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ARTICLE INFO ABSTRACT

Keywords: Since its recognition as a plausible direction to assure food safety, food safety culture research has
Food safety culture evolved with several commercial and scientific assessment tools developed to evaluate the food
Reliat,’ﬂity safety culture in food businesses. However, existing research does not specify the validity and
Validity reliability checks required to demonstrate rigor in the tool development process and there is no
Methodology

Assessment tool unified methodology to confirm robustness of the tools to ensure trustworthiness and usefulness

Trustworthiness of findings and inferences generated. The purpose of the study was to develop a method to
evaluate food safety culture assessment tools and to assess the reliability and validity of existing
food safety culture assessment tools using the developed method. Eleven elements were found to
be key in validating food safety culture assessment tools. Of the eight tools assessed, only one tool
(CT2) was validated on each of the elements. The depth of validation strategies differed for each
tool. Three out of the five commercial tools published peer reviewed publications that demon-
strated the validation checks that were done. Face validation, and pilot testing were evident and
appeared to be done the most. Whilst content, ecological, and cultural validity were the least
validated for scientific tools, factor analysis and reliability checks were the least evaluated for
commercial tools. None of the tools were assessed for postdictive validity, concurrent validity and
the correlation coefficient relating to construct validity. Having an established science-based
approach is key as it provides a way to determine the trustworthiness of established assess-
ment tools against accepted methods.

1. Introduction

Food safety culture is on the global agenda as a plausible concept to assure safety of food. Governments, third parties (e.g., standard
bodies, commercial organisations), researchers, and the food industry have been focused on conceptualising and operationalising the
concept. From a regulatory perspective, food safety legislation has evolved by integrating food safety culture into existing formal
frameworks to ensure and verify that food businesses meet their obligation to assure food safety [1-3]. Likewise, food safety culture
assessment requirements have been incorporated into third party standards [4]. Several commercial tools have also emerged e.g.,
VEST framework by SGS and Culture Excellence by Taylor Shannon International. Various researchers have also developed several
tools to assess food safety culture in different sectors of the food industry ([5-71; Jespersen et al., 2014, [8,9]). These different
frameworks and assessments offer different levels of depth when analysing food safety culture [10].

While food safety culture research has evolved [9], with several company-specific, commercial, and scientific assessment tools
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developed to evaluate the food safety culture in food businesses, current efforts do not specify a unified approach to demonstrate rigor
in the tool development process. Existing approaches to food safety validation consider the validation of food safety control measures,
methods of analysis, and methods for detection, identification and quantification from a food safety hazards perspective [11-13] and
do not yet consider the validation of cognitive tools especially since food businesses are expected to assess their food safety culture
[14]. It is therefore important to ensure the validity and reliability of the developed assessment tools and to evaluate the extent to
which checks have been done to confirm their robustness. Validity and reliability are the two validation strategies widely adopted in
the evaluation of measurement instruments. Validity demonstrates a system’s accuracy and reliability demonstrates a system’s ability
to produce consistent and repeatable results [15,16]. Both reliability and validity are useful in demonstrating and communicating rigor
of the research process and for demonstrating trustworthiness of the research findings [15,17]. Appropriateness of the constructs,
content, scales, contexts, cultural and language constraints, relevance, understandability, how well the scale measures the intended
concept, reliability, consistency, and intended respondents are some of the decisions that researchers need to make in the validation
process [18].

Reliability can be demonstrated through the evaluation of internal consistency, and inter-rater, test-retest, parallel form and split
half reliability [15,17]. Validity can be demonstrated through face, content, construct, concurrent, criterion, ecological, and cultural
validity [19-22]. Statistical tests such as Cronbach’s alpha coefficient, Pearson correlation coefficient, kappa statistics, content
validation ratio, factor analysis also give a measure of validity and reliability strength [17,21]. However, it is impossible to reach 100
% validity and this can be compensated by ensuring rigor and trustworthy data through “honesty, depth, richness, extent of trian-
gulation and objectivity of the researcher” [19].

Although validation approaches have been discussed, there is no unified framework or consistent methodology to assess the
reliability and validity of food safety culture assessment tools. Jespersen, Griffiths, and Wallace [23] highlighted the importance of
having a common approach to validate assessment tools and the adoption of an overarching framework to ensure quality and trust-
worthiness and to demonstrate transparency and rigor in the assessment process. Therefore, the objective of this research was twofold,
firstly, to develop a methodology to evaluate the validity and reliability of food safety culture assessment tools; secondly, to assess the
validity and reliability of existing scientific and commercial assessment tools using the developed methodology. We hypothesise that
(i) there is no unified methodology for assessing reliability and validity of food safety culture assessment tools, (ii) without a stand-
ardised method for validating food safety culture assessment tools, it is difficult to assess the validity of the measurement tools and
controlling the outcome, and (iii) having a science-based unified framework might be a good starting point to demonstrate rigor and
ensure appropriate assessment tools are developed.

2. Methodology
2.1. Study design

A two-step study design was used to evaluate the validity and reliability of food safety culture assessment tools. The first step
involved the development of a methodology to evaluate the tools and the second step involved identification of the tools and the actual
assessment of the tools.

