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Abstract: Major overhauls, outages, shutdowns and turnarounds (MoOSTs) are significant mainte-
nance interventions needed on a periodic basis to optimise the performance of physical industrial
assets (PIAs). However, uncertainties in the forms of emergent and discovery work which sometimes
cause delays and cost overruns are quite common partly because, MoOSTs are characterised by inher-
ent challenges such as, but not limited to, short execution spans, volatility in ever-evolving schedules,
task complexities as well as huge offline production and/or operation costs etc. Furthermore, in
the literature, other complex elements which further constrains decision-makers in MoOSTs from
satisfactorily achieving predetermined objectives have been identified, one of which is the lack of a
formalised approach for capturing tacit knowledge from experienced practitioners. Consequently,
because MoOSTs is an applied discipline, significant human endeavours are required in the planning
and management, which makes it pertinent to examine and obtain the perspectives of experienced
MoOSTs practitioners. Therefore, the aims of this study are two folds; firstly, to examine the extent
of alignment between findings from literature as it relates to the challenges encountered during
MoOSTs, as well as probe their underlying causes in practice. Secondly, to show how relevant the
findings from this study would be in providing a baseline for establishing a proposal for capturing
MoOSTs knowledge and the transfer of experience. The research approach adopted; thematic synthe-
sis of themes which emerged from knowledge management challenges in MoOSTs identified via an
earlier systematic literature review (SLR); and then, the identified challenges were validated through
conducting interviews with practitioners. Demography analysis as well as specific MoOSTs related
questions were administered via questionnaires, which were then analysed using frequency analysis
method. Additionally, semi-structured interviews were conducted to investigate the perceptions
of practitioners on pertinent MoOSTs issues. Both questionnaires and interview questions were
formulated by findings obtained from the SLR, so as to examine whether the knowledge management
challenges identified in the literature exist in practice, and if they do to what extent. In total, the
selected responses of 49 practitioners, with origin across five industries were examined to determine
the extent of alignment between literature and the practice-based perspectives. Based on the results,
nine challenges were identified as critical themes, six of which were associated with managing
knowledge. The study identified not only known constraints from literature but also their underlying
causes based on the perspective of practitioners involved in multiple MoOSTs, which is crucial for
developing sustainable mitigation. A unique contribution of this research is the mapping of demo-
graphic information such as industry, country, job class, years of experience, MoOSTs organization
size, frequency for performing MoOSTs, etc., to responses obtained from participants, which has not
been shown in literature prior to now. The importance of such rigorous efforts in the research design,
is crucial for enabling the adoption of holistic approaches to eliminating the underlying causes of
challenges encountered in MoOSTs, based on first hand reporting of people involved. In addition, the
relevance of such first-hand analyses of responses obtained from this study; serve as baseline for the
introduction of the proposal to adequately manage knowledge management issues in this discipline.

Keywords: knowledge management; experience transfer; maintenance activities; MoOSTs; practi-
tioners perspectives
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1. Introduction

The move towards sustainable activities across different sectors has generated in-
creased interests in recent times [1,2]. Large amounts of work towards achieving sustain-
ability have been focused on energy consumption, materials, and environmental considera-
tions [2,3]. However, in terms of real-world applications, knowledge management (KM)
practices within organisations have shown to be vital in determining how well sustain-
ability targets are met. According to Kordab et al., [4] knowledge management practice
and organisational learnings are significant factors to achieve sustainable organisational
performance in rapidly changing business environments. In continuous production in-
dustries, sustainability is crucial, because physical industrial assets (PIAs) are prone to
degradation and eventual failures due to repetitive loads and the harsh environments in
which they operate. These failures often result in disruption of production and an inability
of organizations to deliver contractual obligations to their clients on time, which might lead
to a compromise in budget over-estimation as well as undermine their reputation [5–7]. To
reduce the impacts of such disruptions and achieve maintenance efficiency, industrial main-
tenance activities such as, major overhauls, outages, shutdowns or turnarounds (coined
as the acronym MoOSTs here) has emerged as an area of research for both the industry
and academia [8]. MoOSTs can be described as an important maintenance management
strategy for the total periodic shutdown of plant facilities for a certain time to conduct rare
and routine maintenance activities such as inspections, replacements, overhauls, de-rating,
renewals and repairs, based on very prudent work packages in order to achieve total
asset life cycle optimization [9,10]. However, due to continuity features of most industries
that perform MoOSTs, shutdown of operations for a definite period is expensive from a
planning, execution and logistics point of view. Furthermore, because MoOSTs offers one
of the few instances whereby all of the elements of routine as well as complex maintenance
tasks are performed at a single instance, it is both capital and labor intensive. It can be
easily plagued with delays, cost overruns, as well as uncompleted activities due to brief
and strict execution regimes, that are often, associated with reduced margins for errors [11].

Although MoOSTs have attracted the interest of many researchers and practitioners
mostly due to its significant impact on plant performance [6,7,12,13], the inability to achieve
predicted outcome is still very common. The many challenges associated with planning
and management of MoOSTs, are not limited to but include management of uncertainty,
resource constraints, unavailability of spares, activity relationships, and organizational
behaviors [14]. Traditional project management techniques such as critical path method
(CPM), and programme evaluation review technique (PERT) have been used to manage
MoOSTs [8]. Unfortunately, delays, cost overrun and uncompleted activities in MoOSTs
are commonly observed, thus limiting the effectiveness of applying traditional project
management methods alone [6,15].

Hence, it was pertinent to conduct inquiries (empirical studies) to probe persisting
issues and provide new perspectives that would shape the directions of future research
in MoOSTs. A systematic literature review (SLR) is a useful technique for gap analysis of
literature within a research discipline. When conducted properly, SLRs can minimise errors
and bias and most importantly leave an audit trial that can be checked by an independent
reviewer [16]. Prior to this study, an SLR was conducted by [5] to probe the representation
of MoOSTs activities and knowledge trends within MoOSTs management literature as well
as identify opportunities for bridging the gaps that currently exist between theory and
practice. The SLR identified several classifications, including but not limited to, the origin
of research (country related), industry focus, terminologies and research focus. One of the
most pertinent SLR finding was the underrepresentation of articles that investigate mecha-
nisms for knowledge management and experience transfer within MoOSTs. The importance
of capturing knowledge and expertise during project executions and subsequent transfer
within temporary project environments such as MoOSTs cannot be over-emphasized, due
to the ratio of tasks-to-duration typically permitted as well as workload uncertainties.
Evidence abound that suggests that adopting effective and specific knowledge manage-
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ment and experience transfer attributes related to MoOSTs could improve predetermined
outcomes by reducing the occurrence of uncertainty, commonly known as scope creep
in traditional project management [6,9,17]. Furthermore, the inherent characteristics of
temporary project environment creates associated risks of loss of knowledge and critical
expertise if not properly captured, formalized, codified and transferred. According to Ruiz
et al., [18] it is often easier for people involved in an activity to validate expertise extracted
from lived experiences than to directly structure knowledge, which in turn makes man-
agement of past knowledge a strategic need for organizations. The importance of effective
classification systems for knowledge before subsequent storage cannot be over-emphasised
because acceptance of knowledge by the end users after dissemination and future reuse
are tied to many knowledge maintenance parameters including, long term applications,
relevance, completeness, and accuracy [19].

