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ABSTRACT

Youth are a unique audience for food safety edapatn part due to low food safety knowledge.
Although the effectiveness of such education has lexplored for primary school and college
students, no studies have assessed effectivenesgydmngh school students specifically. We
conducted a longitudinal intervention study in QistaCanada, between February and May
2015, to measure the baseline food safety knowladdeattitudes of high school students
(n=119; from 8 classes in 4 high schools), andrdetee whether these factors improved
following in-class delivery of a provincial standaed food handler training program. Linear
mixed effects regression models were used to mattiein-student changes in knowledge scores
and attitudes over time (i.e., circa 2 and 12 wexat-intervention), and to investigate
associations with student characteristics. At lraseknowledge and attitudes were poor.
Following training, overall knowledge was signifintly greater than at baseline, although at
three months post-intervention only knowledge & $anes and temperatures for cooking and
storing food remained significantly higher thandiaee. Following training, students were
significantly less interested in learning about Hovavoid foodborne disease. Other attitudes, as
well as knowledge of cross-contamination prevenéind disinfection procedures, remained
unchanged. These findings suggest that delivexxigting food handler training programs
within high schools may be a feasible mechanisnidod safety educators to improve students’
food safety knowledge, both overall and specifisae times and temperatures, albeit
potentially for short timeframes. Whether knowledgntinues to decline beyond three months
after training bears further investigation. As Wklture research to investigate how students’
actual food safety practices may change followmghgraining, and whether improvements in

knowledge translate into reduced foodborne disgakeis warranted.
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HIGHLIGHTS

High school students have poor food safety knowdedg

2 weeks post-food handler training knowledge impoh\but attenuated 3 months later
Before training, students were interested in legg@bout food safety

Interest in learning about food safety declinedtfp@sning

High school students do not see foodborne disesaagarsonal threat
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1. INTRODUCTION

Youth represent a unique audience for food sadtication. They make risky food
consumption choices (Nesbhitt et al., 2009), haveftuod safety knowledge (Burke and
Dworkin, 2015; Majowicz et al., 2015; Mullan et,&015), and are the age prior to young
adults, who also consume risky foods and exhilstiéemfood handling behaviours (Morrone and
Rathbun, 2003; Byrd-Bredbenner C, Maurer J, WhgatleSchaffner D et al., 2007; Byrd-
Bredbenner C, Maurer J, Wheatley V, Cottone E, €favl, 2007; Stein et al., 2010; Abbot et
al., 2012). Beyond their own risk, youth also Harfdod for the public. In Ontario, Canada,
20% of high school students handle food for theipwba work or volunteer activities
(Majowicz et al., 2015), and the accommodationglfomustry is the second largest
employment sector for those aged 15-24 (Servica@ari2014).

The effectiveness of food safety education has legaluated among food handlers and
within food service settings. For example, tragngan increase knowledge and improve
attitudes towards hand hygiene (Soon et al, 2di®yever, whether improved understanding
translates into improved behavior is unclear. hgirt2015 systematic review, Viator et al.
concluded that improved reporting of interventitudses is needed before wider conclusions
about education effectiveness, including in chagdi@haviours, can be drawn. Similarly,
consumer food safety education programs appeastietfen some contexts, but study
heterogeneity impedes clear conclusions aboutteféaess (Young et al., 2015). Specific to
younger populations, food safety education hasawgmnt various combinations of knowledge,
attitudes, and behaviours in primary school-ageldien (Kim et al., 2012; Losasso et al., 2014;

Shen et al., 2015) and college students (YarroaV.e2009; Stein et al., 2010; Abbot et al.,
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2012). However, effectiveness in high school stiglancluding the potential effectiveness of
existing food handler training programs, has nernbgpecifically explored.

The high school environment can promote or irthibalthier lifestyles among youth; for
example, curriculum and built classroom charadiessnfluence students’ physical activity
levels (Hobin et al., 2012), and the number of studmokers per school is driven in part by
whether schools have, and enforce, tobacco copdlalies (Kaai et al., 2014). Schools have
also been identified as an important interventiomipfor food safety education (Young et al.,
2015). Therefore, given the importance of youtla éarget audience for improved food safety,
the need to determine the effectiveness of foodlleartraining in youth, and the potential
importance of the school environment for food saéstucation delivery, our objectives were to:
measure the baseline food safety knowledge artddgs of high school students in Ontario; and
determine whether knowledge and attitudes imprdeokolwing in-class delivery of the Ontario
Ministry of Health and Long-term Care’s (MOHLTC'slandardized food handler training
program. We hypothesized that students’ overaltifsafety knowledge (including knowledge
about cross-contamination, safe times and tempesatar cooking and storing foods, and risky
foods) would improve directly following the intemvison, but would attenuate by the end of the
school term. We also hypothesized that studeats] fafety attitudes (specifically their interest
in learning how to avoid foodborne disease, theligb that they are personally susceptible to
foodborne disease, and their belief that foodbdisease is a personal threat) would also

improve then attenuate.

2. MATERIALS AND METHODS

2.1 Design
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We conducted an intervention study using a repeaasures design, collecting
longitudinal data circa 1 week before),Tand circa 2 (3) and 12 weeks @) after the
intervention, from 119 high school students attegd food and nutrition classes at 4 Ontario
high schools. Our original design included randdlocation of classes to the intervention or
control group; however, during class recruitmehteslchers indicated that participation was
conditional on their students receiving food satesyning between fand .. Thus, we
provided the intervention to all eight classeshwib comparison control group. Further details
about sample size, recruitment (including blindidgbriefing, and remuneration), and study
sequence are given in Appendix A. This study veagewed and received ethics clearance

through a University of Waterloo Research Ethicen@uttee.

