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Abstract. The success of mobile applications depends on the incorpo-
ration of key features specific to their intended use. This paper proposes
a light-weight process model to facilitate the identification of key user
interface features and key application logic features.

The iterative, incremental process model is aligned with design sci-
ence research and is based on software product line engineering ideas. In
each iteration several prototype variants are built and evaluated by the
customer. Both construction and evaluation of prototypes are based on
feature models.
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1 Introduction

Modern smartphone platforms provide a number of innovative features which
have prepared the ground for myriads of different mobile applications (apps)
with novel functionality and unique user experience. Smartphone platforms keep
on evolving, the variety grows even wider and developers are challenged to focus
on the right features, as they want to guarantee the success of their apps.

There are extensive investigations on key features of mobile applications, rang-
ing from general studies on user acceptance, quality of experience and usability
[16,5,3] to research on success factors in specific application domains, e.g. [15,20].
This paper proposes a process model which facilitates the identification of key
features of mobile applications in a given business context. The approach is
based on design science research (DSR), application of software product line en-
gineering (SPLE) methods and findings of the research project SMAT (Success
Factors of Mobile Application Design for Public Transportation).1

Whereas information systems (IS) research primarily considers the artifact
itself, DSR focuses on the design and creation of artifacts. Reviewing the litera-
ture on DSR, [6] observes “that design theories are rarely utilized as knowledge
base in DSR projects”. This paper considers Hevner’s three cycle view of DSR

1 Project website: http://smat-project.de
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Fig. 1. The three DSR cycles according to [10]

[10] as a design theory and derives the proposed process model from it. The
DSR paradigm comprises three core cycles (relevance, design and rigor cycle)
which connect the core DSR activities to the contextual environment of the re-
search project and to the knowledge base (Figure 1). DSR has to be grounded
on existing ideas drawn from the knowledge base, which comprises the “scientific
foundations, experience, and expertise that informs the research project” [10].
The design cycle is at the heart of DSR. It consists of the two core activities
build and evaluate. As the concept of a cycle suggests, the three core cycles are
to be applied iteratively.

The specific research problem considered in this paper is to derive a process
model which facilitates the identification of the key features of mobile appli-
cations in a given business context. There are three main objectives for the
solution:

1. The process model has to be aligned with DSR methods and has to contribute
to the knowledge base.

2. The process model has to support the identification of key user interface
features and key application features; the feature-driven evolution of proto-
types with potentially a high level of variability; artificial and naturalistic
end-user evaluations (in the sense of [21]).

3. The process model has to be light-weight (in the sense of [13]).

In order to achieve objective (1), the process model is derived from Hevner’s
three cycle view. SPLE concepts are applied and adapted to fill in the missing
parts of the design cycle.

The remainder of this paper is organized as follows: Section 2 summarizes
the background and related work on DSR and SPLE, and identifies the research
gaps; Section 3 shows how DSR, SPLE methods and findings of SMAT are used
to design, implement and evaluate the solution (process model and artifacts);
Section 4 concludes the paper with a classification of the research contributions
of this paper in the view of DSR.
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2 Background and Related Work

The solution is related to and primarily based on DSR and SPLE concepts.

2.1 Design Science Research (DSR)

DSR contains the build-evaluate-paradigm at its very center [10]. Systematic
evaluation of crucial application features in the sense of DSR is often limited to
small feature subsets, e.g. [9]. More general approaches, e.g. [15], have yet to be
integrated with the design and rigor cycles.

