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Abstract
Objective: To estimate reporting bias of WebCAAFE, a web-based questionnaire
for the assessment of food intake (recall of frequency of intake of thirty-two food
items the day before) and physical activity in schoolchildren.
Design: Cross-sectional study. Self-reported food intake on WebCAAFE was
compared with direct observation of school meals in five public schools.
Additional data included school grade, sex, BMI, socio-economic status and
access to Internet at home. Poisson regression was used to calculate the reporting
bias (WebCAAFE v. direct observation) and the sample size necessary to detect a
statistically significant difference between WebCAAFE reports and at least 75%
compliance with the recommendations for a healthy diet.
Setting: Intentional sample of five elementary public schools in Florianopolis,
Brazil.
Subjects: Schoolchildren (n 629) from 2nd to 5th grades.
Results: Moderate bias magnitude was found for most food groups of interest.
Frequency of consumption was not related to the bias. Sample sizes necessary to
detect the compliance with dietary recommendations varied between four and
seventy-four individuals for the different groups investigated.
Conclusions: After adjusting for moderate bias, WebCAAFE may be used as a food
questionnaire for evaluation of schoolchildren’s food compliance on a group level,
even with a relatively small sample size.
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The Strategic Action Plan to Tackle Non-Communicable
Chronic Diseases in Brazil, 2011–2022(1), launched by the
Ministry of Health in 2010, defined and prioritized actions
and investments necessary to address non-communicable
diseases in the next 10 years based on three principles:
(i) surveillance, information, evaluation and monitoring;
(ii) health promotion; and (iii) integral care. The aim is to
diminish obesity rates in 5–9-year-old children and
adolescents and to halt the rise of obesity in adults
(≥18 years old)(1,2). In Brazil, there are surveillance
systems for adolescents(3) and adults(4) but none for
5–9-year-old-children whose overweight (including
obesity) prevalence tripled between 1974 and 2009, from
11% to over 33%(5). Therefore it is necessary to develop
surveillance and monitoring systems to determine com-
pliance with the obesity prevalence targets for 5–9-year-old
children, set at 8% for boys and 5% for girls(2).

Periodic population-based surveys are the principal
source of time trends in nutritional status and associated
lifestyle factors such as diet and physical activity.
Monitoring these parameters over the past decades has
shown a dramatic increase in excess weight worldwide,
especially in younger generations and children(6–8). In
many countries, the number and complexity of survey
items covering these issues have also increased, incurring
higher costs(9). To strike the right balance between the
rising costs and a growing need to update our knowledge
on population diet and physical activity, it is of utmost
importance to clarify what sort of decision could be made
on the basis of such surveys and what is an acceptable
margin of error.

Information technology has reduced the cost of
surveying lifestyle factors to a cost lower than traditional
paper-and-pencil methods(10). Several countries have
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developed computer-based questionnaires to assess
dietary intake and/or physical activity in schoolchildren:
the UK(11,12), Denmark(13), Norway(14), Belgium(15),
Portugal(16), the USA(17,18), Canada(19) and Brazil(20,21).

The Schoolchildren Food Consumption and Physical
Activity (WebCAAFE) is an online previous-day
questionnaire (recall of frequency of thirty-two food items
and thirty-two types of activities) aimed at Brazilian children
attending 2nd to 5th grades of elementary schools(21,22).
It originated from paper-and-pencil pictorial structured
questionnaires on schoolchildren’s lifestyle that have been
validated over the past 10 years(23–25). Usability and validity
tests have shown very good acceptability and child capacity
to understand and respond to WebCAAFE(21,22). However,
the bias and precision of the questionnaire have not yet
been reported.

There are challenges in such evaluation which include
the question of a suitable gold/reference standard, the
influence of the questionnaire on eating behaviour and its
reporting (e.g. social desirability of the report), cognitive
skills such as memory and attention necessary to provide
an accurate report (especially for younger children),
retention interval (the time elapsed between meal and
recall), child motivation and optimal instructions to answer
the questionnaire(10,25–31). Web-based applications may be
rather limited in lower socio-economic areas in develop-
ing countries. In addition, the errors in self-reported food
consumption are usually systematic, heteroscedastic, not
normally distributed, and correlated within person and
with reference SE, as well as between dietary items(32).

