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Abstract—Companies are adapting their traditional
development processes, aiming for project-specific designs that
are referred to as “Agile Product Development” — flexible,
adaptive and accelerated processes. Implementing these
principles supports developers to react to challenges such as
shortened innovation cycles and increased market dynamics.
The project-specific tailoring of a development process has to be
carried out right from the start. Early on, companies have to
create a unique path for each development project by choosing
the right development approach - plan-driven, agile or hybrid
—, assembling properly skilled development teams and creating
an enabling environment and applicable process design. But,
due to the lack of appropriate methodologies for a project-
specific tailoring, companies find it difficult to adjust
development methods according to the project requirements at
hand. Therefore, development projects often do not meet
expected budgets, deadlines or product goals. As a first step, the
authors present a selection of essential development method
elements based on a literature review. These elements, classified
in content- and process-related elements, form the basis for a
comprehensive method framework. The method framework
supports companies in identifying and configuring crucial
method elements based on which project-specific development
strategies can be derived.

[. INTRODUCTION

Challenges such as growing complexity and dynamics in
development and production [1], an increased innovation and
time pressure due to shortened product and process life cycles
[2] as well as continuously rising quality requirements [3]
demand nowadays companies to adapt their traditional
processes and understanding about how new products are to
be developed [4, 5]. The more and more frequently occurrence
of new and disruptive technologies, the market impact of
which is very difficult to predict, intensifies these challenges
additionally [79]. In consequence, new and optimized
development methods, which are highly efficient both in
regard to the consumed time and resources, are required so
that companies are able to develop innovative products in
short development cycles at competitive prices [6, 7].

As a reaction to this highly challenging environment,
companies are adapting their traditional, phase-oriented
development methods — in hardware development mostly
represented by COOPER’S Stage-Gate framework — by
implementing agile principles taken from highly iterative ones
such as Scrum the origins of which lie within the software
development [8, 9]. This methodical shift is based on the
assumption that the so-called agile development methods are
better suited to deal with changing requirements, the need for
short development cycles and a continuous integration of and

feedback from the customer [10]. This is due to the fact that
these “light weight” methodologies are less formal, structured
and plan-driven than traditional “heavy weight” approaches
such as Waterfall — the lack of formality and the usage of
suitable practices correlating with an increase in team
autonomy, decision speed and overall efficiency [11-13].

While more and more companies — with a growing number
of non-IT-related industries — are implementing agile
principles into their development processes, the success of
these activities is highly varying [14]. There is high insecurity
about the optimal balancing of formal development structures
vs. agile, highly flexible ones, the way hardware-based
products have to be incrementalized in order to generate
functional prototypes after each development sprint or the
question how highly autonomous development teams have to
be managed from a strategic perspective by senior
management. This insecurity results in a variety of different
hybrid development methods, which are adapted company-
and project-specific in a more or less experimental approach
[15-17]. A lack of understanding about the interrelations
between project-specific requirements on the one side and the
mechanisms of different practices and structures in
development methods on the other can be observed. As a
consequence, development projects often do not meet the
estimated timeline, cause a higher than expected financial
investment or lead to products with insufficient performance,
quality or innovativeness [18, 19].

