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ABSTRACT 
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about future development (Albers et al., 2017a). Customer, user and vendor requirements that are 
already known and those who are relevant for the future have to be recognized and transferred into 
consistent projects. Classical approaches like customer surveys or market analyses are only partially 
useful for anticipating or validating future product requirements since they rather evaluate todays 
situation. Methods of foresight are preferably applied to make decisions under circumstances of 
uncertainty and to generate future knowledge. The following work treats thus a system that enables the 
user to deduce future requirements based on trend analyses. The system which was first mentioned in 
Albers et al. and further developed in Marthaler et al. will serve as the basis. (Albers et al., 2018a; 
Marthaler et al., 2019). The goal is to present and evaluate a system based on the analysis and 
identification of trends that allows to identify robust requirements for future product generations and to 
transfer them into concrete development agreements in the form of a development road map. 

Keywords: PGE-Product Generation Engineering, Innovation, Design for interfaces, Robust design, 
Foresight based on trends 
 
Contact: 
Marthaler, Florian 
Karlsruhe Institute of Technology 
Institution of product engineering 
Germany 
florian.marthaler@kit.edu 
 
 

3641

https://doi.org/10.1017/dsi.2019.371 Published online by Cambridge University Press

https://doi.org/10.1017/dsi.2019.371


  ICED19 

1 INTRODUCTION AND MOTIVATION 

Trends imply upcoming medium-term or already perceptible changes for the future (Siebe, 2018). On 

the one hand, trends describe thus current changes of technical solutions, such as the electrification of 

vehicles for example. But on the other hand, they also depict the changes in the consumer habits of 

client groups, such as the increasing use of car sharing offers. With the help of trends, it is possible to 

gain insight for a medium-term time. This insight is relevant for today’s concept and the development 

of systems of objectives of future product generations. In order to improve decision-making under 

circumstances of uncertainty (Chermack and Lynham, 2002) and to deal in an aware way with chances 

and risks while prioritizing the extent of development, Albers et al. und Marthaler et al. propose a 

system which enables the systematic use of foresight in product engineering (Albers et al., 2018a; 

Marthaler et al., 2019). A structured approach is chosen according to the targeted or authorized scale 

of the respective parts which have to be newly developed (Marthaler et al., 2019). To put it more 

precisely, this system supports the process of finding search fields with a high innovation potential and 

thus the designers with finding effective creative solutions. However, there is currently a lack of a 

process model and a methodical description of approach which allow the analysis of medium-term 

periods of use and a medium-scaled desired or authorized degree of novelty on the basis of trends.  

2 THE STATE OF RESEARCH 

2.1  Descriptive models in product engineering: PGE - product generation engineering 

The classical methods of embodiment design by Pahl et al. distinguish between new design, adaptive 

design and variation design in product engineering (Pahl et al., 2013). But since it is often not possible 

to make a concrete differentiation between new, variation or adaptive designs in product engineering 

projects and new designs are hardly found, the classical descriptive model is ineffective and thus only 

partially useful for industrial practice. In contrast to that, PGE-Product generation engineering enables 

the description of all product engineering projects in the way they are found in industrial practice. 

(Albers et al. 2015) In the PGE-model, product engineering always takes place based on a reference 

system and its customer-tangible characteristics. Elements of a previous generation as well as from 

competitors or the research department can serve as a reference (Albers et al., 2018c). These elements 

can also be represented by subsystems. This way, the iPad can be used as a reference for the 

development of a new communication interface for a new generation of vehicles (Albers et al., 2018a). 

The customer-tangible characteristics serve as a solution-oriented description of necessary targets of 

differentiation without giving a concrete technical solution (Albers et al., 2018b). The goal of every 

product engineering project is to create an innovative product generation which stands out from previous 

generations and the products of current competitors because of its sufficient number of differentiating 

features. These differentiating features are achieved with the help of the respective parts which have to 

be newly developed. There are three types of variation (principle variation, embodiment variation and 

carryover variation) in the adaptation of subsystems. The principle variation represents the development 

of a new solution principle to achieve the determined goal. The embodiment variation on the other hand, 

depicts a redesigning based on an already existing solution principle. The sum of the principle and the 

embodiment variation constitutes the degree of novelty of a new product generation. The re-use of 

existing solutions in a new product generation is known as the carryover variation. (Albers et al., 2015)  

