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Abstract

It is essential to develop products that are successful in future markets. However, product engineering often takes
several years or even longer, and anticipating the needs and requirements for products is necessary. Strategic foresight
provides a solution for identifying future product needs and requirements as well as product properties. Given the
constantly changing environment, it is necessary to continually adapt the results of strategic foresight. Changes can
be identified through shifting forecasts and trends. To ensure the success of the product in development, changes in
the environment must be continuously integrated into the product engineering process (PEP). Thus, the relationship
between monitoring changes in the future through foresight approaches and in the product during the PEP is important.
This paper aims to analyze the integration of monitoring into the product engineering process based on elements of
strategic foresight. The main objective was to identify whether existing approaches support this integration, by
conducting a systematic literature review analyzing 1,664 research results. Here, no suitable approaches were
identified in the literature. Therefore, to enable the integration of such approaches into the PEP, existing foresight
approaches were examined to determine the extent to which monitoring approaches can be linked to them. During the
examination of existing foresight approaches, especially scenario methods, commonalities were identified. Although
these run individually, they generate the same results, such as influencing and key factors. These commonalities can
be used as starting points for monitoring. To define these starting points, general monitoring approaches were
examined to compare their structure and process. Here, different processes and structures of the approaches were
identified, making it challenging to derive uniform elements for linking to foresight approaches in PEP. The central
finding of this research work is that a design support must be defined to enable linkage and integration into the PEP.
Initial preliminary work is suitable, in which product properties are derived from the scenarios themselves, as well as
key factors. A link between product properties, scenarios, and key factors exists, which can be used for the
operationalization of monitoring but has not yet been defined. In summary, different approaches to monitoring exist,
but they have different procedures and structures, making integration into the PEP challenging. However, the
uniformity of the scenario processes provides a good starting point for developing support for the monitoring of
environments, which can help derive the impact on product properties in the event of changes. This enables the PEP
to react to changes in the future and develop products that are robust for the future.
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1. Introduction

To develop a product that is successful on the market, development must always be future-oriented (Cooper and
Kleinschmidt 1993). This is relevant to competition for all companies (Siebe 2018). Only through future-oriented
development an advantage can be gained in the future market, leading to a successful product (Lindemann 2016). In
future-oriented development, all features of the product are adapted to the future customer. The requirements of future
customers can vary greatly from the requirements and features a product must have for today's customer. (Siebe 2018)
Since the development of a product always takes time and therefore always addresses the future customer, future-
oriented development is essential for a successful company (Fink and Siebe 2016). Especially for products with long
development times, foresight is very relevant to be able to plan reliably. (Gausemeier 2019)
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Using foresight through scenarios, properties can be determined which are necessary for the future product (Albers et
al. 2016). Scenarios can also be used to adapt to the development of the market through monitoring. This is important,
because the constantly changing of the environment during the long development period. For example, according to
Albers et al. (2022) or Kuebler, Schuster et al. (2023), it is already possible to integrate methods of foresight into the
early phase of product planning in the product engineering process (PEP). But so far, the integration of validation and
a monitoring of the determined product properties within the PEP is missing, as it is enabled by Marthaler's approach
for the initial planning of properties using methods of foresight (Marthaler 2021).

Within the PEP, many iterations take place, so that the product to be developed changes continuously. These changes
are caused, among other things, by legal requirements (standards, guidelines, etc.) and technical constraints (ease of
production, assembly, etc.). Such changes serve the goal of developing the best possible product and placing it on the
market. However, with many change steps, the initial focus, the requirements of the future customer and the required
product properties derived from them, can be lost sight (Albers et al. 2016). The required product properties may
change due to changing customer requirements for the product (Albers et al. 2018). Mainly because of changing
customer needs and requirements, it is necessary to develop a methodical integration of monitoring to validate the
properties in relation about future customer requirements using a future-oriented scenario preview. (Meyer-
Schwickerath 2015).

