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Abstract 
Challenges of companies are presented by an increasing number of product 
variants or a growing product complexity in combination with a reduction of lot 
size. Therefore the scope of the work in the field of manual assembly will be 
more complex. This situation leads to a need of assistance systems. With 
these systems, the assembly workers will be qualified to execute their work 
tasks within the requirements. This approach set up on a further 
implementation of an assistance system at a great device manufacturer. The 
main focus of this implementation was the technical and functional design of 
the assistance system, but a successful implementation requires also an 
active handling of the change process. The purpose of this paper is the 
presentation of design principles in form of a process model for the 
implementation of digital assistance systems. The development of the design 
principles takes place in a participative approach. Executives, work councils 
and workers develop the project results together with external project 
members. Project managers will be able to manage implementation 
processes with the results and take all the success factors into account. 
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1 INTRODUCTION 
 

Manufacturing companies with assembly areas are presented with 
challenges, such as an increasing number of product variants, increasing 
product complexity, and shrinking lot sizes. These challenges change the 
demands on assembly systems and those working on them. The scope of the 
work is becoming more complex, more varied and undergoes more frequent 
changes due to shorter product life cycles. The short change cycles of various 
manufacturing orders in assembly can lead to early interruption of the learning 
curve of those involved [1] and to lower work productivity and a high error rate. 
This situation leads to a need for assistance systems, which support 
employees in carrying out their work duties in a cooperative manner [2] [3] [4]. 
At a large device manufacturer, an assembly assistance system consisting of 
three different applications was developed and introduced on a trial basis [5]. 
The developed applications support different professional groups with 
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information based on needs. So, for example, employees are provided with 
information on the work steps, visualized through images, videos or texts [5] 
[6]. During this implementation process, the focus was on the technical and 
functional design of the applications. However, the successful introduction of 
such applications also requires, in addition to the functioning technology, an 
organization and workforce prepared for the technological change, as the 
workforce is required to undergo a not inconsiderable change process [4]. 
Only when the affected workforce views the assistance system as an asset 
and actively uses it, the introduction can be regarded as successful. Therefore 
there is a requirement for the development of user-centered design and 
implementation processes [7]. If this defined implementation process is 
lacking, this represents a major hurdle for the introduction of assistance 
systems [8]. 

 
 

2 OBJECTIVES AND APPROACH 
 

The objective of the project described below is the development of a target 
process for the implementation of digital assistance systems. In addition to 
design tasks, this should also include success factors for change 
management and best practice examples. The results can be used by project 
managers in the future as a tool for the effective and efficient planning and 
implementation of the introduction process. In this project, the employees, 
work councils, and management of the device manufacturer with their different 
perspectives are explicitly included. The empirical basis for this project is 
formed essentially by the implementation of an assistance system by a device 
manufacturer mentioned above. 
The selected procedure is set out in Figure 1 and consists of three phases: 
(1) Identification of success factors, (2) selection of the procedure model  
(3) combination of success factors and process model into a target 
implementation process. The results of these phases are described in 
sections 3.1 to 3.3. 
The first phase is broken down into three parts. The first part consists of 
literature research on success factors for introduction and change processes 
in general and a subsequent inductive category formation in accordance with 
Mayring [9]. For this, prominent specialist texts and studies on change 
management [10] [11] [12] [13] [14] [15] [16] [17] are searched through for 
success factors for change processes. Using inductive category formation, the 
success factor categories are derived from the sources mentioned. To this 
end, the core statements from the respective sources on the success factors 
are filtered out and noted. If an aspect arises that is not dealt with in the 
previous sources, the category is expanded or a new one formed. At the end 
of the review, the categories are again reviewed for overlaps and adjusted so 
that they are better delineated. 
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Figure 1: Phases of the approach. 

 
 
 

In the second part, critical incidents for the completed introduction process at 
the device manufacturer are identified, using the Critical Incident Technique 
of Flanagan [18]. Following Koch [19], the procedure for data collection 
consists of three steps: (1) recording critical incidents, (2) evaluating the 
relevance of the critical incidents and (3) dividing the critical incidents into 
categories. This method is based on experience, yields practical results and 
can be adapted relatively flexible to the question being posed [20]. Therefore 
the application of this method in this case is useful. The critical incidents 
recorded are based on activities from the introduction process that was 
undergone, e.g. in workshops or during the test phase. In the third part, these 
will be assigned to the success factor categories from part 1 in a workshop. 
The procedure here will be in accordance with deductive category assignment 
[9]. The results of this phase are success factor categories specially adapted 
to the implementation of assistance systems (cf. section 3.1). 
In phase 2 there is a comparison and the selection of a procedure model for 
the implementation process. In doing so, various different procedure models 
are considered [10] [11] [12] [16] [21] [22] [23] [24] [25] [26] [27] [28]. The 
selected procedure model is adapted to the requirements of the assistance 
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system design and represents the result of the second phase (cf. section 3.2). 
The third phase consists of the combination of the success factor categories 
and the procedure model. For this, an expert workshop is held. Here the 
success factor categories are each assigned to the individual stages of the 
procedure model. Subsequently, specific success factors are developed for 
each success factor category of a stage. The procedure developed in this 
manner is the result of the third phase (cf. section 3.3). 

