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Preface 

Technological advancements have significantly benefited humans. Technology has 
led to the development of ergonomic tools and equipment that improve human 
comfort, reduce strain, and enhance overall productivity. From adjustable office 
chairs to ergonomic keyboards, these innovations promote proper posture and reduce 
the risk of musculoskeletal disorders. When it comes to road safety, technology 
has played a pivotal role in saving lives and preventing accidents. Advanced driver 
assistance systems (ADAS) equipped with sensors, cameras, and artificial intelli-
gence algorithms help detect potential hazards, warn drivers, and even intervene 
if necessary. In the realm of sports technology, advancements have revolutionized 
training methodologies and performance analysis. Athletes now have access to wear-
able devices that monitor their biometric data, providing insights into their phys-
ical condition, performance metrics, and injury prevention. Further, technological 
advancements have led to sophisticated tools and methods for studying the human 
body’s mechanics and movement. High-speed cameras, force sensors, and motion-
tracking systems enable researchers to gain deeper insights into human locomotion, 
joint mechanics, and muscle activation patterns. These findings help design better 
prosthetics, rehabilitation programs, and ergonomic solutions tailored to individual 
needs. 

The “Unlocking Human Potential: The Future of Human Engineering” sympo-
sium seeks to delve into the cutting-edge field of human engineering, exploring the 
possibilities of augmenting and optimizing human capabilities through advancements 
in science, technology, and design. This symposium brings together experts from 
various disciplines to discuss and showcase innovative approaches, methodologies, 
and ethical considerations in the realm of human engineering. From neuroenhance-
ment to prosthetics, cognitive augmentation to genetic engineering, this symposium 
aims to stimulate insightful discussions and inspire the creation of a future where 
human potential knows no bounds. 

Pekan, Malaysia Mohd Hasnun Arif Hassan
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Developing a Survey Tool to Measure 
Human Factors Constructs for Personal 
Hearing Protector (PHP) Use Among 
Industrial Workers—First Phase 

Nur Syafiqah Fauzan , Mirta Widia  , and Ezrin Hani Sukadarin 

Abstract The survey tool (questionnaire) is one of the most widely used tools to 
collect data. This paper aims to develop a survey tool of human factors and personal 
hearing protector (PHP) use among industrial workers. The survey tool is developed 
based on the combination of the Health Promotion Model (HPM) and Health Belief 
Model (HBM). Development of the eight main constructs in the survey included 
narrative literature and qualitative review by the two expert panels of researchers 
in the related field. Overall, this tool produced good comments from the experts. 
Some of the items were removed due to poor match in terms of content. This current 
research is crucial to investigate the factors and PHP usage among targeted industrial 
workers. This study can serve as the primary instrument for determining the human 
factors and personal hearing protectors used for industrial workers in various sectors. 
This survey tool can contribute to an improved understanding of the human factors 
that may influence the consistent use of PHP in an excessive noise work area. 
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1 Introduction 

The World Health Organization (WHO) estimated that around 466 million people 
have hearing loss globally [1]. Besides, Occupational Noise Related Hearing disor-
ders were reported as the highest among other occupational poisoning and disease 
cases from 2016 until 2019 [2]. The manufacturing sector reported the highest 
percentage of confirmed occupational poisoning and disease cases in 2019 [3]. A 
study by Rasasoran et al. [4] shows that a high prevalence of hearing loss was reported 
among workers in the noise-exposed palm oil industries. On the other hand, the auto-
motive industry in China reported about 62.53% of them exceeded 85 dB(A) of the 
personal noise level. Most of the excessive noise comes from various automotive 
industry jobs, such as surface treatment, metal cutting, stamping, grinding, welding, 
forging, assembly and plastic moulding [5]. Besides the manufacturing industries, 
other industries, such as the construction industry, were found to have personal noise 
exposure level issue among both machine and non-machine workers [6]. 

