Influence of educational actions on transitioning of food safety culture in a food
service context: Part 2 - Effectiveness of educational actions in a longitudinal
study
Food Control
Mariano Zanin, Lais; Stedefeldt, Elke; Silva, Sueli Maria; Cunha, Diogo Thimoteo; Luning, P.A.
https://doi.org/10.1016/j.foodcont.2020.107542
This article is made publicly available in the institutional repository of Wageningen University and Research, under the
terms of article 25fa of the Dutch Copyright Act, also known as the Amendment Taverne. This has been done with explicit
consent by the author.
Article 25fa states that the author of a short scientific work funded either wholly or partially by Dutch public funds is
entitled to make that work publicly available for no consideration following a reasonable period of time after the work was
first published, provided that clear reference is made to the source of the first publication of the work.
This publication is distributed under The Association of Universities in the Netherlands (VSNU) 'Article 25fa
implementation' project. In this project research outputs of researchers employed by Dutch Universities that comply with the
legal requirements of Article 25fa of the Dutch Copyright Act are distributed online and free of cost or other barriers in
institutional repositories. Research outputs are distributed six months after their first online publication in the original
published version and with proper attribution to the source of the original publication.
You are permitted to download and use the publication for personal purposes. All rights remain with the author(s) and / or
copyright owner(s) of this work. Any use of the publication or parts of it other than authorised under article 25fa of the
Dutch Copyright act is prohibited. Wageningen University & Research and the author(s) of this publication shall not be
held responsible or liable for any damages resulting from your (re)use of this publication.
For questions regarding the public availability of this article please contact openscience.library@wur.nl

Food Control 120 (2021) 107542

Contents lists available at ScienceDirect

Food Control
journal homepage: www.elsevier.com/locate/foodcont

Influence of educational actions on transitioning of food safety culture in a
food service context: Part 2 - Effectiveness of educational actions in a
longitudinal study
Laís Mariano Zanin a, Elke Stedefeldt b, *, Sueli Maria da Silva c, Diogo Thimoteo da Cunha d,
Pieternel A. Luning e
a

Postgraduate Program in Nutrition, Federal University of São Paulo, São Paulo, Brazil, 862, Botucatu St, Vila Clementino, São Paulo, SP, 04039-032, Brazil
Department of Preventive Medicine, Federal University of São Paulo, São Paulo, Brazil, 740, Botucatu St, Fourth Floor, Vila Clementino, São Paulo, SP, 04024-002,
Brazil
c
Higher Education Development Centre in Health, Federal University of São Paulo, São Paulo, Brazil, 859, Pedro de Toledo St, Vila Clementino, São Paulo, SP, 04039032, Brazil
d
Multidisciplinary Laboratory of Food and Health, School of Applied Sciences, State University of Campinas, 1300 Pedro Zaccaria St, Jd Santa Luzia, Limeira, SP,
13484-350, Brazil
e
Food Quality and Design, Department of Agrotechnology and Food Sciences, Wageningen University, P.O. Box 17, AA Wageningen, 6700, the Netherlands
b

A R T I C L E I N F O

A B S T R A C T

Keywords:
Food safety training
Food safety behaviour
Army food service
Action research
Triangulation
Brazil

Recently, the food safety culture (FS-culture) gained attention as a critical factor for reducing foodborne diseases.
This study investigated the effectiveness of educational actions in the transition of FS-culture in a longitudinal
study using action research in an army food service, which was selected as a case. We hypothesised that the FSculture assessment might be a good starting point to develop educational actions. First, we identified the
educational needs of food handlers and managers based on a FS-culture assessment, followed by the imple
mentation of educational actions using three formats (tutored, planned, and with the managers). A previously
developed mixed-method approach was used for the collection of qualitative and quantitative data, data trian
gulation, and an interpretation grid that was used for categorisation into reactive, active, or proactive FS-culture.
The triangulated data showed that the prevailing FS-culture changed from reactive to more proactive during the
longitudinal study. The educational actions changed attitudes, practices, personal relationships, and the work
environment. The educational actions were effective in influencing the prevailing FS-culture and confirmed the
research hypothesis. Furthermore, the mixed-method approach with the interpretation grid was useful in
assessing the transition in the prevailing FS-culture. Further research may test the usefulness of other types of
food services in other countries. We also recommend converting the scientific methods for FS-culture assessment
into methods suitable for the use by food safety managers in food services.

1. Introduction
The recent food safety literature has shown that researchers remain
concerned about risks in food service establishments, where the inter
play between food handlers, managers, and chefs in food handling and
safety is predominant (Da Cunha, De Rosso, & Stedefeldt, 2018; De
Boeck, Jacxsens, Vanoverberghe, & Vlerick, 2019; Flynn et al., 2019).
The occurrence of foodborne outbreaks, particularly in this sector, is still
affecting consumer health. For example, restaurants and catering hold

