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1.0 INTRODUCTION 
 
Total Productive Maintenance (TPM) is a systematic maintenance approach aimed at 
maximizing equipment effectiveness by integrating maintenance into daily operations and 
fostering a culture of shared responsibility [1,2]. Active involvement from frontline 
workers is essential for sustaining maintenance practices and preventing production issues 
[3,4]. Researches have consistently shown that employee involvement enhances 
equipment reliability, reduces downtime, and drives continuous improvement [5,6]. 

However, sustaining employee involvement in TPM remains a challenge for many 
organizations. Common barriers include a lack of motivation, limited awareness, 
insufficient training, and unclear role expectations [7,8]. With the rapid integration of 
digital technologies in manufacturing, aligning employee capabilities and involvement 
with TPM goals has become increasingly critical [9]. 

Company A, a leading stationery manufacturer in Malaysia, formally introduced 
TPM in its Assembly Department nearly a decade ago, building upon an established 5S 
foundation. All eight TPM pillars were introduced at a conceptual level, however 
implementation depth varied across pillars. In practice, greater emphasis was placed on 
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ABSTRACT 

 
Operational excellence in manufacturing depends not only on advanced equipment but 
also on active employee involvement. This study develops an Employee Involvement 
Index (EII) to systematically measure employee involvement in Total Productive 
Maintenance (TPM) and help managers identify actionable improvement measures. 
Based on pre-survey interviews and structured employee survey in the Assembly 
Department of a Malaysian stationery manufacturing company, key factors influencing 
employee involvement were identified and incorporated into the EII. The EII was pilot 
tested over 11 weeks with nine employees and one production machine alongside 
targeted initiatives. Results showed an increase in EII from 68% to 84%, with a 
concurrent improvement in Overall Equipment Effectiveness (OEE) from 50.33% to 
82.23%. The findings strongly suggest an association between employee involvement and 
equipment performance, highlighting the value of a people-centred approach to TPM. 
Without claiming direct causation, this study contributes a practical tool to evaluate 
employee involvement and its relationship with equipment performance, supporting 
sustainable TPM implementation in real manufacturing environments.  
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Autonomous Maintenance (AM), with the intention of increasing machine operators’ 
involvement in basic maintenance activities previously handled exclusively by technical 
personnel. Training sessions and workshops were conducted, focusing primarily on TPM 
tools, procedures, and technical skills, with mandatory participation and significant time 
investment. 

Although short-term improvements in machine performance were observed 
following these initiatives, management has faced ongoing challenges in sustaining 
employee involvement and ownership. The department’s Overall Equipment 
Effectiveness (OEE) has averaged only around 50%, remains below the company’s 65% 
target. Observations reveal limited operator involvement in TPM activities, weak 
maintenance ownership, and recurring quality issues related to machine handling. These 
conditions suggest that while TPM has been established structurally, its long-term 
effectiveness has been constrained by insufficient and inconsistent employee involvement. 

This study develops and pilot test a performance measurement tool aimed at 
assessing and support to improve employee involvement in TPM within the Assembly 
Department. It identifies the key influencing factors, measures current involvement levels, 
and examines their association with machine performance indicators such as OEE. 

By focusing on the human aspect in TPM, this study contributes to existing 
literature and offers practical guidance for manufacturers seeking to improve TPM 
sustainability through enhanced employee involvement. The proposed tool offers a 
structured and quantifiable measure of employee involvement that may also benefit other 
organizations facing similar challenges in sustaining TPM initiatives.   
 
 
2.0  LITERATURE REVIEW 
 
2.1  TPM Overview 
 
TPM is widely recognized as a strategic approach to equipment maintenance aimed at 
achieving zero breakdowns, zero defects, and zero accidents through continuous 
improvement. Introduced in Japan in the 1970s by Seiichi Nakajima, TPM redefined 
maintenance as a shared responsibility across all organizational levels rather than a task 
confined to specialized teams [1,2]. TPM goes beyond traditional maintenance by 
involving everyone from top management to shop-floor operators. Its framework consists 
of eight core pillars such as Autonomous Maintenance, Planned Maintenance, and 
Quality Maintenance. Autonomous Maintenance, in particular, emphasizes frontline 
worker involvement in daily equipment care and early problem detection. This not only 
enhances reliability but also builds a sense of ownership and accountability [10,11]. 
 
2.2 Performance Metrics Measuring TPM Success  
 
Across the manufacturing sector, numerous studies have demonstrated that TPM 
contributes significantly to improvements in key performance indicators such as Overall 
Equipment Effectiveness (OEE), Mean Time to Repair (MTTR), and Mean Time between 
Failures (MTBF) [1,10,12,13]. Among these, OEE is particularly emphasized, consisting 
of three standards: 90% availability, 95% performance efficiency and 99% quality, 
together make up an overall OEE of 85%, which is widely recognized as the benchmark 
for world-class performance [1,14]. While these studies clearly highlight the technical 
benefits of TPM, many have placed less focus on the human element, with employee 
involvement often remaining underexplored or lacking structured measurement.  
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2.3  Performance Metrics Measuring Employee Involvement 
 
Although the role of employees is acknowledged in TPM models, the actual measurement 
of their involvement remains underdeveloped. Studies by Ahuja and Khamba [15] and 
Yang and Yang [4] have recognized employee suggestions and awareness, yet not 
translate them into consistent, quantifiable metrics. As a result, organizations may 
struggle to assess how deeply their employees are involved in TPM or identify which 
areas require targeted improvements. 
 