In spite of the existence of a significant number of
different plan-driven and agile methodologies, there is not one
universal development method that fits all types of
development projects [20]. Instead, case studies show and
research agrees on the fact that methodologies have to be
chosen or rather customized in regard to the specific
requirements of different development projects [21, 22, 15].
Yet, this adaption process is all but trivial, since it requires a
deep understanding about the effects of different development
methods’ elements such as architectures, roles and practices as
well as their interrelations to specific development projects’
characteristics. For the software development environment
FIRESMITH made a first attempt to provide a requirement-
oriented, tailorable development method called OPEN [23].
However, FIRESMITH’S studies not only focus on software
development processes in general, but agile methods in
specific, hereby providing only limited support for the
hardware development environment with its domain-specific
requirements [24, 25] and without coverage of more plan-
driven approaches.
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As a first step towards the development of a tailorable
development method for the hardware development, this paper
aims for providing a framework which contains and structures
general development methods’ elements. In contrast to the
existing research in this field [21, 26], the authors are not
trying to classify established development methods, i.e. Scrum
or Waterfall, in abstract dimensions such as agile or plan-
driven, but on a more detailed level. Hereby contributing to
the growing research discipline of method engineering (ME)
[27], the authors present only the first of four planned papers
targeting on the conception of an adaptive, tailorable
development method for hardware projects. The aim is to
provide a comprehensive tool for developers that enables them
to easily derive a tailored development method based on the
specific requirements of the development project.

In chapter II the applied methodology within this paper is
explained. Subsequently, chapter III explains the theoretical
background of development methods, characteristics of
development projects as well as fundamentals on the research
discipline method engineering. Chapter IV contains a
literature analysis focused on existing methodology
frameworks and decision models from the software and
hardware environment. Based on the work provided in the
previous chapter, in chapter V general elements for the
description of development methods are first derived and then
clustered within suitable categories — hereby forming the
building blocks of the method framework. The conclusion and
explanation of future research demand in chapter VI complete
the paper.

II. METHODOLOGY

In order to focus on problems with practical relevance, this
paper follows a structured approach as shown in Fig. 1. The
methodological approach adopts the research process of
applied science the target of which is to develop models that
shape the future by describing, explaining and configuring
parts of the reality [28].

ULRICH’s methodology is based on seven sequential
process steps. This paper covers the steps A to E; the practical
testing (step F) as well as the industrial verification (step G)
stay beyond the scope of this paper. First, problems with
practical relevance need to be identified and summarized. In
this regard, chapter I focuses on the underlying practical
problem, which has been derived based on past and ongoing
projects with industry partners as well as discussions with
other researchers in this field. Chapter III, Theoretical
Background, and chapter IV, Literature Review, cover the
methodological process steps B and C. Theories, hypotheses
and methods from existing research were identified, analyzed
and interpreted. Especially in the Literature Review chapter
the leading researchers’ approaches were evaluated
concerning their application potential in the hardware
environment. The Results chapter (chapter V) of this paper
addresses steps D and E of the methodology. The relevant
method elements were derived from existing development

methods and serve as basis for future research regarding
tailorable development methodologies.

Research process of applied sciences

A Identification and standardization of problems with practical
relevance

Identification and interpretation of problem-specific theories
and hypotheses in the field of empiric fundamental sciences

C Identification and specification of problem-specific methods in
the field of formal sciences

Focus of this paper

Identification and specification of the relevant context of
application

Derivation of assessment criterions, design rules and
theoretical models

Ll B G E1 3

Practical testing of the derived criterions, rules and models in
the context of application

Future
research

Verification in industrial practice

Figure 1 - Research methodology of applied science according to ULRICH
[28]

III. THEORETICAL BACKGROUND

In this chapter, definitions regarding the term development
method are provided, specific characteristics of development
projects are described and the research field method
engineering is explained. These information are the theoretical
basement for the scientific derivation and conceptualization of
a development method framework as presented in chapter V.

A. Development method

There is a variety of different development methods for
different disciplines, most widely applied in the fields of
software and product development as well as in mechatronics
[29, 30]. In the following, an overview of different definitions
from the literature is provided based on which a suitable
definition in regard to the objective of this paper is derived.

BRUNNER gives a very abstract definition by describing a
development method as a tool to systematically describe those
of a company’s activities that transform the input of a
customer using an adequate amount of resources into the
output that corresponds with the customers’ requests [31].

HAWLITZKY gives a more detailed definition by explaining
development methods as a means to generally describe, plan
and execute complex tasks from a developers’ perspective.
For HAWLITZKY this includes the definition of general
processes, tools and organizational architectures which are
embedded in a phase model that contains the typical stages of
the product development cycle [29].

