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Abstract

Purpose — Manufacturing companies struggle to manage production disturbances. One step of such
management deals with prioritising those disturbances which should undergo root cause analysis. The
focus of this work is on two areas. First, investigating current challenges faced by manufacturing
companies when prioritising root cause analysis of production disturbances. Second, identifying the
stakeholders and factors impacted by production disturbances. Understanding the current challenges and
identifying impacted stakeholders and factors allows the development of more efficient prioritisation
strategies and, thus, contributes to the reduction of frequency and impact of disturbances.
Design/methodology/approach — To achieve the intended purpose of this research, a qualitative
approach was chosen. A series of interviews was conducted with practitioners, to identify current
challenges. A series of focus groups was also held, to identify the impacted stakeholders and factors by
disturbances.

Findings — Various challenges were identified. These are faced by manufacturing companies in their
prioritisation of production disturbances and relate to the time needed, criteria used, centralisation of the
process, perspective considered and data support. It was also found that a wide range of stakeholders is
impacted by production disturbances, surpassing the limits of production and maintenance departments.
Furthermore, the most critical factors impacted are quality, work environment, safety, time, company
results, customer satisfaction, productivity, deliverability, resource utilisation, profit, process flow,
plannability, machine health and reputation.

Originality/value — The current situation regarding root cause analysis prioritisation has not been identified
in previous works. Moreover, there has been no prior systematic identification of the various stakeholders and
factors impacted by production disturbances.
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1. Introduction

Digitalisation is changing how companies manage their production systems. However,
reducing the occurrence of production disturbances remains one of the main goals of a
production manager. Manufacturing companies lose almost half their production capacity to
disturbances (Ylipda et al, 2017). Therefore, companies may improve their business
performance by reducing the frequency and duration of disturbances (Alsyouf, 2007,
Ingemansson, 2004). For manufacturing companies to sustain and increase their
competitiveness the efficient and effective management of production disturbances is
required.

The management of production disturbances involves various stages, including detection,
correction/mitigation, root cause analysis (RCA), prediction and risk evaluation. At all stages,
a prioritisation strategy is often necessary due to the high number and great diversity of
disturbances the system may encounter. Different prioritisation approaches may be used at
each stage. As an example, failure modes and effects analysis (FMEA) is commonly applied to
risk evaluation (Puente ef al,, 2002). Additionally, ABC analysis is prevalent when prioritising
the correction of maintenance-related disturbances (Chong et al, 2019). On the stage of RCA,
companies tend to use Pareto analysis to determine which disturbances should be
investigated (Knights, 2001; Murugaiah et al, 2010). However, there are some drawbacks to
the process, such as the prioritisation criteria used. Investigating how disturbances may be
better prioritised at RCA stage is the focus of this study.

RCA is a structured investigation which aims to find the most basic reasons for a
disturbance, the root causes (Mahto and Kumar, 2008). It also identifies the necessary
countermeasures for eradicating root causes (Andersen and Fagerhaug, 2002). The
recurrence of disturbances may only be avoided once the root causes have been eliminated
(Mahto and Kumar, 2008). Thus, RCA is an essential step in developing a more resilient
production system.

Even so, for various reasons, most manufacturing companies find it practically impossible
to analyse all their production disturbances. First, the frequency of production disturbances
may be very high (Islam and Tedford, 2012), perhaps hundreds a day. Second, the root cause
analysis process tends to be time-consuming, sometimes taking months to complete
(Andersen and Fagerhaug, 2002). Finally, resources for the analysis processes are frequently
subject to budgetary constraints (Andersen and Fagerhaug, 2002). Thus, an efficient
prioritisation strategy is needed, to determine which disturbances should undergo the RCA
process.