2.2 Systematic foresight in product engineering 

The first cycle of the 3-cycles-model by Gausemeier and Plass includes foresight as one of its three sub-

processes (Gausemeier and Plass, 2014). According to time horizon and purpose, the following 

fundamental methods of foresight are applied: prognoses, trends and scenarios. Prognoses imply 

statements about future events that are based on observations from the past and theoretically founded, 

objective methods in a time horizon of up to five years (Wübbenhorst et al., 2018). Trends can be seen 

as that part of a time series that changes relatively slowly over time but gives the clearest indication of 

the long-term movements in the series (Harvey, 2016). It is distinguished between mega, macro and 

micro trends. Mega trends depict global, transformational and long-term transformation processes which 

influence many future markets sustainably (Singh, 2012). Macro trends help in understanding the 

development of individual markets, while micro trends characterize very specific developments in 
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individual target markets and groups. Trends deliver guiding and qualitative findings about a medium-

term period of five to ten years. The most far-reaching foresight is carried out with the help of scenarios. 

A scenario does not correspond to a prediction but to a concept of the future which results from 

conclusive combinations of possible developments of influencing factors (Gausemeier and Plass, 2014). 

Scenarios provide long-term findings about possible futures with a time horizon of ten to fifteen years. 

For the first time, Marthaler et al. describe a systematic attempt of integrating foresight and gained 

findings into intergenerational product engineering (Marthaler et al., 2019). The system comprises seven 

sub-processes which come after one another and can be carried out in three variations (see figure 1). 

 

Figure 1: System for deducing intergenerational product road maps according to targeted or 
authorized degree of novelty (Marthaler et al., 2019) 

The selection of the variation occurs in the first of the seven sub-processes depending on the desired or 

targeted degree of novelty and the examined time horizon. The system distinguishes in three variations 

between a low, a medium and a high degree of novelty. In the following, generation 911 of the Porsche 

911 will be used as a reference to illustrate these three variations. If a facelift of the 911 is going to be 

developed for a short-term time horizon, e.g. the generation 911 II, the variation with a low targeted 

degree of novelty is to be consulted. The variation with a medium degree of novelty can be used to 

develop the successor, in the following called 992. If a completely new type series is going to be 

developed, e.g. the Porsche Taycan, the variation with a high degree of novelty is to be used. 

In the second sub-process, the reference product is identified and analysed. The goal of the process is the 

identification, analysis and evaluation of today’s existing customer-tangible characteristics of the 

reference product – in this case the 991 II. The evaluation of the fulfilment degree occurs based on a 

scale with five levels (--,-,0,+,++). The third sub-process includes the analysis of the environmental 

potentials. While doing this, future customer-tangible characteristics are to be identified with the help of 

foresight. For this purpose, context scenarios are developed or trends as well as prognoses are 

individually identified and investigated according to variation. The next sub-process includes the 

analysis of the innovation potential. For this, classical methods of creativity (e.g. the persona method) are 

applied according to variation. The other possibility is to describe product scenarios with the help of 

today’s and future customer-tangible characteristics based on trends and prognoses as well as technology 

and market environment scenarios. In the fifth sub-process, the evaluation of the innovation potential and 

the generation of future knowledge occur on the level of the individual customer-tangible characteristics. 

For this purpose, the key figures – robustness and need for change – are used. Robustness represents the 

similarities of the product scenarios regarding a customer-tangible characteristic. The range of robustness 

reaches from 0 to 4. The need for change of a characteristic describes how much the customer-tangible 

characteristics of the product scenarios differ from those of the reference product. The range of the need 

for change reaches from -4 to 4. The alternative variation depicts the evaluation of ideas with the help of 

trends and prognoses. In the sixth sub-process, the time of variation of the individual customer-tangible 
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characteristics are defined with the help of the rules of variation. (Marthaler et al., 2019) This is 

executed according to the robustness and the need for change within the framework of finding potential 

(Albers et al., 2018a). This way, the scale of development is assigned to a specific product generation. 

The goal of the sub-process is to identify and to prioritize the innovation potential. As an alternative, the 

subsystems which need to be modified can be identified directly by applying another variation. 

