. The analysis of the feature generated lists will be conducted by
the domain expert and project leader, they review the
features, contributions and oppositions.

2. The project leader and domain analyst review:

• Features with contributions, read them, and according to
these they can rewrite them with the made comments.

• Features with contrapositions are reviewed if necessary
to rethink or eliminate them.

• The features that are considered as similar are grouped.
• They can write comments in the cells of the observations

if they consider it necessary to clarify or discuss in group.

• Eliminate repeated features.
3. The group meets again, the project leader informs how many
features were identified, and the questions and points to clarify
are made, where this discussion is done verbally, and the agreements
are noted in the respective features.

Rules During step 2, only the project leader and the domain expert
remain in the space in order to make a quick analysis;
the more people involved, the longer the discussion becomes.
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3.1. Participating Roles in CoMeS-SPL

Collaborative work requires joining the efforts of a team of people to achieve a common
goal, so it is important that the roles are well defined so that each participant knows their
functions and how they contribute to the activity. The identified roles in CoMeS-SPL are:

• Domain expert: This participant is usually an external advisor from the companies or
organizations of the target domain. He/she provides knowledge about the application
domains, context information, customers’ needs, related products, and associated
regulations from the companies or organizations of the target domain. It is a manda-
tory role.

• Business administrator: This role belongs to the administrative unit of the software
producing company (a manager or administrator). It is a mandatory role.

• Marketing expert: This role represents the business concerns of the company against
the production of an SPL. This person can belong to the unit of marketing and sales of
the production company. It is a mandatory role.

• Software architect: A software architect is responsible for the high-level design and
strategic planning of software. He/she is usually a person with the greatest experience
of the development team with good communications and negotiation skills. It is a
mandatory role.

• SPL project leader: The SPL leader is the person who manages and controls the
resources assigned to the SPL project, with the purpose that the plans may correctly
be fulfilled in the estimated time. This person provides a strategic vision, a business
approach that considers aspects such as cost, time, and resources of the project. It is a
mandatory role.

• Potential customers representative: This role represents the possible customers of the
products to be developed as part of SPL. The objective of the customer’s participation
is to identify real needs. It is an optional role.

• Sales staff: The person in this role knows and collects all possible information about
the sales of the company’s products, competitors, and aspects of the customer’s
purchasing processes. This is an optional role.

• Domain analyst: This role involves interaction with potential users and experts in
domains to establish the SPL scope. The person in this role gives an overview of the
target domain and determines the common and variable features from the products
that belong to the SPL and their restrictions. This role is optional.

• Technical expert: He/she knows different tools, techniques, environments, and pro-
gramming languages. He/she provides technical knowledge of the products and
helps the team evaluate the available technical options. This role is optional.

• SPL expert: This role is necessary if the leader of SPL has no experience in the
development of SPL, he/she provides knowledge in the planning and development
of an SPL initiative. This role is optional.

• Teamwork advisor: He/she knows about collaboration techniques and practices,
which will help in the execution and management of the method, in the solution
of impediments, and in the interaction among the participants. He/she supports
and encourages communication and collaboration among the participants. This role
is optional.

3.2. CoMeS-SPL Artifacts

CoMeS-SPL specifies the artifacts that composed the scope of an SPL. The artifacts
were identified and compared in the base approaches used in the definition of the proposed
method. The task’s description includes the steps of performing transformations from
input to output artifacts, the roles, and the type of required collaboration. A CoMeS-SPL
task defines a systematic transformation from one or more input artifacts into a defined
output artifact (output). The traceability and consistency among input and output artifacts
were reviewed using a manual check and carried out in the empirical studies. The scope of
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an SPL includes seven artifacts: an SPL profile, a features list, a products list, a product
map, a functional domain list, a metrics list, and quantified a product map.

3.3. Formulation and Evolution of the CoMeS-SPL Method

The CoMeS-SPL method formulation combines software product lines engineering
and collaborative engineering using method engineering for description of its elements
and the traceability among them. The formulation considers iterations that would allow
increasing the specification of the method, and at the end of each iteration an empirical
evaluation was performed. The empirical experiences allowed for contrasting the theo-
retical elements obtained from the review of the literature and the method components
with the practical elements obtained from the observation and to measure the results
obtained in each case. The construction of method was iterative and incremental, and
each of the empirical studies carried out corresponds to an evaluation of a version of the
method, the findings that constituted the starting points for the new versions, indicating
the shortcomings to be improved for which it was necessary to resume the construction
cycle of the method.