Next to the guidelines regarding the organizational frame,
general procedures and sequences of tasks which the previous
author defines, BALZERT mentions roles as well as process
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deliverables as further aspects development methods have to
contain according to his understanding [32].

BRINKKEMPER provides the most comprehensive definition
by not only integrating all of the aspects mentioned above, but
also highlighting that development methods always contain a
certain way of thinking or philosophy [33]. In consideration of
the sometimes highly conflictive approaches as used by plan-
driven and agile development methods, the authors consider
this aspect as crucial.

Hence, in this paper development methods are defined as
approaches to perform development projects based on a
specific way of thinking that consists of guidelines and
principles which are structured systematically in terms of
development activities with corresponding developer roles and
work products [34].

B. Characteristics of development projects
In contrast to other project types, development projects are

characterized by their uniqueness, which in consequence

requires a unique development process as well as a unique

project objective. Similar to other project types, development

projects are limited in their duration [35] and can be

differentiated by their project size [36]. Often, development

projects require interdisciplinary and inter-divisional

cooperation between different groups of individuals [37].

According to PAULUKUHN and SCHMELZER, the main

characteristics for development projects are:

o high risk, due to the uncertainty regarding project success,
timely completion and necessary resources,

o necessity for creative problem solving, due to the fact that
teams work on a previously unknown problem,

e high complexity, resulting from a variety of involved
individuals, functions, interests and departments,

o high degree of novelty, because of the creation of
something new that did not exist before,

o high variability and dynamics, resulting from constantly
changing requirements [37, 38].

The listing of these characteristics is only an excerpt the
purpose of which is to provide a basic understanding about
how the development environment differs from other project
types. A profound analysis concerning all relevant project
characteristics with a possible impact on the configuration of a
tailorable development method is part of future work.

C. Situational method engineering

The term method engineering describes an engineering
research field that focuses on designing and adapting
methods, tools and techniques for the development of
systems in general [39]. Although there is a variety of very
capable development methods, it is widely recognized that
these approaches mostly are too generic to be applied in a
specific development context [40]. Hence, tailoring a
development method to the problem at hand becomes
necessary [41]. Situational method engineering as sub-
discipline of ME provides assistance for the customized

creation of a project-specific development method by
selecting method elements — referred to as method fragments
or method chunks — that are stored in a repository or method
base [34]. Yet, despite the advantages of a customized
method, constructing models from scratch is difficult and
cost-intensive, since existing methods provide little assistance
regarding the tailoring process and there is also little
knowledge about the interdependencies between the project
characteristics on one side and the appropriate method
elements on the other [41, 42]. As a first step to improve the
tailoring process, the authors focus on ways to create method
element clusters stored within a method base, later referred to
as method element framework, in regard to the specific
requirements of the development projects at hand. The
following figure shows the typical tailoring process with the
method base being the origin for the fragment respectively
method element selection, Fig. 2.

Choice
Validation

e ——

Project
Characteri-
zation

Fragments
Selection

Fragments
Assembly Consistency

Situational
Method
Check

Method Base

Figure 2 - Process of project-specific method tailoring [43]
IV.LITERATURE REVIEW

The following chapter outlines the current state of research
regarding decision models for the project-specific selection of
development methodologies. The aim of this literature review
is to provide an overview of the most recognized contributions
in this field as well as analyzing the existing models’ deficits
in order to illustrate the current gap in research.

For the definition of the character of a specific
development project, ALEXANDER and DAVIS present twenty
qualitative criteria which are clustered within the five
categories personnel, problem, product, resource and
organization. These criteria are arranged within a selection
table and evaluated with a specific rating that describes the
appropriateness of using one of six presented development
methodologies. This evaluation is based on three method
features which are opportunity to modify software, degree and
time of delivered functionality and level of activity in respect
of time. Unfortunately, the authors neither provide information
about how these method’s features were defined nor how the
correlation between these features and the project’s criteria
was estimated [44].