Although the cost-effectiveness of health interventions
has become a backbone of decision making for resource
allocation in various areas of medical care, its application
in nutritional epidemiology has been rarely debated, with
few exceptions(33–35). In order to extend this methodology
to lifestyle interventions such as reinforcing healthy diet,
quantification of bias and precision of the monitoring
questionnaire (e.g. food questionnaires) is necessary. For
example, a health or school authority may wish to know
whether a particular food questionnaire provides sufficient
precision to inform whether at least 90% of children
follow the recommendation to avoid fried food.

The objectives of the present paper are twofold: (i) to
estimate the bias of WebCAAFE in relation to direct
observation of food intake in school as the reference
standard; and (ii) to estimate the sample size necessary to
detect 75% compliance with recommended frequency of
daily consumption of major food groups in the Brazilian
Food Guidelines.

Methods

WebCAAFE questionnaire
The WebCAAFE questionnaire is part of a web-based
monitoring system to gather data on behavioural and

environmental variables related to obesity in Brazilian
schools. After usability(21) and validity(22) studies, the
questionnaire was applied for three consecutive years
(2013–2015) in thirty-four elementary public schools in the
city of Florianopolis, with the participation of about 6000
schoolchildren. Currently, the questionnaire is being
tested in a north-eastern Brazilian city. The system
(www.caafe.ufsc.br) allows access to four types of user:
(i) researchers can set up the survey parameters such as
participating schools, dietary items and physical activities
to be surveyed; (ii) school principals can access a
questionnaire designed to evaluate the school environ-
ment in terms of physical activity and healthy eating
opportunities, as well as the charts summarizing main
research findings; (iii) children can access the WebCAAFE
questionnaire using the passwords valid only during the
time of answering the questionnaire; and (iv) health and
education authorities can access the charts summarizing
main research findings for each school. The WebCAAFE
questionnaire was designed to operate in the school
setting to help public health and education professionals
to evaluate schoolchildren regarding: (i) nutritional
status, food consumption, physical activity and sedentary
behaviours; (ii) assessment of school compliance and
children’s acceptability of the National School Meals
Program; (iii) participation in and satisfaction with
physical education classes at school; and (iv) health and
education authorities can access the charts summarizing
main research findings for each school.

The questionnaire is structured in three sections:
registration, diet and physical activity(21). The registration
section collects information about respondents: their
name, mother’s name, sex, weight, height, age, date of
birth and study period. The child’s weight and height
measures should always be taken by a trained researcher
at most 15 d before responding to WebCAAFE and must
be recorded in the school diary of each child. The
researcher should also note the child’s name, sex, date of
birth (provided by school administration) and anthropo-
metric measures in a spreadsheet. The latter are used to
calculate BMI and determine the weight status according
to age and sex(36).

The diet section is a previous-day recall of frequency of
intake of thirty-two dietary items offered for each of the six
structured eating events (breakfast, morning snack,
lunch, afternoon snack, dinner and supper) presented
sequentially on the screen. For each event, thirty-two
images (icons) of foods and beverages are presented on
the computer screen, so that a child can select these by
clicking in order to report the ingested meal composition
(Fig. 1). The foods and beverages include both healthy
and unhealthy items. The item selection took into account
their frequency of intake in this age group as reported
previously by 180 schoolchildren in 7 d food diaries, as
well as the composition of school meals and the
recommendations of the Brazilian Food Guidelines(37).
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After responding on the six eating events, children are
requested to answer four questions about school meals.

The physical activity section is divided into three parts
of the day (morning, afternoon and evening)(21). For each
part, children can choose sedentary and physical activity
icons among thirty-two options. Children are also asked
about physical activity classes at school (frequency of
weekly participation and degree of satisfaction) and the
means of transport they use to go to and from school
(car, school bus, regular bus, motorbike, walking, bike,
skateboard and boat).

An avatar in the form of a robot (Fig. 1) guides the child
while completing the questionnaire. For the diet section,
the avatar explains the concept of each meal, the time of
the day and the importance of reporting food consump-
tion from the previous day. The avatar also instructs the
child not to click on any food not consumed during the
preceding day.