1.1. Overview of Knowledge Management (KM) Challenges in MoOSTs

Despite the wealth of contributions available within existing MoOSTs management
literatures, the problem of its effective management and execution persists. This is because
despite advances in the development of techniques for predicting deterioration and loss
of integrity of critical physical industrial assets (PIAs), there are still associated risks of
discovering additional or emergent work, due to reasons such as oversight in determining
project work scope, equipment deteriorating faster than predictions made from predic-
tive tools analysis, and/or damages associated with disassembling PIAs for inspections,
etc. [9,20,21]. A major research challenge that impacts on effective decision-making during
MoOSTs is characterised by the need to effectively capture tacit knowledge, in several
forms, including lessons learned, technical know-how and general information generated
from previous MoOSTs and subsequent reuse [9,22,23]. This is because MoOSTs knowledge
is held by collective groups of individuals (experts) and due to the nature of MoOSTs
activities, the anticipated loss of knowledge and specialists skills are constant [24]. Fur-
thermore, because MoOSTs activities are periodic, large amounts of information generate
large amount of data. Please note that the ‘information’ referred to here, is experience,
technical know-how and insights which comprises of knowledge [25], a KM system that
aims to provide complementary solutions for prognosis and enhanced decision-making
during the execution of MoOSTs activities is crucial. It is important to emphasise that
most organisations are not bereft of data, information and explicit knowledge, rather, the
challenge is usually on varying reasons including but not limited to; identifying knowledge
sources, as well as effective knowledge maintenance actions that can foster knowledge
relevance and reuse [7,26,27].

1.2. The Importance of Knowledge Management (KM) in MoOSTs

Knowledge management (KM) facilitates the systematic identification, acquisition,
storage/retention, transfer and utilization of knowledge by individuals, teams and entire
organizations to reach their strategic and operational goals [28]. KM is not an end in itself,
but fundamentally entails capture and reuse which in turn help organizations to prevent
failures as well as identify new solutions to problems already faced by the organization [29].
KM is particularly important for project-based learning, because the systematic identifica-
tion of knowledge and retention of project experiences enables an organization to compare
the performance of its various projects, document its most effective problem-solving mecha-
nisms for future use and gain competitive advantage [28,30]. According to Ambani et al. [6]
knowledge is the most valuable asset of an organization, as it enables it to differentiate
itself from competitors and to compete efficiently and effectively to the best of its ability.

However, due to the inherent characteristics of MoOSTs the applications of KM in
practice could be unattainable due to contrasting elements and objectives. The inherent
characteristics of MoOSTs [12,31] that make knowledge management applications challeng-
ing including but not limited to, task uncertainties, compressed schedules, dynamic and
frequent scope changes; selection of highly experienced practitioners to perform critical
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tasks and many others. Several, research studies have identified the inherent characteristics
of MoOSTs as barriers to knowledge management, take for instance heavy workload is
a major reason for having limited or no time for knowledge sharing [30,32]. Ambiguity
in the content and context of knowledge along with uncertainty, act as barriers to knowl-
edge [33]. Task uncertainty that can arise from factors including, discovery of large amount
of unplanned and/or emergent work which can affect identification and distribution of
knowledge elements. Consequently, dynamic and frequent scope changes commonly expe-
rienced during MoOSTs can create ambiguity in the content and context of knowledge as
variables change quickly. In addition, because plant and production activities are shutdown
during MoOSTs task execution and handover activities are crucial leaving little or no time
for either learning or reflections during or in between cycles. Furthermore, due to the
complexity of some maintenance tasks that are performed during MoOSTs, selection of
highly experienced staff to perform critical tasks is quite common with the challenge being
that only few people are in possession of critical skills as well as expertise. According
to Peng [34] when knowledge is centered around an expert it can lead to psychological
ownership, that is, the belief of an individual that he/she has ownership rights to the object
(knowledge) in question.

1.3. Knowledge Management Process (KMP) in MoOSTs

In the literature, knowledge management process (KMP) has in general maintained
two major streams of focus in the past, with the first being on knowledge itself, exploring
knowledge creation and conversion process in organisations. The second stream of focus
takes an approach that investigates activities such as knowledge generation, capture,
sharing and utilization to gain competitive advantage [35]. From the second stream of
focus, knowledge is only meaningful when it is codified, classified, given a shape, put
in a useful format, stored for future use by the right person, at the right time, and in
the right way [36]. Much has been written on the importance of managing knowledge
processes, that is, about the processes that are used to identify, capture, share and use
project-based knowledge, but considerably less has been written on the exact mechanisms
for managing this process in MoOSTs [24,35,37]. A review of the literature has identified
different elements of KMP, but they can all be distinguished under four key KMP elements,
namely, knowledge creation (KC), knowledge transfer (KT), knowledge storage/retrieval
(KSR) and knowledge application (KA) [38–40]. KC refers to accumulation of knowledge,
in project-based organisations such as MoOSTs, knowledge identification (KI) and KC do
not have clear boundaries separating them, and mostly have similar connotations [41]. KT
refers to the measures and procedures for transferring and sharing knowledge. According
to Bell [24], KT techniques can be broadly categorised as either ‘capture’ or ‘share’. KSR
involves the activities of documenting and codifying knowledge that has been identified in
the organisation in order to stem loss of knowledge that might arise as a result of factors
such as, infrequent use of knowledge, staff retirement and/or departures [41]. KA is
concerned with the forms and procedures of applying appropriate knowledge within an
organisation to create value both internally and externally [39]. A major consideration
for MoOSTs organisations, is the effective integration of the four KMP into their business
process to improve organisational learning and performance [42]. Consequently, a major
requirement of the KMP is to establish an effective KM system and appropriate technologies
to facilitate the four KMP areas.

1.4. Experience Transfer in MoOSTs

According to [30] an organization can develop competitive advantage by building
capacity to harness the knowledge possessed by its employees. This is because effective
knowledge capture requires turning personal knowledge into corporate knowledge that can
be shared and properly managed throughout the organization [43]. Personal knowledge
possessed by employees are mostly tacit knowledge and employers who leave, take away
such valuable knowledge, resources, skills and experiences [41]. The distinction between



Sustainability 2022, 14, 52 5 of 26

tacit and explicit knowledge is important because it influences the adoption of different
transfer techniques for developing effective KM systems. Explicit knowledge can be easily
articulated and codified and is expressed in words, numbers, and symbols, which can
be shared as theories, principles, specifications, data and others [44]. Conversely, tacit
knowledge is difficult to express and/or codify, because it is rooted in the individual’s
actions and experiences, as well as emotions, and values [44]. Consequently, because it is
very easy for knowledge to be lost within organizations, it is of immense benefit to capture
tacit knowledge before it is lost through mergers, reorganizations, downsizings and/or
culture changes [43,45].

MoOSTs is characterized by large number of staff and contract workers performing
large-scale as well as complex maintenance activities at an instance [46]. These workers
depend on the organization’s explicit knowledge and protocols when dealing with standard
issues, in contrast, when dealing with unexpected and/or non-standard problems, they
develop work related tacit knowledge [24,47] which include but not limited to, practical
know-how, work experience, procedures, as well as skills in specific contexts. While
creation and transfer of explicit knowledge are mostly captured in many studies, capture
and subsequent transfer of tacit knowledge, in this instance “expertis”. is still scant despite
its importance to MoOSTs organizations. Since the importance of expertise in MoOSTs
has been highlighted, going forward, expertise coordination and knowledge codification
would amount to significant contributions to this discipline, because, at present MoOSTs
organizations favor a personalization strategy, associated with the routinization of actions
and roles as well as sharing of knowledge through personal contacts [48]. However,
routinization of actions and roles which is common in MoOSTs because each team member
know their jobs and there is no need for anyone else to know anyone else’s job since only
experts are assigned to specific tasks, as well as sharing of knowledge based on personal
relationship, leaves the knowledge holder with too much power. Elements from adopting
such personalization strategy has been identified as barriers to knowledge management
and experience transfer in MoOSTs [49]. However, organizations can adopt a codification
strategy, and make knowledge an organization resource by depersonalizing it. This view
of expertise codification significantly reduces the challenges of coordinating expertise by
limiting knowledge related dependencies between groups [48].

