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A B S T R A C T   

Purpose: The present study aimed to design a quantitative tool to evaluate the comfort and us-
ability of working at height safety harnesses. 
Methods: This cross-sectional study was conducted in both qualitative and quantitative sections in 
2022. The research steps included field interviews, an expert panel, and compiling the ques-
tionnaires for assessing the comfort and usability of the harness. The items of tools were designed 
based on the qualitative part of the research and review of the literature. The face and content 
validity of the instrument were assessed. Its reliability was also evaluated using the test-retest 
method. 
Results: Two tools were developed including a comfort questionnaire with 13 questions and a 
usability questionnaire with 10 questions. The Cronbach’s alpha coefficients of these instruments 
were 0.83 and 0.79, respectively. Additionally, the content and face validity indices were 0.97 
and 3.89 for the comfort questionnaire and 0.991 and 4 for the usability questionnaire, 
respectively. 
Conclusions: The designed tools showed appropriate validity and reliability and could be used to 
evaluate the comfort and usability of safety harnesses. On the other hand, the criteria used in the 
designed tools could be employed in user-centered harness designs.   

1. Introduction 

Falling from a height is one of the major hazards to human health and one of the most important causes of serious and fatal injuries 
to construction workers) [1](. Falling from a height is one of the occupational accidents in various industries [2](. According to the 
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report provided by the World Health Organization (WHO) in 2018, 646,000 people die due to falls every year) [3]. The Occupational 
Safety and Health Administration (OSHA) reported that the main cause of death in the construction industry is “falling from a height”) 
[4]. Among construction accidents, falling from a height has the highest risk) [1]. Lack of safety equipment and its non-use is one of the 
main causes of accidents in the construction industry [5]. The use of Personal Protective Equipment (PPE) such as harnesses can 
sometimes save lives in the accidents caused by falling from heights [6]. Thus, it has been considered as one of the most important ways 
to protect people against falls. Although harnesses cannot eliminate the risk of falling from a height, they are used as the last resort to 
save lives [5]. Even though using safety harnesses is a legal requirement for the workers who work at heights, some construction 
workers may be reluctant to use them due to various reasons such as discomfort, lack of awareness of dangers, inadequate training, and 
lack of regular inspections) 7, 8. One of the reasons why people don’t feel comfortable in a harnesses is because they are not asked for 
their opinions regarding the harness design. Since workers may be suspended from harnesses for a long time, they may feel pain, 
discomfort, and anxiety) [9]. Additionally, the designs of harnesses are generally weak, causing discomfort among users [10]. The fit of 
the harness to body dimensions can bring better satisfaction and comfort to end-users) [11]. Some studies have referred to users’ 
dissatisfaction and discomfort with the existing harnesses) [12,13]. For instance, Shamsuddin et al. mentioned discomfort as a reason 
for not using safety harnesses by workers [14]. To minimize the workers’ perceptions of difficulty and discomfort associated with using 
a safety harness when working at heights, the safety harness design should be strengthened. People who work at heights have to endure 
the harness on their bodies for a long time. Therefore, the harness design should help them feel comfortable and satisfied. However, 
commercially available harnesses cause discomfort as well as severe and persistent pain for end-users [15]. In addition, users should be 
mentally evaluated to determine their willingness or unwillingness for wearing harnesses [16], because harnesses may be present in 
the workplace but may not be used properly due to dissatisfaction and discomfort) [17]. 

Fig. 1. Flowchart of the questionnaire design steps and evaluation of its validity and reliability.  
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Up to now, numerous studies have assessed safety parameters in harnesses, but few studies have been done in terms of evaluation of 
the comfort, satisfaction, and usability of harnesses. Despite the safety of most harnesses, users are reluctant to use them due to the lack 
of satisfaction and comfort. In general, people use PPE when they feel comfortable and satisfied. Thus, the designs must be user- 
centered. According to ISO 13407, in user-centered designs, usability requirements have to be incorporated into the development 
process. In this standard, there are five essential processes that should be used in the development process: (1) user-centered design 
planning, (2) understanding and defining the field of use, (3) defining the user and organizational needs, (4) production of designs and 
prototypes, and (5) evaluation by the user) [18]. Studies have indicated that user-centered designs can lead to a reduction in the 
development time and costs, production of high-quality products, and an increase in end-user satisfaction) [19]. 

