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ABSTRACT 

This paper provides an understanding of performance evaluation as a valuable tool in 
determining the strengths and weaknesses of a maintenance worker. The Maintenance 
Workforce Competency Model is introduced to embrace these key facets. In this paper, the 
development process of the model is presented as a tool to gauge or quantify the 
maintenance workforce’s competency, by considering their intrinsic personal traits. The 
developed model aims to represent the workforce’s competency level in carrying out their 
tasks, and whether or not they have performed their assigned tasks. 

OPSOMMING 

Hierdie artikel verskaf insig tot prestasie-evaluering as ’n nuttige metode om die sterk- en 
swakpunte van ’n instandhoudingswerker te bepaal. Die “Maintenance Workforce 
Competency Model” word aangewend om hierdie fasette te bepaal. Die proses wat gevolg is 
om die model te ontwikkel word voorgehou om sodoende die instandhoudingsarbeidsmag se 
bekwaamheid te kwantifiseer deur te kyk na die intrinsieke persoonlikheidseienskappe van 
die individue. Die model wat ontwikkel is poog om die arbeidsmag se vlak van bekwaamheid 
in die uitvoering van hulle pligte te bepaal en om vas te stel of hulle die aangewese pligte 
uitgevoer het al dan nie. 
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1. INTRODUCTION 

In the challenging and competitive industrial arena, companies strive for world-class 
competitiveness. Since maintenance makes up a large portion of total production cost – 
between 15 and 40 percent [1] – this also puts maintenance under increasing pressure to 
reduce the cost and waste of daily production. Apart from influencing production 
efficiency, on-time deliveries, capacity, and total plant cost effectiveness, maintenance 
has a major impact on product quality, which is dependent on equipment conditions. Thus 
maintenance is expected to make a long-term contribution to a company’s profitability by 
intensifying production efficiency, extending equipment life, and improving equipment 
reliability and availability.  
 
Maintenance, in general, can be described as the combination of a set of technical and 
administrative actions to retain or restore equipment or a system in a state to perform its 
designated functions [2, 3]. Maintenance is also seen as a system carried out in parallel 
with the production system. It also has a key role in achieving organisational goals and 
objectives. According to Duffuaa et al. [2], a maintenance system can be viewed as a 
simple input-output model. The inputs include labour, management, tools, spare parts, 
materials, equipment, etc. These desired resources should be optimised, thus maximising 
the output of the maintenance system and keeping the equipment reliable and well-
configured, in order to achieve the planned operations of a plant.   
 
In modern industries, in order to fulfil their operational goals, organisations have adopted a 
large amount of complex equipment. Extensive maintenance systems and management 
become more crucial. Widespread mechanisation and automation, for example, have 
reduced the number of production personnel and increased the capital investment in 
equipment and civil structures. As a result, the number of maintenance personnel and 
maintenance expenses in the total operational costs are escalating [4]. 
 
The roles and responsibilities of people in maintenance are not only limited to diagnosis 
and error recovery, but also include recording maintenance data, handling and operating 
equipment, training the maintenance personnel, and planning and scheduling maintenance. 
As people become involved in specific systems, their abilities and limitations are revealed 
in their performance of assigned tasks. Since they are essential to the operation of such 
systems, it is important to study the effects of human performance on the maintenance 
system.   
 
The work presented in this paper demonstrates the importance of human involvement in 
the maintenance system, and the crucial need to assess and evaluate each maintenance 
worker’s performance. The goal is to develop a model as a tool to gauge actual 
performance for effective assessment and evaluation of the maintenance worker. 

2. THE NEED FOR HUMAN PERFORMANCE EVALUATION 

It is well known that a successful maintenance system can be partly achieved through 
excellent equipment performance and reliability. However, the other fundamental factor is 
having skilful workers to operate the equipment and manage the overall maintenance 
system. The role of qualified technicians, for example, is essential in having proper 
maintenance. Their performance may, in fact, directly or indirectly influence the 
maintenance quality. This is acknowledged by Duffuaa et al. [2], who claim that much 
maintenance ineffectiveness can be traced back to the lack of skilled technical workers, 
resulting in various errors. According to Mason [5], human error in maintenance can have an 
impact on safety and overall performance in a number of ways. Poor repairs, for example, 
can increase the amount of breakdown, which in turn can increase the risk associated with 
equipment failure and personal accidents. 
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In addition, unlike production work that is more routine and does not require much 
information to be performed, maintenance work presents different levels of information 
processing, as well as problem-solving and decision-making. Because maintenance work is 
mostly non-repetitive and has more variability, establishing and sustaining a high level of 
technical employee performance is crucial, which means that the workers need to be 
trained. However, the question is: How much training and development is needed, and in 
what areas?  
 