1.5. Knowledge Management (KM) in Industry 4.0 and Its Relationship to Employees
Competencies in MoOSTs

Industry 4.0 implies a revolution where industrial processes integrate computer tools
to facilitate the handling of large amounts of data and related information, as well as their
transfer and interpretation, because previous means for storing information are restrictive
for handling large data that are generated due to, the interconnectivity of most organi-
zations global systems [50]. The rapid advancement and development of information
and communication technologies (ICT) and integration of maintenance process within
these frameworks, means most organizations are facing challenges and at the same time
competency needs [51,52]. Such integration, which is called cyber-physical systems (CPS)
are systems that can measure and process information up to the level that makes it usable
for the end users [53–55]. Hence there is need to rethink new employee competencies that
will allow development of a CPS structure capable of implementing big data predictive
analytics for transformation of data to information to knowledgeable action such as those
advocated by internet of things (IOT), cloud computing, and augmented reality, to improve
decision-making [51,53,56]. This is because, predictive and prescriptive maintenance of
production systems including equipment and physical assets which will be the most impor-
tant application areas of industrial analytics within the next three years [54]. Thus, there
is need for developing knowledge-based decision support systems to improve efficiency
and effectiveness of industrial processes [54,57]. KM is a key enabler in this age of rapid
technological innovation learning and since man-machine interface is a cornerstone of
industry 4.0, it has become even more imperative to answer fundamental questions of
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“who does what, when and under which conditions”. [42]. KM in the era of industry 4.0
(KM 4.0) in both human and technology-oriented perspectives is a strategic and operational
function, and the revival of artificial intelligence (AI) and emergence of autonomous and
learnable technologies challenge the unique role of humans as knowledge actors, decision-
makers, problem solvers and learners [42]. MoOSTs organizations are considered high
knowledge-intensive organizations, based on the number of activities they perform and
large the amounts of information they possess, but to be successful in the era of industry 4.0,
increase in information technology expenditure, developing intranets, data warehousing,
and use of internet to create effective and efficient knowledge management practice is
key [58]. In literature, three main categories to classify core employee competencies exist
namely, technical competencies which comprises of job-related knowledge and skills, for
instance in industry 4.0, coding skills, knowledge management, and large information
handling, etc. [59,60]. Secondly, managerial competencies include all skills for problem
solving and decision-making. Thirdly, social competencies, the bedrock upon which ex-
pectations for future interactions with others would be built and include skills such as
social and interpersonal communication, which are crucial to managing MoOSTs. However,
due to the development of new technologies which trigger improvements in existing KM
systems and rapid digitalization, identifications of the competencies of future managers
and engineers involved in MoOSTs (especially maintenance of complex manufacturing
systems, special IT and technologies for managing knowledge, more creativity, strategic
thinking, etc.) needs to constantly reassessed [56].

Therefore, the aim of this study is twofold; firstly, to conduct an empirical study across
diverse industries involved in MoOSTs activities to obtain the perspectives of practitioners,
in order to validate the findings generated from the SLR. This should help determine the
extent of alignment between research and practice, as well as probe underlying causes of any
alignments or misalignments. Secondly, because there are limited proposals investigating
tacit knowledge capture and transfer as a possible mechanism for managing uncertainties in
MoOSTs, a new proposal for capturing tacit knowledge and facilitating experience transfer
is briefly presented in this study. Thus, the research questions for the empirical study are
as follows:

(1) What knowledge management challenges, are identified in real-world practices, dur-
ing MoOSTs?

(2) To what extent does the knowledge management challenge in the literature identified
during MoOSTs align with real-word practice?

(3) Can examination of underlying cause of the knowledge management challenges
identified during MoOSTs, foster the development of a proposal for a formalised
platform for capture and transfer of tacit knowledge across MoOSTs organisations?

Following the investigation, and exploration of emerging themes, a proposal estab-
lishing a platform for formalising tacit knowledge capture in MoOSTs is detailed. It is the
belief of the authors that, the unique cross-correlation of theory and practice allows for the
identification of strengths, weaknesses and common omissions from both facets (i.e., theory
and practice).

This paper is further organized as follows; section two contains details of the research
design, pilot investigation, sampling technique and sample size, section three demonstrates
the implementation of data analysis methods and results for both surveys and interviews
data, Section 4 is discussion of findings, Section 5 is concluding remarks and a brief proposal
introduction for a knowledge management platform.

2. Research Design

The research design involved two main approaches for data collection, question-
naires [61,62] administered via a web-based platform and semi-structured interviews [63,64]
conducted remotely. In total, 49 professionals involved in MoOSTs across five industries
based in the UK, USA and Nigeria were respectively recruited. The period for data collec-
tion was between February and July 2021. The study investigated pertinent issues relevant
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to the management of MoOSTs. The questionnaires were administered through “Qual-
itric”. (www.qualtrics.manchester.ac.uk; accessed on 14 December 2021), a University of
Manchester approved survey platform due to its conformance with global data protection
regulations (GDPR). The demographic information of participants such as, qualifications,
level of expertise, job class, industry, years of experience, size of organization, staff turnover,
and locations were gathered in the first section of the questionnaire. The later section of the
questionnaire covered MoOSTs related questions such as, drivers for performing MoOSTs,
causes of delays, estimated use of contracted services, MoOSTs frequency, MoOSTs bud-
get, common approaches for documenting lessons learned, approximations of targeted
performances of MoOSTs, based on duration and cost objectives [65–68]. Furthermore,
during the semi-structured interviews, each participant was asked open ended questions,
some of which were earlier presented in the survey as close-ended questions. Some of the
questions presented to participants during the semi-structured interviews tried to ascertain
commonalities about commonly adopted names for maintenance activities across indus-
tries, reasons for delays in MoOSTs, frequency, financial implication of delays, dynamics
of maintenance team, mode of communication, and barriers to learning [69–71]. Each
participant was aware of the study purpose and gave informed consent. Figure 1 is a flow
chart diagram-depicting construct of this study’s research methodology.

Figure 1. Flow diagram of research design. Note: T1—nomenclature; T2—mode of communication;
T3—dynamics of maintenance team; T4—impact of delays; T5—causes of delay and budget over-
spend; T6—responsibility for knowledge and experience maintenance management; T7—personal
experience of learning; T8—formalized approaches for knowledge capture and experience transfer
and T9—barriers to learning.

2.1. Pilot Investigation

To determine the usefulness, duration, representativeness and ease of interpretation of
the survey and interview questions, a pilot investigation was initially conducted for cali-
bration purposes. Pilot and feasibility studies have an important role to play in empirical
studies because they can provide sufficient methodological evidence about the design, plan-
ning and justification of the main study, and can also inform critical elements of the main
design to reduce or eliminate problems at later stages of the research [72,73]. Approximately
15 participants, with nine of the participants coming from the manufacturing industry
(cement plant) and six participants from the utilities industry (water plant) were recruited

www.qualtrics.manchester.ac.uk
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for the pilot studies. Before the pilot investigation commenced, participants were emailed
documents, which explained the study’s purpose and content. They were advised that they
could withdraw from the study at any time and reassured that none of their identifiable
personal details would be shared in the course of the study. The approval of document
content and consent to participate in the investigation was obtained by appending one’s
signature to the proposal and replying to the email sent out by the researchers.