2.4 Human-Centric Success Factors and Challenges in TPM 
 
In addition to technical tools and methods, the success of TPM often depends on human 
factors such as employee motivation, effective communication, and leadership support 
[11,16]. Empowered employees, particularly those involved in Autonomous Maintenance, 
play a key role in sustaining long term improvements. However, TPM efforts often face 
setbacks when these human-centric aspects are overlooked. The common human-centric 
challenges extract from studies are summarized in Table 1. Without a workplace culture 
that encourages involvement and fosters mutual trust, TPM implementation may become 
superficial and unsustainable. Establishing TPM as a long-term practice requires more 
than structured procedures, it demands continuous involvement, recognition of 
contributions, and strong sense of shared ownership throughout the organization.  
 

Table 1: Common human-centric challenges in TPM 

No. Challenge Description Key References 

1 Resistance to 
Change 

Employees resist new roles if benefits are unclear 
or seen as extra work. 

[1,3,4,6,10,13, 
16,17]  

2 Workload and 
Burnout 

Handling both daily tasks and improvement 
projects can exhaust employees. [1,6,13,17] 

3 Job Complexity Complicated work can overwhelm and lower 
performance. [6,13] 

4 Job Security 
Concerns 

Unclear changes make employees fear job loss or 
added duties. [1,4,6]  

5 Inadequate Training Lack of training limits employees’ ability to 
contribute. [1,6]  

6 Weak Leadership 
Support 

Poor management support reduces motivation to 
engage. [1,6]  

7 Misaligned Goals Unclear or conflicting goals lead to confusion. [4,6] 

8 Lack of Recognition, 
reward 

Employees lose motivation when efforts go 
unnoticed. [1,4,6,18] 

9 Communication 
Gaps 

Poor communication causes misunderstanding and 
disengagement. [1,6]  

10 Language Barriers Language and cultural differences hinder 
teamwork. [3,6] 

11 Organizational 
Culture 

Strict hierarchies and traditions can block 
involvement. [4,6] 

12 Sustainability Issues Interest fades if results take too long to appear. [1,6]  

13 Limited Autonomy Micromanagement prevents employees from 
taking initiative. [4,6] 

14 Poor Measurement 
Strategies 

Without clear metrics, it is hard to track 
involvement. [1,6]  

15 Time Constraints Employees lack time for training or improvement 
tasks. [1,4] 



 
Yong, H. H., & Muhd. Ikmal Isyraf Mohd Maulana 

Jurnal Mekanikal, June 2026, 49 : 104-124 
 

10.11113/jm.v49.677                                                                                                                                        107 
 

 
2.5 Towards Human-Centric TPM Metrics  
 
Japanese manufacturing excellence philosophies like TPM, TQM, and Lean emphasize 
total employee involvement as a key to success [3,15]. Recent researches stress the 
importance of human element related drivers such as motivation, teamwork, 
empowerment, and recognition in sustaining TPM [4,13,18]. However, these are rarely 
made into measurement metrics, leaving a gap between human involvement and 
operational metrics [3]. Literature review on selected studies uncover nine motivational 
drivers that interlink with TPM human-centric issues: motivation, teamwork, participation, 
empowerment, assessment, recognition and reward, work culture, communication, and 
career development [3-5,13,15,17,19,20] (Table 2). Despite their importance, these 
factors have rarely systematically integrated into TPM’s people performance frameworks. 
 

Table 2: Motivational drivers that interlink with TPM human-centric issues (selected studies) 

Area Metric / Indicator Count Range 

Motivation Job satisfaction, motivation level, activity 
participation 6 

Teamwork Team activity rate, teamwork satisfaction, team 
evaluation, collaboration, 5S 1-6 

Participation Kaizen ideas (proposed and implemented), training 
rate, brainstorming 1-5 

Empowerment Decision-making, initiative, skill access, upskilling 
frequency 3-5 

Assessment Evaluation and audit frequency, self-assessment, 
KPIs 3-5 

Recognition & Reward Recognition count, verbal praise, reward system 1-3 

Work Culture Transparency, fairness, engagement, leadership 
support 1-5 

Clarity and 
Communication Management updates, info access, job clarity 3-6 

Career Development Promotion, development planning, training volume 1-6 

 
2.6 Research Gap and Direction Forward  
 
The literature reveals a clear gap in TPM research: a lack of structured tools to evaluate 
employee involvement in a consistent and meaningful way (Table 3). Particularly in 
medium size specific industries like Malaysia’s stationery manufacturing sector, there is 
limited guidance on how to measure and connect human involvement with equipment 
performance such as OEE. Most existing models prioritize technical results, leaving 
organizations without a practical method to measure and enhance the human contribution 
to TPM. 

