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Abstract. The activities to introduce Industry 4.0 and Digitalization into man-
ufacturing environments imply a multitude of new systems and technologies 
which change work environments and tasks that are existing there up to now. In 
order to cope with the increasing complexity, employees in production must be 
transferred into knowledge workers. This requires new approaches of work or-
ganization, training and education, and the active involvement of employees in 
shaping future workplaces and processes. To achieve these goals new approaches 
and methods for collaborative design and reorganization of workplaces and pro-
cesses involving employees by means of participatory design need to be devel-
oped and implemented. Due to the large number of available methods, targeted 
support for the workers is required for selecting suitable methods. In this paper, 
the motivation and reasons to use participatory design are explained, an approach 
to support method selection is developed, and a computer-aided selection proce-
dure for empowering the responsible persons on the shop floors is presented. Fol-
lowing, this is the basis for applications in an industrial context, where the solu-
tion can be validated and improved based on practical experiences. 
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1 Collaborative Workplace and Process Design Methods 
to empower and engage Employees 

Against the background of current activities in research and corporate landscape to es-
tablish Industry 4.0 in the manufacturing sector, new working environments emerge in 
the factories and workshops affecting directly the workers employed there [1–3]. These 
emerging changes will lead to new demands on employees in the medium to long term. 
In order to cope with future tasks and to master the increasing number of systems and 
information, the employees are further developed into so-called knowledge workers [2, 
4]. Therefore, the EU-funded research project Factory2Fit focuses in particular on the 
design of sustainable and adaptive production environments involving employees as 
well as the prerequisites and methods necessary for achieving these goals. In the fol-
lowing, the developed concepts and tools in the project for involving and empowering 
workers by means of Participatory Design (PD) will be presented. PD is a systematic 
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approach for designing workplaces and processes involving well-experiences employ-
ees. It has an advantageous effect on the quality and adaptability of the solutions 
achieved. Hence, a positive impact on the success of the company as well as on the 
wellbeing of workers grow up [5–7]. In addition, this approach leads to greater trans-
parency towards those involved with regard to the solutions found and their respective 
suitability for fulfilling the task at hand. This transparency in turn creates acceptance 
for the final solution among the workers  and also contributes to the understanding of 
future users regarding tasks and roles during the design [5]. 

Since the introduction of PD, a large number of methods have been established to 
achieve these goals in the field of workplace and process design [8], but there is a lack 
of support in finding and selecting the right method for a particular situation. Therefore, 
maintaining an overview of all available PD methods is rather difficult. In many cases 
people assigned with optimization or planning projects – as for instance in the piloting 
companies of Factory2Fit – have limited experiences with the PD approach. This results 
in difficulties in selecting the most suitable method for a given application and use case. 
The challenge for those persons is not only the size of the literature pool, but also the 
correct task definition and the uniqueness of the respective company. Despite all these 
obstacles, companies and worker representatives recognize the need to address this is-
sue [9, 10]. Positive effects on the success of the company result from meeting the 
challenges of demographic changes at the same time. The expectations of the new gen-
eration of employees in terms of adequate as well as flexible involvement and partici-
pation are considered. For this reason, a suitable procedure, preferably implemented in 
a manageable tool, is required for the selection of suitable PD methods, which takes the 
above challenges into account. With respect to the increasing digitalization and affinity 
of employees for digital solutions [11] and in order to limit the time required while 
ensuring the greatest possible user friendliness, it is advisable to implement a computer-
based method selection. 

2 Classification of Participatory Design Methods 

2.1 Elements for Structuring the Participatory Design Method Cube 

The development of a suitable procedure for the selection of PD methods is based on a 
model for classifying and describing the methods from the field of application. Litera-
ture shows a great variety of methodological approaches for the implementation of PD, 
since the established methods are suitable for a wide range of topics [8]. As the selection 
of the most appropriate method occurs to be a multidimensional problem, we created a 
model in a three-dimensional space, as this is barely visually processible by humans. 
Therefore, the PD method cube was derived to support the classification and selection 
of suitable PD methods for specific contexts with reasonable effort. The main aspects 
incorporated in the PD method cube are shown in Fig. 1. 