Rigorous application of DSR implies the contribution of artifacts to the DSR
knowledge base. There are no generally accepted principles for the specific form
of these contributions, although the nature of appropriate contributions has been
the subject of several investigations: [10] enumerates three relevant knowledge
types: experience and expertise, meta-artifacts (design products and design pro-
cesses), and scientific theories. Similarly, [7] identifies three levels of contribution
types with increasing level of abstraction:

Level 1: artifact or situated implementation (most specific level)
Level 2: design principles
Level 3: emergent design theory (most abstract level)

Three types of knowledge are distinguished by [11]:

Conceptual knowledge: ontologies and the like
Descriptive knowledge: observational facts and causal laws
Prescriptive knowledge: methods to achieve utilitarian ends

There are several process models and approaches which emphasize user satis-
faction. All agile process models [13] and, more specifically, user-centered design
[8] emphasize user involvement. But there is, to the author’s knowledge, no in-
tegrated process model which specifically addresses the above stated research
objectives and which is explicitly aligned with DSR.

2.2 Software Product Line Engineering (SPLE)

SPLE considers the development of a product family (= software product line,
SPL) [2]. All members (products) of a product family share a core of commonali-
ties, while being distinguished by certain, varying features. Our proposed process
model (see below) is based on the same concept: Development and evaluation
is based on an evolving product family whose members are distinguished by
different variants of the candidate features. SPLE focuses on the specification of
product families and on the efficient creation of specific products (family mem-
bers). Specification is based on the concept of feature models: A feature model
captures the variability of a product family in the form of a feature tree [12].
Each distinct feature set represents one specific product.

A feature is a “prominent or distinctive user-visible aspect, quality, or char-
acteristic of a software system or systems” [12]. An example taken from SMAT
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serves to illustrate the concept: Gamification affects user experience. In the case
of SMAT the gamification feature includes user ratings based on distance traveled
and a graphical representation of the rating result (e.g. graphical representation
as badge). This implies two candidate features for further evaluation:2 rating

basis (application logic feature) and representation (user interface feature).
There are two variants for the graphical representation: augmented reality

and badge. A similar concept can be applied to the rating of bus drivers. In this
case the rating is based on likes. Thus, the rating basis comprises the variants
miles and likes and there are two variants of person: user and bus driver.
Figure 2 depicts the corresponding feature model.
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Fig. 2. Feature model

Selection of specific features from a feature model leads to a specific product,
e.g. the selection of the feature person with the sub-feature user, of the feature
rating basis with the sub-feature miles and of the feature representation

with the sub-feature badge specifies the product {user, miles, badge}. In
order to specify a product it suffices to enumerate the leaf nodes of a feature
model. The selection of the inner nodes is already determined by the choice of
the leaf nodes.

In general, the model elements of a feature model and additional constraints
restrict the set of all possible feature combinations to the set of all permitted
combinations. Features may be optional (◦) or mandatory (•). A collection of
features can be “at least one” (��) or mutually exclusive (�). In Figure 2, e.g.,
the features augmented reality and badge can be present in the same product,
whereas the features user and bus driver must not be present in the same
product. There are two additional constraints in Figure 2, which connect the
person-choice to the rating basis-choice, i.e. user forces miles to be present,
whereas bus driver forces likes to be present.

Feature modeling is well understood. [18] formally defines the concept of fea-
ture models and provides a survey of the most popular extensions of the above
shown, basic feature model notation. There is little SPLE research for mobile
applications (in the sense of IS). The existing research is mainly concerned with

2 Features names will be set in typewriter face throughout the remaining text.
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the variability introduced by different platforms [17]. SPLE research in general
focuses on the efficient derivation (build) of products from selected features. This
also holds true for the research on the evolution of feature models [4,14]. Our
process model, however, has to take the evaluation of features into consideration.

3 Design and Development

The process model advocated in this paper is derived from Hevner’s three cycle
view (Figure 1). In particular, the design cycle (build and evaluate process) of
the resulting process model is only loosely defined. Aiming at feature-driven evo-
lution of prototypes, the missing parts are filled in by applying SPLE concepts.
Some of these concepts have to be adapted in order to support efficient build
and evaluation of prototypes.

