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Abstract: It takes between 15 and 20 years to achieve widespread implementation
of recent technologies from research to practice. Guidelines have shown to be an
adequate method for efficiently transferring technology into an industrial context,
especially in software engineering. However, recommendations for writing guide-
lines are still fuzzy w.r.t. content and structure, i.e., existing approaches do not
give comprehensive recommendations on how to write meaningful guidelines. In
this paper, we propose recommendations for writing guidelines. These recommen-
dations include a reference structure that supports the author in writing guidelines
by providing guiding questions for each chapter of a guideline. The recommenda-
tions are based on requirements that were elicited from leading companies in dif-
ferent industry domains. It was initially evaluated in a prototypical guideline in-
stantiation by one of our industry partners.

1 Introduction

In software engineering, there is often a huge gap between research and practice. How to
transfer technology from research into industrial practice is a well-known and widely
recognized problem [RR85]. Redwine and Riddle [RR85] state that software technolo-
gy’ transfer usually takes between 15 and 20 years to achieve widespread popularization.
However, adopting a new technology provided by research might efficiently help to
improve business processes, achieve progress, and master technological and economic
challenges. Failed technology introduction plans might tempt managers and practitioners
to misjudge the advantages and the potential of a given technology [NiO0]. Hence, an
actually promising technology might be discarded due to inadequate transfer [Ni0O].

* We adopt Pfleeger’s technology definition, including e.g. techniques, methods, or tools [Pf99].
Copyright © 2014 for the individual papers by the papers' authors. Copying permitted for private and academic
purposes. This volume is published and copyrighted by its editors.
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There are many approaches towards conducting and facilitating technology transfer,
such as training, demonstrations, and workshops. In this paper, the sole focus is on doc-
umented guidelines that additionally support technology transfer. As can be concluded
from the literature, there are certain empirically evaluated guidelines that are found to be
comprehensible and thus constituting a qualified means to support technology transfer
(see, e.g. [Br14, VAD12]). According to Pfleeger [Pf99] and Pressman [Pr88], the de-
sign of such documents pertains to the actual transition or technology provision, which is
only one phase in a technology transfer process. To the best of our knowledge, there are
no comprehensive approaches that provide detailed instructions on how to write guide-
lines, apart from a few general considerations that do not relate to the specific structure,
representation, and contents. We address this gap in the remainder of this paper by pro-
posing fine-grained recommendations for writing guidelines.

We focus on providing recommendations for writing well-structured and comprehensible
guidelines that address all relevant stakeholders and support technology transfer. Our
work emanates from the SPES-XT project, with a heterogeneous environment of many
companies from different domains. Moreover, there are many different methods, tech-
niques, and tools that need to be considered and supported. These aspects required us to
create universal recommendations for writing guidelines. First, we elicited requirements
for guidelines from the literature and from industry. Based on these, we proposed a ge-
neric reference structure that guidelines should adhere to, enriched with guidance on
how to fill the structure with content. These recommendations were evaluated by means
of a prototypical realization and an industry survey.

In this paper, we adopt the notion of technology transfer proposed by Pfleeger, compris-
ing any insertion of a new technology into an organization, regardless of whether or not
existing technology is replaced [Pf99]. Introducing technology in an industrial context is
always related to organizational change [Pr88], and can thus be considered an issue of
change management, which raises management and planning issues (e.g., stakeholder
resistance) [DLO1]. Technology transfer should not only focus on the technology itself,
but also on the related organizational, cultural, and political impacts [Pr88], which
should be reflected in the recommendations as well as in the instantiated guidelines.

The remainder of this paper is organized as follows: First, we present related work in
Section 2, followed by an overview of our recommendations for writing guidelines, their
creation, and some detailed examples (Section 3). Section 4 presents the current status of
our evaluation. Finally, we draw conclusions and present future work in Section 5.