BOEHM and TURNER present a five axis diagram that
contains five project characteristics which, according to the
authors, function as key discriminators when choosing
between agile and plan-driven methodologies, namely:
criticality, personnel, dynamism, culture and size. With three
out of five criteria being people-related, the authors put a
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strong emphasis on the human factor concerning the
successful execution of agile methodologies. Yet, it is again
not explained which of the agile or plan-driven
methodologies’ elements increase or weaken the rating of the
different dimensions [45, 46].

BUNSE and VON KNETHEN recommend the usage of
different agile and plan-driven methodologies based on a
system of eleven criteria, which characterize the development
project. Regarding the development methodologies, the
authors differentiate between sequential, prototyping,
repetitive and agile approaches. However, it is again unclear,
which building blocks respectively instruments, structures or
processes of the different methodologies support or prevent
their usage, since the selection is done on the method level,
not on the level of their underlying elements [26].

ENGELS identifies six key characteristics as main criteria
for the selection of an appropriate development method:
Priority of time vs. scope, requirements dynamism, client
culture, expected customer participation, dependency between
features / components, project size. In contrast to the
previously described models, ENGELS suggests the usage of
hybrid methodologies, which are derived by picking suitable
elements or building blocks from plan-driven or agile
approaches. Although this approach seems reasonable
concerning the earlier derived necessity for project-
specifically tailored methodologies, the authors provide no
guidance on how to create these hybrid models [47, 48].

Based on the agility measurement index of DATTA [49],
IACOVELLI derives attributes that characterize an ideal project
environment for the application of agile methods. The author
evaluates eight agile methods in regard to this set of criteria.
As a result, IACOVELLI is able to define three new agile
development classes: Software Development Practices
Oriented Methods, Project Management Oriented Methods
and Hybrid Methods. Furthermore, he derives eight agile
components which capsule certain agile practices. While the
classification of agile methodologies certainly provides a
better understanding of their character, the derivation of agile
components or building blocks has a higher potential for the
project-specific method tailoring this paper is aiming for. Yet,
IACOVELLI’S approach is not applicable for this purpose, since
his component framework is neither complete nor is it meant
to be applied as tailoring approach. The latter is due to the fact
that project characteristics are not presented as single items,
but in clusters as for the identified agile component quality
which works for complex and risky projects as well, hereby
preventing the usage for i.e. projects that are complex, but not
risky [50].

In comparison to the previously presented approaches
FERNANDES analyses and classifies two agile methodologies
on the level of their underlying practices. For this purpose, the
author identifies a set of characteristic practices for each of the
agile methodologies, e.g. Daily Meetings in Scrum or Pair
Programming used in XP, and compares these characteristics
with attributes and sub-attributes such as response to change
or minimizing complexity, which the authors inductively

derived from a set of agile methodologies using the
quasiformal comparison [51]. FERNANDES results describe
what the relationship between Scrums’ and XP’s defining
practices and a set of attributes of the agile methodologies are.
While the identification of these relationships is one of the
ultimate goals to be achieved when aiming for a project-
specific method tailoring as this paper is doing, the benefit of
his work is limited. Firstly, the evaluation is conducted based
on qualitative criteria without explanation; secondly, the set of
comparing agile attributes is not comprehensive, but only an
exemplary selection, therefore the method is not applicable for
all kinds of development projects [52].

In one of his latest publications COOPER presents a hybrid
method for the development of physical products. By
reviewing industrial best-practice approaches, the author
identifies three mayor principles as the basis for his Next
Generation Idea-to-Launch System: Adaptiveness and
Flexibility, Agility and Accelerating. His approach is based on
the usage of iterative processes in order to quickly adapt to
changing information, agile development elements focusing
on lean, non-bureaucratic processes as well as overlapping
stages, properly resourced teams and process automation in
order to create an accelerated product development method.
COOPER differentiates between two project types: traditional
product development projects and more innovative, bolder
projects with a higher amount of technological risk. He does
state the differentiating emphasis of the new system’s
elements, but yet fails to elaborate on the project-specific
decision-making, which stays vague especially in terms of
element selection and assembly criteria. Although he mentions
a customized process via risk-based contingency approaches,
detailed tailoring advices are missing [15].

