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Abstract

:

Even in the epoch of the 4th Industrial Revolution, technologies are introducing human–machine/technology interactions that must be appropriately managed to prevent or reduce avoidable human errors. In recent years, power plants have started examining ways to manage human errors attributable to maintenance, thereby improving performance, safety, and well-being. Maintenance management requires the integration of human factors engineering (HFE) principles with maintenance practices to handle the issue of human errors. When adopting human factors engineering interventions to enhance maintenance, power plants must demonstrate the capacity for change to ensure effective management of change and realize the intervention’s benefits. The main focus in power plants is usually on the technical side of change, with less emphasis on human factors. This study aimed to develop and trial a model for determining the capacity for change to aid HFE adoption in electric power systems maintenance. A quantitative and cross-sectional survey was conducted with maintenance personnel working in South African power plants. The results showed that management commitment, knowledge, and employee involvement are associated with the capacity for change in the maintenance of power plants. This study extends previous studies on the capacity for change when adopting unconventional interventions in maintenance such as HFE principles.
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1. Introduction


The purpose of Human Factors Engineering (HFE) is to probe the links connecting human and technical systems with the view of improving productivity (effectiveness and efficiency), quality, safety, and job satisfaction, thereby minimizing human errors [1]. Since HFE became a concept of scientific exploration, the development of models that amalgamate human factors principles with maintenance practices has increased. The use of HFE offered benefits such as enhanced quality, improved system performance, reduced destruction to plants, and decreased errors, costs, and outages [2].



In power plants, there is less attention paid to HFE in maintenance [3,4], despite the development and application of HFE initiatives in maintenance leading to various benefits [5]. A number of equipment failure examinations in power systems focus on the technical root and finding methods to address them, whereas there are inadequate studies addressing the sources of breakdowns emanating from human errors [3]. This is concerning since human errors are part of the factors that have a negative effect on the electricity networks’ reliability [3,6], and they have imposed heavy costs on industry [7]. The problem is that, there is inadequate number of applied methods intended for the reliability of power systems that incorporate human factors (HF), particularly power networks for industrial and commercial use [6]. “The next step in the evolution of maintenance management is a maintenance performance measurement that includes human factors” [7].



Now, the introduction of new technology and other maintenance interventions including HFE causes changes that affect the maintenance process and the entire plant [8]. HFE adoption can be hindered by barriers such as the ones shown in Figure 1.



Among the barriers to HFE adoption, culture and resistance to change are nearly related to the overall objective of the paper since the proposed model is aimed at evaluating the current culture to determine if it supports or impedes change.



Organizations must demonstrate the capacity for change to successfully introduce changes into a system [9].



To achieve this aim, this study developed the following objectives:




	
To identify and analyze the factors that determine the capacity for change prior to the adoption of HFE;



	
To develop a model for assessing the capacity for change in the maintenance of power plants;



	
To trial and confirm the factors associated with the capacity for change through a survey conducted with participants from South African power plants.








This study has three contributions. First, it created and proposed a model for determining the capacity for change in the maintenance of power plants, especially the human aspect of change. It instigated a debate and discussion about human factors in the maintenance and change research domain. Lastly, it provides the maintenance practitioners with a tool for assessing the capacity for change in maintenance prior to the adoption of HFE interventions.