1.1 Objectives

This work aims to identify existing methods of strategic foresight for the planning of needs and requirements as well
as for their validation and monitoring towards the future development. It will be examined whether the approaches
and methods already exist link strategic foresight and, in particular, foresight monitoring with the PEP. In addition,
potential starting points for integrating methodical monitoring and validation of strategic foresight into the PEP will
be found by analyzing existing approaches. The integration of validation or monitoring methods of strategic foresight
into the PEP should help to keep the properties, needs and requirements - that were defined at the beginning of the
PEP - permanently in view, to recognize changes in the expected future and to be flexible and quick in using for the
organization.

2. Literature Review

2.1 Product Engineering Process — From the Idea to Innovation

The product engineering process (PEP) is an "interplay of different activities" (Albers and Gausemeier 2012). It
consists of product development, strategic planning and production. According to product generation engineering
(PGE), all technical systems are not completely new, but are developed in generations and always based on references
through the three variation types carryover, embodiment and principle variation (Albers et al. 2019). For a developed
product to be sold profitably, a need must be met with it. This need is triggered in a customer by a problem that is
potentially solved by the product. (Braun 2013) Such a need situation is recorded in the product profile (Albers et al.
2018). In the PEP, "starting from customer requirements, goals are generated and transformed into objects by an action
system" (Braun 2013). In the Kano model, the relationships between customer satisfaction and the degree of
fulfillment of a specific requirement for a product are illustrated. Here, three different types of requirements are
assumed: must-be, one-dimensional and attractive requirements (Kano et al. 1984; Sauerwein, 2000). The problem
here is not only that development is carried out for the needs of future customers, but also that the requirements for
certain properties change over time. Albers et al. (2015) present this problem in a classic Kano model. Since customer
needs can change during a PEP, it is important to perceive these changes in needs and incorporate them into the target
system (Meyer-Schwickerath 2014). The activities validation and verification are considered fundamental elements
in the PEP (Albers et al. 2016). These two activities are very important from the beginning of the development because
the later changes must be made, the more expensive the development becomes and is therefore subject to losses. This
is described by the "Rule of Ten" according to Erlenspiel et al. (2020).

2.2 Developing Future Products Using Strategic Foresight in the Product Engineering Process

The main reasons for using strategic foresight are the long development times and the ambition to develop innovative
products (Gausemeier 2019). It was often considered as a separate process, but it is more and more included in the
PEP (Miiller 2008). The term strategic foresight comes from future management. By means of future management,
companies want to react adaptively and quickly to changes in the future (Westkdmper 2009). Here, a distinction is
made between three levels: the operational, tactical and strategic level. Various instruments of foresight can be
assigned to these levels according to the addressed, ascending time horizon: prognoses (short-term), trends (medium-
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term) and scenarios (long-term). (Siebe 2018) Scenarios are used to highlight possible developments in the future.
They are separated from trends by using future-opened and networked thinking. (Fink and Siebe 2011)

The scenario technique according to Gausemeier et al. (1998) consists of five steps. Based on an analysis of the
previously defined scenario field, factors are identified that describe the current situation. From these, a manageable
number of key factors for the further process is selected by evaluation. For each key factor, alternative projections
into the future are made based on two dimensions to be defined in which the factor can develop independently.
Scenarios are compiled by plausibly combining one projection of each key factor. These are transferred into a picture
of the future and described. Subsequently, measures can be derived in the scenario transfer. (Gausemeier 2019;
Gausemeier et al. 1998; Siebe 2018)

In addition to the use of scenarios for the strategic alignment of companies, there are approaches for deriving product
properties for implementation in the PEP. According to Thiimmel et al. (2022), a distinction can be made here between
a future-oriented and future-robust orientation. Albers et al. (2022) have developed an approach for deriving product
profiles and properties of future product generations through strategic foresight. Among other things, the properties
are evaluated in terms of future relevance using the Kano model. If properties contribute to customer satisfaction when
various scenarios occur, they are considered to be future-robust. (Albers et al. 2022) The properties determined are
used as the cornerstone for the target system of the PEP (Meyer-Schwickerath 2014). With the approach to determining
changing product properties using foresight by Kuebler, Schuster et al. (2023) another approach exists. This addresses
the foresight of upgrades and updates (Kuebler, Thiimmel, et al. 2023).

