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Abstract: This article presents the development and validation of a new instrument measuring
social, cultural, and behavioral factors influencing exposure to occupational zoonoses in agricultural
settings. The Social Ecological Model (SEM) and the Standards for Educational and Psychological
Testing were used as guiding frameworks to ensure the instrument's validity. The instrument's
content was compiled by combining the results of a scoping literature review and an expert
qualitative study. The instrument items were drafted, organized, and underwent a meticulous
process of revision and adjustment. It was translated into Spanish and tested in one-to-one cognitive
interviews with five volunteer agricultural workers. Exploratory factor analysis was conducted for
construct discrimination, and bivariate regression analyses were conducted to explore the
association with exposure indicators. Evidence of validity was obtained from four out of five sources
of validity evidence according to the AERA/APA’s Standards of Educational and Psychological
Testing. The Social Ecology of Occupational Zoonoses (SEOZ) was successfully used to determine
social and behavioral factors associated with a higher risk of exposure to occupational zoonoses.
Further use of the SEOZ can provide valuable insights into developing effective interventions to
improve the health and well-being of agricultural workers.

Keywords: instrument; questionnaire; survey; measurement validity evidence; AERA/APA
standards; occupational risks; zoonotic diseases; Social Ecological Model; intervention; prevention

1. Introduction

Agricultural workers face numerous zoonotic threats, making them highly susceptible to
infections [1]. Therefore, it is crucial to understand the social and behavioral factors that influence
their preventive behavior and inform the development or improvement of interventions to reduce
exposure risks [2]. Among the most high-risk working environments for zoonotic exposure are dairy
cattle operations, with individuals working or residing on farms, farm visitors, service providers, and
veterinarians being particularly vulnerable [3-5]. Pathogenic agents found on dairy farms can cause
diseases in farmers, farm workers, service providers, and consumers of dairy products. Salmonella
[6,7], E. coli (O157:H7) [4,8,9], Campylobacter jejuni [10-12], and Cryptosporidium parvum [13] are the
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most common pathogens found. It is, therefore, crucial to address zoonotic threats and develop
effective preventive measures to safeguard the health and well-being of agricultural workers.

It has been demonstrated that the behavior of the at-risk person can affect their exposure to
infectious agents [14,15]. Preventing zoonotic diseases in animal-human interfaces can be
challenging, as it is influenced by the social and cultural systems that drive preventive behavior [16].
Understanding the social and behavioral factors involved is necessary to develop effective
interventions to reduce occupational zoonoses' impact. The Social Ecological Model is a theoretical
and practical framework composed of hierarchically organized levels that comprehensively provide
all the potential factors that could affect the preventive behavior of a person [17,18]. These levels are
intrapersonal, interpersonal, organizational, community, and enabling. This model provides a useful
framework for better understanding the multiple factors that impact preventive behaviors on farms.

To our knowledge, no tools are available to measure the social-ecological factors influencing the
prevention of infectious diseases in agricultural workers. Developing new instruments is an essential
part of epidemiological research, and the validity of these instruments is critical for interpreting
research results and the overall validity of the entire research project.

The Standards for Educational and Psychological Testing is considered the best practice in
psychometrics and provides guidelines for developing and evaluating psychometric instruments
[19]. Validity is defined not as an absolute characteristic but as a continuum of evidence that can be
accumulated from various sources. There are five sources of valid evidence: content, response
processes, internal structure, relationship with other variables, and consequences of applying the
instrument. Researchers need to pay significant attention to instrument validity to ensure the overall
validity of the entire research project. The Standards provide a comprehensive framework to guide
researchers through developing and validating psychometric instruments to ensure that research
results are valid and meaningful [19,20].

This study aimed to develop and demonstrate evidence of measurement validity of an
instrument measuring social, cultural, and behavioral factors influencing exposure to occupational
zoonoses in agricultural settings. For this study, we used the Standards for Educational and
Psychological Testing as a guidance framework and described the process of developing a new
instrument for measuring social-ecological factors related to the prevention of occupational zoonotic
diseases at the human-animal interface. We also demonstrate and discuss its diverse sources of
evidence of validity.

2. Materials and Methods

A psychometric instrument, the Social Ecology of Occupational Zoonoses (SEOZ), was
developed as a part of a larger research project to measure personal, interpersonal, and organizational
factors affecting exposure to occupational zoonoses in agricultural settings [21]. The instrument was
based on three principles: (1) appropriateness, (2) quality and clarity, and (3) validity. To assure these,
a stepwise development process was conducted, including content assessment studies, critical
revisions and translation procedures, and evaluations of four sources of measurement validity
evidence.