Overall, seven academic works focusing on decision
models and method frameworks from the hardware and
software development domain have been analyzed. As a
result, the analysis showed that none of the existing works
provides a systematic and comprehensive approach to tailor or
create a development method in regard to the specific
characteristics of the project at hand. However, several
reasonable approaches could be identified that will be taken
into consideration for the derivation of basic method elements
for the method element framework in chapter V.

V.RESULTS

In chapter V the authors present the essential building
units of a project-specifically tailorable development method,
which define its character and its specific mode of action. This
is done based on the definitions for development
methodologies and project types provided in chapter III as
well as on the methodological knowledge gained in the
literature review presented in chapter IV. After the selection of
a suitable model framework, we will continue with the
explication of the model elements the authors identified.
These elements will be classified either as process elements or
content elements, hereby building on the works of SHUJA and
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KREBS according to whom these two perspectives are
applicable for a variety of typical method elements [53].

A. Model classification

This paper will focus on the development of a descriptive
model as presented in KULL and STAHLY [54]. According to
the authors, a descriptive model is used to depict and
characterize the logic of a system. For the purpose of this
paper, the system to be described contains the elemental
building blocks of a development method. In a future paper, a
similar descriptive model will be provided for the dimensions
and characteristics of a development project. Building on
these works, an explanatory model will be developed the
purpose of which will be to explicate causal connections and
correlations between different types of practices, procedures
or tools — extracted from the method element framework — on
one side and different development project characteristics
such as project size or complexity on the other. Ultimately,
these scientific papers will allow the conceptualization of a
tailorable development method, a decision model, which
transforms the project-specific characteristics, the system
input, into the optimal selection of method elements from the
method element framework, the system oufput, as shown in
Fig. 3.

Focus of this
paper

Input: Output:
i “then”
<=
e
5]
o
]
e
g
3 Input: Output:
: “if “then
Defining ... so ,then”
“if .. is optimal

Figure 3 - Model classification according to Kiill and Stéhly [54]

B. Process-related method  element
framework
1. Development Phases
According to LINDEMANN the development process can be
described in different levels of granularity, reaching from a
micro-level explaining elemental procedures such as how to
solve a problem as shown in EHRLENSPIEL, to a macro-level
that subdivides the development into general major phases,
which contain a certain set of activities, work products and
criteria [55, 56]. While procedures on a micro-level are not

significantly affected by different characteristics of

elements of the

development projects, phases on a macro-level certainly are
[57]. The probably most popular macro-level system in
product development is COOPER’S Stage-Gate, Idea-to-
Launch Process [15]. His sequential six stages model is based
on the phases idea generation, idea scoping, build business
case, development, testing and validation, and launch. Yet,
COOPER admits that — depending on the specific project —
phases have to be adapted, streamlined or eliminated. Taking
into account analyses of several existing plan-driven and agile
development methodologies as well as critical reviews of
COOPER’S sequential approach [57, 58], the authors
recommend the usage of the following three stages: ideate,
develop, validate.

The ideation phase is meant to cover all activities
concerning the overall idea generation, including therefor
necessary tasks such as business model generation, technology
studies and market studies. Subsequently, the second phase
covers the actual development of the product. The character of
this phase is very abstract on purpose, since different domains
and industries have their own validated and capable
development methods the integration of which should be
supported [59]. Subsequently, the third phase focuses on the
validation of the by then generated work products respectively
deliverables. This can either mean the presentation of an early
business concept to lead users, the functional testing of a
prototype or the distribution of a minimal marketable product
to the final customer [60]. With agile methodologies being the
origin of this approach, it is intended that these phases are
conducted repeatedly in order to improve the product based on
the testing results and feedback obtained after each cycle.

