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Introduction: Several Cambodian initiatives seek to improve nutritional outcomes
via increased production and consumption of nutrient-dense foods, including
vegetables. However, food safety gaps in informal markets, where most vegetables
are purchased, allow for the transmission of foodborne pathogens and threaten
the positive nutritional outcomes associated with vegetable consumption.

Methods: This study describes a tool used to measure perceptions of
Cambodians involved with informal vegetable markets regarding their capabilities,
opportunities, and motivations to implement food safety practices. The
quantitative tool could also be used to assess capability, opportunity, and
motivation to adopt a behavior in a wide range of development contexts. To
these ends, a questionnaire assessing these perceptions was developed using the
Capability, Opportunity, Motivation-Behavior (COM-B) model of behavior and the
Theoretical Domains Framework (TDF).

Results: The questionnaire was piloted with vegetable vendors in Phnom Penh (N
= 55), revised, and subsequently implemented in the provinces of Battambang
and Siem Reap with vegetable producers, distributors, and vendors (N = 181).
Confirmatory factor analysis resulted in a nine-factor model corresponding to TDF
constructs with a comparative fitindex of 0.91, a Tucker-Lewis index of 0.89, and a
root mean square error of ~0.05. Further analysis indicated that vegetable vendors
and distributors typically had significantly higher (p < 0.05) levels of perceived
motivation and capability to implement the target food safety practice (washing
surfaces that come in contact with vegetables with soap and water every day)
compared to their perceived opportunity to do so. Among farmers, however, levels
of perceived motivation were significantly higher (p < 0.05) than levels of perceived
opportunity and capability. In addition, vendors in Battambang had significantly
higher (p < 0.05) levels of perceived capability, opportunity, and motivation to
implement the target food safety practice in comparison to farmers in either
province. Vendors in Battambang had significantly higher (p < 0.05) levels of
perceived opportunity and motivation than vendors in Siem Reap.
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Conclusions: These data suggest that efforts to bolster vegetable vendors’ and
distributors’ perceived opportunity and vegetable farmers’ perceived opportunity
and capability to implement food safety practices could increase the likelihood of
adoption of the target food safety practice.

KEYWORDS

Cambodia, food safety, capability, opportunity, motivation

Introduction

Cambodia has seen rapid economic growth and significant
reductions in poverty over the past several decades, to the extent
that the World Bank changed its classification of Cambodia
from a low income to a lower-middle income economy in
2015 (World Bank Group, 2017). Cambodia’s population has
also grown in recent years and is currently estimated to be
~16.7 million (National Institute of Statistics and Ministry of
Planning, 2020a; Central Intelligence Agency, 2022). Over 60%
of the Cambodian population lives in rural areas, and, though
the number of individuals primarily employed in the agricultural
sector has declined, between 50% (National Institute of Statistics
and Ministry of Planning, 2020b) and 80% (National Institute of
Statistics and Ministry of Planning, 2020a) of the employed rural
population between the ages of 15 and 64 still works primarily in
production agriculture (National Institute of Statistics and Ministry
of Planning, 2020a).

Despite recent economic improvements, malnutrition remains
a problem throughout Cambodia and is of particular concern
in rural areas, in households in which the mother has little
or no formal education, and in households with incomes in
the lowest quintile (National Institute of Statistics, Ministry of
Health, and ICF, 2022). The most recent national health survey
performed in Cambodia found that 9.6% of surveyed children
under the age of 5 experienced wasting and 21.9% were stunted
(National Institute of Statistics, Ministry of Health, and ICF,
2022); these incidence rates are considered medium and high,
respectively, based on the prevalence thresholds developed by the
World Health Organization and UNICEF (de Onis et al., 2018).
Both the Cambodian government and international development
organizations have taken steps to address these nutritional
challenges by implementing various nutrition-focused policies and
programs, including those designed to increase local production
and consumption of vegetables (Ministry of Agriculture, Forestry
and Fisheries, the European Union, and the United States Agency
for International Development, 2015; Feed the Future Innovation
Lab for Collaborative Research on Sustainable Intensification, 2020;
Save the Children, 2020).

Currently, much of the fresh produce sold in Cambodia is
sold in the informal vegetable market (Sokhen et al., 2004). The
informal vegetable market in Cambodia is similar to informal
markets found in countries throughout the world in that it is
largely unregulated in terms of governmental monitoring or fee
collection (e.g., taxing) and exists in parallel with the formal
vegetable market. In Cambodia, the informal vegetable market
is composed of a loose network of vegetable farmers, collectors,
distributors, and vendors (Sokhen et al., 2004; Desiree et al., 2020).
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There are typically few to no food safety standards enforced on
the farms where vegetables are produced or in the open-air wet
markets where vegetables are sold, and poor sanitary conditions are
common in both environments (Sokhen et al., 2004; Desiree et al.,
2020). In addition, previous research found that raw vegetables and
vegetable contact surfaces in open-air wet markets in Cambodia
are commonly contaminated with bacterial pathogens (Phoeurk
etal, 2019; Desiree et al,, 2021; Schwan et al., 2021). These findings
indicate that current food safety practices in these markets are not
sufficient to mitigate the foodborne disease risks associated with the
consumption of raw vegetables. Some of the key food safety gaps in
the informal vegetable market supply chain noted by Desiree et al.
(2020) included improper manure composting and application,
use of poor quality water to irrigate or wash vegetables, failure to
regularly sanitize vehicles prior to vegetable transport, scarcity of
cold storage, lack of improved sanitation (e.g., toilets, handwashing
stations), and the comingling of fresh produce with raw animal-
sourced foods, among others. Chemical contamination of food is
also of concern in Cambodia, and both chemical and microbial
contamination have been linked with foodborne disease outbreaks
in recent years (Thompson et al., 2021).