To bridge this gap, this study proposes the development of EII, a structured 
performance measurement tool tailored to Company A's Assembly Department. The EII 
aims to capture essential human-centric factors and interlink them to TPM results. By 
addressing both operational and human perspectives, the tool is expected to assess 
consistently the state of employee involvement and support focused improvement 
strategies foster a culture of shared ownership and continuous improvement.  
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Table 3: Research gap analysis of TPM implementation studies 

No (Author
, year) Industry Country Focus Area Performance 

metrics used Research Gap 

1 [21] Automotive India TPM & AM training OEE 
No metrics for 
employee 
involvement (EI) 

2 [22] Manufacturing Indonesia 8 TPM pillars impact on 
performance Q, C, D, F, OEE No metrics for EI 

3 [15] Steel 
Manufacturing India 

Maintenance losses, 
performance 
improvement 

OEE, productivity, 
safety, costs, 
employee 
suggestions 

Indirect human 
metrics; unclear 
measurement 

4 [11] Manufacturing India TPM’s role in core 
competencies OEE No metrics for EI 

5 [23] Beverage 
Manufacturing  Kuwait 13-step TPM scheme for 

underperforming lines 
OEE, output rate, 
work hours No metrics for EI 

6 [24] Automotive Not 
specified 

CNC productivity & 
maintenance optimization OEE No metrics for EI 

7 [3] Manufacturing Not 
specified 

Barriers to TPM & Lean 
via survey 

Survey (Likert 
scale) 

Human factors 
discussed; no 
metrics for EI 

8 [25] Ice Cream 
Production 

Not 
specified 

Improve OEE by 
identifying losses and 
performance gaps 

OEE, TBF, TTR, 
Loss %, repair 
time ratio 

No metrics for EI 

9 [26] Hydraulic 
Parts (SMEs) China Light TPM model for 

SMEs 
OEE, employee 
awareness No metrics for EI 

10 [27] Manufacturing Not 
specified 

TPM effects on 
productivity, maintenance 
performance, and 
challenges 

OEE, 
failure/loss %, 
savings, skill 
assessment 

Human factors 
discussed; no 
metrics for EI 

 
 
3.0 METHODOLOGY  
 
This study employed a structured four-stage approach to identify key factors of employee 
involvement, develop and validate a performance measurement tool, namely EII, for 
assessing employee involvement in TPM activities within the Assembly Department of a 
Malaysian stationery manufacturer (Company A). A mixed-methods approach was 
adopted to ensure both depth and breadth of analysis. 
 
3.1 Research Design 
 
The methodology is structured into four key stages (Figure 1) aligned with the study’s 
objectives. In the first stage, the research commenced with problem definition and a 
comprehensive literature review, identifying gaps related to employee involvement in 
TPM and establishing a theoretical foundation for tool development.  

In the second stage, structured and semi-structured pre-survey interview are 
conducted with employees across functional levels to gain valuable insights. Findings 
informed the development of a structured employee survey using a 5-point Likert scale. 
Quantitative analysis on survey data identified key factors influencing involvement.  

In the third stage, insights from the survey were used to develop the EII, a practical 
measurement tool tailored to Company A’s TPM. The EII translated employee 
perceptions into quantitative scores. 

Finally, the EII was pilot tested on a specific production machine with total of nine 
participants. Pre- and post-intervention data were collected for both EII scores and OEE 



 
Yong, H. H., & Muhd. Ikmal Isyraf Mohd Maulana 

Jurnal Mekanikal, June 2026, 49 : 104-124 
 

10.11113/jm.v49.677                                                                                                                                        109 
 

to assess their interdependency. An iterative review would be conducted if the results 
were found to be suboptimal.  
 

 
 

Figure 1: Research methodology flow for the study 
 
 
3.2 Sampling Approach 
 
A stratified sampling method was applied to both the interviews and surveys to ensure 
fair and representative participation across six functional categories within Company A’s 
Assembly Department: management, technical, planning, process and quality, local 
operators, and foreign operators [28]. This approach was selected to capture the diversity 
of roles and perspectives, enhancing the richness and validity of the findings. 

For the pre-survey interviews, nine participants were selected based on 
proportional stratified sampling to gather qualitative insights that would inform the design 
of the survey instrument. This sample size aligns with the suggestion by researchers 
Hennink and Kaiser [29], who indicated that meaningful data saturation in qualitative 
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studies is often achievable within the range of nine (9) to 17 interviews for such 
population.  

For the survey, Yamane’s formula was used to determine the appropriate sample 
size for population of 61 employees, using a 95% confidence level and a 5% margin of 
error, as shown in Equation (1) [28,30].  
 

 𝑛𝑛 =
𝑁𝑁

1 + 𝑁𝑁𝑒𝑒2
 (1) 

 
Where N is 61 (population size), e is 0.05 (margin of error), sampling size (n) computed 
as 53. The resulting sample size was then proportionally allocated across the six 
functional categories using the same stratified sampling method as in the interviews. 
Sample size distribution for both interview and survey are presented in Table 4.  