2.2 Intervention

The intervention was a modified version of the &@iot MOHLTC’s standardized
provincial food handler training program, a comnedhg-oriented program that consists of a
manual (Ontario Ministry of Health and Long-termr&€a2013) and a set of PowerPoint slides
(T. Amalfa, MOHLTC, personal communication) aval@bor use by local public health
authorities when teaching food safety to food hargdl To fit intervention delivery into the 2-3
hours of total in-class time allotted, and to foomselements common across commercial and
consumer settings, we omitted food safety leg@atshipment receiving and storage, kitchen
layouts and plans, pest control, and Hazard Arnsalysd Critical Control Point concepts from
our delivery. The intervention was delivered ie #ight food and nutrition classrooms, to the
whole class during class time, via interactive eneation of the Ontario MOHTLC's PowerPoint

slides; slide material was presented and discussetinterspersed with classroom activities
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(i.e., handwashing practice using an ultraviolebfescent glow light; thermometer calibration
using an ice water bath; identifying key food safgeps when preparing chili for a large number
of people; and using pictures to illustrate howvash dishes and how to store foods in the
refrigerator) and example stories of professiomal personal food safety experiences, making
the delivery of the intervention concurrent witHidery in professional practice. Intervention
delivery, and all measurements, were done duriagsdime on dates requested by the teachers.

Further delivery details are given in Appendix A.

2.3 Knowledge and Attitude Measurements

We measured students’ food safety knowledge artdasgs via a paper survey, designed
to take approximately 15 minutes for students to@ete, and developed using questions from
existing, validated questionnaires. Our surveyg@&mlix B) contained 76 food safety
knowledge questions, 17 food safety attitude qaestiand 8 demographic and food handling
experience questions. For partial participantdsfig purposes, we also included 26 attitude
guestions on other food-heath topics (e.g., fotat@ks) and 18 food behaviour questions, not
analysed here.

Most (70/76) knowledge questions were taken froenftlod safety knowledge
instrument developed by Byrd-Bredbenner et al (2D0Specifically these three scales: (i)
‘cross-contamination prevention and disinfectioagadures’ (29 questions), that assessed items
such as washing of fruits, vegetables, and courdsraell as hand hygiene and sanitizing; (ii)
‘safe times/temperatures for cooking/storing foddt questions), that assessed items like
internal cooking temperatures, and reheating antirgpmethods; and (iii) ‘foods that increase

the risk of foodborne disease’ (27 questions; medifrom the original 28 questions), that
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assessed items such as whether foods like rareurgertor commercially canned vegetables
increase a person’s risk of foodborne diseaseth@se 70 questions we added: 4 questions about
specific microorganisms that may be found in patéicfoods (e.g.Salmonella in raw chicken)

and 1 question on the definition of microorganisfran the instrument developed by Lynch et

al (2008); and 1 question on leftover storage tiageper Yarrow et al (2009). All 76 questions
had a single correct answer and were multiple ehfaomat.

Most (14/17) food safety attitude questions caroefthe food safety psychosocial
guestionnaire developed by Byrd-Bredbenner et@1B); specifically, three 5-point Likert
scales measuring the following food safety beligjsinterest in learning about avoiding food
poisoning’ (measured using a set of 5 statemefiifs)¥ood poisoning susceptibility’ (3
statements); and (iii) ‘food poisoning is a perddheeat’ (6 statements). We also included 3
additional attitude statements, each as a 5-paketrl-type scale, that explored aspects of
perceived behavioural control. All Likert scalesed 1 — ‘strongly agree’ to 5 — ‘strongly

disagree’ for the analysis and reporting of results

2.4 Analysis

The 76 knowledge questions were scored as carectorrect; overall and scale-
specific knowledge scores were calculated andeideas$ continuous outcomes. For the three
attitude scales, statements within scales wereageerand the average scale value was treated as
a continuous outcome. The three questions retatpdrceived behavioural control were
analysed descriptively. Means were calculatedHeroverall and the three scale knowledge
scores, and the three attitude scales. Differebetgeen means, unadjusted for other measured

factors, were tested using paired t-tests. Pagragsrelations were calculated to support future
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meta-analyses (Appendix C). Internal consisteridhi@knowledge and attitude scales was
assessed per time point using Cronbach’s alphacripéive analyses were conducted in Stata
SE 14.1 and SAS 9.4. All analyses were condudtéteandividual level.

Student characteristics and baseline knowledgetitddes were assessed for all
students present af {n=106). Changes in knowledge and attitudes &ssessed at the student
level (i.e., we examined within-student changesuttomes across time points), using all
available data from all students participatingha study (n=119), via linear mixed effects
regression models to model the trends in the ovanal scale knowledge scores, and the three
attitude scales, fitting separate models for eathame. In all models, the following fixed
effects were included: two slopes, the change owkedge or attitude between © T, (i.e., T—
T,), and the change fromyTo T; (i.e., To—Ts); school; and all eight student characteristi&s.
regression analyses were conducted using PROC MIXEIAS 9.4; the significance of the
change in knowledge or attitude betweerd Tz was tested using an approximate t-test (via
PROC MIXED with ESTIMATE option). Further detaddout the regression analysis,

including random terms, correlation structures, amgsing data, are given in Appendix A.

