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Abstract 
This paper aims to draw on the application of Confirmatory Factor Analysis (CFA) in Structural 
Equation Modeling (SEM), to test the validity and reliability of instruments in the study of 
personality, safety climate, and safety performance in the Malaysia manufacturing sector. 
Exploratory factor analysis (EFA) was employed to determine the best sub-factors and items 
for the instrument, while confirmatory factor analysis (CFA) was performed to test and 
validate the measurement model. Confirmatory Factor Analysis (CFA) using Structural 
Equation Modeling (SEM) Partial Least Square (PLS), has been used to test the validity and 
reliability of the instruments. Various tests i.e., construct validity analysis, construct 
reliability, validity convergent as well as discriminatory validity to filter the best items that 
can represent the constructs in the study. Results from CFA indicated that two items from 
the Safety Performance Scale (SPS) had to be discarded to confirm that the model was fit. 
Meanwhile, all items from the Safety Climate Scale (SCS) and Mini-International Personality 
Item Pool (IPIP) were maintained. Overall, the final version of the instrument consisted of 
Safety Climate Instruments (46 items), Big Five Personality Instruments (20 items), and Safety 
Performance Instruments (37 out of 39 items). 
Keywords: Confirmatory Factor Analysis, Structural Equation Modeling, Personality Big Five, 
Safety Climate, Safety Performance. 
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Introduction 
Research instruments refer to the tools used by researchers to collect data. For quantitative 
data, the questionnaire is usually used as an instrument to collect data as in this study. To 
measure the personality among employees of production operators in the manufacturing 
sector (electrical and electronics) the researcher used a questionnaire Mini-International 
Personality Item Pool (IPIP) by Donnellan et al (2006). This Mini-IPIP questionnaire comes 
from a 50-item questionnaire International Personality Item Pool Five-Factor Model (IPIP–
BF) by Goldberg (1999) which was later shortened to 20 items (Baldasaro et al., 2013). Next, 
the safety climate in this study was measured using the Safety Climate Scale (SCS) by Wu et 
al (2007). This instrument has 46 questions and consists of five dimensions namely CEO 
safety commitment and action, manager safety commitment, employee safety commitment, 
perceived risk, and emergency response. Safety performance is measured using the Safety 
Performance Scale (SPS) by (Wu et al., 2008). This scale has 39 items with six dimensions 
namely safety organization and management, safety equipment and measures, safety 
training practices, safety training evaluation, accident investigation, and accident statistics. 
 
Methodology 
In this study, the researcher has tested the measurement model on the study instrument 
through SEM PLS (Partial Least Square) analysis, using SmartPLS software version 3. Analysis 
of the measurement model on this study instrument was conducted by performing construct 
validity analysis, construct reliability, convergent validity as well as discriminatory validity to 
filter the best items that can represent the constructs in the study. 
 
Construct Validity Analysis 
To analyse the validity of the construct, the researcher has used the factor loading to test 
whether all items are loaded to the appropriate factors or not. According to Greeno et al., 
(2007) there are various suggestions to assess the acceptable level of factor loading based 
on the literature. For this study, the researcher set the factor loading value for each item 
that must exceed the value of 0.50 as suggested by (Hair et al., 1998). According to Hair, et 
al (1998) sample size of more than 120 is practical to use cut-off loading factor > 0.50. 
Therefore, researchers have adopted this criterion in testing the results of factors loading. 
The validity analysis of the construct based on the factor loading for each study variable is as 
follows. 
 
Construct Validity Analysis for Safety Climate Instruments 
In this study, safety climate variables are measured using Safety Climate Scale (SCS) by Wu 
et al., (2007) through five dimensions namely CEO safety commitments and actions, manager 
safety commitments, employee safety commitments, perceived risk, and emergency 
response. Researchers have tested the factor loading for each item in the five dimensions. 
The results of the analysis found that all items in the five dimensions of safety climate have 
been loaded to factors that match the value of the acceptable factor loading which is 
between 0.76-0.89 for the dimensions of CEO safety commitment and action, 0.79-0.89 for 
the dimensions of manager safety commitment, 0.79-0.89 for the employee safety 
commitment, 0.72-0.90 for the perceived risk dimension and 0.71-0.84 for the emergency 
response dimension. Table 1 below shows the factor loading values for all dimensions in the 
safety climate above the value of 0.50. Therefore, the researcher chose to retain all items in 
the safety climate dimension for further analysis. 
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Table 1: Factor loading for safety climate dimensions 

