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Disruptions in in-plant production systems, such as variant-rich series production, 
can lead to serious production downtimes. The longer the production stoppage 
lasts, the greater the damage to companies and supply chains. The capabilities to 
ensure emergency operation until full performance is restored after disruptions as 
well as the fast restart of production systems represent a crucial competitive factor 
for companies and also increase production agility. Therefore, it is of central im-
portance to reduce the time between the occurrence of a disruption and the return 
to the initial level in order to minimize downtime costs.  

In the context of this paper the state of research on disturbance management and 
assistance systems for disturbance management ist stated and a research approach 
for investigating the potentials of assistance systems will be presented. 

1. Initial situation

The term resilience is used to describe capabilities and skills that enable a return to 
the original state after a disruption. Resilience is quantified as the time between the 
occurrence of the disruption and the return to the initial level, based on the system 
performance, as in (Zobel/Khansa 2014). In this context, resilience can refer to 
the system, the human or the organization, which must be considered as factors 
of the entire production system (Bläsing/Bornewasser 2021). Due to an increasing 
individualization, flexibilization and complexity of production, there are always 
new demands on the employees (Wolf et al. 2018, Gronau et al. 2017), such as the 
elimination of new, diverse disturbances. In order to resolve the disruptions 
quickly, humans can be supported, for example, by additional information, data, 
or instructions in the form of handling instructions for decision-making and dis-
ruption resolution. This contributes to a reduction in disruption times, which in-
creases the resilience of the entire production system. 
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Figure 1: Causes for Disturbances (Gronau et al. 2019) 

The action patterns for fault elimination can be presented to the human with as-
sistance systems to support a quick elimination of the fault. In addition to short-
term support, process-oriented, problem-based knowledge transfer with assistance 
systems should be used in the medium and long term to promote the development 
of employees' technical skills and enable work-integrated learning (Burggräf et al. 
2021, Dostert/Müller 2021). To date, the possibilities for further training through 
assistance systems have hardly been investigated and used (Burggräf et al. 2021). 
The described potential can only be exploited if the selection and design of the 
assistance system are target-oriented in relation to the target group (Mark et al. 
2020, Traub et al. 2018], area of application (Mark et al. 2021) and disruption. In 
order to develop expertise, understood as the transfer and application of action 
patterns to various disturbances, a classification and evaluation of disturbances 
must first be made possible depending on individual company characteristics. The 
identified disturbances must then be assigned to the appropriate action patterns. 

2. State of research
2.1. Disruption Management

In production, disruptions are understood as unexpected temporary events whose 
occurrence and frequency cannot be predicted (Galaske/Anderl 2016, 
Stricker/Lanza 2014) and which prevent further work. An extended concept of 
disturbances sums up everything that prevents the factory from working optimally 
(Hingst et al. 2023). Disturbance variables can be subdivided into categories such 
as human, machine, material, management, measurability, environment, and 
method, among others (Meyer et al. 2013). Efficient disruption management is an 
important foundation for successful business operations (Burggräf et al. 2017).  



The elimination of disturbances can be divided into preventive and reactive 
measures (Stich et al. 2017). A distinction is made between combating the causes 
and containing the effects (Schröder et al. 2016). 

An operational task of reactive fault management is the elimination of the above-
mentioned faults (Spath/Braun 2021). The process of disruption management in-
cludes four steps: Detecting the disturbance or disturbance effect, finding the dis-
turbance cause, developing an appropriate response, and eliminating the disturb-
ance cause (Bauer et al. 2014, Galaske/Anderl 2016). The time from the occur-
rence of the disturbance to the end of the disturbance effect can be divided into a 
latent and a manifest phase (Stricker/Lanza 2014). In the latent phase, the disturb-
ance already occurs, but its elimination does not begin until the manifest phase 
starts.  