 
Table 4: Sampling size for interview and survey 

Functional Role Position Population Interview 
Sampling 

Survey 
Sampling 

Management Manager, Executive 2 1 2 
Process and 
Quality 

Process Engineer, Quality 
Assistant 3 1 3 

Planning Schedule Planner 2 1 2 

Technical Technical Engineer, 
Engineering Assistant 5 1 4 

Operational 
(Local) 

Supervisor, Leader, Assistant 
Leader, First-Grade Operator, 
Operator 

20 2 17 

Operational 
(Foreign) 

Assistant Leader, First-Grade 
Operators, Operators 29 3 25 

 Total: 61 9 53 
 
3.3 Data Collection and Evaluation Method 
 
Survey data was collected using a 5-point Likert scale, incorporate self- and/or peer-
evaluations, and additional “Not Applicable” option allowed for role-specific relevance 
[31]. Given the ordinal nature of Likert data, non-parametric analysis was used, focusing 
on response frequencies and percentage breakdowns [32,33].  

Survey responses ratings were further grouped into disagreement (ratings 1 and 2), 
neutral (ratings 3), and agreement (ratings 4 and 5), with a majority defined as over 50% 
selecting the same category.  

The pilot study evaluated the EII by comparing changes in EII and OEE before and 
after targeted improvement initiatives in the Assembly Department. The results validated 
the tool’s impact on employee involvement and machine performance.  

To assess the reliability and internal consistency of the survey instrument, 
Cronbach’s Alpha analysis was conducted on the collected questionnaire data [34,35]. 
This reliability test was performed to evaluate the extent to which the survey items 
consistently measured employee involvement constructs related to TPM. The Cronbach’s 
Alpha was calculated using Equation (2).  
 

 𝛼𝛼 =
𝑘𝑘

𝑘𝑘 − 1
�1 −

∑𝑆𝑆𝑦𝑦2

𝑆𝑆𝑥𝑥2
� (2) 
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Where α represents Cronbach’s Alpha, k is the number of tested items, ∑𝑆𝑆𝑦𝑦2 is the sum of 
items variance, and 𝑆𝑆𝑥𝑥2 is the variance of the total score. The interpretation of Cronbach’s 
Alpha values used in this study is presented in Table 5.  
 

 Table 5: Interpretation of Cronbach's Alpha (𝛼𝛼) 
Cronbach’s value (α) Internal consistency 

α ≥ 0.9  Excellent  
0.9 > α ≥ 0.8  Good  
0.8 > α ≥ 0.7  Acceptable  
0.7 > α ≥ 0.6  Questionable  
0.6 > α ≥ 0.5  Poor  
0.5 > α  Unacceptable  

 
 
Microsoft Excel was used for analysis due to its accessibility and common use in 
manufacturing. 

 
 

4.0 RESULT  
 
4.1 Overview of Pre-Survey Interviews 
 
Pre-survey interviews were conducted in accordance with the pre-determined sampling 
plan, using a mix of open- and closed-ended questions across six thematic areas (Table 6) 
to refine the clarity, relevance, and alignment of the survey with actual shop floor 
experiences. 

Employees primarily learned about TPM through on-the-job training, focusing 
more on application than strategy. As key TPM facilitators, management stressed 
communication gaps, while technical team highlighted TPM’s complexity; both of the 
groups emphasized the needs of dual-perspectives evaluations. Planning personnel 
reported limited involvement due to their administrative roles, and operators recognized 
TPM’s benefits but noted challenges in sustaining efforts over time.  

Common barriers included unclear expectations, low motivation, and lack of 
recognition. These role-specific insights guided clearer survey design and supported 
including of both self and peer evaluations for a more accurate assessment of employee 
involvement. 

 
Table 6: Thematic sections of pre-survey interview questions 

No. Thematic section Purpose 

1 
Employee perspectives 
on TPM 
implementation 

Examines employees’ experiences with current TPM practices, 
including their perceived effectiveness. 

2 Understanding of TPM Assesses employees’ level of understanding, sources of 
knowledge, and exposure to TPM-related training. 

3 Employee involvement 
in TPM 

Explores the depth and scope of employees’ involvement in 
TPM-related activities, with reference to TPM eight (8) pillars.  

4 Challenges of 
participation 

Assess barriers and difficulties faced by employees in relation to 
TPM implementation and involvement. 

5 Motivation and 
recognition 

Explores employees’ perceptions of their motivation, morale, 
and the recognition or rewards they receive in relation to TPM. 
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6 Suggestions for 
improvement 

Gathers employees’ perspectives on enhancing involvement in 
TPM, using motivational drivers as a guide for deeper 
exploration. 

 
4.2 Interviews Survey-Based Analysis of Employee Involvement 
 
The survey, developed from literature and pre-survey insights, assesses TPM 
understanding, participation challenges, motivational drivers, and satisfaction state. 
Structured into four sections, using 5-point Likert scales, it incorporates both self and 
peer evaluations where relevant (Table 7). Data analysis employs non-parametric 
methods to reflect frequency patterns and majority opinions.  
 
4.2.1  Respondent Demographics 
 
Out of 61 distributed survey questionnaires, 56 valid responses were collected, exceeding 
the required sample size of 53. This yielded a high response rate, fulfilling statistical 
reliability of 95% confidence level and 5% margin of error. Respondents came from six 
functional roles in the Assembly Department, with an overall average service length of 9 
years, reflecting a stable and experienced workforce supportive of TPM initiatives (Table 
8). This distribution demonstrates a healthy mix of long-serving and newer employees, 
contributing to both continuity and adaptability in TPM practices. 
 