Even though the RCA prioritisation of production disturbances is a practical problem
faced by manufacturing companies, there is a scarcity of research that focuses on this
phenomenon. To fill this research gap, this work aims to investigate the RCA prioritisation of
disturbances, contributing to their reduction and creating more resilient production systems.
Two steps are necessary to develop an effective prioritisation strategy. First, understanding
the current situation and challenges faced by manufacturing companies in their RCA
prioritisation process. Second, mapping the various stakeholders and factors impacted by
production disturbances. Therefore, two research questions guide this study:

RQI1. What are the current challenges faced by manufacturing companies when it comes
to RCA prioritisation of production disturbances?

RQ2. What stakeholders and factors are impacted by the occurrence of production
disturbances?

To answer the RQs, the authors conducted a series of interviews and focus groups. The
interviews were held with practitioners from four different companies, while the focus groups
involved both academics and practitioners.



This paper is laid out as follows. First, the authors present the frame of reference to relate
this work to previous publications, followed by a description of the methods used. Second, the
results of the interviews and focus groups are presented, relating to the challenges, impacted
stakeholders and factors. Third, a discussion is presented, with the implications of this work
and proposals for future research. Finally, the conclusions are presented.

2. Background

2.1 Root cause analysis of production disturbances

Production disturbances are unexpected and undesired events that cause a production
system to not perform as planned (Islam and Tedford, 2012; Stricker and Lanza, 2014).
Bokrantz et al. (2016) pinpointed that the factors most often deemed production disturbances
include equipment/software/media failure, human error, waiting time for materials,
subsequent stops in output flow from stations/machines, shortage of staff, speed loss,
scrap or quality problems, planning error and adjustments.

Disturbances are very common in the day-to-day operations of manufacturing companies
(Islam and Tedford, 2012). This is reflected in the low overall equipment efficiency (OEE)
numbers reported, confirming that manufacturing companies are struggling to use their
production capacities effectively (Ylipaa et al, 2017). Managing production disturbances
properly is fundamental so that manufacturing companies can meet their business objectives
(Islam and Tedford, 2012).

However, disturbance management actions tend to be more reactive-orientated. Once a
disturbance happens, efforts are made to mitigate and correct it, ensuring that normal
conditions are re-established (Leitao and Francisco, 2004). Nevertheless, to avoid a
disturbance recurring, it is also necessary to analyse its root causes. This is an important
step in gaining a comprehensive understanding of “what happened” and “why it happened”;
rather like a detective solving a crime. RCA supports disturbance management so that
companies become more proactive and not just reactive.

The RCA process usually involves the participation of a group, commonly of three to six
people (Mahto and Kumar, 2008). Various tools and techniques may be used during the
analysis, such as fault tree analysis, five whys and cause-and-effect diagrams (Abellana,
2020; Andersen and Fagerhaug, 2002; Dorsch et al, 1997; Mahto and Kumar, 2008; Reid and
Smyth-Renshaw, 2012). The process usually involves problem understanding, data
collection, data analysis, root causes identification and root causes elimination (Andersen
and Fagerhaug, 2002). To make sure a specific disturbance will not recur, its root causes
should be eradicated.

Nevertheless, for most companies, finding the root causes of all production disturbances is
practically impossible. On the one hand, the RCA process demands time, effort and resources
(Andersen and Fagerhaug, 2002) and, on the other, the frequency of disturbances in
manufacturing companies is high. A prioritisation strategy is needed, to target those
disturbances which, once eradicated, will provide the greatest value to the production system.

2.2 Prioritisation and production disturbances
According to Westbrook (1994), prioritisation concerns the allocation of resources, or
expression of preference, in response to current pressures. The objective is to relieve those
pressures whilst promoting the achievement of the company’s strategic goals. Prioritising
means determining what is most important and urgent and then emphasising that.

Once priorities are set, companies may increase the alignment and focus of groups,
ensuring that resources are allocated to the right activities (Nieto-Rodriguez, 2016).
Nevertheless, prioritising is not a simple task. Managers are typically pushed by many
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competing demands whilst having to contend with limited resources. Additionally, priorities
are frequently set based on the subjective judgement of managers and the immediate needs of
the situation (Chong ef al, 2019; Watkins and Bazerman, 2003).

