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Background: Health literacy in the workplace plays a crucial role in preventing work-related diseases and injuries. This study aims to
develop and validate an instrument to measure Agricultural Safety and Health Literacy (ASHL) based on existing occupational health
literacy tools.

Methods: The development of the instrument involved preliminary item development, expert evaluation, and preliminary testing.
Cronbach’s a, a coefficient that measures the internal consistency of each item, was measured for reliability. Exploratory factor
analysis and confirmatory factor analysis were performed to examine the construct validity, and predictive validity was evaluated using
paired #-tests for changes in health literacy before and after education.

Results: The overall Cronbach’s a for the instrument was 0.92, indicating high reliability. In the exploratory factor analysis, five
factors were extracted explaining 64.4% of the total variance. As a result of confirmatory factor analysis, the goodness-of-fit index
(GFI) was shown as GFI=0.851, adjusted GFI=0.816, comparative fit index=0.901, normed fit index=0.835, root mean square error of
approximation=0.071, and y*/df=2.2. These results indicated acceptable model fit. The change in score from before to after the
educational intervention was confirmed to have predictive validity with a significant increase in all areas (p<0.005).

Conclusion: This study describes the development of an instrument for understanding ASHL for use in evaluating the health and
safety of farmers. The developed instrument will be used in Korea to improve the health behavior of farmers and to prevent and
manage various health problems that may occur in the agricultural working environment.
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Introduction

Health literacy refers to the ability to access health information, acquire the necessary details, comprehend the
information, and judge its suitability in order to apply it for health management, disease prevention, and the use of
medical services.' It has also been defined as the cognitive and social skills that determine an individual motivation and
capacity to access, understand, evaluate, and use health information to promote and maintain health.>*

Health literacy is also essential for enhancing health and safety in the workplace. Occupational health status and
behaviors are also related to health literacy, and in particular, health information comprehension in the workplace plays
an important role in preventing work-related diseases and injuries.” Rauscher and Myers® defined Occupational Health
Literacy (OHL) as the ability of workers to access, understand, appraise, and apply occupational health and safety
information when making appropriate health decisions at work.

“Access” refers to the ability to obtain safety and health information, “understanding” to the ability to comprehend
that information, “appraise” to the ability to assess the relevance of safety and health information and “apply” to the
ability to utilize safety and health information.”

Meanwhile, a positive attitude was identified as an important factor in effectively processing and applying health-
related information, and attitude was also considered to be an important factor in understanding occupational health
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information because workers with negative attitudes are more likely to fail to take effective disaster prevention measures.
This relationship has been supported in previous studies.®’

Occupational health literacy is associated with health outcomes such as well-being, subjective health status, and
quality of life, and is also related to work ability.*'*'* Employees who actively manage their health using a high level of
understanding of occupational health information have improved job efficiency and better health status.'>'

Among occupational groups, agriculture is one of the most hazardous professions worldwide, with occupational
injuries and diseases occurring at a much higher rate than the average for other professions.'” ' According to the
International Labor Office of the United Nations, the cumulative incidence rate of occupational diseases due to chemical,
biochemical, and physical hazards in the agricultural sector is 87.6 per 100,000 workers, among which 3.6 are due to
biological hazards.'” Farmers are constantly exposed to physical, chemical, biological, and mechanical risks, the health
outcomes of which can range from short-term injuries to long-term diseases. A lack of occupational health literacy can
lead to work-related injuries, making the assessment of health knowledge the first step in protecting workers from
potential occupational hazards.”°

“Agricultural Safety and Health Literacy” (ASHL) is not a term commonly used in the existing literature, ASHL is
a newly proposed conceptual framework developed in this study. It is defined here as an index for accurately recognizing
risks that may arise in agricultural work environments, evaluating appropriate preventive measures or coping methods,
and making the right health decisions. This concept is used to develop a tool for measuring the agricultural safety and
health literacy of farmers.

Therefore, this study aimed to verify the validity and reliability of this approach by developing an ASHL instrument
to assess and improve health information understanding in the agricultural sector. This product is expected to serve as an
evaluation instrument for various safety and health projects in rural areas and to help manage the health and safety of
farmers effectively.