Dimensions Item Factor 
Loading 
(> 0.50) 

 
CEO 
safety commitment 
and action 

The CEO provides a safe work environment 0.83 

The CEO allocates resources (such as money and 
equipment) to improve workplace safety facilities 

0.83 

The CEO appoints a full-time safety manager 0.76 

The CEO states that safety and instructions 
compliance is equally important 

0.79 

The CEO is always informed of workplace safety 
policies 

0.79 

The CEO is always involved in the workplace safety 
committee 

0.82 

The CEO pays more attention to employee safety 0.86 

The CEO always visits the work environment and 
understands the safe environment 

0.89 

The CEO regularly reviews safety and health 
management in the workplace 

0.88 

The CEO is constantly reviewing safety management 
practices 

0.85 

Manager safety 
commitment 

My manager provides adequate safety facilities 0.84 

My manager made observations on the safety 
facilities provided 

0.89 

My manager stated the importance of safety training 
in my work 

0.83 

My manager states that safety and compliance are 
equally important 

0.80 

My manager pays more attention to employee 
welfare 

0.82 

My manager always praises employees who behave 
safely 

0.83 

My manager allows employees to be involved in the 
formation of workplace safety goals 

0.88 

My manager is always discussing safety issues to his 
employees 

0.82 

My managers always provide workplace safety 
information to employees 

0.79 

My manager always practices the safety 
recommendations provided by the employees 

0.80 

 
Employee safety 
commitment 

I am willing to undergo a physical safety check 0.86 

I am willing to engage in safety training 0.89 

I am willing to abide by safety rules 0.88 

I am willing to improve safety at work 0.82 

I am willing to give suggestions for improvement of 
safety 

0.86 
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I am willing to practice safety checks on my own 0.79 

I am willing to wear Personal Protection Equipment 
(PPE) 

0.83 

I am willing to practice the standard Safety Operating 
Procedure (SOP) 

0.89 

I am ready to keep the work environment clean and 
organized 

0.88 

I am willing to maintain the function of the safety 
facilities available at work 

0.89 

Perceived risk While working I will not fall 0.82 

While working I will not be electrocuted 0.89 

While working I will not be stuck by the machine 0.88 

While working I will not be exposed to the extreme 
heat of the work environment 

0.84 

While working I will not be touched by harmful 
substances 

0.90 

While working I will not be exposed to infectious 
substances (such as bacteria and viruses) 

0.89 

While working I will not lift things that are too heavy 0.82 

While working I could not withstand extreme work 
stress 

0.72 

While working I will not experience any physical 
disorders 

0.84 

Emergency response I know where the personal protective equipment 
(PPE) is located  

0.80 

I know the position of the emergency switch to stop a 
machine 

0.83 

I know where the fire extinguisher is placed 0.80 

I know where the first aid facility is located 0.82 

I know the emergency route clearly 0.71 

I know the procedure that needs to be done to deal 
with the problem of electric shock 

0.83 

I know the procedure to take in the event of a fire 0.84 

 
Construct Validity Analysis for big Five Personality Instruments 
Personality in this study was measure using the questionnaire Mini-International Personality 
Item Pool (IPIP) by Donnellan et al., (2006). The Mini-IPIP is divided into five traits namely 
openness to experience, conscientiousness, extrovertness, agreeableness, and neurotics. 
The researcher performed the factor loading analysis on the five personality traits as shown 
in Table 2. The results of the analysis found that all items in the five personality traits have a 
factor loading value exceeding 0.50. The factor loading values between 0.80–0.87 for 
openness to experience, 0.79–0.85 for conscientiousness, 0.75–0.84 for extrovertness, 0.75–
0.86 for agreeableness, and 0.79–0.84 for neurotics. Therefore, all items in the personality 
trait have good construct validity for further analysis. 
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Table 2: Factor loading for Big Five Personality dimensions 

Dimensions Item Factor 
Loading 
(> 0.50) 

