
 

NordDesign 2012 

August 22 – 24, 2012 

Aalborg, Denmark 

 

Integrated use of scenario planning and strategic early 

warning systems to support product engineering processes 
 

 

Ben Meyer-Schwickerath 

IPRI gGmbH, Germany / 

Institute of Product 

Development, KIT, Germany, 

meyer_sch@ipek.uka.de 

Andreas Siebe 
ScMI AG, Paderborn, 

Germany 

Albert Albers 

Institute of Product 

Development, 

KIT Karlsruhe Institute of 

Technology, Germany 

 

 

Abstract 
In this paper the application of scenario planning and strategic early warning systems is 

analyzed in the context of product engineering processes (PEP). A review of current literature 

shows different approaches for the support of certain PEP activities. However, a lack but also 

a demand for an integrated, overall approach to support PEP is identified. Based on a 

descriptive case study in four medium sized companies we propose a first prescriptive model 

for an integrated approach in PEP. The validation of this model is subject to further research 

and not part of this paper. 

Keywords: scenario planning; strategic early warning systems; product engineering 

process. 

 

Introduction 
Due to the economic and financial crises many companies have recognized the growing 

number of failed prognoses. In particular, companies face two challenges: On the one hand 

predictions of future developments are less accurate and planning premises less stable over 

time than they used to be 10 or 20 years ago [1]. Thus, companies need to account for 

possible changes at a planning stage. On the other hand, if relevant changes in market and 

business environment occur, they need to be discovered [1]. Hence, there has to be a constant 

monitoring for change. 

There is a growing body of literature in the context of business sciences that deals with 

strategies to cope with these challenges. In particular, two methods are proposed: Scenario 

planning (SP), concerning the former; and strategic early warning systems (SEWS), 

concerning the latter challenge. Companies need to consider these challenges in product 

engineering processes (PEP), rather than only in overall business strategy [2]. However, the 

application of these methods in PEP is relatively new and often limited to certain PEP 

activities. Furthermore, there is little or no interchange between these methods, although there 

is a strong indication in current literature that a combination of these methods might increase 

their overall effectiveness. 

In this paper we focus on three questions concerning the application of SP and SEWS in PEP: 

First, which, and second, how activities of PEP can be supported by a combination of these 

methods. Third, how these methods can be combined and integrated in PEP. 

The paper starts by discussing the relevance of foresight information about markets and 

business environments for PEP. Second, a literature overview over SP and SEWS approaches 

for different PEP activities is presented. Furthermore, current approaches on how to link SP 
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and SEWS are discussed. After the definition of the research gap and description of the 

research strategy, the descriptive case study is presented. Building on the case study data, a 

first prescriptive model for an integrated approach for supporting PEP activities with SP and 

SEWS is proposed. The paper closes with remarks on validation of this model and further 

research. 

 

Background: Market and environment foresight information in PEP 
Application in individual activities of product engineering processes 
A product engineering process - as defined by ALBERS - is a series of structured recurring 

activities needed to solve the overall problem [3]. In contrast to phases, activities have no pre- 

specified timing in the product engineering process. These activities describe a structural 

concept of product engineering and correspond to the product life cycle. Each activity is a 

problem area in which a certain type of information has to be collected or elaborated. 

According to this definition a product engineering process consists of ten activities listed in 

Table 1 [3]. The following research is based on these activities that have a different demand 

for foresight information on market and environment. Furthermore, these activities cover the 

product life cycle and will hereby allow the identification of life cycle specific foresight 

demand. 

 

Table 1: 10 activities of PEP [3] 
1 Project planning and controlling (e.g.): continuous 

target/actual comparison; planning, controlling 

6 Production system engineering: development of the 

operation system for production 

2 Profile detection: detection of a product profile 

which describes a market gap for the product 

7 Production: production of the developed product 

3 Idea detection: detection of first ideas for products 

on basis of a product profile 

8 Market launch: sub-activities related to product 

launch, e.g. distribution network or marketing 

4 Modeling of principle solution and embodiment: 

realization of product ideas 

9 Analysis of utilization: pre-thinking and validating 

the use of a product 

5 Validation: central activity of product engineering; 

continuously executed  to validate results 

10 Analysis of decommission: analysis of recycling 

and final disposal 
 

Integration of market and environment foresight information 
Based on systems theory, product engineering can be described as the continuous interaction 

of three system elements: the system of objectives, the operation system and the system of 

objects [4]. The goal of product engineering is the transformation of a system of objectives 

into a concrete system of objects by an operation system [3]. System of objectives and system 
of  objects  hereby  evolve  from  an 
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monitoring 

of change 
 
 
 