The incorporation of both open-ended and closed-up questions were deemed to be one
of the most effective approach to obtain concise responses [63,74]. Whereby appropriate
open- ended questions were used in the semi-structured interview to avoid generic answers
and to obtain detailed responses. For instance, “if yes/no, can you explai”. following
certain closed questions. Likewise, with the survey, although most questions were limited
to single answer options, but some questions permitted multiple choices as well as text box
entries with the option “others, please specif”. so as not to limit participants responses for
some crucial questions. All interviews were conducted in English and kick off date was
from the first week of October 2020 and lasted for about 2 weeks. The proposed content of
the interview, as well as the length of each interview mapped against relevant job classes were
discussed with key personnel from each selected industry, minor adjustments were made
according to the feedback obtained from participants. Based on feedback and practicality,
interview durations were pegged to last for between 30–60 min depending on the information
required from the participant based on their job class and level of expertise. Table 1 shows the
characteristics of interview participants involved in the pilot investigation.

Table 1. Characteristics of interview participants involved in the pilot investigation.

Industry Category and Job Class Number

Manufacturing-cement

A- Maintenance manager (mechanical engineering), reliability engineer (electrical
engineering), finance manager (cost), health, safety and environment
(civil engineering)

4

B- Maintenance supervisor (mechanical) maintenance planner (project controls) 3

C- Mechanical fitter, electrician 2

Utilities-Water

A- Maintenance manager (mechanical engineering), contracts and procurement 2

B- Method and inspection (electrical and mechanical), maintenance planner
(project control) 3

C- Electrician 1

Total 15

Where job Category A represents management staff directly involved in MoOSTs, B—staff involved in implementa-
tion of engineering methods and/or techniques and equipped with decision making ability during MoOSTs and
C—staff with experience with handling plant assets and knowledgeable on the schematics and working of the plant.

2.2. Ethics Approval

The study was conducted according to the guidelines of the Declaration of Helsinki,
and approved by the Ethics committee panel of Mechanical, Aerospace and Civil Engineer-
ing Department, University of Manchester, UK (Ref code: 2020-8009-13470) and date of
approval 9 March 2020.

2.3. Sampling Technique

Participants were selected through a purposive or maximum diversity sampling strat-
egy, owing to the specificity of MoOSTs activities and the job classes involved. In addition,
this sampling approach offers the opportunity to explore anthropological scenarios that can
intuitively guide the emergence of new meanings [75]. In this study, the sampling technique
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selected was designed to meet the following predefined objectives; (1) to represent locations
where the researcher could gain access to high number of participants involved in MoOSTs,
who were also willing to participate in the study, (2) to reflect industries with very high
to medium frequencies for performing MoOSTs, (3) to represent practitioners who have
significant MoOSTs experiences, and (4) to include practitioners with decision making
capacity based on their responsibilities during MoOSTs. It is worth mentioning that some
organizations and participants who were approached declined participation due to work
commitments and COVID-19 related restrictions. Interviews were conducted remotely and
the links to the anonymized questionnaires sent out.

2.4. Sample Size

There are important factors to consider, when determining sample size including
degree of accuracy (based on sampling error and confidence interval) as well as extent
of variations with regards to important attributes of the study [61]. However, because a
non-probability sampling technique, in this case purposive sampling was selected, random-
ization was not considered relevant but rather based on expert judgment. Hence, statistical
assumptions about sampling errors do not apply [61]. In total, 49 carefully selected experi-
enced practitioners in the UK, US and Nigeria working across diverse industries identified
from a prior SLR in MoOSTs were selected. Figure 2 is a snapshot from the survey design
and management platform that is authorized for use by the University of Manchester (i.e.,
Qualitrics) to depict the total number of completed responses received.

Figure 2. Snapshot from the survey design and management platform (Qualitrics).

Subsequently, after completion of the survey, interviews were conducted and each tran-
scribed interview was entered into Nvivo 12 Pro software (QSR International,
www.qsrinternational.com, accessed on 14 December 2021) for storing, and coding of
data. Each transcript was read several times, and based on the coding strategy, themes
emerged. The themes were formed from combination of perceptions, responses, or expe-
riences related to the questions on the management of MoOSTs from the professional’s
perspectives based on theoretical constructs including but not limited to these areas from
within literature, overview of MoOSTS [10,69] delays in MoOSTs [70] and knowledge
management in MoOSTs [7]. During analysis some themes were submerged with other
themes, while some were discarded or reframed as data supporting each decisions emerged.
Figure 3 is a diagram that depicts the buildup to the development of thematic analysis
coding process using the Nvivo (12) software.

www.qsrinternational.com
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Figure 3. Illustration to the build-up of thematic analysis coding with Nvivo (12) software.

3. Data Analysis

This section highlights the data analysis methods utilized for analyzing data collected
from the survey and interviews. The results emanating from both methods are depicted
and rationalized.

3.1. Data Analysis of Survey Response (Frequency Analysis)—Participant Demographics and
MoOSTs Characteristics

The representation of demographic data collected from the survey, with specific
information on participants including, academic levels, job class, industry, location of
operations, remaining years until retirement, as well as total number of MoOSTs performed
are depicted in Figure 4. A frequency analysis method [76], the most widely adopted
method to efficiently organize the descriptive data were utilized. In this technique frequency
charts were widely used to represent the frequencies of the data.

Figure 4. Participants’ demographic information. Notes: (a) industry of operation; (b) academic level;
(c) job class; (d) location; (e) number of years left till retirement and (f) number of MoOSTs performed.

Participants involved in the study were located in three countries, with the UK having
20 participants, 18 from Nigeria, and 11 from the USA, representing distributions of
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a fully industrialized country (USA), majorly service oriented (UK) and import based
economy (Nigeria). Among the pool of participants, 37 of them, representing (75.5%)
of the total number of participants had post-graduate degrees. Another seven (14.3%)
had at least bachelor’s degree, this showed selection of high academic literacy among
participants. Likewise, 19 participants (38.8%) held managerial positions although their
background were within core engineering disciplines of mechanical, electrical, civil as well
as in environment, health and safety (EHS). In addition, 18 participants (36.7%) held job
roles in project controls, a crucial job class in MoOSTs. These selections reflected the desire
of the researchers to interview participants with high technical expertise and decision-
making capabilities during planning and execution phases of MoOSTs. Participants from
oil and gas were 16 in total representing 32.7%, utilities were 11 (22.4%), manufacturing
and construction—10 (20.4%) and transport and logistics—9 (18.4%). The major aim
of recruiting participants from these industries being to reflect industries where there
are high and medium frequencies for performing MoOSTs. The number of MoOSTs
that each participant has been involved in was included in the survey to obtain years
of experience, five participants chose the 1–3 years option (lowest number of years) and
thirteen participants chose the option for above 21 years (highest number of years).