responsible for 75% of the number of outbreaks in the United States of
America in 2016 (Centers for Disease Control, 2016) and 46% in the
European Union in 2017 (European Food Safety Authority, 2018).
Therefore, there is still a need to implement effective measures to reduce
the risk of foodborne diseases in food service establishments.
Many researchers proposed training as the primary measure to
reduce the risk of foodborne diseases (McFarland, Checinska Sielaff,
Rasco, & Smith, 2019; Yu, Sirsat, & Neal, 2019). The type, style, and
techniques of training play an important role in the development of
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appropriate behaviours (Medeiros, Cavalli, Salay, & Proença, 2011;
Young, Waddell, Wilhelm, & Greig, 2020; Yu, Neal, Dawson, & Madera,
2018; Zanin, Da Cunha, De Rosso, Capriles, & Stedefeldt, 2017). How
ever, several studies showed that training alone is not always an
adequate precursor of behaviours or practices (Da Cunha, Stedefeldt, &
De Rosso, 2014; Ehiri, Morris, & McEwen, 1997; Young, Greig, Wilhelm,
& Waddell, 2019; Yu et al., 2018; Zanin, Da Cunha, Stedefeldt, & Cap
riles, 2015). Lin and Paez (2020) also acknowledged that training is one
of the biggest challenges in food safety. This situation underpins the
need for new concepts and points of view for training.
In 2014, Griffith (2014, p.39) introduced a broader concept of food
safety training. This author defined ‘education’ as a planned process to
change knowledge, attitudes, and especially skill behaviours (i.e. the
ability to do something) through a learning experience. His education
concept includes a comprehensive work and social framework and en
compasses other activities than just handling food. Moreover, Stedefeldt
et al. (2015) stressed that the educational approach must contemplate,
besides formal training, social relationships, perceptions, feelings, and
experiences that shape the behaviour. Such an educational approach
encompasses actions aimed at developing professional skills through
continuously involving previous knowledge and experiences and
exchanging experience between the people involved (Stedefeldt et al.,
2015). Educational actions may support the identification of the food
handlers’ needs at the workplace and include the establishment of
workable goals with the involvement of the supervisor/manager (Da
Cunha, Stedefeldt, & De Rosso, 2014). Researchers suggested that they
may enhance participants’ motivations and improve the efficacy of the
behavioural change (Arendt, Strohbehn, & Jun 2015; Da Cunha, Ste
defedlt, & De Rosso, 2014). Nevertheless, research into the effectiveness
of educational actions in a food service context is yet scarce.
Besides a proper training approach, it is crucial to find the training
needs before designing the educational actions. A common method to
discover these needs is the knowledge, attitude, and practices through a
self-reported questionnaire for food handlers in combination with ob
servations of actual practices (Zanin et al., 2017). However, in the
context of educational actions, the needs are not only related to pro
fessional knowledge but also to personal skills and relationships.
Therefore, some researchers recommended methods that can also assess
cognitive and soft skills as these aspects also influence people’s behav
iour (Da Cunha, Braga, Passos, Stedefeldt, & De Rosso, 2015; Yu et al.,
2019). Another critical factor influencing the people behaviour is the
organisations’ food safety culture (FS-culture), which is much broader
than the knowledge as it addresses the social context and experiences
that shape the behaviour (Griffith, Livesey, & Clayton, 2010a; Nyar
ugwe, Linnemann, Hofstede, Fogliano, & Luning, 2016). Griffith, Live
sey, and Clayton (2010b, p. 435) described the FS-culture as the
aggregation of the prevailing, relatively constant, learned, shared atti
tudes, values, and beliefs contributing to the hygiene behaviours used
within a particular food-handling environment. Da Cunha, Stedefeldt,
and De Rosso (2014) hypothesised that the prevailing FS-culture may
affect the effectiveness of educational actions since the FS-culture is
determined by food handlers’ norms, beliefs, and perceptions (Clayton
& Griffith, 2008). The assessment of the prevailing FS-culture may
therefore, be a good starting point for defining the gaps as the basis for
the development and implementation of educational actions.
However, the culture is not static but evolves (Griffith, Jackson, &
Lues, 2017), which requires the investigation of the impact of educa
tional actions over time (Fujisaki, Shimpo, & Akamatsu, 2019). To the
best of our knowledge, no previous contribution performed a longitu
dinal study on the effects of educational actions on food handlers’
behaviour and FS-culture in a food service context.
In part 1, Zanin, Luning, Da Cunha, and Stedefeldt (2021) described
the mixed-method approach to collect, triangulate, and interpret data
for assessing the prevailing FS-culture over time. This study (part 2)
aimed to evaluate the effectiveness of educational actions in the tran
sition of the FS-culture in a food service establishment in a longitudinal

case study. The case studied is an army food service in Brazil and was
selected because it suffers from persistent food safety challenges, as the
correct time and temperature, the implementation of a sanitation plan
and good handling practices in general. At the same time, the food
service needs to continue serving food to people who need to stay in an
excellent health condition.
2. Materials and methods
2.1. Research approach and design
The longitudinal study followed the principles of the participatory
action research (Mertens, 2010) as this kind of action research can
enhance the competencies of the researchers using feedback data in a
cyclical process to increase the understanding of a given social situation
(Hult & Lennung, 1980, p. 247). Stakeholders from the Defense Ministry
of Brazil as well as managers and food handlers of an army food service,
collaborated in the study. The baseline assessment of the prevailing
FS-culture, as previously described (Zanin et al., 2021, part 1), found the
educational needs implemented during the longitudinal study. Moni
toring the transition in the prevailing FS-culture occurred through
assessment of FS-culture elements using the mixed-method approach, as
previously described (Zanin et al., 2021, part 1).
Fig. 1 shows the longitudinal study design consisting of five periods.
In the first four months, the prevailing FS-culture was assessed through
participant observations, questionnaires, checklists, and microbiological
analysis (Zanin et al., 2021, part 1). The baseline FS-culture assessment
(t = 0) identified the educational needs and served as the basis for the
development of educational actions. In the following nine months, the
first author implemented the initial educational actions in the work
place. Afterwards, a re-assessment of the prevailing FS-culture was
conducted during one month (t = 1) to evaluate the educational actions.
In the following six months, the managers received recommendations by
the researcher to follow the same educational action scheme, i.e. the
so-called refreshment educational actions. The last period encompassed
the assessment of the prevailing FS-culture (t = 2) and aimed at evalu
ating the sustainability of the educational actions (Fig. 1).
The first author performed, besides the first educational actions, all
the three assessments of the prevailing FS-culture in the longitudinal
research (t = 0, t = 1, and t = 2).
2.2. Case study characterisation
The food service establishment in an army headquarter of Brazil
serves a large group of people (750 per day) throughout the whole week,
which is a substantial number of individuals exposed to potential risks
particularly in the case of a group that must remain in good health for
adequate work performance. The food services in the Brazilian army
have a characteristic workforce composition as all the food handlers are
recruits and soldiers; most of them usually have neither experience nor
education in food handling and hygiene. The food service establishment
managers are part of the army force. Managers hold a higher military
rank (such as sergeant or lieutenant) than that of the food handlers
(soldiers) and usually have a permanent position. Managers have more
experience in food service and administration practices but they do not
necessarily have an educational background in food handling and hy
giene. Moreover, there is a high turnover in food handlers; half of the
individuals in the group changes each year.
The study assessed 59 food handlers and five managers, however, the
number of food handlers varied at different times due to turnover. At t =
0, 39 food handlers and three managers answered the questionnaires
and participated in the initial educational actions. At t = 1, the re
searchers assessed 29 food handlers (19 of which were the same as in t =
0). In the refreshment of the educational action and at t = 2, 26 food
handlers (nine of which were the same as in t = 0 and t = 1) were
assessed. The same three managers participated in t = 0 and t = 1,
2
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Fig. 1. Research design of the longitudinal study.
Notes: The biggest arrow shows the information about the FS-culture assessment and educational actions times in the longitudinal study.
The arrow boxes on the top indicate the moment that FS-culture was assessed.
The dotted box presents details about educational actions in the longitudinal study.