Fresh fruits and vegetables present a particular food safety
concern because these foods are often eaten raw and are not
typically subjected to high cooking temperatures or other kill steps
that reduce or eliminate pathogenic bacteria. Consuming food
contaminated with pathogens can cause a variety of foodborne
illnesses, of which diarrheal diseases are the most common
(Havelaar et al., 2015). Diarrhea is associated with dehydration,
malnutrition, decreased economic stability due to lost productivity
and healthcare costs, and, in some cases, death (National Institute
of Diabetes and Digestive Kidney Diseases, 2016; World Health
Organization, 2017; Niyibitegeka et al., 2021). Diarrheal diseases
are particularly significant for children’s health: among children
under 5 years of age, diarrhea is a leading cause of mortality
and malnutrition worldwide (GBD 2015 Mortality and Causes of
Death Collaborators, 2016; World Health Organization, 2017). In
Cambodia specifically, the WHO estimates that 7.4 and 15% of
all deaths among children under 5 (0-4 years of age and 1-59
months of age, respectively) are due to diarrhea (World Health
Organization, 2018). Furthermore, in a survey performed in 2010,
~15% of all Cambodian children under 5 years of age were reported
to have had diarrhea within the past 2 weeks (National Institute
of Statistics, Directorate General for Health, and ICF Macro,
2011). While the proportion of diarrheal disease that is caused
by foodborne pathogens is unknown, even conservative estimates
would suggest that the diarrheagenic diseases caused by microbial
contamination of food have significant negative impacts on overall
health outcomes (Grace, 2015).
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Considering that substantial food safety gaps exist in
informal produce markets in Cambodia and that several studies
have confirmed the presence of pathogens on vegetables in
these markets (Sokhen et al, 2004; Phoeurk et al, 2019;
Desiree et al., 2020, 2021; Schwan et al., 2021), it is clear
that consuming fresh vegetables puts Cambodians at risk of
contracting foodborne illnesses such as diarrhea. Given that
the intestinal disruptions caused by foodborne illnesses often
result in nutrient malabsorption, it then follows that foodborne
illness contracted due to consuming vegetables may negate the
nutritional benefits of fresh vegetable consumption. Thus, in
order to effectively improve the nutritional status of Cambodian
communities, food safety concerns must be addressed alongside
nutritional concerns.

Much of the knowledge and technologies needed to mitigate
the food safety concerns present in the Cambodian vegetable
market, and in many food markets throughout the world,
already exists (Standards for the Growing, Harvesting, Packing,
and Holding of Produce for Human Consumption, 2015).
However, poor food safety is a persistent issue in many nations.
Lack of access to resources, insufficient training, regulatory
limitations, and the need for significant behavioral change at
both individual and community levels may all contribute to
implementation gaps between food safety knowledge and food
safety practice. Facilitating voluntary behavior change can be
especially challenging, even when the change needed appears
straightforward to the development organization or government
entity promoting it. For this reason, techniques that allow program
implementers to more effectively enable behavior change are
key to both improving food safety and to facilitating positive
behavior change in a variety of development contexts. Using
behavior theory to inform program design may be one such
technique. Behavior theories are theoretical models intended to
explain and predict behavior by identifying and defining the factors
that influence behavior and explaining how these factors relate
to each other (Kerlinger, 1986, as cited in Glanz et al, 2015,
p- 26). By applying a specific behavior theory or theories to
their projects, program designers and implementers could position
themselves in a clear, operationalizable framework within which
they may identify and define potential determinants of behavior.
These frameworks may then be used to inform the creation of
assessment tools that measure behavioral determinants within
particular audiences, thereby increasing program designers and
implementers’ capacity to recognize and address audience-specific
barriers to and facilitators of behavior change.

Conceptual framework

The Capability, Opportunity, Motivation-Behavior (COM-B)
model of behavior (Michie et al., 2011) and the Theoretical
Domains Framework (TDF; Michie et al., 2011; Cane et al,
2012) were used in combination as the conceptual framework of
this research. Taken together, the COM-B model and the TDF
provided a specific perspective by which to identify and define
the potential determinants of food safety practice adoption and
the relationships between these determinants. The TDF aligns with
the COM-B model but provides, in many cases, higher resolution
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FIGURE 1
The COM-B model of behavior (adapted from Michie et al., 2011).

with the three main constructs of COM-B (capability, opportunity,
and motivation).

