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Abstract
Objective—To compare reporting accuracy for breakfast and lunch in two studies.

Design—Children were observed eating school meals and interviewed the following morning about
the previous day. Study 1 — 104 children were each interviewed one to three times with >25 days
separating any two interviews. Study 2 — 121 children were each interviewed once in forward
(morning-to-evening) and once in reverse (evening-to-morning) order, separated by >29 days.

Setting—12 schools.
Participants—Fourth-grade children.

Main Outcome Measures—+For each meal: food-item variables — observed number, reported
number, omission rate, intrusion rate, total inaccuracy; kilocalorie variables — observed, reported,
correspondence rate, inflation ratio.

Analysis—General linear mixed-models.

Results—For each study, observed and reported numbers of items and kilocalories, and
correspondence rate (reporting accuracy), were greater for lunch than breakfast; omission rate,
intrusion rate, and inflation ratio (measures of reporting error) were greater for breakfast than lunch.
Study 1 — for each meal over interviews, total inaccuracy decreased and correspondence rate
increased. Study 2 —for each meal for boys for reverse and girls for forward order, omission rate was
lower and correspondence rate was higher.

Conclusions and Implications—Breakfast was reported less accurately than lunch. Despite
improvement over interviews (Study 1) and differences for order x sex (Study 2), reporting accuracy
was low for breakfast and lunch.
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INTRODUCTION

Breakfast consumption plays an important role in children’s general health and well-being,
and is associated with nutritional adequacy, body weight, and cognitive and academic
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performance.l‘3 School is a common source of breakfast for many children: In the United
States, average daily participation in the School Breakfast Program exceeds 9 million children.
4 The accuracy of dietary recalls by elementary school children (without assistance from
parents) has been investigated in validation studies by comparing parts of 24-hour recalls to
school-meal observations of breakfast and lunch®=9 alone or combined with weighed intake.
10 However, despite continuing interest in the importance of children’s breakfast consumption,

1-3 few studies have compared the accuracy with which children report school breakfast and
school lunch.

Todd and Kretschl0 expected children to report school breakfast intake more accurately than
school lunch intake because fewer items were served at breakfast. They calculated Pearson
correlations for each meal between children’s dietary recalls and school-meal observations
combined with weighed intake. Although Todd and Kretsch did not present detailed results by
meal, they stated that the correlations “...for selected nutrients at breakfast were higher for the
most part than at lunch .. » 10 which suggests higher reporting accuracy for breakfast than
lunch.

In a validation study by Weber et a1 with children, analyses by school meal indicated
significant differences between reported and observed carbohydrate and protein (with p = .06
for energy) for school breakfast, but no significant differences for school lunch, which suggests
higher reporting accuracy for lunch than breakfast. In contrast, Pearson correlations between
reported and observed nutrients and energy ranged from 0.64 to 0.81 for school breakfast and
0.55 to 0.59 for school lunch, which suggests higher reporting accuracy for breakfast than
lunch. However, some aspects of their study could have caused reactivity and altered children’s
intake and/or reporting, thus decreasing the generalizability of their results concerning
children’s reporting accuracy. Specifically, staff who did not conduct observations helped
children record meals if asked. Instead of returning meal trays as usual, children were asked
to leave trays (and name tags worn for the study) on tables after meals ended. Children received
measurement utensils and training for a total of 60 to 80 minutes before and after the observed
school lunch to estimate amounts and to complete a diet record to be used as a memory prompt
during a 24-hour dietary recall conducted the next mornrng

The purpose of the current analysis was to compare children’s reporting accuracy for school
breakfast and school lunch by using data from two validation studies by our group. In Study
1, the consistency of children’s reporting accuracy over multiple interviews was investigated.
81n Study 2, the effect of order prompts (morning-to-evening [with breakfast coming earlier
in the report] versus evening-to-morning [with breakfast coming later in the report]) on the
accuracy of children’s dietary recalls was mvestlgated We did not previously compare
reporting accuracy for school breakfast and school lunch. In each study, dietary recalls were

obtained for an entire 24-hour period because previous research has shown that children’s
accuracy for reporting lunch during a 24-hour dietary recall is less than accuracy for reporting
only lunch. 12