Materials and Methods
Study Participants

The study population could read and write in Korean, were at least 19 years old, and had a minimum of one year of
experience in agriculture. Farmers residing in four counties were recruited using a snowball sampling method.
Participants were informed about the research purpose, methods, and their right to withdraw, and written consent was
obtained before participation. It was important to have a sufficient number of participants in factor analysis. A previous
study considered 200 subjects to be sufficient if the number of measurement variables did not exceed 40.>! Therefore,
this study set the minimum sample size to 200, and 245 farmers ultimately participated in the survey.

And, the predictive validity was assessed to determine whether the education resulted in changes to the ASHL
developed. A total of 31 farmers who participated in agricultural safety and disaster prevention education were surveyed,
and their responses were collected both before the education and one week after to evaluate changes in ASHL.

Data was collected over one month in May 2024, following approval from the Institutional Review Board (IRB No,
GIRB-A24-NY-0037). This study was conducted in accordance with the principles of the Declaration of Helsinki.

Instrument Development Process

The development of the instrument was conducted in four stages: drafting preliminary questions through literature
review, reviewing the items with agricultural and health experts, conducting a preliminary survey, and executing the main
survey (Figure 1).

Preliminary Items

The preliminary items for assessing agricultural safety and health literacy were initially developed by reviewing literature
related to tools for occupational health literacy. This process involved selecting key individual-level items from the
domain of Occupational Safety and Health Information.” Specifically, the process included accessing, understanding,
appraising, and applying health and safety information in agriculture, to which attitude was added as a factor. Attitude
affects how individuals receive and apply health information.® Thus, farmers with positive attitudes are more likely to
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Figure | Confirmatory factor analysis result based on 22 items and 5 factors. *p<0.001.
Abbreviation: ASHL, Agricultural Safety Health Literacy.
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understand health information accurately and use it effectively for preventive measures and coping strategies. An attitude
of actively taking necessary actions to comply with safety guidelines and minimize risks is crucial for maintaining a safe
working environment. Therefore, it was included in this study to provide a comprehensive evaluation of ASHL.
Items to be included in ASHL were developed with reference to existing occupational health literacy instrument.?**
The sub-domains consisted of access, understand, appraise, apply, and attitude. To assess agricultural safety and health
literacy, a self-reported 4-point Likert scale was used. The response options were: 1 (Strongly disagree), 2 (Disagree), 3

(Agree), and 4 (Strongly agree), with higher scores indicating higher levels of agricultural safety and health literacy.

Item Review

The preliminary items developed were reviewed by three experts with extensive experience and expertise in agriculture
and health. Expert opinion was held considering the scale face and content validity,”> in other words, these experts
evaluated the appropriateness, clarity, and validity of the items for tool development, leading to necessary revisions and
improvements. Specifically, items containing difficult terminology were modified, the order of items was adjusted for
readability, and an ambiguous question regarding the use of agricultural safety and health services under the “Access”
factor was removed. The final item set, refined through expert discussion, consisted of 27 items: access (5 items),
understanding (8 items), appraise (4 items), apply (6 items), and attitude (4 items).

Pretest

Before conducting the main survey, a pretest was administered to 20 farmers living in the same county as the main
survey, using 27 items to evaluate respondents’ reactions. During this process, items that were difficult to understand, had
ambiguous meanings, or could reduce reliability and validity were revised or eliminated. Specifically, items that were
unclear in the “understanding” category, such as comprehension of agricultural safety and health guidelines, proper use of
protective equipment, and exercises for musculoskeletal disorder prevention, were removed. In the “apply” category,
items related to explaining agricultural disaster prevention methods to others and recommending agricultural safety
insurance to peers were also removed. As a result, the final questionnaire comprised five factors: access (5 items),
understanding (5 items), appraise (4 items), apply (4 items), and attitude (4 items), totaling 22 items. This instrument was
named the ASHL (Supplementary Table).

Main Survey

The main survey was conducted with 245 farmers to evaluate the appropriateness of the ASHL instrument. Based on the
preliminary survey analysis, 22 final items were used for survey responses, and a comprehensive analysis was performed
to validate the instrument.