3.1 Process Model

The external setting for the process model comprises the environment and the
knowledge base. According to the objectives from Section 1 there are two external
roles (classes of people) of interest: the customer, i.e. the service provider who
wants to introduce a mobile application as additional access channel to existing
service offerings (established business logic core), and the user, i.e. the end-user
who uses and/or tests the mobile application. The technical systems involved
are the customer’s existing IS and the mobile hardware which will be used by
the user. The problem (identification of key features) implies a feature-based
data structure. Figure 3 depicts the information flow between the environment
and the build and evaluate process: This flow consists of build artifacts and
customer/user feedback. The build artifacts are prototypes with increasing level
of refinement, e.g.: initial paper prototypes, click prototypes suited for lab tests
and high fidelity prototypes suited for field tests.

Figure 3 also depicts the information flow between the build and evaluate
process and the knowledge base. The build and evaluate process draws on pre-
scriptive knowledge (design and evaluation methods) and contributes descriptive
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Fig. 3. Information flow through the relevance and rigor cycles
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knowledge: observational facts (artifacts and user feedback) and empirical laws
(evaluation results).

The process model treats feature models as first class artifacts. All build and
evaluate process results have to be aligned with the feature model. During each
iteration the current state of evolution and evaluation is represented by the
current feature model. Evaluation results are attributed to corresponding nodes
in the feature model. Feature nodes are added, changed and deleted according to
the evaluation results. Consequently, the contributed knowledge has to be fully
traceable in the following sense: The evolving relationship between features and
build artifacts, meta-data (e.g. date, time, test person), feedback (e.g. thinking
aloud reports, heat maps, questionnaires) and evaluation results can be uniquely
identified for all iterations.

The external setting constrains and guides the design of the build and evaluate
process. In the design cycle (Figure 4) the prototype family (= special kind
of a SPL) evolves iteratively. In each iteration several prototype variants are
distributed or presented to the customer or user. After the feedback has been
gathered, it is evaluated.

Then, the next evolution cycle starts. Based on the evaluation results, the fea-
ture model is adapted. The feature model adaptions are then incorporated into
the prototype family. If the evaluation results demonstrate that the feature model
is stabilizing and if the fidelity of the prototypes has to be increased, the proto-
type family is refined, too. Eventually, the next iteration is prepared: Depending
on the current evaluation results and on the prototype level, an appropriate
evaluation method is chosen and the prototype variants are built accordingly.
As soon as enough evidence has been gathered to determine key features, the
evaluation results are finally submitted to the knowledge base.

A test-run with several iterations of this process model was performed during
the project SMAT. Feature models and prototypes with increasing level of de-
tail (e.g. use case sketches, detailed use cases, click-prototypes) were produced.
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At the same time a component-based SPL3 for Android OS prototypes was de-
veloped to demonstrate the feasibility of the process model in the case of high
fidelity prototypes. An informal, qualitative evaluation identified several issues:

1. Synchronization of the feature model and all artifacts.
2. Synchronization of the frequency of the relevance and of the design cycle.
3. Conflicting requirements: light-weight process model vs. full traceability.
4. High upfront effort for the development of the SPL.

Issues (2, 4) are partially a result of the specific project setting of SMAT: in-
terdisciplinary, inter-organizational research in academia with diverse project
groups and high turnover of staff. Consequently, the environment property or-
ganizational systems has to be appropriately considered in the re-design of the
process model. If the focus is on a feature-based, unified and light-weight data
structure, then the issues (1, 3) and to a certain extent the issue (2) can be
better addressed. (The core ideas behind this are explained in the following sub-
section.) The incorporation of elements of the feedback procedure into the SPL
are supposed to further improve (1) and, as a positive side-effect, to reduce the
interference perceived by test persons.

3.2 Required Adaptions of SPLE Methods

SPLE focuses on the automation of the build process: automated derivation of
products from features (direct mapping). Derivation of features from products
(inverse mapping) is mainly performed manually during commonality and vari-
ability analysis. The inverse mapping is of no concern during validation, when a
product is compared to its known specification, i.e. to a known set of known fea-
tures. In addition, a main concern in SPLE is to develop a software architecture
which connects features in a one-to-one manner to independent variant binding
options in the implementation [2].