2.1.1. Developing a methodology for assessing reliability and validity of culture evaluation tools

A literature search for peer reviewed scientific articles published in English was done in Google Scholar, Web of Science, SCOPUS,
Science Direct to identify existing methods used to evaluate assessment tools for validity and reliability. At least two databases have
been identified to be sufficient [24]. The search was conducted between 30 August 2022 to 19 May 2023 and updated in April 2024.
Articles were searched for in these databases using the following keywords: “assessment tool ", “evaluation tool ", “questionnaire”,

2

“survey”, “food safety”, “food safety culture”, “safety, “safety culture”, “culture”, “organisational culture”, “validity”, “reliability”,
“validation”, “development”, “validation process”, “validation steps”, “validation methods”. Generic and culture-specific assessment
methods were reviewed. Methods listing the tool validation steps, describing the criteria useful to validate assessment tools and
describing the relevant statistical analysis that should be included when determining the reliability and validity of an assessment tool
were evaluated. Initial search was done for articles published in the last ten years and expanded to twenty based on the initial findings
as proposed by Grewal, Kataria, and Dhawan [25]. Common, widely used, and relevant assessment methods useful in validating

assessment tools were selected and used in developing the assessment methodology.
2.1.2. Assessing culture evaluation tools

2.1.2.1. Identifying the culture assessment tools. A list of commercial food safety culture assessments products was developed. These
products were identified from a literature search and by food safety industry practitioners (n = 2) and academia (n = 4). The orga-
nisations purporting to develop these assessment products were approached via email and through the authors networks to confirm
that they indeed had developed tools to assess food safety culture, to provide information on these tools and where the tools were
published, to provide clarity and evidence on the validation done.

Three scientific tools for assessing food safety culture were selected for comparison based on purposive sampling. Purposive
sampling was used as these tools have been validated and therefore meet the research criteria [26].
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2.1.2.2. Reliability and validity assessments. Once the food safety culture assessment tools were identified and listed, publications
provided by the tool developers and publications of the tools in grey, commercial, and academic literature were then reviewed and

evaluated for validity and reliability using the assessment method developed in section 2.1.

2.2. Data analysis

Each of the criteria for the identified factors used to evaluate validity and reliability of the tools were assigned a score of one, and as
there were 33 criteria, a maximum possible score of 33 was expected for a completely validated tool. Tiku and Pecht [27] suggested
that a minimum weight factor of one can be used and an overall score can be assigned based on the evaluation and used in comparative

analysis.

2. Reliability

1.1 Check for content validity
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-Expert validity
-Weighting

!
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-Expert validity
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+

v
1.3 Check the construct validity
-Acceptability
-Correlation

+

1.4 Check the cultural validity
-Ethics
-Appropriateness
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2.3 Check for repeatability
e.g., interrater, test-retest

Fig. 1. Methodology used to evaluate the validity and reliability of food safety culture assessment tools.
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3. Results
3.1. Validity and reliability assessment methodology

Fig. 1 shows the assessment methodology, which was developed from existing literature. Eleven factors were identified from the
literature review and acknowledged to be useful to evaluate the validity and reliability of food safety culture assessment tools. Of these,
eight factors were identified as key in evaluating validity and three factors to be key in evaluating reliability of the assessment tools.
Each factor represents a significant element useful in validating the assessment tools. Focus areas highlight the crucial aspects to be
validated. Isaksson, Eckert, Panarotto, and Malmqvist [28] argued that successful validation depends on the ability to focus on what to
validate. To operationalise each factor when evaluating an assessment tool, criteria useful to characterise the factor were identified.
Such criteria provide a structured way to guide the evaluation of the validity and/or reliability of an assessment tool, collect essential
information about the factor being evaluated, give evidence of the actual situation and define the extent to which the assessment tools
have been validated [29]. Botreau et al. [30], suggested that criteria should be exhaustive i.e., include all important aspects, minimal,
i.e., contain only necessary criteria and should be independent of each other. Findings for each of the factors and relevant criteria are
listed below.

3.1.1. Content validity

Content validity was identified as a key factor in validation as it ensures that the contents of the tool are evaluated to check whether
they represent the theoretical construct of the tool [15]. To achieve content validity, three focus areas were identified i.e., whether the
tool is built based on existing science, validated by experts and the components weighted (Fig. 1). Findings showed that whether
relevant theories from other culture domains e.g., safety culture and other relevant domains such as social sciences, management and
food science were considered should be evaluated. Domain definition, domain relevance, domain representation and appropriate test
construction procedures were also found to be fundamental elements of test quality used in determining content validity. Additionally,
the approach used for content analysis was proposed to be key in demonstrating validity.

3.1.2. Face validation

Face validation was identified to be critical in ensuring tool validation with expert validation and preliminary pilot testing
identified as relevant focus areas (Fig. 1). Findings revealed that to ensure face validation, checks should be done on whether what the
tool actually measures aligns with the respondent’s understanding of the questions [15].

3.1.3. Construct validity

Construct validation was identified to be key in tool validation as it evaluates the extent to which an assessment tool measures what
it is intended to measure [31] and involves evaluation of constructs related to the research [15]. The findings also showed that tools
should demonstrate that they reliably assess multiple dimensions that reflect food safety culture [31] and that if construct validity is
not done this could affect the data analysis and interpretation, and inferences made [15]. Acceptability and correlation were
considered useful focus areas to assess construct validity as these measure whether the construct is an acceptable measure, and whether
the scale correlates with existing tools that measure the same construct.