2 Related Work

Related work in the areas of change management and technology transfer deals with
general management aspects that need to be considered during the introduction of a
technology, primarily contributing process models and best practices. For example,
Doppler and Lauterburg [DLO1] distinguish different phases of a change process and
present some key success factors, which include e.qg. clarifying goals in order to establish
stakeholder awareness, trust, and commitment. Souder et al. [S090] studied a compre-
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hensive set of best practices and relate these to process phases. As another example,
Robinson's technology transfer framework [Ro91] highlights the cross-cutting nature of
technology transfer in the technology lifecycle.

Some authors focus particularly on the introduction of software engineering technology.
Pfleeger [P99] presents a sequential technology transfer process that describes artifacts
as well as constraints and supporting mechanisms, whereas Pressman [Pr88] proposes an
iterative model based on evaluating the introduction success. Nishiyama et al. [NiOO]
incorporate such aspects as customization to the organizational needs (e.g. by tailoring
processes) and pilot projects. Moreover, a central resource should provide all relevant
information. Nikitina and Kajko-Mattsson [NK12] also consider pre- and post-transition
phases, and assign important activities. Some of the key factors w.r.t. software technolo-
gy transfer include thorough analysis of the goals, benefits, measures, costs, limitations,
and risks, as well as of the application context of a given technology [Wa94]. Involving,
educating, and supporting the stakeholders, as well as obtaining management support is
also crucial for successful technology transfer [Wa94, NK12].

Notwithstanding the importance of written guidelines, Pressman [Pr88] stresses the point
that voluminous standards do not encourage reading and are thus not appropriate for
early transition phases. Hence, guidelines should slowly evolve into comprehensive
standards that are proven and advanced in practice, and “sold” to both managers and
practitioners [Pr88]. Abernethy et al. [Ab0OO] support this aspect by distinguishing two
complementary guidebooks; one discusses administrative issues addressing the man-
agement, whereas the other one provides technical guidance for practitioners. Other
generic recommendations for developing guidelines include assessing the benefit of each
instruction and using a precise terminology [Pr88].

Specific guidelines designed to support the transfer of various software engineering
technologies into practice are also considered as related work?. In the following, we give
an overview of some reasonable guideline characteristics. Guideline documents can be
structured w.r.t. phases involved in applying a certain technology, e.g., reflecting a prod-
uct life cycle [HKS10], or artefact types and tasks [Br14]. For each activity, its input and
output artifacts [Br14, Mo99] and the respective contribution to the major goals [Ag87]
could be summarized. Some guidelines, e.g. [BMP95], explicitly define preliminary
phases or activities that need to be considered before applying the technology (e.g., as-
signing roles and responsibilities). Another common property of several guideline doc-
uments is their tailored suitability for practical purposes, which manifests in many ways.
For instance, in order to foster proper understanding, a guideline could exploit the ad-
vantages of a well-known documentation format that is familiar to practitioners, and use
illustrating examples (see, e.g., [VAD12]). A technology’s application context can be
characterized by listing some domain properties that indicate high potential for applying
it [La08]. Several guidelines such as [HKS10, RB05] also emphasize the benefits, chal-
lenges, risks, hazards, or obstacles associated with technology transfer or application.

To sum up the current state of the art, some theoretical approaches exist for structuring
technology transfer and change processes. Some problems associated with these, as well

2 In this context, we do not differentiate between introduction and application of a technology.
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as recommendations in the form of best practices or key factors, are also commonly
accepted. These concepts are reflected in the structure and content of specific guideline
documents. It can be concluded from the related work that there are no comprehensive
approaches that provide detailed instructions on how to write guidelines, apart from a
few general considerations that do not relate to the specific structure and contents.

3 Recommendations for Writing Guidelines

In this section, we present our approach to support the writing of guidelines for the in-
troduction and application of a technology. First, we show how we elicited requirements
for guideline documents. Based on these, we propose a guideline reference structure.
This structure is enriched with questions that support writing a guideline.

3.1 Guideline Requirements

The first step of our approach towards giving recommendations for writing guidelines
comprises the elicitation of requirements that need to be satisfied by guidelines. We
gathered these requirements from two complementary sources: (1) a literature investiga-
tion to analyze the current state of the art, and (2) a survey with project partners from
industry to collect requirements that directly represent the needs faced by industry.