Afterwards, it is possible to deduce intergenerational development road maps which are based on 

subsystems. In the last sub-process of the realization of potential, product profiles and ideas on the level 

of subsystems are generated and validated based on development road maps. (Marthaler et al., 2019) 

2.3 Design as a special characteristic of embodiment 

The design of a product can be described as the quality with regard to its ability of being operated and its 

usability as well as to its perceptibility and recognizability by the user (Schmid and Maier, 2017). Besides 

its realization of technical requirements, the design of a product includes tasks about the appearance and 

about the elicited emotions of the product as a part of the 'user experience' (Khalid and Helander, 2006). 

Therefore, it is important to integrate perceptible and recognizable characteristics as characteristics of 

differentiation during a product engineering process. However, the objective evaluation of the product 

design regarding its aesthetics cannot be formulated because of its high range of subjectivity. Nevertheless, 

there is the possibility of investigating current design trends to enable an objective evaluation in the product 

engineering process. Another method is the application of the Aesthetic Measure by Birkhoff. It was 

formulated in 1933 by the mathematician Georg D. Birkhoff and defines the aesthetics of a system based 

on the aesthetic measure. The latter is calculated from the quotient of the degree of order O and the 

complexity C of the system. The degree of order results from the product of number and species number of 

the orders, while the complexity is calculated from the number and species number of the elements. 

Therefore, Birkhoff defines a product with a high degree of order and low complexity as aesthetic. 

(Birkhoff, 1933) Since the launch of the iPhone in 2007, a design with few physical control elements, 

inspired by the simplicity of the Apple design (Shelley, 2015), dominates the design on the smartphone 

market. According to Birkhoff, the degree of order, and thus the aesthetic measure, was increased by 

removing the keyboard which lead to the reduce of physical control elements. 

3 RESEARCH NEEDS AND RESEARCH METHOD 

3.1 Research needs  

This state of research underlines that the existing process models aim especially at individual future 

product generations. However, the intergenerational investigation based on foresight has not been 

thoroughly studied yet. For this purpose, there is a lack of a methodical approach for observing 

successive product generations with a medium-term period of use or a medium desired or authorized 

degree of novelty. All in all, the following research questions can be deduced: 

 How can future customer-tangible characteristics based on a trend analysis be identified within 

the framework of a medium-term period of use? 

 Which systematic approach is needed to enable an aware treatment of chances and risks based on 

trends? 

 Which systematic approach is needed to enable the deduction of development road maps with 

several successive product generations by trend analyses?  

3.2 Research method 

In order to give an answer to the question how future customer-tangible characteristics are currently 

deduced on the basis of trends and thus the trend-based development of robust products is enabled, the 

corresponding literature will be analysed. Based on this method, a systematic approach will be developed 

and validated based on four interviews with experts within the framework of an exploratory study. The 

experts mentioned are a designer, an expert of foresight, a development supplier and a method engineer. 

The approach will also be explained by an example: iPhone 6 - Apple. In the course of applying the 

example, an online survey about the evaluation of the reference product was held. 48 people in the age of 

14 to 59 have participated in the survey. The majority of the persons questioned were between 20 and 22 
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years old (45%). 29 of 48 persons questioned indicated that they possess an iPhone while 16 of them use 

the model iPhone 6 (55%).  

4 RESULTS 

4.1 Trend analysis and identification of future customer-tangible characteristics  

In order to identify future customer-tangible characteristics based on trends, a trend analysis to 

investigate the trends which are relevant for the development context is needed. For this purpose, a 

system was developed on the basis of the principle of comparison in pairs. It assigns an index to every 

trend. In conclusion, a ranking is created based on the index. In order to investigate the index, the 

standardized weighting factors (nG) of the individual mega trends (nGMegatrend) and macro trends 

(nGMacrotrend) are determined. These are defined by a comparison of trends (see figure 2).  

        

Figure 2: Comparing trends according to the principle of comparison in pairs to determine 
the standardized weighting factor 

On the basis of the legend, the results in the rows are determined and added up to calculate the 

absolute weighting factor (aG). Afterwards the maximum weighting factor (mG) is calculated (mG = ( 

n – 1 ) x 2). In order to determine the standardized weighting factor (nG), the quotient from the 

absolute and the maximum weighting factor is calculated. This system is both applied on the level of 

the mega trends and the macro trends. The index R results from the product of nGMegatrend and 

nGMacrotrend and assigns a result in the value of (0,1) to every macro trend. This result represents 

thus the relevance of the macro trends and includes also the relevance of the corresponding mega 

trends. Figure 3 illustrates an excerpt of derivation of the index R including the comparison of the 

mega trends and the macro trends of the mega trend Artificial Intelligence. 

