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ABSTRACT

The content of university teaching in engineering sciences, particularly in product
creation, is characterised by the development of application skills. Changing working
conditions require new teaching concepts that are oriented towards the needs of
students and practice and consider the acquisition of soft skills. A key method to
be considered in this context is the Scenario-Technique. In this paper, a one-day
workshop based on a software tool for the Scenario-Technique is presented that
focusses on competence development for Scenario-Technique in form of a learning
concept. Based on a systematic literature analysis, existing approaches for learning
the Scenario-Technique are identified and requirements for a subsequently developed
software-supported Scenario-Technique workshop are established. Using a case study,
the learning concept is validated in two test phases for comprehensibility, user-
friendliness, and practical suitability. The result is a concept that enables practice-
oriented learning of the Scenario-Technique.

Keywords: Scenario-technique, Scenario-tool, Competence development, Foresight, Software-
supported training, Workshop design

INTRODUCTION

The use of Scenario-Technique in companies is important for future
competitiveness and as decision support (Bain & Company, Inc. 2023;
Mietzner, 2009). However, the consistent and sustainable use of Scenario-
Technique is not widespread due to the complexity of the method and
the associated training and (recurrent) preparation cost. The difficulty of
application can be countered by targeted competence development. There
is potential for improvement, particularly in reducing complexity and effort
as well as in independent use and empowerment. Such a qualification must
be prepared through academic knowledge transfer and established in a
practice-oriented concept (Barton et al., 2017).

University teaching on methods of product creation requires both
teaching of theoretical foundations and development of expertise in practice
(Haralanova and Fafner, 2019). In particular, the ever more rapidly
changing working conditions, for example through intermedia and location-
independent work, require new concepts for the teaching of competences,
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which are oriented to the needs and abilities of students as well as to practice
(Careetal., 2018). At the same time, soft skills are crucial for later application
and must be implicitly taken into account (Haralanova and Fafner, 2019).

These challenges apply in particular regarding strategic product planning
using Scenario-Technique. The reason for this is that Scenario-Technique
focuses on the increasingly important competence of foresighted thinking.
Scenario-Technique anticipates future developments based on interdependent
influence factors. The future is thought through comprehensively and
systematically. Another special feature of Scenario-Technique is the soft skills
to be learnt, such as decision-making and teamwork (Mietzner, 2009; Grafsler
et al., 2020).

The aim of the research presented in the paper at hand is the development
of a Scenario-Technique Workshop using a software tool for practice-oriented
competence transfer of the contents of Scenario-Technique, considering the
soft skills to be acquired by engineers. The following research question sums
this up:

What features must a software support for Scenario-Technique contain in
order to support the development of Scenario-Technique competences?

This paper is divided into five sections. The introduction (section 1) is
followed by the research design chosen to answer the research question
(section 2). Then the fundamentals and requirements for a software-
supported workshop are presented (section 3). A learning concept and its
implementation in a case study is then presented (section 4). Finally, the
results are summarised and an outlook on further research perspectives is
given (section 5).

RESEARCH DESIGN

The research design is divided into four steps (Fig.1). In a first step,
a literature analysis according to the PRISMA 2020 statement (Page
et al., 2021) is conducted to identify and analyse existing descriptions of
competence transfer in Scenario-Technique. The search terms consist of a
combination of Scenario-Technique and competence development as well as
synonyms linked with Boolean operators. The literature analysis is based on
the databases of Scopus and Web of Science.

In a second step, requirements for a practice-oriented concept of
competence development are derived. The requirements are based on
the literature, on experiences and problem descriptions from exercises in
university teaching and from the practice of Scenario-Technique Workshops
in industrial projects. The requirements include soft skills for engineers
as well as framework conditions for acquiring competences in Scenario-
Technique. Based on these requirements, a practice-orientated concept
for a one-day workshop with a Scenario-Tool is developed in step three.
The workshop maps all steps of Scenario-Technique and thus enables the
derivation of scenarios and is supplemented by a software tool. In the
final step, the developed Scenario-Technique Workshop with the associated
software tool is evaluated in a case study with two experimental test
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phases and by using the workshop content and the software tool in a plant
engineering company.

Derivation of
requirements

Literature
analysis

Development of
the Workshop

Figure 1: Research methodology.

FUNDAMENTALS AND REQUIREMENTS

The following chapter deals with the basics of Scenario-Technique and the
competence transfer of the method, resulting from the literature analysis
described above. In addition, a list of requirements is drawn up for a practice-
oriented concept for teaching the content of
Scenario-Technique.

Scenario-Technique is a method by which future scenarios can be defined
based on influence factors and corresponding projections, i.e. future
characteristics. The resulting scenarios are used to support decision-making
to develop strategies and measures to be prepared for possible future
scenarios. Based on an influence analysis, the influence factors are evaluated
to select representatives, so-called key factors, based on this evaluation.
Projections are then assigned to each key factor. The projections of each key
factor are evaluated in a consistency analysis with the projections of the other
key factors. Consistent combinations of projections of each key factor are
aggregated to alternative future scenarios. In order to derive strategies and
implement measures, a scenario transfer is carried out on the basis of these
future scenarios (GrafSler et al., 2020).