This section summarizes the samgle and data collection methods for each study; additional
details are described elsewhere.8: 9 For each study, approval was obtained from the institutional
ethics committee for research involving human subjects, and child assent and parental consent
to participate were obtained in writing prior to data collection. Children were recruited from
all fourth-grade classes from a total of 12 public schools in one school district in a southern
state. The schools were selected based on high participation in school meals (breakfast, lunch).
The sample for each study was stratified by sex and race to ensure equal representation of the
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sex/race groups; however, neither study was powered to detect sex or race differences.8: 9
Table 1 provides important details concerning the sample, design, and methods for each study.

Observations

Interviews

Analyses

Only children who obtained meals at school were observed because unobtrusively identifying
contents of meals brought from home is difficult.13 Entire school meal periods were observed
to note trading of foods.14 One of three dietitians in Study 1, or one of four dietitians in Study
2, observed one to three children simultaneously and recorded, for each child, items and
amounts eaten in servings. Children could see when an observer was present, but did not know
who, specifically, was being observed or would be interviewed. Practice observations were
conducted prior to data collection to familiarize children with an observer’s presence 15 Inter-
observer reliability, assessed regularly through data collection, was satlsfactory 9

One of three dietitians in Study 1, or one of four dietitians in Study 2, interviewed children
individually after breakfast in the morning after each observation day about their intake on the
previous day. A dietitian never interviewed a child that she had observed on the previous day.
For Study 1, each of 104 children was interviewed once (n=12), twice (n=13), or three times
(n=79); at least 25 days separated any two interviews for an individual child, and when possible,
in subsequent interviews, different dietitians interviewed the child on different weekdays. For
Study 2, 121 children were each interviewed twice, once in forward order (morning-to-evening)
and once in reverse order (evening-to-morning), separated by >29 days; a child’s two
interviews were conducted by different dietitians, and, when possible, on different weekdays.
Interviewers followed a multiple-pass protocol modeled after the Nutrition Data System for
Research (NDS-R; version 4.03, Nutrition Coordinating Center, University of Minnesota,
Minneapolis, 2000); however, interviewers wrote information reported by children onto paper
forms instead of using the NDS-R computerized version. For Study 1, all interviews used
forward-order prompts. For Study 2, half of the children in each sex/race group were randomly
assigned to forward-order prompts during the first interview and reverse-order prompts during
the second interview; the other half of each group received the complementary assignment.
(Figure 1 in references 8and® fully describes each interview protocol.) Each interview was
audio-recorded and transcribed. Quality control for interviews, assessed regularly throughout
data collection, indicated that interviewers adequately adhered to the protocols.&

Children were asked to report intake for the entire previous day during each interview, but
analyses for each study were restricted to intake for school meals because the validation method
of observation included only school breakfast and school lunch. As explained in detail
elsewhere,8: 9 to be considered as reports of school meals, children had to identify school as
the location where meals were eaten, name meals appropriately, and report mealtimes to within
an hour of observed mealtimes; these requirements were applied consistently to all reports.
Each item observed eaten at a school meal was classified as a match if it was reported eaten,
or as an omission if it was not reported eaten, at that school meal. Each item reported eaten at
a school meal was classified as a match if it had been observed eaten, or as an intrusion if it
had not been observed eaten, at that school meal. Because children can report foods many
ways, items reported eaten were classified as matches unless it was clear that the children’s
reports did not describe items observed eaten; this may have overestimated children’s reporting
accuracy.8’

As in previous studies,® 16, 17 opserved amounts and reported amounts were recorded using
a qualitative scale and then assigned numeric values as none=0.00, taste=0.10, little bit=0.25,
half=0.50, most=0.75, all=1.00, or the actual number of servings if >1 was observed or reported
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eaten. For each item observed eaten, and for each item reported eaten, standardized school-
meal servings were used to obtain per serving information about kilocalories from the NDS-
R database; for items not in NDS-R, kilocalorie information was obtained from the school
district’s nutrition program. Although the portion-size estimates may have been imprecise, the
same approach was used to estimate kilocalories for observed items and for reported items.