In order to perform the fault elimination more efficiently and economically, man-
ufacturing execution systems (Hingst et al. 2023) are used and approaches of man-
ufacturing analytics are tested to be able to detect faults from the multitude of data 
provided by sensors (Denkena et al. 2020, Jordan et al. 2015). Finally, expert sys-
tems were built to increase efficiency and troubleshoot faults (Iwanek et al. 2015). 
The knowledge management approach has been adopted to increase the resilience 
of production through knowledge transfer (Hingst et al. 2021). Institutional learn-
ing is also rarely incorporated in the field of disruption management (Pantazopou-
los 2013). 

In principle, holistic disruption management also includes avoiding disruptions 
through appropriate preventive measures (Foon/Terziovksi 2014; Fraser et al. 
2015). This contribution concentrates only on the so-called Breakdown Corrective 
Maintenance.  

Simulation as a method for mapping production processes and for investigating 
effects that cannot be investigated to the same extent in reality is widely used in 
engineering (Riley 2013; Trigueiro de Sousa Junior et al. 2019]. In the environment 
of disruption management, among others, (Galaske/Anderl 2016) use simulation 
to test resilience strategies, (Trigueiro de Sousa Junior et al. 2019) to increase trans-
parency in case of disruptions in global production networks (Burggräf et al. 2018) 
or to determine the advantageousness of preventive measures to avert disruptions. 
Simulation is also widely used to study supply chain disruptions (Ivanov/Sokolov 
2013). 

Enterprise resilience can be considered statically as a result of preparedness and 
preventive actions, or dynamically when disruptions can be handled appropriately 
and the previous state can be quickly restored (Annarelli/Nonino 2016). However, 
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reactive measures must not be neglected to achieve the highest possible resilience, 
since disruptions cannot be avoided entirely. While the robustness of a production 
system is described by its ability to react to changes (Hingts et al. 2021), resilience 
additionally considers dynamic components in dealing with disturbances 
(Stricker/Lanza 2014). Accordingly, resilience is defined, among other things, by 
how quickly a production system can restore its original state as a result of a dis-
ruption (Tierney/Bruneau 2007). The role of the employee is a central component 
in this context, since the employee is directly involved in the elimination of the 
disturbance. Due to a large number of possible forms of disturbances 
(Stricker/Lanza 2014), the individual consideration of possible disturbances or dis-
turbance patterns is particularly relevant. 
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Figure 2: Challenges coping with disturbances (Gronau et al. 2019) 

The authors conducted a questionnaire survey on the current state of disruption 
management as well as the identification of challenges in dealing with production 
disruptions (Gronau et al. 2019). The results of the survey illustrate the relevance 
of disruption management, but also show that disruption management is still at an 
early stage in many companies despite many years of studying this topic. The rea-
sons for this include problems in dealing with empirical knowledge and a lack of 
information and transparency. The study also revealed that, in addition to obvious 
technical causes of disruptions, organizational and human causes also frequently 
lead to disruptions in production systems. In this regard, employee carelessness 
can be cited as one of the most common causes (Gronau et al. 2019). 



2.2. Demand-oriented competence development through assistance systems in 
production or disruption management 

Assistance systems are used in a variety of ways. In the literature, assistance sys-
tems are divided into sensory (e.g., haptic glove, arm support, smart watch), phys-
ical (e.g., robots, AR and VR applications), and cognitive (e.g., computer assisted 
instruction, voice control, AI-based intelligent personal assistant) assistance sys-
tems (Mark 2021). In the proposed research project, the use and design of assis-
tance systems in the context of production and industry will be investigated. There, 
work environments are characterized by increasing complexity, flexibilization and 
individualization (Kagermann 2014), which is why assistance systems are used to 
support humans (Bläsing/Bornewasser 2021). By providing additional information 
(e.g., instructions) and data, assistance systems can support decision-making and 
troubleshooting and, provided they are designed correctly and used appropriately, 
minimize the cognitive workload (Bläsing/Bornewasser 2021).  

