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Abstract
Software product-line engineering is arguably one of the most successful methods for estab-
lishing large portfolios of software variants in an application domain. However, despite the
benefits, establishing a product line requires substantial upfront investments into a software
platform with a proper product-line architecture, into new software-engineering processes
(domain engineering and application engineering), into business strategies with commer-
cially successful product-line visions and financial planning, as well as into re-organization of
development teams. Moreover, establishing a full-fledged product line is not always possible
or desired, and thus organizations often adopt product-line engineering only to an extent that
deemed necessary or was possible. However, understanding the current state of adoption,
namely, the maturity or performance of product-line engineering in an organization, is chal-
lenging, while being crucial to steer investments. To this end, several measurement methods
have been proposed in the literature, with the most prominent one being the Family Eval-
uation Framework (FEF), introduced almost two decades ago. Unfortunately, applying it is
not straightforward, and the benefits of using it have not been assessed so far. We present an
experience report of applying the FEF to nine medium- to large-scale product lines in the
avionics domain. We discuss how we tailored and executed the FEF, together with the rele-
vant adaptations and extensions we needed to perform. Specifically, we elicited the data for
the FEF assessment with 27 interviews over a period of 11 months. We discuss experiences
and assess the benefits of using the FEF, aiming at helping other organizations assessing
their practices for engineering their portfolios of software variants.
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Research Council, and Saab AB. Jacob Krüger’s work has been supported by the German Research
Foundation (SA 465/49-3) and an IFI fellowship of the German Academic Exchange Service. We
would like to thank the managers of the Saab Aeronautics Simulation Center for giving us the
opportunity to use the experiences from their product lines as a basis for this article. Further, we would
like to thank all of our interviewees for their valuable insights.

� Jacob Krüger
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1 Introduction

Software product-line engineering (SPLE) provides methods and tools to systematically
reuse software assets and establish software product lines—portfolios of software products
(a.k.a., variants) in an application domain. SPLE allows to mass-customize software to par-
ticular customer needs (Apel et al. 2013; Pohl et al. 2005; Clements and Northrop 2002),
substantially reducing the time-to-market of new products, lowering maintenance costs, and
increasing software quality (van der Linden et al. 2007; Krüger and Berger 2020b; Berger
et al. 2014a). To this end, SPLE exploits the similarities and manages the variabilities of
these products based on an integrated software platform. However, adopting SPLE requires
substantial investments by organizations in four dimensions—business, architecture, pro-
cess, and organization—commonly known as the BAPO concerns (America et al. 2000; van
der Linden et al. 2007; van der Linden 2002).

From a business perspective, SPLE requires developing a strategy for the product line,
developing a vision of its future use and commercial success, as well as re-organizing the
financial planning. For instance, a product-oriented organization obtains revenue for con-
crete products, internally mapped to individual projects. However, since customers do not
fund platform development, which provides value for other customers and the organization
itself in the long-run, the organization needs to carefully plan the platform funding.

From an architecture perspective, SPLE advocates the adoption of an integrated software
platform, abstractly representing and managing its assets (e.g., source code, documenta-
tion, models) using features (Berger et al. 2015). The platform allows to derive individual
products by selecting the desired features each product should have, typically in an auto-
mated, tool-supported process. To this end, the platform incorporates so-called variability
mechanisms—implementation techniques for integrating variation points in the platform,
for instance, using feature toggles (a.k.a., feature flags), preprocessors, program generators
or component frameworks. Since large product lines typically have thousands of varia-
tion points, controlled by features with often intricate dependencies, SPLE advocates the
use of model-based representations to manage this complexity. Variability models, such as
feature models (Kang et al. 1990; Nešić et al. 2019; Czarnecki et al. 2012; Berger et al.
2013), abstractly represent features and their dependencies in an intuitive, tree-like struc-
ture. As input to interactive configurator tools, feature models precisely define the valid
configurations of the platform and help organizations obtain respective products.

From a process perspective, SPLE commonly separates development into two large
processes (Apel et al. 2013; Pohl et al. 2005; Krüger et al. 2020). Domain engineering
focuses on developing the platform (a.k.a., engineering for reuse) with sub-processes, such
as scoping the platform in terms of the features to build, or creating and quality-assuring
the platform. Application engineering derives concrete products from the platform (a.k.a.,
engineering with reuse), including eliciting requirements from a customer to identify the
required features, developing customer-specific adaptations, and quality-assuring individual
products.

From an organizational perspective, SPLE requires refining roles and responsibilities.
For instance, a platform team is typically established, as well as dedicated feature teams.
Especially feature teams work with only a small part of the functionality and gather more
focused expertise, which allows them to quickly react to changes and thereby facilitates
becoming more agile (Olsson et al. 2012; Ghanam et al. 2012). As such, organizations
likely need to revise their structures, roles and responsibilities, as well as the means of
collaboration when introducing SPLE.
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Despite the benefits (Berger et al. 2020; van der Linden et al. 2007; Krüger and Berger
2020b), and given the upfront investments (Krüger et al. 2016; Clements and Krueger 2002;
Schmid and Verlage 2002; Krüger and Berger 2020a), adopting a product line is still a
major challenge for organizations. In fact, most organizations start developing a set of sim-
ilar variants by copying an existing system and adapting that copy, an ad hoc technique
called clone & own (Stănciulescu et al. 2015; Dubinsky et al. 2013). This reuse strategy does
not scale with an increasing number of variants, and with increasing maintenance costs,
many organizations start to re-engineer a product line from the variants and to re-organize
their organization, processes, and business strategies. For this purpose, organizations need
to assess their current maturity of SPLE, define their improvement goals, and map actions
to the identified gaps between the current maturity and the goals. Notably, given the diverse
concepts and practices for SPLE (Berger et al. 2020), and the typically large scale of the
respective software systems, an organization’s maturity usually does not completely per-
tain to one of the two extremes of ad hoc clone & own and full SPLE with an integrated
platform (Antkiewicz et al. 2014), but ranges somewhere between these extremes.

Evaluating the maturity (or, performance) of SPLE in an organization is challenging.
Various measurement techniques have been proposed, ranging from cost and decision mod-
els targeting SPLE (Ali et al. 2009; Khurum et al. 2008; Krüger 2016; Thummalapenta et al.
2010) to metrics used to measure the product lines themselves (El-Sharkawy et al. 2019;
Montagud et al. 2012; Berger and Guo 2014). A prominent evaluation technique for SPLE
is the Family Evaluation Framework (FEF), assessing the performance of SPLE (not to be
confused with the performance of the product line) in an organization along the four BAPO
concerns (van der Linden et al. 2004; Pohl et al. 2005; van der Linden 2005). Each concern
is sub-divided into three or four aspects, assessed at one of five levels of maturity. However,
as with many of such frameworks, how to apply the framework and analyze its results is
far from obvious for an organization. It is also not completely clear where the exact ben-
efits and challenges of applying the framework lie. Organizations need guidance based on
substantial and systematically elicited experiences, ideally from tailoring and applying the
framework on a range of real-world systems (product lines). In fact, while the FEF comes
with a toy case study illustrating parts of its application, to the best of our knowledge, no
detailed case study has been presented on applying the framework in the large.

We address this gap by reporting on the tailoring, application, and results of applying the
FEF on nine product lines in the aerospace domain (aircraft simulators). Furthermore, we
report experiences in terms of benefits achieved and challenges faced, aimed at supporting
industrial practitioners assessing their own product lines, and researchers working on better
assessment and benchmarking techniques for product lines or variant-rich software systems
in general. Our study relies on action research (Easterbrook et al. 2008), as we worked
closely with an industrial partner while designing the study, adapting the methodology to
address our research questions, and observing the results.

We address the following two research questions:

RQ1 How can the FEF be used to assess large product lines?
We operationalized the relatively abstract and declarative description of the FEF’s

maturity levels, each pertaining to one of 13 aspects (classified into the BAPO con-
cerns), and applied our operationalization on nine product lines. Specifically, we
investigated four sub-research questions:

RQ1.1 How can the FEF be operationalized and tailored to a target domain?
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For instance, what are the concrete steps to identify the relevant product
lines, what kinds of preparation are necessary?

RQ1.2 How can the necessary information be elicited?
For instance, are semi-structured interviews sufficient, and which stake-

holder roles should be interviewed?
RQ1.3 How to analyze the elicited information?

For instance, what level of transcription is needed, and how can diverging
or opposing information about individual aspects be consolidated?

RQ1.4 How to decide about actions based on the results?
For instance, how do diagrams help and what criteria should be taken into

account when deciding about steps to improve the maturity level?

RQ2 What are the experiences of measuring SPLE maturity?
We elicit the benefits achieved, and the challenges faced, when applying the FEF.

So, we aimed to identify the FEF’s actual value for assessing the maturity of SPLE
at a large organization.

RQ2.1 What are the challenges?
For instance, what are suitable caveats and what pitfalls may occur when

assessing the maturity of SPLE?
RQ2.2 What are the benefits?

For instance, is creating awareness about possible improvements in an
organization’s SPLE maturity a core benefit?

In our study, we learned that the FEF requires considerable adaptations and knowledge
about the assessed product lines. For example, we defined 67 questions, and we involved
three stakeholders for each product line in semi-structured interviews. We had to adapt the
questions to the domain terminology and explain SPLE concepts during the interviews in
order to create a common ground, which was only possible due to the knowledge the inter-
viewer obtained before. While these adaptations required substantial efforts, and while we
faced further challenges—for example, to keep the focus during the interviews, to align soft-
ware engineering concepts or to justify the FEF assessment—the final impression was that
the benefits outweigh all the efforts. For instance, all stakeholders became more knowledge-
able, we established a common knowledge base, and established comparable measurements.
We hope that our insights help other organizations in their efforts to assess their SPLE
practices, and researchers in designing new techniques that extend and facilitate maturity
assessments for SPLE.

We proceed by providing an overview of the details needed to understand this article in
Section 2. Thereafter, we explain our study design in Section 3. We report our experiences
regarding the operationalization and tailoring of the FEF in Section 4, and discuss the chal-
lenges and benefits we experienced in Section 5. We describe related work in Section 7,
threats to validity in Section 6, and conclude in Section 8.