The COM-B model of behavior proposed by Michie et al. (20215
Figure 1) posits that the combination of an individual’s capability,
opportunity, and motivation for a behavior determines whether or
not the individual will perform that behavior. Capability is defined
as the “psychological and physical capacity” to perform a behavior,
while opportunity is defined as “all the factors that lie outside the
individual that make the behavior possible or prompt it” (Michie
et al, 2011). Finally, motivation encompasses all of the mental
processes that “energize and direct” behaviors (Michie et al., 2011).
In the COM-B model, Michie et al. (2011) suggest that capability
and opportunity have the potential to affect motivation and that
all three of these behavioral constructs may both influence and be
influenced by behavior (Figure 1). The TDE a synthesis of over
30 distinct behavior theories, further defines and operationalizes
capability, opportunity, and motivation by subcategorizing each
of these behavioral constructs into measurable domains (Figure 2;
Michie et al., 2011; Cane et al., 2012).

Originally, the COM-B model was designed to serve as an
improved theory of behavior and to aid in the creation of
context-specific interventions that effectively promote behavior
change (Michie et al, 2011). In the research presented herein,
determinants of food safety behavior change were explored in
the context of informal vegetable markets in Cambodia. The
results of this research were ultimately intended to inform the
design of food safety engagement programs that facilitate the
adoption of food safety practices. Thus, the COM-B model
seemed well-suited to the purposes of this study. The use
of this model in conjunction with the TDF was particularly
fitting, as the combination of these frameworks enabled the
design of a theoretically grounded quantitative questionnaire that
may be used to quantify and assess perceptions of capability,
opportunity, and motivation for specific behaviors both among
Cambodians involved with informal vegetable markets and in other
development contexts.

Research objectives

Informed by the COM-B model of behavior and the TDF,
the primary purpose of this research was to develop a validated
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The behavioral constructs (capability, opportunity, and motivation)
and within-construct domains of the COM-B model and TDF used
to create the questionnaire (Michie et al,, 2011; Cane et al,, 2012). To
note, the TDF domains optimism, goals, and memory, attention, and
decision processes were excluded from the questionnaire.
Optimism and goals are in the motivation construct, while memory,
attention, and decision processes is in the capability construct.

instrument that explores, describes, and quantifies the perceptions
of Cambodians involved with informal vegetable markets regarding
their own capabilities, opportunities, and motivations to implement
food safety practices. Specifically, the results of the research were
intended to provide quantitative data on the levels of these three
behavioral components within each group and to identify which,
if any, of these components may be acting as a limiting factor
for behavior change within a group. This quantitative data could
then be used to tailor food safety programs to specific audiences,
with the ultimate goal of increasing both the implementation
of food safety practices and the positive outcomes expected to
accompany these practices. Additionally, we aimed to create the
instrument in a manner that would allow measurement of target
audiences’ perceptions of their own capability, opportunity, and
motivation for specific behaviors across a variety of development
contexts, both within and outside of the realm of food safety.
Such a questionnaire could facilitate the incorporation of behavior
theory into program design and provide development practitioners
with quantitative data that could be used to inform and improve
the design and implementation of development programs in
many fields.

Methods
Ethical approval

All research described here was reviewed by the Institutional

Review Board of Purdue University (West Lafayette, IN)
and by the Royal University of Agriculture (Phnom Penh,
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Cambodia) and deemed exempt (IRB-2020-383). No participants
received any form of remuneration for participating in
the study.

Questionnaire overview

A quantitative questionnaire was designed for the primary
purpose of measuring the perceptions of Cambodians involved
with informal vegetable markets regarding their own capabilities,
opportunities, and motivations to implement a specific food safety
practice. However, the questionnaire was designed in such a
way so as to be easily adaptable to different target audiences,
practices, and geographic locations in order to facilitate its use
in other development contexts. The content and structure of the
questionnaire was based on the COM-B model of behavior and
the TDF in order to ground the proposed research in validated
theory. The questionnaire assessed participants’ perceptions of the
three behavioral constructs identified as the primary determinants
of behavior in these models (i.e., capability, opportunity, and
motivation) through quantitative questions based on 12 construct-
specific domains drawn from the TDF (Figure 2). These domains
refined the definitions of capability, opportunity, and motivation,
thereby facilitating a comprehensive and precise evaluation
of each construct (Figure?2). To note, three TDF domains
(i.e., optimism, goals, and memory, attention, and decision
processes) were excluded from the questionnaire due to limited
applicability to the target behavior or excessive overlap with
other domains.

Questionnaire validation

An initial draft of the questionnaire consisting of 68 content
(i.e, non-demographic) questions was reviewed for content
and face validity. This review was intended to ensure that
(1) questions were aligned with the appropriate behavioral
construct and construct-specific domain, and that (2) the
questionnaire adequately addressed all relevant aspects of the three
behavioral constructs with minimal redundancy. Subsequently,
a revised version of the questionnaire containing 45 content
questions was reviewed by Cambodian university students
and Cambodian members of the research team to ensure
that all questions were understood easily, understood in the
intended way, and culturally appropriate. Following additional
revisions, the questionnaire was translated into Khmer by
Cambodian members of the research team. Back translation
was then performed by an outside translation service to
confirm that questions had retained their meaning during
the initial translation process. Finally, the research protocol
was submitted for ethical approval and the questionnaire was
digitized using KoboToolbox (Kobo Inc, 2023) to facilitate
field implementation and delivery. The digitized version of this
questionnaire served as the pilot questionnaire and consisted of 39
content questions.

frontiersin.org


https://doi.org/10.3389/fsufs.2023.1060876
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Mosimann et al.