3.1.4. Cultural validity
Findings showed that cultural validity should contextualise validity within the community being studied [32]. Two focus areas i.e.,
ethics and appropriateness of the tool were found to be key to evaluate cultural validity.

3.1.5. Criterion validity

Criterion validity has also been identified as key to component of tool validation, as this demonstrates whether the tool compares
with other measures or outcomes already held to be valid. The tools should therefore demonstrate “how well one measure predicts the
outcome of another measure” [21,33]. Three types, namely predictive, concurrent, and postdictive validity were identified as focus
areas to ensuring criterion validity.

3.1.6. Pilot testing

Pilot testing was considered important as it establishes relevance of the tool. As such, checks should be done on whether the final
version of the questionnaire is tested with a considerable number of the intended respondents thus mimicking the full study [15]. Only
one focus area was identified and pertains to confirming the relevance of the tool.

3.1.7. Factor analysis

Findings concluded that factor analysis is a critical component of validation as it examines “how underlying constructs influence
the responses on a number of measured variables” [34]. The type of factor analysis such as exploratory factor analysis (EFA),
confirmatory factor analysis (CFA) and principal component analysis (PCA) should therefore be demonstrated. The
Kaiser-Meyer-Olkin (KMO) was also considered as a crucial measure to determine how well data is suited for factor analysis.

3.1.8. Ecological validity
Evaluation of ecological validity was considered important as it aims to determine whether the tool can be generalised. Key focus
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areas included the characteristics of the respondents and the context as these should be representative of the population and the actual
conditions that the findings will be generalised and applied to.

3.1.9. Social desirability bias

Studies have also advocated for the inclusion of a social desirability scale to assess for response bias and to ensure reliability of the
tool. Evaluation of whether the tool assesses and mitigates social desirability bias or not should be done. This is because respondents
tend to answer questions in a way they believe is acceptable, and which makes them to be viewed favourably by others [35].

3.1.10. Internal consistency

Internal consistency was also found to be an important measure for reliability, with the Cronbach Alpha coefficient described as the
most appropriate measure when determining the internal consistency of assessment tools (Fig. 1). Findings also showed that the
magnitude of the coefficient should be considered as it helps evaluate the degree to which different test items can produce similar

Table 1
An evaluation of commercial tools.
Tool
Component Focus area Criteria
CTl1 CT2 CT3 CT4 CT5
1. Content Built on existing Tool built on existing science v v v v X
Validity science Defined approach used for content analysis v v v v X
Expert validation Tool evaluated by experts v v v v 4
Checks done to assess whether the tool measures what it is intended to v v X 4 X
measure
Defined approaches used to quantify the judgement of content validity X v X X X
The tool shows that it fairly and comprehensively covers the items or v v v X X
domain that it purports to cover
The questionnaire items were sufficient to measure the food safety culture of v v X v X
an organisation
Weighting Weight factors were added to the dimensions X X X X X
2. Face Expert validation The tool was assessed by food safety culture experts to determine the v v v v X
validation relevance of the tool to assess food safety culture
Checks done to establish whether questions are relevant to assess food safety v v X v X
culture
Checks where done to evaluate whether the tool is easily understandable v v X v X
Preliminary pilot Preliminary pilot testing to check for effectiveness of the tool v v X v X
testing
3. Construct Acceptability The construct is acceptable to measure food safety culture v v v v X
validity Correlation The scale of the tool correlates with existing tools that measure the same v v v v v
construct
The correlation co-efficient is mentioned X X X X X
4. Cultural Ethics Research tools ethical and appropriate according to the standards of the v v X v X
Validity target culture
Appropriateness Tools and other information translated in a culturally appropriate way v v v v X
5. Criterion Predictive validity The collected data highly correlates with data acquired in the first round of - - - - -
validity the research
The tool predicts what is expected theoretically v v X v X
Concurrent validity The data correlates with data gathered from another tool i.e., agreement X X X X X
with a second measure
Postdictive validity Scores relate to the scores from an established tool or criterion administered X X X X X
at a previous point in time
6. Pilot testing Relevance of tool Pilot testing done to confirm the relevance of the tool to measure food safety v/ v X v X
culture
7. Factor Principal Principal components measured X v X X X
Analysis components
Exploratory analysis Exploratory factor analysis done X X X X X
Confirmatory Confirmatory factor analysis done X X X X X
analysis
KMO The Kaiser-Meyer-Olkin value is stated X v X X X
8. Ecological Generalisability The tool can be generalised 4 v v v X
validity
9. Reliability Social desirability Social desirability bias X v X X X
10. Tests done to measure internal consistency X v X X X
Internal consistency Correlation of the questionnaire items X v X X X
Other reliability Other tests done to ensure reliability of the tool v v v v X
checks Statistical analysis done stated for each of the mentioned tests X v X v X
Statistical findings given for other reliability tests mentioned X v X v X

vmeans that the validity or reliability checks were done.