Originally, the focus of our literature investigation was on concrete requirements and
comprehensive recommendations for guideline design. However, we did not find any
precise requirements for guidelines in the related work. Thus, we expanded the investi-
gation in order to include existing guideline documents and some general information on
technology introduction in practice (see Section 2). By analyzing the structure and con-
tent of existing guidelines, some general conclusions applying to any guideline docu-
ment could be drawn. We extracted requirements for guidelines, such as structuring the
document w.r.t. introduction phases and activities, or using examples to illustrate the
concepts (see Section 2). General considerations regarding change processes or technol-
ogy transition also constitute valuable sources for requirements, since guidelines aim at
facilitating and supporting change processes. For instance, as goal orientation is relevant
for any change process (see Section 2), the documentation of goals is considered a gen-
eral requirement for guidelines. In addition to the literature investigation, we performed
a survey with industry partners in the SPES-XT project to collect industry requirements.
The involved companies are from different domains, i.e., avionics, automotive, and au-
tomation. We analyzed and consolidated the responses from Robert Bosch GmbH,
Daimler AG, Siemens AG, Audi AG, and Cassidian. During the consolidation of both
elicitation activities into a unified set of requirements, we recognized an overlap.

Note that the requirements address different aspects of a guideline. For example, some
requirements can be mapped directly to certain chapters® in a guideline document,
whereas others relate to the whole guideline. Each requirement is documented, including

% With the term chapter, we identify sections in the reference structure, whereas sections refer exclusively to
sections of this paper.
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its source, a detailed description, the rationale behind it, and the domains from which it
originates. This allows for selecting a relevant subset of the requirements for adapting
the generic recommendations and instantiating domain-specific guidelines. Dependen-
cies and relations between requirements, e.g., positive contributions, are also document-
ed. Furthermore, we identified some statements that rather indicate a certain solution for
a requirement; we documented these separately in the form of realization suggestions
(see Sections 3.2 and 3.3). An excerpt of the resulting set of unified requirements is
shown in Table 1. This excerpt of requirements shows exemplary requirements from
each domain that we focused on. In the subsequent sections, we show how these re-
quirements are implemented in our recommendations.

Table 1. Representative subset of guideline requirements

Req. | Title Domain(s)

R-1 A guideline should consider the organizational context of a given automation,
technology. automotive

R-2 A guideline should emphasize the goals and benefits of the tech- automation,
nology that is to be introduced. automotive

R-5 A guideline should enable estimating the effort required for the automation
introduction of a technology.

R-16 | A guideline should be independent of specific tools. avionic

3.2 Reference Structure

Based on the requirements, we designed a reference structure that constitutes a first ap-
proach towards a template for guideline creation. Although all requirements should be
addressed, not all of them are directly reflected in chapter headings. The generic refer-
ence structure of guidelines is mainly driven by two aspects: (1) the use case of the
guideline and (2) the target audience of the guideline. We first need to clarify whether
the desired guideline is used within a company or across several companies, because
internal aspects are more specific and tailored to a company’s needs. In contrast, external
guidelines might not mention specific contact persons or departments, and might stay on
a more abstract level. In addition, the target audience is specified as a set of reader
groups that are addressed by such guidelines. We identified the following groups:

o Decision makers decide whether the proposed technology should be introduced in the
company/department or not. Thus, relevant information for decision makers includes,
e.g., benefits, risks, challenges, required effort, etc.

¢ Coordinators are responsible for introducing a novel technology after a positive deci-
sion has been made by the decision makers. Relevant information for the coordinators
includes, e.g., the required technical infrastructure, organizational context, etc.

e End users are those employees who have to apply a new technology in the company.
Relevant information includes, e.g., required input artifacts, steps to be conducted, etc.

The table of contents that constitutes the reference structure can be found in Table 2. Six

different guideline chapters are shown with their respective sub-chapters, which are
detailed afterwards. This chapter structure reflects the majority of the requirements. For
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instance, requirement R-2 is addressed by including a chapter that describes the purpose,
i.e., the goals and benefits of the technology that is to be introduced. However, as men-
tioned in section 3.1, there are requirements that cannot be mapped to chapters; e.g., R-
16 (Table 1) relates to the distribution channels of the guidelines that implement the
structure presented in Table 2.