Participants
An intentional sample of five public schools with children
aged 7–11 years, attending 2nd to 5th grades, was selected
in the city of Florianopolis, southern Brazil. Having an

information technology room for child use with personal
computers and Internet access was the inclusion criterion
for school selection. School selection was based on the
need to include low, intermediate and high level of
information technology resources within the school, such
as the number and the quality of personal computers
and Internet connection at child disposal within the
school, as well as to cover the geographical regions of
the municipality (North, South, East, West and Central). Six
classes were randomly chosen from the list of eligible
classes within each school by a lottery-like drawing
without replacement.

The target sample included 778 children invited to
answer WebCAAFE. Of these, 129 children were excluded
because they were absent from school either during the
observation of the meals and/or when WebCAAFE was
applied on the following day. The final sample was
composed of 629 children who answered the WebCAAFE
and had their food intake in school directly observed
(273, 104 and 252 children observed during the morning
snack, lunch and the afternoon snack, respectively). As the
school schedule in these public schools runs over one-half
day, the majority of the children were observed during
one meal only but thirty-one children reported taking
two meals, thus producing the total of 660 WebCAAFE
reports for the purpose of the current analysis.

Parents completed a questionnaire with socio-
demographic information, as well as the information
regarding the child’s access to a computer at home. They
also gave written consent whereas the children gave their
oral consent to participate in the study. The study protocol
was approved by the Ethics Comittee of the Federal
University of Santa Catarina (number 2250/11).

Procedures
Anthropometric measurements of weight and height were
carried out by trained researchers in the schools using
standard techniques(38). Weight was measured using
portable digital scales with a capacity of 180 kg (Marte
LTDA, Belo Horizonte, Brazil). Height was measured using
a metal stadiometer (Seca, Hamburg, Germany). The
children were weighed and measured barefoot, wearing
light clothing. BMI was computed as weight divided by
height squared (kg/m2). The 2007 WHO-recommended
growth reference for school-age children was used to
convert BMI quintiles of the children in the present study
to corresponding BMI-for-age Z-scores(36).

The children’s food intake was observed directly during
school hours on the day before WebCAAFE was applied,
keeping in mind that the questionnaire asked about the
consumption of thirty-two food items on the previous day.
Direct observation of food intake was conducted in the
school environment, including meals that were prepared
on school premises, those bought in the school canteen
and food brought from home. A list of food items available
from the school, as such, was known to the observers, so

Fig. 1 WebCAAFE food choices presented on computer
screen
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they could distinguish the origin of the items consumed by
children. Although the children were told that the obser-
vers were in school to visit the premises, they were not
aware of the exact purpose of this visit (i.e. to observe
food intake and activities during school break time).

The observers of school meals were sixteen graduate
students of nutrition sciences who received at least 20 h of
training before the research, including a pilot observation
of the school environment. The training consisted of six
practice sessions, during which each observer had to
observe at least thirty children in total. Agreement on
ingested foods was 96% between the more experienced
observer and the other observers during training(22).
During data collection, each observer was assigned to
observe a maximum of five children identified with name
tags and coloured ribbons on their arms(22).

The day after food consumption was observed, a
trained researcher gave a demonstration of how to com-
plete the computer questionnaire in each classroom. With
the aid of a banner (140 cm× 105 cm), the WebCAAFE
food images were shown, as well as examples of how to
answer the questionnaire. Subsequently, the children were
escorted to the school computer room to complete the
WebCAAFE which took approximately 15min. The data
were collected from March to October 2012, covering all
days of the week except Friday. After completing the
questionnaire, the children were individually asked about
the presence of an Internet connection at home.

Statistical analysis
For each food/beverage group, the frequency of
consumption (in times per day) was calculated by
summing reported consumption over six daily eating
events (e.g. the fruits and vegetables food group was
calculated by adding reported consumption of fruits,
starchy vegetables, vegetable soup and leafy vegetables
over six eating events on the previous day). Food items
were aggregated to food groups according to the dietary
recommendations in the 2006 version of the Brazilian
Food Guidelines(37) based on frequency of consumption,
without specifying corresponding portion sizes and nutri-
ent quantities. Although a new version of the guidelines(39)

was launched in 2014, it did not specify the daily
recommended frequencies or food portion sizes, so the
2006 version was used in the present study.

