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Abstract 
Laboratory studies and field studies make a major contribution to the validation of new design processes, 
methods and tools, but are confronted with limited transferability of validation results to corporate 
practice. In contrast, Live-Labs are validation environments that promise a high degree of external 
validity, but have not yet been able to systematically justify it. This article presents a procedure model 
and a categorisation framework that allows existing Live-Labs to be designed in such a way that the 
transferability of the results of Live-Lab studies to companies can be optimised. 
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1. Introduction 
In most cases just a few common design processes, methods and tools are used within the product 
engineering process of a company. Hence, a fundamental aspect for the successful transfer of new design 
processes, methods and tools is the fit and adaptability of them to the respective design situation, 
regarding their real-world application (Grabowski, 1997; Birkhofer et al., 2005; Geis et al., 2008). This 
presupposes that the research results with regard to design processes, methods and tools are, on the one 
hand, universally valid enough to be applied to different companies (external validity). On the other 
hand, it is also necessary that the research findings correctly reflect the correlations between elements 
of these methods, processes and tools (internal validity). But unfortunately, there often exists a trade-
off in empirical research between the internal validity, which can be achieved through laboratory studies 
or experiments and the external validity, which can be ensured through the conduction of various field 
studies or case studies (Roe and Just, 2009). To relax this harsh trade-off between internal and external 
validity, Live-Labs were developed as validation environments for design research (Walter et al., 2016). 
Due to the increasing importance of Live-Labs as validation environment for new design processes, 
methods and tools, this contribution provides a procedure model for the systematic design of Live-Lab 
environments in order to overcome the big problem of some design research programmes which lies in 
the fact that the respective results are being seen as largely irrelevant by companies. 

2. State of the art 

2.1. System of objectives, operation system and system of objects 
According to the systems theory, product engineering can formally be described as the transformation 
of a system of objectives into a system of objects by an operation system (Albers, 2010). All objectives 
regarding the product engineering project are defined within the system of objectives. The system of 
objects includes all physical and virtual objects, which are developed within the design process and thus 
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represent (partial) solutions of the respective project. The operation system is defined as socio-technical 
system, which consists of structured activities, design processes, methods and tools and the entire 
resources, which are required to transfer the system of objectives into the system of objects (Albers, 
2010; Ropohl, 2012). The entirety of these three systems is also known as advanced system triple and 
describes the design engineer as thinking and operating individual in the centre of an uncertain and 
iterative product engineering process. Hence, the operation system includes as subsystems, the 
knowledge base and the solution space. Due to the interdependencies of the knowledge base and the 
solution space, it is possible to shape an iterative process model based on the processes of analysis and 
synthesis. Through a continuous application of analysis and synthesis activities within the operation 
systems, the co-evolutionary development of the system of objectives and the system of objects can be 
achieved (Lohmeyer, 2013; Walch, 2017). Based on the advanced system triple, a distinction between 
product engineering activities with a focus on design and activities with a focus on validation can be 
made (Albers et al., 2016a). 

2.2. Design methods 
A method describes a planned procedure to achieve a defined objective (V.D.I., 1999). Hence, methods 
can be specified as operative elements, which describe a procedure to solve a given problem step by 
step (Lindemann, 2009). Furthermore, there are different approaches in literature, which support design 
engineers with the situation-specific selection, adaption and application of design methods, as the 
Munich Model of Methods (Braun and Lindemann, 2003) or the InnoFox (Albers et al., 2014, 2015). 
The most important aspect for a successful selection of design methods is the fit to the respective 
situation of the design engineer. Thus, initially it is necessary to analyse the existing methods to identify 
the useful methods. Based on this, the respective company must be analysed to develop a company-
wide method set and finally, it is necessary to analyse the project on an operational level, to provide a 
project-specific method mix (Ernzer and Birkhofer, 2002). 
In addition, design methods can be structured into the following elements, as shown in Figure 1 (Gerrike 
et al., 2017). The core idea of a method represents the basic principle or theory, the respective method 
is aiming for. The representation of a method stands for the system of objectives of the method 
application as e.g. the development of at least ten product ideas through the utility of a creativity method. 
The procedure of the method describes systematically the necessary actions to conduct the method and 
thus enables the user to apply the method. The description of the method provides the method user an 
explanation, as well as further information on the possible adaption and the limits of the method 
elements. The tool supports the user while applying the method to achieve appropriate method results. 
The intended use describes the scope of a method and thus gives the user an overview of the applicability 
of the method in respective situations within an industrial design process. 