3. RESULTS
3.1 Participation

Of the 140 students invited to participate, 12&ad, 5 refused, and 13 dropped the class
at the start of the term. Of the 122 agreeingesttg] 119 participated at one or more time
points, 1 dropped the class prior tg &nd 2 were absent at all three time points. h@fli19
participants, 106 participated at, L10 at b, and 92 at 3, with 77 participating at all three time

points; reasons for non-participation were abs@mctne data collection day for sports, iliness,

10
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vacation, or other personal reasons (n=38), drapivia class (h=2), and withdrawing from the

study (n=2).

3.2 Baseline Knowledge and Attitudes

At baseline, students (n=106) averaged 49.1% (B3, 3D 6.6) correct answers to the
knowledge questions, were interested in learnirggiabow to avoid foodborne disease (1.9; SD
0.7), were neutral as to whether foodborne diseasea personal threat (3.1; SD 0.8), and
indicated some perceived personal susceptibilifpdolborne disease (2.3; SD 0.8; Table 1).
Overall, the knowledge and attitude scales hadpabke internal consistency, with Cronbach’s
alpha >0.7 at all time points, with the exceptidthe ‘safe times/temperatures for
cooking/storing food’ scale at; TAppendix D). Students agreed that they were tabti things
to change their food preparation habits (2.5; SD) 4nd that they have control over the food
they eat (2.2; SD 1.0), and were confident theyiccoaok safe, healthy meals for themselves
and their family (2.2; SD 1.0); because these titezes had low internal consistency
(Cronbach’s alpha: 0.50) they were not combined amt overall measure.

At baseline, students’ knowledge of specific fa@adety elements varied. Although most
knew to wash hands after touching their face (78.88& pimple (83.0%), the majority did not
know to wash hands after touching fresh fruit (82,1and only 45.3% knew the best way to
wash hands. Only 1 in 4 students knew the besepoe for cleaning kitchen counters
(25.5%), and the best way to wash dishes (25.9%€garding safe times and temperatures,
62.3% of students correctly selected keeping foefiggerated until they are cooked or served as
the most important way to prevent iliness, and &/lkhew that an open box of raisins did not

need to be refrigerated. However, only 17% of stisl knew the safe internal temperature for

11
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cooking foods, only 13.2% knew that leftovers naete reheated until boiling hot, and only
10.4% knew the safest method for cooling a largeopbot soup.

Knowledge of risky foods varied by food produ@nly rare hamburgers (65.1%), raw
oysters, clams, or mussels (65.1%), soft food ,(gelly) after scraping off mold (65.1%), and
raw homemade cookie dough/cake batter (64.2%) warectly identified as risky by more than
half the students. Greater than 4 out of 5 stugdéiat not recognize that soft scrambled eggs
(82.1%), unpasteurized fruit juice (84.0%), leftogeup reheated until warm but not boiling
(84.9%), raw sprouts (89.6%), and sliced melon3@j.were risky foods. Additionally, greater
than 3 out of 5 students incorrectly identifiedox lof rice that does not show an inspection
stamp (61.3%), food stored in a cabinet besidevan (85.6%), and meat cooked medium well

(86.8%) as being risky.

3.3 Changesin Knowledge

Mean unadjusted scores by knowledge scale andptimé are shown in Table 2 for all
students (n=119). The average overall food s&fetyvledge of students within schools is
shown over time (Figure 1), for students preseatldahree time points (n=77). When assessed
at the student level, fromy To T,, overall knowledge increased significantly, by&mints out
of 76, and then decreased significantly by 1.9%sdirom T to T; (Table 3), for an overall
increase from fto Tzof 3.93 points (SE: 0.83, p<0.0001). Student attarastics were not
significant predictors of overall knowledge (TaBle

From T; to T,, knowledge of safe times and temperatures incdesigaificantly, by 2.96
points out of 14, and then decreased significanl®.84 points from Fto Ts (Table 4), for an

overall increase fromiko T3 of 2.12 points (SE: 0.29, p<0.0001). Froatd T,, knowledge of

12
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foods that increase the risk of foodborne diseaseased significantly, by 1.81 points out of 28,
but was not significantly different betweepahd T; (Table 5), for an overall increase fromtd
T3 of 0.98 points (SE: 0.41, p=0.0177). Studentattaristics were not significant predictors of
knowledge of safe times and temperatures, nor fwatancrease foodborne disease risk (Tables
4 and 5).

Knowledge of cross-contamination did not changerdfte intervention (regression
results not shown) and was not different betweeant T (p= 0.3867). Self-described cooking
ability was the only fixed effect significantly a&sated with cross-contamination knowledge,
such that for each level increase in students:dedicribed cooking ability, they were more
knowledgeable about cross-contamination preverarmehdisinfection procedures (by 0.23 points

out of 29; p=0.0206), adjusting for all other fastin the model.