Xmeans that there was no available information showing that the reliability or validity check had been done.
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results when testing the same construct. Checking for both the type of internal consistency test done and the correlation co-efficient
could enable authentication of the tool validation process.

3.1.11. Repeatability

Repeatability is also considered important as measurement errors can be found in differences across raters, different respondents
and in content sampling [22]. The method used to check for repeatability should therefore be checked when evaluating tools for
repeatability. Several methods have been identified including inter-rater reliability and test-retest reliability.

3.2. Evaluation of assessment tools

Table 1 shows findings from the evaluation of commercial food safety culture assessment tools against the assessment methodology.
A total of five tools were identified and evaluated. CT2 was the most valid tool with CT5 being the least valid. Content (step 1.1) and
face validity (step 1.2), and pilot testing (step 1.6) were the most evaluated with at least three out of the five tools (CT1, CT2 and CT4),
assessing most criteria of these factors. Factor analysis (step 1.7) and reliability (steps 2.1-2.3) were the least evaluated. Ecological
validity (step 1.8) was also checked for at least four out of the five commercial tools. CT2 was the only tool were factor analysis and
social desirability bias checks were done. Interestingly none of the tools assigned weights to the food safety culture dimensions/
factors/elements as revealed by the content validation. Additionally, none of the tools were assessed for concurrent and postdictive
validity, and the correlation coefficient relating to construct validity, with the predictive validation only measuring only one criterion
i.e., whether the tool predicts what is expected theoretically and not demonstrating how the collected data highly correlates with data
acquired in the first round of the research.

Table 2 shows the analysis of scientific tools. ST2 was the most validated tool with ST1 being the least validated. Like the

Table 2
An evaluation of the scientific tools.
Tool
Component Focus area Question (s) ST1 sT2 ST3
1. Content Built on existing Tool built on existing science v v v
Validity science Defined approach used for content analysis v v/ v
Expert validation Tool evaluated by experts X v X
Checks done to assess whether the tool measures what it is intended to measure X v X
Defined approaches used to quantify the judgement of content validity X v X
Tool shows that it fairly and comprehensively covers the items or domain that it purportsto X v X
cover
The questionnaire items were sufficient to measure the food safety culture of an X v X
organisation
Weighting Weight factors were added to the dimensions X X X
2. Face validation ~ Expert validation Tool assessed by food safety culture experts to determine the relevance of the tool to assess v/ v v
food safety culture
Checks done to establish whether questions are relevant to assess food safety culture X v v
Checks where done to evaluate whether the tool is easily understandable v v v
Preliminary pilot Preliminary pilot testing to check for effectiveness of tool based on the respondent’s v X v
testing understanding of the questions
3. Construct Acceptability The construct is acceptable to measure food safety culture v v v
validity Correlation The scale of the tool correlates with existing tools that measure the same construct v v v
The correlation co-efficient is mentioned X X X
4. Cultural Ethics Research tools ethical and appropriate according to the standards of the target culture X X v
Validity Appropriateness Tools and other information translated in a culturally appropriate way X v v
5. Criterion Predictive validity The collected data highly correlates with data acquired in the first round of the research - - -
validity The tool predicts what is expected theoretically v v v
Concurrent validity The data correlates with data gathered from another tool i.e., agreement with a second X X X
measure
Postdictive validity Scores relate to the scores from an established tool or criterion administered at a previous X X X
point in time
6. Pilot testing Relevance of tool Pilot testing done to confirm the relevance of the tool to measure food safety culture v v v
7. Factor Analysis  Principal components Principal components measured X X v
KMO The Kaiser-Meyer-Olkin value obtained is stated v v v
Exploratory analysis Exploratory factor analysis done v v X
Confirmatory analysis ~ Confirmatory factor analysis done X X X
Ecological Generalisability The tool can be generalised X X v
validity
8. Reliability Social desirability Check for social desirability bias X X X
9. Tests done to measure internal consistency 4 4 X
Internal consistency Correlation of the questionnaire items v v X
Other reliability Other tests done to ensure reliability of the tool v X v
checks Statistical analysis stated for each of the mentioned tests X X X
Statistical findings given for other reliability tests mentioned X X X
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commercial tools, food safety culture elements/factors/dimensions of the scientific tools were equally weighted as the findings show
that weights were not assigned. Similar findings were also seen for predictive, concurrent, postdictive and construct validity. None of
the scientific tools were evaluated for social desirability bias and no statistical analysis were done for the reliability tests. Face and
criterion validation were the most validated in addition to the pilot testing and the factor analysis. Content, ecological, and cultural
validity were the least evaluated.

Further analysis (Table 3) showed that CT2 scored highest when compared to the other tools i.e., both commercial and scientific
tools as published peer reviewed scientific papers, demonstrated the tool’s validity and reliability. CT5 was scored lowest as there was
limited information on the tool. A comparison of both commercial and scientific tools shows that for at least three commercial tools 50
% of the validation criteria were covered by the tools i.e., CT1 (54.5 %), CT2 (78.8 %), and CT4 (51.5 %), when compared to the
scientific tools were only ST2 covered 57.6 % of the validation criteria. However, the lowest scoring tools were also commercial tools
with CT5 only covering 9.4 %.