In automated production environments, such as variant-rich series production, hu-
mans increasingly take on complex tasks that, in combination with performance 
monitoring, can lead to increased stress among employees (Kaasinen et al. 2020). 
In particular, when a malfunction occurs, he or she has to overview complex situ-
ations and diverse data in a short time, make decisions, and carry out the trouble-
shooting. For this purpose, data from various sources must be integrated and in-
terpreted. Assistance systems support humans, for example, by bundling infor-
mation from various data sources and enabling decision and action recommenda-
tions. For example, data glasses can be used to provide employees with additional 
information while leaving both hands free to perform tasks (Danielsson 2020). In 
this way, employees, as active agents in the troubleshooting process, are supported, 
which helps to resolve the malfunction faster and thus increases the resilience of 
the production system.  

Various types of assistance systems and (potential) technical implementations are 
described in the literature, but only some of them are used in industry. It is clear, 
however, that there is a lack of scientific foundation for target group and context-
specific selection and design of assistance systems as well as experimental valida-
tion of their effectiveness (Mark et al. 2021). (Burggräf et al. 2018) also describes 
the potential and necessity of an individual and adaptive design of assistance sys-
tems, which is adapted to the target group, field of activity and company specifics. 
Particularly in the event of a malfunction, which causes great time pressure, assis-
tance systems can only have a supporting effect if they are adequately selected and 
designed and recommend suitable instructions for action for the malfunction in 
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question. This is the starting point of the present application. First, a systematiza-
tion of disturbances and the derivation of action patterns for the specific selection 
of assistance systems will be developed and then the effectiveness will be investi-
gated experimentally.  

In addition to short-term effects in the use of assistance systems on rapid fault 
elimination and increasing the resilience of production systems, medium- and 
long-term effects on the competence development of employees are pursued in 
this application. The assistance system-supported troubleshooting promotes the 
technical competence of the employees, so that a transfer of specific action pat-
terns to further disturbances is made possible. The universal application of learned 
action patterns reduces the time required for troubleshooting and thus increases 
the resilience of the entire production system.  

The visual, auditory, or haptic provision of information, data, and action instruc-
tions is directly linked to the motor execution of the troubleshooting process in 
the event of a malfunction and is confirmed by feedback as a success or failure in 
troubleshooting. A transfer to other malfunction classes enables the embedding of 
the conveyed information and action instructions by the assistance system in the 
overall context. The addressed development of expertise is necessary to counteract 
the effect of the "Ironies of Automation". The effect was already described in 1983 
and has been unsuccessfully attempted to address since then, which is why it is still 
highly topical. The effect describes the fact that in the context of industrial pro-
duction environments, humans increasingly find themselves in the role of super-
visors. Thus, he takes over fewer operational activities, but must, for example, 
carry out the rectification in the event of a malfunction. On the one hand, increas-
ing automation causes a loss of situational awareness and skills of humans, since 
they act less actively (Strauch 2018; Bainbridge 1983). At the same time, however, 
the high complexity of fault recovery requires detailed knowledge and knowledge 
of the context and overall process in order to resolve the specific fault case (Bain-
bridge 1983). Current training structures such as off-the-job training, training 
courses, e-learning or one-time on-the-job briefings are not sufficient to impart 
this specific and problem-based technical and contextual knowledge so that 
knowledge and action patterns can be adapted and applied to different situations. 
This prevents a sustainable transfer of what has been learned to the workplace 
(Rangratz/Pareto 2021). The assistance systems present the employee with prob-
lem-based information and data in the event of a malfunction. By embedding the 
information in a context-specific manner and linking it to action patterns, process-
oriented learning of technical competence is to be promoted Cooper et al. 2010). 
Competencies are skills and knowledge to cope with a specific problem in a prac-
tical way. Competencies are divided into different facets (Oberländer et al. 2020), 
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whereas in this contribution the technical competence is addressed. By means of 
an assistance system-supported troubleshooting, the development of technical 
competencies has to be promoted and thus the transfer problem of formal, exter-
nal further training has to be addressed. 

3. Derivation of the research gap
Based on the described state of research in incident management, the essential goal 
of research in this area has to be to investigate the current situation of incident 
management in companies, to identify suitable characteristics and action patterns 
and to transfer them to incident management. The achievable benefit is investi-
gated using a simulation and in practice through the situation-optimized selection 
of assistance systems. Following this research path it is possible to extend the the-
ory of management science on reactive fault elimination by innovative aspects us-
ing the example of variant-rich series production. For this purpose, it fits into a 
simulation-based research framework that is spanned by approaches such as (Ma-
son et al. 2005) (mapping human performance) and (Barad 2001) (improvement 
models for manufacturing strategies).  