Generally, there are various standards for harnesses, some of which refer to the ergonomics of the harnesses and people’s comfort. 
Despite the existing standards for producing harnesses, workers still feel dissatisfied. Therefore, more comfortable and useable har-
nesses have to be designed. In this context, a tool is needed to identify the related indices and help produce a user-centered design. The 
review of the literature revealed no standard tools to assess the comfort and usability of harnesses. Previous studies examined harness 
comfort and satisfaction through interviews or very few questions. Chae et al. used semi-structured interviews to evaluate comfort and 
satisfaction harnesses [20]. Angles’ study used three questions with a scale of 1–10 in order to observe the discomfort of people using 
the harness. He also used three open questions about the problems of harnesses, their design and improvement (Angle, 2013). So far, no 
study has been conducted on assessing the validity and reliability of a questionnaire to determine the satisfaction and comfort as well 
as the usability of harness. The purpose of this study was to design a quantitative instrument for evaluating the comfort and usability of 
safety harnesses. 

2. Materials and methods 

2.1. Study design 

This methodological research was conducted in two qualitative and quantitative parts, aiming at designing a tool to assess the 
comfort and usability of safety harnesses in 2022. In this research, in addition to obtaining an ethical approval certificate from the 
“Research Ethics Committees of the School of Public Health & Neuroscience Research Center - Shahid Beheshti University of Medical 
Sciences, Tehran. Iran” with the Approval ID: IR. SBMU.PHNS.REC.1401.083, informed consent was obtained from all participants in 
the research, and professional and legal requirements were met. A qualitative study was conducted in order to identify the factors 
related to the non-use of safety harnesses by searching resources, reviewing studies, field observations, and interviewing experts and 
specialists in the fields of safety and ergonomics. In addition, a quantitative study was performed to evaluate the psychometric 
properties of the instrument. The flowchart of the study stages has been depicted in (Fig. 1). 

Semi-structured interviews were conducted with the participants (eight Iranian and five Afghan construction workers) in a quiet 
and secluded place at the construction site so that the interviewees could express their real opinions. Additionally, both face-to-face 
and virtual interviews were performed with university professors and Civil engineers. 

2.2. Determining the parameters of comfort and usability of safety harness 

. 

2.3. Searching for sources and reviewing studies 

The available sources and inventions were reviewed in various sources and scientific sites. Searches were also conducted in da-
tabases, related journals, and library resources. Science Direct, Web of Science, Wily, Scopus, Google Scholar, PubMed, and Springer 
databases were searched using the following keywords: full body harness, the usability of harness, the standard for harness, satis-
faction, and comfort of harness, industrial harness, and ergonomic harness. Then, the articles related to the topic were selected and 
studied. 

2.4. Field observations 

At this stage, accessible construction workers who had at least one year of experience working with harnesses were selected from 
the construction industry workers in Tehran. At first, they were requested to complete a written informed consent form to participate in 
the interview. During the semi-structured interviews, they were asked to explain their problems and concerns about using harnesses, 
what made it difficult for them to use harnesses, and the reasons they were not willing to use harnesses. Since the study was qualitative, 
the interviews were continued until reaching the data saturation point. At this stage, according to the interviewees’ responses, the 
related issues were raised and the provided answers were recorded. The interviews lasted for an average of 30 min, ranging from 20 to 
45 min. 

2.5. Standard guidelines for harnesses 

Generally, there are several standards for safety harnesses. These standards include ISO 10333-1: 2000 for full-body harnesses and 
the installation of comfort pads in the harness, EN 361: 2002 on PPE against falls from heights with full-body harnesses, BS EN 813: 
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2008 standard for sitting harnesses and people’s satisfaction and comfort when using harnesses, and EN358 standard for work har-
nesses and lanyards. These standards were thoroughly analyzed by the research team and the important factors on the comfort and 
usability of safety harnesses were extracted. 