 
 

3 RESULTS 
 

3.1 Success factors 
By means of an evaluation of the literature on the subject of change 
processes, a total of ten success factor categories were identified. These were 
refined on the basis of 23 recorded critical incidents and the expert opinions 
in the workshop. The final ten success factor categories are shown in an 
overview in Figure 2. By evaluating the critical incidents, it was possible to 
identify the relevance of individual success factor categories. Thus in the 
category of communication, 14 critical incidents were considered. This means 
that the greatest number of incidents fed into this category. The conclusion 
can be drawn that this category has particular significance for the success of 
the project. In nine of the 14 cases, however, communication is not the only 
category to which these critical incidents were assigned. This demonstrates 
that communication is closely connected to other success factors - such 
participation, for example. This result is confirmed by Lauer [11]. He describes 
communication as the central success factor and as a catalyst for change. 
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Figure 2: Overview of change management success factors categories of an 

assistance system implementation. 
 
 
 

3.2 Process model 
In order to attain the goal of this project of designing a target process for the 
implementation of digital assistance systems, existing procedure models for 
organizational or technical change processes were analyzed. The criteria for 
the selection of the procedure model largely consisted of the project stage 
completeness, the level of detail and the suitability for software, hardware and 
work organizational changes. After several side-by-side comparisons, the 
REFA Standard Programs Work System Design [28] and Assembly System 

Leadership & key personnel Vision

Leadership driving the change process.
Important: Pay special attention to 
trustworthy key personnel.

Deriving the vision from the company 
vision. Formulation of a clear and 
realistic vision from which the strategy 
and goal can be derived.

Communication Team-building
Use open and clear communication 
internally and externally. 
Important: vision, successes and 
regular communication (including 
feedback)

Integrate all participants in the project. 
Important: Pay attention to and use the 
strengths, networking and motivation of 
participants.

Analysis Participation
Systematic analysis of the starting 
situation and goal attainment.

Turn those affected into participants. 
Important: Involve all stakeholders in 
accordance with needs.

Qualification Sustainability
Train all participants using appropriate
methods and in accordance with 
requirements.

Embed the change and change process 
sustainably in the company.
Important: Establish a willingness to 
change in the culture.

Project organization Process-oriented management
Create a structure for the systematic 
completion of projects.
Important: Prioritize tasks, pay 
attention to timing.

For each stage of the project, use 
appropriate methods, techniques and 
tools.
Important: Plan conflict management, 
controlling, external consultants and
rapid results.
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Design [29] emerged as particularly suitable. The REFA procedure models 
were adapted in terms of content to the requirements for the implementation 
of an assistance system. Figure 3 shows the procedure model in a summary 
overview. So for example the iterative nature of the procedure is emphasized 
in some stages, as these are needed in the development of software in 
particular. The procedure model consists of a total of six stages. 
 
 

 
Figure 3: Procedure model for the design and change process  

(REFA 2016, modified). 
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In the first stage of the model, the starting situation is analyzed and project 
framework conditions are derived. Problem statement, goal setting, system 
delimitation, milestones and the project team are defined here. In the second 
stage, additional data is gathered, in order to specify in further detail the basis 
of these goals. Based on this, requirements are defined. These are refined in 
collaboration with possible software and hardware providers and if necessary 
verified in a mock-up. Then in the third stage, the hardware concept is 
developed and a software platform selected, and/or the software architecture 
is iteratively developed. In the fourth stage, the final hardware is selected and 
the software is developed or procured on a prototype basis. The process of 
development generally proceeds in short-cycle loops, so that quality can be 
assured through continuous feedback. The work organization is finalized in 
this stage. In the fifth stage, the system is implemented in a test environment. 
Through multiple testing (iterative), problems are identified and subsequently 
eliminated, so that production readiness is achieved. In the sixth stage, there 
is a gradual introduction in the selected area. Any errors are continuously 
eliminated in real-time operation. The sustainability of the system is ensured 
by selecting a person with responsibility for this task. 