4. Discussion

This research sought to evaluate the validity and reliability of food safety culture assessment tools. To achieve this a science-based
method was developed to evaluate the assessment tools followed by the actual evaluation of both commercial and scientific food safety
culture assessment tools. Jespersen, Griffiths, and Wallace (2017) suggested that having an established science-based approach pro-
vides a way to determine the trustworthiness of results against accepted methods. Eleven factors were therefore identified through a
review of existing scientific principles and were deemed essential to evaluate the validity and reliability of food safety culture
assessment tools.

4.1. Validity

4.1.1. Content validity

To demonstrate content validation, tool evaluations should consider whether the tool is based on existing theories. At least six out
of eight tools were based on existing theories, whilst one (CT3) was based on industry guidance documents and tools (Table 1, Table 2).
Almanasreh, Moles, and Chen [36] suggested that tools should be theory based. Existing food safety culture studies have also explored
literature from other cultural domains [37,38], human dimensions [6,39-41], education [42], management science [42], and social
science and food science [43] in their tool development process. The approach used for content analysis should also be specified.
Examples include content validity ratios, content validation forms, deductive content analysis and iterative approaches [15]. The
evaluated tools used deductive analysis (CT2, ST1), inductive analysis (ST1), and iterative (CT1, ST3) approaches. Additionally, food
safety culture experts such as technical experts, academics, and industry professionals should validate the content. Experts from other
relevant domains such as social scientists can also be part of the expert panel. Kirezieva et al. [44] suggested that experts in the field of
relevance need to evaluate the reliability, relevance, and validity of the tools. All commercial tool developers ensured that experts
(Table 1) had evaluated their tools, and only ST2 for the scientific tools. Content validation also depends on the effectiveness of the
expert panel [15]. None of the tool descriptions discussed criteria used to evaluate effectiveness of the panel. Quatrini Carvalho Passos
Guimaraes et al. (2016) suggested that the adoption of inappropriate criteria for selection of the experts required to validate tools could
affect the tool validity and the subsequent findings Studies often suggest experts within their academic institutions ([6];Spagnoli,
Jacxsens, & Vlerick, 2023) and selection criteria of these experts is not published. Utilizing selection criteria where expert criteria is
defined and an expert scoring provided [45], and different experts are considered, including users of the tool could be considered in the
tool development process.

To ensure valid assessments, how the different constructs differently impact an organisation’s prevailing food safety culture and
maturity should be evaluated (Zanin, Stedefeldt, & Luning, 2021). For both the commercial and scientific tools, the elements/di-
mensions/factors were equally weighted, and it was not clear how these differently contribute to an organisation’s food safety culture
and culture maturity, and ultimately food safety performance. Adding weight factors could help understand the different contributions

Table 3

Overall score for validity and reliability of the tools.
Organisation Commercial tools Scientific Tools
Tool CT1 CT2 CT3 CT4 CT5 ST1 ST2 ST3
Component
1. Content Validity 6 7 4 6 1 2 7 2
2. Face validation 4 4 2 3 1 3 3 4
3. Construct validity 2 2 2 2 1 2 2 2
4. Cultural Validity 2 2 1 2 - - 1 2
5. Criterion validity 1 1 - 1 - 1 1 1
6. Pilot testing 1 1 - 1 - 1 1 1
7. Factor Analysis - 2 - - - 2 2 2
8. Ecological validity 1 1 1 1 - - 1
9. Reliability 1 6 1 1 - 3 2 1
Total Score (33) 18 26 11 17 3 14 19 16
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of the constructs [46]. Most studies recommend adding weight factors ([47]; Zanin, Stedefeldt, & Luning, 2021) with limited studies
assigning these weights [48].

4.1.2. Face validity

Tool evaluation should consider whether experts in the field of study have been used to achieve face validity [49]. Our findings
showed that a majority (3/5) of the commercial tools and all the scientific tools had undergone face validation (Table 1, Table 2).
Technical and subject matter experts evaluated the tools. Peer review also contributed to face validation. Relevance, context,
confirmability, terminology, adequacy, dependability, consistency, intelligibility, completeness, ordering of questions, answer op-
tions, facilitation of honest responses, applicability, practicality, clarity, meaningfulness, formatting, and grammar were mostly
checked. Findings are consistent with Oluwatayo [49] who suggested that face validity is done to check whether the tool is under-
standable, including readability, feasibility, clarity, and to confirm whether the format and presentation are relevant to be considered
as a measuring tool, i.e., whether the tool is reasonable, clear, and unambiguous to understand and respond. Cotter, Yamamoto, and
Stevenson [50] indicated that although face validation should include experts and the target audience, time and money constraints,
and lack of available experts often results in lack of validation.

Preliminary pilot testing should also be evaluated to judge the effectiveness of the questionnaire before the fully fledged pilot test
[15]. This provides an opportunity for the tool developers to have insights into items where the respondents have confusion and where
there are suggestions for improvements [22]. Findings show that three commercial tools and two scientific tools (Table 1, Table 2)
were preliminarily pilot tested. Pretesting is crucial as it detects problems with the tool, reducing respondent burden and ensuring that
the questions do not influence respondents reactions [51].