2. Literature Review


2.1. Adoption of HFE in Power Plant Maintenance


In this study, the adoption of HFE in maintenance is viewed as using, integrating, or applying HFE principles in maintenance practices to enhance performance and well-being and reduce errors. For example, in a power plant setting, a human error reduction plan was developed after identifying, quantifying, and grading the consequences of human errors and prioritizing root causes [3,4]. The adoption of this HFE plan showed a positive change in factors associated with human reliability in power plant maintenance [3]. In another study, the outputs of an HFE simplified approach adopted in a nuclear power plant enabled the enhancement of the strategy for the technical system, improvement of safety value, and monitoring of change [10]. Ensuring the usefulness and reliability of HFE initiatives and methods adopted to enhance human–system relationships requires the enhancement of knowledge and enlightenment on modern power systems and their interrelations with human factors [4]. A proposition was made to monitor the expertise (skills level), and commitment alongside system performance [7]. Adopting a systematic approach, which takes poor training, education, culture, and quality management, helps avoid operational errors in power enterprises [11]. The use of historical information and current practices in the operation of power systems can aid the establishment and adoption of an intervention for recording and computing the impact of power systems’ operational traits integrated with human factor needs to decrease gravitating errors [12]. Most of these HFE initiatives focused on analyzing, quantifying, and predicting human error and human behavior concerning the maintenance and operation of power plants. They lack focus on managing human–machine relationships and addressing change associated with using HFE techniques.




2.2. Overview of the Capacity for Change


The term change capacity or capacity for change refers to the level to which elements of an organization and change process promote or impede change [13]. It serves as the basis for effective management of change. Change management is needed to create a linkage connecting interventions and results, and is basically related to people and their shared duty of converting change into an organization’s successful outcomes [14]. It is an essential aspect of change—the people. It helps adopters of an intervention to integrate and align people, processes, activities, culture, and strategic objectives to support change [15]. Change management should ensure that there is effective implementation of change and that there are no misalignments in efforts. The state of affairs in an organization can contribute to or reduce its change capacity [13]. Leaders who motivate others properly communicate and provide emotional support, which has a great impact on change outcomes [16]. The capacity to implement specific changes includes factors such as leadership commitment and support, intervention-specific skills and knowledge, and relationships and networks [17]. The capacity for change involves the ability to communicate change, effective management of change and stakeholders, sufficient involvement of those affected by change, seeking feedback, alignment, and coordination, and fair management practices [16]. It enables organizations to change effectively and efficiently [9].




2.3. Change Management in HFE Adoption


In human factors engineering, change management forms part of the systemic performance-shaping factors [18]. One study revealed that HFE principles were welcomed but the initiation of changes was viewed as a separate issue [19]. Examining the adequacy of change management is a crucial aspect when adopting an intervention, since through this process one can determine whether power plants can properly or cannot properly manage change. If they cannot adequately manage change in their current maintenance practices, it would be highly difficult to support change that will be introduced by interventions such as HFE. The study that focused on maintenance human factors in the maintenance of transmission systems revealed that the expertise and motivation of employees, supervision, workload, and feedback were the crucial factors of HFE performance [7]. The commitment of top management and the influence of management over organizational culture were classified as key to the application of HFE [20]. Managers should better communicate with relevant stakeholders when introducing HFE. Proper communication mediums and sufficient keeping of records are classified as great necessities for the climate of collaboration among groups during the change or implementation phase [21,22]. There was a common inability to change specifically in instances where practitioners thought there would be additional duties [19]. Another critical aspect required for the successful use of HFE is special expertise and knowledge [19]. Therefore, power plants intending to change and incorporate HFE need proper management of knowledge, competencies, communication, employee involvement, and management commitment.




2.4. Change Models


The longstanding model is Kurt Lewin’s “unfreeze, change, and re-freeze” model, which focuses on how knowledge, employee involvement, and leadership styles affect change implementation and organizational change process [23]. Kurt Lewin’s Model has been criticized due to time, simplistic representation, and purpose; however, after careful analysis of the model and criticisms, it showed that the model does not provide a simplistic view but a simplistic representation, and it does not lack a psychological characteristic but it provides a clear comprehension of human temperament and behavior [23]. Employee involvement in a change model aims to maximize employees’ inputs during the decision-making process since the organization’s decisions affect their performance and well-being [24]. The other constituent of the change model is the knowledge required to facilitate change. This knowledge can be acquired through training and knowledge sharing from external and internal sources [23]. The capacity for change is demonstrated by middle managers when they transform the top management’s direction/goal into action [9]. This change model has general steps but must be adopted cautiously for specific situations. There are various change models, such as Luecke’s Seven Steps, Kanter’s Ten Commandments, Kotter’s Eight-stage Process [25], and the ADKAR change model [26]. The factors of Kanter’s Model that are relevant to this study are the need for change, support of a strong leader role, sponsorship, creating enabling structures, and communicating and involving people honestly [27].