Various strategies are used to prioritise production disturbances. For example, at the
risk analysis stage, FMEA is a commonly applied thinking-forward method (Andersen and
Fagerhaug, 2002). In FMEA, potential failures are prioritised by calculating the risk priority
number. This is the product of the risk factors of severity, occurrence and detection
(Liu et al., 2013; Sankar and Prabhu, 2006). Criticisms of this method include the argument
that risk factors are difficult to evaluate precisely and that the method is primarily applied
in terms of safety (Liu ef al, 2013).

At the stage of correcting production disturbances, ABC analysis is applied to
prioritisation, especially for maintenance-related disturbances (Gopalakrishnan and
Skoogh, 2018). In this case, the machines in production systems are classified and
prioritised according to their function and impact on productivity. Disturbances in critical
machines get a higher ranking in the ABC prioritisation.

RCA prioritisation still lacks an effective strategy. Manufacturing companies mainly
prioritise their production disturbances by using Pareto graphs (Knights, 2001; Ylipaa, 2000).
Usually, the criteria examine production losses or OEE dimensions of availability,
performance and quality. One criticism of this method is that, generally, it is not useful for
trending comparisons (Knights, 2001). Moreover, this type of prioritisation tends to consider
only the production or maintenance perspectives, without taking into account the fact that
production disturbances also impact other functions.

2.3 Stakeholders and factors

To prioritise RCA of production disturbances effectively, it is necessary to recognise which
ones are affected and how they are affected. In other words, when setting priorities, managers
should be aware of the various stakeholders and factors that are impacted by disturbances.

Stakeholders are the individuals, groups and organisations affected by, or perhaps
affecting, a phenomenon (Reed et al, 2009). This also includes non-humans and non-living
entities. In business management, there has been a growing realisation that stakeholders may
affect the success of an organisation (Reed et al., 2009). Stakeholder management is positively
associated with shareholder value creation (Hillman and Keim, 2001).

Reed et al. (2009) claim that the literature dedicated to stakeholder theory has presumed
stakeholders to be self-evident. Furthermore, the same authors claim that this literature has
concentrated on categorising pre-identified stakeholders so as to comprehend their interests.
However, before this can be done, it is essential to identify who holds a stake in the
phenomenon under investigation (Reed ef al., 2009). In the case of production disturbances,
there has been no systematic identification of impacted stakeholders and factors.

3. Research methods

To increase the replicability of the research, the authors followed the recommendations for
transparency in qualitative research proposed by Aguines and Solarino (2019). Therefore, in
this section, the qualitative methods used, the research settings, the sampling procedures, the
data collection and analysis are presented.

The research questions that guide this work are explorative in nature, focussing on better
understanding the phenomenon of RCA prioritisation of production disturbances. Qualitative
studies are suitable for investigating phenomena in cases where theory is still limited
(Edmondson and Mcmanus, 2007), which is the case for this work. Figure 1 presents the
research process, as guided by the research questions. The qualitative study was based on a
series of interviews and focus groups.
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To map the current situation and challenges, the authors conducted a series of interviews
with practitioners at four different manufacturing companies. For the selection of the
companies, the authors looked for those that control their disturbances and keep records of
events, with different industrial backgrounds. Four companies took part in this study, as
shown in Table 1. In selecting interviewees, the authors focused on practitioners at those
manufacturing companies who were working in production disturbance management
(see Table 1).

Conducting interviews allowed us to explore the phenomenon in its natural setting. Using
this method, knowledge may be constructed with a focus on actual practice (Voss et al., 2002).
The authors chose to conduct semi-structured interviews since this allowed room for
clarification of ambiguous responses and follow-up questions, in case of emergence of
interesting data (Stokes and Bergin, 2006).