The Scenario-Technique can be supported by software tools and an
Integrated Scenario Data Model to utilise data from previous projects
(Grafdler et al., 2017).

Competence Transfer in Scenario-Technique

The literature analysis revealed 131 sources to be analysed. The sources
analysed do not describe any studies in the field of engineering or in the
corporate context and only one deals with a didactic concept for Scenario-
Technique. A large number of the sources deal with topics in the medical field
and the handling of various scenarios in hospitals. However, these sources
do not deal with the application and learning of the contents of Scenario-
Technique, but with learning based on potential scenarios. For this reason,
requirements for a more practice-oriented concept for engineers for learning
Scenario-Technique were collected, in particular from the experiences from
teaching as well as from experiences from corporate projects in which the
Scenario-Technique has already been applied. After a screening, a search to
find and an assessment of eligibility, six hits remained, which were considered
in more detail for the establishment of requirements. The results of the
literature analysis are shown in Table 1.
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Table 1. Results of the literature analysis.

Content Source

(Fiala et al. 2018)

o Didactic concept of a university course in Scenario-Technique
with small groups of students, each with a real-world case and
illustration of the results of different futures

o Teaching to convey the content in advance and continuous support
during the processing of the case

e Description of barriers and enablers of Scenario-Technique in (Meyerowitz et al. 2018)

emerging markets

e Test and visualise the decision-making process of resulting (Ghodsvali et al. 2022)

scenarios using game theory

o Description of how to use scenarios in marketing planning (Pattinson and Sood 2010)

o Description of a workshop structure that is divided into 4 phases
from the collection of ideas to the scenario report.

o Scenario-Technique as a didactic tool for building competences in (Burandt and Barth 2010)

dealing with climate change

o Scenario-Technique as a didactic tool for modelling energy supply (Benichou and Mayr 2014)

and demand

Requirements for a Practice-Oriented Concept

Requirements were set for the Scenario-Technique workshop and tool based
on literature, experience from existing courses and exercises as well as
practice in industrial projects. The industrial projects relate to projects
carried out by the Chair of Product Creation with a large company from
the mechanical and plant engineering sector. The requirements are shown in
Table 2.

Table 2. Requirements for a practice-oriented concept of Scenario-Technique.

Requirement Origin

(Fiala et al. 2018)

The content of the concept must address a real-world problem.

The workshop must contain a clear task with predefined boundary university teaching

conditions for processing and solving a problem.

It must be possible to work on the tasks of the workshop in small groups. (Fiala et al. 2018)

All steps of the Scenario-Technique from influence analysis to scenario university teaching
transfer must be taught: Technical terms, intermediate steps and calculations

must be presented in an understandable and transparent manner.

The task must be completed within a defined time frame, compliant with industrial projects

realistic boundary conditions.

The participants should be encouraged to exchange and discuss the results. (Meyerowitz et al.
2018)

The implementation should be applicable in the corporate context.

industrial projects

The workshop should be supported by textual and visual modules.

(Ghodsvali et al. 2022),
industrial projects
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LEARNING CONCEPT FOR SCENARIO-TECHNIQUE

The learning concept consists of a realistic example with a task for
implementing Scenario-Technique and a supporting software tool. The tool
provides a step-by-step approach of the Scenario-Technique and supports the
calculation of scenarios.

Workshop Concept

The Scenario-Technique workshop consists of a task in which the participants
are asked to slip into the role of a strategy team at a waste disposal company.
The participants deal with reverse logistics: looking at all logistical processes
in which goods originate from the (end) customer and return to the supply
chain. They conduct a Scenario-Technique workshop in a small group of four
to six people to develop scenarios for the world of Recycling in 2040.

All the steps of the Scenario-Technique, from defining influence factors
to describing the resulting scenarios in prose text, are required in the task.
The time required to complete the task is one day. Participants are provided
with Metaplan boards with pens and post-its as well as a Scenario-Tool on a
multi-touch table.

Scenario-Tool

The one-day-workshop is supported by a Scenario-Tool (ScenTecTool)
developed by the authors (Figure 2) that covers all steps of the Scenario-
Technique from the definition of areas of influence and influence factors
with subsequent evaluation in an influence matrix to the selection of key
factors with respective projections and evaluation in a consistency matrix as
well as the generation of the most consistent scenarios (GrafSler et al., 2018).
The steps are mapped in the tool via following pages: Impact, Projections,
Consistency and Scenarios. The tool is supported by an integrated scenario
database (Grafler et al., 2017) and can be extended by Al applications such
as the connection to a WordNet (Graessler et al., 2022).

The tool starts on the Impact page with the influence analysis, where
existing data from a database file or a pre-filled Excel file can be loaded
into the tool. It is possible to start without existing data, but this was not
focused on in the one-day-workshop to focus on develop Scenario-Technique
competences and not on time-consuming data searches. The tool allows to
select, deselect, and add influence factors for the respective project to be
processed to create an influence matrix for the scenario project. Missing
values in the influence matrix must be filled in or completed to select key
factors. Key factors can be selected manually or supported by calculation
using MICMAC or PageRank algorithm (GrifSler et al., 2019).