Furthermore, factors from Kotter’s Model are the development of partnerships, communication, and supporting new approaches. The key factors extracted from Luecke’s Model are commitment, leadership, and monitoring and adjusting/improving strategies. Lastly, the ones based on the ADKAR model are awareness, knowledge, and ability [26]. These models are processual and not descriptive [25]; hence, only factors associated with the descriptive approach and in line with the developed HFE theory were shortlisted.





3. Conceptual Model and Hypotheses


The review and analysis of the literature unearthed the aspects of a change process that can promote or impede change in an organization. The factors that are associated with the capacity for change when adopting HFE in maintenance were also analyzed. The current literature revealed that, even though there are a number of change models, each is unique and cannot be applied in all situations. Thus, change models were identified and discussed, and the factors that are relevant to this study were synthesized to form a specific conceptual model for determining the capacity for change, as shown in Figure 2.



The following subsections describe the constructs and propose the hypotheses of this study.



3.1. Management Commitment


Management commitment is about the willingness to give support and direction during the transition stage and provide necessary resources. Management commitment plays a major role in the incorporation of HFE into a system [20,22]. Mentioning that HFE is part of the company’s goal, providing sufficient resources, and setting clear duties and responsibilities promotes the successful transition to a system that incorporates HFE principles [20]. Senior management should also be committed to providing necessary training to enable the achievement of HFE outcomes [28]. The visibility of top management in displaying their commitment to maintenance policies and procedures is key to change management in maintenance, health, and safety [8]. There is a small chance for a successful culture change in maintenance when there is a lack of support and strategies administered by senior management [7]. Organizational commitment is positively correlated with the capacity for change [29]. Hence, this study proposed the following hypothesis:



H1. 

Management commitment is positively associated with the capacity for change.






3.2. Employee Involvement


Employee involvement maximizes the inputs of members when making decisions that have an effect on performance and well-being [24]. To successfully adopt an intervention, it is important to involve workers at early stages, since engaged workers tend to support efforts aimed at realizing the outcomes of an intervention. HFE implementation and development are dependent on the promotion of awareness, involvement, participation, and adequate communication in all hierarchies of the organization [20]. Lack of involvement of maintenance workers and poor communication inhibits the company’s continuous development [8]. Employee involvement is positively correlated with the capacity for change [29]. Thus, the following hypothesis was proposed:



H2. 

Employee involvement is positively associated with the capacity for change.






3.3. Knowledge


HFE adoption requires a holistic approach that integrates HFE expertise and knowledge with technical and practical knowledge [24]. For example, understanding and knowledge of their interactions with human factors ensures that adopted HFE initiatives are useful and reliable [4]. Providing adequate training, support needed for new activities, and adequate performance feedback assist workers in building their confidence and coping with the anxiety associated with changes [8]. On the other hand, inadequate awareness, insufficient knowledge, and lack of comprehension of HFE by management that is responsible for decisions have a negative impact on the application of HFE [30,31]. Thus, training should be provided to workers to enhance their technical and soft skills, supervisors to improve management skills, and top managers to advance their leadership skills that would support proper change management.



Training, knowledge sharing, and skills development provide workers with essential technical and business knowledge and competencies to properly navigate the changes [15]. HFE principles were accepted, but making changes was challenging due to knowledge limited to a few individuals [19]. Thus, the study suggests the following hypothesis:



H3. 

Knowledge is positively associated with the capacity for change.







4. Methodology


This study adopted a deductive and quantitative approach, purposive sampling, and cross-sectional time horizon. The purposive study was adopted on the basis that there are no limitations in terms of the sample size as long as sufficient data to make informed decisions is obtained [32]. The study analyzed and interpreted the results of descriptive statistics, exploratory factor analysis, hypotheses testing through regression analysis, and confirmatory factor analysis using structural equation modeling.