For the interviews, the authors followed an interview guide as suggested by Kallio
et al. (2016) which they created and discussed in advance. In the interviews, the
respondents were asked about the management process for production disturbances in
general and the specific RCA prioritisation process. The focus was on the people

Number of
Type of Number of people
Company Industry type layout employees interviewed  Positions in company
A Tool steel Job shop 900 2 Technical engineer,
manufacturer production maintenance
supervisor
B Cider and beer Process 460 3 Production manager,
brewery batch-based maintenance manager,
continuous
improvement
coordinator
C Manufacturer of steel  Job shop 25 2 Production manager,
bar for building production production coordinator
structures
D Polymer component  Job shop 114 3 Production manager,
manufacturer production consultant, continuous
focussing on improvement

automotive industry coordinator
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Figure 1.
Research process

Table 1.
Companies and
interviewees
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Table 2.
Focus group
participants

involved, the criteria used, the frequency of meetings and the perception of their
performance and challenges.

At least two of the authors took part in each of the interviews. All interviews were
recorded and transcribed and their content was later analysed using the QSR NVivo software.
Inductive coding was applied for the data analysis, with no prior categorisation scheme and
following the content analysis suggested by Hsieh and Shannon (2005). The analysis started
with open coding and line-by-line examination of the transcripts. The various codes were
merged into categories and given names. Finally, the various categories were summarised
into topics covering how prioritisation is carried out and the various challenges experienced.

To identify the impacted stakeholders and factors, a series of focus groups was held. This
is an adaptable approach, which offers tools to develop an understanding of the stakeholder’s
categories and to reach group consensus (Reed et al., 2009). Krueger and Casey (2014) provide
some guidelines for designing and conducting focus groups, based on four features. First, the
recruitment of the participants should consider people with knowledge in the area. Second, a
comfortable environment should be created, in a setting familiar to the participants. Third,
the moderator should be prepared to keep the group engaged. Finally, the discussions should
be recorded and the data analysed.

Following the guidelines of Krueger and Casey (2014) for focus groups, the authors aimed
for the participation of both academics and practitioners working in fields related to
production disturbances. Five focus groups were held. Table 2 presents a brief description of
the participants in the various sessions.

The focus group discussion began with a presentation of the background to the research
and the objectives of the session. The participants were then asked to consider the various
stakeholders which might be affected when a production disturbance happens and write
down their answers on paper. They were then asked to share and explain their different
answers to the group. Later, the participants were asked to do the same regarding the
different factors potentially impacted by production disturbances. Finally, provided with a
list of all the impacted factors, the participants were asked to reach a consensus on the more
relevant factors for RCA prioritisation of production disturbances. During the whole session,
one moderator kept track of the time and encouraged all participants to share their thoughts.

The focus group discussions were recorded and all the paper used by the
participants (identifying stakeholders and factors) was collected. Audio records were
transcribed and their content analysed. The data written on the pieces of paper were
also transcribed and then divided into different categories of stakeholders and
impacted factors. The various categories used were pre-defined, taking into account the
different levels of the firm adapted and inspired from Kirwan (2000) and Lundgren
et al. (2020).

Number of

Workshop  Type of participants participants Focus area

1 Academics 9 Production, maintenance

2 Practitioners from 3 Production, maintenance, continuous
company B improvement

3 Practitioners from 5 Production, maintenance, continuous
company A improvement

4 Practitioners from 3 Production, maintenance
company C

5 Practitioners from 3 Production, maintenance, tool maintenance
company D




To increase the research quality, some additional actions were taken during this work as
suggested by Creswell and Miller (2000) and Riege (2003). As much as possible, the authors
also collected and analysed internal documents relating to the management of production
disturbances, such as minutes of meetings, disturbance records and company reports. The
results of this work were also presented to key respondents within the process and their
comments incorporated into the work.

4. Results

4.1 Mapping of current situation and challenges

All the manufacturing companies interviewed for this work use software to record and
control their production disturbances. The average number of registered disturbances
appears in Table 3. There is major variation in the frequency of disturbances among the
companies; from 40 to 260 per day. The companies have different manufacturing processes,
with differing numbers of machines and products and this influences the frequency of
disturbances. Despite their different systems, it may be concluded that the frequency of
disturbances is high since, even in the company with the lowest frequency (Company D), the
average number of production disturbances is still 40/day.