 
Figure 1. Elements of a method and relationship to its implementation in a tool 

Based on this framework, it is possible to systematically develop new methods or method variants based 
on existing method elements. Furthermore, design methods elements become accessible for validation. 
Based on this, it is possible to validate the core idea of a new method first. This can be followed by the 
validation of further method elements through different validation studies, if necessary or useful. Thus, 
a design researcher can focus on the validation of a specific method element or the combination of 
various method elements and can choose the most suitable validation environment. 
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2.3. Types of scientific studies in research 
Within social sciences, there exist the distinction between descriptive research, which focuses on the 
observation and description of what is going on and the explanatory research, which answers the 
question of why something is going on (Vaus, 2001). To study complex phenomena within a real-world 
context, case studies or field studies are used. In general, case studies are used to answer the questions 
"how" and "why". Furthermore, as the behaviour of the involved persons cannot be manipulated by the 
researcher, it remains unclear whether an effect is caused by contextual conditions or the phenomenon 
itself (Yin, 2013; Baxter and Jack, 2008). In contrast to this, laboratory experiments are used to examine 
the cause-effect relationship and can be understood as a formally arranged intervention. Based on the 
comparison of different interventions, regarding the experimental conditions and the proper 
experimental procedure, it is possible to conclude, that the examined interdependent variable causes an 
effect in some aspect of the dependent variable (Boniface, 1994). 
Regarding the utilization of these scientific studies as validation environment within design research, 
the main aspect of differentiation is the addressed type of validity. The internal validity of research 
results is defined as the ability to argue that the observed correlations are causal. In contrast, external 
validity describes the ability to abstract the observed research results to other persons and settings. 
Hence, laboratory experiments are useful to achieve a high level of internal validity and case studies can 
be utilized to gain external validity. To relax the harsh trade-off between internal and external validity, 
other forms of scientific studies have been introduced in science, as for example field and natural 
experiments (Heekerens, 2005; Roe and Just, 2009). In the context of product development, Live-Labs 
can be seen as the attempt to introduce an analogous approach. 

2.4. Live-Labs as validation environments for design methods, processes and tools 
In context of product engineering, Live-Labs are validation environments, which enable a design 
researcher to investigate design processes, methods and tools under realistic conditions and with a high 
controllability of the boundary conditions at the same time (Albers et al., 2016b). Examples for Live-
Labs are innovation projects with companies and students (as sometimes offered by engineering 
institutes at universities), consultancy projects and research projects in which it is the main objective to 
develop a technical solution for a customer within a predefined timeframe using restricted resources and 
a professional project management. Within these projects, new design processes, methods and tools are 
applied and can be evaluated in parallel by a design researcher using accompanying, empirical studies 
based on suitable data collection procedures (e.g. observation, questioning, measurement and 
assessment of work results). By this means, it is also possible to capture procedural, personal and social 
aspects of the application of design processes, methods and tools. Due to the real-world project character 
of Live-Labs, it is, in contrast to pure laboratory studies, possible to evaluate the suitability of new 
design processes, methods and tools concerning their intended use in product development projects in 
companies to a certain degree (Walter et al., 2017a). In other words: The real-world project character of 
Live-Labs holds the potential to increase the external validity of research results regarding the validation 
of design processes, methods and tools. A decisive factor for this is that the project participants perceive 
one selves mainly as product engineers and less as test persons of an empirical study. This leads to a 
realistic behaviour of the participants which is a fact that cannot be simulated within laboratory studies. 
As result of this, the participants of Live-Labs experience for example a non-suitable functionality, a 
too low flexibility or a bad comprehensibility of the method description as disturbing for the 
achievement of the project objectives. Thus, the participants of a Live-Lab study evaluate the new design 
elements realistically and provide detailed feedback and suggestions for improvements. In contrast to 
field studies, Live-Lab studies offer the advantage that the boundary conditions of the application of the 
methods, processes or tools within the research scope are well controllable by the design researchers. 
This means that disturbances are controlled or completely eliminated by appropriate procedures with 
the objective to increase the internal validity of the research results. Ideally, the scope of the design 
researcher is great enough to explore several process, method or tool variants within the framework of 
Live-Lab studies and employ control groups. In addition, for design researchers it is usually much easier 
to get access to Live-Lab studies, for example by adapting existing, suitable student development 
projects, than to get access to corresponding field studies, which take place in companies and require a 
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major intervention into development projects. Live-Lab studies can be located between laboratory 
studies at one side and field studies on the other side (cf. Table 1). Regarding the scope of the research 
results, Live-Labs can contribute to solve the conflict between the results of laboratory studies which 
tend to high internal validity but low external validity and the results of field studies with a tendency to 
high external validity but low internal validity. Compared to the findings from pure laboratory studies, 
the transferability of the findings from Live-Lab studies into a real-world application can therefore 
usually be assessed as better. In comparison to field studies, the findings from Live-Lab studies are to 
be assessed as more precise, because Live-Labs enable a better controllability of the boundary conditions 
to exclude alternative explanations regarding found effects. In addition, the results of field studies are 
normally very company-specific, because the design processes, methods and tools within research scope 
must be strongly adapted to the needs of a company to get access to real-world projects as validation 
environments. Hence, the research object differs from company to company in a strict sense and thus 
the results of different field studies can only be poorly aggregated. This effect leads to a limitation of 
the results of field studies as validation environment for design processes, methods and tools regarding 
their external validity and thus in terms of their transferability to other companies. 