 
3.3 Target process 
The target process was developed on the basis of the success factor 
categories identified, the critical incidents and the selected procedure model. 
A list of success factors was assigned to each stage of the procedure model. 
In Figure 4, the success factors of the first stage, "Analysis & project scope", 
are shown according to success factor category. Consideration of the factors 
supports the successful implementation of the change process. In Figure 5, 
the design tasks from the procedure model and the assigned success factors 
for stage 4 "Detailed planning" are shown exemplarily. There are interactions 
between these. So, for example, there is a connection between the iterative 
design of hardware and software and the success factor "Design and test 
functions and user interfaces with users". In this success factor, the change 
process with the participation of users is to the fore. The design tasks 
primarily relate to technical or functional aspects and directly to the hardware 
and software. 
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Figure 4: Change management success factors of stage 1 of the process 

model. 
 
 
 

A comprehensive inventory of 28 tasks and 72 success factors over 6 stages 
for the implementation of assistance systems was developed. In Figure 5, the 
amount of tasks and success factors per stage are shown. Overall, stage 6 
includes the greatest number of success factors, with 16 in number. Relating 
to the success factor categories, the communication category includes 21 
success factors. No other category has a greater number of factors. Using 
this inventory, executives and employees in companies can plan and 
implement the introduction process holistically, having regard to people, the 
organization, and technology. 
 
 

 
Figure 5: Number of design tasks and success factors per stage. 

Success factors of change management: Stage 1

Vision:
• Emphasize the relevance of the vision
• Include company vision and location vision
Analysis:
• Understand the starting situation (current state analysis)
Communication:
• Communicate vision (at a factual and process level)
• Communicate in accordance with target group (overall project)
Lead & key personnel
• Visionary / promoter (initiator) is present
• Identify key persons for the project (team)
Process-oriented management:
• Monitoring of relevant key persons

Stages

1 2 3 4 5 6

Amount of design tasks 3 4 4 5 7 5
Amount of success factors 8 11 11 13 13 16
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Figure 6: Design tasks and success factors of stage 4 of the process model. 

Success factors of change 
management

Project organization:
• Plan short project meeting cycles
• Plan detailed timelines for

implementation
Participation:
• Design and test functions / user

interfaces with users
• Gather feedback on design
• Determine the degree to which the

functions can be affected during use
with users

Communication:
• Regularly communicate the project

status
• Communicate feedback results,

including procedures
• Communicate in accordance with

target group (overall project)
Qualification:
• Identify qualification needs
• Develop further training plan
Analysis:
• Review of project plan (utility

analysis, efficiency analysis)
Process-oriented management:
• Monitoring of relevant key persons
Lead and key person:
• Identify and involve a key person

from the area of HR / further training

Design tasks
• Iterative design of hardware

and software
(including presentation,
functionality, system
performance, interactive
behavior and supporting
resources)

• Evaluation of design
solutions based on
requirements and selection
of a solution

• Specify work organization
• Review efficiency of the

investment(s)
• Prepare realization

Results of the stage
• Selected design solution for

the assistance system

Stage 4: Detailed planning
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4 CRITICAL APPRAISAL AND OUTLOOK 

The developed target process came about firstly from an evaluation of 
literature and secondly from interviews and workshops. As described in the 
introduction, a user-centered implementation process is required for a 
successful introduction of an assistance system. Therefore this approach 
covers the lack of such an implementation process that regards also human 
and organizational aspects. The target process is an enhancement to 
previous approaches as the morphology of assistance systems in manual 
assembly or the design process model [7]. The benefit is in the holistic 
approach to the implementation process. This makes a proactive design of 
the individual stages possible. In addition, the process allows the 
development of active, partnership-based cooperation between users, 
management and works councils in projects of this nature. For a similar 
evaluation of the implementation process, an additional project must be 
carried out in which this is used. Only then reliable statements on the 
effectiveness of the procedure model and the success factors assigned can 
be made. Nevertheless, there can be made an initial assessment of 
managerial implications. Using this target process, there will be a risk to 
require more resources in the development and implementation, but a 
standardization of the process will reduce the amount of required resources. 
Further, there will be indirect costs benefits, because implemented assistance 
systems will be accepted by the users and there will be less system changes 
or improvements. The results shown feed into guidelines for the 
implementation of assistance systems in manufacturing and assembly. The 
process is complemented by best practice examples and methods for 
individual stages of the process.  
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