2.6. Survey of experts 

The findings of the previous steps were discussed during four sessions with a panel of experts in safety, ergonomics, occupational 
health, and civil engineering. 

2.7. Compilation of a questionnaire regarding the comfort of the harness 

After defining the concept and determining the dimensions and items of the tool, the collected data during the meetings was 
reviewed by the researchers. Some items were merged or deleted and some were changed. In this way, the initial assessment tool 
included 15 questions with a five-option Likert scale. After designing the initial tool, its psychometric properties were evaluated. The 
final version contained eight demographic questions (height, weight, history of harness use, work experience in the construction 
industry, age, level of education, job position, and nationality) and 13 main questions designed by the researchers. The questions could 
be responded to via a five-option Likert scale ranging from five (strongly agree) to one (strongly disagree). 

2.8. Psychometric properties of the instrument 

2.8.1. Face validity 

Step 1. To determine the qualitative face validity, three occupational health and safety specialists, one ergonomics specialist, one 
civil engineer, one safety engineer, two foremen, and two workers were interviewed in a face-to-face manner about the formulated 
questions. According to these individuals’ comments on the level of difficulty, degree of inconsistency, the ambiguity of the phrases, 
and the existence of inadequacies in the word meanings, minor changes were applied in the questionnaire. At this stage, the number of 
questions was reduced from 15 to 13. 

Step 2. For quantitative face validity, the impact score was calculated for each question separately. The questionnaire was given to 
ten construction workers who used harnesses. After completion of the questionnaire by the target group, face validity was calculated 
using the equation of the item effect method. In this way, the participants were asked to rate the importance of each item on a five- 
option Likert scale ranging from one (not important at all) to five (absolutely important). Then, the impact scores were calculated using 
Equation (1): 

Impact score=Frequency (%) × Importance Equation (1) 

Where frequency referred to the number of people selecting items 4 and 5 and importance represented the average score of 
importance based on the five-option Likert scale. It is worth mentioning that only questions with face validity scores >1.5 were 
acceptable (Waltz et al., 2010). 

2.8.2. Content validity 
Step 1: To assess the qualitative content validity of the instrument, eight occupational health, ergonomics, and safety experts were 

asked to submit their corrective views after carefully studying the tool. After collecting the experts’ opinions, the necessary changes 
were made in terms of grammar, use of appropriate words, the importance of questions, and order of questions. 

Step 2: The content validity index was assessed using the method proposed by Waltz et al. Based on this method, the tool was sent to 
15 specialists in the field of occupational health, four ergonomics experts, five safety specialists, and two civil engineers who were 
asked to rate each item according to a three-option Likert scale (it is necessary, it is useful but not necessary, and it is not necessary). 
Then, the Content Validity Ratio (CVR) equation was employed [21] and Lawshe’s table was examined using the Bayesian approach 
[22]. Accordingly, considering 15 specialists, the CVR had to be greater than 0.49 [21]. In other words, in case the resulting number 
was larger than the table number, the existence of the relevant item with an acceptable level of statistical significance (p < 0.05) was 
both necessary and important. 

To ensure that the questions were best designed to measure content, the Content Validity Index (CVI) was used which has been 
proposed by Waltz et al. For this purpose, the questionnaire was given to 15 experts for calculating the CVI by using the three criteria of 
relevance, simplicity, and clarity based on a five-option Likert scale (1: completely irrelevant, 2: irrelevant, 3: somewhat relevant 4: 
relevant, and 5: completely relevant). The CVI score was calculated by summing up the number of experts giving a ranking of ‘agreed’ 
for each item divided by the total number of experts. The items with scores >0.79 were considered acceptable [24]. Afterward, based 
on the mean CVIs, the Average Content Validity Index (S-CVI/Ave) of the questionnaire was computed. According to Polite and Beck, 
CVIs ≥0.9 were considered acceptable [23]. 