3.4 Changesin Attitudes

Mean unadjusted scores by attitude scale and tom gre shown in Table 2 for all
students (n=119). FromTo T, students’ interest in learning about how to avomtiborne
disease declined significantly, by 0.26 pointsa@fui, but was not significantly different between
T,and T (Table 6), for an overall decrease in interestnfiy to Ts of 0.28 points (SE: 0.08,
p=0.0004). The average interest in learning ahout to avoid foodborne disease of students
within schools is shown by time (Figure 2) for stats present at all three time points (n=77).
Age and working or volunteering in a food servicemises were both significantly associated
with interest; for each year increase in age, stted@ere significantly less interested in learning

about how to avoid foodborne disease, and thosewdnked or volunteered in food service

13
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premises were significantly more interested thaseéhwho did not, adjusting for all other factors
in the model (Table 6).

Students’ moderate belief about personal suscéptitn foodborne disease did not
change after the intervention (regression resatshown) and was not different betweeraind
T3 (p= 0.4704). Working or volunteering in a food\see premises was the only fixed effect
significantly associated with this belief, suchttetudents who worked or volunteered in food
service premises had slightly stronger beliefsaspnal susceptibility (by 0.37 points out of 5;
p=0.0491) than those who did not, adjusting foo#iler factors in the model.

Students’ neutrality to foodborne disease beingragnal threat did not change after the
intervention (regression results not shown) and neaslifferent between Tand T (p= 0.9851).
Handling food for the public in a work or voluntespacity was the only fixed effect
significantly associated with this belief, suchtttudents who handled food for the public had
slightly stronger beliefs that foodborne disease personal threat (by 0.29 points out of 5;

p=0.0386) than those who did not, adjusting foo#iler factors in the model.

4. DISCUSSION

We investigated high school students’ food saketywledge and attitudes before and
after in-class delivery of an adapted version ef@ntario MOHLTCs standardized food handler
training program. Before the intervention, studekhowledge was poor, students were
interested in learning about how to avoid foodbatisease, and were neutral as to whether
foodborne disease was a personal threat. As hgpiattd, students’ overall knowledge
improved following program delivery, and althouglattenuated over the school term, it still

remained higher than baseline. Some knowledgectspeproved more than others, and at the

14
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end of the term only knowledge of safe times antperatures remained higher than baseline.
Reasons for such differential knowledge retentie@nuenclear, as there is a paucity of literature
on food safety knowledge retention over time, bmtérall and specific to particular knowledge
elements. A 2013 study of food handlers from thedglian province of British Columbia found
a gradual but significant loss of knowledge ovébayear time frame, with “much of the
knowledge decline occur[ing] within a few monthsatgear after the initial training” (Mclntyre
et al., 2013); however, because most of the knaydepliestions used by Mcintyre et al.
pertained to safe times and temperatures (11/XB,2413 pertaining to cleaning practices), it is
difficult to interpret our observed results in #antext of their findings. Future studies
examining retention of various aspects of foodtydfaowledge at multiple time points are
needed, to uncover characteristics common to naorkess-easily retained information.
Contrary to our expectations, we observed thalestts’ interest in learning about how to
avoid foodborne disease declined following therweation, and their beliefs about personal
susceptibility to, and personal threat of, foodleodisease remained unchanged over the study.
The decline in interest following education has Ime¢n previously reported, and may relate to
the developmental stage of our high school stughufation; teens across cultures demonstrate
increased novelty seeking (Johnson SB et al., 2@0@)it may be possible that the observed
decline in interest reflects that learning abowidfgafety following education is no longer novel.
Reasons for unchanged attitudes related to pertsiveceptibility to, and personal threat from,
foodborne disease are unclear. It is possibledhatges in these attitudes occurred here, but
were too nuanced to detect given our sample sizeomparison, a U.S. study that examined the
impact of a food safety educational video gametttudes among 1,268 middle school students

found that students felt more susceptible to foodédlness following the game (Quick et al.,

15
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2013); whether this discrepancy in findings reldtedifferences in student ages (i.e., middle
school versus high school), the interventions usedther factors is unknown. It is also
unknown whether working to influence these attisiaden targeting food safety education to
high school students would prove effective in imtparactual food safety behaviours and
foodborne disease risk.

Interestingly, in our the linear mixed effects ratgj we identified two different random
effect structures for the two different types ofammes (i.e., random intercept, random time
effect for knowledge, but only random interceptdttitudes). This indicates a greater
inconsistency between students’ knowledge trajgaiger time than for their attitudes,
suggesting that there may be more mutability iiedge than attitudes over time, at least over
short time periods like the one in this study. €ivthat food safety education effectiveness has
typically been assessed by measuring changes nl&dge, attitudes, and often self-reported
behaviours (e.g., Yarrow et al., 2009; Losassd.eP@14), it is possible that knowledge
measurements offer educators a sensitive, shontiteticator of effectiveness. However, given
a recent qualitative review of barriers and fagibts to safe food handling, that identified that
consumers’ food safety behavior is a function efcpice and habituation, and that consumers are
generally not motivated to change behavior basedesnknowledge, but rather as a result of
social pressures (Young and Waddell, 2016), imprards in knowledge - although potentially
easy and sensitive to measure - should not be tkerdicating reduced foodborne disease risk
without further substantiating evidence.

Our findings from Ontario high school students @asistent with those from Chicago
high school students, who also appear to have fpodrsafety knowledge (Burke and Dworkin,

2015). Our findings are also consistent with thioge primary school children in China, where
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food safety education improved knowledge but dilamange attitudes (Shen et al., 2015), and
for middle school students in Korea and Italy (Ketral, 2012; Losasso et al., 2014) and college
students from the United States (Yarrow et al. 2@lein et al., 2010; Abbott et al., 2012),
where knowledge was higher post-education. Theatidnowledge attenuation observed here
was expected and is consistent with findings fro&hddllege students (Yarrow et al., 2009),
where knowledge attenuated five weeks post-edutatimaining elevated only for health
majors (who indicated that the education infornrati@as important for their future professions).
Further understanding of factors associated wigmagtion may help in framing food safety
messages for maximum retention by groups with @ffeinterests.