however, two of them changed between t = 1 and t = 2. The turnover
was a limitation of this longitudinal study in food service.
More in detail, the food handlers were mostly men, and there was
only one female manager. The managers presented different educational
levels ranging from primary school to bachelor’s degree, and most of the
food handlers attended high school. In the baseline assessment (t = 0),
58% of the food handlers took part in food safety training or educational
actions, which increased with the longitudinal study because of the in
terventions. In the last assessment, most food handlers took part (92%)
in the educational actions. Table 1 provides details of the characteristics
of the participants.

FS-culture elements. The leadership, communication, commitment,
work pressure and normative beliefs, work environment and manage
ment systems, styles and process was assessed on a five-points Likert
scale (Abidin, 2013). The knowledge was assessed by calculating the
percentage of right answers (Da Cunha, Stedefeldt, & De Rosso, 2014).
Finally, the risk perception was judged on a scale ranging from
extremely low risk (− 3) to extremely high risk (+3) based on Raats,
Sparks, Geekie, and Shepherd (1999). The checklist defined by Saccol,
Hecktheuer, Richards, and Stangarlin (2006) was used to determine the
percentage of compliance with work environment requirements.
Another checklist assessed the food safety practices and the degree of
risk of foodborne disease, as previously described by Da Cunha, Stede
feldt, and De Rosso (2014). The checklist consisted of thematic points,
and the scoring system consisted of a five-risk levels (0.0, very low-risk;
0.1–13.2, low-risk; 13.3–502.6, average risk; 502.7–1152.2, high-risk;
1152.3–2565.95, very high-risk). In this system, a higher score repre
sents a higher sanitary risk, and consequently, a higher risk of foodborne
diseases. The microbiological analysis provided insights into the actual
food safety risks. Participant observations using field notes were the
input for the qualitative dataset. For details about the mixed-method
approach, we refer the reader to Zanin et al. (2021, part 1).

2.3. Assessment of FS-culture elements
The prevailing FS-culture assessed eight elements including leader
ship, communication, knowledge, commitment, risk perception, work
pressure and normative beliefs, work environment, and management
systems, style, and process, as previously described (Zanin et al., 2021,
part 1). The mixed-method approach consisted of a quantitative and a
qualitative part. The quantitative data collection involved question
naires for managers (32 items) and food handlers (52 items) to assess the
Table 1
Characteristics of food handlers and managers.
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2.3.1. Data analysis
The mean value from the food handler’s questionnaire (quantitative
data) over time was assessed through analysis of variance with a fixed
factor. The FS-culture elements (knowledge, commitment, risk percep
tion, and work environment) which presented a p-value < 0.05 were
subjected to the Bonferroni’s multiple comparison test. The analysis of
the quantitative data was performed using R software (2011) and
Microsoft Office Excel 365 ProPlus.
The optimistic bias was calculated using a paired Student’s t-test and
was considered optimistic when the mean value of the risk perception
was negative and had a p-value < 0.05 (Da Cunha, Stedefeldt, & De
Rosso, 2014).
The analysis of the qualitative data followed the thematic content
analysis, according to Bardin (2016) with the MAXQDA software to
support the data processing and visualisation (see Zanin et al., 2021,
part 1, for details).

managers were encouraged to develop confidence building through
communication with the food handlers during the implementation of the
educational action.
Table 2 shows the framework of the educational actions, including
the needs inferred from the FS-culture baseline assessment results (t = 0)
and contains details of each action. The actions were divided into
tutored, planned, and educational actions with the managers; the last
one was not conducted in the refreshment of educational actions. The
development of the content of the educational actions was based on
recommendations to achieve behavioural change, as previously
described (Stedefeldt et al., 2015).
The tutored educational actions occurred in the course of the food
service routines when the researcher noticed high-risk situations during
the participant observations. When it occurred, the researcher corrected
the routine into an adequate procedure in compliance with food safety
requirements and hygiene regulations. The corrections were made using
educational techniques based on the application of knowledge in the
moment of the action (Stedefeldt et al., 2015). In some cases, the
researcher demonstrated the adequate practice to the food handlers to
learn together and in other cases, the food handlers performed adequate
practices alone, after the feedback from the researcher.
The planned educational actions encompassed the themes: 1) food
safety concepts through brainstorming; 2) implementation of environ
mental sanitation plans through practical activities; 3) understanding
foodborne risk situations through local risk images; 4) learning the
temperature monitoring through practical activities. Each planned ac
tion consisted of a plan with learning goals; program content, educa
tional action methods, resources, and evaluation (see Supplementary
materials A for details).
The educational action with the managers focused on knowledge
about food safety through a messaging app, following the suggestion of
Stedefeldt et al. (2015) about the use of interactive media. The actions
included messages on a smartphone with necessary food safety

2.4. Educational actions
The current study included two periods of educational actions. The
initial educational actions, provided by the first author, were developed
and implemented according to four phases: 1) identify and define the
needs; 2) define workable objectives; 3) plan and implement a program/
action; 4) evaluate the process (based on Armstrong, 2014, p. 309;
Luning & Marcelis, 2020, p. 308). The actions developed based on the
results of the baseline assessment of the prevailing FS-culture (phase
one) were behavioural based. The objectives defined in phase 2 derived
from the identified main nonconformities (i.e. those with a higher risk of
foodborne diseases). The actions implemented in the workplace (phase
three) aimed at translating the theoretical knowledge into work prac
tices (Da Cunha et al., 2013; Rennie, 1994).
The refreshment actions followed a similar structure supported by
the first author but executed by the food service managers. The
Table 2
Educational actions framework.
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information (such as microbial hazards, cross-contamination routes,
hand washing practices, and foodborne diseases) in different formats:
videos from the Brazilian government training program for food han
dlers (Health Ministry of Brazil, 2014), news on foodborne outbreaks,
and legislation. After messages, the researcher and manager discussed
what could be improved in the food service.