Therefore, understanding factors that facilitate or hinder specific safety 
behaviours’ performance is crucial [7]. A study by Reddy et al. [8] found that both 
personal and environmental factors for intrapersonal, interpersonal, organisational, 
community and policy influenced the use of hearing protectors. A study by Acharya 
[9] found that using personal protective equipment (PPE) among workers was signif-
icantly associated with the gender of the respondents and encouragement to use 
PPE. Several factors lead to using hearing protectors among workers, such as expo-
sure level, individual risk perceptions, a company’s safety climate [10] and social 
modelling [11]. Nath et al. [12] reported that the significant challenge of issuing 
personal protective equipment is comfort, and it can be adequate if PPE is worn 
correctly. Thus, determining factors that play an important role in the usage of PPE 
is the first step before planning and implementing an intervention to increase PPE 
use [13]. 

Thus, this paper aims to present the process of developing a survey tool for 
measuring human factors and PHP use among industrial workers. The dimensional 
construct of human factors influencing PHP use among industrial workers was deter-
mined. Then, the finalised items within the study construct via qualitative assessment 
were determined. 

2 Materials and Methods 

2.1 Survey Tool Development 

The survey tool was developed in several stages. First, a survey tool is developed 
based on the guiding validated framework from the combination of the Health Belief 
Model (HBM) [14] and the Health Promotion Model (HPM) [15].
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Second, a narrative literature review was carried out to identify relevant questions 
closely related to the main objective of the survey tool development. The questions 
were adapted and modified from the previous studies. The researchers developed the 
items of each construct from past research by combining two selected frameworks: 
The Health Belief Model and the Health Promotion Model. 

The two (2) appointed experts reviewed the constructs used in the survey tools. 
Another previous study used two expert panels to review the instrument before it 
could be used by the end users [16]. According to Presser et al. [17], the review method 
assesses any worries associated with the questionnaire in advance of annoying ideas 
or unsuitable wording of questions. Each expert commented on the modified items 
and indicated their decision to remove, keep, or modify them [18]. 

2.2 Conceptual Framework on the Human Factors 
and Personal Hearing Protector (PHP) Use Among 
Industrial Workers 

The framework had eight constructs. A theoretical framework on the relationship 
between human factors and PHP usage among industrial workers was used to 
develop the survey tool. The independent constructs are the interpersonal influences, 
perceived susceptibility, perceived severity, perceived benefit, perceived barriers, 
perceived self-efficacy and cues to action. The dependent construct is the use of PHP 
(see Fig. 1).

3 Results and Discussion 

The developed survey tool consisted of two parts. The first part focuses on sociode-
mographics. The second part comprised eight study constructs: interpersonal influ-
ence, perceived susceptibility, perceived severity, perceived benefit, perceived barrier, 
perceived self-efficacy, cues to action and use of PHP. 

The survey tool applied a 5-point Likert scale. All seven (7) constructs were used 
scale from 1 (strongly disagree) to 5 (strongly agree). This scale is ranged from 1 
(strongly disagree) to 5 (strongly agree), which indicates the respondent’s agreement 
with each item [20]. Besides, the last construct for Personal Hearing Protector use 
was to use a scale from 1 as ‘Never’ to a scale of 5 as ‘Always’. The Likert scale is 
one of the most basic and widely used psychometric tools in sociology, psychology, 
information systems, politics, economics and other fields [21]. 5-point rating scales 
are less confusing and may boost the response rate.
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Fig. 1 Conceptual 
framework. Adapted from 
Health Belief Model and 
Health Promotion Model 
[14, 15, 19]

3.1 Sociodemographic 

The questions for sociodemographic section consists of eighteen (18) questions 
(gender, age, nationality, marital status, educational level, working experience, type 
of personal hearing protector, working type, worker’s experience with the ear problem 
and illnesses, family history of hearing disorder/loss, worker’s audiometric test and 
hearing re-examination experience, worker’s satisfaction on current PHP and the 
worker’s position). Table 1 shows the first phase of sociodemographic information 
is finalised after the qualitative review by the appointed two (2) experts. Overall, 
items inside this section remain. However, certain items need improvements due to 
incorrect or overlapping items, and wrong chosen words.

3.2 Analyses of Human Factors Constructs for PHP Use 

In the beginning, the total items for this tool are 97 items which cover all the study 
construct. During the qualitative assessment process, certain items considered perfect 
matches were maintained as it is, while the items considered moderate matches 
were maintained after refining some of the sentences. Besides, the items that were 
considered poor matches by the experts were removed. Items that were consistently 
deemed unnecessary were removed, and the modified items were altered [18]. After
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Table 1 Finalise the first phase of Sociodemographic information 

Sociodemographic Items 

S1 Gender Male 

Female 

S2 Age ≤24 year 

25–34 years 

35–44 years 

≥ 45 years 
S3 Nationality Malaysian 

Non-Malaysian 

S4 Marital status Single 

Married 

Others (widowed, 
divorced) 

S5 Educational level Primary 

Secondary 

Certificate 

Diploma 

Bachelor degree 

Master 

Ph.D. 