WebCAAFE food items were divided according to their
nutritional properties or according to their roles as positive
or negative markers of a healthy diet into the following
groups: cereals (bread, biscuits, manioc flour, pasta,
breakfast cereal, cheese bread, porridge); dairy products
(milk, cheese, yoghurt); sweets (candies, chocolate bars,
ice cream, cookies, cakes with icing); fish/seafood
(includes shellfish); meats (red meats, poultry, pork,
chicken); eggs (fried, boiled or omelette); fruits (all kinds
of traditional Brazilian fruits such as bananas and oranges);
green leaves/vegetables (green leaves and others such as

carrots, pumpkin, broccoli, vegetable soup); fried food
(French fries, hot dogs, fried snacks, pizzas, hamburgers);
sugar-added beverages (sodas, fruit juices, chocolate
drinks); cooked beans; and some combinations thereof,
such as meat/fish/seafood and fruits/green leaves/
vegetables. Some of these groups are partially overlapping
to mimic the variations in healthy diet recommendations
which also use overlapping components (e.g. eating six
fruits/vegetables/green leaves or at least three fruits daily).

Bias was defined as the difference between WebCAAFE
reports and directly observed food consumption within
school, weighted by the inverse probability of having
individual eating behaviour observed during each of the
three school meals analysed. The method assumes
a representative sample of the target population and
applies the weighting scheme routinely used in multiple
stages of a survey to account for unequal probability
of recruiting individuals with certain demographic or
behavioural profile(40). For example, instead of
oversampling hard-to-reach groups such as street children,
with extremely low probability of recruiting them in a
school-based survey, statistical adjustment can be made to
account for this probability in the survey weights.
Selection probabilities regarding demographic character-
istics (child sex and school grade), child BMI-for-age
Z-score, child access to Internet at home, as well as
parental income and educational level, were all calculated
via logistic regression and compared by a χ2 test in order
to verify the assumption that the observed dietary intake
adequately represented school food intake of the target
sample. The above sample characteristics were chosen as
already established factors associated with reporting
food consumption, except for access to Internet at home.
BMI-for-age Z-score quintiles were used to equally space
its range in order to verify a dose–response relationship
with compliance.

Poisson regression used count for each food group
as the dependent variable and the counting method
(WebCAAFE v. direct observation) as the independent
variable, together with the above-mentioned weights and
adjustment for the covariance between reports on the
same child. In addition, the total of food items consumed
in school was added as offset to arrive at incidence rates
for each of the groups analysed. The bias was expressed
as a percentage.

The next step was to calculate the sample size necessary
to detect a statistically significant difference between
WebCAAFE reports and the recommendations for a
healthy diet according to the Brazilian Food Guidelines(37).
The error types I and II were fixed at 5% and 10%,
respectively, thus providing 90% power of statistical tests.
The difference between bias-corrected WebCAAFE reports
and the frequency stated in the above recommendations,
as well as the variances of estimated bias and of
WebCAAFE-reported food consumption, were all used to
determine the sample size with one-sided hypotheses of
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satisfying a dietary recommendation. For example, to
determine the sample size needed to detect a statistically
significant difference between at least 75% compliance
with the recommendation to avoid beverages with added
sugar and their consumption rate reported by WebCAAFE,
the formula:

n=fZ1�α = 2½ p0ð1�p0Þ�1=2 +Z1�β½ pAð1�pAÞ�1=2g2= ½ pAð1�p0Þ�
was used, where n is the required sample size, p0 is
the population proportion under the null hypothesis
(e.g. 0 for the foods that are not recommended), pA is the
alternative hypothesis that p0 is different from the
hypothesized value, and Z1–α/2 and Z1–β are the Z-values
from a normal distribution corresponding to the type I and
II errors, respectively(41). The design effect was assumed
to be 1 as for simple random sampling. In addition, it was
assumed that the reporting bias observed for the school
meals holds for other meals taken outside school, so
that the daily intake on an individual level can likely be
estimated by multiplying WebCAAFE daily totals with the
incidence rate ratio from the Poisson regression used for
bias estimation. Seventy-five per cent compliance was
chosen as a useful population parameter for screening
purposes. The null hypotheses compared this value with
those from bias-corrected WebCAAFE reports. The upper
limit of the estimated sample size was increased by 20%
and rounded to the nearest integer to account for eventual
selection bias and/or confounding likely to be present in
many field studies. The latter was denominated the target
sample size.