Owing to cost and time constraints, most companies cannot afford to send all their 
maintenance workers on formal training programmes to improve or enhance their 
performance level. As an alternative, training is only provided to the persons who most 
require specialised types of training. To that end, a properly developed and implemented 
maintenance competency assessment is a valuable tool in determining the strengths and 
weaknesses of individual maintenance workers in order to design an intensive training 
programme, and thus answer the research question.  
 
Another problem most organisations encounter is that it is difficult to upgrade their 
maintenance workers’ technical skills and knowledge, because many of the available 
training programmes are redundant or do not take the workers’ current skill levels into 
consideration (Smith, in [6]). Furthermore, owing to the subjective nature of workers, 
there is less concern among researchers to discuss and develop the best assessment tool for 
measuring maintenance worker performance.   
 
In the light of these problems, this paper will focus on efforts to eliminate them. The aim is 
to develop a model to help effectively assess and evaluate the performance of an individual 
maintenance worker. First, the issues of human performance and its measurement are 
described in the following subsections. 

2.1  Human performance and human performance measurement 

The importance of human involvement in the maintenance system, and in maintenance 
management, has been recognised in the past, especially since an aggressive approach, 
Total Productive Maintenance (TPM), was introduced in 1971 [7]. In general, TPM is an 
improvement strategy that builds a close relationship between maintenance and 
production. It puts a strong emphasis on overall equipment operation and product quality 
with the active participation of every employee in the organisation. Besides developing a 
system of productive maintenance for the entire life of the equipment, this approach also 
focuses on the root causes of failure by taking advantage of the abilities and skills of all 
individuals in the organisation [8, 9].  
 
Since then, the importance of human involvement in maintenance has been proven in many 
cases. This research is being studied in some depth in a number of industries, and it 
becomes increasingly clear that human factors in maintenance operations are of growing 
interest in most industries [5]. With an increasing awareness that maintenance workers add 
value to the effectiveness of the maintenance system in any industry, more effort should be 
given to the development of these individuals, and the measurement of their performance 
becomes essential because, according to Kumar [10], it is difficult to plan, control, and 
improve human performance without any formal measurement. This was supported by 
Parida [11], who claimed that performance cannot be managed without measurement, 
because measurement indicates the present status of performance. 
 
In fact, numerous predictive models that were developed for human performance 
measurement have been constructed and used to generate performance prediction [12]. 
Performance measurement, whether using modelling methods or not, is applied to evaluate 
the actual human performance and to improve overall operational system performance. 
 
The development and application of models for evaluating human performance, or Human 
Performance Models (HPMs), has been around for many years, using various techniques and 
purposes. Not only can HPMs represent either individual or aggregate human performance 
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[13], they can also be used to symbolise how humans interact with the system. According to 
Young [13], HPMs can be used to support training, mission analysis, and simulation-based 
acquisition. In addition, Zinser & Henneman [14] agree that the modelling approach will 
contribute to a better understanding of human performance in the task being studied.  
 
In the present work a modelling approach is chosen to develop a new model of human 
performance measurement, since it will contribute to a better understanding of human 
performance in maintenance work. The individual worker’s competency, which includes 
their knowledge, skill, and attitude, is the main focus in this assessment. The primary 
target is to close or eliminate the workforce performance gap in the most cost-effective 
way. Thus the emphasis of this paper is on: (i) the introduction of the proposed 
Maintenance Workforce Competency Model, and (ii) the development process of this model.  

3. THE WORKFORCE COMPETENCY MODEL: QUANTIFYING MAINTENANCE WORKFORCE 
PERFORMANCE 

It is found that identifying, analysing, and evaluating the contributing factors or root causes 
that lead to inappropriate human actions have been the main concern in most literature 
[15]. A good example is the Human Reliability Analysis (HRA) model, developed for nuclear 
power industries. However, very few studies have tried to quantify the effects of those 
factors on the performance of technical workers, especially for maintenance work.  
 
As a first step in the present research, the ‘Maintenance Workforce Competency Model’ is 
developed by considering the same concept, which is identifying, analysing, evaluating the 
contributing factors, and quantifying the effects of those factors on the performance of 
maintenance workers. To be more specific, three main steps were proposed by Suwignjo et 
al. [16] for their Quantitative Model for Performance Measurement System (QMPMS), an 
initial reference towards developing the Maintenance Workforce Competency Model. The 
steps are illustrated in Figure 1. 
 