So far, no approach exists which links disturbance classes, action patterns and as-
sistance systems. Therefore, no artifact exists that helps companies identify these 
connections and use them to increase resilience. In addition, companies face the 
problem of continuously training employees in a practical manner so that a transfer 
of what they have learned to work problems is ensured. Therefore the following 
research questions arise: 

F1): How can specific action patterns be derived and generalized for application 
in production for the employee in relation to the disturbance classes of a produc-
tion? 

F2): How can assistance systems be assigned to the different action patterns ac-
cording to need for optimal elimination of the disruption and increase of the resil-
ience of the production system? 

F3): What are the effects of assistance system-supported fault elimination on em-
ployees' long-term competence development? 
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4. Research proposal
To answer the research questions, an improved design of assistance systems in 
different production scenarios is necessary. It has to be be enabled on a technical-
conceptual level based on a generic fault classification framework. An experi-
mental study may provide insights into the effectiveness of competence develop-
ment measures for specific disruption patterns. 

4.1. Objectives 

Essentially, the following four objectives have to be fulfilled in order to reduce 
fault rectification times, to sustainably qualify the worker to rectify the fault and to 
minimize the consequences of the disturbance for the company: 

! Identification of malfunction classes for the development of a classification
framework, which enables a malfunction classification in the production

! Determination of a solution-oriented classification of the specific action
patterns, which are suitable for the disruption management, in a classifica-
tion framework

! Derivation of a procedure for fault elimination with the help of a demand-
oriented selection of the considered assistance systems to increase the resil-
ience of the production system

! Based on the findings, expand existing innovative approaches to incident
management and formulate implications for incident management to accel-
erate the selection and deployment of assistance systems, thereby enhancing
the expertise of employees, enabling the transfer of learned patterns of ac-
tion across different incidents

4.2. Procedure 

On the one hand, the knowledge gained from the disturbance classification frame-
work should enable further development or redesign of the integration of assis-
tance systems for disturbance elimination, and on the other hand, it should also 
produce new procedures or methods for disturbance elimination. A key objective 
must be to investigate the effectiveness of the assistance system-supported trou-
bleshooting on the development of the professional competence of the employees 
and thus to achieve an increase in the resilience of the production system.  

Accordingly, the proposed research design is a combination of desk research (lit-
erature review, conceptual work), case studies, simulation, and expert interviews 
and uses both qualitative and quantitative research methods.  
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Based on the knowledge gained from the literature on disruption management, 
exploratory case studies will be conducted to provide insight into the practical de-
sign of disruption management and thus empirically gained input. 
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Figure 3: Proposed research design 

It makes sense to develop a generally valid approach for the classification of dis-
turbances and for simplified assistance system selection. Through an experimental 
study, the effectiveness of assistance system-supported disturbance elimination on 
the resilience of the production system and on the development of the expertise 
of the employees can be tested through a targeted selection and use of different 
assistance systems in order to derive a recommended course of action that is valid 
for individual company situations. This holistic method can then later be validated 
in industrial practice using various case studies. 



 

4.3. Expected Results 

As a result of the research project, a basis for linking disturbances, forms of pro-
duction, measures for disturbance elimination and assistance systems for the anal-
ysis and elimination of disturbances by employees is to be developed.  

Identified disturbance clusters and their interaction on the production system will 
be supplemented by possibilities of a transfer of specific action patterns between 
disturbance clusters. This will enable an assessment of effectiveness and transfer 
possibilities in the context of disruption management. 

A further result of the research should be a generally valid model which, in addition 
to the formation of individual clusters, enables the selection and formation of suit-
able action patterns. This includes an account of the effectiveness of the possible 
action patterns for individually occurring disturbances. 