Four iterations were carried out in the formulation of the CoMeS method. In the first
iteration, an exploratory study was carried out that allowed to identify which tasks of
the SPL scope require collaborative practices to improve communication and interaction
between the participants.

The second iteration was an comparative exploratory study in which one of the meth-
ods used as a reference was compared with the proposed method in which collaborative
practices were included.

The evaluation carried out in the third cycle of the formulation of the method was
a workshop with SPL experts where the usefulness of the method to define the scope of
an SPL was evaluated from the point of view of the participants as well as the level of
collaboration reached by the work team. Finally, the evaluation carried out in the fourth
iteration is the one presented in this paper.

4. Materials and Methods

Empirical research methods have been used in the SPLE to evaluate how feasible or
efficient a new technique, method, or tool is. These methods allow identifying weaknesses
and strengths of a new proposal in a specific time and a real context. Studies in industrial
settings allow researchers to evaluate new proposals and give them realistic feedback,
making new proposals in SPLE less distant and alien to the practice [34]. Nowadays, there
is great attention on the interaction among researchers and the software industry because
this relationship is crucial for the production and communication of knowledge [35]. The
interaction among the academic-investigative sector and production sectors should be a
permanent activity in which they communicate the findings of the research initiatives and
proposals to all those interested [35].

Jahn et al. [36,37] propose a model that facilitates collaboration and sharing knowledge
among researchers and extra-scientific actors. This transdisciplinary model relates societal
problems with scientific problems; it integrates different visions to produce new knowledge
and contributes to both societal and scientific progress.

From the viewpoint of academia and research groups, there is a great interest to
exchange knowledge and experiences with the industry that allow enriching research ideas.
Similarly, companies have an interest in improving their processes and products by using
innovative ideas. However, this interaction is complex since it requires one to be able to
identify common points that lead to shared goals, and it is also necessary to coordinate
their schedules, efforts, and costs when an investigative initiative is going to be carried out.
A collaborative approach among researchers and people from the productive sector enables
spaces to validate research initiatives as long as enterprises can innovate improving aspects
such as the productivity and competitiveness of software. The experience presented in
this paper is an empirical model about the collaboration among researchers and industrial



Appl. Sci. 2021, 11, 6820 14 of 25

actors from past experiences of our research groups of the last ten years but applied from
the last four years. This model is depicted in Figure 5.

The first stage is confidence close up among the parts to know interests, problems,
and research opportunities. In this stage, researchers use divergent and convergent collabo-
rative patterns and techniques such as brainstorming, prioritization; actors select the more
valuable initiatives. The research groups joined three software enterprises prioritizing
some ideas related to software architecture, maintenance, testing, and reuse. The research
groups started two software product/process line projects answering the three companies
because the common difficulty was the lack of clarity about their reuse scope and strategies.
In the second stage, the research groups and companies performed several joint activi-
ties. For instance, expert talks (architecture, software product lines, and software process
lines), collaborative working meetings (using several collaboration patterns), controlled
experiments, and workshops about collaboration and software product lines. In the third
stage, the CoMeS-SPL case study took place in the Sunset Software House company. It
was planned and executed as a pilot project allowing research groups and the company to
work concretely around a mutual beneficial activity. Thus, the research groups evaluated
CoMeS-SPL in industrial settings. As the main result, Sunset Software House company
understood, from multiple viewpoints, its reuse opportunities scoping its first software
product line, re-engineering from their product named CORA platform.

Among the main research results are papers published in related conferences and
workshops [15,38–41]. From the Sunset Software House company viewpoint, the CoMeS-
SPL method was adopted, particularly the the scope practices, not just for SPL development
but for software development in general. Currently, the research group keeps the collabora-
tion with these two companies. We are working on two new goals: the first goal is to build
a predictive model for software testing, and the second one is to define a decision-making
model to offer maintenance as a service.

Problems and goal 
matching

CoMeS-SPL Empirical Research

Collaborative 
meetings and 

workshops

CoMeS-SPL 
Formulation

State of 
the Art

Experiments and 
exploratory case 
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from 
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from 
scientific 
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Results
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Figure 5. Empirical research approach.