 

 

Figure 1: General framework of QMPMS [16] 

In the development stage of the Maintenance Workforce Competency Model, data is one of 
the most important requirements for quantification purposes. Referring to the concept used 
for the model, subjective evaluation would be the primary source for gathering the 
required data; yet there is a need to quantify those subjective data. In this situation, 
expert judgment is the best approach to adopt. Thus, one of the expert judgment 
techniques that has similarities with the QMPMS framework, the Success Likelihood Index 
Methodology (SLIM), is adopted in developing the framework of the Maintenance Workforce 
Competency Model. SLIM is a widely-recognised HRA method that was originally developed 
for the nuclear power industry to quantify operator actions in the plant response model of a 
probabilistic risk assessment [17]. It was used to quantify operator actions with the 
assumption that the human error rate in a particular situation depends on the combined 
effects of a relatively small set of performance shaping factors (PSFs) that influence the 
operators’ ability to perform the action successfully. Figure 2 illustrates the general 
framework of SLIM. 
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Figure 2: General framework of SLIM (Source: [18]) 

The SLIM framework has six main stages (Figure 2). Park & Lee [18] divided these stages 
into three phases: Preliminary, Expert Judgment, and Calibration Parts for their newly 
proposed AHP-SLIM model. Adopting this idea, the Maintenance Workforce Competency 
Model has also been developed in three fundamental phases. However, in order to use this 
framework, a few modifications were carried out, because the main purpose of the 
application of the original SLIM method is to quantify the probability of an error associated 
with a task, sub-task, or task steps. The development of the Maintenance Workforce 
Competency Model, conversely, is to quantify the performance of an individual 
maintenance worker, but not only by focusing on human error. In response to the concepts 
identified above, the Maintenance Workforce Competency Model has been developed by 
integrating the QMPMS steps into the SLIM framework.  
 
In addition to modifying the original SLIM framework, the Maintenance Workforce 
Competency Model was also extended to be applicable to more than one performance 
indicator. Evaluating the performance of maintenance workers should not be limited to only 
one indicator, because there are many people who have knowledge without skills [19]. In 
addition, an attitude problem may also detract from a person’s performance. For example, 
tardiness and poor attendance can negatively impact the individual’s productivity and job 
satisfaction [20]. 
 
The structure of the proposed Maintenance Workforce Competency Model is shown in Figure 
3. The purpose of this model is to evaluate a maintenance worker’s capability in performing 
given tasks, while considering a number of performance indicators as the model’s 
parameters. By using this model, a maintenance person’s competency level, focused on 
their skills, knowledge, and attitude, can be gauged. The basic concept of the Maintenance 
Workforce Competency Model is that the competence of a person carrying out a given 
responsibility depends on the combined effects of a set of intrinsic personal traits or 
performance-shaping factors (PSFs) that influence a maintenance worker’s ability to 
accomplish the tasks.  
 
The model has three fundamental phases; Preliminary Part, Expert Judgment Part, and 
Quantification Part. The purpose of the Preliminary Part is to find and choose the most 
appropriate human performance indicators (PIs) as the model’s parameters. The second 
phase, Expert Judgment Part, involves a number of people making subjective decisions in 
identifying a set of PSFs and providing numerical feedback on weighting (w) and rating (r) 
scores for the PSFs. The final phase, Quantification Part, involves mathematical formulation 
to quantify the competency level for each maintenance worker by multiplying the scores of 
the selected performance indicators (γ). The result of the developed mathematical 
formulae is expected to represent the percentage of competency level for the individual 
worker (φ). A quantitative approach is adopted in this model in order to reduce the 
influence of personal judgmental to the minimum. The overall process in building up the 
Maintenance Workforce Competency Model, and the details of the development process for 
each of the phases, are discussed in the following sections. 
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Figure 3: The Maintenance Workforce Competency Model 

3.1 Phase I: Preliminary Part 

The Preliminary Part is the first phase of the Maintenance Workforce Competency Model. In 
this initial stage, the most appropriate human performance indicators (PIs) that can be used 
to gauge the performance of individual maintenance workers is identified. The PIs are 
proposed as the model parameters, incorporating a number of important aspects of human 
or workforce performance measurement in maintenance work areas. As mentioned in the 
previous section, the PIs also need to be linked to elements that relate to the total 
competency of a maintenance worker, including their skill, knowledge, and attitude, in 
order to compare their actual performance with the organisation’s performance 
requirements. 
 