2.1. Content of the instrument

The instrument's content was determined in a deductive manner guided by the Social Ecological
Model (SEM) [17,18]. This model comprises factors that describe the ability to affect or change
preventive behavior (Figure 1). The instrument’s content only included intrapersonal, interpersonal,
and organizational measures. This decision was based on the ease of access to these levels for a
potential farm-based prevention program.
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Figure 1. The Social-ecological model. Adapted from McLeroy et al. (1988) [17].

Two approaches were conducted independently to assess the instrument's content: i) a scoping
literature review and ii) a qualitative study with experts.

2.1.1. Scoping literature review.

The study aimed to identify published studies using the SEM to prevent infectious diseases. For
this purpose, the following search string was used: (“social-ecological” OR “socio-ecological”) AND
(model OR framework) AND (prevention OR intervention) AND ("infectious diseases" OR
"communicable diseases" OR "transmissible diseases," this string was translated and applied to the
following repositories: Science Direct, PubMed, EBSCO (Medline and Academic search premiere),
and Web of Science core collection. An initial manual selection of articles was conducted based on
title and abstract. Then, the selected articles underwent full-text review and data extraction for further
analysis.

2.1.2. Experts qualitative study.

A crowdsourcing participatory qualitative study with subject matter experts was conducted to
assess specific SEM components relevant to preventing occupational zoonosis in animal production
settings. The participant inclusion criteria were university veterinarians, epidemiologists,
psychologists, and occupational health specialists involved in preventing occupational zoonoses. The
experts were also selected based on their willingness to participate, availability for participation,
effective communication skills, experience (i.e., > three years of experience in the field), or expertise
(i.e., > one article published in the last two years). A snowball sampling strategy was applied.

Expert participants were asked to respond to open-ended questions seeking to elucidate and
gain insight into the potential components of the SEM relevant to the prevention of zoonotic diseases
in farms. The responses were analyzed using framework-guided thematic analysis [22]. Themes and
subthemes were then aligned to the SEM levels.

2.2. Item creation and review

Based on the findings of the previous content studies, a comprehensive scoping literature search
was performed to identify relevant previously validated instruments containing constructs or items.
Original items were drafted from scratch in English for content not identified in the literature review.
The items were reviewed using Fowler Jr (2013) [22] recommendations, i.e., double-barreled
questions, low clarity, ambiguousness, use of jargon, and unbalanced or biased questions.
Additionally, the items underwent a thorough quality evaluation on correct spelling, wording,
structure, and grammar. The questionnaire was initially organized according to the levels of the SEM.
At this stage, the items were also presented for review to four volunteer graduate students from the
Departments of Animal Sciences and Clinical Sciences of Colorado State University (CSU).
Suggestions, questions, comments, or concerns were recorded and later discussed and adjusted (e.g.,
rewording, dropping, merging, splitting, etc.).

2.3. Translation process

The target population demographic is mostly Spanish-speaking laborers; thus, two native-
speaker translators independently translated the questionnaire into Spanish. The two were bilingual
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(native Spanish) with veterinary and epidemiology backgrounds (EC & JP). The two versions were
contrasted, and differences were discussed and conciliated. The translators paid attention to common
local cultural jargon used by the farm workers. The Spanish version was presented to a third bilingual
expert with field experience (NR) for fine adjustments.

2.4. Cognitive interviews.

After approval from the CSU-Institutional Review Board (CSU-IRB), in-person cognitive
interviews were conducted with five volunteer workers from a nearby dairy farm. Briefly, the
participants were informed of the purpose of the interview and were asked to provide their
perception of the questionnaire's relevance, intelligibility, and overall clarity. Data were collected in
field notebooks and used for item adjustment. The order of items and the form of the instrument was
also revised.

2.5. Data collection and participants

Once all the comments were addressed and adjustments were made, the instrument was
administered to volunteer workers from dairy farms in northern Colorado. A short verbal
introduction and informed consent letter were presented to the potential participants. Modest
monetary compensation was included to cover their time and extra transportation fees. Workers in
milking parlors, calf rearing, maternity, and hospital areas were selected due to the reported high
risk for exposure to zoonotic diseases in these areas. The instrument was administered in a one-to-
one interview by a trained researcher (JP) following Hartge and Cahill's [24] recommendations.
Alongside, as part of the general project activities, microbiological samples were collected from the
workers’ protective clothing and analyzed in the laboratory to confirm the presence of zoonotic
agents. A detailed description of this process can be found in our earlier publication, Palomares et al.
[25].