2.3 Monitoring in the Product Engineering Process and Strategic Foresight

Monitoring can be understood as "targeted continuous monitoring of specified sections and objects of a system to
record information about activities and changes" (Sieg 2007). Monitoring is a recognized and fundamental activity in
companies. In PEP, for example, monitoring can be used to check the current status of research, development or
production. (Gruber et al. 2003; Gruber and Venter 2006) In strategic foresight, monitoring is an essential part of the
process. Due to the high rate of change in society, it is necessary to monitor these changes. Monitoring is part of
scenario controlling and trend management and thus has a direct influence on changes in the characteristics of the key
factors. Scenario controlling looks at the relevant areas of the future space of the scenarios. If changes in the
development are identified that are unforeseen, they are retroactively incorporated into the scenarios. Trend
management deals with unforeseen developments in the future. Relevant, known trends are observed, but new
unexpected trends are also considered and analyzed. These changes are reported and incorporated into the scenarios
as needed. (Fink and Siebe 2016).

2.4 Interim Summary

Products are planned and developed within the product engineering process (PEP). This is based on references and
thoughts in generations. To be successful in the market, customer needs must be addressed. However, these are
changeable and must be thought ahead for the future. For this purpose, methods of foresight exist. Using scenarios,
alternative futures can be described and used to derive measures. Initial approaches link foresight methods with the
PEP to be able to directly derive properties for future products. Monitoring methods exist to monitor changes in the
future. These are linked to the scenario process. Little is known about the extent to which monitoring methods are
linked to the PEP. An approach to consider changes of the future compared to the focused future in product
development is currently not known.

3. Methods

3.1 Research Need and Research Goal

Products must meet the current needs of customers. In product development, however, this corresponds to the needs
of future customers. Methods of foresight are used to anticipate future needs. Scenarios are an adequate tool for
describing alternative, consistent futures. Methods exist for incorporating scenarios into the PEP to derive product
properties. So do methods to monitor future development and adjust scenarios. However, it is not known whether
approaches exist to link methods of monitoring future developments that are directly linked to the PEP to adjust
planning and ultimately implement changes in the product.

Currently, there is a lack of an overview of the different methods and processes for the creation of scenarios in the

literature. For this purpose, various existing methods are to be identified and analyzed. From commonalities and
differences, starting points for monitoring in connection with the PEP can be identified. Likewise, there is a lack of
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an overview of which methods exist for monitoring foresight and to what extent they interact with the PEP. Therefore,
existing methods will be identified and examined. Derived starting points can be used to develop new approaches and
methods.

3.2 Research Design
Based on the research need and the research goal, the following research questions were derived to this research
project. Based on the questions, the results will also be analyzed and evaluated.

1. Which methodological approaches of strategic foresight and foresight monitoring exist in the literature?

2. Which starting points can be found in scenario building to include a monitoring method for the PEP?

3. To what extent are foresight monitoring methods incorporated into or addressed by the PEP?

To answer the research questions, the approach will follow the Design Research Methodology (DRM) of Blessing and
Chakrabarti (2009). First, the research subject is clarified, and an initial literature review is conducted to gain a first
understanding. A descriptive study is then done to conduct a comprehensive systematic literature review to identify
existing methods. These are then analyzed and compiled into a review.

3.3 Preparing and Conducting the Systematic Literature Review

For a broad search field and meaningful results, the research was conducted on three search platforms: Scopus, Web
of Science, and Research Gate. Google Scholar was initially not included due to technical limitations and the resulting
unmanageable number of results without specific exclusion criteria. It will be used in a second step. For the systematic
search, it was necessary to establish search strings. These were clustered into three main topics, following the idea of
platform building. Strategic foresight and product development are the starting point. Following this, the search is
supplemented in each case by one of three additional subtopics: monitoring, validation and product properties. For
this purpose, each was extended with an AND operator, so that a total of three different search strings were formed as
combinations. These are shown in Figure 1a.

e . Results Results
m Validation Product Properties

Check for
Duplications

Selection by Title

Product Development & Strategic Foresight Selection by Abstract

Selection by Figures

Selection by
Entire Content

1a. 1b. 1c.