4.1.3. Construct validity

To demonstrate construct validity, the constructs should be acceptable to measure food safety culture. Both commercial and sci-
entific tools, except for CT5 used accepted dimensions/factors/elements that permeate food safety culture literature [52-54].
Mechanisms should also be in place to confirm the tool measures what it is intended to measure. Evaluation of the tools showed that
peer review, management in assessed companies, respondents, and subject matter experts (Table 2) agreed that the tools were an
acceptable measure for food safety culture. Additionally, whether the scale of the tool correlates with existing tools that measure the
same construct should be evaluated. All evaluated tools used common assessment methods and scales, and these resonated with
existing studies. For example, most tools used a five-point Likert scale and stages of maturity. Several tools used in researching food
safety culture also use a Likert scale [8,39,42,55-57] and stages of maturity [9,43,50,58] to gain insight into an organisation’s food
safety culture. However, the correlation coefficient was not considered, and this could be achieved by administering the tool with an
existing tool measuring similar constructs to a similar group of respondents and estimating the associations by developing correlation
matrices [15]. The analysis could check for either convergent or discriminant validity. Jespersen, MacLaurin, and Vlerick [59] sug-
gested that variations caused by the data collection method could be a threat to construct validity and suggested the use of Pearson
product-moment correlations and ANOVA to measure construct and discriminant validity in food safety culture assessments.

Furthermore the tool should measure enduring characteristics of the organisation if it purports to assess the culture of the orga-
nisation and this can be done through repeated assessments over time and phrasing of questions or surveys, which assess the enduring
characteristics rather than the climate [31,54].

4.1.4. Cultural validity

To ensure cultural validity, the tool needs to be “grounded” in that culture if it is to be considered valid [32]. It is postulated that
culture and society shape an individual’s values, beliefs, experiences, mind and thinking and to attain cultural validity, the tool needs
to be adapted to the context of the respondents [60]. The tool should be tailored to the context. Three of the five commercial tools were
customised, which made the tools appropriate for the targeted respondents. However, details on any ethical considerations were not
elaborated as only one of the scientific tools discussed the ethical approvals done. To ensure the tool is appropriate for the context it is
important to translate the tools in a culturally appropriate way. Four commercial and two scientific tools were translated into the
language of respondents and one tool considered the culture of the respondents. Findings are consistent with Joomun et al. [54], who
also translated the food safety culture questionnaire using food safety experts to ensure correct translation and cultural equivalence.
However, translation only contributes to the validity when appropriately done. Shi, Pinto, and Guanais [61]suggested that translation
goes beyond language translation but should ensure a holistic, rigorous transcultural process which considers the feasibility of the tool
in different cultural contexts. To ensure cross cultural adaptation, a six-steps process has been recommended to ensure valid cultural
and linguistic translations i.e., forward translation, qualitative review, backward translation, joint review by experts and translators,
lay panel review and pilot testing [62].

Additionally, whilst food safety culture research acknowledges the role of national culture in shaping the food safety culture of food
businesses [63-65], there is limited research on this association. Understanding the national values could be useful in ensuring that the
tools are designed and translated in a culturally appropriate way and ensure they are appropriate to the target culture. Nyarugwe et al.
[37] suggested that incorporating and understanding these national values could enable the appropriate research tools to be used as an
approach considered effective in one culture could be perceived differently in another due to differences in predispositions, and food
safety risk perceptions. Experts in the national culture domain suggest that adapting to the national culture is key to ensuring cultural
validity [66,67].
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4.1.5. Criterion validity

Assessment tools should demonstrate the extent to which results from one measure can be associated with results from another
measure [68,69]. One way is to ensure predictive validity, where the assessment tool should predict future outcomes or behaviour and
in the context of food safety, assess the ability of a tool to predict future food safety performance or incidences. Food safety perfor-
mance should be assessed over time by conducting longitudinal studies. By comparing the food safety outcomes with the food safety
culture assessment scores, the extent to which food safety culture assessments predict food safety performance would give an indi-
cation of the predictive validity of the tool. Evaluations of predictive validity should also check whether the data collected highly
correlates with data acquired in the first round of the research and whether the tool should predict what is expected theoretically. All
scientific tools and only three commercial tools (CT1, CT2, CT4) predicted what is expected theoretically. This is because findings were
corroborated by other studies, literature, and existing theories. Jespersen, Griffiths, and Wallace (2017) also found out that a few tools
showed predictive validation as studies focused on face and construct validity. However, correlations with previous data were not
checked. A lack of predictive validity has been seen as a major hurdle in assessment tools [70].

Another way to establish criterion validity is by concurrent validation, which evaluates the operationalizability of the tool and the
level of agreement between two different assessments (Granpeesheh et al., 2014 [21]). As such, how well the food safety culture tool
correlates with an established measure of food safety culture should be evaluated as this demonstrates the tool’s ability to produce
results that are comparable to an established measure. However, Postdictive validity can also be useful to demonstrate the ability of a
tool to accurately predict past events (retrospective validity) and evaluations should check whether the tool can explain historical food
safety outcomes/performance. None of the tools demonstrated concurrent and postdictive validity, based on the available data.