For each interview for each child, we calculated nine variables for breakfast and lunch
separately; there were five food-item variables (number of items observed eaten, number of
items reported eaten, omission rate, intrusion rate, total inaccuracy) and four kilocalorie
variables (observed, reported, correspondence rate, inflation ratio). The five food-item
variables were calculated after assigning an importance weight to each item according to meal
component, with combination entrée = 2.00, condiment = 0.33, and every remaining
component = 1.00.8:9 Higher values for omission rate, intrusion rate, and total inaccuracy
indicate lower reporting accuracy.Sv 9 Higher values for correspondence rate, and lower values
for inflation ratio, indicate higher reporting accuracy.18 The nine variables are defined in the
Table 2 footnotes.

Study 1—Previously published food-item analyses (based on classifying each item as a match,
omission, or intrusion) for both meals combined showed that total inaccuracy (which
cumulated errors in servings for all items and amounts) decreased from the first to the third
interview (p = .006), which indicated that children’s reporting accuracy for the two meals
combined improved over interviews.8 For the current analysis, we conducted a general linear
mixed-model analysis (with child as the sole random effect) for each of the nine variables to
determine whether the consistency of reporting accuracy over interviews depended on meal
(breakfast, lunch), interview (first, second, third), and meal x interview. The model included
interview and meal x interview due to the design and previously-published effect of interview;
the sex and race stratification variables were also included. Least squares means (LSMs) and
standard errors (SEs) were calculated for each meal for each interview, for levels of variables
involved in significant effects, and for combinations of levels of variables in significant
interactions.

Study 2—Previously published food-item analyses for both meals combined showed an order-
x-sex interaction on omission rates (p = 0.008): Boys had lower omission rates in reverse-order
reports, but girls had lower omission rates in forward-order reports.9 For the current analysis,
we conducted a general linear mixed-model analysis (with child as the sole random effect) for
each of the nine variables to determine whether reporting accuracy depended on meal, order
(forward, reverse), sex, order x sex, meal x order, meal x sex, and meal x sex x order. Sequence
(first or second interview) was in the model to investigate order. The main effects and
interactions for order and sex were in the model due to the design and previously-published
order-x-sex interaction; the race stratification variable was also in the model. We calculated
LSMs and SEs for each order by meal and sex, for levels of variables involved in significant
effects, and for combinations of levels of variables involved in significant interactions.

Table 2 shows LSMs and SEs from the general linear mixed-model analysis conducted for
each of the nine variables, for Study 1 for each interview by meal, and for Study 2 for each
order by meal and sex, along with F values and p values for significant effects and interactions.

For each study, all five food-item variables and four kilocalorie variables for observed
consumption, reported consumption, and reporting accuracy differed significantly by meal.
Specifically, more items (p < .0001 for each study) and kilocalories (p < .0001 for each study)
were observed eaten for lunch than for breakfast, and more items (p < .0001 for each study)
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and kilocalories (p < .0001 for each study) were reported eaten for lunch than for breakfast.
Correspondence rate, a measure of reporting accuracy, was greater for lunch than for breakfast
(p = .0002 for each study). Three measures of reporting error — omission rate (p = .0048 for
Study 1; p =.0014 for Study 2), intrusion rate (p < .0001 for each study), and inflation ratio
(p <.0001 for Study 1; p = .0017 for Study 2) — were greater for breakfast than for lunch.

Another measure of reporting error —total inaccuracy — was greater for lunch than for breakfast
(p < .0001 for each study). However, because total inaccuracy is a cumulative sum of reporting
errors in servings for all items (matches, omissions, and intrusions) and amounts combined, it
cannot be normalized for the number of items. Thus, the significant effect of meal for total
inaccuracy in both studies can be attributed to the significant differences in the numbers of
observed items and reported items for breakfast and lunch.