Quantitative survey research course

Concurrent with the first steps of questionnaire creation,
several members of the research team hosted an online course
on quantitative survey research for Cambodian undergraduate
students. The course met for ~1.5h twice a week for 5 weeks and
covered topics including survey question creation, reliability and
validity assessments, survey implementation, and data analysis. The
goal of this course was to build capacity for future Cambodian-
led survey research by training Cambodian students in rigorous
quantitative survey research and providing them with an avenue for
obtaining certification to conduct human subjects research through
the Collaborative Institutional Training Initiative Program (The
CITT Program, n.d.). In total, 77 students from the Cambodian
Institute of Technology and the Royal University of Agriculture
completed the course. The students involved in this course
reviewed the quantitative questionnaire developed for this study
to ensure that the questionnaire was both easy to understand
and culturally sensitive. Several students also received additional
training regarding survey implementation and served as survey
enumerators during data collection.

Pilot study and questionnaire revision

The pilot study was limited to vegetable vendors in informal
markets in Phnom Penh, Cambodia in September 2021 and was
intended to assess questionnaire reliability and validity. Vegetable
vendors were selected for participation using availability sampling
techniques with total sample numbers determined by availability
and the questionnaire was administered in-person by Cambodian
members of the research team (Daniel, 2012). Survey enumerators
read each question and its corresponding answer scale aloud in
Khmer to each participant so that participants would have a
clear and consistent understanding of the questionnaire’s content
regardless of literacy level. The food safety practice chosen was
“washing surfaces that come in contact with vegetables with
soap and water.” Two rounds of data collection were performed
using the pilot questionnaire. In total, 55 vegetable vendors were
approached using availability sampling for participation in the pilot
study. Excluding individuals who were approached but declined
(n = 2) to participate and respondents who answered <50% of
the questions on the questionnaire, these selection and sampling
methods led to 50 sets of complete responses in the data set. To
note, all participants were 18 years of age or older and consented to
participate in this research.

Responses collected during the pilot study were evaluated
to assess the reliability and validity of the questionnaire using
correlation plots, heat maps, and confirmatory factor analysis
(CFA) created and performed via the corrplot (corrplot package),
heatmap (stats package), and cfa (lavaan package) functions of
R in RStudio Team (2020). Correlation plots and heat maps
enabled visualization of the correlation structure of the data and
filtering of questions that did not align with other questions in the
same behavioral construct, that correlated negatively with many
other questions, or that correlated strongly with questions across
multiple constructs. CFA loadings and fit indices were used to
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evaluate the strength of individual questions and whether or not the
theoretical models that informed the design of the questionnaire
(i.e., the COM-B model of behavior in conjunction with the TDF)
adequately fit the observed data. Based on these analyses and on
feedback from survey enumerators regarding their observations
of participants’ confusion over certain questions, several questions
were either removed or revised to improve clarity and alignment
with the appropriate construct.

Data collection in the provinces

The final questionnaire consisted of 30 questions surrounding
a single food safety practice (i.e., washing surfaces that come in
contact with vegetables with soap and water every day). All but two
questions asked respondents to indicate their level of agreement
with a particular statement (e.g., I would wash the surfaces that
come in contact with harvested vegetables with soap and water
every day if it helped me to sell my vegetables to new buyers”) using
a 7-point Likert scale (1 = Strongly disagree; 2 = Disagree; 3 =
Somewhat disagree; 4 = Neither agree or disagree; 5 = Somewhat
agree; 6 = Agree; and 7 = Strongly agree). The questionnaire was
implemented with vegetable farmers, vegetable distributors, and
vegetable vendors involved in the informal vegetable market in
the provinces of Battambang and Siem Reap during November
of 2021. These participant groups were specifically targeted for
inclusion in this research as they represented the primary groups
involved in the informal vegetable market in Cambodia (Solhen
et al., 2004; Desiree et al., 2020). The provinces of Battambang and
Siem Reap were chosen as the geographic focus of the final data
collection events because both of these provinces are a part of the
current USAID Feed the Future Zone of Influence in Cambodia
(United States Agency for International Development, 2014).

Survey enumerators identified potential participants in
Battambang and Siem Reap using availability sampling techniques
(Daniel, 2012), which dictated the total number of samples
collected. A total of 196 individuals were approached for
participation in the study. Both men and women were surveyed,
but the distribution of responses was not equal across genders
because certain participant groups were composed almost entirely
of only one gender (e.g., most Cambodian vegetable vendors
are female). As such, due to significant differences in samples
sizes between male and female respondents throughout the
study making statistical analysis inappropriate, data were not
disaggregated by gender. All respondents were at least 18 years
of age and voluntarily agreed to complete the questionnaire.
Excluding individuals who were approached but declined (n =
5) to participate and respondents who answered <50% of the
questions on the questionnaire, these selection and sampling
methods led to 181 sets of complete responses in the data set.
Specifically, complete responses were collected from vegetable
farmers (n = 27), vegetable distributors (1 = 37), and vegetable
vendors (n = 26) in Battambang, and from vegetable farmers
(n = 30) and vegetable vendors (n = 61) in Siem Reap. No
vegetable distributors were surveyed in Siem Reap as there is no
large vegetable distribution center in that province. As before,
the questionnaire was delivered in-person in Khmer by native
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Khmer-speaking Cambodian national enumerators. Enumerators
read each question aloud in Khmer and repeated the corresponding
answer scale aloud in Khmer for each question.