For some food groups such as meat, fish and seafood,
separate analyses of these components were added in
order to identify specific sources of the bias.

The statistical software package Stata version 12.1 was
used for all calculations. The command sampsi was used
for the sample size calculation.

Results

Mean age of the children sampled was 9.50 (SD 1.25) years,
with distribution of 7.86 (SD 0.33), 8.85 (SD 0.45), 9.93
(SD 0.56) and 10.98 (SD 0.71) years over school
grades 2 to 5, respectively. The proportion of girls was
about 5% higher than that of boys (Table 1). Most
of the families fell into the lowest income quintiles and
had no college education, but had a personal computer
at home.

Overall, there were no statistically significant differences
in the probability of observing children with particular
demographic characteristics, BMI-for-age Z-scores and
Internet access during school meals, except for the
preference in selecting children in 2nd and 3rd grades
compared with those in 4th and 5th grades (last column in
Table 1). There was also a higher probability of observing
children without information on BMI and, to a lesser

extent, those whose parents did not report their income
and educational level, although these differences did not
reach statistical significance. Most of the significant
differences were identified for school lunch (sex, income,
education), whereas morning and afternoon snacks
showed more balanced selection probabilities.

Percentage bias v. the reference standard (observed
school meals) showed moderate bias magnitude for most
food groups (Fig. 2) except for almost fourfold over-
estimation of fish/seafood frequency and about threefold
underestimation of the fruit intake during school meals
(Table 2). Frequency of consumption did not seem to be
related to the bias except for fish/seafood, which was very
rarely consumed (0.6%). The imprecision of bias estimates
(95% CI) was the highest for eggs and beans but did not
reveal any discernible pattern in relation to the bias
magnitude.

The compliance with dietary recommendations varied
widely, from <2% for fruits and vegetables to about half
the schoolchildren who did not report avoiding sugary
beverages, fried food and sweets (Table 3). The least
significant differences between the 75% compliance
criterion and rarely v. frequently met recommendations
(e.g. fruits and vegetables v. sugary beverages) were
large, so was the variation in the sample sizes necessary to
detect these differences. A large, least significant differ-
ence implies a large effect size and therefore requires
smaller sample size to detect it by test statistics, so only a
handful of children need to be sampled for the foods for
which daily intake very rarely meets the daily recom-
mendations. After increasing the estimated sample size by
20% to account for eventual selection bias, the target
sample size varied between only four and seventy-four
schoolchildren.

Discussion

To the best of our knowledge, this is the first validation
study that used observed food intake at school as a
reference method to estimate previous-day recall bias and
the sample size necessary to detect 75% compliance with
recommended frequency of daily consumption based on
food guidelines, thus allowing evaluation of the viability of
a food questionnaire for decision making at school level.
The findings of the present study add to previous
WebCAAFE validation study results(22) and to other
web-based 24 h recall/record validation studies in children
using observation during school meals as a reference
method(13,14,16–18).

According to the sample sizes needed to detect a
significant difference between self-reported and observed
food/beverage consumption, WebCAAFE is a valid
questionnaire for screening compliance with dietary
recommendations analysed in the present study for
medium and sometimes even small groups of children
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(e.g. in a classroom). If the difference between the
recommendations and estimated daily consumption is
large, a handful of WebCAAFE reports may be sufficient to
detect the stipulated level of non-compliance (≥25%) in
the group analysed. However, as the difference gets
smaller, the sample size rises to the size of several class-
rooms (seventy-four children) to test the hypothesis that at
least a quarter of schoolchildren do not comply with the
recommendation to avoid sugar-added beverages.
Although these sample sizes may appear surprisingly
small, the following factors that may explain these results
need to be considered: (i) as recommended dietary
proportions are stipulated population constants with zero
variance, the variance of the difference between
WebCAAFE proportion and the stipulated proportion was
considerably reduced; (ii) the differences between
observed and recommended dietary proportions were
large for most foods due to low level of compliance; and
(iii) the comparisons were one-sided as the dietary
recommendations were directed, in the sense of either
avoiding or consuming the foods by at least certain
number of times per day.