 

Figure 3: Excerpt of the derivation of the index R for the iPhone 6  

In conclusion, a ranking based on the index R is created and the about 20 most important trends are 

identified. In the following step, the identified trends are compared to the customer-tangible 

characteristics. The goal is to carry out an analysis of consistency. The evaluation occurs according to 

the legend added to figure 5. A strong accentuation represents a positive development of the customer-

tangible characteristics, e.g. the enlargement of the display. In contrast to this, a weak accentuation 

describes a negative development of the customer-tangible characteristics, such as the loss of data 

security. Furthermore, it is distinguished between the direct and the indirect influence of trends 

(directly/indirectly consistent). Based on the results from the analysis of consistency, white spots and 

irrelevant factors can be pointed out. If only few or no customer-tangible characteristics are addressed 

by a trend, the results indicate that there is a lack of future relevant customer-tangible characteristics. 

But if a characteristic is addressed by only few trends, the future relevance of the trend is to be 

questioned (see figure 4). 

1 2 3 ... n-1 n aG nG

1 Trend 1 0 0,00

2 Trend 2 0 0,00

3 Trend 3 0 0,00

... ... 0 0,00

5 Trend n-1 0 0,00

6 Trend n 0 0,00

Legend

2:0 = 1st trend more important than 2nd trend

1:1 = 1st trend as important as 2nd trend

0:2 = 1st trend less important than 2nd trend
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Figure 4: Comparing the customer-tangible characteristics with the relevant trends from the trend 

analysis to determine future customer-tangible characteristics 

4.2 A systematic approach to deduce an intergenerational development road map  

On the basis of the system by Albers et al. und Marthaler et al. which was described in the chapter 

about the state of research, the following passage will explain a systematic approach to deduce an 

intergenerational development road map based on the example of the iPhone 6 produced by (the 

company) Apple (Albers et al., 2018a; Marthaler et al., 2019). 

4.2.1 Selection of the variation of the system 

The variation with a medium degree of novelty in a medium-term time horizon is selected. The 

process is portrayed in figure 1.  

4.2.2 Analysis of the reference product 

In the second step, the reference product is chosen. Afterwards, the reference product is investigated 

and evaluated with regard to its customer-tangible characteristics. As described in the chapter about 

the state of research, the evaluation of the fulfilment degree of the customer-tangible characteristics is 

carried out with the help of a scale with five levels (--, -, 0, +, ++). The evaluation of the reference 

product’s (iPhone 6) customer-tangible characteristics was executed by means of an online survey. 

Figure 5 represents an excerpt of the survey in the form of a questionnaire.  

 

Figure 5: Questionnaire with a Likert scale with five levels to evaluate the relevance of the 
customer-tangible characteristics of the iPhone 6 

The results of the online survey are evaluated with the help of a box plot diagram (see figure 6).  
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Figure 6: Box plot diagram of the results from the questionnaire (excerpt) 

4.2.3 Analysis of the environmental potential 

In this step, the system described in passage 4.1 will be used to identify future customer-tangible 

characteristics based on a trend analysis. Based on R, the relevant trends are identified. Figure 7 

demonstrates the ranking.  

 

Figure 7: Ranking of the macro trends (Top 20) 

In conclusion, the customer-tangible characteristics are revised. This is portrayed in figure 8.  

           

Figure 8: Comparing the customer-tangible characteristics with the relevant trends from the 
trend analysis to revise the customer-tangible characteristics  

The consistency analysis underlines the irrelevance of the customer-tangible characteristics 

‘Resolution’ and ‘Memory capacity’. It is striking that these characteristics – despite their constant 

improvement – do not play a relevant role according to the trend analysis. Furthermore, the lacking 

dependence of the customer-tangible characteristics on the macro trends ‘Machine Sensing’ and 

‘Purification’ depicts the incompleteness of the customer-tangible characteristics. This gap can be 

filled by adding ‘Environmental perception’ and ‘Cleanliness’. 
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4.2.4 Analysis of the innovation potential 

With the help of the morphological analysis (see figure 9), various product scenarios are brought out. The 

revised customer-tangible characteristics serve as parameters (first column). In the first row, possible 

accentuations (comparison passage 4.2.2) are listed. Umbrella terms are chosen. Based on the terms, 

consistent product scenarios are deduced from the customer-tangible characteristics and their accentuations.  