2 Background

In this section, we describe the background necessary to understand this article. We report
on cost models and scoping techniques for software product lines, describe the FEF, and
characterize the organization in which we conducted our study.
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2.1 Cost Models for SPLE

As several researchers have surveyed, multiple cost models for SPLE have been pro-
posed (Khurum et al. 2008; Thurimella and Padmaja 2014; Ali et al. 2009; Krüger
2016). A cost model aims to support an organization while making an initial assess-
ment whether a product line would pay off or not. To this end, a cost model defines
a number of cost factors, which are properties of the project, involved stakeholders or
domain that have an impact on the costs (e.g., lines of code, training, tooling). Cost
models may be intended for different stakeholders (e.g., management, project lead) and
comprise cost factors of the corresponding granularity (i.e., organizational costs, design
modifications).

Of the existing cost models for SPLE, SIMPLE (Clements et al. 2005) and
COPLIMO (Boehm et al. 2004) may be best known, and illustrate the differences in gran-
ularity. SIMPLE is intended to support an organization’s management. For this purpose, it
defines five so-called abstract cost functions, representing costs for organizational aspects,
costs for developing the integrated platform, costs for reusing features, costs for developing
unique software parts, and costs for maintaining the product line. However, these func-
tions are not defined further and must be either estimated or filled in based on another cost
model. To this end, an organization may rely on COPLIMO, which covers the costs for
the platform, reuse, and unique parts. COPLIMO defines more fine-grained cost factors,
such as lines of code, design modifications, and number of products. As such, cost models
are a helpful means for an organization to assess and monitor investments, pay-offs, and
risks, and to plan a product line. Major drawbacks of cost models are the unreliability of
cost estimations in software engineering, that cost factors or costs must be estimated at the
beginning of a project, and that the pure cost-based perspective may disregard other relevant
factors (Boehm 1984; Jørgensen et al. 2009).

2.2 Scoping and Assessment Techniques for SPLE

Several researchers have been concerned with scoping, planning, decision-making, and
measuring the maturity of a product line (Tüzün et al. 2015; Kalender et al. 2013; Schmid
et al. 2005; Marchezan et al. 2019; Ahmed et al. 2007; Niemelä et al. 2004; Bosch
2002; Ahmed and Capretz 2011; Koziolek et al. 2016; Rincón et al. 2019; 2018).
PuLSE (Bayer et al. 1999) is arguably one of the most detailed of such methods, consid-
ering various aspects of planning, adopting, and developing a product line. For instance,
in the construction phase, PuLSE-Eco and PuLSE-CDA comprise scoping (i.e., decid-
ing what requirements, and thus products, of a domain shall be integrated) a product
line and assessing the costs as well as benefits; while the evolution phase is concerned
with monitoring and evolving the product-line infrastructure. Moreover, PuLSE comprises
a maturity scale, assessing the maturity of SPLE based on what and how components
of PuLSE are used in an organization. This scale includes four levels: initial (compo-
nents are used independently), full (construction phase is fully implemented), controlled
(PulSE is fully implemented and traced), and optimizing (PuLSE is optimized through-
out iterations). As we can see, this maturity scale is heavily dependent on PuLSE,
which does not allow to assess the maturity of product lines that have been developed
without it.
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2.3 The Family Evaluation Framework (FEF)

To the best of our knowledge, the FEF is the most comprehensive and generally applicable
SPLE benchmarking and assessment framework, originating from industry-academia col-
laborations (Pohl et al. 2005; van der Linden et al. 2004) in large EU ITEA projects around
the millennium. The FEF (van der Linden et al. 2004, 2007) aims at evaluating the maturity
of the engineering of software product lines or, more general, of variant-rich software sys-
tems. This framework is sub-divided into four general concerns to consider when assessing
SPLE of an organization. In Fig. 1, we illustrate these four concerns (business, architecture,
process, and organization) and their inter-relations, conveying that all concerns influence
each other and all need to be considered for effective SPLE.

For the organization we investigated in this study, the relationships between the BAPO
concerns are important for the FEF assessment and for defining actions based on the
outcomes. Particularly, changes in one of the concerns imply changes in others, for example:

Business ↔ Organization: The high-level decisions on the extent of adoption of a product
line and how it is marketed to customers affect the business concern and the organization
concern, because the organization’s structure is modeled based on both, products and
domain knowledge.

Business ↔ Process: The organization’s processes change depending on whether the
products are marketed as single systems or as a product line. Marketing single systems
can mean that processes are not propagating the resulting SPLE artifacts to the whole
organization (e.g., feature models), but focus on utilizing the internal benefits of the prod-
uct line, such as higher quality and faster time-to-market. If the products are marketed as
a product line, the whole organization requires the corresponding artifacts, for instance,
a feature model is needed for development and marketing alike.

Architecture ↔ Business: The relationship between these two concerns is mostly visible
in the time planning and external feature models (if these exist). Features that are exter-
nally visible and selectable by customers are usually easily selectable in the architecture,
for example, as plugins.

Architecture ↔ Process: These concerns relate mostly to the more detailed parts of the
processes. The more detailed and technical a process, the more connected it is to the
architecture. An example of this are processes for testing, reviewing, and upholding
architectural rules, which are strongly intervening both concerns.

Architecture ↔ Organization: Architecture and organization are related in terms of the
responsibility of assets. A product line can be divided into components or assets in several
ways, but usually the organization needs to support multiple products simultaneously,
which means that developers of an individual product do not have full freedom to create a
completely different portioning of the product line. Also, this highly relates to the domain

Fig. 1 The BAPO model,
illustrating key concerns of SPLE
and their inter-relations

Business Organiza�on

Architecture

Process
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knowledge present in different units of the organization. So, the product-line partitioning,
and therefore the architecture, is influenced by the organization and vice versa.

Process ↔ Organization: The process and organization concerns are highly intercon-
nected. The processes are carried out by the organizational units defined, and especially
individual roles and responsibilities in the processes have their residence in specific units.

The BAPO model (van der Linden 2002; America et al. 2000) provides the basis for the
FEF, whose overall structure we show in Fig. 2. The FEF evaluates the maturity of SPLE
along four dimensions—the BAPO concerns. Each dimension is further sub-divided into
three or four aspects, each of which is assessed on a 5-point scale reflecting the matu-
rity of the aspect. For each aspect and level, the framework lists a set of requirements
needed to achieve each level. The levels of the different dimensions are not directly con-
nected to each other, so it is possible to reach different levels on each dimension. However,
they are indirectly connected in the sense that some progress is usually necessary on all
levels to be able to reach higher levels in a specific dimension (the BAPO principle,
cf. Fig. 1).

The result of an FEF evaluation is an evaluation profile, consisting of four values, one
for each dimension, indicating the respective level as the result of the assessment. As an
example, consider the architecture dimension (cf. Fig. 2). This dimension assesses the con-
figurable platform of the product line based on the aspects asset reuse level, reference
architecture, and variability management. The five levels and corresponding qualifications
for this dimension are:

1. Independent Development: There is no reuse for developing new products, instead, they
are developed individually and separated from each other.

2. Standardized Infrastructure: On this level, the architecture builds on reusing third-party
software and the variability provided in it.

Fig. 2 The family evaluation framework, adapted from van der Linden et al. (2007)
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3. Software Platform: The commonalities of the domain are implemented in a config-
urable platform, allowing to reuse and combine assets based on a defined reference
architecture. However, there is no support for configuration, yet.

4. Variant Products: The organization has a full SPLE reference architecture that specifies
the variability of the configurable platform, defines the allowed configurations, and
systematically manages the reuse of assets.

5. Configuring: In addition to the previous levels, the integrated platform allows to auto-
matically configure and derive new products, with only marginal differences between
domain and application architecture.

While these levels are a helpful means to assess the maturity of SPLE, they also have
limitations. First, a higher level in a dimension may not be desired if the current practices
are working well for the organization, which is why the results of an FEF assessment must
be carefully analyzed before proposing any actions. Second, there are no precise distinc-
tions between the levels, which makes a precise mapping to each level harder. Finally, it is
unclear how to best elicit the information needed to assess a level. In this article, we provide
extensive experiences on how to tackle these challenges and how to best employ the FEF in
practice.

2.4 The Subject Organization and its Product Lines

The Simulation Center The Saab Aeronautics Simulation Center (hereafter, Simulation
Center) is an in-house developer of aircraft simulators ranging from prototype simulators,
subsystem/system simulators, to training simulators for pilots and ground personnel. Over-
all, the organization, Saab AB, has around 16 000 employees, and the Simulation Center
around 300. The Simulation Center maintains four product lines for external delivery to cus-
tomers, and 15 product lines for internal “customers” only. While the external product lines
consist of a combination of electronics, mechanics, computers, and software, in contrast,
half of the internal product lines comprise only software.

SPLE Adoption History and Current State Adopting SPLE has been a vision at the Simu-
lation Center for many years. As a first step, one of the software-only product lines adopted
the basic SPLE principles in 2010 (Andersson 2012), representing an early case of indus-
try adopting SPLE. This particular product line consists of source code in Ada, C, C++,
XML, Fortran 77, and Shell scripts, comprising a total of 1.4 million LOC divided into 275
modules, each with its own lifecycle and version management. In addition to the source
code, about 20 external libraries are included in the product line. Besides restructuring
the software into an actual product line, the Simulation Center also established develop-
ment handbooks (i.e., development guidelines, documentation templates) and a support
organization (i.e., for domain engineering).

After tackling the complexity of variability in this product line, it was obvious for
the Simulation Center that using the best practices from the SPLE community was the
way towards higher quality, lower development and maintenance costs, as well as shorter
time-to-market. Consequently, the management of the Simulation Center decided that all
product lines in the organization should adopt these principles wherever the investment
costs of the change could be justified. For example, it might not be cost-effective to intro-
duce the overhead of SPLE in a product line with only two variants and almost no new
development (Krüger et al. 2016; Clements and Krueger 2002; Schmid and Verlage 2002).

The main goals for switching towards SPLE were:
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– To establish a common language among the product stakeholders to describe a product
line and variability.

– To unify the processes for product-line-related activities.
– To be able to create fully reusable components.
– To achieve shorter time-to-market and lower development costs.
– To achieve higher quality and only fix each bug once.
– To achieve the Simulation Center’s “design once” goal.

In this context, applying the FEF aimed at assessing whether the Simulation Center is
on the right track in the adoption of SPLE, defining the goals for advancing each currently
existing product line, and providing a more systematic and codified means to assess the
performance of SPLE in the organization.