Table 2. Reference structure of guidelines including chapter titles

Target Audience

Chapter Decision Coordinators End users
makers
Preamble v v v
1. Introduction v v v

1.1. Classification
1.2. Motivation & problem description
1.3. Purpose of the technology
2.  Management v v x
2.1. Field of application
2.2. Risks and challenges
2.3. Effort for introduction and usage
2.4. Pilot project
3. Technology context x v x
3.1. Organizational context
3.2. Process context
3.3. Technical context
3.4. Social context
4. Technology application x x v
4.1. Pre-conditions
4.2. Methodological process
4.3. Post-conditions
5. Glossary ") ") )
6. References ") ") )

The first chapter following the generic preamble is the Introduction, which serves as the
motivation for introducing a given technology. The classification subchapter is used to
specify how the technology will be integrated into established software development
practices, such as processes or life-cycle models. The next subchapter describes the
problem addressed and motivates the introduction of the technology. This is followed by
the new technology’s specific and verifiable goals (see R-2 in Table 1). This chapter
only regards generic goals, whereas specific goals of certain steps or activities are ad-
dressed later in Chapter 4.2.

The idea of the Management chapter is to get support during the introduction and appli-
cation of the new technology, which is considered as a key success factor extracted from
the literature (see Section 2). To allow assessing a technology’s appropriateness in a
certain domain, suitable and unsuitable application fields, or at least some characteristics
of these, are mentioned. In addition, possible disadvantages, weaknesses, and risks need
to be specified. Another subchapter includes information on the effort required for the
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introduction and application (c.f. R-5 in Table 1). Ideally, quantifiable values or metrics
are given for the purpose of precise prediction. The last part, which is optional, provides
knowledge and experience collected in (pilot) projects.

The chapter about the Technology context establishes the foundation for dealing with
specific conditions regarding the introduction of the desired technology, and addresses
requirement R-1 (see Table 1). We distinguish between organizational, process, tech-
nical, and social contexts. The organizational context involves roles and resources in an
organization. Within the process context, processes and existing technologies are related
to the new technology. Required tools and infrastructure are part of the technical context.
The last subchapter deals with social and cultural aspects that may influence the intro-
duction or application of a technology. All these conditions allow adapting the technolo-
gy to a specific organizational context.

The Technology application chapter contains instructions and guidance for applying the
described technology independent of specific phases or artifacts. The first subchapter
contains preconditions, such as required organizational structures, tools, qualifications,
or input artifacts. The next part includes the different phases or activities involved in
applying the technology. We recommend first visualizing the flow of activities with
inputs and outputs. Then each activity should be described in detail, including goals,
inputs, outputs, roles, resources, performed steps, and potential risks. Thus, we propose a
more fine-granular sub-structure, which is not shown in Table 2 due to space restrictions.

The last two chapters, a Glossary defining all relevant terms, and literature References,
are optional. Additionally, there are important cross-cutting aspects of our recommenda-
tions for writing guidelines. A major point is the description by means of illustrative
examples, which support the reader in understanding the technology and its application.

3.3 Guiding Questions

To provide support for authoring the content of the specific guideline chapters, the dif-
ferent chapters and subchapters of the recommendations include questions to be an-
swered by the guideline authors. The concept of guiding questions is borrowed from the
fields of education and didactics. According to Traver, “a guiding question is the funda-
mental query that directs the search for understanding” [Tr98]. Here, these questions
should enable the authors to properly design a guideline so that it will achieve its goal of
successfully introducing a technology in practice. All the guiding questions try to deal
with different aspects, such as required information, creating structures, making deci-
sions, or effects. Nonetheless, they are neither mandatory nor complete, but should rather
support a writer in focusing on the relevant content of the current section. However, the
author of an instantiated guideline is free to add more details or any other information
that is deemed necessary. We present the questions according to the relevance of a chap-
ter for each reader with regard to the presented requirements.