Openness to 
experience 

I have a clear imagination 0.85 

I am interested in abstract ideas 0.86 

I like to understand abstract ideas 0.87 

I have a good imagination 0.80 

Conscientiousness I do my job well 0.82 

I like to follow instructions 0.79 

I always put the things back to their original 
place 

0.85 

I do the job as soon as possible 0.83 

Extrovertness I am the main pillar of this factory 0.81 

I like to talk a lot 0.75 

I like to get to know various groups in a 
ceremony 

0.84 

I like to appear my self 0.84 

Agreeableness I sympathize with the feelings of others 0.75 

I am interested in other people's problems 0.81 

I feel other people's emotions 0.86 

I am interested in others 0.75 

Neurotics I have frequent emotional changes 0.79 

I do not relax most of the time 0.81 

I am easily offended 0.84 

I often feel depressed 0.84 

 
Construct Validity Analysis for Safety Performance Instruments 
Safety performance in this study was measure using the Safety Performance Scale (SPS) by 
Wu et al (2008). Table 3 shows the factors loading for the safety organization and 
management dimensions of safety between 0.18–0.69, safety equipment and measures 
between 0.47–0.85, safety training practices between 0.86–0.91, safety training evaluation 
between 0.85–0.93, accident investigation between 0.88 –0.93 and accident statistics 
between 0.83– 0.92. Researchers found that the factor loading value for all items exceeded 
the value of 0.50 except for two items, namely the item is from the safety organization and 
management dimension that is "my management states in writing their safety policy" and 
the item from the dimensions of safety equipment and measures that are “the pathway is 
always neat and orderly” which shows the factor loading values of 0.18 and 0.47 respectively. 
The value of factor loading less than 0.50 indicates a weak construct validity. This is in line 
with the recommendations by Hair et al (1998); Kline (2015), the value of factor loading must 
be > 0.50. Therefore, researchers have decided to remove these two items for further 
analysis. The factor loading value for safety performance after removing these two items is 
0.53 to 0.93. The factor loading value of 0.53-0.93 proves that the items in safety 
performance exceed the factor loading conditions proposed by Hair et al (1998); Kline (2015), 
and can be used for further analysis. 
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Table 3: Factor loading for safety performance 

Dimensions Item Factor Loading 
(> 0.50) 

Safety organization 
and management 

The Safety Management Division is a 
professional part of my factory 

0.61 

Employee safety is one of the priorities in this 
factory 

0.64 

Safety officers work with all parties to address 
safety issues in the workplace 

0.67 

The factory is open to accepting the opinions of 
employees regarding safety issues in the factory 

0.65 

My management states in writing their safety 
policy 

0.18 (remove) 

The factory has its safety inspection program 0.59 

The factory provides physical safety inspections 
to employees on a scheduled basis 

0.54 

Management always distributes workplace 
safety regulations 

0.69 

The factory provides appropriate safety 
regulations 

0.58 

The factory has procedures for managing 
workplace safety 

0.53 

Safety equipment 
and measures 

The pathway is always neat and orderly 0.47 (remove) 

The machines are equipped with good 
protective equipment 

0.79 

Electrical equipment in the factory is well-taken 
care 

0.79 

The dangerous work environment is equipped 
with good air circulation 

0.64 

The factory provides Personal Protection 
Equipment (PPE) to its employees 

0.80 

The plant conducts measurements of hazardous 
environments on a scheduled basis 

0.83 

The factory provides workplace safety labels 0.85 

The factory conducts self-inspection 0.85 

The factory keeps records of regular safety 
inspections 

0.81 

The factory conducts personal safety 
management of employees depending on the 
results of their physical inspections 

0.80 

Safety training 
practices 

The factory provides safety training to all its 
new employees 

0.90 

The factory provides safety training to the 
converted workers 

0.91 
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The factory provides safety training to the 
person responsible for operating first aid 

0.89 

The factory provides first aid training to its 
employees 

0.89 

The factory safety trainer is a trained person 0.86 

Safety training 
evaluation 

Safety training is consistent with factory 
training objectives 

0.86 

At least 3 hours are allocated for safety training 
in this factory 

0.87 

The condition of the safety training place is very 
comfortable 

0.91 

Trainees need to undergo an achievement test 
at the end of the safety training session 

0.93 

The safety training objectives conducted are 
not in line with the factory training objectives 

0.85 

Accident 
investigation 

The factory regularly conducts accident 
investigations 

0.90 

The factory is seriously conducting accident 
investigations 

0.91 

The factory informs the results of the accident 
investigation 

0.93 

The factory uses information related to 
accident investigations to improve workplace 
safety 