Drivers of Variability Avionics control systems in general are variability-intensive systems.
The Simulation Center’s product lines’ variability arises from variability in the actual air-
craft software (i.e., the diversity of hardware and the different markets in which the aircrafts
are sold) as well as from the simulation, since simulation models of different fidelity need to
be maintained in parallel. As such, interestingly, the variability is higher in the Simulation
Centers’ product lines as in the actual aircraft. In addition, secrecy requirements play a role:

– Export control licenses: A particular piece of information (e.g., source code) is not
allowed to be used in all places.

– Strict need-to-know policies: An engineer can only access information that they need
in the current assignments.

– Secrecy: Information can only be used in approved environments, and usually these
environments are not connected to the internet or any other network.

These factors induce additional variability that is completely unrelated to customer fea-
tures or the drivers above. For example, it might be necessary to develop a particular
software component twice: one time with classified data or algorithms, and one time with
open data or algorithms.

3 Study Design

In this section, we report our study design, namely what research method we employed at
the Simulation Center and on what product lines. We summarize the study design in Fig. 3.

Fig. 3 Overview of the study design
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3.1 Methodology

At first, we conducted a preliminary case study together with three students at the Simula-
tion Center. This case study was welcomed at the Simulation Center in their endeavor to find
metrics and decision tools to support their investment in SPLE methods. During this study,
we conducted four interviews for four product lines in order to understand the questions of
the FEF. Our insights from this initial experience indicated that the questions required some
adaptations and extensions to address actual issues that occur in practice. Moreover, we
found that we needed to involve different stakeholders to obtain complementary insights on
each of the FEF aspects. Our assessment of these product lines was considered valuable and
insightful during a presentation with managers and stakeholders of the product lines. Still,
we concluded that a larger study with adapted questions was needed to tackle our research
questions, and to derive actionable results for the Simulation Center.

To further instantiate the FEF and gain more detailed insights on its application, we
decided to conduct a multi-case study (Yin 2003) based on action research (Easterbrook
et al. 2008). A multi-case study builds on several cases, which helps to generalize data and
synthesize observations from multiple instead of a single source—improving not only the
internal, but also external validity (Siegmund et al. 2015). For this purpose, we assessed the
maturity of nine product lines, each involving different stakeholders and system properties.
During this multi-case study, we employed interviews to obtain qualitative responses from
three stakeholders (i.e., a manager, an engineer, and a technical lead) of each product line.
We defined a structured interview guide, and the first author of this article conducted the
interviews. He transcribed the responses into a spreadsheet that we used to synthesize our
insights.

To cope with differences of the product lines investigated (e.g., pure software versus soft-
ware combined with hardware), we needed to adapt our interview guide. For instance, we
included product-line-specific questions and removed those that are irrelevant for a specific
stakeholder role. So, we built on action research by reacting to the demands and problems
that occurred at the Simulation Center. Arguably, this is more helpful to gain practical
insights on the real-world application of the FEF compared to simply sticking to the initially
defined interview guide. To track the changes we employed, we marked each question with
the FEF aspect it is concerned with, relevant stakeholders, and whether it was product-line-
or organization-specific. We report the questions of our interview guide, the results, and our
experiences in Sections 4, 5, and Appendix. When the results included organization-internal
information, we translated that information into general statements to avoid disclosures.

3.2 Subject Product Lines

The product lines that we assessed for this study included different components in aircraft
development and training simulators. In Table 1, we provide an overview including the type,
the team size, and the application domain of each product line, of which several comprise
more than 1 million LOC. Some of the product lines in the list are in fact two product lines,
representing two different generations of the simulator and its components—a current and
a legacy one. In total, there are 19 distinctive product lines at the Simulation Center, nine of
which we evaluated according to the FEF. We can assign each product line to a certain type:

– SW refers to pure-software product lines.
– SW, HW refers to product lines that include software and hardware.
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Table 1 Subject product lines

Type Application domain Team size ID

SW, HW, Int Development simulators 80 DS

SW Aircraft simulation 60 AS

SW, HW, Int Training simulators 30 TS

SW, HW Computer systems 20 CS

SW, HW In/out systems 20 IO

SW Tactical simulation 20 TacS

Doc Documentation and publications 10 DP

SW Operating station 10 OS

SW Visualization 5 VS

– SW, HW, Int refers to product lines that include software, hardware, and the integration
of products from other product lines, representing multi product lines (Rosenmüller and
Siegmund 2010).

– Doc refers to a product line where all assets and products are documentation.

The origins of the different product lines vary greatly. Some are the result of systems
evolving over decades, others are newer and more clearly defined. In general, the outer
bounds of each product line are clear. What varies most is the degree of separation between
the platform development (i.e., domain engineering) and the product development (i.e.,
application engineering). For existing products, it is clear what the customer-specific fea-
tures are, but the product-line platform has usually not been systematically scoped. Also,
how features are defined varies between product lines, and features are mostly defined in
some kind of manifest file. In contrast, feature relations and constraints are never defined
in a formal language, but specified only through natural-language documents or are kept
in the developers’ knowledge. The method of equating features with assets in a manifest
file means that features are essentially components, and the actual higher-level concept of
features is often missing. Finally, each manifest files comprises between 30 to 300 assets.

For this study (excluding the initial study with the students), we conducted a total of 27
interviews over a period of 11 months. Approximately, the total effort that has been invested
is: 150 hours for the interviews (interviewer plus interviewees), 180 hours for reporting, 100
hours for preparations, and 250 hours for training (including all participants). To complete
the assessment of all 19 product lines, we estimated that a total of at least 57 interviews
would be needed. However, several of the legacy product lines will probably never be
assessed with the FEF. The Simulation Center plans to merge some of the product lines that
exist in two versions (i.e., current and legacy architecture). Other product lines will soon
reach their end-of-life, and therefore no further investments in those will be made. Still,
while the Simulation Center will not assess such product lines, the efforts of using the FEF
will facilitate working with those. For example, the education and information material for
SPLE is used throughout the whole organization.

3.3 Roles and Responsibilities

Multiple stakeholders of the Simulation Center have been involved in this study. In the
following, we describe the different roles the stakeholders had and the corresponding
responsibilities:
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– Interviewer: The interviewer, namely the first author of this article, is the lead of the
FEF evaluation at the Simulation Center. As such, he was responsible for conducting the
interviews, writing internal reports, managing the SPLE training, and communicating
to the product-line management.

– Interviewee, Manager: The product-line manager is responsible for a number of prod-
uct lines at the Simulation Center, so these stakeholders may have participated multiple
times in the interviews. Each manager is responsible for the long-term development,
coordinating between projects, and implementing processes. Each manager invested
about 2.5 hours into each interview and 1 hour for preparing as well as prioritizing the
other interviews.

– Interviewee, Technical Lead: The technical lead defines the technical development of
a product line within a defined scope, for example, usually for several projects. They
are experts on the product-line architecture and the strategies employed therein. Each
technical lead invested about 2.5 hours into their interviews.

– Interviewee, Engineer: The (primarily software) engineer represents someone who
develops the product line and knows about the daily work, implementation details, as
well as the intended design. Again, each engineer spent about 2.5 hours on their own
interview.

– Project Management: The project management is not directly involved in the FEF
assessment, but received the suggested actions that resulted from it. So, it is responsible
for prioritizing the actions and defining a development roadmap for each product line.

– Product-Line Management: The product-line management is the group of all
product-line managers of the Simulation Center. They define the overall vision of the
SPLE initiative and have asked for the FEF assessment. As a result, they invested their
efforts into the interviews, specific SPLE training for the management (a four-hour
workshop), and internal coordination as well as decisions.

We use the same terminology (i.e., particularly for the interviewer and interviewees)
throughout the article to refer to the same stakeholders.

4 Tailoring and Applying the Family Evaluation Framework – RQ1

We now report how we applied the FEF in the following steps, illustrated in Figure 4:

1. Define the scope of each product line (Section 4.1).
2. Prepare the evaluation (Section 4.2).
3. Conduct interviews with stakeholders of each product line (Section 4.3).
4. Synthesize interview results and write a report (Section 4.4 and Section 4.5).
5. Review and update the report with the interviewees (Section 4.5).
6. Identify actionable findings and report them to product-line owners (Section 4.6).

Finally, we report how the Simulation Center intends to implement the FEF as a
continuous evaluation strategy, as well as we discuss our experiences to answer RQ1.

4.1 Define the Scope of each Product Line

In the beginning, we found that it was not clearly defined what the scope of each product
line is. To address this problem, we created a template with the following entries to be filled
in by the product-line managers:
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Fig. 4 The workflow of the assessment method

– Name: The name of the actual product line, not to be confused with the family of
currently existing product variants.

– Definition: A definition of what the product line is about, as a first attempt of scoping
it. In our case, the definition helped to think about possible future products, and not
only the current products in the product line.

– Purpose: A description of the purpose of the product line (i.e., why it exists). This
entry helped us to understand the driving factor for creating this product line (e.g., the
Simulation Center’s “design once” goal, shorter time-to-market).

– Customers: A description or list of customers of the product line. Customers provide
input to the application-engineering process and receive the outcome of that process
(i.e., the tailored product).

– Current product variants: A description or a list of the currently existing products.
We asked for this clarification to understand what the Simulation Center considers as a
product of a product line, for example, with respect to binding time.

– Features: List of features, ideally in the form of a feature model. But, it could also be a
description of the organization’s use of high-level requirements, features, configuration
switches or similar information.

– Organization: A description of the organization around the product line, such as
management, teams or division between domain and application engineering.

– Architecture: A high-level description of the product line’s architecture with focus on
SPLE concepts, for instance, binding time and mode (Berger et al. 2014b), plugins, and
configurations.

– Process: A description of the processes used for engineering the product line. We
focused on SPLE-specific processes, such as finance models for the platform or
communication between domain and application engineering.

The first entries helped us to obtain a general understanding of each product line, while
the last three entries already align to the BAPO dimensions. We remark that we left out
explicit entries about the business dimension (it was included in the process dimension).
The reason was that all product lines contribute to a larger system that the Simulation Center
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sells to its customers. So, most of the product lines do not have their own income connected
to sales.

The manager of each product line filled in the template and presented it to all other
managers at the Simulation Center for feedback and dissemination. These presentations
were part of a large workshop with all managers, moderated by the first author of this article.
All managers are a team below the second-level manager (responsible for the Simulation
Center), so they were well aware of their respective product lines. Each manager presented
their product line(s) to the others within 15 minutes. During the presentation, the answers in
the template were shown on a projector. After the presentation, all other managers had the
opportunity to provide feedback. The feedback was documented by the presenting manager,
and resulted in updates of the template.