A case study is an empirical inquiry that allows observing the proposed scoping
method within its real-life context [42,43]. We used this research method for building
(exploratory cases) and evaluating the CoMeS-SPL method (confirmatory case). Our study
objective was to measure the effectiveness of the CoMeS-SPL method scoping the first SPL
in the context of a small software company and, additionally, to evaluate the utility of the
obtained scope from an industrial perspective.
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The company goal was to how to build an SPL from an existing product. In other
words, a product family reusing a technical infrastructure but also considering a potential
market. Therefore, the company analyzed different aspects from previous projects of a
single product or customer development. The study design asks the following research
question:

Can CoMeS-SPL enable suitable stakeholder collaboration to build a usefulness scope of
the first SPL of the Sunset Software House company?

We performed the case study to find an answer to our research question. A develop-
ment team of the company worked to characterize the first SPL scope using the CoMeS-SPL
method. The study focused on analyzing team communication, interaction, and collabora-
tion. In addition, it focused on evaluating the usefulness of the obtained scope.

4.1. Selection of the Case

We selected Sunset Software House company because it fulfills the following charac-
teristics:

• It is a software company
• The number of employees is greater than 10
• It has more than three years of experience in software production
• It has one or more groups of employees dedicated to software development
• It has a person with specific roles as a marketing expert and/or a sales person that

belongs to the employee group
• It has a person with responsibilities related to software architecture that belongs to

the employees’ group
• It has a project in execution or about to start related to the production of a set of

products with common elements
• The most important is it has the availability and interest to participate

4.2. Company Context

Sunset Software House S.A.S (https://sunsetswh.com, accessed on 12 May 2021) is a
technological solution company with nine years of experience in the market, during which
they have developed approximately 53 projects. This company has twenty employees and
is located in the city of Popayán.

The Sunset Software House company offers three types of services: outsourcing
services in the development of software components to other software producing compa-
nies; custom development of web and mobile applications; and the company implements
e-commerce stores.

The Sunset Software House company developed a software tool for organizational
management (CORA), which was initially conceived as a unique in-house product. How-
ever, during its development, the responsible team and the company managers observed
that some CORA modules could integrate new products for various potential customers.

Therefore, CORA becomes a reusable platform. However, the company’s experience
focuses on software outsourcing for other companies. The company had many doubts
about starting and leading the reuse initiative because it focused on business customization.
The Sunset Software House company is interested in establishing chances to work on the
software product line approach, by identifying possible products, customers, and function-
alities. In this context, the company considered defining the scope of its potential SPL. The
CORA platform was developed in a modular way, which facilitates its maintainability and
adaptability. Hence, CORA platform can be a potential base to develop other products.
The CORA platform is composed by the modules contracts, projects, activities, human and
strategic management, and notifications.

A first product called IAS was developed on the basis of CORA platform and uses
two of its modules of managing the users. The products derived from the CORA platform
are focused on private Colombian companies (Mypimes) that manage public or private
projects and that need to organize their processes (it is not oriented to startups).

https://sunsetswh.com
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CORA has always been called CORA, but with different connotations. Initially, when
it was developed as an internal product, the product looked for the Control and Activity
Register, and the name corresponds to an acronym using the first letters of those words.
When the company realized that this product could be the heart or the basis for other
products, the name was preserved because it was the heart of other products, since heart
in Spanish is written corazón. The names of CORA derivative products are decided with
each of the customers. To differentiate the initial CORA product from the platform or
core for the derivation of other products, when we refer to this second one, we will call it
CORA platform.

One of the approaches for the adoption of the SPL is an extractive approach, in which
the products of the line are defined from existing products developed by the company
previously, the commercial objectives of the organization, and the target market of the
line [44]. The extractive SPL adoption strategy for companies is one of the most used in
practice, which reuses one or more existing software products so the product line could
reduce the risks, costs, and efforts involved in starting from scratch to raise an SPL [45].
This was the strategy that was carried out with the sunset company, who started CORA as
an internal product and then used it as a basis to develop a product for another company,
and realized that this first internal product could be used as a basis to derive a set of
specific products. That was the common point that was found between the company and
the researchers.

4.3. Measurement Design

To evaluate the CoMeS-SPL method through the application of a case study, in the
designing of it we proposed indicators, metrics, and instruments to help understand and
analyze the proposed method. The metrics target three measurement entities: CoMeS-SPL
method, team, and the resultant scope.

