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ABSTRACT

The integration of digital technologies and production elements has profound implica-
tions for disturbance and error management in operational-tactical production areas,
driven by demands for flexibility, responsiveness, and resilience. Decision support
systems (DSS) are seen as crucial tools, leveraging intelligent algorithms to aid
decision-making and enhance efficiency. A human-centric DSS, utilizing artificial intel-
ligence (AI) methods, has been developed to facilitate data-driven decisions and shift
responsibilities to operational staff. Special attention is given to human-DSS interac-
tion to understand its effects on employee workflows. This work aims to conceptualize
a serious game as an innovative method for evaluating the DSS. The game tests
technical functionality and simulates impacts on production workflows and human-
system interaction (HSI). Realistic scenarios of disturbances, errors, and tool changes
will enable early error identification and problem-solving. Through this comprehen-
sive study, improvement opportunities in HSI will be uncovered, and the relevance of
the serious game in the DSS context evaluated. AI models will be validated by simu-
lating disruption and error situations in the game, followed by detailed examination
of user experience and system value. Multiple participant groups will be involved,
with varying levels of DSS assistance, allowing for differentiated analysis of system
impacts. This approach will provide a comprehensive understanding of the DSS’s prac-
tical applicability and benefits in real production environments. Future plans involve
conducting the study and reporting the results.

Keywords: Disruption management, Error management, Decision support system, Serious
game, Human-system interaction

INTRODUCTION

The increasing integration of digital technologies and high connectivity in the
production environment significantly influences disruption and error man-
agement in operational-tactical production areas. This transformation is the
result of growing demands for flexibility, responsiveness, and resilience in
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modern production environments and also has immediate consequences for
the human factor in production (Kieviet, 2016).

In this context, production employees are facing increasingly complex
challenges in dealing with faults and errors (Glöckner 2020; Schmitt et al.,
2018). The need for quick and informed decision-making in chaotic sit-
uations and under stress requires a redesign of approaches to disruption
and error management. DSS are considered key factors as they enable han-
dling and processing vast amounts of data through intelligent algorithms
to support decision-making and increase operational efficiency (Holsapple,
2008).

As a result of these developments, a human-centered DSS based on meth-
ods of AI was being developed. This innovative system analyzes complex
decision situations and generates rational decision proposals for operational
staff. Special attention is paid to the interaction between humans and systems
to understand the impacts of this DSS on employee work practices.

The main goal of this work is the comprehensive conception of a seri-
ous game. Serious games are chosen as a method for evaluation due to
their ability to engage participants actively, provide immediate feedback, and
offer a safe environment for experiential learning. Their advantages over
traditional evaluation tests include higher engagement levels, personalized
learning experiences, and the simulation of complex scenarios, ultimately
leading to improved retention and long-term learning outcomes. It is serving
as an innovative method to evaluate the applicability of the system. This
serious game aims not only to test the technical functionality of the DSS
but also to simulate its effects on production processes and the interaction
between humans and the system. By creating realistic scenarios of disrup-
tions, manufacturing errors, and tool changes on production machines, the
aim is to enable early error detection during deviations and initiate timely
problem-solving processes.

This work intends not only to understand the practical applicability and
benefits of the DSS in the real production environment but also to uncover
improvement potentials in HSI. The system’s AI models are tested by simu-
lating new types of problems and errors in a serious game. Then, the user
experience and how valuable the system is are carefully studied in a safe test-
ing environment after the serious game. Through the participation of multiple
groups in this comprehensive study – one group with the prototype of the
system, a control group without support, and groups with restricted system
functions – a holistic understanding of the practical applicability and benefits
of the DSS is obtained. These insights form the basis for future developments
and implementations.

The paper follows a structured approach, beginning with an exploration of
conceptual basics surrounding disruption and error management on the shop
floor, highlighting the growing importance of data-driven decision-making
and the role of shop floor management. It then discusses HSI principles and
DSS integration. The subsequent sections detail the structure of the serious
game, its implementation, and expected results, providing a comprehensive
overview of the study’s objectives and methodologies.
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CONCEPTUAL BASICS

Disruption and Error Management on the Shop Floor

In the context of disruption and error management on the shop floor, dis-
ruptions refer to events such as machine breakdowns that can lead to the
shutdown of individual machines or entire production areas (DIN 40041).
Errors, on the other hand, concern the production process or the end product
itself, for example, consistent deviations in the dimensions of manufactured
units (DIN EN ISO 9000:2015).