In addition, a review of relevant literature and observation in a manufacturing company are 
carried out in order to ascertain that the selected PIs, which have rarely been discussed in 
the literature, are suitable for the real industrial application. As a guideline, Kumar [10] 
suggests that the SMART test, developed by the USA’s Department of Energy in its 
handbook, can be used effectively to test the attributes of the indicators. According to the 
SMART test, the selected indicators should be:  
• Specific: focused and intelligible definition to avoid misinterpretation. They must also 

be easily understood by persons who are involved in the evaluation. 
• Measurable: can be quantified and compared with other data. These should allow for 

meaningful statistical analysis. 
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• Attainable: achievable, reasonable, and credible under expected conditions. 
• Realistic: fit into the organisation’s constraints and are cost-effective. In this study, 

the selected PIs should be related to the strategic goals and objectives of the 
organisation’s maintenance management. It means that the organisation’s expectations 
and needs from the maintenance department must be clearly identified. 

• Timely effectiveness: this criterion is to balance the time taken to collect information 
with its usefulness. Wherever possible, the PIs should be based on information that is 
already available, and should be linked to existing data collection activities (e.g., the 
organisation’s maintenance reporting system). 

 
According to the SMART criteria, performance analysis (PA) is proposed as a tool to identify 
the most suitable PIs. In general, PA is used to figure out requirements and to identify the 
needs in order to help assessors find and do the right things in the right way. Therefore, for 
the purpose of evaluating the performance of the maintenance workforce, the PA should be 
carried out in a systematic way, aimed at thoroughly investigating the current 
organisation’s overall performance requirement in maintenance management. From the 
analysis, the desired maintenance workforce performance will be identified, and the 
indicators that satisfy the SMART criteria will be determined. Thus in this phase it is 
proposed that organisational maintenance system analysis and situational analysis be 
carried out before the most appropriate performance indicator (PI) can be selected. 
3.1.1  Organisational maintenance system analysis 
An analysis of an organisation’s maintenance system needs to be carried out in order to 
identify its stated maintenance policies, goals, and strategies. Apart from having a clearer 
understanding of the business’s goals and objectives, its organisational strategic planning 
and performance standards (especially for the maintenance department) are also reviewed 
and analysed. This analysis may help to find indicators that satisfy the ‘attainable’ and 
‘realistic’ criteria in SMART.  
3.1.2  Situational analysis 
A situational analysis is carried out to analyse the resources provided by the organisation in 
order to ascertain that their stated target maintenance policies, goals, and strategies can 
be achieved. This analysis should observe the current situation in the organisation, 
including how the maintenance system is operated and managed. For this purpose, 
interviewing the related personnel, evaluating the organisation’s maintenance performance 
reporting system and standard operating procedure, and reviewing the published training 
materials are part of this analysis. It may help to find the indicators that are ‘specific’ and 
‘measurable’, as well as ‘timely effective’ when the information, and the data available 
from the organisation’s reporting system, are being referred to. 

3.1.3  Performance indicator selection 
Knowing the organisation’s requirements for maintenance performance and the actual 
situation in the organisation, the critical performance of each person in the maintenance 
department can be investigated. From this critical performance analysis, the most 
appropriate performance indicators (PIs) that should be used to gauge the workers’ 
performance are determined. It should be stressed here that the chosen PIs must be linked 
to the company’s vision and goals and to individual performance standards. If this cannot 
be done, the measurement will not have the required attributes. The indicators are then 
proposed as the parameters for the Maintenance Workforce Competency Model that will be 
used in the second phase of the model’s development – the Expert Judgment Part. 

3.2  Phase II: Expert Judgment Part 

The second phase of the Maintenance Workforce Competency Model (illustrated in Figure 
3), the Expert Judgment Part, is a critical phase of the model, where the main content for 
assessment purposes is structured. The overall idea of this second phase involves a number 
of people making qualitative and quantitative decisions. According to the literature, a few 
expert judgment techniques have been developed and applied within many disciplines, and 
these are of primary interest when there is a limited availability of required data. Examples 
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of fields that have contributed to probability elicitation by experts are decision analysis, 
psychology, risk analysis, Bayesian statistics, mathematics, and philosophy [21].  
 