4.1.6. Pilot testing

The final version of the questionnaire should mirror the full study and be tested with a considerable number of the intended re-
spondents to confirm the relevance of the tool [15]. Findings show that only three commercial tools (CT1, CT2 and CT4) were pilot
tested and interestingly, these had also been preliminary pilot tested. Cotter, Yamamoto, and Stevenson [50] found only 22 % studies
included pilot testing. In (2017) [71] indicated that despite the importance and benefits of conducting a pilot study, researchers are
often not interested and that many are not reported as most focus on statistical outcomes rather than feasibility of the study. All
scientific tools were pilot tested supporting the evidence that this step is crucial in ensuring the feasibility of the study.

4.1.7. Factor analysis

Factor analysis is useful to explore the underlying dimensions/factors/elements valuable in understanding the food safety culture
concept. It is therefore a key technique to consider when evaluating the validity of an assessment tool. The technique is useful in
examining the underlying structure and can be utilised to demonstrate construct validity, to evaluate the number of dimensions
sufficient in explaining the variance in observed variables, to remove redundant factors, and to demonstrate internal consistency and
the stability and generalisability to ensure the tool measures consistently across different groups [72,73]. Only one commercial tool
(CT2) was subjected to factor analysis and all three scientific tools had the analysis done. However, the type of analysis differed with
two scientific tools using EFA, one scientific and one commercial tool using PCA and ST1 using principal axis analysis. EFA is one of the
main types of factor analysis, which is often done in the early phases of research to obtain information on the interrelationships
between a set of variables to check for dimensionality [74]. It also helps in exploring the underlying theoretical structure and un-
derlying factors that should be retained i.e., the minimum number of common factors required to adequately reproduce the item
correlation matrix [75].

CFA is a more complex technique that tests for specific hypotheses or theories concerning the structure underlying a set of variables
[76]. It evaluates how well the measured variables represent the number of constructs, and is useful in determining the “relationships
between observed measures or indicators (e.g., test items, test scores, behavioural observation ratings) and latent variables to establish
the number and nature of factors that account for the variation and covariation among a set of indicators [77]. Izquierdo Alfaro, Olea
Diaz, and Abad Garcia (2014) suggested that it is good practice to conduct a cross-validation applying both EFA and CFA. PCA is used
as a dimensionality reduction technique. Several studies including Gruijters [78] discuss the inadequacies of PCA as it mainly achieves
data reduction and indicate that factor analysis has a broader context which also encompasses latent variable analysis and analysis of
interrelationships. However, PCA with the varimax rotation method has been found useful in validating both convergent and divergent
construct validity [15,21]. As these are statistical techniques, tool evaluations should also consider the statistical analysis and findings
(e.g., factor loadings, eigenvalues, factor correlation coefficients) that help in determining the validity of the tools. The
Kaiser-Meyer-Olkin (KMO) is a common measure, which demonstrates how suited the data is for factor analysis [76] and appeared to
be commonly assessed by the tools evaluated. The KMO value obtained for the scientific tools ranged from 0.67 to 0.93. For CT2, the
KMO was greater than 0.7. Values greater than 0.6 are often acceptable although values between 0.7 and 0.79 are often described as
middling and 0.6-0.69 as mediocre [76,79].

4.1.8. Ecological validity

It is important that the tool has real-world application and reflect real world contextual factors, dynamics, and conditions. Most
commercial tools (Table 1) had real world application in multiple countries, and companies, differing in operational characteristics
such as size, sector, and riskiness, and in participants from distinct roles and positions within the organisation. A study by Spagnoli,
Jacxsens, and Vlerick [40] suggested that an approach that utilises on-site evidence collection, and considers repeated food safety
culture assessments in different locations within the factory, and different shifts demonstrates ecological validity. Although this is
important in obtaining naturalistic data, the context should be considered as it affects the generalisability of a tool [80]. The context
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encompasses characteristics of a company’s environment e.g., food safety governance, national values, internal company character-
istics such as vulnerability and characteristics of the products, process, chain environment as described by Kirezieva et al. [33].

4.2. Reliability

Reliability refers to the accuracy and consistency of test scores [81,82]. Evaluating the reliability of an assessment tool helps to
check for errors present in content sampling and measurement scales. Commonly used criteria include checks for internal consistency,
social desirability bias, and other reliability tests such as inter-rater reliability.

4.2.1. Internal consistency

When evaluating the reliability or consistency of questions within an assessment tool, the Cronbach’s alpha provides a measure of
whether the questionnaire items consistently assess the same underlying construct [21,76]. Only one commercial tool (CT2) and two
scientific tools (ST1 and ST2) assessed internal consistency using Cronbach’s alpha. The Cronbach’s alpha was found to be between 0.5
and 0.83, 0.668-0.922, and 0.97 for CT2, ST1 and ST2, respectively. A high level of the Cronbach’s alpha value shows a high internal
consistency, which demonstrates the questionnaire items are highly correlated and measure the same construct consistently. A value of
more than 0.7 is acceptable [76]. Jenkinson, Wright, and Coulter [68] suggested that values > 0.5 are acceptable. However, low scores
suggest that the items may not be measuring the construct reliably.