Figure la. Search string combinations for searches 1 and 2 and limitations for search 2 / Figure 1b. Selection process
of the publications in search 1 / Figure 1c. Selection process of the publications in search 2

The results of the search strings in the respective search engines were exported for further review. The 836 total results
were first checked for duplicates. This was followed by sorting by thematic content of titles and abstracts. Since the
focus of this investigation is methods, flow charts and figures were a relevant factor by which to sort out. Nevertheless,
this criterion was not treated absolutely. If a text was interesting despite the lack of flow charts, it was still considered
further. Thus, 6 titles remained for closer examination. The selection process is shown in Figure 1b.

Based on the knowledge gained from the first search run, further exclusion criteria could be defined due to irrelevant
hits: -medical, -COVID, -space, -water, -organic, -food, -cancer, and -energy (Figure 1a). This allowed a second search
run in Google Scholar to be performed with appropriately adjusted search strings. This resulted in a total of 952 results
from the second search. These results were also compared to the original search and examined for duplicates and
sorted out. They were also subjected to the same sorting-out process as the initial results, which is shown in Figure
1c. This identified an additional 6 sources of interest.
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3.4 Results of the Systematic Literature Review

Throughout the literature review, 1,664 documents were analyzed from two searches with three modularly designed
search strings in a total of four search engines, and from these, 12 relevant sources were identified, which are listed in
Figure 2a. An overview of addressed topics is shown in Figure 2b.

DEE T oo Custer of Search Resus
in PEP
Marthaler 2021 Amer etal. 2013 5 -\

Methods of

o PEP
1
Mietzner 2009 Schwarz 2008
M Methods of PEP
Meyer-Schwickerath 2014 Pahl et al. 2007 W Foresight:
Validation * in PEP
. 2 = Validation
Marthaler et al. 2019 Meyer-Schwickerath et al. 2012  Methods
Muller-Stewens et al. 2012 Vishnevskiy et al. 2015 . Methods
7
Gruber and Venter 2006 Daim et al. 2013
2a. 2b.

Figure 2a. Identified search results after selection process / Figure 2b. Thematic cluster of search results

4. Analysis of Approaches for Scenario Building and Possible Starting Points of Monitoring
4.1 Procedure of the Analysis

To get an overview of existing approaches, the identified sources of the systematic literature review were analyzed
and the included methods were collected. For each method or approach, a brief summary was prepared in the form of
a short profile to provide a general overview. These are listed in Figure 3. Together with the monitoring methods
which are listed in Figure 6, these answer the first research question.

(1 ) Heinecke and Schwager 1995 (5)  Durance and Godet2010
8 steps with rough description Rough procedure description
Creation of alternative, plausible and consistentimages of the future Creation of possible, feasible and desirable scenarios to achieve internal
without probability of occurrence. They help to find gaps in the corporate flexibility to respond to external uncertainties.
strategy.
Schwartz 1996 (./‘"3:) Schwarz-Geschkaetal. 2012
8 steps with rough description 8 steps with detailed description
llustration of alternative future environments to raise awareness to make Scenarios are plausible and justifiable images of the future that can also
the driving forces visible. be understood as a path.

Schwab et al. 2003 (7 \ Gausemeier and Plass 2014
9 steps with rough description 5 steps with substeps
Creation of future environmental situations (scenarios) and the way to get Scenarios forecast complex possible futures, thus they present complex
there in order to develop alternative strategies. interrelationships in a clearway.

O‘Brien 2004 (8) Siebe 2018
8 steps with detailed description 4 steps with several substeps
A scenario is a description of a possible future in order to be able to Scenarios are not exact predictions; they are intended to show the possible
capture uncertainties in strategic planning at an early stage. future space. They present complex interrelationships in summarized form

and can thus be an aid to decision-making in strategic planning.