Table 7: Summary of survey design 
Section Focus Area Evaluation Questions Purpose 

A Understanding of TPM Self & Peer 8 Assess basic TPM knowledge 

B Challenges in TPM 
participation Self & Peer 17 Identify barriers to 

involvement 

C Motivational driver 
elements Self & Peer 10 Explore key drivers of 

involvement 

D Job satisfaction & 
involvement Self Only 26 Gauge satisfaction and 

involvement level 
 
 

Table 8: Summary of survey respondents by functional role 
Functional Role Respondents Average Years of Service 

Management 2 12 
Process & Quality 3 14 

Planning 2 29 
Technical 5 13 

Operational (Local) 18 11 
Operational (Foreign) 26 4.3 

Total / Overall Average 56 9 
 
 
4.2.2  Understanding of TPM 
 
Survey results showed that the majority of respondents had an understanding of TPM, 
with both self and peer evaluations exceeding 50%. However, a perception gap was 
observed between self-evaluation (64%) and peer evaluation (52%), indicating a possible 
overestimation of personal knowledge.  

By functional role, management (81%) and technical team (70%) reported strong 
self-ratings, reflecting their facilitator’s roles in TPM, but their significant lower peer 
ratings (0% and 17%) indicating a potential disconnect between individual understanding 
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and team perception. Planning staff recorded lowest ratings likely due to limited TPM 
involvement. In contrast, foreign operators rated themselves and co-worker positively (68% 
and 71%) reflecting shared confidence within the group (Table 9).  

Topic-wise, employees showed strong awareness in 5S, autonomous maintenance, 
and machine issue response. However, significant self-peer gaps emerged in technical 
areas like maintenance types and machine parameters, pointing to a need for more 
balanced and transparent knowledge sharing (Table 10). 

These findings suggest the importance of role-specific training, relook planning 
roles, and greater involvement of support functions to strengthen overall understanding 
and collaboration. 

 
Table 9: TPM understanding – survey result by functional roles 

No. Functional Role Self, High (4&5) Peer, High (4&5) 
1 Management 81% 0% 
2 Process & Quality 46% 33% 
3 Planning 0% 0% 
4 Technical 70% 17% 
5 Operational (Local) 65% 48% 
6 Operational (Foreign) 68% 71% 
 Overall: 64% 52% 

 
 

Table 10: TPM understanding – survey result by topic 
No. Topic Self, High (4&5) Peer, High (4&5) 
1 TPM concepts 55% 46% 
2 Maintenance types 68% 43% 
3 Autonomous Maintenance 64% 55% 
4 5S importance 70% 63% 
5 Role in TPM 55% 46% 
6 Machine parameters 61% 46% 
7 Response to machine issues 70% 54% 
8 Detect abnormal condition 70% 59% 

 
 
4.2.3  Challenges to Participation in TPM Activities 
 
Section B of the survey examined 17 challenges related to TPM involvement through 
both self and peer evaluations. As shown in Figure 2, the most prominent challenge was 
difficulty in sustaining TPM efforts, rated highly by both self (52%) and peer (59%) 
evaluation. The remaining challenges were rated by a minority. Four second-ranked 
challenges (40–49%) include language barriers, workload burnout, limited management 
support, and uncertainty in contributing to improvement, were more strongly recognized 
by peers than by self-evaluations. Eight additional challenges (30–39%) such as unclear 
feedback, time constraints, and lack of training signal practical and motivational gaps. 
Lastly, four items including poor communication and unclear responsibilities, received 
less than 30% agreement.  

Notably, peer evaluations report higher concern consistently, suggesting 
underreporting of personal difficulties. These insights emphasize the need for targeted 
training, inclusive leadership, and open communication to support long-term TPM 
engagement. 
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4.2.4  Key Drivers for TPM Involvement 
 
As shown in Figure 3, the survey results indicate strong consensus among employees that 
all listed motivational drivers are important for fostering TPM involvement. Both self and 
peer evaluations consistently identified six key elements as most influential: clarity and 
communication, career development, teamwork, motivation, participation, and work 
culture, each receiving over 68% agreement. Clarity and communication ranked highest 
(84% self, 82% peer), highlighting its central role. While empowerment, recognition, 
reward and assessment received slightly lower ratings (55%–66%), they remain relevant 
contributors. These findings support previous studies and align well with established 
motivational drivers in manufacturing excellence. 

 
4.2.5  Current Involvement and Satisfaction on TPM Drivers 
 
Survey findings revealed the current state of each key motivational driver. As shown in 
Figure 4, employees reported high satisfaction on several key motivational drivers, such 
as motivation (77%), assessment (73%), clarity and communication (73%), teamwork 
(71%), and career development (70%). Empowerment (65%), work culture (61%), and 
participation (63%) were rated moderately, indicating opportunities for consistent 
reinforcement. The most concerning areas were recognition and reward, where both 
receiving only 43% of agreement. Despite being moderately valued in importance (66%), 
these elements showed the lowest satisfaction levels, highlighting a critical gap. 
Addressing recognition and reward systems is essential to sustaining employee 
involvement and morale in TPM. 