The frequency for performing MoOSTs across the five industries were highlighted, six
participants (12.3%) indicated 0–6 months as the time interval between cycles, 10 partici-
pants (20.4%) went with the twice a year option, another 13 (26.5%) indicated frequency of
once a year, 10 participants (26.5%) selected the once every 2 to 5 years frequency option
and 7 (14.3%) indicated a frequency of once every 5 years and above. The huge capi-
tal intensiveness of MoOSTs activities were scoped against the total maintenance budget,
23 (57%) of responses acknowledge that estimated MoOSTs costs could be as high as 11–50%
of maintenance budget representing huge capital costs which if managed improperly would
significantly impact on the organization’s profit and loss statement of account.

The huge number of labor requirement which characterizes MoOSTs was a critical
element that needed to be examined. The number of personnel peaks during the execution
stage whereby manpower requirement may reach up to 1000 or more depending on plant
size, technology and scope of work [77]. Hence, the estimated number of staff involved in
MoOSTs within the maintenance organization, which could be a fraction of the entire labor
due to outsourced labor in very large and complex cycles was examined. Consequently,
the estimate of sub-contracted activities from the total number of maintenance activities
during MoOSTs was also examined. The percentage of staff turnover in MoOSTs, which
examined probable rates of knowledge loss within the organization was included in the
questionnaire. Finally, the main causes of delays during MoOSTs were examined, from
the available options each participant could select more than one causes of delay. The
causes of delays and budget overspend were discussed at length in [78], based on the
responses, 22 participants selected unplanned work, 32 selected discovery work, 15 went
for inaccurate allocation of time and resources within the schedule, 17 chose labor, spares
and materials delays, five selected weather or adverse environmental conditions. An extra
element of delay has been introduced due to emergence of the COVID-19 pandemic five
participants went for this option. Figure 5 depicts the specific MoOSTs related information
obtained from the survey responses.
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Figure 5. Specific MoOSTs related information obtained from the survey. Notes: (a) frequencies
for performing MoOSTs; (b) people involved in MoOSTs within the maintenance organization;
(c) turnover of staff involved in MoOSTs; (d) estimated cost of MoOSTs as a percentage of the entire
maintenance budget; (e) estimate of sub-contracted MoOSTs activities in different industries and
(f) major causes of delays and cost overruns (participants could select more than one reasons).

Literatures in the body of knowledge highlighted loss of expertise due to staff retire-
ment or high staff turnover as major risks facing project environment [24,79]. Therefore, a
crucial information that was obtained from participants was to determine how much time
they had before retiring and comparing responses across job class, in order to identify job
class that were most at risk from losing expertise in future. Figure 6 is the cross analysis of
responses received between the number of years left for retirement mapped across relevant
job classes.

Figure 6. Number of responses based on cross analysis of job class and years before retirement.
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The responses from participants indicated that although 13 participants (26.5%) had
performed above 21 MoOSTs but just two participants (4.1%) had 1–3 years left before
retiring. This was despite the pool of highly experienced professionals included in the study.
The probable implications might include that, if knowledge management and experience
transfer are prioritized in the nearest future, there is still time for experts to contribute to
the knowledge pool and for new entrants to adapt.

Further analysis undertaken to determine the link between MoOSTs frequencies
across industries, was to determine correlation with literature. The determination of the
predetermined time horizon for performing MoOSTs is based mainly on the mean time
to fail of the production systems, and this can vary from plant to plant as well as across
industries [80]. Figure 7 is a cross analysis of responses of participants based on frequency
for performing MoOSTs and industry.

Figure 7. Number of responses based on cross analysis between frequency and industry.

Furthermore, participants were asked to select common documentation and report-
ing approaches implemented to manage knowledge and document lessons learned during
MoOSTs in their respective organizations. Figure 8 shows the distribution of these responses.

Figure 8. Analysis of responses obtained for common documentation approaches during MoOSTs.
Note: participants could select more than one option for this question.
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Finally, because decision makers involved in MoOSTs have to balance critical factors
including but not limited to, time, cost and quality of work [81]. In the event of delays and
reworks which could arise due to many reasons including but not limited to, unplanned
work as well as poor quality of works, the probability of cost overruns is increased. Par-
ticipants were asked to choose estimates based on the percentages of MoOSTs that had
exceeded timelines or costs in contrast with estimates for MoOSTs that had been completed
ahead of scheduled timelines and below cost. Their responses are displayed in Figure 9.

Figure 9. Analysis of responses obtained for estimated timelines and cost during MoOSTs. Note:
(a) Number of responses and percentage of MoOSTs that exceeded estimated timelines; (b) number
of responses and percentage of MoOSTs that exceeded estimated cost; (c) number of responses and
percentage of MoOSTs that have been completed ahead of estimated timelines and (d) number of
responses and percentage of MoOSTs that have been completed below estimated cost.

3.2. Data Analysis of Semi-Structured Interview-Thematic Analysis

Thematic analysis (TA) is a method of identifying, analyzing and reporting patterns
(themes) within data [82]. The popularity of TA is partly due to its ability to explore variety
of research questions and topics at a level of depth that quantitative analysis lacks, while
offering flexibility in interpretation of data. However, the application of TA, needs to be
carefully performed under the watchful eyes of an experienced researcher. In general, analysis
of qualitative data could be outlined in five steps; compiling, disassembling, reassembling,
interpreting, and concluding, which are described within the thematic analysis process [83].

The first step, compiling the data into a usable form include, transcription of interviews
and it is recommended that this exercise is personally performed by the researcher, to
engender familiarization with data [64]. In this study, data from the interview sessions was
automatically transcribed by the technology utilized for conducting interviews remotely.
However, the transcripts, was read and re-read many times to ensure that all responses
and intended meanings had been captured accurately. The next step, disassembling of
data involved tearing the data apart and creating meaningful groupings. This is often
achieved through coding. According to Sutton and Austin [84] coding, is defined as “the
process by which raw data are gradually converted into usable data through identification
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of themes, concepts or ideas that have some connections with each othe”. A coding strategy
can be established before the coding (priori) begins based on review of literature, or it
can be an open or emergent meaning that is created as coding ensues, which develops
during the coding process [83]. Another coding strategy is “in-vivo” coding approach
that uses phrases from participants’ descriptive responses. In this study, a combination
of coding strategies was taken into account, definition of codes based on literature were
identified and supplemented with emerging codes from the interview data. The third step
is reassembling, which requires that codes are mapped against a context to create themes
(characteristics). In this context, a theme captures all important aspects about the data with
respect to the research question. Examples of output from the qualitative data analysis
software “Nvivo” having applied the five steps within TA process is depicted in Figure 10
as a word cloud diagram of interview responses alongside a node comparison of responses.

Figure 10. Word cloud diagram of interview responses and node comparison of responses obtained
from Nvivo software.

A very critical step in TA, is interpreting the reassembled data, and it involves making
analytic conclusions based on the data presented as codes and themes. Although it might
feel that steps leading up to a TA are listed in liner sequence, but it does not mean that
interpreting occurs after the first three steps, rather it is performed concurrently along
with other steps within the TA process [85]. The final step is concluding, which involves
examining responses to the research questions or study objectives. The interview questions
guide for the semi structured MoOSTs practitioners interview can be found in Appendix A.
The summary of the nine themes that emerged from data analysis exercise and selected
illustrative data extracts from interviews is discussed as follows:

Theme 1: Nomenclature
This theme describes the adopted nomenclature for comparable large-scale mainte-

nance activities across industries. Based on responses from participants, for maintenance
activities commonly referred to as major overhauls in the utility industry, turnarounds in
the oil and gas industry and shutdown in cement manufacturing.

