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ABSTRACT

The increasing complexity and individualization of components, tools, and machines
result in new requirements for the CAM systems used in manufacturing process
planning. By integrating innovative technologies, conventional support systems are
to be further developed to assist CAM planners in their daily work. When developing
such systems, not only technology but also the classic areas of work organization must
be taken into account. To remain competitive in the long term, future trends must be
considered by manufacturing enterprises and systematically incorporated into their
strategic decisions. For this purpose, a variety of forecasting methods is offered in
the literature. In this article, the scenario planning method by Fink and Siebe (2016)
is applied in the context of a technology-driven development of a CAM system. It is
discussed to what extent the concept helped to successively guide the participants
through scenario planning process. Challenges included, e.g., the involvement of
multiple stakeholders, time demands on all participants, and enabling participants
to focus on the open and uncertain development of CAM planning work within a
technology-driven project. As an outlook, it is reflected to what extent the applied
method may support a future strategic decision-making process.
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INTRODUCTION

The environment of industrial enterprises is characterized not only by
increasing volatility and uncertainty, but also by growing complexity and
ambiguity (Kodding and Dumitrescu, 2022; Wonsak et al., 2021). For
manufacturing process planning and CAM systems in use (CAM: Computer
Aided Manufacturing), new requirements arise as a result of growing
complexity and individualization of components, tools, and machines
(Suhl and Isenberg, 2019; Jayasekara et al., 2019). To overcome these
requirements, CAx system providers and researchers are currently developing
approaches in technology-driven projects on how conventional support
systems can be further developed, e.g., by integrating artificial intelligence
(AI) (cf. Dripke et al., 2017). In technology development projects, however,
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the classic fields of work organization as well as other dimensions at the
enterprise and individual level should be taken into account in addition to
technology (Miitze-Niewohner et al., 2022).

In order to remain competitive, future developments must be considered by
enterprises and systematically addressed in their strategic decisions (Kédding
and Dumitrescu, 2022; Fink et al., 2005). To deal with uncertainty associated
with future, foresight methods are often used for strategic decision-making
in enterprises (Meyerowitz et al., 2018; Lew et al., 2018). In distinction to
other futures research approaches, such as predictions and forecasts, scenario
planning supports the systematic creation of various possible combinations
of future states, so-called scenarios, on the basis of a strictly future-
oriented perspective (Fink and Siebe, 2016; Sardesai et al., 2021). The
scenario planning method became well-known in the 1970s to support the
identification of future developments incorporating uncertainties in complex
environments as a basis for strategic decisions (Fink et al., 2005). Since then,
the interest in the method has grown in academia, public, and private sectors
as well as policy (Sardesai et al., 2021), and various approaches have been
developed (see e.g. Bradfield et al., 2005; Burmeister et al., 2019; Kodding
and Dumitrescu, 2022; Kosow and GafSner, 2008 for overviews). However,
scientific publications on the application of scenario planning in a production
context only consider partial steps of the method or do not describe the
implementation of the associated workshops in detail (e.g. Von der Gracht
and Stillings, 2012; Wonsak et al., 2021).

The paper presents the application of scenario planning in the context of a
technology-driven innovation project. Aim of this project with the acronym
CAM2030 is to create a new generation of CAM systems by integrating
innovative technologies, such as Al, evolutionary algorithms, and cloud
computing in order to enable employees to perform manufacturing process
planning for the production of complex products quickly, efficiently, and
adeptly (cf. Burgert et al., 2022a). The scenario planning method was used
to anticipate future developments of the work of CAM users. The intention
was to ensure that estimations of future support needs of CAM users are
considered in the technology development activities.

Since the scenario planning was tested for the first time in the context of the
technology-driven project, the focus of this paper is on the application and
discussion of the method. First, it provides a brief introduction to the applied
scenario planning method according to Fink and Siebe (2016). Second, the
procedure is described and the methodological findings are discussed. Third,
it is reflected to what extent the scenario planning method can form a basis
for future strategic decisions in an entrepreneurial context.