The 25% criterion for non-compliance is both plausible
and relevant for intervention decision making such as

school-based promotion of healthy diet. Different
compliance criteria (e.g. 90% compliance equivalent
to 10% non-compliance) are easy to substitute in the
sample size formula.

Most publications on sample size calculations for diet
validation studies focused on continuous outcomes such
as the quantity of nutrient intake(32,33,42,43) as opposed to
binary outcomes such as dietary compliance analysed in
the present study. A computer simulation showed that
large within-subject variation in reporting food frequency
required a calibration study design with more repeated
records over fewer individuals as the most efficient study
design when a bias was set to 17% under-reporting of the
true value(33). This figure is close to the bias magnitude
estimated for most foods in the present study, thus
suggesting that several repetitions of WebCAAFE for
a cohort of schoolchildren may be the best way forward
in future validation studies with this questionnaire.

Regression calibration has been the prevailing method
in diet validation of nutrient intake components and the
indicators derived thereof. In most cases, it assumes
no correlation between measurement errors in the
reference standard and alternative questionnaire subject
to calibration and applies normalizing transformations to

Table 1 Selection probabilities for observing food intake in school, according to some demographic characteristics, BMI and access to
Internet at home, among schoolchildren (n 629), aged 7–11 years, attending 2nd to 5th grades of five elementary public schools in
Florianopolis, Brazil, March–October 2012

Morning snack Lunch Afternoon snack Weighted mean

Characteristic N* %† N* %† N* %† %†

School grade
2nd and 3rd 137 27.74‡ 152 36.18‡ 64 10.94‡ 28.33‡
4th and 5th 125 8.80‡ 217 11.52‡ 63 31.75‡ 13.83‡

Sex
Boys 129 17.83 165 58.93‡ 63 17.46 21.85
Girls 133 19.55 204 36.36‡ 64 25.00 19.45

BMI quintile (WHO Z-score)
1 (<−1.70) 45 24.54 80 13.75 21 23.81 18.49
2 (−1.71, −0.70) 58 12.07 59 32.20 29 13.79 20.55
3 (−0.71, 0.25) 50 14.00 63 22.22 32 12.50 17.24
4 (0.26, 1.54) 49 18.70 74 20.05 23 18.11 19.26
5 (>1.54) 49 20.41 80 22.50 16 25.00 22.07
Missing 11 45.45 13 23.08 6 50.00 36.67

Family income (quintiles)
1 17 17.65 35 22.86‡ 11 36.35 23.81
2 99 22.22 143 11.19‡ 57 19.30 16.39
3 53 13.21 73 23.29‡ 11 27.27 19.71
4 29 24.14 20 25.00‡ 9 11.11 22.41
5 9 0.00 18 22.22‡ 1 100.00 17.86
Missing 55 18.18 80 37.50‡ 38 18.42 27.17

Highest parental education level
Elementary 73 17.81‡ 113 19.47‡ 34 26.47 20.00
High school 97 25.78‡ 134 18.66‡ 31 9.68 20.23
College 37 2.70‡ 44 9.09‡ 22 27.27 10.68
Missing 55 18.18‡ 78 37.18‡ 40 22.50 27.75

Child’s access to Internet at home
No 71 19.72 95 17.89 54 27.78 20.91
Yes 152 17.10 232 18.53 55 14.55 17.54
Missing 39 14.89 42 11.38 18 14.17 18.06

*Number of children observed for a given school meal.
†Probability of observing a child with a given characteristic (percentage).
‡Hypothesis of equal percentages rejected by χ2 test (P< 0.05).
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highly skewed distributions to improve SE estimation of
parameter estimates(44). The present study used Poisson
regression regularly applied to count outcomes such as the
number of food items consumed per day, with logarithmic
transformation of the counts and population variance
assumed to equal the mean consumption, both of which
take into account the peculiarities of the measurement
error structure in diet validation(32).