A pre-selection of suitable methods can be made on the basis of the team composi-
tion and the knowledge of the individual participants. In addition, the point of applica-
tion within the innovation cycle is crucial in order to identify suitable methods. [12] 
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Fig. 1. Main aspects for the development of the Participatory Design Method Cube 

2.2 Attendees of Participatory Workshops in a Factory Context 

Since there are no hierarchical or educational restrictions on participation, the suitabil-
ity of methods corresponds with the composition of the group of attendees. Even though 
Factory2Fit's primary goal is to involve factory workers with different professions, 
knowledge and responsibilities, they are also supported by e.g. factory planners or other 
experts during the workshops. Therefore, the possibly participating stakeholders have 
to be identified for the pre-selection of suitable methods. Three main criteria have been 
defined to describe the knowledge base of the group of participants: 

 Company affiliation (internal vs. external): 
The company affiliation describes the positions of the participants. For example, a 
participant originating from the same company or department where the workshop 
is conducted has advanced knowledge of processes, hierarchies, corporate culture 
and other characteristics of the organization. Participants from outside the company 
or department, on the other hand, usually only have general knowledge or knowledge 
of the organization where they work at. 

 Distribution of basic knowledge within the group (homogeneous vs. heterogeneous): 
The general distribution of knowledge describes the subject areas and their extent of 
representation in the participant group. The relevant perspectives, such as methodo-
logical, hierarchical or role knowledge, must be chosen case-by-case basis according 
to the objectives. 

 Previous knowledge of the subject matter (uninitiated vs. experts): 
The previous knowledge refers to the context of the application of the method and 
describes the need for prior knowledge building in order to generate a common un-
derstanding on the topic. 

2.3 Structuring the Participatory Design Method Cube 

Starting from the relevant aspects for conducting a pre-selection, the method cube is 
divided into three dimensions: 1) Team composition, 2) Position in the innovation cycle 
and 3) Degree of prior knowledge [8]. They represent the main selection criteria for 
identifying suitable methods in the field of PD. Fig. 2 shows the model developed for 
shaping the PD method cube, the dimensions and characteristics represented in the PD 
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method cube as well as one of the sub-cubes. As demonstrated, three main levels or 
perspectives are represented by the method cube: 

 Target perspective: 
In general, the "target perspective" results from the methodological overview and 
provides suitable procedures with reference to the prerequisites and intended results. 
The more a design task has proceeded with regards to the innovation cycle, the more 
details are available due to the achieved progress. 

 Team perspective: 
The "team perspective" covers the participants and their knowledge base. The 
knowledge base refers to the explicit knowledge and experience with the process or 
workplace to be adapted and/or optimized during the design process. Depending on 
the origin of the participants, different procedures need to be applied. 

 Competence perspective: 
The "competence perspective" combines the previous knowledge of the participants 
with the innovation cycle phase in its view and thus allows to match methods to 
achieve the defined goals with the skill of the participants. 

 
Fig. 2. Dimensions and Levels of the Participatory Design Method Cube 

The three perspectives are necessary to illustrate all interdependencies between the par-
ticipants' knowledge and origin as well as considering the context and objectives of the 
design process. The main principle of the method cube is the subdivision of the solution 
space into 27 sub-cubes. Each of them has a defined innovation cycle phase and is 
characterized by a team composition as well as the available knowledge of the partici-
pants. Suitable methods for the implementation of PD, including their sequence and 
combination, are determined based on the actual situation. To simplify the usage of the 
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framework presented and to assist factory workers in identifying suitable PD methods, 
a computer-aided procedure has been developed and implemented prototypically. 

3 Designing the Computer-aided Selection Tool 

3.1 Definition and Refinement of the Selection Criteria 

With the classification of PD methods presented in Section 2 and the derived PD 
method cube as the initial support, a targeted, computer-aided selection procedure re-
quires further detailing of the dimensions incorporated in the model. For this purpose, 
the PD method collection planned to be utilized for the Factory2Fit project first was 
completed. The considered methods are examined with regard to their characteristic 
properties, e.g. application context, object of investigation and prerequisites. Thus a 
further subdivision of the dimensions was derived. In the following, the derived criteria 
as well as their contribution to the method selection are explained. 

 Object-related Method Selection 
The object of a design process is relevant for the applicability of specific methods, 
so that this criterion serves as an exclusion criterion. While certain methods, such as 
Cardboard Engineering, have been established for e.g. the investigation and optimi-
zation of assembly workstations, these methods are not or only partially suitable for 
the determination and revision of cycle or process times for automated systems. 

 Time-related Method Selection 
An approach developed earlier in our research group for selecting quality methods 
classifies the methods contained in the pool with regard to their phase-related use. 
This has proven to be a well-suited approach for the classification and selection of 
methods. This well-suited approach for the classification and selection of methods 
needs to consider the point of method application to determine the selection criterion 
for in-corporation. Therefore, the main demands are the time-related understanding 
and significance by usage across industries. For this reason, the phases of the inno-
vation cycle also used in the PD method cube framework are the basis for classifi-
cation in the selection procedure. 