During this workshop, it became clear that some product lines were uncontrover-
sial, whereas others required discussions to be established. The most common cause of
discussions were different views on the scope of a product line, for example:

– Some product lines were considered to represent two separate product lines with com-
mon assets between them. Both representations could be correct, and the decisive
factors for the final choice were usually not found in the technical area, but in the
organization or business dimension.

– The presented product line was too broad in scope, also covering other product lines.
This was usually the case with product lines that used the variants from other product
lines as assets (i.e., DS and TS in Table 1). Such product lines should only integrate the
products from other products lines into an external product, but usually the developers
also felt responsible for the internal behavior of their features, and thus included other
product lines in the scope of their product line.

In the end, we obtained an understanding for each product line and had a brief sum-
mary of its core characteristics. This information helped us to define the questions for our
interviews and to include the questions relevant for each product line.

4.2 Preparations for the Interviews

To prepare further for the interviews, the interviewer collected additional information
on each product line. For this purpose, he read available documents, such as system
descriptions, requirements documentation, formal processes, and informal way-of-working
descriptions. The knowledge the interviewer collected helped to guide the interviewees and
support them in understanding the questions defined. For example, not all interviewees
knew the terms domain engineering and application engineering, while their concepts were
clear. By enriching his knowledge, the first interviewer was able to map the research termi-
nology to the organization’s terminology, for instance, referring to different teams or roles
that are involved in developing the product line.

Afterwards, we compiled the questions for our interviews (cf. Appendix). In total, we
designed 67 questions, comprising 47 for managers, 42 for technical leads, and 38 for
engineers. So, we adopted our interview guide according to the different roles of our inter-
viewees and their respective knowledge in the BAPO dimensions, but did use the same
questions for all product lines. To this end, we built on the BAPO dimensions and example
questions described by van der Linden et al. (2007). We converted the example questions to
be understandable by stakeholders who do not have SPLE knowledge, and customized them
to the domain terminology of the Simulation Center. For example, we converted “software
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asset” into “configuration item”. At the Simulation Center, a configuration item is defined
as a software module with an own life-cycle, versions, requirements, test cases, and other
artifacts; essentially representing an SPLE asset, the implementation of a feature. Using the
terminology established at the Simulation Center facilitated communication and kept the
focus during the interviews on the actual FEF assessment.

Customizing the questions to the organization’s needs is an investment that we believe
pays back in two ways:

1. The interviewer improves their knowledge about the FEF methodology and must con-
template on the practical meaning of the different concerns in the BAPO model for
their organization. Essentially, the interviewer must always answer the following ques-
tion while customizing the FEF questions: What does this mean for us? Missing this
understanding and using the generic template would impair the conduct of the FEF
assessment, potentially rendering the results useless.

2. The interviewees receive the questions in a familiar terminology, language, and aligned
to the organization’s practices. So, they can focus on answering the questions, instead
of trying to understand, translate, and match generic questions.

In this particular study, the same organization manages 19 product lines in the same domain.
As a result, the investment of customizing the questions is distributed over all these product
lines and over time, since the FEF assessment will be repeated several times for each product
line in the future.

Converting and customizing the interview questions means that they are less directly
mapped to the actual BAPO levels, which is two-fold. On the one hand, the interviewer
requires a deeper understanding of the product line that is assessed. While the interviewer
in our study is involved in the Simulation Center and improved his knowledge by reading
additional documentation, most knowledge can only be elicited during the actual interviews.
So, the simplest answer to a question will not reveal the BAPO level, which is why it is
important to encourage interviewees to elaborate on their answers (e.g., by asking follow-up
questions). On the other hand, the missing connection to BAPO levels improves the under-
standability of the questions and can provide more honest answers, as the interviewee does
not need to worry about the BAPO level their answers may indicate. Moreover, to obtain as
much reliable information as possible, we started each interview by introducing the BAPO
levels and explaining that these are neither grades nor that higher levels are necessarily bet-
ter. Each level may be a perfect fit for the specific product line and the investments to reach
a higher level may simply not be worth the returned value. Finally, the conversion of ques-
tions has one more trade-off: The analysis in terms of BAPO levels must be done by the
interviewer, which results in a more consistent synthesis, but may bias the assessment due
to missing knowledge. Consequently, there will always be a difference in the interpretation
of the BAPO levels.

One problem of the FEF is that many dimensions and their questions are rather
abstract. For example, the levels of the architecture dimension are open to different
interpretations, depending on the specific architecture used in the product line that is
assessed (cf. Section 2.3). To overcome this problem and simplify the analysis, we
compiled 14 questions to assess this dimension. We asked most of these questions
to technical leads and engineers, who have a detailed understanding of their product-
lines’ architectures. Overall, we designed 11 categories of questions to make the FEF
assessment more understandable in this particular domain and facilitate the analysis
of results:
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– 7 general questions about the interviewee, including their experience and subjective
view on the product line.

– 4 general, high-level questions on the business dimension.
– 3 business questions on the SPLE vision and goals of the product line.
– 4 business questions regarding the SPLE planning, such as separation of plans for

domain engineering and application engineering or business value.
– 14 technical questions on the architecture of the product line.
– 1 general question on the processes related to SPLE.
– 12 questions related to domain-engineering processes.
– 4 questions related to application-engineering processes.
– 9 questions on collaborative processes.
– 8 questions related to the organization of the product line and projects.
– 1 open question where the interviewee could add anything they like or give feedback

on the interview itself.

Using these questions (cf. Appendix for a more detailed list) to open the discussions on
each subject with the interviewees, we aimed to obtain detailed insights into a product line
to assess its SPLE maturity based on the FEF.

4.3 Conduct Interviews

Early on, we made the following decisions:

– Each product line should be evaluated by conducting three interviews with:

– the closest manager of the product line;
– the highest technical lead of the product line;
– an engineer working on the domain engineering of the product line.

– Each evaluation should result in an extensive report and a presentation summary.

We decided to pick these interviewees because most questions in the FEF can be
answered by a single expert (i.e., the technical lead), but this would result in an incomplete
picture of the actual situation. Instead, the three roles provide different perspectives on the
product line, resulting in a composite picture based not only on the answers themselves,
but also the differences between the same questions, which can be a valuable addition. For
example, in some cases the manager pointed to a defined process for a specific activity.
However, the other two interviewees were not aware of that process. Afterwards, we con-
cluded that there was a defined process, but it was not communicated. We could only derive
this finding because we interviewed multiple stakeholders and used the same questions.

The decision to write reports was defined by considering the situation of the Simula-
tion Center. It was clear that, for example, the results of the FEF assessment, suggested
improvements, and change management, would be long-term processes, potentially span-
ning several years or decades. The Simulation Center cannot ensure that the same personnel
would be available for the whole life-span of the product lines or change projects.
So, it decided to document everything as thoroughly as possible to not lose valuable
information.

The 19 product lines at the Simulation Center would require 57 interviews based on
our methodology. Besides skipping those that will be potentially merged (cf. Section 3.2),
we conducted a prioritization by assessing for which product lines the FEF evaluation was
estimated to provide the most value. As we did only initial student projects with informal
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results and had no key performance indicators for the maturity of SPLE, the prioritization
was based on:

– The current and estimated future number of products in the product line. A higher num-
ber of products yielded a higher priority as very few products can be handled without
the extra overhead of SPLE.

– The current level of development (improvements and bug fixes in a time frame). A high
level of development yielded a higher priority as the benefits of improvements are only
visible if changes are made and new products are produced.

– The size of the organization maintaining and developing the product line. A larger
organization yielded a higher priority as improvements affect more people.

For example, a product line with two or three products, no new products planned, only
maintenance and bug fixes, as well as very little new development was of low priority. In
contrast, product lines with a higher number of products, a complex variability structure,
and a larger organization were considered to gain more from improvements based on the
FEF assessment, therefore obtaining a higher priority.

After prioritizing the product lines and inviting interviewees of each respective role, we
started with the actual interviews. Each interview began with an introduction of roughly
30 minutes into the basic concepts of SPLE. Then, we asked the questions prepared for
each role and provided the opportunity for an open conversation at the end to allow the
interviewee to add any comment they liked. Overall, each interview session took between
1.5 and 2.5 hours.

While some questions required only short answers, others could raise further discussion
between interviewee and interviewer. The interviewer took notes during the interview to
document the final answers to each question. In parallel, each interviewee could read the
notes on a large screen and comment on them. We documented the discussions raised for
some questions solely if they were important for the FEF assessment. For instance, if the
discussion raised a previously unanswered question, we recorded it instead of noting no
answer.

For all but one of the product lines, the roles of manager, technical lead, and engineer
turned out to be a good distribution to assess the maturity. However, in one case this did not
fit. This product line does not have the same balance between product-line management,
project management, and technical leadership as the others. Instead, for this product line,
the project itself owns each decision. During the interviews, this became apparent as both,
the manager and the technical lead, often referred to project management. Although this was
a special case, involving the project management into the FEF evaluation would probably
have given a more comprehensive and complete picture of the SPLE maturity.

4.4 Analysis of the Interviews

Initially, we audio recorded interviews and transcribed them later on. However, we did
not record most of the interviews. Instead, the interviewer took notes for each question,
which he showed to the interviewee simultaneously for reviewing. The notes included
the final answers to each question as well as additional comments and insights that
were relevant for the FEF assessment. We changed the procedure from recording to tak-
ing notes since some interviewees where uncomfortable with recordings, mostly because
taking notes enabled the interviewee to directly review the interpretations done by the
interviewer.
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We used the documented answers, the interviewer’s memory, and the previously obtained
knowledge of the product lines and organization to judge the level of each BAPO dimen-
sion. During this phase, we experienced that a single answer was seldom precise enough to
actually judge such a level. So, we synthesized the judgment from all answers and the dis-
cussions that we documented. In most cases, this resulted in a clear judgment for each level
when compared against the requirements defined.

If any answer was unclear, we briefly contacted our interviewees to ask for addi-
tional information. We remark that we did not attempt to form a consensus between the
interviewees in cases when they provided different answers. In our experience, finding
discrepancies between the answers was key for the overall assessment of SPLE maturity.