The importance of data-driven decisions in disruption or error situations
is increasing (Schmitt & Günther, 2020). However, the amount of data and
information that must be considered in decision-making during disruptions
and errors are already hardly comprehensible for employees today, making
system states increasingly complex in disruption and error situations (Schick
et al., 2017; Stocker et al., 2014). This complexity makes it difficult for
employees to cope with situations within the required reaction time without
supportive technologies. This makes it increasingly difficult for employees
to get through such situations within the necessary reaction time without
supporting technologies, which leads to overload in the form of stress and
hinders effective problem solving and thus efficient process control (Holm
et al., 2014).

The rather abrupt occurrence of errors and disruptions should also be seen
in this context, which requires rapid and, above all, time-critical corrective
measures. According to Weyer, this urgency leads to a proper “dramatization
of the disruption” (Weyer 2008). This view is supported by the SME Day
study 2018 by Wolf et al., which indicates that the increasing complexity of
the business environment leads to decisions under stress and time pressure.
Even the mere making of decisions, regardless of their nature, can cause stress
among workers, leading to a decline in performance with increasing stress
levels (Wolf et al., 2018). Furthermore, employees often lack the required
know-how and experience to take responsibility in the production process
(Crespo et al., 2009).

In this context, shop floor management, a leadership philosophy meaning
“leading at the scene of action” (Leyendecker & Pötters 2020), plays a cru-
cial role. At the core of the concept are daily meetings between managers and
workers on the shop floor to analyze performance and problems, especially
disruptions and errors, in the value-added process (Bertagnolli 2018). This
management philosophy emphasizes the human factor and prevents an iso-
lated view of planning and operational implementation of work steps (Suzaki
1994; Hurtz 2013).

Standardized processes enable targeted communication using both the
“top-down” and “bottom-up” approaches, facilitating efficient problem-
solving (Lendzian & Martin-Martin 2016; Dahm & Brückner 2017). The
manager acts as a coach, supporting employees in independent problem-
solving, and the decentralization of decisions to shop floor workers is a
central aspect of shop floor management (Lanza et al., 2018). This con-
cept ensures early identification of problems or disruptions, regular review
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of goal achievement, and a structured approach to problem-solving (Horváth
& Partner 2013; Dombrowski et al., 2018).

Human System Interaction

Tomeet this demanding decision-making process, the harmonious interaction
between humans and technology proves to be a crucial lever. HSI serves as the
interface between humans and computers or humans and systems. Through
this interface, humans and systems communicate and interact with each other
in the form of information exchange (input/output).

A cognitively ergonomic design of such HSI plays a significant role in the
effectiveness and efficiency of the collaboration between humans and sys-
tems (Chao 2009a). HSI must be designed to enable efficient interaction
between a human and the computer or system (Jacko 2007). A particular
challenge is the increasing variety of requirements with a growing number of
users, as HSI must fulfill different subjective requirements of as many users
as possible simultaneously (Chao 2009b). In companies, this means that HSI
should be able to capture their context as much as possible to adapt the pre-
sented information based on the user (e.g., shop floor vs. management level).
Regarding HSI design and efficiency in system operation, HSI should be as
easy to use as possible for the user (input by the user) while being under-
standable (output by the system) at the same time. The goal of HSI is to
achieve good mutual communication and thus to create a common level for
communication between humans and systems (Chao 2009b).

Decision Support System

The prediction of decision outcomes using statistical analyses with com-
pany and production data is a common method. Ghasemaghaei et al. (2018)
and Abubakar et al. (2019) demonstrate how data can be transformed into
information to support decision-makers in the decision-making process. The
acquisition of company data and its processing through tools from the fields
of data mining and machine learning is utilized (Ghasemaghaei et al., 2018).
Further processing involves enriching the data with contextual information,
thereby making them information-rich foundations for decisions. Research
studies, such as those by Rowley et al. (2007), show a positive correlation
between this information processing and decision outcomes.

DSSs play a central role in collecting and processing company and produc-
tion data, such asmachine availability and location data, for users. In contrast
to traditional business intelligence systems, DSS does not only evaluate pro-
cessed information but also conduct scenario analyses for various courses of
action and provide evaluated action suggestions. This contributes to trans-
parency in operational processes by simulating the impact of decisions and
allowing for better estimation. Flexible and dynamic systems already rely on
algorithms from the field of AI.

Bitkom highlights the high potential of AI in decision support in a posi-
tion paper (Bitkom, 2017). The BMWi (Federal Ministry for Economic
Affairs and Energy of Germany) emphasizes in a document on the use of
AI in Industry 4.0 that AI, particularly in decision support and providing
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troubleshooting instructions during disruptions, has great potential (BMWi
2019). It is noted that the processing of large amounts of data and the per-
ception of cognitive tasks in the context of decision-making can increasingly
be supported by algorithms.