If a broad data base exists on disturbance resolution supported by an assistance 
system, this can be used to validate the disturbance classification scheme. 

Overall, resilient fault elimination is achieved with the help of a learning-friendly 
design of the assistance systems. 

5. Outlook and further work
The paper has shown that there is a research opportunity for the use of assistance 
systems in disturbance management. Further research, together with industrial 
partners has yet to show how these assistance systems could be constructed and 
implemented and how much influence they have on aspects like earlier recognition 
of disturbances, earlier definition of the necessary measures and less costly dis-
turbance management over all. 

162 Norbert Gronau, Marcel Panzer, Jana Gonnermann-Müller



References 

Alsyouf, I. (2007). The role of maintenance in improving companies’ productivity and profitability. 
International Journal of Production Economics, 105(1), 70–78. 
https://doi.org/10.1016/j.ijpe.2004.06.057.

Annarelli, A., & Nonino, F. (2016). Strategic and operational management of organizational resilience: 
Current state of research and future directions. Omega, 62, 1–18. 
https://doi.org/10.1016/j.omega.2015.08.004 

Barad, M. (2001). Linking improvement models to manufacturing strategies. International Journal of 
Production Research, 39, 2675–2695. 

Bainbridge, L. (1983). Ironies of automation. Automatica, 19(6), 775–779. 
https://doi.org/10.1016/0005-1098(83)90046-8. 

Bläsing, D., & Bornewasser, M. (2021). Influence of Increasing Task Complexity and Use of Informa-
tional Assistance Systems on Mental Workload. Brain Science, 11(102). 
https://doi.org/10.3390/brainsci11010102 

Burggräf, P., Dannapfel, M., Adlon, T., & Föhlisch, N. (2021). Adaptive assembly systems for enabling 
agile assembly – Empirical analysis focusing on cognitive worker assistance. Procedia CIRP, 
319–324. https://doi.org/10.1016/j.procir.2020.05.244. 

Bhamra, R., Dani, S., & Burnard, K. (2011). Resilience: The concept, a literature review and future 
directions. International Journal of Production Research, 49(18), 5375–5393. 
https://doi.org/10.1080/00207543.2011.563826. 

Bauer, W., Ganschar, O., Pokorni, B., & Schlund, S. (2014). Concept of a Failures Management Assis-
tance System for the Reaction on Unforeseeable Events during the Ramp-up. Procedia CIRP, 25, 
420–425. https://doi.org/10.1016/j.procir.2014.10.058. 

Burggräf, P., Wagner, J., Lück, K., & Adlon, T. (2017). Cost-benefit analysis for disruption prevention 
in low-volume assembly. Production Engineering, 11(3), 331–342. 
https://doi.org/10.1007/s11740-017-0735-6 

Burggräf, P., Wagner, J., Dannapfel, M., & Vierschilling, S. P. (2018). Simulating the benefit of disrup-
tion prevention in assembly. Journal of Modelling in Management, 14, 214–231. 
https://doi.org/10.1108/JM2-02-2018-0016. 

Cooper, L., Orrell, J., & Bowden, M. (2010). Work Integrated Learning: A Guide to Effective Practice. 
In Australian Social Work—AUST SOC WORK (Bd. 65). 
https://doi.org/10.4324/9780203854501. 

Spath, D., & Braun, M. (2021). Human Factors and Ergonomics in Digital Manufacturing. Handbook 
of Human Factors and Ergonomics, 1438-1459. 

Denkena, B., Dittrich, M. A., Stobrawa, S., & Stjepandić, J. (2020). Efficient generation of a digital twin 
using object detection for data acquisition and XML-interface for model creation. Procedia CIRP, 
93, 274-279. 

163

DOI: https://doi.org/10.30844/wgab_2023_9

Increasing Resilience in Factories: 
The Example of Disturbance Management – A Research Approach



 

Danielsson, O., Holm, M., & Syberfeldt, A. (2020). Augmented reality smart glasses for operators in 
production: Survey of relevant categories for supporting operators. Procedia CIRP, 93, 1298–1303. 
https://doi.org/10.1016/j.procir.2020.04.099. 