There are a few risks when employing the expert judgment techniques, such as 
inconsistencies of judgments and biases in making estimations. However, the primary 
advantage of using these techniques is that experts can expose the unique strengths and 
weaknesses of their own organisation. This is because the experts – who are usually the 
managers, engineers, or highly skilled workers – have the most knowledge and experience 
about the organisation’s system and operation, and about its possible problems. Thus these 
people can provide a meaningful evaluation [22]. Referring to Figure 3, the Expert 
Judgment Part consists of the following stages: PSFs Elicitation, PSFs Weights, PSFs Rating, 
and Indicator Scoring. However, before these phases are carried out, an expert selection 
procedure needs to be performed. Each of these stages will be elaborated below. 
3.2.1  Expert selection 
The selection and formation of a group of experts is a critical task that should be carried 
out structurally and in detail. It is because the development process of the Maintenance 
Workforce Competency Model – and the results it generates – are highly dependent on these 
personnel. ‘Experts’ are individuals who have adequate background and experience in the 
organisation’s maintenance system and operation; who are regarded by others as those who 
are more knowledgeable about the maintenance section; and who are recognised by their 
peers and subordinates as qualified to address the technical problems. In order to find the 
experts who also have the ability to make the required evaluations, the following selection 
criteria are used (partly obtained from DiMittia et al. [23]): 
• Actively participated in maintenance activities and acquired professional experience 

and knowledge in the maintenance field, with a minimum of five years’ experience; 
• Actively involved in the organisation’s maintenance management as staff of the 

company, and possesses the best knowledge and understanding of the organisation’s 
maintenance system; 

• Familiar with the organisation’s maintenance workforces; 
• Capable of dedicating the required time to perform the evaluation, and committed to 

participate as required. 
 
Based on these selection criteria, a questionnaire is developed. Apart from clearly stating 
the required professional background and experience, the questionnaires may also provide 
significant validation for the experts being selected. This selection process is vital in order 
to identify the best experts who fulfil all the stated selection criteria. Through this 
selection procedure, the experts’ level of expertise in maintenance work, as well as their 
ability to provide the evaluation required by this study, can be measured. 
 
On how many experts should participate, previous studies that utilise expert judgments, 
such as DiMittia et al. [23] and Park & Lee [18], do not state optimum numbers. Yet the 
selections are usually based on the number of experts available in the study scope. This is 
stated by Hokstad et al., [24], who claim that the quality of the experts in assessment and 
judgment is more important than the quantity. Acknowledging this proposition for the 
present research, the number of experts to be selected will not be stressed. But fulfilling 
all the stated criteria is vital. 
 
Referring back to the Expert Judgment Part (Figure 3), the tasks to be performed by the 
experts – PSF elicitation, PSF weight, and PSF rating – are carried out by adopting a 
weighted scoring method. Also known as ‘weighting and scoring’, this is a form of multi-
attribute or multi-criteria analysis. In general, the weighted scoring method involves 
identification of all the factors or attributes that are relevant to the project, the allocation 
of weights to compare each of the factors to reflect their relative importance, and the 
allocation of scores to each factor, which may be used to indicate performance of the items 
or elements to be evaluated [25]. The important reason for choosing the weighted scoring 
method is that its basic steps are also used in the SLIM framework, which is the main 
reference for building the Maintenance Workforce Competency Model. 
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For the application of the weighted scoring method in this research, experts who have been 
selected at this stage (N persons) will quantitatively assess and evaluate the individual 
maintenance workers in the PSF Elicitation, PSFs Weight and PSF Rating stages, before 
quantifying the performance of those workers in terms of each indicator in the Indicator 
Scoring stage. All four stages are discussed below.  
3.2.2  PSFs elicitation 
Performance-shaping factor (PSF) elicitation is the first task to be performed by the experts 
(see Figure 3). As mentioned earlier, PSFs are parameters that influence the ability of a 
person to accomplish a given task successfully, or factors that may enhance or degrade the 
person’s performance. The identified factors, in essence, might represent current or 
anticipated performance problems to be solved, or an opportunity for performance 
improvement. 
 
PSF elicitation in the model development phase is the process of identifying and selecting 
those important factors that influence the maintenance workforce’s performance. These 
factors are proposed as variables of the Maintenance Workforce Competency Model that 
examine maintenance worker in terms of each of the identified performance indicators 
(PIs). This means that a PI will contain one set of PSFs, which will be the same with another 
set of PSFs in other PIs. This is in order to narrow down the variables used for evaluation. 
Figure 4 shows the PSF elicitation process, which consists of collecting, screening, and 
ranking processes. It is carried out in an orderly fashion to ensure that the selected PSFs 
are completely appropriate as the variables for performance measurement. 
 