 
 
 
 
 
 

objectives based on 

foresight information 

focus of foresight 
initially vague state. Foresight 

information about customers, markets 

and company environment is needed 

in the creation of system of 

objectives. Figure 2 shows how this 

information affects product 

engineering. A common approach is 

to use this information to create 

requirements for the system of objects 

capturing the future needs of 

customers, markets and environment 

(cp. [6, 7]). More recent approaches 

Figure 1: foresight information in the IPEK scheme 

of product engineering, based on [5] 

use foresight information to identify 

boundary conditions or constraints to 



 

set a frame for objective generation [8, 9]. However, requirements and boundary conditions 

might change over time [8, 10]. Thus, the time dynamic of this information needs to be 

considered and a continuous monitoring is needed. 

 

State of the art in scenario planning and activities of PEP 
Basics of scenario planning 
Scenario technique was first transferred from military application into a business science 

context by WIENER and KAHN [11]. Scenarios differ from the analysis of trends in two points 

of view [12]: First, scenario technique is based on the idea that the future can hardly be 

foreseen due to high uncertainties in markets as well as technological developments. Thus, 

scenarios account for different possible developments of the future (future open thinking). 

Second, companies operate in a complex environment. Hence, scenario technique considers 

multiple factors and their interdependencies (networked thinking). When scenario technique is 

integrated in planning processes or activities, it is referred to as scenario planning (SP) [13]. 

Scenario technique approaches  differ in methods used for scenario building and follow 

specific purposes [14]. BISHOP ET AL. for instance identify 8 categories of techniques for 

scenario building with additional 23 variations [15]. The main difference, however, is whether 

the scenario building is done inductively or deductively and whether scenarios include 

probabilities or not [13]. Apart from differences concerning the scenario building, different 

types of scenarios can be distinguished [16]: environment scenarios describe a possible future 

in which a company operates with a set of factors that cannot be influenced by the company. 

On the contrary, strategy scenarios describe options that can be influenced by a company, 

such as product or strategy decisions (not in the focus of this paper). Furthermore, scenarios 

can have different topics, e.g. market, technology or a combination of both (mixed scenarios). 

 

Support of PEP activities - a literature review 
Table 2 gives a brief overview over existing approaches of SP for PEP activities. The 

objective of this overview is to lay out which and how PEP activities are supported by 

existing SP approaches described in literature. 

The current literature on SP focuses on four activities in PEP: profile detection, idea detection, 

modeling principle solution and embodiment and production system engineering. The 

majority of approaches are designed to be used at an early stage and mostly refer to profile 

detection. But SP can also be used at a later stage for more concrete problems, like deriving 

objectives for a concrete product or a production system. However, all approaches support a 

planning problem that faces uncertainties concerning the development of the company 

environment. Furthermore, all approaches use market scenarios or a combined form of market 

and technology scenarios. Although activities in PEP are interdependent most approaches 

focus on one activity. 

 

Table 2: Support of PEP activities by SP approaches 
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 A) Approaches supporting the overall innovation process, e.g. to evaluate a portfolio of future product 

profiles [17] or to plan and control an innovation strategy [18]. Objective (mainly): validate product 

profiles / find direction for the overall innovation process. 

B) Approaches explicitly dealing with a PEP. SP is e.g. used to derive a product profile for a PEP by 

analyzing future markets [19, 20]. Objective: validate existing / generate new product profiles. 
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e
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d
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c
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 Approaches are mostly used after a product profile has been detected, e.g. deriving customer requirements 

with QFD [7]. Objective: identifying concrete objectives related to a product idea [21]. Distinction 

between approaches supporting profile detection and idea detection is not always clear: former might also 

generate first ideas [19] and latter can also be used to validate product profiles to some extend [21]. 

Modeling of 

principle solution 

and embodiment 

Only few approaches. Example: planning of the sequence of function deployment using 

scenarios [22]. Here, SP is used to support the robustness of this activity by sequencing 

those functions first that are most likely to be needed in all scenarios. 