“ . . . in the utility industry (e.g., water distribution/sewer collection and treatment) we
conduct maintenance and overhaul on large pumps, motors bar screens, large exhaust fans,
tanks, dams, compressors, transmission/distribution pipes and reservoirs”. Maintenance
planner, utility plant, US
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“ . . . in cement manufacturing, we have major maintenance for Kiln shutdown KSD,
some call it major overhauls”. Reliability engineer, manufacturing plant, Nigeria

“ . . . shutdowns of the bulk work”. Shutdown manager, manufacturing plant, UK

Theme 2: Mode of communication
This theme described the prevalent mode of communication across MoOSTs organiza-

tions. Due to the emergency of COVID-19, most of the participants interviewed stated that their
organizations had fostered the gradual transition from paper-based communication to electronic
system to remote working, while introducing social distancing measures where possible.

“Since COVID its move things forward and move them on dramatically and it’s a massive
improvement, where we will have a small number of people in a room and then everybody
else joining via teams so we can have can have large numbers of people at the meeting
and only a small number in a meeting room. We’ve got better control over our meeting”.
Maintenance manager, manufacturing plant in UK

“It used to be paper based probably, but now we’re pretty much fully electronic”. Docu-
ment controller, transport and logistics plant, UK

“Since obviously COVID-19 happened and we couldn’t have lots of people in one room
while we used to do this before, now the online shutdown meeting I mean, so now the
contractors, usually the supervisor were issued with like an iPad or similar.” Knowledge
expert, manufacturing plant, UK

“So a lot of it’s now electronic . . . there’s very, very little paper because it’s not a live document
once you print something off, you know there’s any changes to it and it can be tracked.”
Overhauls planner, utilities plant, US

Theme 3: Dynamics of maintenance team
The responses from participants were split across industries, for instance, in manufac-

turing, where there were likely to be backlogs and complexity in maintenance tasks, there
was an understanding that relevant expertise might need to be sub-contracted based on
maintenance demands. On the other hand, activities performed in utility industry was
more predictable and the team was fairly stable.

“You know, we might go through a period of three or four years of using someone then
we’ve done a lot of that work, and then we’ve gained this skills ourselves to be able to then
supervise it ourselves. Alternatively, we get a different expert in to then help us with the
next part, once we gain the skills we can then do the work going forward and it’s sort of
picks up like that”. Maintenance supervisor, manufacturing Plant, UK

“We don’t have specific people that do shutdown, we normally categorize the task based
on what we can do in house and what we sub contract . . . ” Contracts manager,
Aerospace, UK

“The maintenance crew hardly changes. We do have our own internal mechanical,
electrical, PDM and instrumentation maintenance crew that conduct maintenance on
the assets/equipment”. Maintenance manager, utilities plant, US

Theme 4: Impact of delays
This theme reflected the financial implications and reputational damage that might

occur due to delays in major maintenance activities. This is of particular importance, due
to the plant being offline and additional pressures from production/operation to get the
plant back online.

“ . . . that would be on production called (CPD), cost per day, if we overshoot, just the
circumstantial losses for the plant could be in the range of say £100,000”. Maintenance
manager, utilities plant, UK

“ . . . the Kiln is rated at 5000 tons per day. Average clinker per day costs N14,000 per
ton that is about N77 million per day and we usually overshoot by 3 days which brings
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the cost of delay to about N231m. If we use current exchange rate of £1—N620 it is about
£372, 580 . . . ”. Maintenance planner, manufacturing plant, Nigeria

“Each day lost can cost up to €30,000”. Maintenance manager, utilities plant, UK

Theme 5: Causes of delay and overspend
A major challenge for maintenance organizations within continuous production indus-

tries is an inability to envisage the whole maintenance activities that need to be performed
during MoOSTs. Despite advances in condition monitoring and diagnostic tools, it is often
difficult to predict the actual state of an equipment. Other common characteristics of this
theme identified were lack of spares, large number of people working on site performing
complex tasks and more recently COVID-19 restrictions and social distancing requirements.

“In fact under-estimated brick work on the refractories are the two main drivers for
overshooting budget and they make up over 50% of the overall shutdown costs”. Mainte-
nance supervisor, manufacturing plant in Nigeria

“Bit of guesswork until we can get in and have a look at the real work to do yeah, yeah,
exactly . . . ” Reliability engineer, manufacturing plant in UK

“If it’s not supervised correctly and things like quality of work can be affected, it can
extend the shutdown if you don’t keep on top of that”. Maintenance planner, water
utility plant in the US

“The main delays can be where we have got too many people working in one area, and
obviously this COVID-19 time, it was even more challenging to ensure we can maintain
a safe work area. For instance, you could have mechanical team and then the scaffold team
and it could be difficult to fit everyone”. Shutdown inspector, oil and gas, Nigeria

Theme 6: Responsibility for knowledge maintenance and experience management
To develop this theme, several research-based articles [86,87] and follow up ques-

tions were imbibed. In the context of this study knowledge maintenance and experience
management process describes capture/collection procedures, which include developing
suitable templates for capturing learning events and identifying critical MoOSTs activities.
Subsequent activities would entail a filtering process before storage, that is, verification
of knowledge and/or learning experience that has been captured, this could be by same
person responsible for capture, a superior or across specific teams. There would be deliber-
ations in between regular project meetings during MoOSTs (for live capture) and in debrief
session after MoOSTs (after termination) to obtain required information. Classification,
storage and publishing rights might be allocated to a team collectively or assigned to
an individual. Responses obtained from the interview, showed that some organizations
(Utilities plant in the US, Railway, UK) take a more collective approach towards knowledge
maintenance process (capture, filter and storage), whereby anyone could write post-mortem
reports upon MoOSTs termination, then filter, verify and store in appropriate knowledge
repositories. On the other hand, some of the case study organizations (aerospace in the UK
and cement manufacturing plant in Nigeria) assigned responsibilities for these actions, in
most cases this could be anyone within these job classes, planners, document controller
or even maintenance overhauls manager. Furthermore, ease of retrieval and adaptation
to existing knowledge was examined and responses on how knowledge was accessed or
shared obtained. Responses varied across skill levels, while some participants higher up in
the hierarchy of skillsets stated that they had access to knowledge platforms (share-point
sites, intranet and web-database). On the other hand, participants who were further down
the hierarchy of skillsets, for instance crafts/trades, depended on minutes/briefs that were
in circulation electronically via emails or paper based. However, because knowledge cap-
tured today could become irrelevant or outdated in future, there needs to be a process for
reviewing and updating existing knowledge, it enables deleting and/or updating functions.
Responses from industries such as manufacturing as well as oil and gas highlighted that
knowledge reuse process occurs during debriefs upon MoOSTs termination when learning
experiences are shared, audit reports developed, and performance reviews concluded.
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“Someone will be giving ownership of certain different parts. The person that’s either has a
vested interest in it or is most suited”. Reliability engineer, aerospace and defence, UK

“We do not write reports, however before the project commence, the maintenance planner
must create a job plan for the job”. Method and specific inspection, transport and
logistics, UK

“The true purpose of the debrief exercise is to make sure that when we start the preparation
and planning for the next major repair that we can put actions and recommendations in
where we can improve and the report will be stored in our local network”. Maintenance
manager, manufacturing plant, Nigeria

“ . . . The plan is constantly fluid and live. I update the plan two or three times a day and
then feedback that information. This could hamper the reuse of previous reports cause
things are constantly changing”. Shutdown planner, manufacturing plant, UK

Theme 7: Personal experience of learning
The main purpose for this theme was to deduce MoOSTs elements that have influenced

participants’ learning the most. Common modalities associated with this theme were but
not limited to, repetitive task linked to most MoOSTs activities, limited reflections after each
cycle to pinpoint highs and lows, familiarization with asset operations were the general
perceptions held by interviewees.