2.6. Statistical analysis

Variables and observations with a substantial proportion of missing responses (>20%) were
removed before data analysis. Minimum residual factoring Exploratory Factor Analysis (EFA) with
varimax rotation and median imputation was performed. Parallel analysis was used to select the
number of factors to retain. A loading greater than 10.5] was the cut point for allocating items into
factors and for interpretation. The resulting factor scores were also used as dependent variables in
regression analysis to explore the statistical association with laboratory results. All the statistical tests
were executed on R statistical software [26].

3. Results
3.1. Evidence of validity based on contents

3.1.1. Literature review

After full-text evaluation, 19 manuscripts were found to show compelling evidence of the use of
SEM in the prevention of infectious diseases (Figure 2). Most of the articles found focused on
preventing HIV transmission (9/19). Three (out of 19) articles were about risky sexual health behavior
and other STDs. Malaria, dengue, hepatitis C, and tuberculosis prevention were addressed in one
paper each. Two papers addressed zoonotic diseases, and one addressed the possible relationships
between social behavior and infectious agents in general. From this step, 16 content items aligned
with the SEM.
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Figure 2. Flow chart for the scoping literature review process.

3.1.2. Qualitative study.

Eighteen experts were identified and reached through email. Eight of them responded positively
(44% response rate). Participant experts were two university veterinary hospital faculty, one dairy
industry consultant, one extension specialist, two epidemiologists and public health experts, and two
occupational safety/industrial hygiene experts. Using the framework-guided thematic analysis, the
initial coding yielded 58 codes. These codes were arranged into five content items that aligned with
the SEM levels.

The 22 content items (16 from the literature review and 5 from experts) were used as the source
of content for the instrument (Figure 3).
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Figure 3. Combined content items from the scoping review and the expert survey.

3.2. Evidence of validity based on response processes

We included 8 items relevant to the previously established content from the comprehensive
literature review on validated instruments. These included: Risk perceptions, self-efficacy, competing
demands, norms and culture, work climate and culture, organizational responsibility, and
organizational support. Additionally, 143 questions were composed using the recommendations of
Fowler Jr (2013) [23].
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In the review process with the coauthors and the volunteer graduate students, items were
adjusted, combined, or removed. One hundred and twenty-five items remained after the initial
evaluation and were organized into sections corresponding with the levels of the SEM. Also, sections
on demographics and preventive practices measures were included per the greater research project
objectives. From the cognitive interviews, seven additional items that induced biased or inclined to
falsify responses or that seemed difficult for the responders were dropped.

A total of 54 workers were reached and asked to participate. Of those, 42 workers volunteered
to respond to the SEOZ instrument (78% response rate). The main reasons for non-participation were
time restrictions or lack of transportation availability after the interview. On average, the instrument
was completed in 35-40 minutes. The filled database had approximately 4% of missing values. Sixteen
items and one responder were dropped due to their high proportion of missing responses (>20%);
this procedure reduced the missing values to 1.65%.

3.3. Evidence of validity based on the internal structure

According to the parallel analysis, ten factors had equal or larger eigenvalues than those
randomly simulated. Therefore, they were retained (Figure 4). Results from the EFA (Exploratory
Factor Analysis) are summarized in Appendix A. The retained ten factors accounted for 71% of the
total variance (eigenvalues ranging from 9.13 to 5.15). Of the 102 items, 74 (73%) were relevant
contributors to the component's variance.
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Figure 4. Results of parallel analysis.

Clear construct discrimination was identified for most of the factors. The first factor (8.95% of
total variance) contains an organizational construct related to management perception and sense of
belonging. The second factor (8.63 % of total variance) contains an intrapersonal construct related to
knowledge and risk perception. The self-efficacy construct was the third factor (8.02% of total
variance). The fourth factor (7.38% of total variance) contained the construct of perception toward
peers and supervisors. The fifth factor (7.37% of total variance) is a construct of attitudes towards
reporting and seeking health care due to injuries.

Similarly, the sixth factor (6.89% of total variance) is a construct of attitudes towards reporting
and seeking health care when aware of having symptoms of infection. Job satisfaction was compiled
in the seventh factor (6.67% of total variance). Safety culture and climate were compiled in the eighth
factor (6.2% of total variance). And organizational responsibility and job control were constructs
discriminated in the 9% and 10* factors, respectively (5.79% and 5.04% of total variance).