The case study allows us to evaluate CoMeS-SPL in the software industry context,
defining several metrics to evaluate the method effectiveness and its easy understanding
and application by the participants. This measurement includes the task description clarity,
completeness, and traceability from the perspective of collaboration engineering. While
measuring the stakeholder interaction, we obtained the collaboration level achieved by the
team. Moreover, the evaluation establishes the correctness and usefulness of the SPL scope.

4.3.1. Metrics to Evaluate the Proposed Method

Perceived method effectiveness is understood as the ability of a scoping method to
produce useful outputs in relation to the expectations and needs of the company and,
therefore, method effectiveness implies that the tasks being performed in the method are
adequate to produce the desired and useful results [46].

The effectiveness of a scoping method refers to the usefulness of the method outputs in
relation to the expectations and needs of the company and, therefore, method effectiveness
implies that the tasks being performed in the method are adequate to produce the desired
results [46]. In order to measure the effectiveness of CoMeS-SPL, three qualitative metrics
were considered: perceived ease of use, perceived usefulness, and intention to use.

• Perceived ease of use (PUE): This variable represents a perceptual judgment of a
participant about the required effort to learn and use the CoMeS-SPL [47].

• Perceived usefulness of the method (PUM): The degree to which a participant consid-
ers the description of the CoMeS-SPL components has enough clarity and facilitates
the completions of tasks and the construction of the scope artifacts. The perceived
usefulness is a dependent variable, measured with a survey instrument after applying
the method. The instrument design is based on the proposals of [47,48].

• Intention to use (ITU): The extent to which a person intends to use the CoMeS-SPL
method the next time performing scoping activities is required. This variable is used
to predict the likelihood of acceptance of a CoMeS-SPL in practice [49].
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4.3.2. Collaboration and Participation Achieved

The term effective interaction or effective participation is used in collaboration pro-
cesses to refer to the interactions among participants where they cooperate and have a
well social atmosphere, group involvement, opinions and efforts of the other members
are considered [50]. We measured the level of the effective participation in CoMeS-SPL
according to the participation and cohesion degrees proposed by [50].

• Participation degree (PD): The intensity with which the individual members partici-
pate in the group’s activities and their proactive commitment [50]. For this study, there
are no previous values that allow comparing whether or not the degree of obtained
participation is greater when applying the CoMeS-SPL method compared to another.

• Factor artifact history (HFar): This factor indicates the balance in the number of
contributions to an artifact made by the different participants. It is calculated with the
standard deviation and the average value of the contributions of participants in the
completion of an artifact. This value is in the range [0, 1]: values close to 0 indicate
that the contributions were made only by some of the actors, while values close to 1
express a higher degree of balance in the contributions of the participants [51]. The
following formula is used to calculate the (HFar).

HFar = 1 − stdev(Car)

med(Car)

The proposal [50] of this indicator is known as equal participation degree (EPD), and
in an ‘effective’ collaborative group all members should participate to a similar degree
without any participant having monopolizing behavior. However, we considered the
same weight for each role involved in the construction of an artifact. Similarly, we
used the same weight for each artifact in the scope.

• Collaboration factor (CF): This describes the level of relative participation of the mem-
bers of a collaborative activity [51]. It is based on the type and size of contributions
or events made by the participants in the completion of the artifacts that constitute
the scope activity. The result allows inferring elements of cooperation, such as the
evolution of group performance of time, as well as the effectiveness of the collabo-
ration [51]. The factor of collaboration (CF) is calculated as the average value of the
collaboration factors of the artifacts.

CF =
sumn

i=1HFari

n

• Perceived collaboration (PC): This is the degree to which participants in SPL scop-
ing activity believe that using CoMeS-SPL encourages collaboration and effective
communication among them.

4.3.3. Range of Scope Correctness

We evaluated the CoMeS-SPL method in terms of the correctness and usefulness of
obtained scope artifacts.

• Perceived usefulness of scope obtained (PUSO): The degree to which a person thinks
the defined scope will be used in the following activities of the product line develop-
ment and will allow (or not) decision making about the production of the product line.
The perceived usefulness is a subjective and dependent variable, and for measuring
this variable an instrument was used that was supported in the proposals of [47,48].

• Scope usefulness (SU): The degree to which the scope is used for decision making
about SPL adoption and cost estimation.