Statistical Analysis
For data analysis, the statistical programs SPSS-Win version 25.0 and R version 4.3 with the lavaan package were used.
SPSS was utilized for descriptive statistics, Cronbach’s o, exploratory factor analysis, and paired #-tests. The lavaan
package in R was used for confirmatory factor analysis. Lavaan is an R package specialized for structural equation
modeling.

Cronbach’s o was measured to determine internal consistency, with values above 0.7 considered acceptable, above 0.8
good, and above 0.9 excellent.”®

To examine the construct validity of the instrument, exploratory factor analysis (EFA) and confirmatory factor
analysis (CFA) were conducted. EFA was used to determine which factors each item in the ASHL questionnaire belonged
to and to explore the structural relationships between factors, thus assessing the conceptual validity of the questionnaire.
Principal component analysis was performed for EFA, and the Kaiser-Meyer-Olkin (KMO) measure and Bartlett’s test of
sphericity were calculated to determine the suitability of the model for factor analysis. Generally, a KMO value of 0.80 or
higher and a p-value <0.05 for Bartlett’s test indicate that the model is suitable for factor analysis.’’ The varimax
orthogonal rotation method was used to aid in interpreting the factors by rotating the explanatory axis of the variables.

CFA was applied to verify construct validity by ensuring that each factor accurately measured its respective sub-items.
CFA was used to validate the factor structure derived from exploratory factor analysis, and structural equation modeling
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(SEM) tools were employed to evaluate model fit. Model fit was assessed using indices such as the goodness of fit index
(GF1), adjusted goodness-of-fit index (AGFI), normed fit index (NFI), comparative fit index (CFI), and root mean square
error of approximation (RMSEA). A GFI, AGFI, NFI, or CFI of 0.9 was considered good, while values above 0.8 were
recommended. RMSEA values below 0.08 were advised, and the chi-square divided by degrees of freedom (x*/df) was
considered good if below 3.2%°

Predictive validity refers to measuring an external criterion in the future to examine its correlation. The developed
scale was evaluated by comparing pre- and post-education groups to determine whether health literacy changed. To
assess changes before and after the educational intervention, a paired #-test was conducted. This analysis confirmed
whether the ASHL instrument could effectively predict improvements in farmers’ safety and health literacy after the
educational intervention.

Results

General Characteristics of Participants

The general characteristics of the participants are shown in Table 1. Women accounted for 84.9% of the total participants,
representing the majority. The largest age group was those in their 60s (56.7%), with an average age of 62.1 years.
Regarding education level, 65.7% of participants had graduated from high school or higher. The marital status of 91.4%
of participants was married. The average farming period was 25.6 years, with 23.3% having between 15 and 20 years of
experience, and 23.7% having over 20 years of experience, indicating that most participants had extensive experience.

Table | General Characteristics (N=245)

Variable N (%)
Gender

Male 37 (15.1)

Female 208 (84.9)
Age (years)

~59 80 (32.7)

60~69 139 (56.7)

270 26 (10.6)

Mean * SD (year) 62.1+6.63
Education Level

Elementary or under 23 (94)

Middle school 61 (24.9)

2 High school 161 (65.7)
Living alone

Yes 21 (8.6)

No 224 (91.4)
Farming Period

1~5 years 36 (14.7)

5~10 years 51 (20.8)

10~15 years 43 (17.6)

15~20 years 57 (23.3)

2 20 years 58 (23.7)

Mean + SD (year) 25.6%15.12
Concurrent work

Yes 160 (65.3)

No 85 (34.7)

(Continued)
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Table | (Continued).

Variable N (%)
Crops Type
Rice and field crops 125 (51.0)
Greenhouse 53 (21.6)
Orchard 40 (16.3)
Others 27 (11.0)
Disease
Yes 157 (64.1)
No 88 (35.9)
Disease
Hypertension 77 31.4)
Diabetes 28 (11.4)
Arthritis 77 (31.4)
Others 27 (11.0)

The proportion of participants engaged in additional jobs outside of agriculture was 65.3%. The largest group of farmers
(51.0%) was engaged in open-field farming, including rice paddies and dry fields. Regarding medical history, 64.1% of
participants reported having a disease. Among major chronic diseases, hypertension was the most common (31.4%),
followed by diabetes (11.4%), arthritis (31.4%), and other conditions (11.0%).