2. Proceeding Strategy

In his latest publication COOPER states that in many
development projects product requirements are not entirely
defined from the beginning [15]. This requires a more
experimental development approach that generates results and
identifies initially unknown requirements via practical tryout
during the development process. This so-called evolutionary
proceeding strategy is only one of five development classes
that BREMER defines [61]. Additionally, he describes
sequential, iterative, incremental and participatory proceeding
strategies.

Following a sequential approach, each development phase,
as defined in the previous paragraph, has to be completely
finished before the next phase can start. This approach
requires a very mature development process with a little
degree of uncertainty, meaning, no unexpected events occur
during the process. In contrast to that, iferative strategies
allow and demand the repeated conduction of development
phases, each time generating a more mature product. A strictly
iterative proceeding strategy assumes that the entire product
can be developed in one cycle with a little degree of maturity,
but with all necessary functionalities at hand. However, the
development of complex products such as planes or cars
makes the construction of the overall product in one cycle
very difficult if not impossible, which is why an incremental
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proceeding strategy is more appropriate for this type of
development. Breaking down the product into several separate
modules allows a piece by piece delivery of — ideally —
functional and testable increments. Last, BREMER defines
participatory  proceeding strategies that require the
involvement of the user as co-developer.

In conclusion, the proceeding strategy defines the principle
approach on how to develop a product and has to be chosen in
direct dependency of the specific project and product
characteristics [46, 12]. In this context, it is important to point
out that the proceeding strategies can also be applied in
combination, e.g. the iterative conduction of phases is not
conflictive with an incremental delivery of the product [17].

3. Milestones

While the importance of phases is decreasing for the
overall project planning, milestones are becoming more
important [16, 15]. Milestones are defined as events to which
certain results or deliverables have to be created [62]. They
hereby both structure the overall development process and
also define the sequence in which different tasks have to be
finished. The structuring function is especially important in
larger projects with several teams or departments working on
the same product but different modules. Here, milestones
serve as synchronization points for simultaneously running
engineering tasks [63]. The sequencing function is even more
essential: For development projects in general but hardware
products — because of their increasing changing costs over
time — in particular [64], it is of utmost importance to early on
reduce the uncertainty regarding technological capabilities,
customer requirements or market potentials, to only mention a
few [65, 66]. For this purpose, the crucial activities — and thus
the respective milestones — have to be identified as well as the
sequence in which they have to be conducted. In this regard,
CORNING presents a risk-based contingency model that
initially identifies key assumptions and unknowns based on
which necessary activities are derived, thus preventing
developers from pursuing non-value adding activities [15, 67].

In summary, the definition of milestones is highly
depending on project- and product-specific requirements, yet a
very capable measure to influence key performance indicators
such as the necessary time and resources for the development
project. For this purpose, the authors recommend the usage of
a risk-based contingency model for the project structuring
with milestones as presented by CORNING [67].

4. Activities

In each of the earlier defined development phases,
different activities are required. In this context, the authors
understand activities as processes that have to be conducted in
order to generate a certain work product [68]. For the purpose
of supporting developers in choosing suitable activities in
regard to the specific project requirements and phase, an
activity library is recommended. For the development phase
ideate, such a library is defined by the discipline-related
clusters idea generation, containing creativity techniques such

as TRIZ [69], market research, explaining different concepts
such as lead user integration [70], business model generation,
showing pros and cons applying e.g. a business canvas
approach [71] and technology studies, focusing on activities
such as technology intelligence in order to identify the best
technological alternative [72]. In analogy to this, similar
activity libraries have to be developed for the phases develop
and validate.