Example of Analysis An example of a question that was discussed is: How is the connection
between a variant and its assets managed? Do you ever write the names of the variant on
the assets itself? This is a vital question for SPLE: If the processes or architecture require
that each asset itself is directly linked to a specific product variant, the platform does not
resemble an actual product line. For one of the product lines, the answers were:

– Manager:
“The environment where the asset is allowed to be installed in is written on the asset

itself, this in turn makes a weak connection to the available variants (as a variant can
only exist in one environment usually). Very few assets are in other ways connected to
a specific variant.”

– Technical Lead:
“The strategy is to never write on the asset where it will be used. But there are

exceptions.”
– Engineer:

“We never write on the asset where it is to be used. However, a single product variant
is often the driver for the development of an asset or feature.”

The answers to this question indicate no clear consensus on this topic, which in itself is an
important finding. All interviewees seem to be aware that “writing the variant name on the
asset” is bad, but it is unclear to what extent this is still done.

This was one of 14 questions in the architecture dimension of the BAPO model.
The product line was assessed to be on architecture level 2 (see Figure 5), Standardized
Infrastructure, with the reasoning:

– There are techniques to reuse assets. Mostly, the product line is based on late binding
of assets that are used, for example, with configuration files that are parsed at runtime.
A general strategy for reuse does not exist, but in practice it works well with its current
“ad hoc” strategy.

– There are three separate architectures in this product line. The question is whether the
scope of this product line is too wide, and should be divided into three.

– The management of the variability of each asset is done within each asset. There is a
layer of integration between the assets, mostly belonging to the application engineering,
not an actual platform.

To evolve into level 3, Software Platform, the following was suggested as a start (not a
complete list of actions):

– Describe the architecture further. Contemplate why some stakeholders consider three
separate architectures to exist.
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Fig. 5 An example assessment of one product line according to the FEF

– Investigate if it is possible to standardize the interconnection of assets.
– Investigate if it is possible to standardize the variability management. Currently, it is

scattered over source code, build processes, and configuration files, as well as some
manual moments during installation.

– Investigate if the concept of features can be used instead of making markings on the
assets with names from application engineering (such as product names).

We can see from this example that aligning the answers of different stakeholders with
each other and the BAPO levels can be problematic, due to the vague distinctions between
levels (cf. Section 2.3). Consequently, our real-world experiences are highly valuable for
practitioners who intend to employ the FEF themselves.

4.5 Synthesis of Results and Reporting

With the interview results as basis, we wrote a report for each product line. We divided the
contents of the report according to the four BAPO dimensions. Each of these sections started
with a summary of all corresponding interview answers, followed by subsections of the
FEF assessment according to the BAPO levels, and suggested actions for reaching the next
BAPO level. We evaluated the reports in a meeting with all interviewees. These evaluations
did not result in changes of the report, but comments in a separate document. It was decided
to not change the report at this point, as even if it contained some faults and misunderstand-
ings, it reflected the conception of the interviewer at the time of the interview. In practice,
we identified no major faults in the reports, and the comments from the evaluations where
mostly additional information. Some evaluations resulted in discussions between the inter-
viewees, indicating different views on whether an established process existed or not. The
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report ended with a diagram, as the one we show in Fig. 5, indicating for each dimension
which level the product line was assessed on.

Additional Interviews After Publication After we published the reports for each prod-
uct line internally and disseminated them at the Simulation Center, feedback from readers
came in. Everyone who had feedback agreed with the reports, and sometimes had additional
remarks and information. Two stakeholders requested to meet, so that they could give their
answers to the questions used in the interview. This resulted in an addendum to the original
report, however the addendum was only spread to the managers of the organization.

4.6 Break Down the Suggested Actions into Issues

A report itself will not automatically change anything in the organization. To establish the
suggested changes, the Simulation Center held a series of meetings and workshops, with the
following goals:

– Break down each suggested action into smaller Scrum or Kanban stories.
– Find financing for each of the actions. In some cases, the affected project could rely

on its current budget, but more often external financing from central functions of the
organization was needed.

– Prioritize each action.
– Set the goals of the product line in terms of FEF levels. This did rule out some suggested

actions, as these actions aspire for a higher level than the goal.

In the end, the workshops resulted in a number of actions that the participants agreed on for
each product line to achieve a specified goal with respect to SPLE.

4.7 Repeat

To establish the FEF assessment as a natural part of the regular work, repetitions of the
assessments and their evaluation are necessary. The Simulation Center decided that one year
would be good interval, at least for the first rounds of the FEF assessments for each product
line. So, the next round of assessments will be an opportunity to have a retrospect on the
current assessments, reports, and changes that we describe in this article.

4.8 Selected Results from theMeasurements

In the following, we exemplify results for the product-line assessments. For confidentiality
reasons, we cannot disclose the names of the product lines.

Example 1 (Figure 6) This diagram is the result for one of the more complex product
lines with the largest amount of legacy source code, documentation, and defined processes.
Also, it represents a product line where all variants are developed in a single long-term
project. We obtained low levels in the BAPO dimensions, but the FEF measurement also
showed that there are higher ambitions in this product line. Even during the FEF assess-
ment, the Simulation Center proceeded to establish a platform from which new products can
be built. So, there were ongoing changes in the product line to make teams more focused
on either domain or application engineering. Higher levels in the architecture, process, and
organization dimensions can be expected in the next measurement of this product line.
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Fig. 6 The BAPO diagram for the FEF assessment of Examples 1 and 4

Example 2 (Figure 7) This diagram is the result for one of the more mature product lines,
for which SPLE principles were considered from the beginning. So, the product line has

Fig. 7 The BAPO diagram for the FEF assessment of Example 2
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a high level in the architecture dimensions, which we expected since this dimension has
been the main focus for several years. The organization plans to further improve in this
dimension, but the goal will probably never be to reach level 5. Moreover, the product line
has a well established set of processes and handbooks, both used internally in the product
line, but also by the users of the variants. In accordance with SPLE principles, domain and
application engineering are separated.

Example 3 (Figure 8) This diagram is the result for a product line that stands out from
the others in the sense that it has very few products, but nevertheless has adopted many
of the concepts from SPLE. The product line has only one product that is delivered to all
customers and its variabilities are introduced by the customer after delivery. Arguably, this
does not resemble a product line, as it comprises only one product. However, we argue
that the principles of SPLE are the same, no matter where the variability is introduced.
The product line has an architecture that supports this strategy and a well established set of
processes and handbooks for both, internal and customer use. Organization-wise, there is
only one team, which makes it challenging to assess the level in this dimension correctly.

Example 4 (Figure 6) The diagram for this product line is identical to the one in our first
example. For this product line, the Simulation Center spent a lot of effort after the FEF
assessment. This product line consists of software, COTS hardware, and in-house developed
hardware with variability at different binding times (i.e., early binding and late binding).
The teams working on this product line stated that the FEF assessment kickstarted improve-
ments they had on their minds for a long time, but never formalized. Such improvements
consist of an SPLE architecture that will probably result in level 3, software platform, and

Fig. 8 The BAPO diagram for the FEF assessment of Example 3

(2021) 26:Empir Software Eng30 Page 22 of 41 30



formalized processes. While this product line employs various well-defined processes, these
are unfortunately sparsely documented. We expect the next assessment of this product line
to have higher levels in the architecture and process dimensions, perhaps also in Business.

4.9 Expected Versus Obtained Results

Comparing the expected and actual results of the FEF assessment in informal meetings with
the technical management of the Simulation Center revealed the following insights:

– Most product lines had a clear and mostly correct perception of their performance in
the architecture dimension. The ambitions as well as shortcomings in this dimension
were well known in the organization.

– Most product lines overestimated their performance in the process dimension. The level
of tacit knowledge compared to formally defined processes and method descriptions
was higher than expected.

– The management of one product line with levels of 1 and 2 in all dimensions questioned
the FEF assessment with the motivation that “we always deliver [...] on time.” After
reasoning about the results, the management accepted the assessment with the mindset
that a met time plan can also indicate that the plan was too generous, that corners had
been cut or that technical debt had been acquired.

– The management of one product line had a clear perception of their abilities in SPLE
beforehand, and it showed to be quite correct in the FEF assessment with high lev-
els in several dimensions. They were not surprised themselves, however the rest of
the organization had a much lower confidence in this particular product line before
the assessment. In this case, the FEF assessment justified the efforts that were put in
developing this product line and communicated this to the organization.

These insights indicate that there can be varying perceptions of the goals that are defined
in an organization, and that the FEF may help to identify mismatches in the perception and
actual goals or the current state. Moreover, the FEF assessment can be a helpful means to
communicate and reason about efforts that have been put into developing a product line.

4.10 Summary

Operationalization – RQ1.1 We experienced that the FEF is suitable for a regular assess-
ment of large product lines. Depending on the knowledge of the personnel and the adoption
level of standard terminology, the FEF must be tailored towards the analyzed domain.
To lower the threshold for the organization and facilitate the comprehensibility of the
assessment, we found it valuable to invest into preparations before conducting interviews.
Moreover, it was highly valuable, and actually necessary, to gain expertise on SPLE, the
FEF, and the product lines to explain the process to the interviewees.

RQ1.1: Operationalization
For the operationalization and tailoring, we experienced that it was helpful to:

– Understand and define the scope of each product line before the actual assessment.
– Adapt the questions of the FEF towards the organization’s needs and domain.
– Unify terminology and explain the concepts to the stakeholders.
– Involve different stakeholders into the assessment of a product line.
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Information Elicitation – RQ1.2 We considered it valuable to elicit information based on
interviews with stakeholders in different roles. The varying perspectives each stakeholder
can provide add value to the outcome. Moreover, interviews were the preferred way of
eliciting information for the organization, introducing less disruptions. While we relied on
some documentation, a large-scale analysis of all available documents seems unreasonable
and too expensive.

RQ1.2: Information Elicitation
To elicit information, we found it valuable to:

– Conduct semi-structured interviews with different stakeholders.
– Assign questions based on each interviewee’s role and knowledge.
– Document the responses and make them visible to the interviewee.

Information Analysis – RQ1.3 The thorough knowledge the interviewer collected on each
product line proved to be highly valuable, not only to scope the questions of the FEF
and facilitate the interviews, but particularly to understand and synthesize data from the
documentation. Otherwise, a precise mapping of the responses to the FEF levels seems
not possible, unless the levels should be determined in a self-assessment. Moreover,
this knowledge is helpful to synthesize different answers, particularly if they comprised
discrepancies.