The first example taken from Chapter 3.1 is relevant for coordinators and addresses
requirement R-1. It aims at describing the relevant roles and resources within the organi-
zation that have an impact on the introduction and application. The first two questions
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are obvious questions that need to be answered. The third question is intended to give the
end users a single contact point for information and questions.

Table 3. Excerpt of addressed requirements and questions in the recommendations

Add. | Chap- Questions
Req. ter

R-1 3.1 o Which organizational units have to be adapted?
e Who is responsible for this adaptation?
o |s there central coordination of the adaptations?

R-2 1.3 e Which problems are addressed by the technology to be introduced?
e What is the benefit of the technology to be introduced?

o Which effects are expected (e.g., time or cost savings)?

o Can the goal be divided into sub-goals?

R-5 2.3 e How much effort is needed for introducing and applying a technology?

e What kind of efforts is required (e.g., human resources, training, tools, etc.)?

o What are the costs for developing or buying software tools?

o How does the effort evolve over time during introduction and application?

e What is the ratio between the transfer effort and potential savings?

e What is the ratio between the introduction effort and the desired savings
according to other technologies?

The second example, Chapter 1.3 (see Table 2), is relevant for the end users and should
illustrate the aim of the new technology. The aim should be described on a high level
and subsume the common and process-independent goals. The second question empha-
sizes the benefits that can be gained by introducing the technology. This may increase
the users’ motivation and agreement to apply the technology (see Section 2).

The third set of questions from Chapter 2.3 should provide detailed information on the
effort needed to introduce and use the desired technology. This could be realized, e.g.,
by means of formulas or cost estimations. Six different questions are proposed to be
answered when writing a guideline. The last question can only be answered if a new
technology is to supersede an established and already utilized one.

4 Evaluation

Prior to the publication of the recommendations, a two-step evaluation was conducted to
gain feedback on the quality (appropriateness, etc.) of the guideline recommendations.
First, the initial recommendations were evaluated by means of a prototypical realization
by an industry partner, covering an exemplary engineering method. The goal was to
create a prototype guideline by complying with the reference structure and answering the
questions given in the recommendations. The initial version of the prototype guideline
was then discussed with the recommendation authors in a one-day workshop. This dis-
cussion resulted in some changes in the recommendations and in the prototype guideline.
Within this preliminary evaluation, the following changes in the recommendations were
made: we added a guideline preamble, different target audiences, example highlighting,
and a connection to a development process and we changed the structure of Chapter 4.2.
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Second, a survey with the industry partners is in progress. The variables of this survey
are mainly opposite pairs, such as consistent-inconsistent, complete-incomplete, con-
crete-abstract, appropriate-inappropriate, etc. In addition, we asked for superfluous,
missing, ambiguous, or inconsistent aspects. We also investigated the appraisal of the
recommendations among practitioners, regarding whether guidelines created with this
recommendations would help introducing a new method. The resulting feedback should
help us to further improve our recommendations in a revised version. Unfortunately, at
the time this paper is being written, no feedback has been received yet.

5 Conclusion and Future Work

In this paper, we presented our approach towards providing recommendations for writing
and structuring guidelines for introducing a technology in an industrial context based on
elicited requirements. These recommendations include the presented reference structure
and complementary, supporting questions, which help a guideline author to determine
the content of guideline chapters by providing guidance throughout the creation process.
We initially evaluated our recommendations based on a prototypical guideline creation
and on the corresponding feedback.

Our approach and the results contribute to the area of technology transfer. We address a
research gap in this area, i.e., the lack of precise recommendations for designing and
authoring guidelines. For this purpose, we take into account general concepts of change
management and technology transfer as well as a collection of specific guideline proper-
ties. Our recommendations are also based on the needs of industry covered in the re-
quirements and focuses on specific reader groups, which facilitates writing and makes it
easier to comprehend the guidelines.

Gathering further feedback from the project partners based on their creation of guide-
lines will allow us to significantly improve our recommendations. Finally, we aim at
providing a mature version to our project partners to allow them to systematically intro-
duce a technology and to master the involved difficulties.
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