• Range of well-defined scope (RWS): We assessed the scoping artifacts of the CoMeS-
SPL method in terms of completeness and correspondence with the requirements.
Furthermore, we evaluated the value of these artifacts for decision-making regarding
the SPL’s production and the subsequent development stages.
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Table 4 summarizes the indicators, metrics, and methods for data collection and
instruments considered in the design of the case study in order to evaluate the CoMeS-SPL
method. This study case combined qualitative and quantitative data to achieve a better
understanding of the studied phenomenon.

Three data collection methods were applied in this study, namely documentation
analysis, observation, and survey. Additionally, the documents related to the artifacts
produced in the scoping were analyzed. To measure the perceived ease of use (PEOU),
perceived utility (PU), intention to use (ITU), perceived collaboration (CP), and perceived
usefulness of scope obtained (PUSO) variables, we designed an instrument (survey) from
the one proposed for the evaluation of the requirements modeling methods [49] and the
Technology Acceptance Model [47]. The instrument has defined a set of items to measure
each of the perception variables. The evaluation of these elements used a Likert scale
of 6 points (the lowest value or disagreement 1, and the highest value or agreement 6).
The items were randomly organized in the questionnaire to prevent the participants from
giving systematic answers. Four open questions were included in the instrument to obtain
suggestions and observations regarding the proposed method. In order to measure the
variables participation degree (PD) and factor artifact history (HFar), these were measured
by counting the contributions of each of the participants in the construction of the artifacts
that make up the scope according to the CoMeS-SPL method. The metrics’ scope usefulness
(SU) and range of well-defined scope (RWS) were evaluated by the architect and the
manager of the company.

Table 4. Parameters of the evaluation.

Indicators Metrics Methods for
Data Collection Instruments

Perception
of the method
effectiveness

Perceived use ease
(PUE) Direct Survey

Perceived usefulness
of method (PUM) Direct Survey

Intention to use
(ITU) Direct Survey

Collaboration and
Participation

achieved

Participation degree
(PD) Indirect Scope artifacts

produced
Factor artifact history

(H Far) Indirect Scope artifacts
produced

Collaboration factor
(CF) Indirect Scope artifacts

produced
Perceived collaboration

(PC) Direct Survey

Range of scope
correctness

Perceived usefulness of
scope obtained (PUSO) Direct Survey

Scope usefulness (SU) Direct

Survey

Scope artifacts
produced

Range of well-defined
scope (RWS) Independent

survey

Scope artifacts
produced

5. Execution of the Study

Initially, it is necessary to know the company, its production process (some of its
activities and participating roles), the products they develop, its customers, its projects
and expectations, and for this we conducted a survey of the CEO of Sunset Software
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House company. The case study was framed in a company project. Usually, the company
determines the scope of a new project with the participation of the project manager and
technology director, two computer engineers were dedicated to specifying and detailing a
product for a specific customer and, usually, the product belongs to a different domain of
the knowledge area engineers. A similar process occurred when CORA was considered
as a product for internal use. When the company decides that the CORA project is a
platform for software reuse and the development of a set of products and defines the
scope using the CoMeS-SPL method, one of the changes is the linking of other roles. In
this study case, six company people participated: the CEO, the project manager/product
manager, the innovation manager, the marketing expert, the technology manager, and
an analyst/developer of CORA project. There was also the external participation of an
expert in product lines. Table 5 establishes the relationship between the participants of the
company (positions) and the roles of the method.

Table 5. Relation of company positions with the method roles.

Position in the Company Role Proposed by CoMeS-SPL

CEO Business administrator Mandatory
Project manager Expert domain of application Mandatory
Product manager

Marketing manager Marketing expert
Sales staff

Mandatory
Optional

Technology manager Software architect
SPL project leader

Mandatory
Mandatory

Innovation manager Technical expert Optional
Analyst and developer Domain analyst Optional
SPL expert (external) SPL expert Optional
Not included Teamwork advisor Optional
Not included Potential customers representative Optional

The study was carried out for three months in the frame of one of the company’s
innovation projects. During these months, dedication time was approximately 65 h. Train-
ing on SPL was given to the entire company in two 3-h sections, and then section on the
CoMeS-SPL method. Table 6 presents the times used in scoping tasks.

Table 6. Execution schedule of the study.