RQ1.3: Information Analysis
While analyzing the available information, it was important to:

– Synthesize information from all interviews to assess FEF levels.
– Consider discrepancies between answers in particular.
– Evaluate and update the results together with the stakeholders.

Actions – RQ1.4 In this article, we reported our first experiences of using the FEF to assess
product lines, but we have not used it long enough to derive conclusions on how to imple-
ment actions. At this point, we argue that the levels of the FEF are too coarse and too
different to allow to define goals solely based on this assessment. However, we could pro-
pose several actions to directly improve the SPLE practices at the Simulation Center, and
the stakeholders of one product line in particular were eager to implement them even with-
out defined goals or a roadmap. They experienced immediate benefits in their daily work,
arguing that the investment paid off after a short time in a more effective way of working.

RQ1.4: Actions
To decide on actions based on the FEF assessment, we considered it valuable to:

– Derive actions with the stakeholders and break them down into smaller stories.
– Prioritize actions according to responsibilities and goals.
– Provide feedback on the performance of implemented actions.
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5 Benefits and Challenges of the FEF Assessment – RQ2

In this section, we answer RQ2 by providing an overview of the challenges (RQ2.1)
and benefits (RQ2.2) of applying the FEF and communicating the results in the Simula-
tion Center. We remark that several of the challenges and benefits are inter-related, for
example, the challenge of justifying investments can immediately benefit the challenge
of handling change requests. Still, both challenges indicate different origins and poten-
tial benefits of addressing them: Justifying investments is concerned with the business
dimension and helps to convince stakeholders, while handling change requests is concerned
with the process dimension and can help to improve processes as well as organizational
structures.

5.1 Challenges

Distinguishing Domain and Application Engineering We experienced that it was chal-
lenging for interviewees to actually describe the benefits of SPLE for the organization and
to specify the activities that exist outside of their respective projects. In particular, long-
lasting projects tended to embrace more and more domain-engineering activities over time,
even though, these should exist outside of the project. This clearly highlights a missing sep-
aration and awareness for domain and application engineering, and this discussion can even
seem irrelevant to the interviewees as “everything is done in the project anyway”. So, the
first challenge of applying the FEF is to introduce the right terminology and communicate
the benefits and needs for separating application and domain engineering. If this cannot be
achieved, the assessment may be doomed to fail, as it may not reveal helpful insights or may
be simply ignored.

Focusing on the FEFAssessment Our interviewees were sometimes keen to lift other prob-
lems, unrelated to the FEF assessment. In some cases, it became challenging to keep the
interview on track and focus again. Nonetheless, it was helpful and important to not inter-
rupt the interviewees too much, keeping them motivated and potentially identifying relevant
information for the FEF assessment. It was not always obvious that a topic was unrelated
to the FEF assessment until we dug deeper during the discussion. If we experienced that a
topic was not related to the FEF assessment, we recorded it and propagated it to the right
forums. Such topics were, for instance, issues and suggestions on development environ-
ments; issues with the incoming and outgoing delivery routines; and discussions on larger,
strategic choices of technology and methods. The challenge is to allocate an appropriate
period of time for each interview, plan its recording, and find the right balance while guiding
the interview.

Aligning Software Engineering Practices The Simulation Center employs agile methods,
such as Scrum and Kanban, which were sometimes argued to oppose SPLE. Particularly,
SPLE and the FEF assessment require a more formal style of working, especially in the
interface of domain and application engineering. For example, Scrum assumes a high level
of volatility in the requirements, while SPLE usually demands more firm requirements that
do not change—but may vary for different products. While there is substantial research
on how to combine SPLE with agile methods (Klünder et al. 2018; da Silva et al. 2011),
some details still seem unclear. The challenge is to identify how to best incorporate useful
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practices that are established in an organization with SPLE, and communicating that this
can be achieved.

Identifying Problems Outside the Product Line A particular problem with a product-line
architecture is its misuse, for example, by products that modify it without considering
its dependencies to other products. At the Simulation Center, task forces are an estab-
lished concept to solve a specific problem, but they do not take other products, future
products or maintainability into account. Their goal is to solve the problem as fast as
possible, usually driven by an urgent deadline—therefore disregarding the boundaries of
projects, teams, and processes. While task forces are immensely helpful to resolve prob-
lems, they easily create unintended dependencies between assets. Similar to aligning agile
methods, task forces with their informal structures are a contrast to the well-defined SPLE
practices. The challenge in this regard is to find a solution on how to coordinate task
forces with SPLE practices or how to separate them from the product line if needed
(e.g., using clone & own to create independent products (Stănciulescu et al. 2015; Dubin-
sky et al. 2013)). Concerning the application of the FEF, it can be challenging to identify
such established practices like task forces that have considerable impact on SPLE, but may
not be known by the interviewees, as they act independently of established organizational
structures.

Justifying Investments Another challenge for applying the FEF and for defining recom-
mendations based on the results is to balance the return on investments. Applying the FEF
as well as implementing changes does cost, and a justification for these investments can be
hard, requiring justification that value is added and why something should be changed that
is working. Especially for product lines with few products and for long-lasting projects this
can be problematic. If incorporated, but not necessarily documented, organizational struc-
tures and tacit knowledge work well without formal processes, any change is hard to justify,
as “everything works now”. This mindset can be important to critically analyze the FEF
assessment, but it may also block important changes. Consequently, a reasonable justifica-
tion of all investments is needed to convince the involved stakeholders that the assessment
or a proposed change will provide value for the organization.

Managing Change Requests Change requests, representing the suggested actions that
originated from the reports, can be hard to manage if they do not represent a specific
customer request or have no immediate return on investments. Most change-request pro-
cesses are based on projects, which prioritize, plan, finance, and execute each of the
requests relevant to them. However, many actions resulting from the FEF assessment are
associated with domain engineering, which is usually out of scope for a single project.
Without organizational changes, the projects can either accept a change request within
their current budget or special financing and resource planning must be conducted. So, an
organization may be challenged to initiate proposed changes without first adopting its orga-
nizational structure or providing a separate budget, due to legacy structures, processes, and
responsibilities. For applying the FEF, the resulting challenge is to identify the right stake-
holders to which change requests must be propagated, especially if the responsibilities are
not clear.
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RQ2.1: Challenges
For applying the FEF, we experienced that it can be challenging:

– To distinguish between domain and application engineering, which may be
tangled.

– To focus on the FEF assessment during interviews, due to other legacy problems.
– To align other software engineering practices with SPLE to convince interviewees

that SPLE can be successful.
– To identify problems that occur outside of—but affect—the product line.
– To justify why the FEF assessment and the proposed actions should be applied.
– To manage change requests by propagating them to the responsible stakeholders.

5.2 Benefits

Disseminating SPLE Knowledge As a first experience, we found that applying the FEF
to assess the maturity of product lines helped to disseminate information, and thus estab-
lish knowledge, on SPLE. In particular, assessing the different dimensions broadened the
view of our interviewees, who often focused on the architectural dimension of reusing com-
ponents. This limited the Simulation Center’s ability to advance further towards an SPLE
organization. To overcome this problem, we focused on establishing a factory metaphor,
which made it more obvious for most interviewees that a successful product line also
requires standardized interfaces, tools, clear roles, well-defined processes, and a supporting
business model. We consider the dissemination of such knowledge as a major bene-
fit, because it improves expertise, establishes a common knowledge base, and facilitates
communication.

Connecting Stakeholders Reviewing the reports that were based on different interviews
connected the managers, engineers, and technical leads of each product line with a more
unified perspective and established new communication. Previously, they mostly commu-
nicated on an issue-by-issue basis or in forums with a specific focus. During the FEF
assessments, each interviewee could raise any issue, from small technical problems to the
strategic orientation of the product line. The FEF reports provided a basis for discussions
that did not exist before, and we consider this to be a major benefit.

Identifying Possible Shortcomings in BAPO Dimensions Arguably the main purpose of
applying the FEF is to assess the current maturity of a product line and identify opportunities
for improvements. In our experience, especially the interviews proved to be a suitable way to
collect information and identify potential shortcomings. The main benefit of using the FEF
and BAPO are their structure according to different dimensions. This structure provided a
defined setting and forum in which we could manage and document shortcomings that the
organization were unaware about or that were unclear (e.g., who would be responsible, why
did a problem occur).

Defining Roadmaps for Product Lines The reports we created during our analysis formed
a first roadmap for the domain engineering of the product lines that lacked clear plans.
In particular, several of the product lines we studied had no activities defined for domain
engineering. While these activities were performed, they were not distinguished from appli-
cation engineering, and thus performed in the same process. The FEF assessments showed
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the benefits of having a separate domain-engineering roadmap, more detailed plans, a sep-
arate finance model, and separate organizations. Overall, the benefits of separating domain
engineering were connected to long-term thinking of technology advances, to the will of
keeping the systems up to date with state-of-the-art, and to use the latest development
methods and tools.

Setting Goals for Product Lines The BAPO dimensions and levels defined a concrete and
new way for setting goals for a product line. Before, somewhat standardized goals (e.g.,
technological level, costs, organization size or time plans) existed. However, these goals
could not be compared between different product lines. Using the BAPO model in combina-
tion with FEF provides a common ground based on which goals can be discussed within and
between product lines. This also has the benefit that the stakeholders of different product
lines can communicate and discuss more easily about the goals of each product line.

LoweringMaintenance andDevelopment Costs Higher performance (as measured by the
FEF) means lower maintenance and development costs, especially for product lines with a
larger number of products and more variability. The first formal product line at the Simu-
lation Center was established in 2010. Since then, the data shows at least a 50 % reduction
of maintenance and development costs. Also, the pricing for new products is more precise
compared to before. Applying the FEF can raise the awareness for such benefits and result
in even more savings by improving the organization’s practices even further.

RQ2.2: Benefits
Applying the FEF had the benefits of:

– Disseminating SPLE knowledge among the stakeholders of a product line.
– Connecting stakeholders by providing a unified report as knowledge base.
– Identifying shortcoming in the BAPO dimensions based on a structured assess-

ment.
– Defining roadmaps for missing domain-engineering activities of a product line.
– Setting goals for product lines that are comparable.
– Lowering maintenance and development costs based on the proposed actions.