These SPLE properties are not satisfied in feature-driven prototype evolution
and evaluation: First, in order to support the identification of key features,
the mapping of user feedback to features is indispensable. Second, independent
variation binding may imply quite complicated variability mechanisms and high
development efforts for some features.

Research on the evolution of SPL focuses on the preservation of the indepen-
dent binding [19] and on the traceability of feature model changes. [1] states that
full traceability in SPLE requires four orthogonal traceability dimensions and
observes that there is no appropriate tool which supports all four dimensions.4

However, a simplified approach is sufficient for the evolution and evaluation of
a prototype family. The approach uses only one revision dimension which is de-
rived from the evolving feature model. A scenario-based analysis has shown, that

3 The component model of the SPL is based on an enhanced Android OS intent
mechanism, a distributed JSON database and a server which provides unified access
to remote data sources.

4 A tool comparison at the beginning of SMAT has shown, that there is still no
appropriate tool.
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this approach ensures traceability within our proposed process model, as long as
each inner feature node is reflected by one independent variant binding option. If
this is not the case, full traceability can be saved by adapting the feature model
to reflect the binding options within the prototype architecture. This approach
is still lightweight. Both the number of artifacts and the technical complexity of
the prototype family are kept to a minimum.

4 Conclusion

It has been demonstrated how a process model can be directly derived from
Hevner’s three cycle view with the help of a top-down approach (objective 1).
Further refinement of the process model has been derived from SPLE ideas.
A test-run with several iterations of this process model has been performed
during the project SMAT. An evolving family of prototypes with increasing
level of fidelity has been produced. Based on the feedback to these prototypes
the co-evolving feature model has been evaluated iteratively (objective 2). A
non-formal, qualitative, naturalistic evaluation of the process model identified
several issues. Some of these issues have been addressed by the introduction of a
light-weight revisioning and adaption approach for feature models. An artificial
evaluation has been performed on the re-designed, light-weight process model
(objective 3).

The derivation of the process model, the derived process model and the
feature-based data structure are classified as a prescriptive level 2 (design
principle, meta-artifact) contribution to the knowledge base. Application of the
process model produces descriptive level 1 (artifacts, experience/expertise) con-
tributions. The SPL constitutes a level 1 (implementation) contribution.

Further research will focus on rigorous and thorough evaluation of the process
model and on the incorporation of feedback elements into the SPL.

Acknowledgement. Part of this paper is based on findings of the research
project SMAT, which has been partially funded by the HMWK (Hessen State
Ministry of Higher Education, Research and the Arts) under the program
“Forschung für die Praxis”.
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Key principles for user-centred systems design. Behaviour & IT 22(6), 397–409
(2003)

9. Haugstvedt, A.C., Krogstie, J.: Mobile augmented reality for cultural heritage: A
technology acceptance study. In: IEEE Computer Society, ISMAR, pp. 247–255
(2012)

10. Hevner, A.: A three-cycle view of design science research. Scandinavian Journal of
Information Systems 19(2), 87–92 (2007)

11. Iivari, J.: A paradigmatic analysis of information systems as a design science.
Scandinavian J. Inf. Systems 19(2) (2007)

12. Kang, K.C., Cohen, S.G., Hess, J.A., Novak, W.E., Peterson, A.S.: Feature-oriented
domain analysis (FODA). Feasibility study. Technical Report CMU/SEI-90-TR-21,
Software Engineering Institute. Carnegie Mellon University, Pittsburgh (November
1990)

13. Martin, R.C.: Agile software development: principles, patterns, and practices.
Prentice-Hall (2012)

14. Mitschke, R., Eichberg, M.: Supporting the evolution of software product lines. In:
ECMDA Traceability Workshop, Berlin, Germany, 09-12 (June 2008)
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