4.1. Data Collection


4.1.1. Sample and Data Collection


The data was collected from the technical participants (plant managers, managers, engineers, technicians, planners, and others) working in various power plants around South Africa. About 137 participants working in various power plants were approached to solicit perspectives on the current practices within power plants with regard to the capacity for change or ability to adopt change. The participants were reached through emails and LinkedIn messaging. These participants were selected on the criteria that they are either involved on a daily or case-by-case basis in the maintenance of power plants so as to provide reasonable information on power plant practices. Those who did not fit the criteria were eliminated to ensure sound results.




4.1.2. Demographic Traits


The target population was people working as power plant and senior managers, section managers, engineers, supervisors, technicians, advisors, planners, and specialists. These participants were involved in different sections of the power plant, namely various power plants, the entire power plant, turbine, generator, transformers, boiler and auxiliaries, electrical/control and instrumentation, civil and support, and generation/distribution/systems. Their power experience was classified into years ˂ 5, 6 ≤ years ≤ 10, and years > 10. They were also asked to provide their understanding of HFE knowledge.





4.2. Instrument Development and Testing


The questionnaire was adapted from the thesis in which the constructs and items were created using the information from the previous studies [33]. The five-point Likert scale with cutoff verges of 1 ‘strongly disagree’ and 5 ‘strongly agree’ was adopted to measure the constructs comprised of multiple items. Four constructs, namely management commitment, employee involvement, knowledge, and capacity for change were measured in this study. They were selected on the basis that they were found to be better explaining the human side of change when using HFE [15,20,22]. Furthermore, these factors were strongly represented in change models, specifically the capacity or ability to change, and they could provide a descriptive approach, as opposed to some factors of change models ADKAR, Kotter, and Kenter, processual approach [24,25]. Table 1 below presents the constructs, and items of the measuring instrument as well as the sources used to formulate them.



The constructs and items or questions were carefully crafted by the researchers based on the information from the sources referenced in Table 1. The questions that address new interventions or initiatives were asked using “would” on the basis that major interventions are not carried out on a regular basis. Thus, perceptions may be influenced by the historical experience more than the current practices [13]. It was completed for clarity, rather than theoretical purposes. The pre-test of the questionnaire was conducted using ten participants of the target population. They were asked to make comments on the clarity of instructions and questions, and time to answer questions. Generally, the respondents had no concerns; thus, there we no substantial changes made to the questions.




4.3. Data Analysis Techniques


The Statistical Package for the Social Sciences (SPSS) version 26 and AMOS-26 helped with the statistical evaluation of data. The SPSS was beneficial to descriptive statistics, exploratory factor analysis, and testing statistical assumptions, whereas AMOS was used for confirmatory factors analysis and structural equation modeling. The SPSS was used for the evaluation of the internal consistency and reliability through Cronbach’s Alpha (α), and instrument validity through the varimax-rotated matrix of the Exploratory Factor Analysis. The data was also investigated for issues by examining the key statistical assumptions such as multicollinearity, outliers, normality, homoscedasticity, and linearity. Thereafter, factor loadings were transferred to AMOS to do structural equation modeling (SEM). The SEM followed the maximum probability perspective to test the validity and establish the significant paths of the hypothesized model. Each item of the measuring instrument was assessed for composite reliability (CR), average variance extracted (AVE), validity, and model fit. Thereafter, standardized regression was performed to test the association or significant paths in the hypothesized model.





5. Results and Discussion


5.1. Descriptive Statistics of Sample


About 137 participants were approached for participation, but 70 returned fully completed and usable questionnaires. Therefore, a 51% response rate was achieved, which is slightly above the common response rates of 40% (average) and 50% (good) when emails are used for data collection [33]. Since the value of the Kaiser–Meyer–Olkin (KMO) was 0.879, higher than the proposed minimum of 0.5 and correlation coefficient ρ (Sig.) < 0.05 for Bartlett’s Test, the sample size was deemed sufficient to proceed with the exploratory factors analysis [34]. The participants were selected on the criteria that they are either involved on a daily or case-by-case basis in the maintenance of power plants to provide reasonable information on power plant practices.