Task Duration (Hours)

Previos rapprochement 7
Training in SPL 6
Training in the CoMeS-SPL method 3
Initial meeting 3
Specify product portfolio 24
Identify functional domains 6
Definition of the assets scoping 12
Final meeting of the scoping 4

Total time 65

6. Results and Analysis of Results

In this section, we present the findings of the case study describing the scoping activity
performed within the company. The product scoping was performed to identify and review
features, identify products, construct and validate the product map.

The perception metrics perceived use ease (PUE), perceived usefulness of the method
(PUM), intention to use (ITU), perceived collaboration (PC) and perceived usefulness of
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scope obtained (PUSO) are defined in Table 4. For this study, an instrument was designed
with twenty-six items that included the five metrics proposed, each item was measured
using a Likert scale from 1 to 6 points, where 6 was the highest value that participants
could assign to in their assessment. The survey was answered by the participants after
applying the CoMeS-SPL method.

Table 7 presents the average results that were obtained through the survey applied to
the participants in the case study. These results allow affirming that for this case study:

• CoMeS-SPL was perceived as an easy and useful method, and this appreciation was
reaffirmed with the intention of the participants to apply the method in future projects.

• The participants perceived the CoMeS-SPL method as useful and usable. Addi-
tionally, the participants considered that the artifact formats facilitate their use in
future projects.

• CoMeS-SPL encourages and achieves the participation of multiple actors and allows
them to understand the importance of each other’s contribution.

Table 7. Results of perception metrics.

Category Acronym Metrics Median Standard
Deviation

Perception of the
effectiveness

PEOU Perceived ease of use 5.60 0.48

PUM Perceived usefulness
of method 5.40 0.50

ITU Intention to use 5.70 0.40
Correctness range

of scope PUSO Perceived usefulness
of obtained scope 5.40 0.64

Collaboration CP Collaboration perception 5.70 0.55

We measured the collaboration using the defined metrics: participation degree (PD),
factor artifact history (HFar), collaboration factor (CF), and range of well-defined scope
(RWS) through the study and analysis of the scope artifacts during their development and
after this. The used tool to process the artifacts enabled teamwork as well as measuring the
indicators planned. The obtained results can be seen in Table 8, where all the factor artifact
history (HFar) reached values closer to 1 than 0, which allows concluding that there was a
degree of balance in the participation or contributions of the different actors.

Table 8. Results of quantitative indicators of the collaboration.

Task Artifact Participation
Degree (PD)

Factor Artifact
History (HFar)

Initial meeting SPL profile 75 0.70
Identify features List features 1520 0.84
Identify products List products 7 0.75

Identify functional
domains

Functional
domain list 15 0.69

Classify features in
functional domains

List of categorized
features 211 0.68

Tabulate products
and features Product map 1340 0.87

Validation product map Product map 29 0.85

The collaboration factor achieved in the scoping activity following the CoMeS-SPL
method corresponds to the value of 0.77, achieving homogeneous participation of the
participating roles, indicating suitable role interaction. The survey also included some
open questions as well as the conducted interviews with the participants. Regarding the
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method and the tasks, they consider that CoMeS-SPL facilitates the communication of
ideas, contributions, and knowledge, evidencing the importance of the different roles.
Furthermore, the company participants concluded that the role of the method named
“representative of potential customers” must be a mandatory role and not an optional role
as has been proposed. They consider this role to be imperative to get a correct scope. The
team valued the software tool used to facilitate the exchange of contributions because it
helped increase the number of proposals. This tool made it possible for the participants
to know and consider the opinions of the other participants. The team indicated one
improvement opportunity, that it is necessary to make an agreement on the wording and
description granularity of the features before starting to propose and document them. In
the study carried out, not agreeing in the level description of the features increased the
time and effort that were required the after task identify features.

7. Retrospective of Cooperation Experience

After the execution of the case study, we held a meeting with the Sunset Software
House company to evaluate the obtained results from the viewpoint of four participants
from the company: CEO of Sunset Software House company (business administrator—
CoMeS-SPL role), the project manager/product manager (expert domain of application—
CoMeS-SPL role), the technology manager (software architect and SPL project leader—
CoMeS-SPL roles), and, the analyst/developer (domain analyst—CoMeS-SPL role). Two
people did not participate in this retrospective because they were no longer linked to the
company. The comments received were:

• The defined scope for a product line based on the CORA platform allowed for identi-
fying the gaps and errors made in some of its modules. Therefore, it was evidence to
continue working on this set of products.