Our survey comprised questions that had beenusstbusly in other consumer food
safety studies, predominantly in young adult popaoihes.  Although differences in study
populations and time frames preclude precise cosgas of individual questions, it is worth
noting that high school students in this study gederally as poor, or worse, knowledge than
other, older student groups. For example, thegperaf respondents correctly knowing the best
way to clean kitchen counters ranges from roughly4 students, as observed here and in two
North American university undergraduate studiee@@rand Knechtges, 2015; Courtney,
Majowicz, and Dubin, 2016), to roughly 1 in 3 stotieat two universities in Jordan (Osaili et
al., 2011) and Greece (Lazou et al., 2012), to 8ver4 students at a university in Lebanon
(Hassan et al., 2014). Another example is thdtdwal students knew that chilling or freezing
does not eliminate harmful germs (data not showhjch is comparable to the students from
Jordan (Osaili et al., 2011), but lower than threac60% - 80% of university students from
Canada, the United States, Lebanon, and Greece(letal., 2012; Hassan et al., 2014; Green

and Knechtges, 2015; Courtney, Majowicz, and Dub@1,6). Given the growing number of
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376

food safety knowledge surveys that use the samergrsimilar questions, future knowledge
syntheses that rigorously summarize estimates sistagy populations would be a valuable
contribution to the literature.

Here, student characteristics were not signifigaagsociated with food safety
knowledge, with the exception of students’ selfedlded cooking ability, which was associated
with greater knowledge about cross-contaminati@vemtion and disinfection procedures.
Burke and Dworkin (2015) found that experience @ogkneat and experience cooking on one’s
own were both significantly associated with greatesrall food safety knowledge among high
school students at a Chicago school, which isni@ With our observation.

Among our participants, one-third had taken a joevfood handling or preparation
course, such that some may have been previousbsero material similar to our intervention
(particularly since the MOHLTC standardized prognaas in use for food handler certification
during the study period). Regardless, our obsenvdhat baseline knowledge was not
associated with prior training, coupled with ousetyation that knowledge attenuated over the
three-month post-intervention period, strongly sagig that food handler training and food
safety education may require ongoing “booster”is@ssin youth audiences, as has been
observed for provincial food handlers in anothen&han province (Mcintyre et al., 2013). We
observed that students’ interest in learning abowt to avoid foodborne disease declined with
age, suggesting that perhaps targeting intensive $afety education in early high school, with a
“booster” in later grades, may be a strategy testigate.

We observed that students’ knowledge and attituas independently associated with
school, in addition to time point, suggesting tiegre may be school characteristics that either

inhibit or promote food safety. General food safatowledge of the whole student body varied

18



377 across our study schools (Majowicz et al., 20159, the four Food and Nutrition classrooms in
378 which this study was conducted had different praisset-ups (although all met the minimum
379 provincial requirements for food service premidgmwn et al., 2016). How the variation by
380 school observed here relates to underlying studiéfietences, teacher influences, or

381 characteristics of the school environments is umknoRegardless, school appears to be an
382 important factor related to food safety knowledgd attitudes, and warrants further

383 consideration, particularly to inform the tailoriagd targeting of both future food safety

384 education and future intervention efforts.

385 This study is subject to several limitations, mostably the lack of a control group.

386 While our original design included a control graaffour classes, no teachers were willing to
387 participate in this capacity. This provides anumate reflection of the methodological

388 challenges faced when working in applied reseasetimgs, especially schools. Another

389 important consideration when interpreting our stueBults is that we assessed knowledge and
390 attitude changes solely based on statistical sagmte; whether the changes observed here
391 translate into changes in the foodborne diseakdated by these students, either in theory or in
392 practice, must still be determined.

393

394 5. CONCLUSIONS

395 This study provides evidence that food safety Hedge and attitudes among high school
396 students are generally poor, and that in-classe®liof existing programs, like the Ontario

397 MOHLTC's standardized food hander training programay be a feasible mechanism for food
398 safety educators to improve students’ food safatykedge, both overall and specific to safe

399 times and temperatures, albeit likely in the skemi. This study also raises several questions
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400

401

402

403

404

405

406

407

that bear further investigation, namely: whetherfgafety knowledge continues to decline
beyond three months post-training, whether knowgetttanges relate to changes in students’
foodborne disease risk, why students’ intereseéanring about food safety might decline post-
training, and whether this decline impacts studertsntion of education messages. In addition,
assessments that use observational data to inatestige impact that food safety education has
on students’ actual food safety behaviours are eded accurately determine how training and

education may ultimately translate into reduction®odborne disease risk.