Dostert, J., & Müller, R. (2021). Motivational assistance system design for industrial production: From 
motivation theories to design strategies. Cognition, Technology & Work, 23, 507–535. 
https://doi.org/doi.org/10.1007/s10111-020-00643-y. 

Fraser, K., Hvolby, H.-H., & Tseng, B. (2015). Maintenance management models: A study of the pub-
lished literature to identify empirical evidence A greater practical focus is need. International Journal 
of Quality and Reliability Management, 32, 635–664. 

Foon, S., & Terziovski, M. (2014). The impact of operations and maintenance practices on power plant 
performance. Journal of Manufacturing Technology Management, 25, 1148–1173. 
https://doi.org/10.1108/JMTM-12-2012-0122. 

Galaske, N., & Anderl, R. (2016). Disruption Management for Resilient Processes in Cyber-Physical 
Production Systems. Procedia CIRP, 50. https://doi.org/10.1016/j.procir.2016.04.144. 

Gronau, N., Kern, E.-M. & Jonitz, H. (2019). Herausforderungen im Umgang mit Produktionsstörun-
gen. Industrie 4.0 Management, 2019 (6), 33–36. https://doi.org/10.30844/I40M_19-6_S29-32 

Gronau, N., Ullrich, A., & Teichmann, M. (2017). Development of the industrial IoT competences in 
the areas of organization, process, and interaction based on the learning factory concept. Procedia 
Manufacturing, 9, 254-261. 

Hingst, L., Dér, A., Herrmann, C., & Nyhuis, P. (2023). Towards a Holistic Life Cycle Costing and 
Assessment of Factories: Qualitative Modeling of Interdependencies in Factory Systems. Sustaina-
bility, 15(5), 4478. 

Hingst, L., Park, Y.-B., & Nyhuis, P. (2021). Life Cycle Oriented Planning Of Changeability In Factory 
Planning Under Uncertainty. https://doi.org/10.15488/11276. 

Iwanek, P., Reinhart, F., Dumitrescu, R., & Brandis, R. (2015). Expertensystem zur Steigerung der 
Effizienz im Bereich der Produktion. Productivity, 4, 57–59. 

Ivanov, D., & Sokolov, B. (2013). Control and system-theoretic identification of the supply chain dy-
namics domain for planning, analysis and adaptation of performance under uncertainty. European 
Journal of Operational Research, 224(2), 313–323. https://doi.org/10.1016/j.ejor.2012.08.021. 

Jordan, F., Reschke, J., & Oflazgil, K. (2015). Proaktives Reaktionsmanagement mit Big Data. ERP 
Management, 45–47. 

Kagermann, H. (2014). Change through digitization—Value creation in the age of Industry 4.0. In 
Management of permanent change (pp. 23-45). Wiesbaden: Springer Fachmedien Wiesbaden. 

Kaasinen, E., Schmalfuß, F., Özturk, C., Aromaa, S., Boubekeur, M., Heilala, J., Heikkilä, P., Kuula, T., 
Liinasuo, M., Mach, S., Mehta, R., Petäjä, E., & Walter, T. (2020). Empowering and engaging in-
dustrial workers with Operator 4.0 solutions. Computers & Industrial Engineering, 139, 105678. 
https://doi.org/10.1016/j.cie.2019.01.052. 

Mark, B. G., Gualtieri, L., De Marchi, M., Rauch, E., & Matt, D. T. (2020). Function-based Mapping 
of Industrial assistance systems to user groups in production. 278–283. 
https://doi.org/10.1016/j.procir.2020.01.087. 

164 Norbert Gronau, Marcel Panzer, Jana Gonnermann-Müller



Meyer, G., Klewer, M., & Nyhuis, P. (2013). Integrating competences into work planning–the influence 
of competence-based parameters on strategic business objectives. International Journal of Indus-
trial and Systems Engineering, 7(11), 2220-2225. 

Mark, B. G., Rauch, E., & Matt, D. T. (2021). Worker assistance systems in manufacturing: A review 
of the state of the art and future directions. Journal of Manufacturing Systems, 59, 228–250. 
https://doi.org/10.1016/j.jmsy.2021.02.017. 