 

 

 
 

State of the art in strategic early warning systems and activities of PEP 
Basics of strategic early warning systems 
The main function of SEWS is to identify relevant changes in a company’s environment, 

which can be defined as the relevant physical and social factors within and beyond the 

organization’s boundary [25]. The objective of SEWS is to enable companies to react upon 

chances or risks arising from these changes in time [26]. Three generations or types of early 

warning systems can be distinguished [27, 28]: The first generation (also called forecasting) is 

based on past data, e.g. from financial reporting or technological developments. This 

information is forecasted and used to derive early warning metrics. The second generation is 

based on leading indicators, also called early warning indicators. Early warning indicators are 

supposed to indicate changes in the environment at an early stage. The challenge for indicator-

based early warning systems is to identify the right indicators to monitor. The third generation 

- also called strategic early warning - follows ANSOFF’S weak signal concept [29] to identify 

discontinuities in the environment [30]. While the first two generations are narrowed down to 

the monitoring of factors and the logic of known change, SEWS also scan for unknown change 

in the environment. An SEWS is not necessary limited to one generation. There are several 

approaches combining in particular generation two and three, which can be regarded as 

complementary [31]. Here, we understand SEWS as an overall concept of all three 

generations of early warning systems. 

 

Support of PEP activities - a literature review 
Table 3 gives a brief overview over the roles of existing SEWS approaches in supporting PEP 

activities. The objective is to lay out which and how PEP activities are supported by SEWS. 

Three roles can be distinguished: as strategic tool, as source of impulses and as tool for 

continuous validation on premises. These roles are quite distinct and support a wide range of 

PEP activities. While the fist two roles focus on scanning of the environment, the third role is 

mainly based on monitoring. Most approaches of SEWS in a PEP context are still focusing on 

technological foresight, but more and more integrated approaches arise. Although most 

approaches support several PEP activities, there is no approach dealing with the whole PEP. 

 

Table 3: Roles of SEWS approches in supporting PEP activities 
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A) Role as strategic tool to identify new or upcoming business areas. Thus, new market segments or 

markets can be identified, that could lead to the definition of a product profile [32]. 

B) Role as source of impulses for profile detection, e.g. by identifying new customer requirements, 

relevant technological developments or screening activities of competitors. [32]. 

Most approaches focus on technological information [33], newer mostly use an integrated market and 

technological view [34]. Mostly third generation SEWS. 

Idea 

detec. 

SEWS also support idea detection in a similar ways like profile detection [32]. The information need 

differs only in the degree of detail and the clearer focus on a product profile within this activity. 

V
a
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d
a
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Third role: Continuous validation (monitoring) of premises (e.g. boundary conditions, constraints) used 

in objective generation [32]. This validation supports all activities from profile detection till market 

launch, especially production system engineering [35], production [36] and market launch [35]. 

Objective: “warn” about upcoming changes affecting a PEP activity. At an early stage of a PEP this 

information might be used to update objectives. Later it is used to indicate market performance. Mostly 

generation 2 (but also 3) SEWS are used. 

prod. sys. engineering, 

production, market l. 

Support  as  described  in  validation.  Here,  this  role  is  assigned  to  the  activity 
validation, since it is a continuous validation of PEP premises. 

Production 

system engineering 

Only few approaches. Objective: account for possible changes that a production system 

might face in the future at a planning stage or validate its robustness concerning future 

developments [23, 24]. 



 

State of the art in combining SP and SEWS 
HERZHOFF identifies six possibilities of combining SP and SEWS that can be found in 

companies [37]: Integration of personnel, interchange of results of indicator/key factor 

identification, SEWS information as input for scenario development, SEWS information to 

validate scenarios, scenarios as basis for setting up SEWS, analysis of weak signals (from 

SEWS) with scenario analysis. However, empirical studies show that SP and SEWS are only 

rudimentarily integrated in practical application [37]. That is, there is no systematic 

integration of SP and SEWS. 

Further potential for integration arises when SP and SEWS combined are used to support the 

same process, e.g. strategy, innovation or product engineering processes [38, 39]. Recent 

expert studies show that the integration of these methods in this context is seen as one of the 

key issues for future research with high relevance for companies [41]. That is, a better 

integration of SP and SEWS in a process context is not only assumed to increase efficiency, 

but rather to improve foresight effectiveness for the supported process. In conclusion there is 

still a great potential for integration of SP and SEWS (mainly in a process context), which has 

not yet been sufficiently analyzed [16, 38, 40]. 