20



408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

ACKNOWLEDGEMENTS

The authors thank the students and staff of thicgzating schools and school boards for their
support of this study; Tony Amalfa (Ontario Ministif Health and Long-term Care) for
providing the PowerPoint slides from the standadlitzaining program; Wei Qian (Data
Analyst, School of Public Health and Health Systeldrsversity of Waterloo) for running the
regression models; and lan Young (Assistant ProfeSghool of Occupational and Public
Health, Ryerson University) for suggesting we régorrelations between outcomes over time

as supplemental results, to support future metérsesm

FUNDING SOURCES

The research was funded by the Ontario Ministrjgficulture, Food and Rural Affairs' Food
Safety Research Program (FS2013-1843), and biidgtnoéxisting research platform
(COMPASS) supported by a bridge grant from the @mmalnstitutes of Health Research
(CIHR) Institute of Nutrition, Metabolism and Diales through the “Obesity — Interventions to
Prevent or Treat” priority funding awards (OOP-188yand an operating grant from the CIHR
Institute of Population and Public Health (MOP-17188 Additional support was provided via
CIHR Public Health Agency of Canada Chairs in Ap@lPublic Health (D. Hammond, S.

Leatherdale).

21



431

432

433

434

435

436
437

438

439

440

441

442

443

FIGURE TITLES

Figure 1.

Figure 2.

Mean overall food safety knowledge scores (out&ffor those high school
students (n=77) present at baseline and at théinweopoints after the
intervention, by school and calendar date of daliection, in Ontario, Canada,

February 2015; timing of the intervention is markdth a hollow marker

Mean interest in learning about how to avoid fomthe disease (5-point Likert
scale, 1-strongly agree to 5-strongly disagree)rajtbose high school students
(n=77) present at baseline and at two time poiités the intervention, by school
and calendar date of data collection, in Ontarem&ca, February 2015; timing of

the intervention is marked with a hollow marker

22



444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

REFERENCES

Abbot JM, Policastro P, Bruhn C, Schaffner DW, B#dbenner C. Development and
evaluation of a university campus-based food safedglia campaign for young adults. J Food

Prot 2012; 75:1117-1124.

Brown KM, Diplock KJ, Majowicz SE. The environmdntwhich behaviours are learned: a
pilot assessment of high school teaching kitcherfeed safety learning environments in

Ontario. Environ Health Rev (in press).

Burke A and Dworkin M. How knowledgeable are high®ol students about food safety?

Results from a predominantly minority Chicago ceasichool. Br Food J 2015; 117:1737-1752.

Byrd-Bredbenner C, Maurer J, Wheatley V, SchafibeBruhn C, Blalock L. Food safety self-

reported behaviors and cognitions of young ad&esults of a national study. J Food Prot 2007;

70:1917-1926.

Byrd-Bredbenner C, Maurer J, Wheatley V, Cotton€Ency M. Observed food safety

behaviours of young adults. Br Food J 2007; 109530

Byrd-Bredbenner C, Wheatley V, Schaffner D, BruhB@lock L, Maurer J.Development and

Implementation of a Food Safety Knowledge Instruiméif-ood Sci Education 2007a; 6:46-55.

23



467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

Byrd-Bredbenner C, Wheatley V, Schaffner D, BruhrB@lock L, Maurer J.Development of
Food Safety Psychosocial Questionnaires for Youdglt&. J Food Sci Education 2007b; 6:30-

37.

Courtney SM, Majowicz SE, Dubin JA. Food safetpkfedge of undergraduate students at a

Canadian university: results of an online surveyiBPublic Health 2016; 16:1147.

Green EJ, Knechtges PL. Food Safety KnowledgePaadtices of Young Adults. J Environ

Health 2015; 77:18-24.

Hassan HF, Dimassi H. Food safety and handling kedyge and practices of Lebanese

university students. Food Control 2014; 40:127-33.

Hobin E, Leatherdale ST, Manske S, Dubin J, EltvVeugelers P. A multilevel examination
of factors of the school environment and time spemntoderate to vigorous physical activity
among a sample of secondary school students iregi@tb 12 in Ontario, Canada. Int J Public

Health 2012; 57:699-709.

Johnson SB, Blum RW, Geidd JN. Adolescent Matwaity the Brain: The Promise and Pitfalls

of Neuroscience Research in Adolescent Health Y2olicAdolescent Health Policy 2009; 45:

216-221.

24



489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

Kaai S, Brown KS, Leatherdale ST, Manske KS, MuhaagD. We do not smoke but some of
us are more susceptible than others: A multilemalysis of a sample of Canadian youth in

grades 9 to 12. Addictive Behaviors. 2014; 39:13396.

Kim EJ, Pai AJ, Kang NE, Kim WK, Kim YS, Moon HK,&HAW. The effects of food safety
education on adolescents’ hand hygiene behaviaanatysis of stages of change. Nutr Res

Practice 2012; 6:169-174.

Lazou T, Georgiadis M, Pentieva K, McKevitt A, Id&u E. Food safety knowledge and food-
handling practices of Greek university studentguastionnaire-based survey. Food Control

2012; 28:400-11.

Losasso C, Cappa V, Cibin V, Mantovani C, Cost&&&cio E, Andrighetto I, Ricci A. Food
safety hygiene lessons in the primary school: iogbions for risk reduction behaviours.

Foodborne Pathog Dis 2014; 11:68-74.

Lynch RA, Steen MD, Pritchard TJ, Buzzell PR, PimtaSJ. Delivering food safety education to
middle school students using a web-based, integatiultimedia, computer program. J Food

Sci Educ 2008; 7:35-42.