Table 1. Comparison of design research environments 

 Researchable 
method elements  

Controllability 
of attributes 

Reproducibility 
of results 

Internal validity 
of results 

External validity 
of results 

Laboratory 
study 

One method 
element (exclusive 

intended use) 

High High High Low 

Live-Lab 
study 

All method 
elements 

Medium to 
high 

Medium Medium to high Medium to high 

Field study All method 
elements 

Low Low Low Medium to high 

 
The real added value of Live-Lab studies, the promotion of the practical use of design methods is 
especially accessible through an appropriate combination with well-known research formats. There are 
numerous synergy potentials between laboratory studies, Live-Lab studies and field studies. For 
example, the core idea, the representation as well as the procedure, the description or the tool of a design 
method can be validated with little effort as part of a pre-test or a laboratory study. On this basis, it is 
possible to improve the method or method elements within research scope and to examine the suitability 
for its intended use as part of a Live-Lab study. 

2.5. Validity of Live-Lab studies 
With regard to the external validity of the results of Live-Lab studies, a distinction can be made between 
person-related external validity and situation-related external validity. Person-related external validity 
refers to the question of the extent to which test persons can be regarded as representative of the intended 
later user groups (e. g. product developers) of the design processes, methods and tools examined in 
companies. Since Live-Labs are often not set up as a dedicated research environment, but rather existing 
projects (e. g. courses, research projects and consulting projects) are expanded into Live-Labs, a design 
researcher usually has hardly any influence on the staffing of a Live-Lab, which depends on the 
constraints of the respective projects (Roe and Just, 2009). 
Situation-related external validity is a measure of the artificiality of Live-Lab studies. It can be 
understood as the total of the deviations between the application situation of a process, a method or a 
tool in the context of a Live-Lab study and the later application situation in companies (i. e. the intended 
use). Both application situations can be understood in a simplified way as an entirety of elements from 
the system of objectives, the operation system and the system of objects and made more comparable at 
this level. In order to increase the situation-related external validity, it is advisable to adapt the situation 
of process, method and tool applications in Live-Lab studies using these elements as closely as possible 
to the intended method application in companies (Roe and Just, 2009). There exist already a number of 
Live-Lab studies in the area of product development that have been carried out mainly in recent years. 
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For example, Walter et al. (2017b) investigated creativity methods for distributed development teams, 
Gräßler et al. (2017) explored the application of virtual reality in early phases of product development 
and Reiß et al. (2017) researched the increase of method acceptance by product developers through 
method games. The authors of Live-Lab studies can usually argue plausibly that the design processes, 
methods and tools they investigate are better suited for use in companies than those that have been 
positively evaluated in comparable laboratory studies. However, there has been no systematic adaptation 
of the Live-Lab environments used to date to the intended use in companies when carrying out Live-
Lab studies. On the one hand, the degree of transferability of validation results into practice in 
companies is therefore often unclear, even regarding Live-Lab studies. On the other hand, it can be 
assumed that there is great potential for increasing the external validity of the results of Live-Lab studies. 