The WebCAAFE presents a different framework from
other web-based questionnaires(11–20) mainly because it
was formulated as a previous-day recall of frequency of

intake of thirty-two food items in each of six daily eating
events, so the dietary assessment does not involve a fully
quantified 24 h recall of foods and beverages. The
cognitive task required for estimating portion size,
frequency and averaging may not be compatible with the
perceptual and conceptual capacities of children who
have not reached the stage of abstract reasoning at
approximately 10–11 years of age(26,27,29). Non-quantified
recall of the dietary items considered most relevant in the
national food guidelines may be a feasible method for
surveillance of dietary intake in children, including those
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Fig. 2 WebCAAFE bias as percentage difference relative to observed food consumption among schoolchildren (n 629), aged
7–11 years, attending 2nd to 5th grades of five elementary public schools in Florianopolis, Brazil, March–October 2012. Values are
means with their 95% confidence interval represented by vertical bars

Table 2 Mean frequency of food group intake based on direct observation and estimated WebCAAFE bias (N 660 eating events) among
schoolchildren (n 629), aged 7–11 years, attending 2nd to 5th grades of five elementary public schools in Florianopolis, Brazil, March–
October 2012

95% CI

Food group Mean frequency* WebCAAFE bias* Lower Upper

Cereals 7.2 −5.62 −14.27 3.90
Sweets 35.5 −5.38 −11.70 1.40
Meat 28.6 −39.84 −47.23 −31.42
Fish/seafood 0.6 384.31 61.47 1352.58
Eggs 2.6 −7.51 −44.15 53.18
Meat/fish/seafood 10.62 −29.13 −37.22 −20.00
Fried food 17.1 15.24 6.03 25.26
Dairy products 17.9 10.84 3.92 18.22
Sugar-added beverages 50.0 4.31 1.51 7.18
Cooked beans 11.1 20.24 −5.52 53.03
Fruits 18.7 −66.60 −73.59 −57.75
Green leaves/vegetables 41.8 −9.47 −16.38 −1.99
Fruits/green leaves/vegetables 34.0 −20.51 −26.05 −14.55

*Multiplied by 100.
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just starting school, in order to reduce cognitive demands
related to food quantities. This is also important in order to
reach out to disadvantaged children. In the present study,
about a quarter of the children analysed were 7–8 years
old, about 20% had parents with at most elementary
school education and a further 20% had parents with high
school education (Table 1). Compared with aforemen-
tioned validation studies regarding other web-based food
questionnaires(13,14,18), the social and educational
background of the WebCAAFE respondents was
considerably lower.

The high percentage bias for fish/sea products, meats,
fruits and beans may have occurred because the food
images in the WebCAAFE screen for these items did not
match the way children often eat (Fig. 1). Fish/sea
products, meats and beans are generally prepared in
school canteens in mixed dishes, like casseroles and
stews. This is in line with attributing lower accuracy of
pulses intake to the discrepancy between their screen
representation in PAC 24(16), a web-based questionnaire
for Portuguese children, and their appearance when
served to the children.

The strengths of the present study include a reasonably
large sample size, geographical coverage of the city
regions and a reference standard for school meals based
on direct comparison between observed behaviour and
reported food choices, thus providing a solid assessment
of the bias. Furthermore, the study tackled important
methodological issues of imprecision of the reference
standard and only partial verification of the food
consumption, which was limited to the school premises.
The former was quantified by 95% CI whereas the latter
was adjusted for by the inverse probability weights. No
indication of significant selection bias was found
regarding key control variables (child sex, BMI-for-age
Z-scores and Internet access; parental income and
education level) except for the higher chance of selecting
younger children from the second and third school grades
(Table 1). Older children might have more autonomy to
skip school meals and use this time for other activities,
such as talking or playing with friends. In addition, they

were more accurate in reporting their dietary intake than
younger (7–8 years) children(22). On the other hand, 43%
of the matches between WebCAAFE and observed dietary
intake in school, as well as 29% of intrusions and 28% of
omissions, put this questionnaire’s accuracy close to that
of other similar instruments(17,18).