Integration of HSI in Disruption and Error Management

Shop floor management holds potential for flexibility, responsiveness, and
resilience by shifting responsibilities to the operational-tactical areas of pro-
duction. This decentralization reduces corporate control loops and enables
faster responses to unforeseen events. The decision-making capabilities of
shop floor employees, currently limited due to centrally bundled leadership
competencies and lack of decision-making experience, can be supported dur-
ing disruptions by the development of AI-based DSSs, thereby improving
decision-making in critical situations (Marques et al., 2017).

In addition to functionality, the user-friendliness of the human-AI inter-
face plays a crucial role in the overall acceptance of the system and efficient
communication between humans and the system (Shneiderman and Plaisant,
2004).

Shop floor management, through the active involvement of employees
in problem identification and solution, provides the ideal framework for
integrating a DSS in disruption and error management.

SERIOUS GAME FOR VALIDATION AND OPTIMIZATION OF THE DSS

The aim of this paper is to develop a concept for determining the impact of
the human-centered DSS in the context of disruption and error management
on the shop floor. This concept includes the development of a serious game in
the Modellfabrik of the Koblenz University of Applied Sciences. The Modell-
fabrik is a business laboratory in the Department of Business Administration.
Using serious game, business processes can be simulated based on a model
truck production from toy building kits. According to Blötz (2015), a serious
game is considered a scientifically recognized method and can thus be applied
as an instrument to measure the influence of shop floor management on a
problem-solving process. Another point that is tested with the help of the seri-
ous game is the interaction between man and machine in order to understand
the effects of the system on the work processes of the store floor employees.
In addition to the subjective impressions of the participants, objective metrics
such as lead time and output are also captured to validate the influence of
the DSS.

Prior to this, potential use cases of the DSS in the area of disruption and
error management on the shop floor were identified through workshops and
interviews with shop floor employees and managers in small and medium-
sized industrial companies. Two use cases emerged from this, based on which
the serious game was developed. One is the prediction of tool changes, and
the other is the identification of errors or the recognition of specification
deviations on the production machines. The system is expected to make
suggestions, for example, on when a tool change would be sensible before
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defective parts are produced and the production process needs to be inter-
rupted. Furthermore, there was a desire expressed for a central overview
of the production processes for shop floor managers so that production
processes can be more effectively controlled.

Structure

The serious game represents a value chain of a fictitious company in flow
production for the manufacturing of the miniature truck depicted in Figure 1.

Figure 1: Product “Truck”.

Production takes place on a production line. Figure 2 illustrates the struc-
ture of the flow production with the individual production stations of the
serious game.

Figure 2: Structure.

The components of the truck are picked up in the central warehouse and
then transported to the storage locations of the production stations. Material
supply to the assembly stations is thus ensured via the storage areas.

Assembly takes place at production stations one to seven, with the material
flow directed from left to right, andworking according to the first-in-first-out
principle.

Key performance indicators are recorded by inputting data into the system,
which is available to employees at each production station. The following
metrics are captured to evaluate the production process:

• Lead time: Measures the total production duration from step 1 to step 7.
• Productivity: Each delivered truck enhances overall productivity.
• Wait times: Time employees spend waiting due to delays, inquiries, or

bottlenecks.
• Queries: Tracks production station inquiries or clarification needs.
• Error rate: Percentage of defective products in total production.



Conceptualization of a Serious Game for Validation and Optimization 7

In addition to these key figures, the subjective perceptions were recorded
through surveys and feedback from the participants. This is done through
questionnaires that the participants fill out at the end of the simulation to
share their impressions, feelings, assessments and observations about the
serious game and the use of the DSS.

Implementation

To assess the impact of the DSS, four treatment groups are required in the sim-
ulation game. Each treatment group requires the participation of eight people.
These subjects are distributed across the various stations of the simulation
game, with one person working at each production station, and the eighth
person acting as the employee responsible for the entire shop floor. The sub-
jects at the individual workstations simulate the machines in the simulation
game and strictly adhere to the specified instructions.

In case of queries, material shortages, or errors, the subjects are not autho-
rized to find independent solutions; instead, they must seek help from the
shop floor manager. The task of the shop floor manager is to oversee the
entire production process and ensure that everything runs as smoothly as
possible at the various workstations.

The serious game focuses on the production of the truck, which consists
of 22 individual components connected by sliding or pressure connections as
well as adhesives.

The serious game begins at workstation one, which is dedicated to the
production of the truck. At workstations one to four, the individual parts of
the truck are cleverly connected to each other, so that the basic structure of
the truck is completed after the fourth production step (see Figure 3).