Figure 3. Overview of the analyzed approaches to scenario creation

To find starting points for integration into the PEP within the existing approaches to scenario creation and thus to
answer the second research question, it is necessary to look at the similarities and differences of typical steps in the
creation of scenarios. Based on the systematic literature review, the approaches were analyzed in more depth. For this
purpose, their individual procedures were examined in terms of the methods and used sub-steps.

For the more in-depth analysis, the individual components were identified in the form of methods and sub-steps. These
were then presented according to the logical sequence in individual flow charts for a good overview. An example is

© IEOM Society International 265



Proceedings of the Second Australian International Conference on Industrial Engineering and Operations
Management, Melbourne, Australia, November 14-16, 2023

shown in Figure 4. Based on this, a comparison of the different approaches is possible. For better comparability, the
individual flow charts were summarized in a common representation. This is shown in Figure 5.

b b saf il 0 b s it =

Figure 4. Schematic representation as a flowchart of scenario creation according to Siebe (2018)

4.2 Results of the Analysis

The flow chart in Figure 5 uses paths to show the sequence of the respective sub-steps of the approaches examined.
The diagram was divided into the two areas of analysis and factor selection, and the methods and sub-steps used were
sorted thematically. For better comparability, individual steps of some methods and sub-steps were summarized for
standardization. This makes it possible to present the various approaches in one diagram and to compare them directly
with one another in terms of their logical and thematic sequence and to identify both similarities and differences.

Legend

Time Period == Heinecke and Schwager (1995)
& —> Schwartz (1996)

Topic f

H == Reibnitz (2003)
L 4 = (O’Brien (2004)
. == Godet (2010)
Interdisciplinary / ’ Geniral lS\t_uanon ....... COR I » Geschka (2012)
» Expert Team —— L2 c_ : == Gausemeier and Plass (2014)
a2 H N > Siebe (2018)
© h 4 v :
= EEEEEN > g
<S Company Analysis Qroreee Mark;tﬂ:fr;ﬂ\gsws P lawun ’ Timing Analysis ;
D H
= - 7Y 3 :
T . I 3 : A H
L : : : :
-— H . H
= v §
o Expertiterviens huwmmnnmmnnnnns ||| 8 Pt
G A
L]
Fanm
AN EEEEEEEEEENEENN Influencing
: prreassianae. Factors
. :
M d
" H =
n H =
. H o
n H =
" H =
n H =
. 4 lv A4
(= ’: Thematic
o - Divide in Areas of Evaluation and St A
= Influence Selection = ™ ool
8 . | " Scenarios K
™ ]
@ é ) HE : -
w ] : v v HN . v
o L 5143
8 . H Description and H B - . Determination of
T} : i 4 Bundling - : creative quaht_atwe
LtE : : : characteristics M
n : u 5
n - : []
. i= . £
. A £2 4 :
™ L]
.llllllllllllll> oooooL PrOjeCt\Or‘lS ‘ E
EEEEEER ’ =
................ P> o] *-

Figure 5. Flowchart of different approaches for scenario creation
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4.3 Findings of the Analysis

All methods have a very similar approach, which is why they can be consolidated well in one figure. This could
suggest that they are all based on an early, original form and have evolved based on it. Alternatively, the approaches
may have evolved independently and come to similar conclusions. In the analysis section, the authors start at different
points and perform analysis in different ways until they all form influencing factors during their approach. After that,
factor selection begins, which is handled differently by each author. Many form key factors or projections before
scenario building. In the analysis of this comparison, it is noticeable that in those methods which officially do not
form key factors, also a factor selection takes place. In doubt an iteration loop is led by the influence factors. According
to the view of a key factor as influencing factor with a high degree of interconnectedness and high relevance (Fink
and Siebe 2011), this can be interpreted as key factor formation, only the terminology has not been used yet.