Table 3
Scores of the FS-culture elements at the three times of assessment
Elements

t=0

t=1

t=2

Food handlers (n = 59)
Communication*
Knowledge**

2.4.1. Evaluation of educational actions
The evaluation of educational actions (phase four) aimed to analyse
the effectiveness of the actions and their impact on the prevailing FSculture. This evaluation consisted of a self-reported questionnaire and
interviews.
The self-reported questionnaire included three open questions to
evaluate the changes in food handler behaviour, the workplace after the
educational actions, and what changes were still necessary (see Sup
plementary material B for details). All food handlers (29) and managers
(3) from t = 1 completed the questionnaire.
The second evaluation of educational actions, through interviews
with food handlers (2) and managers (3), provided insight into the
communication processes. The interview took place at a comfortable
place with the researcher and the participant and consisted of seven
questions related to the FS-culture elements (details are in Supplemen
tary materials C). All participants agreed with the interview record, and
the recordings were deleted after the transcription following the ethical
approval.

Commitment*
Affective
Normative
Continuance
Food safety
Risk perception***
Other food handler in
another food service
From own work
Other food handler in the
same food service
Lethality
Work pressure* and normative
beliefs*
Work environment*
Leadership*
Management styles*

pvalue

n = 39

n = 29

n = 26

4.0 (0.6)
5.8
(1.9)a

4.1 (0.7)
7.2
(1.5)b

4.2 (0.7)
6.6 (1.7)a,

0.501
0.007

3.6
(0.8)a
2.9 (1.1)
2.8 (1.2)
4.7 (0.3)

3.9
(0.8)a, b
3.2 (1.1)
3.1 (1.3)
4.7 (0.5)

4.1 (0.8)b

0.023

3.2 (1.1)
3.2 (1.2)
4.8 (0.3)

0.484
0.457
0.783

− 1.6
(1.2)
− 2.3
(1.0)
− 2.0
(1.0)a
1.1 (2.0)
4.4 (0.4)

− 1.4
(1.4)
− 1.9
(1.2)
− 1.3
(1.0)b
1.3 (2.0)
4.4 (0.5)

− 1.5
(1.4)
− 2.0
(1.4)
− 1.6
(1.4)a, b
1.3 (1.5)
4.4 (0.5)

0.843

3.2
(1.2)a
4.0 (0.9)
3.8 (0.5)

2.8
(0.8)a
4.1 (0.7)
3.7 (0.6)

3.9 (0.9)b

0.001

4.4 (0.6)
3.8 (0.7)

0.121
0.554

b

0.365
0.037
0.925
0.802

Managers (n = 5)

2.4.2. Data analysis of educational actions
The analysis of qualitative data collected from the educational ac
tions followed the thematic content analysis according to Bardin (2016)
and detailed in Zanin et al. (2021, part 1). Categories were inferred using
MAXQDA software support.

Knowledge**
Commitment*
Affective
Normative
Continuance
Risk perception***
Another food service

2.5. Evaluation of triangulated scores to assess the FS-culture transition
Data of the FS-culture assessments were triangulated using the
scoring system as described in Zanin et al. (2021, part 1) to monitor the
transition of the prevailing FS-culture in the longitudinal study (i.e. t =
0, t = 1 and, t = 2 in Fig. 1).

Own food service
Lethality
Management styles *

n=3

n=3

n=3

y

5.0 (0.0)

8.0 (1.0)

7.7 (1.1)

–

3.8 (0.5)
2.9 (1.0)
2.9 (0.9)

3.8 (0.5)
3.8 (1.4)
4.0 (1.0)

4.7 (0.4)
3.9 (0.9)
3.6 (0.5)

–
–
–

− 2.3
(1.1)
− 1.3
(1.5)
1.3 (2.9)
4.3 (0.2)

− 1.0
(2.6)
− 1.0
(2.5)
2.3 (1.1)
4.7 (0.5)

− 1.6
(1.5)
− 2.0
(1.0)
0.0 (2.6)
4.8 (0.3)

–
–
–
–

Notes: t = 0: baseline; t = 1: evaluation of educational actions; t = 2: sustain
ability of educational actions. Values presented as mean (standard deviation).
* Elements assessed by five-points Likert scale – higher scores shows a tendency
of food handlers and manager to agree with statements (Abidin, 2013).
** Element assessed by score 1 to 10 – scores ≥ 7.0 show sufficient knowledge in
food safety (Da Cunha, Stedefeldt, & De Rosso, 2014).
*** Element assessed by scale -3 to +3 – higher scores show high-risk perception
(De Andrade, Rodrigues, Antongiovanni, & Da Cunha, 2019; Raats et al., 1999).
P-value from the analysis of variance. Different letters show significative dif
ferences (p < 0.05) by multiple comparisons of Bonferroni. Bold text shows
p-value < 0.05.
† Statistic is not available due to the sample size.