Data analysis

Following data collection in Battambang and Siem Reap,
response data were cleaned (i.e., questionnaires that were <
50% complete were excluded) and formatted for analysis in
RStudio using the mice (mice package); corrplot (corrplot package),
heatmap (stats package), and cfa (lavaan package) functions of R
(RStudio Team, 2020). The mice function was employed using the
predictive means matching method to generate values for missing
data points assuming missing values were missing at random
(MAR). Correlation plots and heat maps were created to allow
visualization of the correlation structure of the data. CFA was
also performed in order to assess the level of fit between the
theoretical model and the data set. Given that the COM-B model
includes three behavioral constructs, initial iterations of CFA were
based on a three-factor model. During additional iterations of
CFA, questions were further divided based on visual analyses of
correlation plots, the structure of the COM-B model and the TDE,
and model fit statistics (i.e., the comparative fit index, Tucker-Lewis
index, and root mean square error of approximation). To note, the
questionnaire included one free response question regarding who,
if anyone, required participants to wash vegetable contact surfaces
with soap and water every day. Responses to this question were not
included in these statistical analyses due to their qualitative nature.

After performing CFA, an ANOVA shell as adapted by Stroup
(2013) was used to formalize description of the data generation
process and subsequently specify the statistical model to be used
for data analysis. A general linear mixed model was fitted to
questionnaire responses defined in a 1-7 Likert scale assuming
a normal approximation. The linear predictor included the fixed
effects of functional group (defined by five levels reflecting the
appropriate combinations of participant role and location, i.e.,
farmers in Siem Reap, farmers in Battambang, vendors in Siem
Reap, vendors in Battambang, and distributors in Battambang) and
behavioral construct (i.e., capability, opportunity, and motivation)
as well as their two-way interactions. Random effects fitted into
the model consisted of person nested within functional group
and its cross product with behavioral construct in order to
properly identify the experimental units for each of the treatment
factors, respectively, as well as recognize subsampling in the data
collection process. Doing so ensured proper calibration of tests and
estimation of degrees of freedom for inference. Model assumptions
were evaluated using externally studentized residuals and were
considered to be reasonably met.

The statistical model was fitted using the GLIMMIX procedure
of $AS®
Inc., Cary, NC, 2023). Variance components were estimated using

data analysis software (SAS Version 9.4. SAS Institute

restricted maximum likelihood, and a Kenward-Rogers approach
was used to estimate degrees of freedom and to make corrections to
estimated standard errors. Estimated least square means and their
corresponding standard errors were calculated at the appropriate
level of inference in the factorial treatment structure. Relevant
pairwise comparisons were also conducted using a Bonferroni
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adjustment to avoid inflation of the Type I error rate due to multiple
comparisons. Adjusted p-values were used for statistical inference
and differences were considered significant at a level of p < 0.05.

Results

Pilot study and questionnaire
validation/revision

Due to inconsistency in response trends between survey
enumerators in the initial data collection event for the pilot study
(N = 30 participants), additional steps were taken to ensure
that the questionnaire was understood clearly and consistently by
all enumerators and respondents. These steps included showing
respondents a visual representation of the answer scale as well
as reading the scale aloud after each question. Inter-enumerator
response consistency improved in the second data collection
event (N = 20 participants), with comparatively less variation
in respondents’ answers across different enumerators for most
questions. For this reason, the correlation plot used to inform the
revisions process was created using response data from the second
data collection event only.

The pilot questionnaire was revised based on both enumerator
feedback and visual evaluations of correlation within and
across behavioral constructs. Initial discussions with enumerators
led to the exclusion of three capability construct questions
that respondents perceived as confusing or illogical. Survey
enumerators also noted that some respondents did not understand
the purpose of the first two questions on the pilot questionnaire,
which asked if and by whom respondents were required to
perform the target behavior, making these questions seem strange
and slightly off-putting to some respondents. With this in
mind, these two questions were relocated to the end of the
questionnaire in order to avoid confusing respondents at the
outset of the questionnaire. In addition, nine questions that were
considered to be outside of the scope of the research or non-
essential were removed in order to shorten the questionnaire
and minimize respondent fatigue. Specifically, four motivation
construct questions that concerned vegetable quality, two questions
that referred to participants’ “businesses” (one opportunity and one
motivation construct question), and three opportunity construct
questions that were deemed non-essential were removed in order
to focus and shorten the questionnaire.