3. Research questions and research methodology 
The state of the art shows that Live-Labs are promising validation environments for the research of 
design processes, methods and tools which have already been able to demonstrate their added value for 
design research. But there still exist untapped potentials of Live-Labs, because the existing possibilities 
to systematically adapt Live-Labs in respect to their future real-world application of design processes, 
methods and tools to be investigated are not researched sufficiently, yet. Thus, the main purpose of this 
contribution is to promote the improvement of the significance and practical relevance of research 
results from Live-Lab studies. To achieve this objective, an approach shall be developed which enables 
design researchers to shape existing Live-Lab environments regarding the boundary conditions of the 
intended use of the process, method and tool within research scope in relevant industries and companies. 
Based on this, the approach shall enable design researchers to accurately describe and justify the scope 
of validation results of Live-Lab studies in detail. Therefore, the following research questions are to be 
answered: 

 How can design researchers be supported effectively to adapt existing Live-Labs for planned 
Live-Lab studies in respect to the intended use of the processes, methods and tools to be 
investigated? 

 How can the application of design processes, methods and tools in companies with specific 
focus on the hierarchic level of decision-makers be formalised as basis for the systematic design 
of Live-Lab environments? 

 How can the external validity of the validation results of Live-Lab studies be accurately 
described and justified based on commonalities and differences between the application of 
design processes, methods and tools within the Live-Lab environment and their intended real-
world application?  

In order to answer these research questions, a research programme is defined which is based on the 
Design Research Methodology (Blessing and Chakrabarti, 2009) (cf. Figure 2). In descriptive study I, 
some of the Live-Labs (IP - Integrated Product Development, ProVIL - Product Development in a 
Virtual Idea Laboratory, AIL - Agile Innovation Lab (Albers et al., 2017)) existing at the IPEK - Institute 
of Product Development at the Karlsruhe Institute of Technology (KIT) are analysed with regard to their 
organizational structure and their elements using the system triple consisting of system of objectives, 
operation system and system of objects. In addition, the strengths and weaknesses of existing Live-Lab 
studies are analysed. The prescriptive study I develops a procedure model which describes the 
systematic design of a Live-Lab step by step. A categorization framework is being developed to 
formalize the application of processes, methods and tools. Based on this framework, four different cases 
are worked out depending on the decision-making authority of the hierarchy levels involved in the 
method application and influencing the method application. These cases can be used as a basis for the 
systematic design of a Live-Lab. Finally, the procedure model and the categorisation framework will be 
evaluated in a Live-Lab study using the example of the further development of an existing development 
method for its cross-location use (descriptive study II). 

DESIGN THEORY AND RESEARCH METHODOLOGY 17DESIGN THEORY AND RESEARCH METHODOLOGY 17



 

  
Figure 2. Overview of research methodology 

4. Procedure model for systematic design of Live-Labs  
As described within the state of the art, the intended use of a method defines the real-world 
circumstances and hence the boundary conditions of its real-world application. To provide a real-world 
validation environment for method development, it is necessary to adapt the Live-Lab environment to 
the boundary conditions of the real-world application as well as possible. This shall support the objective 
to increase the external validity and the scope of the validation results. To support this, the procedure 
model (cf. Figure 3) is developed. 