 

Interim conclusion, research gap and research strategy 
Foresight information created by SP and SEWS plays an important role in PEP. However, the 

current support of PEP by SP and SEWS is mainly based on approaches designed to support a 

certain activity or - in some cases - certain activities of a PEP. There is no overall approach 

for PEP support. Furthermore, there are little or no combinded approaches of SP and SEWS, 

especially when it comes to integration in the context of a PEP. At the same time there is a 

strong indication that an integration of SP and SEWS in a PEP might lead to a significantly 

more effective support with foresight information. 

In this paper we adress this gap in the context of medium sized companies. We follow the 

research questions which and how activities of PEP can be supported by SP and SEWS and 

how a combination of these methods can be integrated in PEP. 

We use a case study based approach to conduct a descriptive study and indentify possible 

support and ways of integration. Our goal is to construct a first prescriptive model as basis for 

a later validation. The validation is not part of this paper and subject to further research. 

 

How to support PEP activities with SP and SEWS - a case study 
Research design and case study 

Our research design builds on the Design Research Methodology [42]. The research presented 

corresponds to Descriptive Study type I and partially Prescriptive Study. 

Our results base on case studies in four German manufacturing companies. These have been 

selected for their ascending order in supply chain and therefore differentiated view on markets 

and business environment. All companies can be described as “medium-sized” with a sales 

volume between 80 - 600 m€ and between 800 - 6.000 employees. Within this range two 

companies are on the lower, two on the upper end. 

The data gathering was  done in several steps. First, interviews  with experts have  been 

conducted in each company to understand current foresight activities and to gather basic 

information (passive researcher role). Second, a scenario study has been carried out in each 

company. Third, an SEWS has been conceptualized. Steps two and three have been carried 

out in several workshops at each company (active researcher role). Apart from the primary 

results (scenarios, SEWS concept) also the process of creation has been analyzed. 

 

Empirical investigation of Challenges and Requirements 

The interview study revealed challenges and requirements for the application of SP and 



 

SEWS in PEP. Here, the main results that were used to focus our research are summarized. 

Three main challenges were identified: (1) Difficulty of observing changes concerning end 

customers and markets, (2) short reaction time on changes, (3) mismatch of flexibility 

demand and information about changes. Additionally, the following requirements for 

application of SP and SEWS have been figured out: (1) the application needs to be “easy to 

use” and “easy to understand”, (2) the focus should mainly be to improve mid-term planning, 

(3) an information advantage should be generated, (4) the application should not create 

information dependencies that network partners could use as leverage. 

 

Support of PEP activities - case study results 
On the basis of the identified challenges and requirements possible support of PEP activities 

by SP and SEWS have been identified. The following section summarizes the findings of our 

case studies. As stated before, these results base on a descriptive analysis and have not yet 

been tested. 

 

Application of SP in PEP activities 
Our case study data suggests that scenarios focusing on market, technologies, customer and 

environment developments - like described in literature - are well suited to support PEP. 

These scenarios should focus on the business segment of the PEP and capture its “business 

logic”. This way an SEWS can be used to monitor this business logic. The set of identified 

key factors should include drivers of market size and of product variants. Also - if appropriate 

- customers and end customers should be distinguished. Furthermore the most important 

trends need to be included. The goal of these scenarios is to project possible developments of 

the business segment into the future. These scenarios can be used to support different PEP 

activities. 

In profile detection and idea detection these scenarios have two functions. First, product 

profile and idea can be validated with these scenarios. That is, it is analyzed whether a 

product profile and idea “fit” into the future described by these scenarios. Second, these 

scenarios can be used during objective generation: Boundary conditions that are used to 

generate objectives for the system of objectives can be identified. Furthermore, the 

development of these boundary conditions can be analyzed. 

In production systems engineering the production system for the PEP is planned. Since the 

strategic frame for a PEP is set earlier in profile detection, the goal here is to concretize this 

information for the planning of a production system. Therefore, information about demand 

quantities and volatility as well as product variants needs to be considered. This information 

should be derivable from these scenarios. Thus, scenarios need to include key drivers of 

market size and product variants. 