S6 Working experience ≤1 year 

2–5 years 

6–10 years 

≥11 years 

S7 Type of personal hearing protector (PHP) Earplug 

Ear muff 

Combination 

S8 Working type Regularly 

Shift 

S9 Do you experience ringing in the ears or sound heard differently in 
each ear? 

Yes 

No 

S10 Have you suffered any illness that has affected your hearing (e.g., 
infection, tinnitus, discharge, etc.)? 

Yes 

No 

S11 Have you ever had an ear operation or any other major operation 
that affected your hearing? 

Yes 

No 

S12 Any family history of hearing loss/disorder? Yes 

No 

S13 Have you had an audiometric test before? Yes

(continued)
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Table 1 (continued)

Sociodemographic Items

No 

S14 Have you suffered any illness listed here? Yes 

No 

S15 If YES, please tick (/) ONE or more illnesses listed here Vision impairment 

Alzheimer’s 
disease 

Diabetes mellitus 

Cancer 

Vertigo 

Dizziness 

Psychosocial 
health 

Cardiovascular 
disease 

Stroke 

S16 Experience of hearing re-examination Yes 

No 

S17 Are you satisfied with your current personal hearing protector? Yes 

No 

Not applicable 

S18 Position Manager 

Engineers 

Executive 

Supervisor 

Technician 

Operator 

General worker

the qualitative assessment, the total items retained for this current study are 79 (see 
Table 2).

Table 3 shows the finalised first phase of Human Factors Construct for PHP use 
after considering all the comments by the appointed experts. According to this table, 
the construct for interpersonal influence has a total of eight (8) items, perceived 
susceptibility has seven (7) items, perceived severity has eight (8) items, perceived 
benefit has eight (8) items, perceived barrier eighteen (18) items, perceived self-
efficacy have fifteen (15) items, cues to action have ten (10) items and use of personal 
hearing protector (PHP) have five (5) items.
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Table 2 Changes the number of items in the study construct after qualitative content validation 

No. Human factors 
(construct) 

Items 
(prior 
expert 
review) 

Source Items 
retained 
for the 
current 
study 

Source 

No of 
items 

No of 
items 

1 Interpersonal 
influence (II) 

10 [13, 22, 23] 8 [13, 22, 23] 

2 Perceived 
susceptibility 
(PS) 

9 [23, 24] 7 [23, 24] 

3 Perceived 
severity (PV) 

10 [23–25] 8 [23–25] 

4 Perceived 
benefit (PB) 

14 [22–30] 8 [23, 28, 31] 

5 Perceived 
barrier (PR) 

20 [13, 22, 23, 25–28] 18 [13, 22, 23, 28, 31] 

6 Perceived 
self-efficacy 
(PSE) 

17 [13, 22, 23, 26, 28, 32] 15 [13, 22, 23, 28, 31, 32] 

7 Cues to action 
(CA) 

12 [23, 29] 10 [23, 29] 

8 Use of personal 
hearing 
protector (PHP) 

5 [33, 34] 5 [33, 34] 

Total of items 97 79

4 Conclusion 

The first phase of survey tools for measuring the human factors constructs for PHP 
use among industrial workers was successfully developed via qualitative content 
validation by the two (2) experts. However, other studies conducted content validity 
using a quantitative approach [35]. This study manages to develop eight human 
factor constructs consisting of 79 items, including interpersonal influence, perceived 
susceptibility, perceived severity, perceived benefit, perceived barrier, perceived 
self-efficacy, cues to action and use of personal hearing protector (PHP). The 
sociodemographic parts are successfully developed, consisting of eighteen (18) 
items. 