5. Practices

According to JACOBSON ET AL a practice is a proven way
of approaching or addressing a problem, which can be
communicated to others and applied repeatedly with
consistent results [73]. They represent instructions for specific
problems occurring in different activities during a
development project [17]. JACOBSON ET AL differentiates
between three different types of practices two of which apply
for the hardware development. Social Engineering Practices
deal with teamwork, collaboration or communication. For
instance, Stand-Up Meetings in Scrum are an example for this
category. The second category, Organizational Practices,
focus on more planning-oriented activities such as Sprint
Planning in Scrum. With the increasing popularity of agile
methodologies, practices became an important topic of
research because of their crucial influence for a method’s
performance and suitability under different development
environments [12]. Here, case studies focusing on different
practices show positive impacts in dimensions such as team
communication, decrease of failure rates or code quality, to
mention only a few [74].

Hence, the process-oriented element practices comprises a
library of different practices which are organized in regard to
their specific advantages and disadvantages under varying
project characteristics. At this point, a full list of practices
cannot be provided due to the sheer number of existing
practices some authors expect to reach hundreds [11].

C. Content-related elements method  element

Sframework
1. Deliverables

Deliverables are specific work products which have to be
generated in each of the development phases defined in
section B [75]. For instance, typical work products in the
phase ideate are market analyses, competitive analyses or
technology studies. These deliverables have to be provided
until the end of the development phase, which is represented
by a milestone. While the application of deliverables is a
common approach in a variety of phase models, a tailorable
development method requires flexibility in the means of
deliverable definition. Therefore, instead of providing a fixed
set of mandatory deliverables for every kind of development
project, the authors recommend the definition of project-
specific deliverables. For this purpose, the application of
CORNING’S risk-based contingency model is a suitable
approach to identify the optimal sequence and type of
deliverables in order to reduce uncertainty — and thus the risk

of the
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of failure [67]. A similar approach was suggested by COOPER
in 2014 [15].

2. Evaluation Criteria

When products are developed there has to be some kind of
assessment in order to evaluate if the generated results meet
the initially defined requirements. Hence, the application of
evaluation criteria is necessary. Former stage-gate models
typically used — often financially-oriented — criteria and KPIs
that turned out to be improper due to the high degree of
uncertainty especially in early development stages [76]. In
consequence, promising development projects were aborted,
when the available information concerning future market
shares, customer segments or technological capabilities was
not sufficient [77, 78]. This problem especially applies for so-
called disruptive innovations due to their hard to predict
impact on future markets and thus the difficult estimation of
potential profits [79].

For this reason, the authors recommend the usage of
different evaluation criteria in different development phases.
In the initial development phase ideate, non-financial criteria
such as the strategic fit or the competitive advantage of the
product are more suitable than data-driven ones [80]. In the
second phase, develop, criteria should focus on product-
related aspects such as functionality or design. These criteria
vary with every development project which is why specific
criteria cannot be provided here. After a few iteration cycles,
activities in the third phase, validate, involve testings of
mature prototypes such as a minimum marketable product
under real world conditions [60]. In this context, a variety of
measurements for the evaluation of customer satisfaction
exists, e.g. the Kano Model [81].

3. People

For the design of a tailorable development method,
guidelines regarding the optimal composition of successful
teams in a given development project are necessary. In this
context, the criteria for successful teams are effectiveness
(market success), efficiency (meeting budgets and schedules)
and speed-to-market [82]. When setting up a team, the main
configuration options are team size, team roles and functional
diversity [83]. Team size is defined as the number of people
within a team. Team roles refer to different responsibilities
each team member occupies, e.g. Product Owner or Scrum
Master as used in Scrum [10]. Functional diversity refers to
the mixture of different experts in a team.