4.2.2. Social desirability bias

To ensure reliability, social desirability should be assessed as food safety culture tools often involve self-reported measures. Due to
various issues e.g., collecting personal data, data on questions relating to widely accepted attitudes or behavioural/social norms, recall
of incidents, a social desirability scale can be added to the questionnaire allowing the researcher to assess the extent to which social
desirability bias influences the survey responses [35]. Hinsz, Nickell, and Park [83] highlighted the issues with self-reporting as
employees are likely to reflect their behaviours positively i.e., in a socially desirable manner and underreport undesirable behaviour
and supported the idea of embedding a socially desirable measure in the assessment tools. In our study only CT2, included a social
desirability scale. Other studies [54,63] have also considered the importance of including a social desirability scale and approaches to
mitigate social desirability bias including confidential surveys, participant observations, balancing positive and negative statements
and validating self-reported data using other qualitative methods (method-triangulation) have been proposed.

4.2.3. Other reliability assessments

In addition to internal consistency and social desirability bias, other reliability assessments can be used to demonstrate the extent to
which the tool produces consistent and dependable results when administered under different conditions. Examples include test-retest,
inter-rater and split half reliability which measure the stability of the tool over time, consistency of ratings between raters and the
extent to which two halves of the tool yield consistent results, respectively. For CT2, inter-rater reliability was assessed through
pairwise agreement, and checks were done for discrimination between food safety culture dimensions through cluster analysis. A 90.4
% pairwise agreement and Pearson correlation values at or equal to 0.5, or less than 0.5 for similar and different items, were obtained
for the pairwise agreement and cluster analysis, respectively. Jespersen and Wallace [84] discussed the importance of pairwise
agreement and suggested a level of 90 % to be appropriate in food safety culture assessments. For CT3 an assessment team with
complimentary skills and expertise assessed the tool. This is consistent across food safety culture tools development approaches where
the process is often iterative [6,38,40]. However, no statistical analysis was done to assess consistency between the raters. Similarly,
two professionals reviewed the findings in ST1, but the reliability score was not given. A within-methods triangulation was done for
ST3. Cooper [85] indicated that a within-method validation can be used in checking for internal consistency and reliability.

5. Conclusion

The study confirmed our hypotheses and established that having an established science-based approach provides a way to
determine the trustworthiness of established assessment tools against science-based and accepted methods. Moreover, demonstrating
rigor of the tool development process is important as this ensures transparency, credibility, and usefulness of research and practical
findings to avoid misleading those who use the outcomes. This is because results and inferences made from assessments based on these
tools are impacted by the validity and reliability of the tool. Our findings show that validation of each of the eight assessment tools
focuses on specific aspects as some areas were not validated. Moreover, there is a misconception that if a tool is applied in actual
practice, and validated by experts, then it has been validated. However, for a tool to be considered validated, it should undergo a
rigorous process, which considers the criteria that have been proposed. An established science-based approach therefore provides a
useful analysis or check for assessment tools thus ably guiding regulators, the food industry and academia in their approach to
evaluating food safety culture assessment tools and could provide a starting point to which a reflection of tools can be done. Strengths
and weaknesses can therefore be identified, which can enable improvements of the tools to enhance the accuracy of the assessments or
for an organisation to determine if the tool is the right fit. To enable an organisation to determine if the tool is the right fit, it is
important that information pertaining to these validation checks is made available. Moreover, credible data can be valuable in
identifying improvement areas and implementing targeted interventions.

It is also important to understand that validity of a tool can be influenced by other factors including context, the characteristics of
the organisation where the tool is applied, the tool used, and the respondents. The constructs, validation checks, statistical analysis and
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interpretation thereof require careful consideration and expertise. Having these insights is crucial when developing the tool and in
interpreting findings.

A limitation of this study was the restricted information on commercial tools as this was not publicly available and attempts to
obtain the information from the tool developers were futile. Transparency and information sharing could allow more tools to be
evaluated enabling clear recommendations and better use of assessment results. It is also important to acknowledge that lack of
detailed descriptions on how assessment tools were validated may result in methodological inaccuracies. Moreover, flaws in the
assessment tool design, food safety culture evaluation and analysis of findings could impact not only the validity and reliability of the
tool but also mislead those who are investing in improving their culture of food safety. Particularly, acknowledging the cultural biases
and challenges posed by translation of the tools and how this affects the applicability of the tool across different contexts is important.
Tool developers should therefore avoid direct translation of the tools, but apply standardized guidelines for translation and adaptation
e.g., Johns Hopkins recommendations [61], followed by a psychometric validation method to ensure a valid and reliable assessment
tool for the specific country’s context.

The importance of reliable and valid food safety culture assessment tools is increasingly being recognised as food businesses
acknowledge the strategic importance of food safety culture to their businesses and the cost of poor quality and inadequate food safety
[41,86]. The need for validated assessment tools has never been more important as data from these assessment tools guides judge-
ments, decision-making and interventions. Further research should evaluate the role of data in maturing culture and further explore
the economic implications.

Further research will also explore ecological validity to gain insights from practitioners’ perspectives to enhance practical rele-
vance. Additionally, future research should explore active approaches and digitally enabled teaching and learning approaches to
educate future food safety professionals [87,88]. This is important as such strategies could be beneficial in producing well-rounded
practitioners who would not only be proactive, but also be able to address challenges with food safety culture assessments, chal-
lenge assumptions, and establish the field as has been done in other culture domains.
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