METHOD

Scenarios take into account that the future of work is open and uncertain, but
will take place within a limited range of development possibilities (Burmeister
et al.,, 2019). Therefore, scenarios are well-founded descriptions of future
states that show alternative future development possibilities (Burmeister

et al., 2019).
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The scenario planning method proposed by Fink and Siebe (2016) includes
four phases. As preparation, the scenario field is defined whose possible
future states the scenarios are to describe (e.g. enterprise, technology etc.).
Related to this, the target group, the purpose of the scenario planning, the
depth of content, and the future horizon are determined. In the first phase,
the scenario field analysis, influence factors are collected that adequately
characterize the scenario field. Factors with a strong influence are selected
as key factors. For each key factor, possible future developments, so-called
projections, are compiled in the scenario prognostics (phase 2). In the
third phase, the scenario development, scenarios are built as a consistent
combination of these projections. Highly consistent bundles are grouped
using a cluster analysis. In the last phase, the scenarios are evaluated and
interpreted. This includes determining the consequences that are associated
with a scenario for the design field.

According to Fink and Siebe (2016), scenario planning is traditionally
conducted as a series of mostly one-day workshops with detailed work
periods between the workshops or as a compact one-day conference. The
workshops can be carried out physically, physically supported by virtual
platforms, or only virtually. As the method requires a deep knowledge and
understanding of the scenario field (Graessler et al., 2017), it is crucial to
bring together the right people in the scenario team and motivate them to
contribute their knowledge about the future (Fink and Siebe, 2016). The
scenario team should be heterogeneous, e.g., cross-functional for integrating
different perspectives (Fink and Siebe, 2016). The high time effort required
as well as the high complexity of scenario planning methods are seen as
challenges in the application (Mietzner and Reger, 2005; Graessler et al.,
2017).

APPLICATION

Based on the scenario planning method according to Fink and Siebe
(2016), a workshop concept was conceived with the aim of developing,
designing, and evaluating scenarios for the future of work in CAM planning
including directly related activities such as workpiece design and prototype
manufacturing (cf. Burgert et al., 2022b) in 15 years. For each phase
of the scenario planning method, individual forms of elaboration were
conceptualized. Due to the Covid-19 pandemic, the video communication
platform Zoom® was used to enable virtual workshops. Four workshops
were conducted, complemented by self-work periods between the workshops.
Participants throughout the scenario planning process included CAM
users, CAM developers, CAM providers, and researchers from different
organizations. Their expertise covered various fields such as computer science
with focus on artificial intelligence and evolutionary algorithms, mechanical
engineering, and human-centered work design.

During a virtual kick-off meeting (workshop 1), the concept as well
as the planned procedure were presented. The aim of the kick-off was
to introduce the participants to the scenario planning method and to
sensitize them to the benefits of the results in the context of the project
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(e.g. derivation of qualification requirements) and beyond the project (e.g.
insights for the strategic alignment of the enterprises and for future research
projects). Furthermore, questions were clarified and the time availability of
the participants as well as the intended implementation of the method were
coordinated. Since scenario planning is a complex, time-intensive method,
the participants of the kick-off asked to rather hold fewer long workshop
sessions and instead proceed in smaller working steps.

To document the entire scenario process, a board was created on the
visual collaboration platform Miro®. Therefore, the board was the basis
for all workshops and contained the results of every scenario planning
phase. Further, participants who were unable to attend a workshop
were subsequently informed about the progress, so they could continue
participating at the same level of knowledge.

Phase 1 (scenario field analysis): Following the recommendation by Fink
and Siebe (2016), the goal of the first phase was to identify 15 to 20 key
factors with the greatest impact on the scenario field. The factor collection
was conducted within two self-work periods. In self-work period 1, the
participants received a text document with instructions and an example of
how to collect influencing factors. By means of the shell model of human-
centered work design in enterprises according to Miitze-Niewohner et al.
(2022) and given impulse questions, the participants collected and briefly
described influencing factors for future developments of work in CAM
planning on the supra-enterprise level, on the enterprise level, and on the
individual level of the employee with work tasks and work conditions
(including human-computer interaction). The selected shell model served to
pre-structure the relevant levels of work design and to enable the development
of holistic scenarios. Since its known from studies that in many cases people
limit their thinking with mental frames due to so-called narrow framing
(cf. Spetzler et al., 2016), a predefined structure supports a more targeted
search for influencing factors. The collected factors were consolidated within
a new text document and afterwards their relevance was evaluated by the
participants in self-work period 2 using a five-point Likert scale. Fourteen
final key factors with the highest relevance formed the basis for the second
phase.