 Participant-related Method Selection 
In addition to the criteria already set out, the target group of participants provides 
further important information for the precise selection of a suitable method. In par-
ticular the number of participants has a direct effect on the manner how the workshop 
will be designed. For example, due to the fact that the chosen method(s) must be 
feasible for the expected group size while delivering the desired results. In addition 
to considering the number of participants, it is important to consider the group com-
position(s) for the success of the method application. While some methods, such as 
Brainstorming, benefit from a heterogeneous group composition, other methods, e.g. 
Focus Groups, require a homogeneous composition. Depending on the context and 
objective of a task, the evaluation of the group composition with regard to the par-
ticipants' affiliations to organisations, product lines or process chains is therefore 
considered as relevant. 
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 Knowledge-based Method Selection 
Besides the origin of the participants, the available knowledge also plays a decisive 
role when selecting suitable methods. Depending on the task at hand and the required 
group composition, the organisation, product, process or method-related knowledge 
of the attendees ranges from homogeneous to very heterogeneous. Particularly in the 
context of open innovation and the inclusion of interdisciplinary teams across organ-
izational boundaries, heterogeneity is deliberately increasing. 

 Resource-based Method Selection 
Additional important aspects for those people responsible for selecting methods are 
the constraints set by the methods and the resources required for their implementa-
tion. Two distinct constellations during method selection can occur: 1) The applica-
tion of the method is planned for the future and the resources required can be pro-
vided within time; 2) The application of the method has to take place ad hoc or the 
resources available are fixed and only existing means can be utilized. If there is a 
limited availability of resources, the user can specify the available resources for the 
method selection. The procedure is able to identify and exclude methods that cannot 
be conducted. Otherwise, the required resources do not represent a restriction; so a 
"no restrictions" option has been provided in the selection procedure. The evaluation 
of the suitability of the methods based on the constraints is omitted in this case. 

The criteria derived for the PD method selection tool as well as the selectable options 
for the users are shown in the excerpt of the tools’ user interface in Fig. 3. 

 
Fig. 3. Excerpt of the User Interface of the Participatory Design Method Selection Tool  

3.2 Implementation of the Procedure for Participatory Design Methods 

The demands regarding cross-industry applicability and ease of use of the procedure 
were also applied to the prototypical implementation by using Microsoft Excel, the 
spreadsheet program widely used in industry. This makes it easy to implement the logic 
and to validate the selection procedure in case studies without requiring the pilots to 
purchase e.g. additional software. In addition, all licenses of the Microsoft Office pack-
age also include the integrated development environment Visual Basic for Applications 
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(VBA), which enables the implementation of extensive logics and functions [13]. This 
environment was utilized to create both the storage for the classification information 
and the user-friendly display of the criteria and their respective characteristics in a user 
interface. All categories and characteristics are illustrated by means of the office suite 
and were supplemented with short explanatory notes for better understanding. In order 
to be able to execute the selection procedure, the logics for the categories and/or char-
acteristics and the considered methods need to be made available in the tool. The pro-
vision of the decision base by experienced experts and the easy-to-use input mask of 
the selection tool enable even non-trained employees to identify suitable PD methods. 
This contributes to the expansion of application and acceptance of PD in the industrial 
environment and thus strengthen the involvement and empowerment of workers. 

4 Summary and Future Plans 

Against the background of the goal of involving employees in the production environ-
ments in the design of workplaces and processes, PD was presented as a suitable ap-
proach for the Factory2Fit project. Due to the large number of PD methods, the lack of 
method selection procedures and the limited experience of responsible persons in the 
companies, the targeted selection of suitable methods for the various tasks is quite dif-
ficult. In order to meet this initial situation, a classification procedure for the targeted 
selection of PD methods was developed and mapped as PD Method Cube. In order to 
reduce the effort involved in the targeted selection of methods, the developed classifi-
cation procedure was subsequently implemented as a computer-aided tool using Mi-
crosoft Excel and VBA. The dimensions of the method cube for this were further de-
tailed and an user interface was designed to simplify the execution of the method se-
lection. In this way, the gap between theory and practice is bridged and the targeted use 
of PD methods in the case studies is enabled. In the further course of Factory2Fit, the 
presented results will be piloted under real conditions; the selection procedure for PD 
methods will be introduced and the further development of the prototype will be pro-
moted with the involvement of the users. The first workshops conducted with workers 
at the pilot sites as well as with worker representatives to introduce the concept and 
tools showed positive attitudes as well as anticipations of the participants towards the 
utilization of PD [9]. The insights gained from the feedback form the basis for a future 
implementation of the approach as a web-based decision support system. The web-
based design of the final system also provides the framework for the integration of 
further functionalities, such as the direct exchange between PD experts and method 
users or algorithms for improving the task-related evaluation of method suitability. 
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