Figure 4: PSF elicitation process 

As illustrated in Figure 4, the first draft of internal PSFs is constructed by collecting as 
many PSF items as possible from observation and various studies, as well as from relevant 
publications and books. The main references are previous studies that applied Human 
Reliability Analysis (HRA) methods, especially the work carried out by Kim & Jung [26] and 
DiMittia et al. [23]. However, only internal or individual PSFs are considered in this 
research, with an assumption that any external factor (equipment condition, workload, 
etc.) and the stress factors are the same for every person. Internal PSFs are those that 
contribute to the personal traits, including the attributes, attitude, and abilities of a 
worker. These are appropriate to the purpose of the Maintenance Workforce Competency 
Model, which is to evaluate the performance of individual maintenance personnel.  
 
The first draft of PSFs is then listed and screened by omitting those items that have little or 
no relation with maintenance tasks. Factors that have similar terms are also grouped 
together. This second draft of the PSF items (after the screening process) is then reviewed 
and commented on by the experts. From their feedback, questionnaires (with a five-point 
itemised rating scale) consisting of n PSF items that might possibly influence maintenance 
workforce performing their work are provided. (The itemised rating scale is one where a 
category of responses is offered, out of which the respondent picks the one that is most 
relevant for answering the question under consideration [27].) 
 
The five-point itemised rating scale  is chosen for the developed questionnaire to elicit the 
best PSFs for the following reasons: 
• To ensure consistency and allow for easy completion and data coding 
• To prevent the occurrence of central tendency error 
• To provide standardised data for statistical analysis with a greater chance of being 

reliable. 
 
A questionnaire form is developed for the N experts to rate the PSFs items’ level of 
influence. A sample of the questionnaire form is given in Figure 5.  
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Figure 5: Sample form for PSF ranking 

For each PSF item in the questionnaire form (Figure 5), experts are required to assign a 
rating by circling the score according to its level of influence, with the score of 5 indicating 
the highest influence on each of the identified Performance Indicators (PIs). Results from 
the N experts are then gathered to be summarised, and the mean value of each PSF 

( ) is calculated using equation (1): 

 

       (1) 

where  is the mean value of one PSF item,  is the score given for the PSFa, and N is 

the number of experts. According to the  value, the PSF items in each PI are then ranked 
and analysed using Pareto Analysis, resulting in a final set of the most relevant PSFs. Pareto 
Analysis is the basic tool in statistical analysis that represents data in an ordered and 
prioritised manner. By using discrete data categories, Pareto Analysis can also be used to 
distribute items from general to specific classifications. In the current stage of the model, 
the PSF items are ranked, using Pareto Analysis, according to the highest to the lowest 
given  values. Pareto Analysis is carried out to select the top PSF items that contribute 
most to the performance of maintenance workers for each PI.  
 
According to Park & Lee [18], the number of appropriate PSFs is around six, which is similar 
to the SLIM application. The final set of PSFs (n items) that have the highest  value, also 
known as the factors that highly influence maintenance workforce performance, are then 
used in Phase II and Phase III in the Maintenance Workforce Competency Model (see Figure 
3). 
 
 
 

Rank of Performance Shaping Factors (PSFs) 
 

Performance Indicator (A) 
1 2 3 4 5 

No influence Low influence Moderate 
influence High influence Very high 

influence 
 

a. PSF 1 1 2 3 4 5 

b. PSF 2 1 2 3 4 5 

c. PSF 3 1 2 3 4 5 

d. PSF 4 1 2 3 4 5 

e. PSF 5 1 2 3 4 5 

f. PSF 6 1 2 3 4 5 

g. PSF 7 1 2 3 4 5 

h. PSF 8 1 2 3 4 5 

i. PSF 9 1 2 3 4 5 

j. PSF 10 1 2 3 4 5 
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3.2.3  PSFs weight 
The weight of a PSF is the relative importance or degree of influence of that PSF compared 
with the other PSFs. It relates to the degree to which a change in the numerical rating of 
the PSF scale might change the worker’s ability to accomplish an action [17]. Numerous 
tools and methods have been applied in various studies to assign the factor’s weights, 
including the pairwise comparison tool, questionnaires, distributing points among the 
identified factors, and the analytical hierarchy process (AHP), a well-known multi-criteria 
decision-making tool [18].  
 
At this stage of the Expert Judgment Part, the paired comparison (PC) method is applied to 
assign the weights of the PSFs relative to each other. As one of the tools for streamlined 
decision-making, the PC method is useful when there is no numerical data to work from. 
The basic principle of this method is a comparison of each option, one by one, in a rational 
and consistent way. The fact that people are generally better at making relative 
comparison rather than absolute judgments (Park 1987, in [18]) is a great advantage in 
adopting the PC method at this stage. This tool is also simple and fast to use, and suitable 
for industrial application. Weights for PSFs by applying the PC method are assigned by the 
steps shown in Figure 6.   
 