The correlation plot of response data from the second data
collection event of the pilot study indicated that questions in the
motivation and capability constructs generally correlated positively
with other questions in the same construct. Questions in the
opportunity construct, however, tended to correlate positively
within their respective TDF domains but not across domains within
the same construct. In addition, several questions were found to
correlate positively across multiple constructs (Figure 3). Though
some positive correlation across different behavioral constructs was
expected based on the relationships and interdependencies between
capability, opportunity, and motivation described in the COM-B
model, two questions in the motivation construct that correlated
positively across multiple constructs were re-evaluated for clarity.
One question was removed, while the other was re-assigned to a
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FIGURE 3

the same behavioral construct.

Correlation plot of response data collected from 20 vegetable vendors in Phnom Penh during the second data collection event of the pilot study.
Question codes (e.g., CPS1_KNO1) indicate the COM-B construct and TDF domain in which the question falls. Black squares indicate questions in

different TDF domain within the motivation construct to better
reflect the question’s central focus. In addition, one question in
the capability construct appeared to correlate weakly with the
other capability construct questions. This question was re-assigned
to the opportunity construct in order to further refine the TDF
domain groupings.

After the removal of all of the aforementioned questions,
one additional question in the motivation construct was also re-
assigned to a different TDF domain in order to consolidate two
single-question domains in the motivation construct (i.e., goals
and intentions, see Figure 2). Three questions in the motivation
construct were also reworded slightly to improve their alignment
with the appropriate TDF domain. Finally, four questions were
added in order to support a thorough evaluation of the domains
and constructs of the TDF and COM-B model. Two of these
questions were added to the capability construct, one to the
motivation construct, and one to the opportunity construct.
Additionally, the target behavior, “washing surfaces that come in
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contact with vegetables with soap and water” was amended to
“washing surfaces that come in contact with vegetables with soap
and water every day” in order to reflect the repetitive, ongoing
nature of the target behavior. CFA was then performed to assess
the validity of the pilot questionnaire.

Taken together, these revisions resulted in a final questionnaire
composed of 30 content (i.e., non-demographic) questions, of
which 28 had a 7-point agree/disagree Likert answer scale. Of the
two remaining questions, one had a binary yes/no answer scale
and the other was a free response question. The final questionnaire
had five questions in the capability construct, seven questions in
the opportunity construct, and 17 questions in the motivation
construct on the final questionnaire. The disparity in the number of
questions contained in each construct was due to differences in the
number of components required to comprehensively assess each
construct as reflected in the TDF model. The free response question
was not categorized into a construct. The final version of the
questionnaire has been provided under Supplementary material.
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the question falls. Black squares indicate questions in the same behavioral

Correlation plot of response data collected from vegetable farmers, vendors and distributors in Battambang and from vegetable farmers and vendor
in Siem Reap (data from n = 181 participants in total). Question codes (e.g., CPS1_KNO1) indicate the COM-B construct and TDF domain in which

was also included in the group of questions comprising the capability construct (upper lefthand square).

E

construct. To note, though not located in the same square, CPH1_REG1

Data collection in the provinces

Visual analyses of correlation plots of response data (Figure 4),
qualitative analyses of question suitability, and CFA resulted in
the exclusion of data from three questions from the final factor
analysis model. One question in the capability construct was
excluded because it correlated negatively with virtually all other
questions, loaded negatively onto the CFA model (estimated
loading of —0.17 % 0.04 in the first iteration of CFA), had a
binary yes/no answer scale rather than a 7-point agree/disagree
Likert scale, and was a demographic question. Another question
in the capability construct was removed because it was identified
as a measurement of the target behavior itself rather than
a measurement of participants’ perceptions of their capability,
opportunity, or motivation for that behavior. Finally, a question
in the motivation construct was excluded because it correlated
weakly with nearly all other questions, loaded poorly onto the CFA
model (estimated loading of 0.085 =+ 0.13 in the second iteration
of CFA) and involved a double negative that may have made the
question difficult to understand clearly and consistently. To note,
the correlation plots created using this data set indicated that

Frontiers in Sustainable Food Systems

08

many questions positively correlated with questions in multiple
constructs. As previously noted, this cross-construct correlation
was expected to some degree due to the inter-relatedness of
capability, opportunity, and motivation within the COM-B model.

CFA was performed iteratively, beginning with a model with
three factors. These three factors corresponded to the capability,
opportunity, and motivation constructs of the COM-B model
and consisted of five, seven, and 17 questions, respectively.
Following the removal of the three questions described in the
previous paragraph, CFA concluded with a nine-factor model.
These nine factors were comprised of nine groups of questions that
corresponded to the capability construct (n = 3 questions) and to
the social/professional role and identity (n = 2 questions), beliefs
about capabilities (n = 1 question), intentions (1 = 2 questions),
beliefs about consequences (n = 4 questions), reinforcement (n =
4 questions), emotion (n = 3 questions), social influences (n = 4
questions), environmental context, and resources (n = 3 questions)
TDF domains. Questions in the capability construct were not
divided by their TDF domains during the final iteration of CFA
due to the limited number of questions within the construct and
because the correlation plot supported grouping these questions by
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construct, among other considerations. The final nine-factor model
had a comparative fit index of 0.91, a Tucker-Lewis index of 0.89,
and a root mean square error of ~0.05.