Thus, influencing factors, key factors, and projections can be identified as possible starting points, of which, however,
the key factors lend themselves as particularly relevant factors for monitoring. These could help to identify changes
at an early stage and to estimate the impact on product properties. This answers the second research question.

5. Analysis of Approaches of Foresight Monitoring and Possible Integration in the PEP
5.1 Procedure of the Analysis
To analyze which approaches are possible for a subsequent integration of strategic foresight into the PEP with a

supporting monitoring method, known approaches are examined. For this purpose, the eight approaches listed in
Figure 6 were analyzed.

Design review controlling ) Neef and Burmeister 2005

Input Output Input Output

Actual state of product or process Adjustment measure for set point Situation analysis Innovation potential

Schwartz 1996 (.”Qi) Mohrle 2007

Input Output Input Output

Actual state Product-specific knowledge-based Actual state Defined goals and strategies
process structure

Sieg 2007 (’Ti) Marthaler et al. 2019

Input Output Input Output

Warning limit / process, product Recommendation for action, Situation analysis Definition of action activities
characteristics documentation

r4 \ Lasinger 2011 ’EJ SEELERULE

Input Output Input Output

Cognitive maps, political interests, Assumptions, cause-effect Trends and existing scenarios Factor adjustment and scenario
issue characteristics understanding, predictive adjustment
judgements, language and labels

Figure 6. Overview of the analyzed approaches of monitoring

When comparing the individual methods, five main aspects emerged in which the procedure differs: reference element,
reference material, adjustments, review procedure and documentation. The item’s reference element and reference
material represent what is compared in the corresponding procedure. This procedure is an essential part of a monitoring
method. The comparison is usually followed by an adjustment of the areas under consideration, which varies
depending on the project and the area of application. Depending on the procedure, the method is applied continuously
or at defined intervals. Here all methods agree, a random application of monitoring methods only using samples is not
sufficient, this point was listed here only for the sake of completeness. Some methods also address the fact that after
the active monitoring process, the documentation of the action is an important part, which still belongs to the method
itself. Thus, the individual approaches extend differently through the methods of the five areas.

5.2 Results of the Analysis

For a unified overview of the monitoring methods, a layout based on a morphological box was chosen. In this, the five
identified main aspects are worked out as categories and the different characteristics of the different approaches are
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listed next to each other per category. A path is drawn for each approach, showing the thematic-logical sequence. The
overview flow chart is shown in Figure 7.

Reference Current Product Current Process
Key Factor Development Current Strategy - )
Element Properties Indicators
Status
| Ll H | [] L]
u "pammmnnm i " HEmmEmeww L] I I
" -t . L
B ' sesssssssassd A. " pumennls n I I
» L] LI L] n
Reference . Environment Produ_ct Future Process
Material Scenarios Analysis Trends Properties / Indicators
ateria 4 Warning Limit
: = — | ! I
- EEEERFE N
H NN N e sssumnna”
H =
Action Problem & Cause
Adjustments Recommendatio Analysis / Warning Limit
n Causality
: L]
: H .I EEEEENR
H LA —
H L
[ 1
Monitoring o ] 1
Stage Gate Continuoisly : Sample !
Ve | Legend
== Design Review Controlling
Jenne (2001)
— Sig (2007)
| Lasinger (2011)
R it . == mn Neff (2005)
. ecogniionor (| e Mahrle (2007)
DERIEE T Storage Correlations = === Marthaler et al. (2019)
------- Siebe (2016)

Figure 7. Flow chart of different approaches for monitoring

5.3 Findings of the Analysis

Various approaches for monitoring exist, but they have different procedures and structures, which makes integration
into the PEP difficult. An approach that directly addresses the PEP could not be identified. The different
methodological approaches come from different areas with different needs to be solved. This is especially evident in
the elements that are compared. These are addressed areas of corporate strategy, product development, production
procedures or departmental monitoring. Each method carries out a comparison, which is followed by a result. This
comparison should take place as continuously as possible and be documented for later purposes. For this process to
be successful, comparable data is required. For this elaboration, this means that factors alone will not be sufficient for
a comparison to be made during the PEP. This answers the third research question.