2.6. Ethical approval
The Ethics Committee on Research of the Federal University of São
Paulo approved the study (No. 2.040.338). All the participants agreed to
participate and signed an informed consent.
3. Results
3.1. Changes in the scores of the FS-culture elements
Table 3 shows the changes in the scores of the FS-culture elements
during the study as assessed through questionnaires for food handlers
and managers. Four elements (knowledge, commitment, risk perception,
and work environment) showed significant changes. The scores of the
food handler’s knowledge increased (p = 0.007) from the baseline
assessment at t = 0 (5.8, SD = 1.9) to the evaluation of educational
actions at t = 1 (7.2, 1.5). However, it did not present a significative
difference after the assessment of the sustainability of educational ac
tions at t = 2 (6.6, 1.7). Likewise, the score for risk perception regarding
food prepared by ‘other food handlers in the same food service’
increased (p = 0.037) from − 2.0 (1.0) to − 1.3 (1.0) at t = 0 to t = 1, but
it did not show a significant difference with t = 2. The food handlers
showed an optimistic bias regarding ‘foods they made themselves’
compared to ‘foods prepared by other food handlers in another similar
food service’ at time 0 and 2 (p-values = 0.001 and 0.022, respectively).
They were also optimistic regarding the ‘food they made themselves’
compared with foods prepared by ‘another food handler in the same

food service’ after the educational actions at t = 1 and t = 2 (p-values =
0.009 and 0.03, respectively; see Supplementary materials D for further
detailed results). The score for the affective commitment increased (p =
0.023) between t = 0 (3.6, 0.8) and t = 2 (4.1, 0.7). Similarly, the score
for enabling work environment increased (p = 0.001) from the evalua
tion of educational actions (t = 1; 2.8, 0.8) to the sustainability of
educational actions (t = 2; 3.9, 0.9) (Table 3). Managers’ scores for
knowledge and continuance and normative commitment increased, but
due to the small sample size, we could not test the differences in sig
nificance (Table 3).
Table 4 depicts the degree of compliance (expressed as %) with fa
cility requirements and the degree of sanitary risk of foodborne diseases.
It shows an increase from 38.2% to 80.4% of compliance and a decrease
from ‘very high-risk’ (1195.03) to ‘average risk’ (380.27) of foodborne
diseases. The percentual of compliance increased between t = 0 to t = 2
5
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prevailing FS-culture from reactive to more proactive. Fig. 2 also shows
category themes as an independent outcome of educational actions
(categories in t = 0 and concerning military rules in t = 1), as a primary
outcome (which were closely related to actions performed), and as a
secondary outcome (which were dependent on administrative issues).
Three of the four categories that emerged from the baseline assess
ment reflected poor safety practices, which are associated with a more
reactive FS-culture. For example, the category ‘sanitation circumstances
and practices’ covers procedures, products, and frequency of hygiene
that did not comply with rules and law requirements. The category
‘behaviours toward food safety’ refers to inadequate behaviours for food
safety and negative aspects of the military hierarchy, which influenced
the manager’s behaviours. Interestingly, the category ‘collective
improvement actions’ showed that there was motivation to change be
haviours, which is more typical for an active FS-culture (Fig. 2).
The evaluation of educational actions (t = 1) elicited two categories
reflecting more reactive FS-culture situations and two situations typical
for an active FS-culture (Fig. 2). The category ‘high-risk situations and
management system’ encompassed unsuitable work environment, crosscontamination, improper monitoring of time and temperature, and
inefficient management systems, which typically reflects a reactive FSculture situation. The category ‘beyond the educational actions’
showed some aspects characteristic for an active FS-culture such as the
implementation of a hygiene plan, improvements in facilities and
equipment, innovative ideas to improve the management system, and
the commitment of managers to perform it.
The categories that emerged from the evaluation of the sustainability
of educational actions (t = 2) revealed aspects indicative of a more
proactive FS-culture such as improved administrative actions, work
environment and routines, and behaviours. For example, the category
‘positive changes in the work environment’ reflects the restructuration
of the place, the new facilities, and the organisation in the kitchen. Some
of these changes were dependent on administrative issues but changed

Table 4
Degree of risk and facilities compliance (i.e. work environment) at three times of
assessment.
Degree of risk
Classification
Facilities
compliance
Classification

t=0
1195.03
Very high-risk
38.2%
Poor conditions to
perform safe
practices

t=1
922.75
High risk
61.6%
Sufficient conditions
(need improvements)

t=2
380.27
Average risk
80.4%
Adequate
conditions to
perform safe
practices

Notes: t = 0: baseline; t = 1: evaluation of educational actions; t = 2: sustain
ability of educational actions.
The degree of risk ranged from 0 (very low-risk) to 2565.95 (very high-risk) (Da
Cunha, De Oliveira, et al., 2014).
The facilities compliance follows the classification: <50%: poor, 51–75%: suf
ficient (need improvements), and >76%: adequate to perform safe practices
(Saccol et al., 2006).

because of the adjustments in the facilities and the degree of risk
changed due to improvements in practices, such as defrosting of foods,
environment sanitation, hygiene of the food, and time and temperature
control. These findings are consistent with the tendency of food handlers
to agree that the work environment was enabling good practices (i.e.
higher scores in the work environment in t = 2) as shown in Table 3.
3.2. Improvement in routine activities over time
Fig. 2 shows the categories that emerged from the participant ob
servations during routine activities in the workplace during the longi
tudinal study. Data from the baseline assessment (t = 0), the evaluation
of education actions (t = 1), and the evaluation of the sustainability of
educational actions (t = 2), which resulted in respectively 4, 4, and 3
category themes, elicited improvements suggesting a transition in the

Fig. 2. Categories from the participant observation at three times of assessment.
Source: Adapted from Arendt et al. (2014).
Notes: t = 0: baseline; t = 1: evaluation of educational actions; t = 2: sustainability of educational actions.
FS = food safety.
Differences in line of the boxes show the type of outcome concerning educational actions.
The arrows that link boxes show how the categories in t = 0 impact the categories in t = 1 and consequently in t = 2. The red lines indicate typical results for a
reactive FS-culture, yellow lines indicate typical results for an active FS-culture, and green lines indicate typical results for a proactive FS-culture (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article).
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because of the managers’ behaviours. These changes are secondary
outcomes of the educational actions (see Fig. 2). The second category
‘FS-culture transition in confidence-building’ showed a great represen
tation of changes in the mandatory food safety behaviours in the daily
routine as well as changes in the human relations in the group (Fig. 2).
The human relations were more based on confidence building, so that
food handlers did not feel afraid to communicate about food safety and
hygiene issues. The last category ‘shared management and decision-

making’ suggested changes in the way of working in the workplace
because managers and food handlers were involved in the management
process during the implementation of improvements. Also, managers
analysed the priorities to make improvements based on the food han
dlers’ routine and communication, which demonstrated a more proac
tive situation.