Reliability Test

The overall Cronbach’s a for the ASHL scale was 0.92, indicating high reliability. Examining sub-factors, the Cronbach’s
a for the access domain was 0.75. When each of the five items in this factor was individually removed, Cronbach’s a
ranged between 0.65 and 0.77, indicating that no items reduced reliability. The understanding domain had a Cronbach’s a
of 0.82, with values ranging from 0.76 to 0.81 when each of the five items was removed, confirming the suitability of all
items. The appraise domain had a Cronbach’s a of 0.83, and when each of the four items was individually removed,
values ranged from 0.77 to 0.82, ensuring all items were appropriate. The apply domain had a Cronbach’s a of 0.77, and
removing each of its items resulted in values between 0.71 and 0.72, verifying their reliability. Lastly, the attitude domain
had a Cronbach’s a of 0.88, with values ranging from 0.84 to 0.85 when individual items were removed, confirming that
all items were suitable Thus, the overall reliability of the scale was high (Table 2).

Table 2 Reliability of Agricultural Safety Health Literacy Instrument

Factor Items Scale Mean if | Scale Variance Corrected Item Cronbach o if | Cronbach a
Item Deleted if ltem Deleted | Total Correlation Item Deleted

Access | | Finding the informations you need in case 10.45 3.73 0.68 0.65 0.75

of agricultural diseases and accidents

2 | Find agricultural work safety and health 10.38 3.83 0.6l 0.68
information from various sources

3 | Participation in agricultural work safety 9.96 4.56 0.45 0.73
and health education

4 | Use of safety insurance 10.18 4.42 0.37 0.77
Active response to find solutions to health 10.40 4.36 0.51 0.72
problems

(Continued)
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Table 2 (Continued).

Factor Items Scale Mean if | Scale Variance Corrected Item Cronbach a if | Cronbach a
Item Deleted | if Item Deleted | Total Correlation | Item Deleted
Understanding | | | UV affect (eyes and skin) 12.19 3423 0.68 0.77 0.82
2 | Working in dusty environment (mask) 12.20 3.53 0.70 0.76
3 | Working postures affect (musculoskeletal) 12.34 351 0.60 0.79
4 | Correct pesticide usage rules 12.63 3.28 0.55 0.8l
5 | Agricultural work risk is a factor in the 12.41 3.61 0.57 0.80
occurrence of disease and injury
Appraise I | Accuracy assessment of information 8.04 2.88 0.71 0.77 0.83
(education)
2 | Accuracy assessment of information 8.12 2.87 0.67 0.78
(friend)
3 | Latest information assessment (video or 8.18 271 0.69 0.77
printed materials)
4 | Consult an expert 823 2.6l 0.59 0.82
Apply | | Agricultural safety equipment 8.56 2.29 0.59 0.71 0.77
2 | Take care of your health 833 2.27 0.57 0.72
3 | Efforts to obtain information 8.32 245 0.58 0.71
4 | Management of symptoms 836 2.39 0.56 0.72
Attitude I | Active role for health promotion 9.52 1.80 0.74 0.85 0.88
2 | Know and practice health and safety 9.52 1.84 0.76 0.84
guidelines
3 | Exchange information 9.52 1.95 0.73 0.85
4 | Health and well-being 9.50 1.88 0.73 0.85
Total 0.92

Validity Test

The resulting EFA for the 22 items of the Agricultural Safety and Health Literacy scale are shown in Table 3. The
Bartlett’s test of sphericity was significant (p<0.001), confirming the suitability of the factor analysis, and the KMO

measure was 0.904, exceeding the 0.80 threshold, which indicates adequacy. Based on eigenvalues greater than 1.0, five

factors were extracted, accounting for 64.4% of the total variance. These five factors were: access (5 items), under-

standing (5 items), appraise (4 items), apply (4 items), and attitude (4 items).