Mason, S., Baines, T. , Kay, J.M. Ladbrook, J.: Improving the design process for factories: Modeling 
human performance variation. Journal of Manufacturing Systems, Volume 24, Issue 1, 2005, Pages 
47-54, https://doi.org/10.1016/S0278-6125(05)80006-8

Oberländer, M., Beinicke, A., & Bipp, T. (2020). Digital competencies: A review of the literature and 
applications in the workplace. Computers & Education, 146, 103752. 

Pantazopoulos, G. A. (2013). Failure Analysis, Quality Assurance, and Business Excellence. Journal of 
Failure Analysis and Prevention, 13(2), 119–120. https://doi.org/10.1007/s11668-012-9628-3. 

Riley, L. (2013). Discrete-event simulation optimization: A review of past approaches and propositions 
for future direction. In Simulation Series (Bd. 45). 

Rangraz, M., & Pareto, L. (2021). Workplace work-integrated learning: Supporting industry 4.0 trans-
formation for small manufacturing plants by reskilling staff. International Journal of Lifelong Ed-
ucation, 40(1), 5–22. https://doi.org/10.1080/02601370.2020.1867249. 

Schröder, M., Falk, B., & Schmitt, R. (2016). Failure Classification and Analysis for Technical Products. 
Procedia CIRP, 51, 116–121. https://doi.org/10.1016/j.procir.2016.06.103. 

Stricker, N., & Lanza, G. (2014). The Concept of Robustness in Production Systems and its Correlation 
to Disturbances. Procedia CIRP, 19, 87–92. https://doi.org/10.1016/j.procir.2014.04.078. 

Stich, V., Schröter, M., Jordan, F., Wenger, L., & Blum, M. (2017). Assessment of Counter-Measures 
for Disturbance Management in Manufacturing Environments. In H. Lödding, R. Riedel, K.-D. 
Thoben, G. von Cieminski, & D. Kiritsis (Hrsg.), Advances in Production Management Systems. 
The Path to Intelligent, Collaborative and Sustainable Manufacturing (Bd. 513, S. 449–456). 
Springer International Publishing. https://doi.org/10.1007/978-3-319-66923-6_53. 

Strauch, B. (2018). Ironies of Automation: Still Unresolved After All These Years. IEEE Transactions 
on Human-Machine Systems, 48 (5), 419-433. https://10.1109/THMS.2017.2732506. 

Tierney, K., & Bruneau, M. (2007). Conceptualizing and Measuring Resilience: A Key to Disaster Loss 
Reduction. TR news, 250, 14–17. 

Traub, T., Gregório, M. G., & Groche, P. (2018). A framework illustrating decision-making in operator 
assistance systems and its application to a roll forming process. The International Journal of Ad-
vanced Manufacturing Technology, 97(9), 3701–3710. https://doi.org/10.1007/s00170-018-2229-
x. 

Trigueiro de Sousa Junior, W., Montevechi, J. A. B., Miranda, R. de C., & Campos, A. T. (2019). Dis-
crete simulation-based optimization methods for industrial engineering problems: A systematic lit-
erature review. Computers & Industrial Engineering, 128, 526–540. 
https://doi.org/10.1016/j.cie.2018.12.073. 

165

DOI: https://doi.org/10.30844/wgab_2023_9

Increasing Resilience in Factories: 
The Example of Disturbance Management – A Research Approach



 

Wolf, M., Kleindienst, M., Ramsauer, C., Zierler, C., & Winter, E. (2018). Current and future industrial 
challenges: demographic change and measures for elderly workers in industry 4.0. Annals of the 
Faculty of Engineering Hunedoara, 16(1), 67-76. 

Zobel, C. W., & Khansa, L. (2014). Characterizing multi-event disaster resilience. Computers & Ope-
rations Research, 42, 83–94. https://doi.org/10.1016/j.cor.2011.09.024. 

166 Norbert Gronau, Marcel Panzer, Jana Gonnermann-Müller