2.9. Reliability 

Internal consistency and test-retest methods were used to determine the reliability of the questionnaire. To do so, 20 construction 
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workers were asked to complete the questionnaire. Then, the reliability of the instrument was estimated by calculating its internal 
consistency using Cronbach’s alpha coefficient. Accordingly, alpha values between 0.6 and 0.7 were considered acceptable) [21]. After 
two weeks, the same construction workers were asked to complete the questionnaire. If there was no significant difference between the 
obtained Cronbach’s alpha values, the stability of the questionnaire was approved. Stability means obtaining the same scores in a 
group of people at two different time points. The correlation between the results of the two tests indicates reliability or repeatability. If 
this index is higher than 0.74, the stability is confirmed. Finally, the Intra-class Correlation Coefficient (ICC) between the results of the 
two tests was 0.78, which indicated an acceptable correlation (Waltz et al., 2010). 

2.10. Developing a questionnaire for the usability of harnesses 

System Usability Scale (SUS) is a usability method to measure the quality of human-centered designs [22]. One of the most common 
tools for assessing the usability of the SUS Brooke Questionnaire was presented in 1996 [24]. In the present study, based on this scale, 
the questions were changed to harness usability and were validated. All the steps followed to compile the questionnaire for the harness 
comfort were used for the usability questionnaire. 

3. Results 

3.1. Determining the dimensions and design of the tool 

3.1.1. Field observations 
This study was conducted on the construction workers with a mean age of 29.5 ± 8.2 years and a mean work experience of 25.78 ±

4.2 years. The mean duration of the interviews was 30 min, ranging from 20 to 45 min. The results of the interviews revealed various 
problems such as discomfort in the harness, pressure from the harness straps to the waist, shoulders, thighs, and genital areas, in-
compatibility of the dimensions of the harness with body dimensions, and limitations associated with the harness. The number of 
participants at different stages of the study has been presented in (Table 1). 

3.2. Overview of the research background 

Literature review showed that the most important reasons for not using the existing harnesses were the discomfort of the harnesses, 
the pressures caused by the harnesses on the body, limited mobility, and inappropriate dimensions and size. Although most partici-
pants’ complaints about harnesses were related to discomfort and lack of satisfaction, this issue has been addressed in limited studies. 

3.2.1. Harness standards 
The study of standards related to safety harnesses demonstrated the importance of such factors as safety and technical inspection 

and requirements related to strength, dynamic, and static tests. The comfort and ergonomics of the harnesses were emphasized, as well. 

3.3. The psychometric properties of the tool 

In this study, the qualitative face validity of the comfort questionnaire was assessed. At this stage, the number of questions was 
reduced from 15 to 13. Additionally, the quantitative face validity was separately evaluated for the comfort and usability question-
naires. Only questions with face validity scores >1.5 were considered acceptable. According to the results presented in (Tables 2 and 

Table 1 
The number of people participating in different stages of the study.  

No. Reason for the interview Number of people Place of 
interview 

Interview 

1 Interview about not using harnesses 8 Iranian workers and 5 
Afghan workers 

Construction 
site 

Construction workers 

2 Interviewing experts on the 
workers’ response to not using 
harnesses 

10 University Specialists in safety (3), ergonomics (2), occupational health (3), 
and civil engineers (2) 

3 Determining the qualitative face 
validity 

10 University Occupational health and safety specialists (3), ergonomics expert 
(1), construction engineer (1), safety engineer (1), foreman (2), and 
worker (2) 

4 Determining the quantitative face 
validity 

10 (7 Iranian workers 
and 3 Afghan workers) 