Table 3 Exploratory Factor Analysis of 22 Items on Agricultural Safety Health Literacy

Factor Items Access | Understanding | Appraise | Apply | Attitude
Access | | Finding the information you need in case of agricultural 0.82
diseases and accidents
2 | Find agricultural work safety and health information from 0.8l
various sources
3 | Participation in agricultural work safety and health 0.54
education
Use of safety insurance 0.52
5 | Active response to find solutions to health problems 0.49
Understanding | | | UV affect (eyes and skin) 0.69
2 | Working in dusty environment (Mask) 0.67
3 | Working postures affect (musculoskeletal) 0.66
4 | Correct pesticide usage rules 0.57
5 | Agricultural work risk is a factor in the occurrence of 0.54
disease and injury
(Continued)
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Table 3 (Continued).

Factor Items Access | Understanding | Appraise | Apply | Attitude
Appraise I | Accuracy assessment of information (education) 0.79
2 | Accuracy assessment of information (friend) 0.75
3 | Latest information assessment (video or printed 0.74
materials)
4 | Consult an expert 0.62
Apply | | Agricultural safety equipment 0.83
2 | Take care of your health 0.71
3 | Efforts to obtain information 0.60
4 | Management of symptoms 0.51
Attitude I | Active role for health promotion 0.75
2 | Know and practice health and safety guidelines 0.75
3 | Exchange information 0.73
4 | Health and well-being 0.72
Kaiser-Meyer-Olkin value 0.904
Bartlett’s test of Sphericity 2653.6 (p<0.001)
% variance 64.4

After conducting exploratory factor analysis, confirmatory factor analysis (CFA) was performed using the maximum
likelihood method to estimate parameter values for the measurement model.

Since the five factors of ASHL are sub-factors of the overall concept, they are expected to be positively correlated,
and each individual item was assumed to independently measure its corresponding sub-dimension. The confirmatory
factor analysis results for the five-factor model showed the following key indices: Goodness of Fit Index (GFI)=0.851,
Adjusted Goodness-of-Fit Index (AGFI)=0.816, Comparative Fit Index (CFI)=0.901, Normed Fit Index (NFI)=0.835,
Root Mean Square Error of Approximation (RMSEA)=0.071, and chi-square divided by degrees of freedom (xz/df) =2.2.
These results indicate good fit (CFI, RMSEA, y*/df) or at least acceptable fit (GFI, AGFI, NFI) (Table 4).

Additionally, the standardized regression coefficients for the five factors and 22 individual items of ASHL ranged
from 0.36 to 0.88, and all path coefficients were statistically significant at the p<0.001 level (Figure 1).

The predictive validity of the developed ASHL was assessed by measuring changes before and after education. In the
“Access” domain, the average score increased from 2.5 before training to 2.7 after training (p=0.004), indicating that the
training effectively improved information access skills. In the “Understanding” domain, the average score increased from
3.1 to 3.4 (p=0.002), demonstrating that the training contributed to enhancing comprehension skills. In the “Appraise”
domain, scores rose from an average of 2.6 before training to 3.3 after training (p<0.001), suggesting that the training
significantly improved the ability to evaluate information. For the “Apply”” domain, the average score increased from 2.8
to 3.1 (p=0.005), indicating that the training positively influenced the ability to utilize information. Finally, in the
“Attitude” domain, the score improved from 3.2 to 3.5 (p<<0.001), suggesting that the training led to a positive change in
farmers’ attitudes toward health and safety information (Figure 2).

Table 4 Model Fit in Confirmatory Factor Analysis

Model | Model Test User Model Goodness of Fit Statistics

a df p-value | RMSEA | GFlI | AGFI | CFI NFI

456.1 204 <0.001 0.071 0.851 | 0.816 | 0.901 | 0.835

Abbreviations: RMSEA, root means square error of approximation; GFl, goodness of fit index;
AGFI, adjusted goodness of fit index; CFl, comparative fit index; NFI, normal fit index.
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Figure 2 Comparison before and after education to evaluate the predictive validity.

Discussion

This study developed a new instrument to measure ASHL based on existing occupational health and safety literacy
assessment instruments. The developed tool was designed to evaluate how well farmers understand and apply safety and
health-related information in agricultural work. The ASHL instrument consists of five factors: Access (5 items),
Understanding (5 items), Appraise (4 items), and Apply (4 items), with an additional Attitude factor (4 items) that
plays a crucial role in health-related decision making, for a total of 22 items. The entire questionnaire was structured
using a 4-point Likert scale, where higher scores indicate a higher level of literacy.