Phase 2 (scenario prognostics): Originally, a single workshop was planned
for this phase. However, as the time availability of the participants prevented
a common date, two 90-minutes workshops (workshops 2 and 3) with
the same concept were conducted to define the main uncertainties of the
respective key factors and elaborate possible projections. Each group received
half of the key factors with the associated short descriptions and discussed
them under guidance of the moderators along three questions following Fink
and Siebe (2016):

«  Which main uncertainty is relevant for the key factor considered?
« Are there other uncertainties that should be looked at?
« How can the main uncertainty be described?

The results were recorded on the Miro® board and subsequently used for
the joint elaboration of the projections. Originally, it was planned that the
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participants would write down possible projections using virtual sticky notes
before the results would be discussed in plenary. Since the discussion of the
main uncertainties beforehand lasted longer than planned, the collection and
discussion of the projections had to take place directly in plenary. As soon
as the participants were able to agree on the final projections for the main
uncertainties, they were documented on sticky notes. At the end of the second
phase, two to four projections for each key factor were determined based on
the discussion of the main uncertainties.

Figure 1 shows the fourteen key factors, arranged by categories, and
exemplary projections. The key factors and their projections were used to
form scenarios in the following phase.

Phase 3 (scenario development): Deviating from the procedure according
to Fink and Siebe (2016), the projections were already evaluated by the
participants in a third self-work period and those that were assessed as
inconceivable were not considered further for the scenario development.
Thereby, the number of projections could be initially reduced in order
to lower the complexity of scenario development. However, the loss of
information resulting from this restriction had to be accepted for the further
development of scenarios. Subsequently, a consistency matrix was used
internally to check the extent to which the further considered projections of
two key factors in each case can occur simultaneously within a scenario. In
deviation from Fink and Siebe (2016), the consistency was assessed at the key
factor level in order to reduce the complexity of this step. This consistency
matrix was checked and supplemented by individual expert assessments from
the project consortium. Taking into account the probabilities of occurrence
and the consistency matrix, 51 raw scenarios were created internally. These
were aggregated into respective homogeneous but mutually heterogeneous

Scenario field: work in CAM planning including directly related activities

Handling of CAM system Interaction with CAM system
* Transparency and comprehensibility of algorithms * Reliability of optimization algorithms
« Comprehensibility of additional features (EA, CC, Al)
« Acceptance of CAM system Job market
- * Qualification of specialists available
Knowledge management at system level
» Autonomous learning capability of CAM system based on Projections o ; ; o
intelligent data processing « Fewer specialists with required qualifications

available on the job market than needed

Knowledge management at human-computer interface - As many specialists with required qualifications

* Methods for the transfer of knowledge/ competences available on the job market as needed
between CAM planners * More specialists with required qualifications
" available on the job market than needed
Data handling

* Market development for horizontal linkage and intelligent Further development of CAM technology

use of data (forward)

» Market development for horizontal linkage and intelligent * Required computing time .
use of data (backward) * Degree of support (automation through AI)
. fl"echr'u'cal development for horizontal linkage and Projections
intelligent use of data (forward) N
* No support

Technical development for horizontal linkage and
intelligent use of data (backward)
Vertical linkage with higher-level enterprise IT system

= Support by suggestions for input fields
* Fully autonomous takeover

Figure 1: Key factors and exemplary projections.



Developing Intelligent Technologies to Support Employees in Manufacturing Planning 131

clusters. For this purpose, a hierarchical clustering with the Euclidean
distance measure and the average linkage method (cf. Herzhoff, 2004) was
carried out using the statistical software IBM® SPSS® Statistics. The result
were six scenario clusters.

Phase 4 (scenario evaluation): In order to interpret the six developed
scenario clusters, a fourth workshop (with a duration of 180 minutes) was
conducted in the CAM2030 project. After reflecting on the clusters formed,
they were evaluated by the participants in terms of what implications they
might have for future work in CAM planning. The different levels of the
shell model of human-centered work design (Miitze-Niewohner et al., 2022;
see above) were again used as a structure for collecting possible implications
of the scenario clusters. For this step, the participants worked in groups in
Zoom® breakout sessions before the results were discussed in plenary. In
addition, the participants assessed and discussed the extent to which the
future work in CAM planning could tend toward flexibility/adaptability,
human justice, or economic efficiency as a result of the respective cluster
under consideration. Figure 2 gives an impression of the shared Miro® board
at the end of this phase.
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Figure 2: Scenario planning results on the visual collaboration platform Miro®.