“Yeah, so just from having knowledge of this plant and knowing the whole operation.
So it boils down to the fact that you like understand the operations of the plants and
you’re familiar with the assets and things like that. So it’s not just textbook knowledge”.
Inspector, utilities plant, US

“I learnt from repetitive tasks, from personalized training and the company policy of
shuffling me to different projects from my early career”. Maintenance planner, manu-
facturing plant, Nigeria

“I would say it is just from lots of experience and debriefs, as well as understanding the
plant and the contractors. Then I would say continuous reflections plays a big part in
how successful major repairs are. Team work and collaboration is vital”. Maintenance
manager, manufacturing plant, UK

Theme 8: Lack of formalized approaches for knowledge capture and transfer
This theme is related to identifying formalized means for knowledge capture and

transfer. Participants described approaches that were informally practiced such as shad-
owing, coaching, peer assists, observations and mentoring. The perceived effectiveness of
common approaches being practiced in most industries that perform MoOSTs was a feeling
of inadequacy. A few responses captured the feelings among practitioners, who felt that a
more formal approach of what they were doing now in terms of mentoring, peer assists,
shadowing, etc., could be beneficial.

“There is a lack of formalized training, so for example on the production team, if you
start as a new member, the production team just the whole system where you go and
do so many months in one area. . . . So you’re rotated round until you’ve witnessed all
those bits. There doesn’t seem to be that in the maintenance out as much”. Maintenance
manager, manufacturing plant, UK

“ . . . to answer, I think it’ll just be you shadow someone that’s done it before you learn
from their experiences and things like that, you know you sort of have to catch up quickly”.
Reliability engineer, manufacturing, UK

“ . . . there’s never been any formalized training on it”. Inspector, manufacturing
plant, Nigeria

“There’s not a formalized training, probably just time and experience, but also spending
time with other people”. Document controller, utilities plant, US
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“I would say we have means people can learn from the team but it is not formalized, so it
would be much more done through shadowing, mentoring and your peers assisting you”.
Maintenance manager, utilities plant, US

Theme 9: Barriers to learning
Barriers to learning is quite popular in the study of major maintenance activities, to

further develop the coding strategy and understand emerging attributes from data, follow
up questions based on participants’ responses and sign post from relevant studies [30,88]
were imbibed. A consistent response from participants was that there was not enough
time for reflections to engender learning. Some practitioners cited inability to capture
knowledge gained from one cycle to another cycle in solving similar problems or applying
similar logic to different problems as limitations. A typical follow-up question to obtain
the perspective of participants examined if there were peculiarities within their respective
organizations that might aggravate the impact of such limited adopting of projects to
learning when compared, for instance, with another organization within same industry.
When responses were analyzed common assertions among some participants was that
majority of maintenance activities involved in MoOSTs are routine, they highlighted lack
of activities prioritization based on reliability engineering and maintainability objectives
as critical factors. Rather, the norm was to assign MoOSTs objectives and criticality in
activities critical paths based on project objectives obtained through mathematical analysis,
(usually a “forward pass,” “backward pass,” and “float calculation”). The effect of adopting
traditional project-based objectives might limit the examination of critical activities in
MoOSTs if the aim is to engender experience-based learning [89]. Furthermore, lack of
ownership was identified as a main barrier to learning, because MoOSTs are labor intensive,
substantial number of outsourced resources are committed towards each cycle. The perception
and agenda of an employee within MoOSTs organizations contrasts with that of an employee
within the employment of a contractor. Typical responses of regular employees, would be
that they identify areas where they require additional expertise and outsource those activities,
leaving little or no room for expertise development within the organization. On the other
hand, the responses of employees contracted out to different sites would identify lack of tasks
continuity, coherence in organization culture, and motivation as barriers to learning.

“I would say Time!! It takes time to reflect and look at what you are doing and some people
have that ability while others don’t also quite often people get caught in the moment and
just become like a conveyor belt in the work without giving much thoughts to what they
are doing. Cause you never stop, you finish one shut down and go back to start another
one. It is almost like a roller coaster of never catching a break”. Reliability engineer,
manufacturing plant, UK

“Not documenting and sharing the lessons learned is a major problem because there is
no time. When a maintenance team moves on, the lessons learned are not transferred to
the next generation. In my opinion, a barrier to learning from experience results from
maintenance teams with too few members not having the time to document the lessons
learned. Organizations need to understand the value of documentation practices and
resource them appropriately”. Document controller, manufacturing plant, UK

“There is the gap from the individual aspect and organization, if the system is there to
encourage but the individual impacts on the overall efficiency and the duration of learning,
and it is the major obstacle for passing down key skills learned from major overhauls”.
Maintenance shutdown manager, manufacturing plant, Nigeria

“It’s a tough one, isn’t it? I think previously, maybe just before my time or just as after
I started do it, almost a hesitancy for people to share knowledge”. Inspector, utilities
plant, UK

4. Discussion of Findings

In this paper, the challenges of managing MoOSTs-related knowledge have been
identified and probed to highlight underlying causes. The identified challenges were
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mapped to key demographic information of participants such as, qualifications, level of
expertise, job class, industry, years of experience, size of organization, staff turnover, and
location. This mapping is useful for the development of real-life knowledge management
initiatives because it offers insights on where research efforts should be concentrated. For
instance, the mapping exercise highlights industries and job classes across the different
regions that are at risk of losing expertise, based on factors such as years left to retirement
and/or staff turnover rates. This is critical because experienced practitioners contribute
immensely to successive MoOSTs cycles to enable achievement of predetermined outcomes,
but for some organizations this poses the risk of losing knowledge if they are unable to
identify, capture, prioritise, store and reuse knowledge as well as expertise before it becomes
unavailable. The type of expertise within the consciousness of experienced practitioners is
determined largely by the type of activity and or responsibility assigned to them. Staff with
job autonomy in highly critical industries develop personalized approaches to performing
tasks [88]. However, such types of personalized approaches to performing tasks in this
instance during MoOSTs might lead to “expertise-silo effects” which inadvertently poses
risks to the organization. These risks are further aggravated partly due to several reasons,
including when knowledge and expertise are possessed by outsourced human resources
(usually due to the large volumes and specialisation of MoOSTs activities). Other cogent
reasons might be losses due to staff resignation and/or departure, as well as hesitancy
to share knowledge because knowledge is rationalized for power bargains, and those in
possession hoard it to retain relevance within organisations [49].

For the first research question, nine themes emerged and six were associated with the
challenges of managing knowledge during execution of MoOSTs activities in practice. The
results show that these themes; responsibility for knowledge maintenance and experience man-
agement, barriers to learning, lack of formalized approaches for knowledge capture and transfer,
personal experience of learning, dynamics of maintenance team and modes of communication,
have significant impacts on how effectively knowledge is managed during MoOSTs.