5.2. Descriptive Statistics of Demographic Traits


The descriptive statistics reflecting the demographic attributes of the participants are presented in Table 2. Power plant managers, senior managers, section managers, and engineers, which is a group that is responsible for scope changes and initiation of interventions with key perceptions about power plants counted for a major proportion (61.43%) of respondents. A larger component (54%) of participants had been working in electric power systems for more than 10 years, followed by 29%, which constituted those with experience from 6 to 10 years. Thus, the participants could provide sound feedback about organizational practices that have an effect on power plant maintenance.




5.3. Testing of Reliability and Validity


Table 3 shows the results of the reliability and exploratory factor analysis results. The values of Cronbach’s Alpha (α) ranged from 0.820 and 0.930, exceeding the minimum margin of 0.7 [35]. The factors with eigenvalues of 1 and above were maintained in the model because they account for a significant proportion of variation [36]. These factors had a cumulative variance of 75.491%, higher than the threshold of 50% [35]. The values of factor loadings obtained through a varimax-rotated matrix ranged from 0.632 to 0.912 greater than the lower limit of 0.6 [37]. The factors were already assigned with names based on the literature and the items were all loaded on the proposed factors. Thus, the measuring instrument was deemed consistent and reliable. As a standard norm, the factor loadings of the dependent variable (CC) presented in Table 3 were performed separately from its drivers.



The Kaiser–Meyer–Olkin (KMO) values were 0.864 and the correlation coefficient (ρ) was < 0.001 and was higher than the value of 0.6, which is suggested as an acceptable minimum.




5.4. Results of Statistical Assumptions Testing


The key statistical assumptions were met. For example, the periphery of the scores was in the center of the histogram in the normal distribution curve and symmetric about the mean, as shown in Figure 3.



The scatters of residuals on the normal P-P plot were reasonable on a straight line; therefore, mean scores were normally distributed as presented in Figure 4.



Furthermore, multicollinearity assumption was also achieved since tolerances were above 0.1 and variance inflation factors (VIF) were below 10. Lastly, homoscedasticity and linearity assumptions were also met since the scatterplot exhibited in Figure 5 demonstrated a fairly random cloud of dots. It was fairly acceptable because residuals were below 3.3 and above −3.3 [38].




5.5. Structural Equation Modeling


Figure 6 presents the results of confirmatory factor analysis (CFA) based on structural equation modeling (SEM).



All factor loadings were higher than the minimum margin of 0.5, hence, demonstrating the model’s validity and reliability [35]. The results of the model fit measurements, namely Chi-square (CMin), degrees of freedom (Df), Comparative Fit Index (CFI), Root Mean Square Error of Approximation (RMSEA), and Close Fit (PClose) are shown in Table 4 below.



The value of CMin/Df was 1.846, the CFI was 0.913, meaning that the model fit was good, the RMSEA was 0.111 and the PClose was 0.01, indicating a poor model fit [39]. The results of the measurement of the model fit are presented in Table 4. The framework’s validity and reliability were further tested by determining the composite reliability (CR) as well as the average variance extracted (AVE). Table 5 below presents the results of the model validity analysis. The model validity and reliability were substantiated because the CR values ranged between 0.821 and 0.930 and AVE values from 0.535 to 0.728, above the minimum margins of 0.7 and 0.5, respectively [35].



Figure 7 presents the structural equation model of the drivers of change when adopting HFE.



The R-squared (R2) coefficient of 0.759 for variance was obtained meaning that 75.9% of the variance in the capacity for change was explained by the combination of all these significant independent variables.



The results of the hypothesized model generated through the structural equation modeling are presented in Table 6 below.