DISCUSSION

In the following, both the application of the method and its suitability as
support for strategic decisions in enterprises are discussed.

Lessons Learned From the Application

The application of the scenario planning method in the context of production
planning allows different findings:
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First, challenges arose that included, e.g., the involvement of the different
stakeholders in the scenario planning, time demands on all participants due
to the complex method, and enabling participants to focus on the open and
uncertain development of CAM planning work within a technology-driven
project. A kick-off meeting was conducted to address these challenges. This
meeting allowed the participants to get to know the method in advance,
to clarify basic questions, and to be prepared for the individual phases.
It created a common level of knowledge among all participants, which
facilitated the implementation of the scenario planning and, e.g., saved time
in the subsequent workshops that would otherwise have had to be scheduled
for questions regarding the general methodical procedure. A kick-off is
recommended due to the complexity of the method. The use of the method
as combination of workshops and self-work periods allowed the participants
a higher temporal flexibility and had the advantage that the results of the
self-work periods could not be influenced by other participants. In general,
participants can benefit from such asynchronous phases and materials, but
they also bring the risk of unrealistic expectations on the project partner
(Becerraetal., 2021). In our context, the self-work periods were well received.
Apart from the time flexibility, this could also be due to the common interest
in working together in the project context and the given pre-structuring by the
shell model according to Miitze-Niewohner et al. (2022). The latter proved
particularly useful in the aim of creating holistic scenarios for the future
development of work in CAM planning, in order to direct the participants’
focus on the various aspects of work while taking all relevant levels into
account.

Second, with the adaption of the prepared workshop series concept
after the kick-off, a combination of different survey procedures was
necessary. Although the required documents for the self-work periods were
complemented by explanations and examples, the use of different procedures
can nevertheless raise questions among the participants. In order to receive
answers to their queries, written or verbal contact attempts should have
been made. Since no queries arose during the self-work periods, it is unclear
whether the effort to get answers was too high or the detailed explanations
and examples were sufficient enough for understanding the tasks.

Third, conducting the workshops virtually enables a higher flexibility for
organizers and participants, e.g., through saved travel times. Kurniawan
et al. (2022) do not see any differences in the results of a scenario planning
method between virtual workshops and physical meetings. Fink and Siebe
(2016) have already considered the possibility of scenario planning in
virtual workshops. The use of Zoom® provided the ability to record the
workshops eliminating the need for handwritten minutes. This allowed the
participants to focus entirely on developing results. To counteract the lack of
personal contact (e.g. Becerra et al., 2021) and to convey a feeling of active
participation, it is recommended to ask the participants for activated cameras
(Zimmermann et al., 2021).

Fourth, a remote concept allows the integration of digital tools such
as Miro® (Becerra et al., 2021). The use of a Miro® board enabled an
overarching organization of the results of all self-work periods as well as
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workshops, and supported the interrelationships among the four phases of
scenario planning. At any time, it was possible to look back at the previous
joint results and at the results of the other group, such as in phase 2. The
board also allowed participants to enter in later phases without having
comprehension problems or lack of information. Becerra et al. (2021) also
describe the collaboration of participants, communication, and the exchange
among participants through the use of Miro® which can be confirmed in the
given context. Another advantage is that the content and results are available
digitally and can therefore be used again at any time (Becerra et al., 2021).

Fifth, a scenario team with different disciplinary backgrounds supports the
development of holistic scenarios, recommended by Fink and Siebe (2016).
However, because the method was applied in several workshops and self-
work periods, the participants were not always the same. Thus, in some
phases one or another perspective on the results was missing. Short bilateral
meetings with individual participants could counteract this. Nevertheless, it
would be advisable to invite multiple participants for each discipline and
thus to integrate the relevant perspectives in each phase. For participants in
virtual workshops, getting to know each other and working together can
be challenging (e.g. Becerra et al., 2021). Due to the project context, the
participants already knew each other as well as the collaboration in virtual
meetings (cf. Rufskamp et al., 2022).

Sixth, as the limited time availability of the participants resulted in
different groups of participants for the self-work periods and workshops, e.g.,
important findings may not have been included because the key factors were
divided between the two groups in the second phase. To reduce complexity
and effort for participants, forming the scenario clusters, e.g., was done
internally. Involving the project consortium in the creation of the clusters
rather than just discussing them might have resulted in different clusters. If
scenario planning will be used again in this context, more generous planning
and communication of the time scope of each phase would be recommended.