For the second research question, it was observed that while most of the identified
challenges from the SLR matched the findings from this study, this study further probed
underlying causes of these challenges as well as new themes that had emerged. For instance,
in terms of these two themes; responsibility for knowledge maintenance and experience
management, and the lack of a formalized approach to knowledge management and
experience transfer within MoOSTs organizations, the responses obtained highlighted that
knowledge currently lies with experienced practitioners that are involved with MoOSTs.
Hence, organizations with limited abilities to harness this knowledge are increasingly at
risk. Further probe of this phenomenon indicated that most of the professionals interviewed
in this study who are highly experienced and equipped with good working knowledge
of their respective plant operations (a major pre-requisite to being selected into MoOSTs
organizations) was a true reflection of MoOSTs organisation in practice. The high level of
expertise might lead to decreased motivation within organizations that have intentions to
establish formalized approaches for tacit knowledge capture and learning form experience-
based frameworks. This might be because, decision makers are of the assumption that
there was limited usefulness in groups of highly experienced professionals who most likely
are perceived not to require any formal training to kick start their role. The perception
from most professionals interviewed was that compared to how knowledge is captured
and learning from experience developed within production/operations, by means of job
rotation across different systems and/or areas, in MoOSTs, there are no such formalized
approaches. However, experience is gained overtime from familiarization within the plant
as well as assessments of lessons learned from failures and/or successes in prior MoOSTs
cycles. Furthermore, due to the limited focus on knowledge management and transfer
of expertise, professionals involved with MoOSTs are not adequately trained to imbibe
formalized approaches for capturing and transferring their experiences over time. In terms
of barriers to learning, participants were of the opinion that the chaotic environment during
MoOSTs restricts sharing. Some professionals described their feelings towards MoOSTs
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as likened to being a part of a “conveyor system”. That is, there is hardly any time for
reflections during MoOSTs because you are constantly racing against time to handover to
the production and operations team under very strict and sometimes unrealistic timelines
as well as cost control measures. Afterwards, the new cycle of pre-planning activities for
the next MoOSTs commences, which is more prevalent among industries where MoOSTs
frequencies are reasonably higher (e.g., the cement and rail transport industries) [57,90].

For the third research question, it can be stated that insights provided from this study
would provide significant inputs for developing a conceptual proposal for managing
MoOSTs. For instance, the barriers to learning and managing knowledge that were identi-
fied from both literature and practice, a crucial step would be to prioritise (rank) factors
that contribute to the barriers to knowledge management and deploy mitigating actions
that would have significant impact scores. Furthermore, it was observed that for most
organizations, scant attention is paid to determine which of the MoOSTs activities have the
most critical impacts on successful outcomes. Hence, one of the necessary actions when
developing a MoOSTs knowledge platform would be to enable the identification of critical
MoOSTs activities to maximise knowledge capture from critical MoOSTs activities. Another,
important perspective obtained from this study is the fluidity of MoOSTs plans, which
is constantly updated as soon as the plan goes live, sometimes up to two to three times
daily, hampering reuse of previous knowledge. In the words of one such participant “the
schedule becomes outdated and needs to be updated once we go live and discover some jobs we have
to do”. Based on this need, any proposal for developing a MoOSTs knowledge platform will
need to be agile to manage the demands of the users as well as provide complementary
solutions for prognosis and enhanced decision-making during MoOSTs, with intentions
of establishing criticality ranking for individual activities as this can provide information
leading to continuous improvement and learning from experience.

5. Concluding Remarks and Proposal for a MoOSTs Knowledge Platform (KP)

The observations and underlying causes obtained from this study presents the op-
portunity to develop a proposal for a knowledge platform that can effectively manage
challenges in MoOSTs development. Following analysis of the ample evidence obtained, it
is evident that while mechanisms within existing MoOSTs databases and information man-
agement systems for identifying lagging indicators (generating audit and/or post-mortem
reports, as well as suggestions for measuring and storing such captured information) exist,
their ability to support prognosis and sustainable management of tacit knowledge for
enhanced decision-making are quite limited. Therefore, it is necessary to establish the
usefulness of large-scale information gathering within MoOSTs and further optimisation by
first developing an approach for critically analysing important parameters within MoOSTs
activities, based on the identified expert criteria. Upon identification of critical MoOSTs
activities, an awareness of the useful expertise that needs to be captured and the sources
for capture as well as KT process is will then be initiated.

Secondly, develop a conceptual framework that can be demonstrated with the use
of a case study with the aim of building an integrated web-based knowledge platform
(KP) for managing both tacit and explicit knowledge during the execution of MoOSTs. The
integrated web based KP should be developed with many objectives, mainly to foster the
retention of knowledge possessed by experienced professionals, to overcome real-time
knowledge capture limiters especially time restriction and chaotic MoOSTs environments.
Additionally, the web based KP would enable integration with other IT systems, especially
existing enterprise resource planning systems used for managing MoOSTs and mainte-
nance in general. The proposed KP should be simple, flexible, concise, and inexpensive.
Consequently, it is imperative to intensify research efforts towards attainment of a MoOSTs
knowledge platform (KP) that aim to provide complementary solutions for prognosis and
enhanced decision-making from critically MoOSTs activities.
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Limitations

The scope of this work was limited to include analysis of data based on specific gaps
identified from a prior SLR and questions asked in the interviews were directly relevant to
the study aim of aligning practice with research. Another SLR might discover additional
qualitative findings which will need to be elucidated in future empirical studies with the
view of obtaining other practitioners’ perspectives. In addition, the qualitative research
method is often criticised for not usually being generalizable, because the conditions in
which it is conducted can often not be replicated. However, this is not a hindrance or
limitation to the research, but it is rather a feature that can be overcome by establishing
common values of transparency during data collection, analysis and interpretation of
results. It is the opinion of the authors that the research direction, discussions and outcomes
from this study are very relevant in examining pertinent issues raised by research and
practice in the study of knowledge management and experience transfer in MoOSTs. In
addition, although a proposal for a MoOSTs KP has been recommended, the application and
validation of such study is beyond the scope of this present study, but the aim is to show the
relevance of the findings from this study and the crucial background it provides to achieving
this important task. Moreover, this study should be treated as an ongoing work which could
be further extended in future as the challenges in MoOSTs are quite dynamic.
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Appendix A

Question Guide for semi structured participants interview are available.

1. What are the major maintenance activities performed during MoOSTs?
2. How is the team formed, is it always the same core team or is it formed for every new

MoOSTs project?
3. What are the main reasons for delays during MoOSTs?
4. What is the normal duration for MoOSTs Planning?
5. How long does the MoOSTs execution normally last?
6. What is the impact of delays on production costs? (Please asides from a summary,

provide monetary figures).
7. What is the ICT utilized for planning, capturing knowledge during MoOSTs?
8. Is the communication process during MoOSTs paper based, electronic or a mix of both?
9. Do you organize meetings during MoOSTs to discuss ongoing projects? If yes, who

participates at these meetings, how long do they last, where are they organized?
10. Do you review MoOSTs project? If yes before or after?
11. Do you write reports? If yes, who writes the report, and how is it stored?

manchester.ac.uk
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12. Could you give me any example of the issues that are treated in the reports or reviews?
13. What happens to the information that are generated from review meetings during MoOSTs?
14. Do you reference these reports in subsequent MoOSTs projects?
15. How are contractors briefed during MoOSTs, is there a representative?
16. How do you prioritize the knowledge you capture?
17. What happens to the information that are generated, are they saved? If yes, how are

they saved and shared (paper based, online repository or real time, intranet, web
based that is continually updated and made available immediately)?

18. What is the process for debriefing contractors?
19. Do you have any formalized approaches of learning from experience? I.e., is there a

way experts are able to transfer their expertise across projects?
20. Can you give examples from your personal experience on how you learned new lessons?
21. In your opinion, what are the major barriers to knowledge management and learning

from experience?
22. How do you think the barriers you have identified can be overcome, what measures

do you envisage?
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