 

 
 

Figure 2: TPM involvement challenges agreement ratings (ratings 4 and 5) 
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Figure 3: Key motivational drivers agreement ratings (ratings 4 and 5) 

 
 

 
Figure 4: Current state of involvement satisfaction for key motivational drivers 

 
 

4.3  Key factors Influence Employee Involvement 
 
Table 11 summarizes all the factors influencing employee involvement in TPM in the 
case study, with three key factors identified among them.  

Survey results revealed that all ten motivational drivers commonly cited in 
previous studies were also considered important by employees in the case study However, 
a notable gap was observed in satisfaction levels related to recognition and reward 
systems, indicating a need for focused attention.   

Although the majority of employees rated themselves as having a good 
understanding of TPM, a perception gap was evident, with peer evaluations consistently 
lower than self-evaluations. This highlights the need to align perceptions and expectations 
through improved training and communication.  

The most prominent challenge identified was sustaining TPM effort over time. 
Other challenges such as workload stress, language barriers and difficulty contributing to 
improvement were reported by a minority but remain relevant.  

In conclusion, three key factors were identified: weak recognition and reward 
satisfaction, a perception gap in understanding of TPM, and constraints in sustaining 
TPM efforts. Addressing these gaps through targeted improvements in communication, 
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training, and the recognition and reward systems is essential to strengthening employee 
involvement in TPM.  

 
Table 11: Factors influencing TPM employee involvement for Assembly Department 

Category Factor Remark 

Motivational 
Driver Elements 

Clarity and communication 

All drivers rated by majority as important 
element 

Motivation 
Career Development 
Teamwork 
Participation 
Work culture 
Empowerment 
Reward 
Recognition 
Assessment 

Knowledge and 
Awareness TPM understanding Perception gap, need for targeted training 

and clearer communication 

Challenges 

Hard to maintain TPM effort Top rated factor by majority 
Stressed/burnout from workload 

The rest not rated by majority, but do 
considered for improvement 

Language barriers 
Challenges in contributing to 
improvement 
Lack of management support 
Unclear performance feedback 
Fear of job risk from TPM 
Company culture blocks TPM 
TPM tasks too complex 
Inadequate rewards/recognition 
Lack of time for TPM 
Lack of TPM training 
Misaligned personal & TPM goals 
Poor communication 
Lack of chances to join TPM 
Difficult to adopt TPM practices 
No one takes responsibility 

Drivers gap Recognition and reward Significant satisfaction gap with rating 
below majority benchmark 

 
 
4.4  Development and Composition of the Employee Involvement Index (EII) 
 
The EII quantifies employee involvement in TPM using responses from Section A (8 
questions) and Section D (26 questions) of the earlier survey (see Table 7). A new EII 
survey questionnaire incorporating these two sections was developed for pilot testing and 
future application. 

As shown in Table 12, the EII comprised 10 elements and converts qualitative 
perceptions into measurable scores based on the percentage of agreement (ratings of 4 or 
5). For the “TPM understanding” element, a weightage of self-evaluation (0.4) and peer 
evaluation (0.6) was applied, determined by Assembly Department’s management to 
balance individual confidence with peer perception.  

The calculated EII score for Assembly Department is 65%, with key improvement 
areas identified as recognition and reward, and TPM understanding. The EII result is also 
visualized in the radar chart (see Figure 5).  

 
Table 12: EII composition 
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 Self-Agreement Peer Agreement Score           
(1x2) + 
(3x4) No. Elements Description Rating 

% (1)             
Weight 

(2) 
Rating% 

(3) 
Weight 

(4) 

1 TPM 
understanding 

Having TPM fundamental 
knowledge 64% 0.4 52% 0.6 57% 

2 Motivation 
Feeling encouraged and 
energized to take part in the 
activities. 

77% 1     77% 

3 Teamwork Having strong cooperation and 
team spirit in the activities. 71% 1     71% 

4 Participation 
Having opportunities to share 
ideas and be involved in 
decision-making. 

63% 1     63% 

5 Empowerment 
Being trusted and given 
responsibility to solve problem 
in the activities. 

65% 1     65% 

6 Assessment 
Having a clear feedback and 
fair evaluation of my 
performance 

73% 1     73% 

7 Recognition & 
Reward 

Receiving appreciation and 
rewards for my involvement 
and contribution.  

43% 1     43% 

8 Work culture 
Working in an environment that 
support open communication 
and respect.  

61% 1     61% 

9 
Clarity and 
communicatio
n 

Getting clear instructions and 
updates about tasks and goals. 73% 1     73% 

10 Career 
Development 

Having opportunities to grow 
professionally or learn new 
skills.  

70% 1     70% 

 EII Overall employee involvement 
index 

    65% 

 
 

 
Figure 5: EII score in radar chart 
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4.5  Pilot Test Implementation and Results 
 
A pilot test was conducted to evaluate the interdependency between employee 
involvement (EII) and equipment performance (OEE). The test followed seven structured 
steps, including selection of machine and participants, determination of EII and OEE 
baselines, establishment and implementation of targeted improvements, and monitoring 
and analysis of results. This process aimed to assess the association between EII and OEE, 
thereby validating the practical application of the tool for supporting continuous TPM 
improvement in the Assembly Department. 
 