As shown in Table 3, the companies interviewed have diverse prioritisation processes for
RCA of production disturbances. Companies A and B hold regular discussion meetings with
the relevant departments; production, maintenance, quality and continuous improvement.
The time spent on prioritisation is a challenge in the case of companies A and B. In those
companies, there is a discussion between the various departments until a consensus is
reached about what disturbances should be prioritised for RCA, which requires a lot of time.

By contrast, companies C and D have an individual, centralised process. In those
companies, the production manager decides what disturbances should undergo RCA.
Companies C and D face a different challenge in their prioritisation process; it becomes
person-dependent. In the absence of managers, the process may be blocked.

Regarding the prioritisation criteria, companies A and B have at least one pre-defined
criteria each. Company A focuses on the disturbances in the bottleneck machines and their
frequency. Company B considers the disturbance duration to set its priority. However, in
both companies, different criteria might arise during the regular discussions between the
related departments and end up as priorities. For example, if company B is producing an
important order, a disturbance related to this order might be considered a priority even if
it does not fulfil the pre-defined duration criteria. Using criteria other than the pre-defined
ones may make the prioritisation process unclear for the groups working on disturbance
management. Consequently, the focus and alignment of the groups may be lost in the
process.

In companies C and D, since the prioritisation is grounded solely in the manager’'s
rationale, the criteria used may be even less clear to the employees. A further challenge
identified is that in those companies, only one perspective aimed at production disturbances
tends to be addressed, that of the production department.

The use of past data to support the prioritisation process in the companies is very limited.
The various disturbance patterns are not factored into the analysis, even though data is
available. The companies rely mainly on static analyses, such as Pareto. There is also no
formal procedure for capturing knowledge and collecting data for reuse in the actual
prioritisation process.

In all companies, the interviewees’ perception is that there is room for improvement in the
prioritisation process. Greater potential is perceived for companies C and D than for A and B.

In summary, the following challenges were identified among the companies:
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Average
39,5 number of
registered RCA prioritisation Timing of Perception of
Company  disturbances process Criteria priority prioritisation
A ~70/day Weekly meetings to  Focus is on the Time to Fair, needs
discuss and bottleneck reach improvement
1 140 prioritise past machines and consensus
disturbances. frequency of the
Prioritisation based  disturbances. Other
on consensus among  criteria may also be
people from considered during
different the discussions
departments
B ~220/day Daily meetings to Duration of Time to Good, with
discuss and disturbance reach room for
prioritise past considered as a consensus improvement
disturbances. criterion. Other
Monthly meeting to  criteria may also be
discuss the main considered during
focus areas for these discussions
improvement.
Prioritisation based
0N consensus among
the various
departments
C ~260/day Production manager Based on manager’s Usually fast, Not so good
daily checks the experience and but
disturbances and perception. No clear  dependent
prioritises those that  or defined criteria on the
should be analysed manager
further
D ~40/day Daily notification Based on manager’s  Usually fast,  Not so good
email sent to all line  experience and but depends
supervisors and perception. No clear  on the
managers, listing or defined criteria manager
past disturbances.
Production manager
Table 3. prioritises those that
RCA prioritisation in should be further
the companies analysed
(1) When the group makes the decision, time is needed to reach a consensus;
(2) When prioritisation is centralised in one person, the process becomes person-
dependent;
(3) When prioritisation is centralised in one person, priorities are usually set based solely
on the production perspective;
(4) The criteria for setting priorities may be unclear;
(5) There is limited use of data to support prioritisation decision-making.



4.2 Impacted stakeholders and impacted factors

After conducting interviews with the companies, the authors conducted a series of focus
groups with academics and practitioners. The objective was to identify all possible
stakeholders and factors impacted when a production disturbance happens. The authors’
rationale was that these should be considered when priorities are being set. Table 4 shows the
stakeholders identified by the focus groups.