 
 

 

 

 

 

Figure 6: Steps in the paired comparison method 

For the first step of the PC method, a matrix box (shown in Figure 7, with separate matrix 
boxes for different performance indicators) is constructed and distributed to each expert 
for assigning the PSF weights. Each cell in the matrix represents the intersection (or 
pairing) of two items. For example, for six PSFs, the top box represents PSF 1 paired with 
PSF 2.  For each pair, experts determine the more important PSF that has a higher 
influence on workforce performance, and write it in the cell, with the score of the one with 
relative importance written in brackets (as shown in the first cell in Figure 7).  

 

 PSF 1     

PSF 2 PSF2 (5) PSF 2    

PSF 3     PSF 3   

PSF 4       PSF 4  

PSF 5         PSF 5 

PSF 6           

Figure 7: The PC method’s matrix box 

 
The score of the item of relative importance is found by referring to arbitrary scales on a 
scale of 1 to 9 (Table 1) that are typically used in the AHP method [28], and whose validity 
and reliability have been well established. Saaty [28] stresses that the advantage of using 
AHP is that it enables people to provide accurate judgment. The scales also provide a 
useful mechanism for checking the consistency of the evaluation measures and alternatives 
suggested by the experts, thus reducing bias in their evaluations. This scale may help the 
experts to assign values for a comparative judgment of each pair of PSF. For example, if 
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PSF 2 is strongly more important than PSF 1, a score of five is written in the top matrix box 
(in brackets), as shown in Figure 7.  

Table 1: Scales of relative importance used in the PC method 

 
The weight of each PSF ( ) given by the experts is then computed by equation (2), 
representing the mean PSF weight value of the N experts.  

        (2) 

where  is the weighted score given by each expert. 
 
At the end of this stage, the level of importance of each PSF for every different PI is 
identified, demonstrating the specific factors that are most important or contribute highly 
to each performance indicator.  

3.2.4  PSFs rating 
Referring back to the Expert Judgment Part in Figure 3, the next stage to be performed by 
the experts after completing the PSF weights determination is the PSF rating. The rating of 
PSF is a measure of its quality [23]. A rating system based on rating scales is often used in 
decision-making or in prioritising a set of quantitative alternatives. In general, three types 
of rating scales are commonly used in business research: the graphical rating scale, the 
itemised rating scale, and the Likert scale [27]. The rating scale, however, must be agreed 
upon by the experts or the evaluators, who must also have a common understanding of 
what the high, medium, and low scores represent.  
 
At the current stage, the performance of individual maintenance workers is evaluated by 
the experts by rating the identified PSFs in each performance indicator (PI). The itemised 
rating scale is chosen to develop the rating scale because there are various categories that 
need to be considered (a different category for each PSF), and the description of scales for 
a PSF category is different from another PSF. An example of one PSF rating scale (say, 
‘motivation’ factor) is shown in Table 2. 

Table 2: Example of rating scales for one PSF 

Rating scale 
Performance Shaping Factor (PSF) 

Motivation / morale 

5 Highly motivated / high morale 

3 Somewhat motivated 

1 Not at all motivated 

 
PSF rating scales range from 1 to 5, with the value of 5 being the best performance. This 
has been developed as a guide for the experts, and the sample form for PSF rating 
elicitation is shown in Figure 8. This range of scales is selected for several reasons: 
• It provides standardised data, and allows easy completion and data coding; 
• It ensures consistency among the evaluators; 

 Comparative judgement Scales of relative importance  

  and    are equally important  1 

 is moderately more important than  3 

  is strongly more important than  5 

 is very strongly more important than   7 

  is extremely more important than  9 

Intermediate values between two adjacent judgements 2,4,6,8 
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• It provides a balanced scale, with the middle value being moderate; 
• A five-point scale is as good as any other: increasing from 5- to 7- or 9-point scales 

does not improve the reliability of the rating (Elmore & Beggs, 1975; in [27]).  
  

Figure 8: Sample form for PSF rating score 

 

The rating score of every PSF ( ) for each maintenance worker being evaluated is then 
computed with equation (3), representing the mean rating score of N experts. 