4.5.1 Selected Machine and Participants 
 
Machine Z, a high-utilization printing machine in the Assembly Department, was selected 
for its operator-dependent performance and stable workload. Six machine operators 
across two shifts participated, supported by each of technical, process and quality, and 
management representatives. This focused setup ensured consistency and allowed close 
monitoring of the EII’s influence on machine performance during the pilot period. 
 
4.5.2 Targeted Improvements 
 
Based on baseline data and earlier survey findings, five (5) targeted initiatives were 
implemented to address key gaps in employee involvement and support TPM progress in 
the Assembly Department. Each initiative was aligned with the identified challenges and 
mapped to specific EII elements to ensure a structured improvement approach.  
 
(1) Kaizen program: A department-wide Kaizen program was introduced to address 
challenges in sustaining TPM efforts while strengthening empowerment, participation, 
motivation and work culture. Three guiding principles “every idea matters”, “total 
involvement”, and “ownership” were emphasized to encourage frontline contributions 
regardless of idea scale. The idea validation process was simplified and led by the 
department manager to enable rapid approval and implementation, embedding continuous 
improvement into daily routines and fostering ownership.  
 
(2) Recognition and reward system: To address gaps in recognition and reward 
satisfaction, a structured incentive system was implemented alongside the Kaizen 
program. Approved ideas and implementations were rewarded through standardized cash 
incentives, complemented by monthly recognition of high contributors displayed on 
departmental notice boards and endorsed by top management. This reinforced positive 
behaviors and enhanced motivation, participation, and empowerment.  
 
(3) Role-specific TPM training enhancement: To address perception gaps in TPM 
understanding, training materials were revised to reflect role-specific responsibilities. 
Operators received focused training on Autonomous Maintenance tasks, while technical 
and process personnel were trained to support standard setting, troubleshooting, and 
feedback support. Visual aids and real machine examples were incorporated to improve 
comprehension and mitigate language barriers, strengthening TPM understanding. 
 
(4) OEE awareness and performance feedback: To address perception gaps in TPM 
understanding and support sustained TPM effort, operators were briefed on Machine Z’s 
OEE components, and how daily production activities influence these measures. 
Structured discussions and simplified visual displays were used to align understanding of 
machine issues and performance. Daily output and OEE trends were reviewed during 
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shop floor meetings to reinforce the link between TPM activities and equipment 
performance, strengthening the EII assessment element through consistent performance 
monitoring and improved workers accountability.  
 
(5) Enhanced communication flow across shifts and functional levels: To improve 
continuity and coordination, a dedicated WhatsApp group involving operators, technical 
teams, supervisors, and management was established. The platform enabled real-time 
sharing of machine conditions, abnormalities, corrective actions, and Kaizen progress, 
reducing information loss and supporting faster issue resolution. This initiative 
strengthened the EII elements of clarity and communication, teamwork, and work culture.   

 
Collectively, these initiatives addressed gaps in recognition and reward, TPM 

understanding, TPM sustainability, while strengthening key EII elements. By 
systematically aligning improvement actions with EII elements within the case study 
context, the pilot test provided a structured basis for examining the association between 
employee involvement and equipment performance. 
 
4.5.3 Post-Intervention Changes 
 
The 11-week pilot test demonstrated significant improvements in both equipment 
performance and employee involvement. As shown in Table 13, Figure 6, and Figure 7, 
Machine Z’s OEE rose 31.9% from 50.33% to 82.23%, driven by improvements in 
availability, performance, and quality. These gains were largely attributed to proactive 
employee actions including correction machine speed settings to counter speed loss, 
refinement of ink mixing methods to enhance process efficiency, and stabilization of the 
packaging process. 

As presented in Table 14 and Figure 8, the EII improved 16% from 68% to 84%. 
Notable improvements were observed in the targeted areas: recognition and reward (from 
52% to 70%), and TPM understanding (from 55% to 76%). Interestingly, significant 
increases were also recorded in motivation (74% to 100%), teamwork (69% to 94%), and 
communication clarity (85% to 96%). These outcomes reflect the positive impact of 
revised training, Kaizen initiatives, recognition systems, and enhanced communication. 
However, areas such as empowerment and career development showed minimal change, 
indicating the need for continued focus in future improvement efforts.  
 
4.5.4 Interdependency between EII and OEE 
 
The pilot test demonstrated a strong relationship between EII and OEE. As the EII 
increased 16% from 68% to 84%, OEE improved 31.9% from 50.33% to 82.23%.  
Improved understanding, motivation, and communication enabled employees to prevent 
errors, solve problems efficiently, and sustain improvements. These findings indicate that 
employee involvement is not merely supportive but essential in driving equipment 
performance, fostering a positive cycle of both technical and human-centric progress in 
TPM implementation. 
 