Operators, managers, customers and the sales/marketing, maintenance, planning and
production departments were cited by all focus groups as stakeholders affected by
production disturbances. Other departments impacted are logistics, quality, safety, finance,
purchase and human resources. The chief executive officer (CEO), owners and shareholders
were also identified as stakeholders. Within the companies, almost all functions may be
impacted. The effects of production disturbances are not restricted to the production and
maintenance domain. Other stakeholders include suppliers, equipment manufacturers,
authorities, society, employees’ families, industrial organisations, competitors, academics
and even the environment.

The identified stakeholders were classified into four levels: (1) individual, (2) plant, (3) firm
and (4) outside the firm, as shown in Figure 2. Disturbances may impact many different roles.
People working directly with the disturbances might immediately feel their consequences,
such as operators, managers and consultants. Depending on the disturbances, the effects may
even reach the employees’ families.

At the plant level, a great variety of departments may be impacted. The effects of the
production disturbances encroach on the production and maintenance departments. Among

Academics  Company A Company B Company C ~ Company D

Operators

Managers

Customers

Sales/marketing department
Maintenance department
Planning department
Production department
Logistics department

Quality department

Safety department

Finance department

Human resources department
Purchasing department

Tool department X
Owners

Shareholders

CEO

Suppliers

Equipment manufacturers
Authorities

Society

Industrial organisations
Competitors

Consultants

Employees’ families
Environment

Academics
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Table 4.
Identified impacted
stakeholders
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others, quality, planning, logistics, safety and even the finance and human resources
departments may be involved (see Figure 2). Depending on the disturbance, almost all
employees within an organisation may feel the impacts.

Qutside the firm, customers are unlikely to be the only ones suffering the consequences of
disturbances; suppliers and equipment manufacturers may do too. The entire supply chain
may be impacted when a production disturbance takes place. Context-setters such as
authorities and industrial organisations may also be affected, especially in case of
catastrophic disturbances, occasioning a need for new regulations. The environment is
also impacted. Competitors are probably the only stakeholder who might be positively
affected by the occurrence of production disturbances. However, in the long term and overall,
disturbances create mainly negative impacts on society.

In prioritising RCA of production disturbances, the number of stakeholders to consider is
extensive. The task of trying to balance and meet the various needs may be quite challenging
to the managers or groups that must set the priorities.

In the second part of the focus group discussions, the authors identified the factors
impacted by disturbances. Table 5 shows these factors, plus those considered more relevant
(marked @). Production disturbances affect a wide range of factors. In the focus groups, a
total of 46 factors were identified. Of those, 14 were defined as most relevant: quality, work
environment, safety, time, results, customer satisfaction, productivity, deliverability,
resource utilisation, profit, process flow, plannability, machine health and reputation.

The authors divided the impacted factors into different levels in the firm (see Figure 3),
similar to what was done with the impacted stakeholders. At each of the levels, the impacted
factors were also classified according to the different business objectives. The factors
considered most critical appear in bold.

Production disturbances affect factors at the company level and beyond. Outside the
company, customers’ interests are associated with satisfaction, deliverability and trust in the
company. A company’s reputation also affects the relationship to other external stakeholders,
such as suppliers, equipment manufacturers, industrial organisations, authorities and
society. Production disturbances may impact business relationships with those stakeholders
and even lead to legal consequences.

At the plant level, production disturbances may impact nearly all business objectives and
dimensions of performance: manufacturing, maintenance, environmental and safety.
Production disturbances are closely related to quality problems in end products, time
spent on production and production capacity. Furthermore, the more disturbances a system
is subjected to, the harder it is to plan operations and predict the behaviour of a production
system. The operation’s complexity becomes greater, affecting logistics and causing constant
re-planning of production. Strategies such as raising stock levels are common ways of dealing
with the production variability caused by disturbances.