Construction 
site 

Construction workers 

5 Determining the qualitative content 
validity 

8 University Occupational health, ergonomics, and safety specialists 

6 Determining the quantitative 
content validity 

15 At work Specialists in occupational health (4), ergonomics (4), and safety 
(5) and civil engineers (2) 

7 Reliability 20 (13 Iranian workers 
and 7 Afghan workers) 

Construction 
site 

Construction workers  
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3), the face validity scores were higher than 1.5 for all the questions. 
Considering the content validity, the CVR was calculated for each question. According to Lawshe’s table, the number obtained from 

the CVR equation had to be greater than 0.49 for 15 specialists. This implied that in case the resulting number was larger than the table 
number, the existence of the relevant item with an acceptable level of statistical significance (p < 0.05) was necessary and important. 
Baghestani stated that by calculating the number of carcasses using the Bayesian approach, the CVR had to be more than 0.53 for 15 
specialists. This was taken into account for the comfort and usability questionnaires, and the results have been presented in (Tables 2 
and 3). Accordingly, all CVRs were acceptable. 

In this study, CVIs >0.79 were considered acceptable. The items were separately evaluated concerning relevance, clarity, and 
simplicity. Then, the total CVI was calculated and the results have been presented in (Tables 2 and 3). Afterward, based on the mean 
CVIs of all the questionnaire items, the S-CVI/Ave was computed. According to Polite and Beck, a score of 0.9 was considered 
acceptable. The results revealed that the S-CVI/Ave was 0.97 for the comfort questionnaire and 0.991 for the usability questionnaire. 

The reliability of the instrument was estimated by calculating its internal consistency using Cronbach’s alpha coefficient. 
Accordingly, alpha values between 0.6 and 0.7 were considered acceptable. In this study, Cronbach’s alpha coefficient was computed 
as 0.83 for the comfort questionnaire and 0.79 for the usability questionnaire. Additionally, the ICC was obtained as 0.78 for the 
comfort questionnaire and 0.73 for the usability questionnaire. 

4. Discussion 

In this study, a valid and reliable tool was presented for evaluating the satisfaction, comfort, and usability of harnesses. To develop 
this tool, all the necessary steps such as the opinion of experts and specialists in the field of safety and ergonomics were taken. Face and 
content validity and the related indicators, as well as the reliability of the questionnaire were evaluated. The results showed that the 
mentioned instrument had appropriate psychometric properties. The comfort questionnaire contained 13 questions with Cronbach’s 
alpha coefficient of 0.83, content validity index of 0.97, and face validity index of 3.89. Besides, the usability questionnaire included 10 
questions with Cronbach’s alpha coefficient of 0.79, content validity index of 0.991, and face validity index of 4. Therefore, this tool 
can be used to make informed decisions about the design of safety harnesses in terms of satisfaction, comfort, and usability, so that 
workers will be able to use harnesses comfortably without fear of pressure. The fitness of the harness to body dimensions can also lead 

Table 2 
Quantitative content and face validity indices for the harness comfort questionnaire.  

No. Questions Relevance Clarity Simplicity CVI CVR Comparison 
with Lawshe’s 
table 

Comparison 
with Bayesian 
approach 

Impact 
factor 

Result 

1 I feel good and comfortable 
working with harnesses. 

0.93 0.93 1 0.95 0.73 a a 3.6 Accept 

2 I feel good while working with the 
harness and because of this 
feeling, I am not afraid of falling 
from a height while working with 
the harness. 

1 0.93 1 0.97 0.6 a a 3.15 Accept 

3 I can easily wear a harness. 1 1 1 1 1 a a 2.87 Accept 
4 I can do my job easily when I wear 

a harness. 
1 1 0.86 0.95 1 a a 4.7 Accept 

5 I can easily adjust and fasten the 
harness waistbands. 

1 0.93 1 0.97 0.73 a a 3.96 Accept 

6 The harness straps do not twist 
when fastened and used. 

1 1 1 1 0.86 a a 3.52 Accept 

7 I feel the harness fits my body. 1 1 1 1 1 a a 4.8 Accept 
8 When suspended with a harness, 

there is not much pressure on my 
body. 