Majowicz SE, Diplock KJ, Leatherdale ST, Bredin ®Rebellato S, Hammond D, Jones-Bitton

A, Dubin JA. Food safety knowledge, attitudes aelfireported practices among Ontario high

school students. Can J Public Health 2016; 1066280

25



512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

Mclintyre L, Vallaster L, Wilcott L, Henderson SBpKatsky T. Evaluation of food safety
knowledge, attitudes and self-reported hand waghiagtices in FOODSAFE trained and

untrained food handlers in British Columbia, Candéod Control 2013; 30:150-156.

Morrone M, Rathbun A. Health education and fooeésabehavior in the university setting. J

Environ Health 2003; 65:9-15.

Mullan BA, Wong C, Todd J, Davis E, Kothe EJ. Fdondjiene knowledge in adolescents and

young adults. Br Food J 2015; 117:50-61.

Nesbitt A, Majowicz SE, Finley R, Marshall B, Pall&, Sargeant J, Ribble C, Wilson J, Sittler
N. High-risk food consumption and food safety picEs in a Canadian community. J Food Prot

2009; 7:2575-2586.

Ontario Ministry of Health and Long-term Care. Haafety: a guide for Ontario’s
foodhandlers. Available from:

http://www.health.gov.on.ca/en/pro/programs/puldalh/enviro/docs/training manual.pdf

[accessed June 16, 2016].

Osaili TM, Obeidat BA, Abu Jamous DO, Bawadi HA oBcsafety knowledge and practices

among college female students in north of JordandFControl 2011; 22:269-76.

26



535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

Quick V, Corda KW, Chamberlin B, Schaffner DW, ByBdedbenner, C. Ninja Kitchen to the
rescue: evaluation of a food safety education gammniddle school youth. Br Food J 2013;

115:686-699.

Service Canada. Client segment profile, youth ddetb 29, Ontario. Ottawa, Canada.

Available from:_http://www.esdc.gc.ca/eng/jobs/Imiblications/csp/youth/on/on-csp-youth-

apr2014.pdf [accessed June 12, 2016].

Shen M, Hu M, Sun Z. Assessment of school-basediguxgerimental nutrition and food safety
health education for primary school students in pewerty-stricken counties of west China.

PLoS ONE 2015; 10:e0145090.

Soon JM, Baines R, Seaman P. Meta-analysis of $afety training on hand hygiene knowledge

and attitudes among food handlers. J Food Prot;208:293-804.

Stein SE, Dirks BP, Quinlan JJ. Assessing and addrg safe food handling knowledge,

attitudes, and behaviors of college undergradudtesod Sci Educ 2010; 9:47-52.

Viator C, Blitstein J, Brophy JE, Fraser A. Pretveg and controlling foodborne disease in

commercial and institutional food service settingsystematic review of published intervention

studies. J Food Prot 2015; 78:446-456.

27



557

558

559

560

561

562

563

564

Yarrow L, Remig VM, Higgins MM. Food safety eduicaial intervention positively influences
college students’ food safety attitudes, beliefmwledge, and self-reported practices. J

Environ Health 2009; 71: 30-35.

Young I, Waddell L, Harding S, Greig J, MascarenkMasivaramalingam B, Pham MT,
Papadopoulos A. A systematic review and meta-aigabf the effectiveness of food safety
education interventions for consumers in develapratries. BMC Public Health 2015;

15:822.

28



Table 1. Demographic characteristics and baseling f{dod safety knowledge and
attitudes of participating high school student®imtario, Canada, February 2015,

for all students (n=119) and those present at lees@i=106)

Factor measured All Students
students presentat T,
(n=119) (n=106)

Demographic and food handling experience characteristics

Mean age (SD) 15.8(1.2) 15.7 (1.2)
% female 63.4 70.0
% handling food for the public in a work or voluateapacity 29.5 26.4
% working or volunteering at a food service premise 25.2 21.7
% who had ever taken a food preparation/handlingses 34.2 32.1
Frequency % “never” 10.1 11.3
of cooking % “a few times a year” 7.2 6.6
from basic % “a few times a month” 22.5 23.6
ingredients % “a few times a week” 40.9 35.9

% “at least once a day” 19.3 22.6
Self- % “don’t know how to cook” 3.0 3.9
described % “can only cook when the instructions are on tbe’b 9.3 10.7
cooking % “can do the basics from scratch (like boil an.eggbut 9.6 12.6
ability nothing more complicated”

% “can prepare simple meals if | have a recipeliof” 55.5 50.5



% “can cook almost anything” 22.6 22.3

Mean (SE) food safety knowledge and attitude scores

Overall knowledge score, out of 76 - 37.3 (0.64)
Cross-contamination score, out of 29 - 17.6 (0.30)
Safe times/temperatures score, out of 14 - 5.11J0.2
Foods that increase foodborne disease risk scotef@7 - 11.7 (0.32)
Interest in learning about avoiding foodborne dsseaut of 5** - 1.9 (0.07)
Foodborne disease susceptibility, out of 5** - @8)
Foodborne disease is a personal threat, out of 5** - 3.1 (0.08)

* Prior to the current food and nutrition courseidg the study; includes courses such as
cooking classes, previous food and nutrition casjraad food handler certification

** Measured on a 5-point Likert scale (1-stronglyree, 5-strongly disagree)



Table 2.