 
Figure 3. Procedure model for situation-specific adaption of Live-Labs 

To increase transferability of validation results of Live-Lab studies, one has to know the intended use 
of a design process, method or tool as well as possible. As it is neither possible nor useful to develop 
design processes, methods and tools for a single company, the aspired scope of the process, method or 
tool to be investigated must be defined. This can be achieved through describing the intended use of the 
process, method and tool within different companies (e.g. through an interview study) and aggregation 
to a representative real-world method application (1. in Figure 3). In this way, for example, the usual 
number of participants or the normally available resources when using a method are determined. The 
next step (2. in Figure 3) is to customize the existing Live-Lab environment to an adapted Live-Lab 
environment. In this way, for example, it is ensured that the number of participants in the company's 
method execution corresponds as closely as possible to the number of participants in the Live-Lab. To 
do this, it is important to take the research objective and the research object into account as they 
determinate the scientific added value of adapting a specific Live-Lab attribute. As every Live-Lab 
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attribute adaption represents an intervention into an existing Live-Lab project, it usually causes 
additional effort. Therefore, in cases where the scientific added value is low and the additional effort is 
high, it might make no sense to adapt the specific Live-Lab attributes. This could be the case, for 
example, if the usual number of participants in a method application is seven people in a company, but 
Live-Lab project teams consist of six people. The reshaping of the team sizes in Live-Lab to seven 
people might therefore improve the method validation results in terms of its external validity slightly, 
but could possibly cause great effort for the Live-Lab's project management. As soon as the adapted 
Live-Lab environment is defined, the design researcher can conduct the empirical Live-Lab study (3. in 
Figure 3). The Live-Lab study follows the same procedures and criteria as any comparable empirical 
study would do, e.g. regarding data collection, data security and statistical evaluation. The important 
difference to other empirical studies lies in the interpretation of the validation results (cf. Chapter 5). 

5. Systematic design of a Live-Lab environment  
The base for the systematic design of a Live-Lab environment is the identification and classification of 
all relevant attributes which characterise the situation of the real-world application of a design process, 
method or tool. An attribute describes a specific aspect of a situation and does have different possible 
values (e.g. 1 up to 50 project participants). As visualised in Figure 4, each attribute can be assigned to 
a category of the system triple including the system of objectives, operation system and system of objects. 
Furthermore, the system of objectives, the operation system and the system of objects can be 
differentiated into those attributes which are within the research scope and those which are out of the 
research scope. The attribute value of the application of a design process, method or tool (e.g. "eight" 
as value for the attribute "number of participants") is defined by a decision-maker from a specific 
hierarchy level (e.g. by the method supervisor) within a company.  

  
Figure 4. Categorisation framework of attributes and respective attribute values  

An attribute can be a boundary condition for persons on a lower hierarchy level and an adjustable 
influence factor for persons on a higher hierarchy level. Thus, it is necessary to arrange the attributes 
depending on the hierarchy level of the decision-maker, which defines the value of an attribute. As 
visualised in Figure 4, the relevant categories of the hierarchy level of the decision-maker is the 
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management (MG), representing the highest meaningful hierarchy level for the method application (e.g. 
head of department), the method principal (MP) as the entity which orders the conduction of a design 
method (e.g. team leader), the method supervisor (MS) as commissioned individual, who coordinates 
and manages the design method (e.g. a suitable team member or an external method expert) and the 
method user (MU) as lowest hierarchy level, which actually applies the design process, method or tool. 
Figure 4 shows a possible real-world application of a creativity method to develop a new clutch system. 
For example, the attribute in the first line represents the "degree of carryover of partial systems" and is 
classified as attribute of the system of objectives. Furthermore, this attribute is within the research scope 
of the planned Live-Lab study of the method. In this example, the management defines as objective, that 
the degree of carryover parts must be 70%, thus the value of the attribute is "70% carryover". Therefore, 
this attribute value becomes a boundary condition for all lower hierarchy levels as for the method 
principal, the method supervisor and the method user. Through the different combinations of boundary 
conditions, influence factors and respective attribute values on the side of the real-world application and 
on the side of the Live-Lab environment, regarding the attributes within research scope and out of scope, 
four different cases for the systematic design of the Live-Lab attribute values can be differentiated. 
These cases are shown in Figure 5 in a simplified representation. The simplification is possible, because 
the cases are independent of the system (system of objectives, operation system and system of objects) 
and of the hierarchy level, whereby the adjustment possibilities of the attribute values on level of the 
method users (MU) are excluded in this contribution.  