Support for Strategic Decision-Making Processes

Since the scenario planning method helps to deal with uncertainty by
identifying possible developments, it is assumed that it will enable an
alignment of the corporate strategy with the environment (Vecchiato, 2012)
and therefore better strategic decisions (Meyerowitz et al., 2018).
Regarding the future of work in CAM planning, CAM system providers
could, e.g., consider the desired degree of system automation in their strategic
positioning. The integration of further CAx systems could also be part of a
strategic decision. Enterprises using CAM systems could take the expected
degree of support for CAM planners into account when selecting the system.
A decision-making process and thus the quality of a decision can be
assessed in an entrepreneurial context based on the decision quality approach
by Spetzler et al. (2016). According to this approach, a decision has a high
quality if six quality criteria are taken into account in the decision-making
process. In the following, it is reflected to what extent the applied scenario
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planning method can be used as a basis for future strategic decision-making
by increasing its quality with reference to the six quality criteria.

First, the quality criterion appropriate frame concerns the decision-making
framework. This framework defines purpose and scope of the decision as
well as the perspectives to be considered. In scenario planning, a wide range
of potential developments in the environment of the future work in CAM
planning were collected. In addition, different perspectives could be taken
into account as the scenario team consisted of participants with diverse
professional backgrounds. Ramirez et al. (2017), e.g., state that effective
scenarios emerge as soon as diverse perspectives and viewpoints are included
within the application. The scenarios elaborated show all conceivable
developments, but strategic decisions are only made for those whose
probability of occurrence is considered realistic. Although the scenarios
provide information on the environmental developments to be taken into
account in the decision-making process, these are only part of the information
required for strategic decision-making.

Second, clear values and objectives should be determined to evaluate the
success of the decision at the end of the decision-making process (clear
values and tradeoffs). The aim of scenario planning was to map future and
plausible development options within the environment of work in CAM
planning. Since this aim is not necessarily congruent with corporate objectives
underlying a specific decision, this criterion cannot be taken into account
further by scenario planning method.

Third, the options for actions considered should be creative (creative
alternatives). Particularly in enterprises, it may be the case that no alternative
options are sought, but only the acceptance or rejection of a proposal is
discussed. As a result, suitable solutions can be overlooked. Scenarios lead
to a closer examination of various development options of the corporate
environment. In this way, different possibilities for strategic orientation are
opened up in order to formulate potential courses of action in response.

Fourth, appropriate information and sources are necessary for a
fundamental understanding of possible decision outcomes (relevant and
reliable information). The scenario planning method can be seen as one
of many sources for future decisions. The scenarios developed within the
four-phase structure and with the participation of various disciplines may be
considered a reliable part of the decision-making process.

Fifth, by means of a comprehensible argumentation, it must be possible
to convey why the chosen option for action is the best alternative for the
decision situation considered (sound reasoning). The scenarios compiled do
not represent the options for action for future decisions, but a decision is
ultimately made and communicated on the basis of other aspects. However,
the transparency and the procedure of the method enable to derive how
options for action were prepared with the help of the scenarios.

Sixth, there should be a willingness for realization of the decision made
(commitment to action). In enterprises, problems usually arise because the
decision-makers are often not the ones who are supposed to take care of
the implementation of the decision. Involving employees in the decision-
making process increases their identification with the solution and thus their
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willingness to realize it (cf. Zink et al., 2015). The participatory approach
within the method can increase the acceptance for the results of the scenario
planning. However, the commitment to a future decision may only be
supported by the scenario planning process if the composition of the scenario
team corresponds to the composition of the decision team. Furthermore,
other factors within the decision-making process and additional sources may
influence commitment.

CONCLUSION

The application of the scenario planning method in the CAM2030 project
worked well and generated the desired results. The main challenges were
the methodological and content-related complexity, the composition of
the scenario team as well as the temporal intensity. In order to meet
these challenges, the kick-off meeting, among other things, proved to be
useful. Reflecting on the methodological approach using the decision quality
criteria according to Spetzler et al. (2016) shows that scenario planning
can basically be used as part of the preparation of a strategic decision.
Through an interdisciplinary team and a holistic view of work in CAM
planning by using the shell model according to Miitze-Niewohner et al.
(2022), scenario planning method is considered successful. In particular, this
method supported the integration of human and organizational factors into
a technology-driven project.
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