The standardized regression results show that management commitment (R2 = 0. 206, ρ ˂ 0.05), employee involvement (R2 = 0. 361, ρ ˂ 0.001), and knowledge (R2 = 0.476, ρ ˂ 0.001) are positive and significant; therefore, hypothesis H1, H2 and H3 were supported. This means that management commitment was viewed by participants as a driver of change during the adoption of intervention in power plants, specifically HFE. Participants also believed that employee involvement could influence the capacity for change to support the adoption of HFE. Lastly, respondents felt that knowledge is also key to the capacity for change during the incorporation of HFE in South African electric power systems maintenance.



These findings when it comes to the influence of management commitment to organizational change during HFE adoption are in agreement with the suggestions of the existing studies [18], findings related to employee involvement during transition are also supported by the existing literature [20,21]. Also, the results of knowledge in association with the capacity for change when adopting HFE are consistent with the propositions found in previous scholarly writings and reports [7,18]. Therefore, to appropriately incorporate HFE in maintenance, power plants must assess the management commitment, employee involvement, and knowledge for the capacity to support the change that HFE would bring into the organization’s processes, systems, and practices. They must capitalize on their strengths while addressing barriers and improving their limitations. The tool proposed in this study should be able to assist them in measuring the capacity for change in their power plants, prior to and during the adoption of HFE [19].





6. Conclusions


This study examined the factors that influence the capacity for change at the amalgamation of HFE principles, specifically in the maintenance of electric power systems. Through the literature, it was discovered that power plants normally focus their efforts on the technical side of change and give less attention to the human side of an intervention, leading to failure to realize the benefits of the initiative. Then, this study aimed to create and trial a model for determining the capacity for change prior to the adoption of HFE in the maintenance of power plants. The model was found to be fit for explaining the capacity for change in power plant maintenance. This study revealed that the key drivers of capacity for change specifically the human side of change are management commitment, employee involvement, and knowledge. These multiple-item variables were all positively and significantly associated with the capacity for change. It should be noted that the model was testing the association rather than the cause–effect relationship.



This study contributed knowledge to the academic research domain on the capacity for change, especially in light of the adoption of interventions, specifically HFE in maintenance. It made contributions through new findings obtained from the empirical test of the model. It provided insights into the factors that influence the capacity for change, especially within power plant maintenance. Thus, it has created an agenda for further discussions and debate. It also provided important insights and a tool for practical application, which is a general guide to understanding power plant practices that can enable or impede change or successful adoption of interventions. It also adds to the efforts to influence power plants to consider the use of HFE models to enhance maintenance. Even though this study made contributions to identifying and shortlisting key factors influencing the capacity for change in power plants, it had some limitations such as the context and time horizon. So, the focus of the future studies could be:




	
To add other geographical contexts and diverse industrial settings to enhance the generalizability of results;



	
To use the longitudinal time horizon to establish the causation more clearly, since this study was cross-sectional in nature to infer the hypotheses or determine the association rather than proving the hypotheses.








It would also be interesting to see the determination of the actual capacity for change when adopting HFE and the subsequent impact on the productivity of maintenance in power plants.
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Figure 1. Barriers to HFE adoption. 
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Figure 2. Conceptual model for determining the capacity for change. 
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Figure 3. Normal distribution curve. 
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Figure 4. Normal P-P plot of regression standardized residual. 
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Figure 5. Scatterplot of regression standardized residual and predicted value. 
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Figure 6. Factor loadings of confirmatory factor analysis. 
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Figure 7. Results of factors influencing the capacity for change in HFE adoption. 
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Table 1. Measurement constructs and items [33].
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Construct

	
Item

	
Sources






	
Management Commitment (MC)

	
MC1: Our management would be committed to adoption of a new intervention

	
[7,8,20,22,28]




	
MC2: Our managers would improve their skills to support a new intervention




	
MC3: Our management would provide resources to support a new intervention




	
MC4: Our management would support training on new improvement concepts




	
MC5: Our management is committed to maintenance quality and improvement




	
Employee Involvement (EI)

	
EI1: Our management engages employees when making major decisions

	
[8,16,20,24]




	
EI2: Our management communicates decisions effectively with employees




	
EI3: In our organization, employee’s suggestions are listened to




	
EI4: Employees are empowered to make suggestions on improvements




	
EI5: Changes suggested by employees are usually examined and implemented




	
Knowledge (KN)