 
Figure 5. Simplified representation of the four different cases which are used to 

design a Live-Lab environment 

Case 1: Simulation of attribute value: In case an attribute is out of the research scope of the regarded 
Live-Lab study and the attribute is an influence factor on the side of the Live-Lab environment for a 
certain hierarchy level of decision-makers (e.g. MS = method supervisor), this attribute value shall be 
adapted to the attribute value at the equivalent hierarchy level of the real-world application. 
Furthermore, it is not relevant whether the attribute is a boundary condition (1a in Figure 5) or an 
influence factor (1b in Figure 5) for the respective hierarchy level on the side of the real-world 
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application. It is only important that in this case the attribute value within the Live-Lab environment is 
adjusted according to the attribute value of the real-world application to simulate the method application 
of the real world (intended use of a method) within the Live-Lab in the best possible manner to increase 
the external validity and thus the scope of the validation results. 
Case 2: Boundary condition check: This case becomes relevant if an attribute is a boundary condition 
within the Live-Lab environment and cannot be influenced by any hierarchy level. It makes no 
difference, whether the attribute is within the research scope (2c and 2d in Figure 5) or out of scope (2a 
and 2b in Figure 5) or whether the attribute is a boundary condition or an influence factor on the 
respective hierarchy level of the real-world application. If this case occurs the two values of the attribute 
(within Live-Lab and for real-world application) need to be compared and analysed whether they are 
equal or not. As the values are the same they have a positive effect on the external validity of the Live-
Lab study. In case the values differ, the difference restricts the external validity of the validation results. 
Case 3: Variation of alternative attribute values: In case the decision-makers on the same hierarchy 
level on the side of the real-world application and on the side of the Live-Lab can influence the same 
attribute and this attribute is within research scope at the same time (3 in Figure 5), the attribute value 
can be varied in the Live-Lab. This variation means that e.g. the method supervisor of the Live-Lab 
develops two or more different method variants in order to evaluate two or more possible attribute values 
within a Live-Lab study. Based on the results of this validation study, it is possible to provide a decision 
support for the respective decision-maker of the real-world application (e.g. which method variant to 
choose) to make the conduction of the method as successful as possible. 
Case 4: Exploration of new attribute value: This case can occur if an attribute is within the research 
scope of the Live-Lab study and the attribute value is a boundary condition for the decision-maker of 
the real-world application, while the respective decision-maker of the Live-Lab can decide upon the 
value of the attribute (4 in Figure 5). The objective of this case is to evaluate new attribute values as e.g. 
the usage of virtual reality tools within a Live-Lab study to increase the success of a method.  
For the systematic design of the Live-Lab environment, it is important that most attributes are simulated 
(case 1: simulation) to ensure a sufficient external validity of the results of the Live-Lab study. 
Furthermore, the non-adaptable attributes need to be analysed and compared (case 2: boundary condition 
check) to define the scope of the validation results. To research new processes, methods or tools, only a 
few attributes should be varied (case 3: variation), to provide a decision support for the real-world 
application or explored (case 4: exploration), to demonstrate potentials of new method elements or 
technologies to the industry. 

6. Validation of systematic design of a Live-Lab environment  
To validate the systematic design of a Live-Lab environment, a method study has been conducted, which 
follows the described procedure model for a systematic design of the Live-Lab environment to increase 
the external validity of the validation results. The objective of the method study was the development 
and validation of two method variants for the application of the scenario technique for distributed 
product development (Walter et al., 2017c).  
Initial situation: The basis for the method study was the scenario technique for the location-bound 
application. The scenario technique is an established method in the field of future management which 
enables the systematic and methodical development of various, consistent future scenarios (Fink and 
Siebe, 2006). Hence, the research objective was the application of the scenario technique within 
distributed design teams. As validation environment, the Live-Lab ProVIL - Product development in a 
Virtual Idea Laboratory 2017 was chosen. This course is offered and conducted annually as project for 
mechanical engineering master students and takes three months. In ProVIL 2017, 48 students worked 
on a practical engineering task provided by an industrial company with the objective to develop 
technically feasible solutions with high innovation potential (Walter et al., 2016). 
Procedure: Based on the conduction of six interviews with experts in the field of scenario technique 
and distributed product engineering an aggregated real-world application was generated (1. in Figure 3). 
An extract of the representative real-world application is described within Figure 6 on the left side. 
Furthermore, it was possible to design the Live-Lab environment systematically (Figure 6, right), based 
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on the synthesis of the developed method variants, the research objective, as well as the aggregated real-
world application (Figure 6, left) and the given Live-Lab environment (2. in Figure 3). 