• The scoping carried out to define CORA’s derivative product line has served in the
definition of other products and projects.

• The CORA platform has significantly changed, and some of the changes were identi-
fied as necessary in the implementation of several modules. These variations caused
changes in the scope, the participants think this was because of the lack of feature
validation with a representative of customers, as the CoMeS-SPL method suggests.

• CoMeS-SPL is a useful method because it presents activities that help communication
and collaboration in defining the scope of the project and future projects. This task
must involve different roles, especially when no custom developments are being
defined, but products set to offer a market segment, and not from a very technical
point but from the context and the target market. Although the exercise involved
roles that usually did not do so in the definition requirements, in the following
stages of project development, they showed that other roles proposed by the method
are necessary.

• The company actors consider that the interaction with the group of researchers was
valuable, and that they would participate again in similar experiences. They suggested
the use of short interactions in parallel with the other processes of the company. The
efforts and times invested are manageable in the company, adapting, improving, and
replicating the results.

Sunset’s CEO described the SPL as a fundamental initiative for his company from two
viewpoints: engineering and business. From an engineering viewpoint, the development
team learned about new development models motivating and challenging them. Further-
more, reusing resulting artifacts of other projects’ products, increasing productivity and
quality, is a valuable practice. From the business viewpoint, the SPL was a contribution that
allows better management of resources related to any development based on the CORA
product. Thus, less effort, delivery on time, higher utility and quality of products will
increase customer satisfaction, positioning the company in the Sunset’s target market.
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8. Conclusions

The study, applying the CoMeS-SPL method in a small company, allowed us to work
with an actual phenomenon with little control by researchers. One of the uncontrolled
variables was the existence of the roles required by the method, although the company
did not have some of the roles proposed by the method, and several were assumed by
other employees. Potential customers, a role proposed as optional by the method, was not
assumed by any person in the conducted study. The conclusion, according to the gathered
results, it indicates that this role is not optional but mandatory. Another uncontrolled
variable was the availability of the team people. The scoping activity was part of a project
of the company planning some products for a long time, whereby urgent tasks from other
projects delayed meeting dates or prevented any participants from being present in several
work sections. These situations caused them to ramble from one meeting to another,
forgetting the current step, the current activity, or a specific point to continue.

The use of an online tool facilitated asynchronous participation of the participants
that were missing from a meeting. They made later contributions and allowed other
participants to read the contributions. However, the evidence shows the importance of
interactive and synchronous space to facilitate communication and collaboration, achieving
a shared awareness.

This experience shows the importance of the exchange of knowledge among the partic-
ipating diverse roles to define the scope of a product line that the participants concluded as
an optional role proposed by the method as the potential customers representative is very
important this absence was notorious to resolve doubts, so much that the group considered
that it was not an optional role.

According to [52], achieving integration and communication between marketing
and engineering departments is a challenge for most organizations because it requires
cultural and organizational changes. Thus, defining systematic ways for functionally
interconnecting these perspectives is a relevant research field. CoMeS could fulfill part of
this gap. For instance, the CoMeS-SPL method could be applied together with the ISPMA
(International Software Product Management Association) framework for supporting
software product management, particularly for specifying the product scope and the
product strategy under the SPL paradigm or any other paradigm requiring the collaboration
between marketing and engineering teams.

Using a software tool facilitated the systematization of the obtained information, and
it detected some stress in some of the sub-tasks. However, the research suggests creating an
agreement about the feature descriptions and must describe the degree of granularity with
which these descriptions will work. One of the identified future works is the development
of a collaborative web tool that will facilitate the SPL scoping activity.

The discussions made by analyzing and organizing features sub-tasks reflect a high
interaction of the roles, an achievement for a method that seeks collaboration among the
participants. However, these sub-tasks required more time than estimated.

A collaborative relationship university–enterprise model allowed establishing the
key elements to establish ties among research groups and the company by identify the
meeting points that allow projects or experiences of co-production or collaboration. These
meeting points cannot be forced. The activities must consider the resources and times of
the company, so it may be necessary to adapt the proposals, approaches, or techniques to
the inherent characteristics of the participating company. Interactions must be carried out
in short times that cost little investment to the company (efforts, time and resources), and
the results are not only documented in the research project, but these results are successful,
and they can be adapted and adopted in the company processes.
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