Finally, screening and decision making with data from
WebCAAFE is highly flexible with respect to local food
menus. Some of the Brazilian Food Guidelines’ dietary
recommendations(37) were chosen to exemplify the
sample size calculations because of a widespread
agreement on their importance for child growth and
development. However, achievement of other targets can
be tested in the same way. This makes the above
approach flexible to assess adaptive cross-cultural
differences in eating behaviour.

Among the limitations of the present study, it is worth
noticing that the sample size calculation did not take into
account within-subject variation of repeated WebCAAFE
reports. Another study found this variation considerably
higher for episodic compared with regular food intake(45)

and unstructured meal components. However, dietary
recommendations usually deal with more frequently
consumed foods such as those analysed in the present
study. Furthermore, statistical adjustments applied in the
present study would not be effective for eventual
systematic differences in child reporting on the food
consumed in school v. outside school. A child has more
autonomy to choose what to eat outside school compared
with a more restricted school environment. Therefore, the
number of food choices is typically higher outside school,
especially for less structured meals such as snacks. Even
within the school environment, under-reporting with
WebCAAFE was higher when more food choices were
available(22). Also, there is often less adult control over
the food consumed at home, such as while watching
television or playing with friends. In addition, the
sampling was restricted to the schools with computer
laboratories where a child has access to the Internet, so the
findings cannot be generalized to the schools without such
conditions. Furthermore, the cluster sampling design

Table 3 Observed compliance with dietary recommendations and the sample size needed to detect 25% or higher level of non-compliance
using WebCAAFE among schoolchildren (n 629), aged 7–11 years, attending 2nd to 5th grades, of five elementary public schools in
Florianopolis, Brazil, March–October 2012

Food group RDF* % complying 95% CI n† 95% CI n‡

Cooked beans 1 15.15 12.50, 18.12 5 5, 6 7
Cereals 6 5.76 4.11, 7.82 3 3, 4 5
Dairy products 3 6.21 4.49, 8.33 3 3, 4 5
Fruits/green leaves/vegetables 5 1.36 0.06, 2.57 2 2, 3 4
Meat/fish/seafood 1 24.85 21.59, 28.33 8 7, 10 12
Sweets 1 47.88 44.01, 51.77 31 23, 42 50
Fried food 0 49.39 45.51, 53.28 34 26, 47 56
Sugary beverages 0 52.12 48.23, 55.99 43 31, 62 74

*Recommended daily frequency of consumption.
†Estimated sample size with 90% power to detect 75% compliance or higher.
‡Targeted sample size with 20% added to the upper bound of the 95% CI.
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underestimates the variance of simple random sampling
without adjusting for design effect. Finally, increasing
estimated sample size by 20% may be insufficient to
provide adequate target samples in the case of a strong
selection bias (e.g. if compliers with food guidelines were
much more likely to participate in the study) or large
systematic differences between observed and unobserved
eating behaviour (e.g. in school v. out of school).

In the city where the present study was conducted, all
public and private schools had Internet access and a
designated room for its use by students, although the
quality of the Internet connection was pretty variable.
However, in a north-eastern Brazilian city where
WebCAAFE was also validated, only half of the public
schools had the quality of Internet connection necessary
for its application. For areas with no Internet access, the
paper-and-pencil versions of the questionnaire(24,25) are
current alternatives to WebCAAFE. Future development of
the questionnaire will add interfaces for tablets and smart
phones, which may be provided by researchers to the
schools without Internet access, as well as outside
the school. In addition, improving screen representation of
the highly biased foods such as fish/sea products, fruits,
beans and meats, as well as including an open field to
write down a food item not found in the current menu, are
important lines of future research to increase the accuracy
of WebCAAFE reports.

Despite the limitations, WebCAAFE appears to be a
simple, low-cost and highly adaptable food questionnaire
for evaluation of schoolchildren’s dietary compliance on a
group level, even with relatively low sample size. As such,
it may be used to aid decision making for school or health
authorities.
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