Table 5
Triangulated data at three times of assessments.
FS-culture elements

Leadership

Communication

Knowledge

Commitment

Characteristics of elements

- Tutored
- With the
manager

Managers influencing food handlers in safe
practices and not providing vision,
assistance, or guidance.
Praising and recognition.
Visible and credible leadership commitment
to FS and accountability.
Company’s policies, systems, and processes
incentivising FS decisions at every level of
the organisation.
Necessary information and instructions.
Freedom and motivation of communication
between managers and food handlers
aiming at improving safe practices.
Visible demonstrations through
communication that food safety is
important.
Communications related to food safety.
Level of knowledge for most food safety
issues.
Explaining the reason for each food safety
requirements.
Alignment of values and beliefs between
employees and organisation for safe food
handling practices.
Commitment to food safety: consideration
of adequate practices as a priority and
feeling of responsibility to follow
established standards.
Manager commitment.
Risk perception of situations of high-risk.
Recognition of the term “risk” and “hazard”
and their meanings.
Perception of lethality risk of foodborne
diseases.
Optimistic/pessimistic bias about coworkers and/or places like theirs.
Workload, time to perform activities, and
amount of food handler affecting the
practice of FS.
Pressure from bosses, colleagues, health
authorities, or consumers.
Adequate environment and enough
resources (infrastructure, utensils,
equipment, hygiene products) to perform
safe practices.
Environment adequacy assessment.
Environment adequacy performance.
Efforts to improve infrastructure adequacy.
Involvement of managers in motivation and
team building to implement safe practices
and quality tools.
Documented procedures and record forms
to support food safety.
Prerequisite programs, HACCP, or some
system based on good hygiene practices.
Management process.

- Tutored

- Planned action
- With the
manager
b

Risk perception

Work pressure and
normative beliefs

Work environment

Management
systems, styles, and
process

Total

Educational
actions
implemented

-

- Planned action

- Tutored

- Planned action
- Tutored

- Planned action
- Tutored

Triangulation – t = 0

Triangulation – t = 1

Triangulation – t = 2

Characteristic
score

Score
a

Characteristic
score

Score
a

Characteristic
score

Score

1+2

1

1+2

2

3+3

3

1
1

2
2

3
3

1

2

3

2
1+2

1–2

3+3
2

1
2
1+2

3
3
2+3

1–2

1
2+3

2–3

3+3

2
2+3
3

3
2+2

3

3+3

3

3
2+3
3
2

1

3

1

2

2+3

1+3
1+2

1
1
2
1+2

2–3

2+3
1–2

1+2

1

2
2
3
1+2

3+3

3

1–2

3
3
3
3+3

2–3

1

2

2

1+1

3

2+3

3

c

2

2

2

1–2

3

3+3

1

1+1

2–3

3+3

3+3

1+3

3

3

2

Notes: t = 0: baseline; t = 1: evaluation of educational actions; t = 2: sustainability of educational actions.
a
FS-culture score system: 1 – reactive; 1–2 – reactive to active; 2 – active; 2–3 – active to proactive; 3 – proactive.
b
Element used as propelling to change other elements and the FS-culture.
c
Characterisation of FS-culture.
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3.3. Effectiveness of the educational action process

2, 1 (reactive), 2 (active), and 3 (proactive), respectively (Table 5).
Scores of other elements such as work pressure, normative beliefs, and
management systems, styles, and process only increased between t = 1
and t = 2. In contrast, some elements did not change between t = 1 and t
= 2, such as communication, knowledge, and commitment. Only the
score for risk perception decreased from 3 (proactive) at t = 1 to 2
(active) at t = 2.
Table 6 shows the microbiological performance during the longitu
dinal study. At the baseline assessment, most parameters complied with
the maximum value allowed by the Brazilian law, except for Bacillus
cereus in the meat sample, which suggests a risk of foodborne disease.
However, parameters remained within the legal limits over time as well
at t = 1 and t = 2. It appears that as the FS-culture changed to a more
proactive direction, the microbiological performance also improved.
The microbiological performance is not an element of the FS-culture but
indicates a snapshot evaluation. Therefore, it may under or overestimate
the food safety performance.

The evaluation of the educational action process by the food handlers
using the questionnaires resulted in two categories: ‘changes in attitudes
and practices after educational actions’ and ‘challenges and possibilities
in the transition of FS-culture’. These categories showed that the food
handlers perceived changes in their attitudes and practices after the
educational actions, as demonstrated by response 1. The food handlers
also perceived other possibilities to improve the degree of risk of food
borne diseases, as illustrated by response 2.
‘It is notable the change in the environment and in us, food handlers.
Previously we saw something wrong and left it wrong, nowadays we
correct each other and try to improve with it’ (response 1).
‘It is necessary to let everyone be aware of our potential to minimise
the risks and to identify the critical situation, for example, the
defrosting meat at room temperature’ (response 2).
The evaluation of the educational action process assessed through
interviews with the food handlers and managers resulted in three cate
gories: ‘negative aspects for food safety’, ‘indicators to work dedication’
and ‘FS-culture transition reflected in personal relationships’. The first
two categories demonstrated that some characteristics of the public
administration and military hierarchy, as bureaucracy, were not within
reach of the educational actions and affected food safety negatively.
However, the results also showed changes in personal relationships and
team interaction after educational actions. The response of interviewee
1 showed the robust military characteristics at the beginning of the
research. After the educational action, the interviewee demonstrated
empathy for the food handlers and understood his responsibilities to
achieve a proactive FS-culture while maintaining the military hierarchy.