Moreover, disturbances impact machine health, as they create turbulence and make it
impossible for machines to operate under ideal, stable conditions. Maintenance budgets may
have to increase due to the diminished availability and reliability caused by unpredictable
production disturbances.

Disturbances also affect resource use. The more disturbances a system is subjected to, the
more waste is generated as more resources are used to achieve the same production rate. More
energy is also used, thereby impacting environmental sustainability.

Production disturbances also compromise safety. With less predictable processes, people
working in production systems may encounter new, unfamiliar circumstances which they
cannot handle. For companies with safety-critical production systems, this situation is
worsened. A disturbance may initiate an accident, due to employees being exposed to
unstable conditions.
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Table 5.
Identified impacted
factors

The individual level is impacted but not just because production disturbances diminish
safety. They also cause the work environment to be less attractive. A higher workload is
created for operators and managers because of the need to continuously solve unexpected
problems. This may lead to more stress, affecting employees’ motivation, engagement and
even their personal lives. In an unpredictable environment, employees’ energies are directed
at fire-fighting production disturbances.

Impacted factor

Academics

Company A

Company B

Company C

Company D

Quality

Work environment
Safety

Time

Results

Customer satisfaction
Productivity
Deliverability
Resource utilisation
Profit

Process flow
Plannability

Machine health
Reputation

Cost

Employee stress
Employee wellbeing
Working hours
Engagement

Waste generation
Effectivity

Energy consumption
Equipment utilisation
Legal consequences
Maintainability
Operations’ complexity
People turnover
Physical ergonomics
Psychological ergonomics
Reliability

Stock level
Sustainability
Availability

Logistics

Investment need
Predictability
Business relationships
Re-planning
Strategic activities
Delays

Backlog activities
Workload
Maintenance budget
Customer trust
Motivation
Employees’ private lives
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In summary, at the firm level, company results are affected. Disturbances cause higher
production costs and lower profits. More investment may be needed to fix, correct and
remedy disturbances, all of which affect a firm’s strategic decisions.

5. Discussion

In this work, the authors investigated the current situation of RCA prioritisation of
production disturbances and the challenges faced by manufacturing companies. The various
stakeholders and factors affected by disturbances were also identified.

Various works have examined the current situation regarding the management of
production disturbances, such as Bokrantz et al. (2016) and Islam and Tedford, (2012). To
complement the available literature, this work also presented the current situation regarding
RCA prioritisation of production disturbances. Different types of challenges are currently
faced by companies in this area. Among companies that have a group of people from different
departments to make the decision, the time spent to reach a consensus tends to be high. In the
case of companies where the production manager is the one doing the prioritisation, the
process tends to be person-dependent and to only consider the production department’s
perspective. In all companies, the use of data for the decision is very limited and priorities are
normally set based on unclear criteria.

The RCA investigation demands time and resources (Andersen and Fagerhaug, 2002;
Mahto and Kumar, 2008). In this work, the authors identified that the RCA prioritisation
may also be time-consuming, particularly when a group is making the decision. The
right strategy may help companies save time at the prioritisation stage and focus their
efforts on investigating the root causes of disturbances. RCA is a necessary step in the
proactive management of production disturbances. It is critical to prioritise which
disturbances will undergo RCA, so that greater benefits to the production system may be
achieved.

When it comes to identifying stakeholders, the results indicate that production
disturbances affect a wide range of roles. Almost all departments within the companies
are impacted and the effects may even be felt beyond the companies. When prioritising,
managers and groups working with disturbances may take the identified stakeholders and
impacts into consideration. Factoring stakeholders into decision-making increases a
company’s chances of business success (Reed et al, 2009). No previous literature has
systematically identified the stakeholders impacted by production disturbances.