0.93 1 1 0.97 0.86 a a 3.22 Accept 

9 It is easy for me to use safety 
harnesses when working at 
heights. 

1 0.93 0.93 0.95 1 a a 4.22 Accept 

10 When working at heights, I am 
satisfied with the use of safety 
harnesses. 

1 1 1 1 0.73 a a 4.5 Accept 

11 When working at heights, I can 
easily follow the necessary safety 
instructions associated with the 
use of harnesses. 

1 1 0.86 0.95 0.73 a a 4.32 Accept 

12 I only use safety harnesses when I 
am comfortable. 

1 1 1 1 1 a a 4.6 Accept 

13 While working with the harness, 
the harness straps do not interfere 
with my work. 

0.93 0.93 0.93 0.93 1 a a 3.44 Accept  

a = Significant. 
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to comfort and satisfaction. In the research carried out by Hsiao, to adjust the size and length of the harness, three-dimensional 
anthropometric data were used to accurately calculate the body dimensions appropriated to the harness design) [23](. In the tools 
prepared in the current study, questions were asked about the fit of the harness to the body dimensions. Hsiao in another study 
mentioned that traditional linear anthropometric data couldn’t well present the anthropometric dimensions required for harness 
design and weren’t suitable for harness design in practice [25]. Moreover, studies have shown that the relationship between 
anthropometric data and harness suspension tolerance might lead to better harness design, which can result in satisfaction and 
comfort) [26]. Fang et al. reported that construction workers refused to use PPE including protective harnesses because they did not 
feel comfortable) [27](. To design a satisfactory harness, it is required to 1- determine the body sizes for each component of the 
harness, 2- design harnesses with an adjustable size range, 3- develop the size of the harness according to the relevant standards, and 4- 
ask for users’ suggestions. One study found that the carpenters who used harnesses complained about the lack of fitness and were 
dissatisfied with body pressure) [28]. Furthermore [29], emphasized the importance of the angle between belt and body as well as 
place of the D ring for reducing the pressure from harness in both normal and suspended positions) [29]. Zhang et al. also revealed that 
discomfort was one of the reasons why Chinese scaffolders didn’t use harnesses) [8]. In the present study also, questions were asked 
about the exerted pressure by harness on the body as well as the importance of harness straps for its comfort. Contractors generally 
provide equipment only according to its price and durability, not considering usability for workers) [30]. On the other hand, PPE is 
very difficult to use because it feels like a nuisance at work. Scaffolders who do not feel comfortable using a safety harness may decide 
not to wear it at all) [31]. These individuals do not wear harnesses due to discomfort as well as restrictions on movement [7]. 
Therefore, the comfort and usability of harnesses are vitally important. In the present study, a scale was designed to measure harness 
comfort and usability. 

The design of safety harnesses should be improved to minimize complaints about their inadequacy and discomfort that can lead to 
their non-utilization. This should be done by using methods based on the principles of user-centered design. Moreover, taking con-
sumer expectations into account, considering the design quality, and combining the design process can provide better results for 
acceptance amongst users. Prior research indicated that workers’ participation in choosing a harness and evaluating its appropri-
ateness as well as their overall satisfaction had a significant impact on the use of harnesses) [32]. The instrument designed in the 
present study aimed to provide information regarding the users’ feedback, leading to a better harness design. In a previous study 
exploring harness systems for backpacks, a subjective survey was conducted on the level of skin discomfort on shoulders, trapezius, 
lumbar muscles, and overall comfort using a five-option Likert scale. In this way, the individuals’ comfort levels were assessed) [33]. In 
another research, Chae et al. used semi-structured interviews to evaluate two harnesses concerning comfort and satisfaction using a 
scale ranging from one (not satisfied at all) to seven (highly satisfied). The comfort scale was investigated as the sense of warmth, 
humidity, and overall comfort. Humidity and heat values were measured, as well. The results revealed a correlation between the 
mental scale and the measurements made [20]. In the research carried out by Angles, subjective assessment including discomfort 

Table 3 
Quantitative content validity and face validity indices for the harness usability questionnaire.  