4. Discussion
4.1. Effectiveness of educational actions in changing prevailing FS-culture
The educational actions changed the prevailing FS-culture from
reactive to more proactive from the baseline assessment (t = 0) to
evaluating the sustainability of the actions (t = 2) (Table 5). The pro
active FS-culture remained six months later (t = 2) after the local
manager performed the refreshments of the educational actions. The
refreshment of the educational actions plays an essential role in
changing behaviour and retention of skills (McFarland et al., 2019). The
educational actions in the current study were behaviour-based as pro
posed by other studies (McFarland et al., 2019; Yu et al., 2018).
The results indicated that not all the elements of the FS-culture seem
to be influenceable by educational actions. For example, changing the
work environment requires investments and financial support; inter
sectoral actions and other improvements require relationships with
stakeholders and consumers (Arendt et al., 2015), which are not primary
outcomes of the educational actions for food handlers and managers.
The prevailing FS-culture differs for each food services/companies as it
depends on the supportiveness of the existing technological infrastruc
ture and organisational/administrative conditions that may enable or
constrain the execution of food safety and hygiene tasks (Luning &
Marcelis, 2020; Nyarugwe, Linnemann, & Luning, 2020). Thus, the
impact of the educational actions can differ depending on the character
of the prevailing FS-culture as shaped by the existing technological and
organisational conditions.
The educational actions in the longitudinal study also revealed an
interesting phenomenon in risk perception, i.e. the optimistic bias. In the
baseline assessment (t = 0), the risk perception of foodborne diseases
was classified as ‘low risk’ (Table 3), although the degree of risk in the
food service was classified as ‘very high-risk’ (Table 4). This means that
the food handlers prepared and processed food in a ‘very high-risk’

‘Now, I see myself as a person who can change and who has the re
sponsibility to manage time and people. It is also my responsibility to
improve the quality and to take care of the management of food
safety’ (interviewee 1).
3.4. Transition of the prevailing FS-culture
Table 5 shows the transition of the prevailing FS-culture over time
based on the triangulated data collected for the FS-elements and using
the interpretation grid (Zanin et al., 2021, part 1). It shows that the
prevailing FS-culture changed from ‘reactive-active’ (assigned score
1–2) in the baseline assessment (t = 0) to ‘active-proactive’ (2–3) in the
evaluation (t = 1) and the sustainability of the educational actions (t =
2). This suggests that the educational actions were effective in changing
the initial prevailing FS-culture into a more proactive FS-culture. The
educational actions also sustained after managers actions, although
some differences in scores of the FS-culture elements between t = 1 and
t = 2 were present.
The element ‘leadership’, for example, scored at t = 0, t = 1, and t =
Table 6
Microbiological performance over time.
Sample

Parameters

t=0

t=1

t=2

MVAa

Meat (processed)

Coagulase positive Staphylococci
Coliforms at 45 ◦ C
Bacillus cereus
Salmonella spp.
Clostridium at 46 ◦ C
Coliforms at 45 ◦ C
Salmonella spp.

<1.0 × 102
<3
1.6x103
Absent
<1.0 × 101
<3
Absent

<1.0 × 102
<3
<1.0 × 102
Absent
<1.0 × 101
<3
Absent

<1.0 × 102
11
<1.0 × 102
Absent
<1.0 × 102
<3
Absent

103 CFU/g
2.0 × 101 MPN/g
103 CFU/g
Absent in 25 g
103 CFU/g
102 MPN/g
Absent in 25 g

Salad (raw)

Notes: t = 0: baseline; t = 1: evaluation of educational actions; t = 2: sustainability of educational actions.
CFU: colony forming units. MPN: most probable number.
Value in bold: non-conformity.
a
Maximum value allowed, according to Health Ministry of Brazil (2019).
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situation, but they did not realise it. After the initial educational actions,
food handlers’ and managers’ awareness of concepts regarding food
safety, foodborne diseases, hazards, and risks increased as they were
informed about the very high-risk observed in the baseline assessment.
This may explain why the food handlers showed a lower score for ‘risk
perception’ at t = 0 (Table 3). During the refreshment educational ac
tions, the local manager informed the food handlers that the degree of
risk was lower, whereas the compliance with the work environment
requirements was high and adequate to perform safe practices. More
over, the food handlers observed improvements in the work environ
ment (such as the renovation of kitchen structure, new utensils, and
equipment), and they were actively involved in changing the workplace.
These actions implemented during the longitudinal study resulted in a
decrease in risk perception between t = 1 and t = 2 (Table 3).
Several reasons may explain the observed changes. From our find
ings, we assumed that food handlers’ changes in their risk perception
might be caused by improvements in the workplace.De Andrade etal ,
2020 Stedefeldt, Zanin, and Da Cunha (2021) described the risk
perception as an independent variable and argued that a complacent
feeling or self-satisfaction about the environment might overestimate
practices and lower risk perceptions as well. In another transversal
study, the researchers stated that a low-risk perception might indicate
that food handlers neglect adequate practices (De Andrade et al., 2019).
However, in our longitudinal study we also observed that the various
changes in the degree of risk might have favoured the low-risk percep
tion in t = 2. Thus, interpretation of risk perception needs to be done
carefully because these continuous changes can lead to food handlers
judging the risk based on the information that the risk has changed.
The optimistic bias revealed another unexpected change in the lon
gitudinal study. At t = 0, the food handlers showed an optimistic bias
concerning ‘other food handlers in another food service’, at t = 1 they
changed the optimistic bias concerning ‘another food handler in the
same food service’, and at t = 2 they showed an optimistic bias for both
situations (Supplementary material D). Although some researchers
pointed out that a food handler with optimistic bias tends to neglect
adequate behaviours more frequently (Da Cunha et al., 2015), the effect
of optimistic bias on practices seems to be not one-sided (Da Cunha, De
Rosso, Pereira, & Stedefeldt, 2019). In the current study, educational
actions and risk communication might have affected the optimistic bias.
In addition, the high-risk perception of lethality can strengthen their
optimistic bias, as they see their peers as more vulnerable than them
selves (Da Cunha et al., 2015).
A substantial improvement in the degree of risk was attained,
although it did not reach the best score (i.e. very low risk) (Table 4).
Possibly, it may require continuous encouragement of educational ac
tions to achieve the best results in the long run (Stedefeldt et al., 2015;
Arendt et al., 2015). Moreover, the percentage of compliance with the
facility requirements increased from 38.2% at t = 0–80.4% at t = 2,
demonstrating that the educational actions changed the poor conditions
into adequate conditions to perform safe practices (Table 4). This
compliance shows, in fact, a basic legal requirement (Defense Ministry
of Brazil, 2015; Health Ministry of Brazil, 2004). Stedefeldt et al. (2015)
discussed that the enable environment resources is a key factor to the
success of educational actions, because without an adequate work
environment is not possible to motivate food handlers to desirable
behaviours.
Our qualitative results suggested that changes in the administrative
actions in the food service were another influencer of the prevailing FSculture (Fig. 2). The public administration system was highlighted in
interviews as a negative aspect influencing the effectiveness of the
educational actions as illustrated by interviewee 1.