Factor

measur ed

Overdl

Mean food safety knowledge and attitudes of high school students (n=119),

before (T,) and after (T,, T3) the intervention, in Ontario, Canada, February-May

2015, with results of the paired t-tests (p-values <0.05 are shown in bold)

M ean

T1 T, T3

373 431 409

knowledge score

(out of 76)
Cross-
contamination
score (out of 29)
Safe times/
temperatures
score (out of 14)
Foods that

increase disease

175 180 17.8

51 81 7.2

11.7 134 125

risk score (out of

27)
Interest in
learning about

how to avoid

19 22 22

TitoT>
Diff.* p-value
5.8 <0.001
0.5 0.343
3.0 <0.001
1.8 <0.001
0.3 0.006

Toto T3

T.t0 T3

Diff.* p-value Diff.* p-value

-2.2 0.070
-0.2 0.629
-0.9 <0.001
-0.9 0.083
-0.02 0.877

3.6

0.2

2.1

0.9

0.3

0.004

0.669

0.026

0.094

0.014



foodborne

disease* *

Foodborne 23 22 22 -01
disease

susceptibility**

Foodborne 31 31 30 00
diseaseisa

personal threat**

* Difference between scores

0.256

0.857

0.0

0.0

0.981

0.737

** Measured on a 5-point Likert scale (1-strongly agree, 5-strongly disagree)

-0.1

-0.1

0.294

0.609



Table 3. Results of the linear mixed effects regression ehazhowing the change in
overall food safety knowledge (scored out of GepPntario high school students
(n=119) after the intervention {T,) and at the end of the school term-{k); p-

values <0.05 are shown in bold

Fixed Effects Parameters Co-efficient SE p-value
Intercept 52.84 10.60 <.0001
Slope: T1—T» 5.88 0.81 <.0001
Slope: T—Ts -1.95 0.88 0.0278
School (1: referent) 2 -1.75 2.26 0.4422

3 -4.47 1.55 0.0047

4 -5.09 1.95 0.0102
Age (in years) -0.91 0.64 0.1538
Sex (female: referent) -2.08 1.31 0.2536
Works or volunteers at a food service premises 2-0.3 1.66 0.8499
Handles food for the public 1.13 1.41 0.4288
Has ever taken a food preparation/handling coursé.19- 1.16 0.8695
Frequency of cooking from basic ingredients 0.18 460. 0.6958
Self-described cooking ability 0.29 0.49 0.5544



Table4. Results of the linear mixed effects regression ehazhowing the change in
safe times and temperatures knowledge (scoredfd4t) of Ontario high school
students (n=119) after the intervention-k) and at the end of the school term

(T>-T3); p-values <0.05 are shown in bold

Fixed Effects Parameters Co-efficient SE p-value
Intercept 5.52 3.40 0.1067
Slope: T—T> 2.96 0.26 <.0001
Slope: - T3 -0.84 0.29 0.004
School (1: referent) 2 -1.18 0.71 0.0997

3 -1.36 0.49 0.0062

4 -1.05 0.61 0.0872
Age (in years) 0.01 0.20 0.9788
Sex (female: referent) -0.39 041 0.4481
Works or volunteers at a food service premises 7-0.2 0.54 0.6284
Handles food for the public 0.33 0.46 0.4848
Has ever taken a food preparation/handling coursé.23- 0.38 0.5518
Frequency of cooking from basic ingredients -0.08 150 0.5702
Self-described cooking ability 0.14 0.16 0.3972



Tableb. Results of the linear mixed effects regression ehazhowing the change in
knowledge of foods that increase foodborne deseia& (scored out of 27) of
Ontario high school students (n=119) after therirention (1-T) and at the end

of the school term GFT3); p-values<0.05 are shown in bold

Fixed Effects Parameters Co-efficient SE p-value
Intercept 20.20 4.75 <.0001
Slope: T—T» 181 041 <.0001
Slope: T—Ts -0.83 0.44 0.0609
School (1: referent) 2 -1.28 0.96 0.1849

3 -1.29 0.67 0.0556

4 -1.50 0.83 0.0755
Age (in years) -0.46 0.28 0.1087
Sex (female: referent) -0.33 0.57 0.6151
Works or volunteers at a food service premises 1.61 0.79 0.0576
Handles food for the public -0.56 0.67 0.4154
Has ever taken a food preparation/handling course.73 0 0.54 0.1952
Frequency of cooking from basic ingredients -0.26 240 0.2847
Self-described cooking ability 0.01 0.22 0.9513



Table6.

Results of the linear mixed effects regression ehazhowing the change in

Ontario high school students’ (n=119) interedesrning about how to avoid

foodborne disease (5-point Likert scale, 1-stlpagree to 5-strongly disagree),

after the intervention @¥T,) and at the end of the school term-{TE); p-

values<0.05 are shown in bold

Fixed Effects Parameters
Intercept

Slope: T— T,

Slope: B —-Ts

School (1: referent) 2

Age (in years)

Sex (female: referent)

Works or volunteers at a food service premises

Handles food for the public

Co-efficient

-0.53

0.26

0.02

0.23

0.33

0.34

0.15

0.00

-0.45

0.04

Has ever taken a food preparation/handling coursé.02-

Frequency of cooking from basic ingredients

Self-described cooking ability

0.09

-0.05

SE

0.99

0.07

0.08

0.22

0.15

0.18

0.06

0.12

0.15

0.13

0.11

040.

0.05

p-value
0.5935
0.0003
0.8027
0.2961
0.0286
0.0646
0.0122
0.9881
0.0106
0.779
0.8395
0.0518

0.2806
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