When reducing the frequency of production disturbances, companies may increase their
OEE and use their production capacities more efficiently (Ylipaa et al, 2017). However, the
benefits of reducing production disturbances are not limited to increasing OEE. The results
indicate that many other aspects are also impacted by production disturbances, the most
relevant being quality, work environment, safety, time, company results, customer
satisfaction, productivity, deliverability, resource utilisation, profit, process flow,
plannability, machine health and reputation. Those factors should also be considered
during the prioritisation process, to maximise value creation in the production system.

Even though this work has focused on identifying the impacted stakeholders and factors
involved in RCA prioritisation of production disturbances, the results also apply to the other
stages of production disturbance management. For example, when conducting a risk
evaluation, practitioners may take into consideration who and what is impacted. One
shortcoming of FMEA is the difficulty of evaluating the risk factors precisely (Liu et al., 2013).
Concerning the severity criteria used in FMEA, identifying stakeholders and factors may
result in a better assessment. Other stages which may benefit from considering stakeholders
and factors include those in which some type of prioritisation might be needed, such as
detection and correction/mitigation.



The contributions of this work are twofold. First, it augments the mapping of how
manufacturing companies currently manage production disturbances by highlighting the
current challenges regarding RCA prioritisation. The understanding of current challenges
and the identification of the stakeholders and the factors impacted by disturbances are
necessary knowledge if companies are to develop more efficient RCA prioritisation strategies.

The challenges presented in this work may help direct academics to those areas in which
practitioners lack support regarding RCA prioritisation. Then, academics can focus in
helping practitioners to seek solutions to overcome the identified challenges.

The identified impacted stakeholders and factors may be used in the RCA prioritisation
decision-making process. Once a disturbance happens, practitioners may use the identified
stakeholders and factors to support their analysis of the impacts of the disturbance and,
consequently, the need for prioritisation.

There are various suggestions for future work. First, the authors suggest the verification
of the relationships between different stakeholders and factors. Although the stakeholders
and factors were identified in this work, the authors did not establish their relationships. For
example, a disturbance might impact productivity, which may lead to an effect on the
company’s results. The same might happen among the stakeholders, in that one stakeholder is
impacted, leading to a consequence for another one. One possible approach to establish the
relationship among the identified stakeholders and factors is the use of the interpretive
structural modelling as described by Attri et al. (2013).

Additionally, the identified stakeholders have different levels of power and interest when it
comes to production disturbance management. This may also affect the prioritisation process
and may depend on a company’s circumstances and setting. Further investigation of this
kind is also needed.

Furthermore, the authors would also propose developing an automatic RCA prioritisation
tool. The identified challenges, stakeholders and factors should be considered as designing
inputs for such a tool. Once designed, it may be implemented to test whether the intended
outcomes are achieved.

6. Conclusions

The objective of this research was to investigate RCA prioritisation of production
disturbances. The authors studied the current situation among manufacturing companies
using a series of interviews. Additionally, the stakeholders and factors impacted by
production disturbances were identified in a series of workshops involving practitioners and
academics working in the area.

Manufacturing companies face challenges in prioritising which production
disturbances should undergo root cause analysis. If a group is undertaking the
prioritisation, a challenge was identified relating to the time needed to reach a
consensus. If prioritisation centres on a manager, the challenge is that the process
becomes person-dependent, solely reflecting the perspective of the production department.
Additionally, unclear criteria are commonly used to set priorities and very limited data is
used to support decision-making.

In setting priorities, it is critical to know who the different stakeholders are and how they
may be affected. For this reason, this research identified the impacted stakeholders and
factors using the occurrence of production disturbances. A wide range of stakeholders and
factors are impacted, reaching beyond the walls of companies and affecting customers,
suppliers and the environment, among other things. The most relevant impacted factors
affected quality, work environment, safety, time, results, customer satisfaction, productivity,
deliverability, resource utilisation, profit, process flow, plannability, machine health and
reputation.
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With an understanding of the current situation and the various impacted factors and
stakeholders, solutions for effective RCA prioritisation may be proposed. Better RCA
prioritisation may lead to a reduction in the frequency and duration of disturbances. This is
necessary to establish more resilient production systems.
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