6. Need for Research in Monitoring Future Changes and Impact on the PEP

From the findings of the systematic literature review and the subsequent analyses of the approaches to scenario
generation and monitoring, it can be deduced that no suitable approaches exist to date to enable continuous monitoring
of future developments in connection with the PEP. Various approaches to scenario creation aim to describe possible,
plausible future alternatives. There are also various approaches to monitoring. These address a wide variety of areas,
although not all of them aim to match future developments. Those that match scenarios with the future as it occurs are
not appropriately tailored to the PEP and are at the foresight level along with scenarios. There are initial approaches
for using scenarios for the PEP to incorporate foresight to initiate a PEP. However, there is no further integration of
methods and approaches of foresight in the sense of monitoring. This would be necessary, to adapt products to actual
future developments that have changed compared to the expected future focused on at the beginning. Otherwise, there
is a risk that the product will fail on the market because the needs of future customers have not been met.

This is already addressed by Thiimmel et al. (2023) with described fields of action on Changes of Plans for Future
Products in the Product Engineering Process and Recognizing Changes in the Future Development. None of the
analyzed methods identified based on of the systematic literature review point to such monitoring in the context of the
PEP. Therefore, there is a need to develop a supporting approach by linking and integrating monitoring, scenario
creation methods, derivation of product properties and the PEP.
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Scenario-Methods Strategic Early Detection, Trend & Scenario
(e.g. Gausemeier et al. 1998) Monitoring (e.g. Fink and Siebe 2016)

Approaches for Product Planning from
Foresight (e.g Marthaler et al 2022, Kubler
et al 2023)

Figure 8. 4-field portfolio of research need and connecting areas

The described division is shown as a 4-field portfolio in Figure 8. Here, there is a division in terms of addressing into
strategic foresight vs. integration of foresight in the PEP as well as a corresponding time-based division into initiation
at the beginning of a PEP vs. monitoring for surveillance and review at later points in the PEP.

7. Conclusion and Outlook

To identify and analyze existing approaches to foresight for use in PEP, a comprehensive systematic literature review
was first conducted. Using 3 modular search strings with a common basis and different additions, 1,664 results were
obtained in two iterative steps in a total of four search engines. After a stepwise evaluation and selection process,
relevant 12 publications were identified. From these, 8 approaches to scenario creation and 8 approaches to monitoring
were extracted. The analysis of the approaches took place separately. In each case, the methods and sub-steps used
were listed in their thematic-logical order. To create comparability, some steps were combined. Based on the resulting
flow charts, a common overview of the approaches could be generated in one representation. From there, it can be
deduced that key factors are a potential starting point for linking methods of foresight and monitoring and the PEP.
Based on the analyses and in particular the methods of foresight examined, a research gap emerges. No approaches
for the targeted use of monitoring in the PEP could be identified. Research projects should therefore address this issue
to introduce changed boundary conditions from foresight into ongoing PEP and, vice versa, to make indicators from
the PEP available for targeted monitoring.

A possible starting point for linking and developing an approach was found with the key factors. An ongoing
investigation aims to combine trends with key factors to simplify the identification of changes within the future space
created with scenarios. Trends and tools like trends radars and trend managers are already well known and used in
companies which make it easy to work with and get information from. Further on, suitable indicators from the product
development could be used to specifically monitor future developments, identify changes at an early stage and
implement them in the PEP. In this way, it can be prevented that products are developed for a focused but not occurring
future and ultimately fail in the market. An ongoing research project focuses on this topic and aims to develop a
systematic approach as well as a model to describe changes within the future space and the amount of change affecting
the product in development. With updates and upgrades, changes identified in this way could also be implemented in
existing products late in the PEP or in the market. Therefore, another research project focuses on planning updates
and upgrades based on foresight. However, early validation of developed concepts and prototypes with customers in
the sense of testing to ensure market acceptance remains essential.
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