However, there are some highlights to be noted every time the content valida-
tion is planned; (1) the survey tool/questionnaire has to be translated and used in a 
dual language in English and Malay before it will be given to the targeted group, 
(2) provide a guide to the respondents on how to fill the survey questionnaire form 
and (3) involvement of experienced industrial practitioner such as safety officer as
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Table 3 Finalise first phase research construct of Human Factors for PHP use 

Question Response options 

(1) Interpersonal Influence 

II1 My team leader often uses a personal hearing protector 
when exposed to a noisy workplace 

1. Strongly Disagree 
2. Disagree 
3. Neither Agree not 

Disagree 
4. Agree 
5. Strongly Agree 

II2 My co-workers often use personal hearing protectors when 
exposed to a noisy workplace 

II3 My co-workers expect me to wear a personal hearing 
protector when I am in a noisy work environment 

II4 My family members encourage me to use a personal 
hearing protector when I am in a noisy work environment 

II5 My supervisor expects me to wear a personal hearing 
protector when I am in a noisy work environment regularly 

II6 Everyone in this company expects me to wear a personal 
hearing protector regularly 

II7 My co-worker expects me to wear a personal hearing 
protector every day 

II8 My company management encourages me to wear a 
personal hearing protector every day 

(2) Perceived Susceptibility 

PS1 I believe my chances of developing a hearing loss problem 
are high 

1. Strongly Disagree 
2. Disagree 
3. Neither Agree nor 

Disagree 
4. Agree 
5. Strongly Agree 

PS2 I worry about getting a hearing loss problem 

PS3 I know people in this career field who got a hearing loss 
problem 

PS4 Small exposures to noise hazards won’t me to a hearing 
loss problem 

PS5 Everybody can get hearing loss problems, including office 
workers 

PS6 I am at risk of a hearing loss problem 

PS7 I can have a hearing loss problem even without 
experiencing any signs or symptoms 

(3) Perceived Severity 

PV1 The thought of getting a hearing loss problem deeply 
concerns me 

1. Strongly Disagree 
2. Disagree 
3. Neither Agree not 

Disagree 
4. Agree 
5. Strongly Agree 

PV2 If I developed a hearing loss problem, my career would be 
in jeopardy 

PV3 Problems I would experience from the hearing loss 
problem would last a long time 

PV4 A hearing loss problem will lead to permanent changes in 
my health 

PV5 My financial security would be endangered if I developed a 
hearing loss problem

(continued)
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Table 3 (continued)

Question Response options

PV6 I am afraid to even think about getting a hearing loss 
problem 

PV7 There are no drugs to manage hearing loss problems 

PV8 Hearing loss complications would endanger my problem 

(4) Perceived Benefit 

PB1 Feeling safe while wearing a personal hearing protector 1. Strongly Disagree 
2. Disagree 
3. Neither Agree nor 

Disagree 
4. Agree 
5. Strongly Agree 

PB2 Feeling useful while wearing a personal hearing protector 

PB3 Wearing a personal hearing protector will prevent future 
hearing problems for me 

PB4 A personal hearing protector prevents exposure to the noise 
hazards I am around on the job 

PB5 I benefit from wearing a personal hearing protector 

PB6 I think wearing a personal hearing protector every time I 
am in loud environments is important 

PB7 I am convinced I can prevent hearing loss by wearing 
hearing protectors whenever I am in loud environments 

PB8 If I wear a personal hearing protector, I can protect my 
hearing 

(5) Perceived Barrier 

PR1 Wearing a personal hearing protector is uncomfortable 1. Strongly Disagree 
2. Disagree 
3. Neither Agree not 

Disagree 
4. Agree 
5. Strongly Agree 

PR2 I think using a personal hearing protector will slow my 
speed 

PR3 A personal hearing protector limits my ability to hear what 
I want to hear 

PR4 I think it will be hard to hear warning signals (like backup 
beeps) if I am wearing hearing protectors 

PR5 I don’t feel like wearing a personal hearing protector at the 
workplace 

PR6 I think earmuffs make my head sweat too much 

PR7 Personal hearing protectors are uncomfortable to wear 

PR8 A personal hearing protector limits my ability to 
communicate with others 

PR9 Wearing a personal hearing protector is annoying 

PR10 The size of the personal hearing protector is not fit for me, 
so I don’t wear it 

PR11 I don’t like to wear anything on my ears while performing 
a job  task  

PR12 I think a personal hearing protector puts too much pressure 
on my ears

(continued)
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Table 3 (continued)