Figure 3: Basic structure of the truck.

In the fifth production step, the loading area, consisting of a building
board, is precisely cut using a template, a pencil, and a carpet knife. Addi-
tionally, a hole is drilled into the board using a toothpick. In the subsequent
production step six, the resulting loading area is placed on the truck and
connected with the plug. In the final production step, a stamp with the logo
is pressed onto a sheet of paper, and the paper is attached to the loading
area using adhesive tape. The participant at the last production step then
transports the finished truck to the finished goods warehouse.

Each participant at the production stations is equipped with a laptop
containing the developed software to enable the capture of key metrics. In
addition to capturing and displaying key metrics, the technical equipment
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also serves as hardware for the DSS. To ensure the execution of the simu-
lation game with four different treatment groups and to obtain meaningful
results, one group is provided with access to the complete DSS. Two other
groups receive the DSS with varying degrees of restricted functionality, while
the fourth group receives no technical support whatsoever. Shop floor super-
visors in the three groups with the DSS are each provided with a tablet to
enable them to monitor key metrics and have a comprehensive overview of
the production.

The treatment groups with DSSs can inform the shop floor supervisor
specifically when assistance is needed during disruptions and errors by enter-
ing information into the system. The system accordingly indicates when, for
example, the carpet knife needs to be replaced or the stamp needs new ink.
Likewise, the shop floor supervisor receives information on their tablet when
a production station is about to run out of stock, allowing them to replen-
ish the inventory of the storage locations in a timely manner. Thus, the shop
floor supervisor gains an overview and suggestions on how to intervene in
the production process before it stalls.

The serious game lasts for 30 minutes. The goal of the participants is to
produce as many trucks as possible as quickly and error-free as possible.

EXPECTED RESULTS

One of the overarching goals of the system is decision support regarding shop
floor disturbance and errormanagement. For this reason, the production pro-
cess of the serious game was designed to encounter disruptions and errors
fairly quickly, requiring the shop floor supervisor to react. Tools such as the
carpet knife and stamp were chosen to need replacement after a certain num-
ber of uses. Since the participants at each production station are simulating
machines, they rely on instructions to solve the problem. Furthermore, the
material at the production storage locations is not sufficient for the 30-minute
duration of the serious game. Therefore, the individual storage locations rely
on new components being brought from the warehouse.

Significant deviations are expected in the results of the serious games
between the treatment groups. It can be assumed that in the groups with the
system, key metrics will be better, and subjective perceptions such as stress
and overload will be lower compared to those without the system. However,
it remains unclear how the individual functions of the system affect the pro-
cess performance and the burden on the shop floor supervisors. Therefore,
the two additional treatment groups, each receiving differently restricted sys-
tem functionalities, will also be tested. This allows for a detailed analysis of
the effectiveness of each function of the DSS. Through the serious game and
subsequent feedback, not only the functionality of the system can be exam-
ined, but also how user-friendly it is designed. Attention will be paid to how
well the shop floor supervisors understand and operate the user interface of
the system. Additionally, an examination will be conducted on how the sys-
tem presents action suggestions and how well the users understand, interpret,
and implement them.
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SUMMARY AND OUTLOOK

This paper focused on the conception of a serious game for the validation
and optimization of a DSS in shop floor disturbance and error management.
The increasing integration of digital technologies and the rising demands for
flexibility, responsiveness, and resilience in modern production environments
have highlighted the need for a redefinition of approaches to disturbance and
error management.

A human-centered DSS was developed to analyze complex decision situ-
ations and generate rational decision proposals for operational staff. Spe-
cial attention was paid to the interaction between humans and systems to
understand the impact of this system on the employees’ work processes.

The main goal of the study was to design a serious game serving as an
innovative method for evaluating the applicability of the system. The serious
game was developed not only to test the technical functionality of the system
but also to simulate its effects on production processes and the interaction
between humans and the system.

The serious game, conducted in the Modellfabrik of the University of
Koblenz, simulates realistic scenarios of disturbances, errors in production,
and tool changes at production machines. By involving various treatment
groups, the effects of the DSS on process performance and the burden on
shop floor supervisors were analyzed.

The results of the serious games are expected to show significant differ-
ences between the groups with and without the DSS. It is anticipated that the
metrics in the groups with the system will be better, and the subjective per-
ception of stress and overload will be lower than in those without the system.
The detailed analysis of the individual system functions will provide a com-
prehensive understanding of the practical applicability and benefits of the
DSS and lay the foundation for future developments and implementations.
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