3.4. Evidence of validity based on relationships with other variables
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This evidence was assessed a posteriori by regression analysis with factors as dependent variables
and laboratory results from workers' samples as dependent variables [25]. A significant association
was found between four factors and exposure to potentially dangerous zoonotic agents. Self-efficacy
and negative workplace perceptions were risk factors of exposure (OR: 1.43, 95% CI 1.11-2.22; and
1.22, 95% CI 1.02-1.53, respectively). In contrast, Knowledge, risk perception, and good perceptions
of supervisors and coworkers were protective factors (OR: 0.91, 95%CI 0.82-0.99; and 0.89, 95%CI
0.79-0.98, respectively). Please refer to our previous publication [25] for a more detailed interpretation
of these results.

4. Discussion

We have developed an instrument for measuring social, cultural, and behavioral factors
influencing the prevention of zoonoses in animal production occupational settings. We effectively
used the Social Ecological Model as a guiding framework to realize the instrument's content, and we
gathered evidence of measurement validity from various sources according to the Standards for
Educational and Psychological Testing guidelines. This development's purpose was to assure the
quality and accuracy of data collection to inform the development or improvement of prevention
interventions.

We used two complementary sources of content: a scoping review of the literature and a
qualitative elicitation of factors from experts. Both literature reviews and expert assessment have
been broadly used to assess content, but to the extent of our knowledge, they have not been used
together to assess social-ecological variables [27,28]. Finding convergence and complementarity
between both approaches is evidence that the content items are relevant and representative of the
constructs that are intended to be measured [27,29].

Clarity and quality were effectively achieved through extensive review steps and cognitive
interviews. These methods have been recommended as the preferred method for assessing response
processes [30].

Assessing the instrument's dimensions with exploratory factor analysis provided evidence of
validity based on internal structure [31]. While most components showed evident discrimination of
constructs, we found individual items that did not belong to the construct. However, these few items
had lower loadings <10.6| than others, more representative of the constructs.

Finding some factors associated with exposure to zoonotic diseases is evidence of validity based
on relationships with other variables. Self-efficacy, knowledge perception, peer and supervision
perceptions, and management perceptions have been previously identified as drivers of occupational
preventive behavior [32-34]. These findings provide grounds to develop or improve prevention
programs to reduce occupational risks in similar settings.

Evidence of validity based on the consequences of applying the instrument refers to the direct
or indirect effects caused by the application of an instrument [35]. In this study, we did not evaluate
whether the instrument's application negatively affected the workers. However, following the ethical
recommendations, we ensured that participation in the study did not cause any harm or negative
consequences to the participants. We ensured that survey responses could not be traced back to its
respondents to avoid any potential confidentiality breach. Also, we tried not to interfere with the
workers' routine. All the participants were asked to participate in the study voluntarily and could
opt out of participation at any time. Requesting permission from the farm's administration,
performing the interviews during non-shift hours, and maintaining strict confidentiality of
participants are indicators of our efforts to avoid negative repercussions.

Although the accumulative amount of validity evidence found for the SEOZ instrument is
promising, the findings presented here should not be considered without considering its limitations.
We did not conduct a quantitative content study for content, but a scoping review and a qualitative
expert study approach were appropriate for the study's purpose and the research project's goals. The
cognitive interviews were conducted in a small sample of a very homogeneous group of workers.
Thus further testing may be necessary to adapt this instrument to other communities. Also, the
language used, and the translation was conducted for a specific target population. The limited access


https://doi.org/10.20944/preprints202307.0704.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 July 2023 do0i:10.20944/preprints202307.0704.v1

to different farms and a larger sample of workers was a barrier to the study heterogeneity. As a result,
we lacked the power to find any multivariable or multilevel effect. Another limitation is that the
SEOZ was developed for this in a specific research project, so its reliability was not evaluated. More
extensive testing is required with a larger and heterogeneous sample to overcome these limitations.

5. Conclusions

In conclusion, developing and validating a robust psychometric instrument required greater
effort than perceived or anticipated. We believe the SEOZ instrument's development significantly
contributes to occupational health and safety in agricultural settings. The SEOZ instrument can
provide valuable insights into preventing and controlling zoonotic diseases in farm settings by
measuring social, cultural, and behavioral factors. This instrument can inform the development of
effective interventions to improve agricultural workers' and their communities' health and well-
being.
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