The public administration conditions can be an obstacle for the food
service as they may affect the management systems because financial
support and intersectoral actions are necessary to implement improve
ments in the systems. According to the GFSI position paper on FS-culture
(2018), the administration and proper allocation of resources is an
outcome of committed leadership. However, bureaucratic procedures in
public administration may hamper commitment. Usually, bureaucracy
implies time-consuming procedure-driven actions and following strict
authority lines (Luning & Marcelis, 2020). During the participant
observation, the researcher, managers, and commandant of the army
headquarter articulated several times the noncompliance to the work
environment requirements, which was improved by the investment in
proper allocation of financial resources as seen in the field note below:
‘The work environment was fully restructured. New facilities were
provided, and the place was reorganised; for example, the old
equipment had a destination and was not inside the workplace’.
4.2. Usefulness of the FS-culture assessment as a starting point for
educational actions
Prevailing FS-culture is the phenomenon that can explain, among
other things, the food business’ context (organisational and technolog
ical conditions) and the relationships inside the workplace (personal
characteristics) (Nyarugwe et al., 2016). The FS-culture assessment was
an appropriate starting point to identify the needs for developing
educational actions. In our study, the baseline assessment (t = 0) showed
that the technological infrastructure, leadership, work environment,
situations of high-risk of foodborne diseases, and noncompliance to
hygiene procedures were the main requirements that needed improve
ments (Table 5). Additionally, the low-risk perception was a weakness of
food handlers (Table 3). Therefore, educational actions also focused on
creating awareness of various food safety-related concepts to strengthen
their risk perception (Table 2).
The FS-culture assessment covers well the complexity of food ser
vices, which are characterised by a context with different suppliers,
preparations involving different risks and a significant turnover of food
handlers, among others things (Luning, Chinchilla, Jacxsens, Kirezieva,
& Rovira, 2013; Stedefeldt et al., 2017). Various researchers stressed
that both the needs of food handlers and the workplace reality need to be
identified, as each food service requires a specific strategy to change (Da
Cunha, Stedefeldt, & De Rosso, 2014; Stedefeldt et al., 2015; Thaiva
lappil, Waddell, Greig, Meldrum, & Young, 2018). According to Yu et al.
(2018), a research-supported and behaviour-based education interven
tion, based on antecedents and consequences of employees’ behaviours,
can improve desired behaviours. In our study, after the educational
actions planned by the researcher, managers were making decisions
based on priorities decided in the FS-culture assessments, as illustrated
in the field note bellow:
‘The managers and the food handlers are involved in the improve
ments, trying to do what is needed to improve the environment based
on the priorities’.
The planning of the educational action anchored in the results of
multiple FS-culture elements, as performed in our study, may enhance
the effectiveness of educational actions as previously discussed by
Fujisaki et al. (2019) and change behaviours of food handlers as sug
gested by Yiannas (2015).
4.3. Context of military conditions and methodological considerations

‘ … The hardest part of my job is thinking about how to make it work
here (food service), following all the food safety criteria, without
going over the bureaucracy of public administration … ’ (Inter
viewee 1).

During this longitudinal study, we experienced the specific charac
teristics of the army food service elicited in some typical military
behaviour. This was a given fact and sometimes appeared to be an
obstacle to change FS-culture but once the organisational culture of the
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institution became clear, this difficulty could be managed. The quali
tative categories showed that the military hierarchy could have affected
the FS-culture at t = 0 and t = 1 (Fig. 2). However, at t = 2 the category
‘FS-culture transition in confidence-building’ revealed that the
confidence-building was manageable within the military hierarchy as
exemplified in the field note below:
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‘The managers and the food handlers are feeling comfortable with
the changes in the work environment and group behaviour. They
seem to be happy with the new situation and are committed.
Apparently, they do not feel afraid of the military hierarchy’.
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Besides the hierarchy, the work pressure is an element that is com
mon and cultivated in the military behaviour. This may have affected
the workload and the food handlers’ behaviour towards food safety (Yu
et al., 2018). In contrast, the high level of affective commitment
(Table 3) are also typical of the military context and might be useful as a
motivator to adequate behaviours. Yu et al. (2018) demonstrated that
motivation could influence the retention of acquired skills affecting
behaviours and attained through educational actions. The military
conditions reinforce the recommendation that it is necessary to know
the organisational culture before, to investigate the FS-culture as
stressed by Nyarugwe et al. (2016).
A methodological consideration of the study is that the researcher
performed the first educational actions, whereas the local manager did
the refreshment actions. This caused some differences in using the ed
ucation techniques, which could have affected the results. The different
food handlers and managers sampled at different times in the study and
represented also a limitation of the longitudinal study. Nevertheless, the
action research with participant observations facilitated the recognition
of the researcher as part of the group and the creation of confidence
between the researcher and the participants, which was indispensable to
evolve the FS-culture. The confidence relation between managers and
food handlers or between educational action instructors and food han
dlers is necessary to achieve improvements in food safety requirements,
as previously stressed by Arendt et al. (2014) and Stedefeldt et al.
(2015).
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5. Conclusions and recommendations
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