In the next step, projections are assigned to key factors. This assignment
can be supported by data and visualised. A subsequent consistency
assessment is carried out on a scale from -2 to 2 (total inconsistency to
total consistency). The database also provides support in this step, guiding
users through the workshop in a time-efficient manner. In a final step, raw
scenarios are calculated and summarised using filters and clusters to create
possible future scenarios based on the consistency sum.
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Figure 2: Excerpt of the ScenTecTool.

Short instructions are provided in each step of the tool to introduce
the individual steps of Scenario-Technique and guide through the tool. In
addition, an integrated tutorial mode provides further detailed explanations
for a more guided learning process. The tutorial mode enables learning even
without external guidance: every step of the Scenario-Technique is explained,
and terminology is introduced. In tutorial mode the learning can be tested
simultaneously, and sub-tasks of the task can be done in parallel.

Case Study

The developed Scenario-Technique Workshop with the associated software
tool was evaluated in two experimental test phases (Figure 3) and evaluated
by using the workshop content and the software tool in a plant engineering
company. The experiments were analysed using software-supported, time-
synchronized acquisition and recording of video data streams, including
screen capturing at the Smart Innovation Lab. Participants also answered a
SUS (System Usability Scale) questionnaire (Brooke 1995) for a comparable
evaluation of the software support.

The first test phase was carried out with 29 master students of mechanical
engineering and industrial engineering in 5 groups on different days. During
the first test phases, the added value of the concept was already confirmed,
and small changes were made to the tool to improve the understanding of the
training. Based on the evaluation of the first test phase, a tutorial mode was
added to the tool between test phases one and two to enable learning without
instructions. Also, a bigger set of data, in the form of entries in the influence
matrix and the consistency matrix were added in order to increase motivation
during the workshop. Evaluation of the influence matrix und consistency
matrix is now carried out based on a few exemplary entries, leaving more
time for other tasks in the workshop. For the second test phase a task fiir the
scenario transfer is added.
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A second test phase was carried out with further 20 master students in
5 groups. The tutorial mode was now opened to the participants — without
any further introduction to the Scenario-Technique — so that they could go
through the Scenario-Technique and test the steps in the tool at the same time.

Parallel to the experimental test phases, the workshop content and, after
the test phases, the ScenTecTool were evaluated with a plant engineering
company. The duration of the workshop was extended in the industrial
project, but the content served as a target and orientation for the content
of the one-day-workshop to ensure practical orientation. The transfer of the
workshop to more detailed tasks and issues in the corporate context and the
associated expansions and discussion points were indicated in the tutorial
mode and anticipated using predefined data from an Integrated Scenario Data
Model. This allowed an understanding of the details and the work involved,
while keeping the focus on the key issues.

Figure 3: Experimental test phase of the Scenario-Technique workshop.

The focus of the evaluation was on the comprehensibility, user-friendliness,
and practical suitability of the workshop. Practical suitability was ensured by
working on a real problem and the tasks that arise in industrial practice. The
tasks in the second test phase were further expanded by focussing on the
transfer of the scenarios in the form of the elaboration of promising business
ideas.

The comprehensibility of the results of the workshop was improved in
scenario generation: In the tutorial mode, further explanations on filtering
were added as well as the possibility to select the maximum number of
identical projections in the comparison of the resulting scenarios. The
traceability was thus confirmed, particularly in discussions during the
industrial project.

Also, a slightly modified SUS questionnaire was completed by the
respondents in the two test phases, which was supplemented with questions
on the added value of the methodology application. This addition was made
to evaluate the learning concept for better understanding and competence
building in Scenario-Technique in relation to the user-friendliness and the
overall added value of the workshop.
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The added value of the workshop was particularly evident in comments
made by the students: “The workshop really helped me to deepen my
knowledge of the Scenario-Technique. I also enjoyed the discussions in the
group, which also taught me how to recognise connections (e.g. with the
influence matrix) as well as how to discuss with fellow students and reach
a common consensus”. Based on the assumption of the SUS questionnaire
that a score of over 68 indicates good usability and a score of over 80.3
indicates excellent usability (Chojecki et al., 2023), the results were analysed
The evaluation revealed good usability with a score of over 70 in both test
phases. When considering the added value of the methodology application,
it was even possible to achieve an excellent rating with a score of around 81
in both test phases.

CONCLUSION

The developed Scenario-Technique Workshop and the associated ScenTecTool
led to an improved understanding of and ability to use Scenario-Technique
for students and employees in the company, especially engineers. The concept
developed makes it possible to achieve sustainable competence in the use of
Scenario-Technique without extensive preparatory work and to ensure its
regular use in companies. In addition to the tool and tutorial mode, students
requested further example cases that can be adapted to different company
issues by integrating them into a scenario database, so that industry-specific
cases can also be played.
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