Similarly market launch can be supported. In this activity there are - apart from the product 

itself - many decisions that influence the product success (e.g. distribution channels, 

marketing, packaging, shopping experience, …). Like in production systems engineering the 

goal here is to concretize general objectives for this activity. Scenarios in this activity are 

especially useful, if the company operates close to end customer markets. 

 

Application of SEWS in PEP activities 
Our case studies show two ways that SEWS can support PEP activities. First, analysis of 

weak signals to capture new developments concerning a PEP. These new developments might 

turn out to be disruptive in a sense that they change the current understanding of the “business 

logic” (3rd generation early warning system); second, indicators to monitor e.g. boundary 

conditions, key factors/trends or product performance (2nd generation early warning system). 

This information is used to identify in which direction the future is developing. Both are used 



 

 

PEP 

Scenario

development 

Scenarios of business

segment 

PEP specific set up 

(profile / scenarios) 

to update information that activities in PEP are based on. In our case studies we identify the 

following support of activities: 

In profile detection and idea detection SEWS can be used to scan for new key factors and new 

relevant information concerning the PEP. Furthermore, an SEWS is adjusted (or set up) for a 

specific PEP in this activity. Once a product profile has been detected an SEWS can 

continuously validate its premises. Therefore, the product profile itself is a first source of 

possible indicators and search field for weak signals. Indicators derived from the product 

profile should capture the “business logic” behind the profile and contain drivers of market 

size and product variants. These indicators are especially useful in subsequent activities of a 

PEP to monitor relevant developments. Also, the most important boundary conditions used in 

objective generation should be monitored by the SEWS. The SEWS set up in profile detection 

supports    the    subsequent     activities     of     a     PEP     in     the     following     ways: In 

modeling of principle solution and embodiment and production system engineering 

information provided by an SEWS is used to update and validate the system of objectives. 

Thus, it might lead to a change in objectives and thereby - if necessary - also in the system of 

objects. 

In the activity production an SEWS provides information about the product performance on 

markets. The goal is not to forecast quantities but rather to extend existing forecasting with a 

perspective on mid-term development. This information can be used to prepare production for 

upcoming developments that are not (yet) identified by forecasting tools. 

Market launch benefits similarly from SEWS. In this case the view is broader. The needed 

information might e.g. contain specific information for customer segments or geographic 

areas. The support of production and market launch is - according to our case studies - the 

most important application of SEWS in PEP. 

The SEWS itself is a continuous process in the activity validation. 

 

Conclusions for building an integrated approach to support PEP 
The results of our case studies suggest that there is indeed a broad demand for better integration 

of SEWS and SP in PEP. Furthermore, several starting points for integration are identified. 

Based on these results we propose the following first prescriptive model for integration 

of SEWS and SP in PEP (see Figure 2): 

Key factors 

 
 
 

SEWS 

scanning 

„new“ issues 

monitoring 
development 

of factors 

 

• Validation of boundary conditions 

(objectives) 

• Validation of presumed „business logic“ 

• Indicators for market performance 

Figure 2: Integrated use of SEWS and SP in PEP 

• Validation of product profile 

• Boundary conditions (objectives) 

• Validation of planning / strategies 

(e.g. Market Launch) 

 

An SEWS should provide the information necessary for SP to set up scenarios for a PEP (key 

factors). In SP scenarios of the business segment should be developed. These are used to 

validate the product profile. Product profile and scenarios are the basis for adapting an SEWS 

to the information need of a certain PEP. The scenarios are further used at a planning stage in 

PEP activities, e.g. to identify boundary conditions or validate activity strategies. The SEWS 

provides information to validate objectives and presumed business logic (scanning for weak 



 

signals) but also to indicate market performance (monitoring of indicators), e.g. for PEP 

activity production. To achieve a good integration of SEWS and SP scenarios should contain 

drivers of market size and product variants. 

Overall we conclude that there is still substantial potential in research concerning the integrated 

application of SP and SEWS in PEP. We find a strong indication that an integrated approach 

can improve the information and decision support of different activities in a PEP more 

effectively and efficiently than isolated and specialized SP or SEWS solutions. This 

conclusion is in line with expert studies suggesting a high relevance of this topic for industrial 

practice. 

Further research will be conducted concerning the detailing and improvement of the proposed 

first prescriptive model. Its validation will be carried out as next step of the research project 

VERTUMNUS. 
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