        (3) 

where  is the rating given by each expert. Using the weighting and rating values 
generated, the score of each performance indicator can be calculated by following the 
weighted scoring method (Section 3.2.1), described in the next section. 
3.2.5  Indicator scoring 
The final stage of the Expert Judgment Part of the Maintenance Workforce Competency 
Model (Figure 3) is the interpretation of the indicator score. At this stage, the actual 
performance of a maintenance worker for each indicator is calculated (in percentage form) 
using the results of the weighting and rating steps. For a selected performance indicator 
( ), the weight of each PSF is normalised by dividing the weight (mean of N experts; 

) by the sum of all PSF weights for that PI (as in equation (4)), where  the total 

weight for each PI must be equal to one (∑  = 1;  i = 1, 2, …, n, n is the number of PSFs). 

The resulting quotient is termed the PSF n-weight ( ).  

        (4) 

Again, for the same PI ( ), the rating score (mean of N experts; ) given for each PSF 
is converted into a percentage (as in equation (5)) in order to yield a percentage output for 

the final result of the performance level. Referring to Eq. (5), the rating score, , is 
divided by five, being the highest score for the developed rating scale (Figure 8). 

        (5) 

At the end of this stage, the result of multiplying the n-weight ( ) over rating ( ) for the 
n PSF is then summed up, to yield the percentage of a worker’s actual performance level 
for indicator  as shown in (6). 

        (6) 

Performance Shaping Factors (PSFs) Rating Score 
 

Maintenance 
Worker 

Performance Indicator (A) 

Performance Shaping Factors Rating Score 
(1-5) 

PSF 1 PSF 2 PSF 3 PSF 4 

1 1    2    3    4    5 1    2    3    4    5 1    2    3    4    5 1    2    3    4    5 

2 1    2    3    4    5 1    2    3    4    5 1    2    3    4    5 1    2    3    4    5 

3 1    2    3    4    5 1    2    3    4    5 1    2    3    4    5 1    2    3    4    5 

4 1    2    3    4    5 1    2    3    4    5 1    2    3    4    5 1    2    3    4    5 

5 1    2    3    4    5 1    2    3    4    5 1    2    3    4    5 1    2    3    4    5 
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The scores for the other performance indicators are also calculated by following the same 
procedure (Figure 3, the Maintenance Workforce Competency Model). The third or final 
phase of the model, the Quantification Part, is carried out after completing this stage. 

3.4  Phase III: Quantification Part 

The Quantification Part is the final phase of the Maintenance Workforce Competency Model 
(Figure 3). At this phase, the actual competency level ( ) of each maintenance worker is 
calculated by multiplying all the parameter scores obtained in the previous stage, as given 
by (7).  
          (7) 

where  represents the scores of each PI. It is hypothesised that the higher the  value, 
the greater the competence of the maintenance worker. Results from the model analysis 
may help an organisation to develop a training plan to address the identified needs for each 
maintenance worker, design a curriculum to meet those training goals, and deliver training 
to the targeted group of workers, to enhance their competency level and thus to increase 
the organisation’s targeted outcomes.  
 
Once this final phase is completed, the actual level of competency of each maintenance 
worker can be quantified with a proven numerical value. 

4. CONCLUSION 

This paper presents the development process of the Maintenance Workforce Competency 
Model as a tool to quantify the individual maintenance worker’s performance. The basic 
concept of the model is that the competency of a person performing a given task depends 
on the combined effects of a relatively small set of intrinsic personal traits, called 
performance shaping factors (PSFs), that influence the workforce’s ability to perform their 
tasks. The Maintenance Workforce Competency Model has three fundamental phases: 
Preliminary Part, Expert Judgment Part, and Quantification Part. This model integrates 
qualitative and quantitative techniques to generate its output, which is the competency of 
individual maintenance workers expressed in numerical form. The quantification aspect is 
able to give an accurate and precise evaluation that also allows for validity and reliability 
analysis, increasing the model’s robustness.  
 
The developed model can also be considered as a modular framework that allows specific 
companies to decide any parameters or factors to be considered. Apart from providing a 
unique performance measurement tool that suits a company’s specific needs, the purpose  
of performance evaluation also can be defined from various perspectives. Moreover, the 
model contains a number of decision support approaches as tools for accurate assessment 
and judgment. The tools, including performance analysis, SMART test, Pareto analysis, and 
the paired comparison matrix with AHP arbitrary scales and mathematical formulations, aid 
in data collection and analysis, and in support for quality decisions or judgments. In future, 
this research could aim to validate the developed Maintenance Workforce Competency 
Model in a real case study in order to test its credibility and plausibility. 
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