	
KN1: Acquiring new knowledge is supported in our organization

	
[4,8,15,24,30]




	
KN2: Our organization believes in continuous on-the-job training




	
KN3: Employees would be provided with training relevant to an intervention




	
KN4: Our organization provides relevant training to its employees




	
Capacity for Change (CC)

	
CC1: Our organization has effective communication of changes

	
[14,15,16,17]




	
CC2: Our organization has effective management of change




	
CC3: Concerns of employees are considered during intervals of change in our organization




	
CC4: Employees are clearly informed about their roles when change is initiated in our organization











 





Table 2. Demographic characteristics of respondents.
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Profile

	
Item

	
No.

	
%






	
Position

	
Power plant and senior manager

	
4

	
5.72




	
Section managers

	
17

	
24.28




	
Engineers

	
22

	
31.43




	
Supervisors

	
6

	
8.57




	
Technicians

	
13

	
18.57




	
Advisors, planners, and specialists

	
7

	
10.00




	
Artisan

	
1

	
1.43




	
Power Plant Section

	
Various power plants

	
2

	
2.86




	
Entire power plant

	
21

	
30.00




	
Turbine, generator, and transformers

	
13

	
18.57




	
Boiler and auxiliaries

	
12

	
17.14




	
Electrical/control and instrumentation

	
13

	
18.57




	
Civil and support

	
2

	
2.86




	
Generation/distribution/systems

	
7

	
10.00




	
Power Plant Experience

	
years ˂ 5

	
12

	
17.14




	
6 ≤ years ≤ 10

	
20

	
28.57




	
years > 10

	
38

	
54.29




	
Experience with HFE

	
Poor

	
9

	
12.90




	
Average

	
31

	
44.30




	
Good

	
22

	
31.40




	
Excellent

	
8

	
11.40











 





Table 3. Outcomes of reliability and validity testing.
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Construct

	
Item

	
α

	
Eigenvalue

	
Variance (%)

	
Factor Loadings






	
EI

	
EI1

	
0.930

	
6.633

	
47.382

	
0.813




	
EI2

	
0.764




	
EI3

	
0.905




	
EI4

	
0.873




	
EI5

	
0.851




	
MC

	
MC1

	
0.922

	
2.413

	
64.617

	
0.912




	
MC2

	
0.829




	
MC3

	
0.894




	
MC4

	
0.860




	
MC5

	
0.703




	
KN

	
KN1

	
0.820

	
1.522

	
75.491

	
0.632




	
KN2

	
0.837




	
KN3

	
0.819




	
KN4

	
0.704




	
CC

	
CC1

	
0.906

	
---

	
---

	
0.833




	
CC2

	
0.874




	
CC3

	
0.855




	
CC4

	
0.859











 





Table 4. Model fit measures.






Table 4. Model fit measures.





	Measure
	Estimate
	Interpretation





	CMin
	136.629
	---



	Df.
	74.000
	---



	CMin/Df.
	1.846
	Excellent fit



	CFI
	0.913
	Acceptable fit



	RMSEA
	0.111
	Poor fit



	PClose
	0.001
	Poor fit










 





Table 5. Validity analysis.
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	CR
	AVE
	EI
	MC
	KN





	EI
	0.930
	0.728
	0.853
	
	



	MC
	0.925
	0.712
	0.420 **
	0.844
	



	KN
	0.821
	0.535
	0.580 **
	0.497 **
	0.732







Note: ** Correlation is significant at Pearson’s Coefficient (ρ) ≤ 0.01 (two-tailed).













 





Table 6. Regression results.
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	Estimate
	Standard Error (S.E.)
	Critical Ratio (C.R.)
	Correlation Coefficient (ρ)





	OC<---MA
	0.206
	0.095
	2.112
	0.035



	OC<---EI
	0.361
	0.083
	3.202
	0.001



	OC<---KN
	0.476
	0.220
	3.287
	0.001
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