5.3 Summary

All product lines in this multi-case study have been developed for more than 10 years. So,
they all have a corresponding history with several legacy artifacts in all BAPO dimensions
(e.g., established processes, organizational structures, and architectures). The challenges
of applying the FEF were mostly connected to bridging the gap between this legacy and
current SPLE practices, and coordinating the required changes. However, the FEF provides
a standardized assessment that resulted in immense benefits for the Simulation Center. In
particular, the distribution of knowledge, alignment of different stakeholders, and ability to
define comparable goals proved to be major benefits of the assessment.

Overall, the consensus in the management of the Simulation Center is clear: The benefits
of SPLE and applying the FEF outweigh the challenges. In the technical management, the
stance is similar, with the addition that the added technical risks that come with an increased
level of reuse must be addressed. All stakeholders welcomed the increased focus on domain-
engineering activities with the long-term planing that it entails.
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6 Threats to Validity

In this section, we describe the threats to validity of our study, using the categorizations
of Yin (2003) and Wohlin et al. (2012) as guidelines.

6.1 Construct Validity

As we described before, not all stakeholders that were involved in the interviews have been
familiar with SPLE concepts. To mitigate this threat, we mapped and unified the domain
terminology of the Simulation Center with the terminology of the FEF. Moreover, we
explained the SPLE concepts during the interviews to ensure comparable knowledge and a
common understanding between the interviewees. To further improve the reliability of our
data, we conducted multiple workshops and reviews of the reports we created, allowing all
stakeholders to provide additional feedback on the results. So, while we cannot completely
prevent this threat, we have a high confidence that our data is reliable, and that our synthesis
of the results and actions was reasonable.

6.2 Internal Validity

The internal validity of our study may be threatened due to the product lines, stakeholders,
and organization-specific adaptations to the FEF. While we could not completely resolve
these threats, we aimed to reduce their potential impact. First, we performed cross-case
analyses, synthesizing our results from all nine cases we considered in this article. Second,
all stakeholders we interviewed are experts of their respective product line, and we invited
stakeholders from different roles to complement their responses. Finally, our adaptations
of the FEF may have influenced the outcome of our study. However, our intention was to
operationalize the FEF, and therefore the adaptations are one of our contributions.

6.3 External Validity

We considered nine cases for our study to improve the external validity of our results.
However, we investigated only one organization, which threatens the generalizability of our
results to other organizations. As there exist no experiences on how to apply the FEF in
practice, our multi-case study is still a valuable contribution. We are the first to describe
how to tailor and use the FEF in practice, and particularly for large-scale product lines.

Another threat to the external validity are the organization’s characteristics. First, the
Simulation Center must enforce requirements that are not necessary in other domains (cf.
Section 2.4). As this lies in the nature of the organization, we cannot resolve this threat.
However, we considered a variety of different product lines, and their characteristics in
regard of the FEF should be comparable to other product lines. One exception for this may
be the business dimension, as most product lines are intended only for internal use. While
we have to be careful with generalizing our results, due to these threats, we did report
all adaptations and limitations that we experienced. Also, these characteristics should not
impact how to apply the FEF, which was our main goal in this study.

6.4 Conclusion Validity

We collaboratively designed our research methodology and employed action research to
react to new insights by refining our methodology. Still, we could not analyze, synthesize or
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publish all of the available data, and had to abstract our insights. So, we have to be careful
while interpreting our results, especially as they represent a single experience report. We
aimed to share as many details as possible about the adaptation, insights, and artifacts (i.e.,
the questions in Appendix) to allow other organizations and researchers to understand and
replicate our work.

Similarly, due to confidentiality, we cannot provide all details, for instance, regarding the
organization’s tools, customers, data, guidelines, and processes. While this prevents an exact
replication of our study, this is arguably a problem of any experience report in a real-world
setting, and cannot be overcome. Still, we aimed to provide as many details on our method
and the product lines’ characteristics as possible. So, other researchers and organizations
can adopt our method to their own needs, and we encourage them to share their experiences
and compare them to ours to support or challenge our findings.

7 RelatedWork

We introduced cost models and scoping techniques in Section 2, as they are related to the
FEF, and their concepts are important to understand this article. In this section, we focus
on works that are related to our actual contributions. So, we discuss research that reports
experiences on assessing the maturity of SPLE practices or on planning their adoption in
practice.

7.1 Assessing SPLEMaturity

While we are not aware of a study that fully applied the FEF in an industrial context, Nazar
and Rakotomahefa (2016) assess a small company based on the BAPO dimensions. So,
their work is probably closest to ours. The authors combine observations, interviews, ques-
tionnaires, and document analysis to obtain data. Unfortunately, they do not report on their
experiences of conducting the assessment, but focus on the actual outcome for the company.
As such, our scope is different. We complement their work by providing insights into the
details of how to apply an FEF assessment in a large organization and on multiple product
lines.

Knauber et al. (2000) report their experiences of applying PuLSE (Bayer et al. 1999)
in six small- and medium-sized companies. As PuLSE focuses not only on assessing the
maturity or potential of a product line, the experiences reported cover various areas, for
instance, technology transfer, modeling, and architecting. In contrast to us, Knauber et al.
do not focus on the application of PuLSE itself as an assessment technique, providing few
experiences on its benefits and problems. So, we considerably complement the insights
on how to best employ a product-line assessment, including more detailed challenges and
benefits that can be expected.

Ahmed and Capretz (2011) report their experiences of assessing the business dimension
with an own maturity model. To this end, they investigate two companies and focus on the
limitations and utilization of this model. Some of the insights relate to those we obtained
in our study. For instance, we conducted interviews with stakeholders from different roles
to obtain different insights, while Ahmed and Capretz state that they did not consider the
roles of the participants, despite it being an important aspect. While related to our work, we
considerable differ in various important aspects from them. We are concerned with another
assessment method, report more detailed insights, and focus more on the challenges of
applying an assessment, rather than the limitations of a newly introduced model.
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Berger et al. (2020) investigate to what extent 12 organizations adopted SPLE practices
and techniques. The authors focus on various aspects, including, for example, the concept
of features, established traceability, the usage of variability modeling and a platform, and
the extent of configurability. As such, this study can be seen as a high-level assessment of
the maturity of SPLE in an organization. The authors highlight open issues that need to be
addressed to foster adopting SPLE in practice. Arguably, this work is strongly connected to
ours, as it provides a different perspective on the assessment of SPLE practices.

7.2 Planning SPLE Adoption

Koziolek et al. (2016) are concerned with adopting a cost model and domain analysis (e.g.,
feature modeling) for four product lines of an organization. Similar to our work, the authors
report on the operationalization and tailoring of these techniques for the organization. More-
over, Koziolek et al. conducted interviews with stakeholders from different roles to collect
their data. While few insights are similar to ours, for example, on establishing a common
knowledge base on the products or product line under investigation, most of the insights
are concerned with specifics of cost modeling and domain analysis—focusing on a risk
assessment before adopting SPLE practices. Consequently, our work is complementary by
providing experiences on how to apply an FEF assessment on an existing product line.

Similarly, Rincón et al. (2019) assess to what extent their recently proposed APPLIES
framework (Rincón et al. 2018) for deciding on the adoption of SPLE is useful in industry.
Rincón et al. focus on similar research questions as we do, reporting to what extent their
framework is perceived useful, what improvements the organization achieved, and what
lessons they learned—based on two workshops with employees of the organization. Despite
the similarities, major differences to our work are the focus on assessing the potential for
product-line adoption and the consequent use of a different framework. In contrast, we were
concerned with assessing the maturity of existing product lines using the established FEF.

Several other works report experiences of implementation, adoption, and scoping tech-
niques for SPLE in practice (Böckle et al. 2002; van der Linden et al. 2007; da Silva et al.
2014; Fogdal et al. 2016; Ahmed et al. 2007; Hetrick et al. 2006; Krueger et al. 2008;
Northrop 2002; Jensen 2007; Bastos et al. 2017; Buhrdorf et al. 2003; Clements et al. 2001;
Ghanam et al. 2012; Garcı́a et al. 2019; Berger et al. 2014a). Unfortunately, none of these
works reports how to best apply maturity evaluations. For example, van der Linden et al.
and Fogdal et al. report case studies on the successes of SPLE, but the reasoning for adopt-
ing the corresponding practices and how to monitor or assess their status is not explained.
Other researchers, such as Böckle et al. and Ahmed et al., focus on how to establish an SPLE
culture and important success factors. These works can contribute to assessing different
BAPO dimensions in the FEF, for instance, the business dimension by showing economic
benefits or the organization dimension by highlighting necessary restructurings. We com-
plement such works with our study, providing insights into how to assess the maturity of a
product line.

8 Conclusion

We reported a multi-case study in which we used the FEF to assess the maturity of nine
product lines at a large organization. As we are not aware of any experience reports of apply-
ing the FEF in practice, we believe these insights are highly valuable for organizations to
assess their SPLE practices, and for researchers to analyze and improve on our findings. To
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this end, we explained why and how we tailored the FEF to the organization’s domain and
what challenges as well as benefits of applying the FEF we faced. Overall, we defined 67
questions, conducted 27 semi-structured interviews with various stakeholders of the product
lines, wrote and revised reports, and performed workshops to collect our data. We received
overwhelmingly positive feedback from the organization, which experienced immediate
benefits that arguably exceed the expectations of simply assessing the maturity of a product
line. As such, the FEF is a reasonable assessment to scope and plan the SPLE practices of
an organization, despite the efforts needed to tailor and apply it to an organization.

Tailoring The FEF (van der Linden et al. 2004, 2007) provides only a toy example to exem-
plify its usage. As no real-world studies exist, it is not surprising that we had to perform
considerable adaptations to the rather abstract methodology. Most importantly, we found
that building a common knowledge base, unifying terminologies, adapting questions, and
involving different stakeholders is essential for a successful assessment. To elicit informa-
tion and derive actions, we experienced that synthesizing semi-structured interviews and
reviewing the results with the stakeholders is valuable.

Challenges Applying the FEF came with challenges. In particular, we experienced that it
can be challenging to establish the knowledge required for the stakeholders to understand
SPLE concepts that they did not distinguish, yet (e.g., domain versus application engineer-
ing). Moreover, it can be challenging to keep the focus on the actual FEF assessment if other
problems prevail, and to align concepts of different software engineering practices. Not sur-
prisingly, it can be problematic to justify the investments needed for a proposed action, and
to assign such actions to the right stakeholder, if they do not align to the current organiza-
tional structure. Most interesting is the challenge of identifying problems that occur outside
of the product line, but affect it. The particular example we experienced are task forces that
work independently of the remaining architecture and may introduce unwanted changes.
Identifying and addressing such problems is interesting future work.