The instrument was developed through a review of occupational health and safety literacy literature and validated by
agricultural health and safety experts, which likely strengthened its face and content validity.”**® The resulting EFA
confirmed that the 22 items were appropriately categorized into the intended five factors. These domains align with the
study by Suthakorn,?® which developed a tool to assess occupational health literacy in Thailand, as well as Friedrich et al,**
which validated a measurement tool applicable to various occupational groups in Germany. This alignment suggests that the
tool effectively captures the conceptual structure of personal-level occupational health literacy as defined in occupational
safety and health information frameworks.”

Becker’® asserted that health behavior is directly influenced by an individual’s attitude. By incorporating the attitude
domain into the developed ASHL in addition to the four domains from previous studies,® this instrument highlights the
significance of attitude in health behavior change and broadens its conceptual framework. The inclusion of the “attitude”
domain in the ASHL instrument is supported by recent evidence highlighting the role of safety knowledge and personal
health experiences in shaping farmers’ protective behaviors. For instance, Imran et al’' demonstrated that attitude
significantly influenced pesticide safety practices among fruit and vegetable farmers in Pakistan.

Previous health literacy tools developed in similar research across different fields® were generally applicable to all
occupations but struggled to reflect the unique working environment of agriculture. This study, by incorporating the
characteristics of agricultural work, ensures that the ASHL not only assesses farmers’ ability to access, understand,
appraise, and apply health and safety information, but also emphasizes improving health behavior through a positive
attitude. Ultimately, this instrument will play a critical role in promoting the health and safety of farmers.

To further validate the factor structure derived from EFA, confirmatory factor analysis was used to evaluate model fit,
showing that the key indices were acceptable to good.?* This study reported favorable results for the CFI and RMSEA,
although this study showed slightly lower values for the GFI and AGFI. However, since the key indices indicated at least
acceptable or good fit, it is believed that each domain appropriately represents a sub-dimension of the overarching
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concept. Furthermore, including the additional attitude factor in this study, beyond the traditional four factors used in
previous research, might provide a more comprehensive assessment.

The overall Cronbach’s o for all 22 items of the five factors was 0.92, indicating high reliability.”® The reliability of
all five factors remained above 0.7, demonstrating that the tool provides a consistent evaluation across multiple aspects.
This supports the reliability of the Agricultural Safety and Health Literacy assessment instrument, suggesting its validity.
The high reliability measured in this study enhances its applicability in real-world settings. Utilizing the developed tool
in educational programs aimed at improving Agricultural Safety and Health Literacy is expected to yield more reliable
assessment results.

The predictive validity of the tool was confirmed by measuring score changes before and after the educational
intervention. Overall, all factors in ASHL showed positive changes from before to after education. However, the
relatively low score in the “Access” domain highlights the need for additional support to enhance information
accessibility for farmers. Future research should explore specific strategies to improve access and develop diverse
educational approaches to continuously enhance farmers’ overall health and safety literacy.

This study had several limitations. First, since the survey was conducted on farmers from four cities and counties, the
sample may not be representative of the entire farming population. Future studies should expand the study area to ensure
broader representation of farmers. Second, given that the majority of participants were female farmers, the results may be
subject to bias. Female farmers tend to participate more actively in agricultural training programs, but future studies
should include a more diverse sample, particularly male farmers. Third, since this study used a newly developed tool, its
predictive validity has not been compared with existing standardized tools. Future research should consider longitudinal
validation to determine whether ASHL can predict long-term health outcomes in agricultural workers. Additionally, it
would be meaningful to explore the applicability of the tool in diverse international agricultural settings.

Nonetheless, this study demonstrated that the developed tool had good reliability and validity, and significant changes
were observed before and after training. This confirmed that the instrument was successfully developed as intended by
the researchers. Furthermore, the instrument was designed with survey items that reflect the unique agricultural context in
Korea while maintaining a relatively small number of items.

Conclusions

This study was the first to develop and validate an instrument for assessing ASHL, making a significant contribution. The
developed instrument is expected to play an essential role in improving farmers’ health behaviors and preventing and
effectively managing various health issues that may arise in agricultural work environments.
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