Table 13: OEE of Machine Z pre- and post-intervention 
  OEE Availability 

(A) 
Performance 

(P) 
Quality (Q)              

(1-R) 
Reject 

(R) 
World Class 
Standard: 85% 90% 95% 99% - 

B
as

el
in

e 

Nov'24 50.49% 74.98% 68.67% 98.08% 1.92% 
Dec'24 57.09% 82.06% 71.32% 97.54% 2.46% 
Jan'25 51.33% 74.49% 69.57% 99.04% 0.96% 
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Feb'25 46.85% 74.81% 63.86% 98.06% 1.94% 
Average 
(Baseline): 50.33% 75.90% 67.50% 98.23% 1.77% 

Pi
lo

t 
T

es
t Mar'25 62.49% 82.44% 76.54% 99.03% 0.97% 

Apr'25 71.24% 88.43% 81.13% 99.30% 0.70% 
May'25 82.23% 94.62% 87.22% 99.64% 0.36% 

 
 

 
Figure 6: OEE Machine Z pre- and post-intervention 

 
 

 
Figure 7: Availability, Performance, and Quality Machine Z pre- and post-intervention 

 
 

Table 14: EII pre- and post-intervention 
  Weighted Score 

No Elements Pre- Post- 
1 TPM understanding 55% 76% 
2 Motivation 74% 100% 
3 Teamwork 69% 94% 
4 Participation 67% 78% 
5 Empowerment 67% 70% 
6 Assessment 67% 100% 
7 Recognition & Reward 52% 70% 
8 Work culture 74% 85% 
9 Clarity and communication 85% 96% 

10 Career Development 72% 72% 
  EII 68% 84% 
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Figure 8: EII pre- and post-intervention in radar chart  

 
 
4.5.5 Reliability Analysis 
 
Cronbach’s Alpha for the EII questionnaire was 0.946, indicating excellent internal 
consistency. As the value remains below commonly cited redundancy thresholds, it 
suggests strong coherence without excessive overlap, confirming that the items reliably 
measure employee involvement in TPM. 
 
 
5.0 DISCUSSION 
 
This study demonstrates that structured enhancement of employee involvement is 
strongly associated with improved equipment performance within a TPM context. The 
targeted improvements implemented in the case study align with core TPM pillars, 
particularly Autonomous Maintenance, Focused Improvement (Kaizen), and Education 
and Training, reinforcing prior findings that frontline ownership and role clarity are 
critical to TPM sustainability [1,4,11]. 

Improvements in OEE can be interpreted through reductions across the six major 
OEE losses. Increased operator awareness, clearer communication, and structured 
performance feedback enabled faster abnormality response (availability), improved 
operating discipline (performance), and earlier detection of quality deviations (quality). 
These outcomes support existing literature that positions employee involvement as a key 
enabler in translating TPM practices into measurable operational performance [10,12,15]. 

From a human-centric perspective, the findings align with studies emphasizing 
empowerment, recognition and reward, teamwork, and communication as drivers of 
sustained employee involvement in TPM environments [4,6,18]. Role-specific training, 
structured recognition mechanisms, and transparent communication addressed common 
barriers, including motivation decline and perception gaps in TPM understanding. 

The main contribution of this study is the development and application of the EII as 
a practical, internally consistent tool that complements traditional equipment-based 
metrics. While the findings indicate a strong association between employee involvement 
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and equipment performance, no direct causality is claimed, consistent with the case-based 
pilot design. 
 
 
6.0 CONCLUSION 
 
6.1  Conclusion 
 
This study developed and pilot-tested the EII as a practical tool for measuring and 
improving employee involvement in TPM. The study achieved its three research 
objectives by identifying three key factors influencing employee involvement in TPM, 
developing the measurement tool known as EII, and validating its effectiveness in a real 
manufacturing environment. Pilot test demonstrated a strong association between 
employee involvement and equipment performance, with improvements observed in both 
EII and OEE. These findings underscore the importance of people-centric strategies in 
sustaining TPM and advancing manufacturing excellence. 
 
6.2  Contributions 
 
Practically, this research offers a quantifiable and adaptable measurement tool, the EII, 
for assessing employee involvement in TPM. The EII provides actionable insights to 
guide targeted interventions that enhance employee involvement, support TPM activities, 
and improve equipment performance. Theoretically, the study reinforces the significance 
active employee involvement in relation to improved equipment performance, specifically 
OEE. Contextually, this research contributes to the TPM literature by presenting a real-
world case study from a mid-sized Malaysian manufacturing environment, offering 
industry and culture specific insights that remain underrepresented in existing TPM 
literature. 
 
6.3  Limitations 
 
This study focused on a single department within one company and a sample size 
approximately 60 may limit generalizability and statistical power. The short evaluation 
period, an 11-week pilot test captures only immediate effects without assessing long-term 
sustainability. Additionally, some reliance on self-reported data introduces potential bias.  
 
 
6.4  Recommendations 
 
Future studies should consider to expanding the application scope of the EII across 
multiple departments, organizations, and industries to validate its adaptability. Longer-
term evaluations are recommended to assess sustained impact. Advanced statistical 
analysis of perception data could provide deeper insights. Integrating digital platforms for 
real-time data collection could enhance data accuracy and support more informed 
decision making. Finally, examining leadership or managerial roles could further clarify 
how leadership influences employee involvement and TPM success. 
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