 

Figure 9: Morphological analysis 

The first product scenario called ‘Resistant’ is characterized by a very strong accentuation of the 

robustness. The use of ‘Smart Materials’ is supposed to allow the installation of a self-healing display. 

The product scenario ‘Cheap’ represents an inexpensive variation. The third product scenario 

‘Custom’ includes a very strong accentuation of the degree of individualization.  This way, elements 

such as the display, the camera as well as the capacity and the charging process of the battery can be 

varied individually. In contrast to this, the scenario ‘Centre of entertainment’ is characterized by a 

very strong accentuation of the display size and the sound quality. The surround mode enables a 

cinema-like experience. The last product scenario ‘High-End’ is characterized by a very strong 

accentuation of the processor speed and the data security. The design is based on the unity of form. 

Figure 10 shows sketches and provides more detailed information about the product scenarios.  

 

Figure 10: Information concerning the product scenarios  

4.2.5 Evaluation of the innovation potential 

In order to evaluate the potential, two key figures – the need for change and robustness – are introduced 

and determined (Marthaler et al., 2019). Based on the robustness, the optimal number of product 

scenarios is found out: level of robustness > 3. By combining the product scenarios ‘Cheap’, ‘Custom’, 

‘Centre of Entertainment’ and ‘High-End’, the number of product scenarios is reduced from five to three.  
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4.2.6 Discovery of potential 

In the course of finding potential, the rules of variation explained in Albers et al. are applied first to 

deduce the time of variation from them (Albers et al., 2018a). This way, early (up to 5 years), middle-

term (5 to 10 years) and late (10 to 15 years) times of variation are calculated (see figure 11). 

 

Figure 11: Depiction of the time of variation in dependence on the need for change of 
scenarios, trends and robustness 

However, statements about a late time of variation have to be verified at a later point in time since they 

are only based on trends – an instrument of middle-term foresight. In the next step, the interactions 

between the customer-tangible characteristics and the product features have to be investigated. 

Afterwards, the product features are transferred into the subsystems. Based on the customer-tangible 

characteristics, the times of variation and the subsystems, an intergenerational development road map 

based on subsystems is created. Figure 12 depicts the development road map of the example. 

 

Figure 12: Subsystem-specific, intergenerational development road map in dependence on 
the need for change of scenarios, trends and robustness  

4.2.7 Realization of potential 

In the last step, the subsystem-specific product profiles are defined on the basis of the development 

road map. The product profiles serve as the basis of other product engineering processes. This way, 

product developers receive more specific and manageable development agreements.  

5 INTERPRETATION AND PROSPECTS 

The investigation based on the exploratory study and the four interviews with the experts demonstrates 

that trends are useful for determining future customer-tangible characteristics. The limitation of the 

time horizon to a middle-term as well as the limitation of the degree of novelty to a low degree are 

seen as necessary requirements for the application of trends. A systematic approach is created for this 

purpose. The identification of all current trends and the generation of a summary present difficulties. 

In the course of this work, a trend analysis is executed based on the results of the company 

TRENDONE. In order to identify the most important trends of the development context, a system 

based on the principle of the comparison in pairs is formulated. The evaluation of the relevance of the 

trends among each other is carried out by subjective opinion and thus allows space for secondary 

verifications. Furthermore, the selection of the number of the most important trends has occurred with 

the help of a number determined beforehand. Based on a more objective evaluation within the 

comparison in pairs, the determination of a number based on a lower level for the value of the index R 

is another possible option. This approach enables a more specific selection of the relevant trends. In 

the following, the scope of the system introduced should be verified and expanded if possible. The 
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application of the system is currently limited to a B2C project. However, it is also possible to use it in 

a B2B context. An example would be the revision of the workplace of a bus driver of the current bus 

generation of the Karlsruher Verkehrsverbund KVV. 
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