Following these assessments of reliability and validity,
differences in levels of perceived capability, opportunity, and
motivation within each functional group were investigated
(Figure 5), as supported by a significant two-way interaction (p
< 0.001). To note, the estimated differences in questionnaire
responses reported here are meaningful only in relation to one
another, not necessarily as absolute values. Farmers in Battambang
and Siem Reap reported higher levels of perceived motivation
for washing vegetable contact surfaces with soap and water every
day than of perceived opportunity (p < 0.001 and p < 0.001 for
Battambang and Siem Reap, respectively) or capability for the same
behavior (p = 0.009 and p < 0.001 for Battambang and Siem Reap,
respectively; Figure 5). Among farmers in Battambang, perceived
motivation for washing vegetable contact surfaces with soap and
water every day was estimated to be 11.6% higher than perceived
opportunity and ~11.4% higher than perceived capability. For
farmers in Siem Reap, perceived motivation was ~13.5 and 21.2%
higher than perceived opportunity and capability, respectively.
By contrast, levels of perceived capability and opportunity were
not found to be significantly different from each other among
farmers in either location (Figure 5). Vendors in Battambang also
reported significantly higher (p = 0.04, 6.1% higher) levels of
perceived motivation than perceived opportunity (Figure 5). In
this group, levels of perceived capability for the target behavior
were intermediate and were not observed to be significantly
different (p > 0.99 in both cases) from levels of either motivation
or opportunity (Figure 5).

Among both vendors in Siem Reap and distributors in
Battambang, levels of perceived capability and motivation were
observed to be significantly higher (p < 0.001, vendors; p < 0.001
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and p = 0.001, respectively, distributors) than levels of perceived
opportunity (Figure 5). Specifically, vendors in Siem Reap reported
levels of perceived capability and motivation for the target behavior
that were estimated to be 16.3 and 12.1% higher, respectively, than
the level of perceived opportunity for the behavior; similarly, for
distributors, estimates of perceived capability and motivation were
13.7 and 9.5% higher than perceived opportunity, respectively. In
both of these functional groups, levels of perceived capability and
motivation were not found to significantly differ from each other
(Figure 5). To note, levels of perceived motivation for washing
vegetable contact surfaces with soap and water every day were
higher (p < 0.05; ranging from 6.1 to 13.5% higher) than levels of
perceived opportunity for this behavior across all functional groups
(Figure 5).

In order to further explore the interaction between functional
group and behavioral construct, levels of perceived capability,
opportunity, and motivation were compared across functional
groups (Figure 6). Farmers in both provinces were found to have
reported lower (p < 0.001) levels of capability in comparison
to distributors and both groups of vendors (Figure 6). Levels of
perceived capability for the target behavior were estimated to be
23.5-36.6% higher among distributors and vendors compared to
farmers. No other significant differences in levels of perceived
capability were observed across functional groups (p > 0.99 in
all cases; Figure 6). Analyses of response estimates for perceived
opportunity and motivation indicated that vendors in Battambang
had significantly higher levels of perceived opportunity (p < 0.002)
and motivation (p < 0.05) for washing vegetable contact surfaces
with soap and water every day compared to vendors in Siem
Reap and both groups of farmers (Figure 6). In particular, levels
of perceived opportunity and motivation were estimated to be
23.5-23.9% and 15.9-17.5% higher, respectively, among vendors
in Battambang than among farmers, and ~16.2 and 10.0% higher,
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respectively, among vendors in Battambang than among vendors in
Siem Reap. Levels of perceived opportunity and motivation among
distributors in Battambang were not found to significantly differ (p
> 0.05) from those of any other group (Figure 6).

Discussion

The primary objective of this research was to explore and
describe perceptions of capability, opportunity, and motivation for
a specific food safety practice among Cambodians involved with
informal vegetable markets in order to inform future food safety
engagement programs in Cambodia. Toward this end, we aimed
to develop a quantitative questionnaire to assess the likelihood
of food safety practice adoption based on the COM-B model
of behavior (Michie et al., 2011) and the TDF (Michie et al,
2011; Cane et al, 2012). To assess capability, opportunity, and
motivation to implement different food safety practices. For the
purposes of developing the questionnaire, we chose a single food
safety practice (i.e., washing vegetable contact surfaces with soap
and water every day); however, the questionnaire was designed
such that any practice of interest can be easily interchanged (e.g.,
washing hands before handling vegetables, separating vegetables
from animal sourced foods, etc.).