The expression of these characteristics varies depending
on both project-specific requirements on one side as well as
dependencies originating from other method elements on the
other [45, 46]. For instance, a mechatronics development
project might require the integration of several experts from
all respective domains, thus influencing the functional
diversity. At the same time, the number of these experts and
the overall team might be limited by scrum-related method
elements which recommend an optimal team size of three to
nine people [84]. Also, research has shown causal connections

between the project characteristic team capability and the
successful application of agile methods, implying that only
experienced teams should apply Scrum for example [85].

In conclusion, the three main options for team
configuration feam size, team roles and functional diversity
have to be chosen in regard to the respective project
characteristics at hand as well as in accordance to the other
elements of the method element framework.

4. Tools

One of the main drivers for the reported effectiveness of
Scrum is the usage of visual project reporting tools such as
Burn Down Charts or Scrum Boards [86]. In addition to the
two the origin of which lies within the agile methodologies,
there is a variety of other planning and reporting tools, i.e.
Gantt Charts or Process Mapping, which base upon more
plan-driven approaches [87]. The decision for one of the
previously mentioned tools is based on specific project
characteristics such as project size or distribution of teams:
While physical Scrum Boards might be applicable for small
teams in the same location, large and remotely distributed
groups of developers might require cloud-based tools which
support the management of interdependencies and complexity
[88].

In conclusion, a tailorable development method must
provide a set of project management tools the application of
which is depending on the given project characteristics. In
regard of the plan-driven or agile controversy, it has to be
examined how the simultaneous application of tools from
different schools is beneficial or counterproductive.

VI. CONCLUSION AND FUTURE RESEARCH

The authors created a method element framework which
functions as basement for the project-specific tailoring of a
development method. For this purpose, we distinguished
between five process-related and four content-related method
elements. These elements were detailed and examples were
given on how the configuration of these elements is affected
by varying project characteristics. Fig. 4 summarizes the
findings of this paper.

Researchers and practitioners can use our results in various
directions, particularly for the development of a method that
enables companies to adapt and choose method elements such
as developments phases, proceeding strategies or tools in
regard to the project-specific requirements at hand. Yet, for
this ultimate objective more research is necessary. As a first
step, empirical case studies are required in order to validate
the applicability of the method elements we identified.

Furthermore, by creating a descriptive model that
comprises suitable elements for a tailorable development
method, this paper focused on the methodology side only. In-
depth analyses of the defining project characteristics were not
undertaken. Hence, future research has to examine which are
the crucial project characteristics that impact the development
process and if it is possible to derive distinctive development
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project types. Here, the works from PAULUKUHN and
SHENHAR are a valid starting point, although the authors did
not examine the interrelations between project characteristics
and the development methodology in particular [38, 89].
Subsequently, when research has shown which project
characteristics affect the development process and vice versa,
the next question is sow the interrelations between certain
project characteristics and the method elements — as shown in
Figure 4 — work. For this, the following publications from
JIANG and FERNANDES should be taken into account [12, 52].

Process elements

Biocesding Milestones Activities Practices
Strategy
Ideate Sequential Risk-based Ideation- Social-
Develop Iterative contingency relqt_et_d Englr)eerlng
model for activities practices
Validate i
Incremental gn;lﬁe:itt?onne Develop- Organi-
Participatory ment-related zational
. activities practices
Evolutionary
Validation-
related
activities

Content elements

Evaluation
criteria

Deliverables

- Risk-based — Project- and ~ Team size — Plan-driven tools
contingency phasg-spemflc - Team roles — Agile tools
model for criteria
deliverable — Functional
definition diversity

Figure 4 - Method element framework for the project-specific tailoring of a
development method

Last, literature on situational method engineering is based
on the assumption that all necessary information concerning
the relevant project characteristics are available from the start.
Yet, this case is found far too rarely in practice [90]. Instead,
high degrees of uncertainty are characterizing the early phases
of development — the so-called Fuzzy Front End of Innovation
[76]. For this reason, future works have to examine when the
defining project characteristics are available, what level of
maturity these information need to have and how changing
requirements [91] would affect the tailoring of the
development method.
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