 
Figure 6. Systematic design of the attributes of a Live-Lab environment (extract) 

Systematic design of Live-Lab environment (in respect to Figure 5 and 2. in Figure 3): To design the 
Live-Lab environment systematically it was important to classify the attributes regarding their belonging 
to the system triple and whether they are within the research scope of the Live-Lab study. As shown in 
Figure 6, the attributes working mode and usage of tools are within the research scope and the attributes 
number of participants and average age of participants are out of scope. In accordance to the already 
described four cases to design a Live-Lab environment (chapter 5 and 2. in Figure 3), the number of 
participants, with the value "10 participants" was simulated within the Live-Lab environment, to 
increase the external validity of the validation results. The attribute average age of participants could 
not be influenced neither within the real-world application, nor within the Live-Lab environment, hence 
the case boundary condition check was occurred. Through the discrepancy of the respective attribute 
values ("52 years" within real-world application vs. "25 years" within Live-Lab environment), the 
external validity of the validation results was negatively influenced. The attribute working mode was 
within the research scope of the method study and was an influence factor for the method supervisor 
(MS) within the real-world application and within the Live-Lab environment. Hence, the attribute was 
varied and two different attribute values, the work within a "tandem" and "single" work was 
investigated. Based on the validation results of the method study, it was possible to provide the method 
supervisor of the real-world application a recommendation regarding the decision on the attribute value. 
The attribute usage of tools was also within research scope of the method study and was a boundary 
condition for the method supervisor (MS) of the real-world application with the restriction to "use only 
tools, which are known within the company". In spite to this attribute value, the attribute was explored 
within the Live-Lab environment with the attribute value "usage of a new online survey", thus it was 
possible to achieve better results through the usage of the new tool than with the common tools. The 
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utilization of the new online survey was rated positively through different experts, thus the exploration 
of the attribute value can be considered successfully (3. in Figure 3).  

7. Discussion and outlook
The results of the studies described in this paper provide a concrete opportunity to systematically adapt 
existing Live-Labs to improve the transferability of validation results from Live-Lab studies to corporate 
practice and strengthen the role of Live-Labs as real-world validation environments. Thus, this 
contribution is based on the fundamental question of any empirical research whether and to what extent 
the respective research results can be transferred to circumstances outside the research environment. 
Design processes, methods and tools represent an object of investigation, for whose research the 
intended use in the sense of the socio-technical application context is indispensable. This poses 
challenges for validation environments with regard to the closeness to reality of personal and social 
factors such as the motivation and behaviour of study participants. In addition, the application of design 
processes, methods and tools in companies can usually be well delimited in terms of time, as well as 
formally described in terms of the objectives, use of resources and hierarchical levels of the involved 
groups of people, and with the help of the triple of system of objectives, operation system and system 
of objects. The present article makes use of this connection to develop an approach for the systematic 
adaptation of existing Live-Labs. The four cases proposed in chapter 5 represent a qualitative distinction 
between the different constellations that can occur between the application of design processes, methods 
and tools in Live-Labs and in companies. With this, they provide a reasonable basis for argumentation 
regarding the scope of validation results as well as a good basis for the targeted adaptation of Live-Labs. 
However, the present approach does not allow quantitative statements about effect strengths, e. g. to 
what extent deviating boundary conditions in Live-Labs and in companies (for example the different 
ages of participants) impair the transferability of validation results. To refine the results of this 
contribution, it is necessary to apply the procedure model and the categorisation framework for attributes 
during future Live-Lab studies. To increase the efficiency of this approach, it will be also important to 
develop a collection of the common and relevant attributes and respective values of typical Live-Lab 
environments as well as repetitive procedures which shall be collected as a Live-Lab handbook. 
Furthermore, it is necessary to generate a form to gather, analyse and aggregate the required information 
regarding the attribute values of the real-world application in companies in a standardised way.  
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