No. Questions Relevance Clarity Simplicity CVI CVR Comparison 
with Lawshe’s 
table 

Comparison with 
Bayesian 
approach 

Impact 
factor 

Result 

1 I think I should always use 
harnesses when working at 
heights. 

1 1 1 1 0.86 a a 3.52 Accept 

2 I think wearing a harness is too 
complicated and difficult. 

1 0.93 1 0.97 1 a a 4.4 Accept 

3 I think the harness is easy to use 
and adjustable. 

1 1 1 1 0.86 a a 3.87 Accept 

4 I think I can use the harness 
well with the guidance of a 
technician or safety specialist. 

1 1 0.93 0.97 0.73 a a 3.78 Accept 

5 In my opinion, different parts of 
the harness are well designed 
and adjusted. 

1 1 1 1 1 a a 4.14 Accept 

6 I think there is a lot of difficulty 
and inconsistency between the 
straps in wearing the harness. 

1 1 1 1 1 a a 4.23 Accept 

7 I think most people can learn 
how to use harnesses very 
quickly. 

1 1 1 1 1 a a 3.44 Accept 

8 In my opinion, the harness is 
unsuitable for use and working 
at heights. 

0.93 1 1 0.97 0.86 a a 4.5 Accept 

9 I am very safe and comfortable 
when using the harness. 

1 1 1 1 1 a a 3.87 Accept 

10 I need to learn how to wear and 
use the harness before using it. 

1 1 1 1 1 a a 4.5 Accept  

a = Significant. 
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rating was employed to evaluate the usability of the harness. In doing so, a pressure measuring system was developed in fabric straps 
for installation in harnesses and was used to rank discomfort on a ten-degree scale, with zero and ten representing not uncomfortable 
and very uncomfortable, respectively. The results showed a significant correlation between the subjective assessment of discomfort 
ratings and pressure on the body achieved in the experiments [34]. In the present study, the items were assessed using a five-option 
Likert scale ranging from strongly disagree to strongly agree. Since this study was conducted on the workers who used harnesses, the 
five-point Likert scale was used to make responding to questions easier for the participants. Comfort is the main issue because users 
work with the harness all the time and should feel comfortable; otherwise, they will not use the harness [35]. In another study, 
musculoskeletal disorders were investigated to evaluate the comfort of working with a rope (harness rig) in suspension. The results 
indicated that the workers who used rig harnesses while working were more likely to suffer from pain in their lower extremities 
compared to other workers [36]. In Gregory’s study, the comfort of the harness was assessed by determining the pressure on muscles 
and the exerted forces [37]. In Nam’s study, the pressure caused by harnesses was measured in different areas of the waist and thighs 
using a pressure gauge sensor. It was concluded that an optimal harness design could overcome the existing harness limitations and 
lead to user comfort [15]. Lee et al. evaluated the pressure on people’s bodies when using commercial harnesses and found that the 
pressure caused by harnesses made people uncomfortable, in such a way that they were not willing to use harnesses. In the present 
study, a tool was designed, because access to pressure sensors to measure discomfort and pain may be impossible or expensive, while 
questionnaires can easily and inexpensively measure discomfort among individuals. 

5. Conclusions 

The study findings showed the acceptable psychometric properties of the designed tools. Therefore, they can be used to make 
informed decisions about the design of safety harnesses in terms of satisfaction, comfort, and usability, so that people can easily wear 
the harnesses without fear of pressure. Overall, the existence of evaluation tools is essential, because users can express their opinions 
and designers can use these comments to produce useable products. This research prepared a valid and reliable tool to determine the 
level of comfort, satisfaction and usability of safety harnesses by end-users. This tool can be used for different harnesses. By using this 
tool, users’ opinions are determined and it can help designers to develop the harness design. This study had some limitations. Firstly, 
most of the people who used harnesses were construction workers who had low levels of education, so it was time-consuming to justify 
them. Secondly, most of the construction workers are daily wage workers, therefore, there was a time limit for conducting the research, 
and the interview was conducted prayer and rest time. Finally, this study was conducted only in Tehran due to financial and 
administrative constraints. 
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