Question Response options

PR13 A personal hearing protector interferes with my ability to 
do my job 

PR14 A personal hearing protector is not always available to me 

PR15 My co-workers would make fun of me for wearing a 
personal hearing protector 

PR16 I would need to develop a new habit of wearing a personal 
hearing protector, and that is difficult 

PR17 A personal hearing protector is expensive 

PR18 There are disadvantages to wearing a personal hearing 
protector 

(6) Perceived Self-efficacy 

PSE1 If using a personal hearing protector was comfortable, I 
would definitely use it 

1. Strongly Disagree 
2. Disagree 
3. Neither Agree not 

Disagree 
4. Agree 
5. Strongly Agree 

PSE2 If a personal hearing protector was easy to obtain, I would 
definitely use it 

PSE3 I know when I should use a hearing protector 

PSE4 I can wear a personal hearing protector regularly in a noisy 
workplace 

PSE5 I wear a personal hearing protector regularly, even though 
my colleagues around me are not in the habit of wearing a 
personal hearing protector 

PSE6 When my personal hearing protector is not functioning, I 
will inform my supervisor to get a new one for me 

PSE7 I can inspect or check for any defects in the personal 
hearing protector before wearing it 

PSE8 I am sure how to tell when a personal hearing protector 
needs to be replaced 

PSE9 I can wear a personal hearing protector properly 

PSE10 I can wear a personal hearing protector even if I have to 
wear other personal protective equipment (PPE) 

PSE11 I am confident the usage of a personal hearing protector 
can reduce the noise exposure to me 

PSE12 I am confident that I will remember to use a personal 
hearing protector when I am exposed to noise hazards 

PSE13 I am confident I can obtain the proper personal hearing 
protector when I am exposed to noisy hazards at work 

PSE14 I am confident that my job performance will not be 
adversely impacted by wearing a personal hearing protector 

PSE15 I am confident that after wearing the proper PHP 
throughout my career will help prevent me from getting a 
hearing loss issue 

(7) Cues to Action

(continued)
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Table 3 (continued)

Question Response options

CA1 A reminder from my supervisor every day would be 
important to wear of personal hearing protector 

1. Strongly Disagree 
2. Disagree 
3. Neither Agree not 

Disagree 
4. Agree 
5. Strongly Agree 

CA2 Inspection from my supervisor would improve my wear of 
personal hearing protectors 

CA3 The fact that OSHA fines me or my employer for not 
wearing a personal hearing protector is important 

CA4 Posters in my workplace would serve as important 
reminders to wear personal hearing protectors 

CA5 The threat of disciplinary action is an important factor in 
ensuring I wear a personal hearing protector 

CA6 Having a personal hearing protector at the location of the 
hazard is critical to ensure that I wear it 

CA7 If I see others wearing personal hearing protectors in my 
area, then it reminds me to use them 

CA8 Regular and frequent education on the importance of 
personal hearing protectors improves how often I wear 
them 

CA9 My supervisor sets the example of wearing a personal 
hearing protector when being exposed to hazards 

CA10 Training provided by my supervisor about PHP and the 
importance of personal hearing protectors was helpful 

Use of Personal Hearing Protector (PHP) 

UP1 How often do you wear personal hearing protectors during 
the past week when in high-noise areas? 

1. Never 
2. Rarely 
3. Sometimes 
4. Very Often 
5. Always 

UP2 How often do you wear personal hearing protectors during 
the past month when in high-noise areas? 

UP3 How often do you wear personal hearing protectors during 
the past three months when in high-noise areas? 

UP4 How often are you aware of the compliance of wearing a 
personal hearing protector when working in an excessive 
noise area? 

UP5 How often do you make sure that your personal hearing 
protector is well-fitted?

an appointed expert panel in reviewing the content of the questionnaire. Before 
distributing the finalised survey tool (questionnaire), a briefing must be conducted 
on the targeted respondents to ensure workers’ understanding in answering the ques-
tions. The consent form must be given to the respondent to ensure the participants 
understand and know the study’s purpose before carrying out the sampling process. 

Therefore, this survey tool can contribute toward an improved understanding of 
the human factors that may influence the consistent use of PHP among workers 
working in an excessively noisy work area.
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