Developed in 2011 and 2012, respectively, the COM-B model
of behavior and the TDF are relatively new behavior theories
(Michie et al, 2011; Cane et al., 2012). Since their creation,
however, these models have been used in a variety of fields and
have been applied most often in research regarding the promotion
of health-related behaviors (e.g., dental hygiene, sexual health,
weight management, exercise, hand hygiene, smoking cessation,
etc.; Cowdell and Dyson, 2019; Buchanan et al., 2021; Greene and
Wilson, 2022). The COM-B model and TDF have also been applied,
albeit to a much more limited extent, to research on food safety
behavior change.
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To our knowledge, all of the existing literature in this area
focuses on the retail or consumer level (Courtney, 2017; Ipsos
MORI, 2017, 2021; Thiavalappil et al., 2018; Wodnik et al., 2018;
Yavelal, 2019). Furthermore, we are aware of only five Cambodian
development programs to which the COM-B model has been
applied in some way (Keats et al., 2018; Bartholomew et al., 2019).
In all such programs, the COM-B model was applied following
program implementation as a tool to evaluate the interventions and
impacts of the program itself rather than being used as a basis for
assessing capability, opportunity, and motivation among the target
audience in order to inform program design. Thus, it is a clear
that capabilities, opportunities, and motivations for food safety
practices among food producers and distributors in Cambodia have
been significantly underexplored. The research described in this
study was intended to address this gap, with the understanding that
theoretically grounded, quantitative assessments of these potential
determinants of behavior could equip program designers to develop
food safety engagement programs that more effectively facilitate the
adoption of positive food safety practices.

The results of this research indicated that the perceptions of
Cambodians involved with informal vegetable markets regarding
their own capabilities, opportunities, and motivations for washing
surfaces that come in contact with vegetables with soap and water
every day are specific to each combination of functional group
(i.e., the combination of a participant’s geographic location and
role in the informal vegetable market) and COM-B construct (i.e.,
capability, opportunity, and motivation). Based on these findings,
it appears that future food safety engagement programs for vendors
and distributors would benefit from addressing the relatively low
levels of perceived opportunity for the target behavior observed
in these groups, while programs for farmers would be better
served by focusing on both perceived opportunity and capability.
Additionally, as levels of perceived capability, opportunity, and
motivation were found to be higher among vendors in Battambang
than among farmers in both Siem Reap and Battambang, there may
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be a greater opportunity for increasing the adoption of the target
food safety practice among vendors than among farmers.

The Behavior Change Wheel put forward by Michie et al.
(2011) at the same time as the COM-B model provides
additional guidance for program design by linking the individual
components of capability, opportunity, and motivation with
specific intervention types. Based on the Behavior Change Wheel
and the nature of the target behavior, environmental restructuring-
based interventions may be well-suited to addressing perceived
deficiencies in opportunity. This type of intervention aims to
alter the social or physical context of the audience and could
include efforts to make the physical infrastructure of informal
vegetable markets more conducive to positive food safety practices.
Education- and training-based interventions, on the other hand,
may be more appropriate for addressing deficiencies in perceived
capability (Michie et al., 2011). Education-based interventions are
intended to improve an audience’s understanding of the target
behavior and could include educational programs that present
information about food safety and food safety practices. Training-
based interventions involve sharing techniques for performing
the target behavior; in this context, hands-on demonstrations
of food safety practices could be considered training-based
interventions. While bearing in mind that the specific context of
the program may make some intervention types more appropriate
and feasible than others, program designers could use these
recommendations to guide the selection of food safety practices
and the development of engagement programs that promote the
adoption of such practices (Michie et al., 2011). For vegetable
vendors and distributors in particular, for instance, incorporating
environmental restructuring-based interventions into engagement
programs may be most useful for encouraging the implementation
of the target behavior. Of interest are the differences in responses
between several of the respondent groups. These differences may
result from differences in awareness (e.g., previous food safety
education programs in one region but not the other), proximity to
agriculture-focused learning institutions or extension services, or
even greater interfaces with end-users (e.g., producers vs. vendors).
However, hypotheses as to factors influencing these differences
remain conjecture at this time and may be the foci of future studies.

The results of statistical analyses investigating the alignment
of the theoretical models used to design the questionnaire
(i.e., the COM-B model and the TDF) with the response data
indicated the theoretical models adequately fit the response data
(Lin, 2021). Tt was therefore concluded that the questionnaire
was a valid instrument for assessing Cambodians involved with
informal vegetable markets’ perceptions of their own capabilities,
opportunities, and motivations to perform a specific food safety
practice. As the questionnaire was intentionally designed to
be easily adapted for use with different audiences and target
behaviors and in various geographic locations, the validation of
the questionnaire also served to fulfill the second objective of
this research, namely, developing a quantitative questionnaire that
could be used to assess capability, opportunity, and motivation in a
wide range of development contexts.

This research is intended to provide program designers
with a starting point for developing food safety engagement
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programs in Cambodia. However, we acknowledge that the
transferability and generalizability of the results in this study
are limited. Even within Cambodia, extrapolation regarding
the capabilities, opportunities, and motivations of Cambodians
involved with informal vegetable markets in other provinces
should be
resources, or local norms, among other factors, may impact

done with caution as differences in education,
determinants of behavioral. Research that uses the questionnaire
developed in this study to measure Cambodians capabilities,
opportunities, and motivations for other food safety practices
(e.g., washing hands after handling money, properly composting
manure, etc.) is also needed in order to provide insight into the
relative levels of these behavioral components across different
food safety practices. With such information, program designers
may be able to identify existing or develop new food safety
practices and interventions for which Cambodians report higher
overall levels of capability, opportunity, and motivation, thereby
enabling more informed decisions regarding which practices
and interventions are most suitable for inclusion in food safety
engagement programs.
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