0.88 

Accident statistic You have never been injured at work in the last 
year  

0.83 

You have never had a disability at work in the 
last year  

0.83 

You will not experience any near-miss accident 
in the next year 

0.92 

You will not have any workplace injuries in the 
next year  

0.90 

You will not suffer death at work within the 
next year 

0.88 

 
Construct Reliability Analysis 
Based on previous studies involving PLS-SEM analysis, construct reliability measurements are 
usually tested through internal consistency methods (Straub et al., 2004). Internal 
consistency analysis was determined by Cronbach Alpha (CA) and Composite Reliability (CR) 
values (Hair et al., 2012). According to Hair et al (2011), CA and CR values must be equal to 
or greater than 0.70 to achieve internal consistency reliability. After analysis, the researcher 
found that the value of CA (0.79 - 0.96) and the value of CR (0.84 - 0.96) in this study exceeded 
the value of 0.70 as suggested by (Hair et al., 2011). Therefore, the researcher confirmed the 
existence of internal consistency in this study as in Table 4. 
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Table 4: Composite Reliability (CR) and Cronbach Alpha (CA) values for internal consistency 
analysis 

No Instrument Dimension  Composite 
Reliability 
(CR) 
(>0.70) 

Cronbach Alpha 
(α) 
(CA) (>0.70) 

1 Safety climate CEO safety commitment and 
action 

0.95 0.95 

Manager safety commitment 0.95 0.95 

Employee safety 
commitment 

0.96 0.96 

Perceived risk 0.95 0.95 

Emergency response 0.93 0.91 

2 Big five 
personality 

Openness to experience 0.91 0.86 

Conscientiousness 0.89 0.84 

Extrovertness 0.88 0.83 

Agreeableness 0.87 0.81 

Neurotics 0.89 0.84 

3 Safety performance 0.92 0.90 

 
Convergent Validity Analysis 
Convergent validity refers to the extent to which a group of items represents a construct 
(Gefen & Straub, 2005). In PLS analysis, convergent validity is measured through the value of 
Average Variance Extracted (AVE) (Urbach & Ahlemann, 2010).  Hair et al., (1998) suggested 
that the AVE value for each item in the construct must be > 0.50. In this study, AVE values 
for safety climate (0.65 - 0.74), personality (0.64 - 0.71) and safety performance (0.69). In 
this study, the AVE value is above 0.50 as in Table 5. Based on the value of this AVE, this study 
proves the existence of the convergent validity of the instruments in this study. 
 

Table 5: Average Variance Extracted (AVE) Values 

No  Instrument Dimension  AVE 
(>0.50) 

1 Safety climate CEO safety commitment and action 0.69 

Manager safety commitment 0.69 

Employee safety commitment 0.74 

Perceived risk 0.72 

Emergency response 0.65 

2 Big Five personality Openness to experience 0.71 

Conscientiousness 0.68 

Extrovertness 0.66 

Agreeableness 0.64 

Neurotics 0.67 

3 Safety performance                                    - 0.69 
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Discrimination Validity Analysis 
Discriminatory validity refers to the extent to which each construct differs from the other 
construct. In PLS analysis, discriminant validity was measured using a cross-loading method 
(Henseler et al., 2015). The cross-loading method is made between the construct and the 
items in the model. The assessment made is that the cross-loading value of all items 
measured with the matched constructs should have a higher value than the matching values 
with other constructs (Grégoire & Fisher, 2006; Hair et al., 2011; Henseler et al., 2015). In 
this study, the cross-loading value of each item matched to a particular construct was found 
to be higher than the unmatched construct as shown in Table 6. Thus, it proves the existence 
of discriminatory validity in this study. 
 

Table 6: Output cross loading using SmartPLS 
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Note: CEO safety commitment and action (IKPU), manager safety commitment (IKM), 
employee safety commitment (IKP), perceived risk (IKR), emergency response (IKMB), 
Openness to experience (PO), Conscientiousness (PC), Extrovertness (PE), Agreeableness (PA), 
Neurotics (PN), safety organization and management (PKP), safety equipment and measures 
(PKU), safety training practices (PKALK), safety training evaluation (PKPLK), accident 
investigation (PKPK) and accident statistics (PKSK) 
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Conclusions 
Confirmatory Factor Analysis (CFA) in the Structural Equation Modeling (SEM) Partial Least 
Square (PLS) analysis gives better results in testing the validity and reliability of an 
instrument. The test results can be indicated by construct validity, convergent validity, 
construct reliability, and discriminant validity.  
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