Benefits The benefits we experienced exceeded the expectations of a simple assessment.
Applying the FEF automatically disseminated knowledge about SPLE practices and the
product lines, which again connected stakeholders by providing a common body of knowl-
edge. As intended, the FEF allowed us to identify shortcomings in the BAPO dimensions
and to define roadmaps as well as goals for each product line. Interestingly, we proposed
actions that could be implemented immediately without a specific goal in mind, and still
reduced the development and maintenance costs. This indicates that an FEF assessment is
indeed a helpful means for an organization to improve its SPLE practice. However, manag-
ing the knowledge of an evolving software system and establishing a common ground for
communication seems to remain a practical problem for future work.

FutureWork We plan to apply maturity assessments for software ecosystems (Berger et al.
2014b; Seidl et al. 2017; Schultis et al. 2014), since one of the assessed product lines had
already taken first steps in that direction, and to compare the results to our FEF results to
the extent possible. For some product lines, customers have indicated additional problems
that we did not identify during the FEF assessment. So, we intend to expand the FEF with
a customer perspective to also capture their experiences. RQ2 is an interesting question to
investigate in more detail, for example, after five years of using the FEF for these product
lines. We intend to do that and to find quantitative measures for the benefits of measuring
the maturity of SPLE to complete the more qualitative measures presented in this article.
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Moreover, we plan to develop a decision model that managers can use as a dashboard with
data from FEF measurements, supporting their decisions on the product lines and goals
regarding the BAPO concerns. Finally, we are particularly interested in how to identify
problems that affect, but are not part of a product line. For this purpose, we plan to conduct
additional studies to understand more reasons where such problems stem from and how they
could be avoided, or at least noticed.

Appendix: Questions in the Interviews

Below is a selection of the questions we used during the interviews. We omit or changed
questions that are specific to SAAB AB in this translation from Swedish. Questions marked
with M were answered by managers, T by technical leads, and E by engineers.

General Information

– What is your (the interviewee’s) name? (M, T, E)
– What are your responsibilities and tasks? (M, T, E)
– What are the domain and your experiences from the domain? (M, T, E)
– In your own words, what is the purpose of the product line? (M, T, E)
– In your own words, who are the requirements stakeholders of the product line? (M, T,

E)
– In your own words, what are the variants of the product line? (M, T, E)

Business - General

– Are the systems developed, planned, and marketed as single systems or as a product
line? (M)

– Have you calculated the benefits of using SPLE? In time/effort, time-to-market, and
investments? (M)

– Is there a budget for domain engineering? (M)
– Are the management and the organization aware of the costs and savings from using

reusable assets? (M)

Business - Vision and Goals

– Is there a commitment from the management to work towards SPLE? (M)
– Would you say that there is support for SPLE in the organizational structure? (M)
– Would you say that your organization owns your vision for SPLE, or does it come from

outside? (M)

Business - Planning

– Are the results of domain engineering taken into account when planning new products?
(M)

– Are the plans for domain engineering and application engineering separate? (M)
– Is the planning for reusable components coordinated or controlled from a single product

(application)? (M)
– Are the plans created so that they create the best business value overall? (M)
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Architecture

– Describe the architecture of the products in the product line. Is there a platform that is
common to all products in the product line? Which strategy is used? Plugins? Does the
platform support late binding? Is it the same architecture in all products in the product
line? (T, E)

– What strategies for inactive features are used? Are they included in the delivery, but
disabled? How are they disabled? Is the feature removed? Are both, the feature and its
interface, removed? (T, E)

– Is there a general platform that could be used in other product lines? (T, E)
– How is architectural integrity maintained to avoid architecture erosion?” (T, E)
– Does the architecture change in a controlled way to adapt to new requirements and

circumstances? (T, E)
– Have you ever done a restart or redesign of the entire architecture? (T, E)
– Are you separating data and algorithms or otherwise trying to minimize the amount of

duplicate code between variants? (T, E)
– How is the link between a variant (end product) and its input assets handled? Do you

write on the asset to which final product it should belong? (M, T, E)
– Discussion on binding times: When are decisions about variability bound? At check

out, build time (e.g., preprocessor), load time, run time (e.g., configuration files), ...?
(T, E)

– How do you experience the relationship of a particular product variant to other product
variants in the product line? As an adaptation, evolution, a variant? (M, T, E)

– Are there any assets that you use in the product line and that are also used in other
product lines? (M, T, E)

– Where is the information about how components are interconnected? Is any type of
standardized solution pattern (e.g., micro services) used? (T, E)

– Are the reusable components so mature in respect of reuse that you can build a whole
new product of existing components without actually developing anything new (no new
source code, etc.)? (M, T, E)

– Do you see that any part of the configuration process could be automated further? (M,
T, E)

Process - General

– Describe the communication between domain- and application-engineering teams. Is it
formal? For example, based on requirement documents, issues, etc.? Or is it informal,
basically “go and talk to each other?” (M, T, E)

Process - Domain Engineering

– How do you handle conflicting requirements from two application engineering teams?
(T, E)

– Do you manage assets that come from outside (other parts of the company, subcontrac-
tors, purchases, etc.)? (T, E)

– Are there processes for managing reusable components between multiple projects? (T)
– How do you handle the requirements for the products? Are there separate requirement

documents for each product? Are the requirements labeled with the name of the final
product/variant? (T)
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– Do you feel that there is a requirements collection for the product line as a whole and
not just for each product variant? (T, E, M)

– Is it possible to trace requirements between application and domain engineering? (T)
– Are all components developed with the ambition of being reusable in future products?

(T, E)
– Do you measure how components are reused? Do you know where components are

used? (M, T)
– Do you have metrics for measuring how well the development organization works? (M)
– Do you have improvement work based on measured values? Is this done continuously?

(M, E)
– Are improvements in domain and application engineering done separately or together?

(M, E)
– Can you briefly describe the process of improvement work? (M, E)

Process - Application Engineering

– When planning a new variant (end product), is there any person or role that has extra
good knowledge about how components can be reused or linked together? Is that knowl-
edge described in a document or in a formal language (with relationships, dependencies,
etc.)? (T)

– Is it described in the process that new components developed for a product variant
should be reusable for future use? (M, T, E)

– When discussing the requirements with customers (may be internal), do you talk about
which reusable components already exist and which ones need to be developed? (M, T,
E)

– Is there any training in how to work in shared reusable components and architectures?
(M, T, E)

Process - Collaboration

– Are there any structures (organization, management, processes) that control how com-
ponents can be reused? Or is it free for anyone who needs to use a component? (T,
E)

– When new requirements apply to a product variant, do you use any process to review
whether the requirements should be included in the product line and possibly affect all
variants? (T, E)

– Is there a coordinated decision-making process on changes in shared components? (T,
E)

– Is there a roadmap for future products, components, etc. that includes both possible
future customer requirements, but also requirements to stay state-of-the-art in the area?
(M)

– Are there separate processes for testing in domain and application engineering? Are
they coordinated? (E)

– When planning and setting overall strategic plans for your area, do you take into
account the future needs of individual product variants, or do you also consider shared
components in domain engineering? (M)

– Are there responsibilities that span multiple product variants or are they limited to
single variants? (M)
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– Are risk identification and risk management performed on each product variant or is it
also done on domain engineering? (M)

– Do you have a retirement/disposal plan for each shared component? (M, T)

Organization

– Are teams separated between domain and application engineering? (M)
– Do you have support from both project and line management for the separation? (M, T)
– Are there roles that are solely related to either domain or application engineering? (M)
– How easy/difficult is it to switch tasks between teams (specifically between domain

and application engineering)? How often can you change? (M, T)
– Are you striving to create a common base, organizationally, on which many future

products can be built? (M, T)
– Does the line organization support a product-line-adapted approach? (M)
– Does the technology organization support a product-line-adapted working method? (M)
– Where would you say that the greatest power lies in how products are developed? In

the line management, in the projects or in the technical management? (M, T, E)

Additions

– Would you like to add anything? (M, T, E)
– What is your impression of the interview and of the FEF framework so far? (M, T, E)
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Berger T, Lettner D, Rubin J, Grünbacher P, Silva A, Becker M, Chechik M, Czarnecki K (2015) What is a
feature? A qualitative study of features in industrial software product lines. In: International conference
on software product lines. ACM, SPLC, pp 16–25. https://doi.org/10.1145/2791060.2791108
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Böckle G, Muñoz JB, Knauber P, Krueger CW, do Prado Leite JCS, van der Linden F, Northrop L, Stark M,
Weiss DM (2002) Adopting and institutionalizing a product line culture. In: International conference on
software product lines. Springer, SPLC, pp 49–59. https://doi.org/10.1007/3-540-45652-X 4

Boehm BW (1984) Software engineering economics. IEEE Trans Softw Eng SE-10(1):4–21. https://doi.org/
10.1109/TSE.1984.5010193

Boehm BW, Brown AW, Madachy R, Yang Y (2004) A software product line life cycle cost estimation
model. In: International symposium on empirical software engineering. IEEE, ISESE, pp 156–164.
https://doi.org/10.1109/ISESE.2004.6

Bosch J (2002) Maturity and evolution in software product lines: Approaches, artefacts and organiza-
tion. In: International conference on software product lines. Springer, SPLC, vol 2379, pp 257–271.
https://doi.org/10.1007/3-540-45652-X 16

Buhrdorf R, Churchett D, Krueger CW (2003) Salion’s experience with a reactive software product line
approach. In: International workshop on software product-family engineering. Springer, PFE, vol 3014,
pp 317–322. https://doi.org/10.1007/978-3-540-24667-1 24

Clements PC, Krueger CW (2002) Point ,/, counterpoint: Being proactive pays off ,/, eliminating the adoption
barrier. IEEE Softw 19(4):28–31. https://doi.org/10.1109/MS.2002.1020283

Clements PC, Northrop LM (2002) Software product lines - Practices and patterns. Addison-Wesley
Clements PC, Cohen S, Donohoe P, Northrop L (2001) Control channel toolkit: A software product line case

study. Tech. Rep. CMU/SEI-2001-TR-030, Carnegie Mellon University
Clements PC, McGregor JD, Cohen SG (2005) The structured intuitive model for product line economics

(SIMPLE). Tech. Rep. CMU/SEI-2005-TR-003, Carnegie Mellon University
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