In Study 1, neither children’s observed intake nor reported intake varied significantly over
interviews for either school meal: The effect of interview was not significant for observed
intake (number of items or kilocalories), or for reported intake (number of items or kilocalories)
for either school meal. The meal-x-interview interaction was not significant for any variable.
As shown in Table 2, for each meal over interviews, total inaccuracy decreased (p = .0262),
and correspondence rate increased (p = .0222), which indicates that children’s reporting
accuracy improved over interviews for school breakfast and for school lunch.

In Study 2, the meal-x-order-x-sex interaction was not significant for any variable. However,
reported kilocalories (p =.0106) and intrusion rate (p = .0494) were greater for forward- than
for reverse-order prompts. The order-x-sex interaction was significant for reported kilocalories,
which were similar for boys for both order prompts but lower for girls for reverse-than forward-
order prompts (p = .0394); for omission rate, which was lower for boys for reverse-order
prompts and for girls for forward-order prompts (p = .0059); and for correspondence rate,
which was greater for boys for reverse-order prompts and for girls for forward-order prompts
(p = .0082). The results for omission rate and correspondence rate in Table 2 indicate that
children’s reporting accuracy was low for school breakfast as well as for school lunch, but was
higher for boys for reverse-order prompts and for girls for forward-order prompts.

More kilocalories were observed eaten by boys than by girls (p = .0004 for Study 1; p =.0075
for Study 2). In Study 1, more items (p = .0378) and kilocalories (p = .0004) were reported
eaten by boys than by girls. In Study 2, at breakfast, boys were observed eating more items
than girls, but at lunch, girls were observed eating more items than boys (p = .0166);
furthermore, at breakfast, total inaccuracy was lower for girls than for boys, but at lunch, it
was similar for girls and for boys (p = .0497). In Study 2, more items were reported eaten by
black children than by white children (p = .0240). The Table 2 footnotes provide LSMs and
SEs for significant effects of sex for Study 1 and for race for Study 2.

DISCUSSION

We analyzed data collected previously for two dietary validation studies with children to
compare reporting accuracy for school breakfast and school lunch. We found that although
fewer items and kilocalories were observed eaten and reported eaten at school breakfast than
at school lunch, children were less accurate in reporting school breakfast than school lunch.

Our conclusions differ from those of Todd and Kretsch10 and Weber et all1 discussed in the
introduction. The difference could be due to the approach used to compare observed
information to reported information. Their approach did not consider errors in reported items
or amounts; in contrast, our approach considered the accuracy of reported information because
\{vge classified items as matches or intrusions, and amounts as corresponding or overreported.
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Although neither Study 1 nor Study 2 was powered to detect sex or race differences, significant
sex and race effects and interactions were found for several variables in each validation study.
Several non-validation studies that have obtained 24-hour dietary recalls from children have
found differences by race/ethnicity and/or sex in mean reported daily intakes of energy and
nutrients, and/or the percent of children who met nutrition recommendations.19-23 Whether
differences by race/ethnicity and/or sex in children’s dietary intake are due to actual differences
in intake, or to variation in reporting accuracy by race/ethnicity and/or sex, is an area for which
future dietary validation studies with children are needed.

These additional analyses are limited by specific aspects of the designs and methods of Studies
1 and 2. Analyses were restricted to school meals in children’s 24-hour dietary recalls because
observations included two school meals instead of an entire 24 hours. Qualitative terms

converted to quantitative terms were used for amounts of standard servings. A lenient criterion
was used to classify reported items as matches; this may have overestimated reporting accuracy.

The limitations are offset by several strengths. Observations were conducted in a setting and
manner that minimized reactivity. Throughout data collection, quality control was assessed
both for observations and for interviews. Reports were obtained from children without
assistance from parents (who were not present at the observed school meals); thus, we
investigated children’s reporting accuracy.

IMPLICATIONS FOR RESEARCH AND PRACTICE

Children were less accurate in reporting school breakfast than school lunch during 24-hour
dietary recalls, even though fewer items and kilocalories were observed and reported eaten for
school breakfast than for school lunch. These results have implications when dietary recalls
are obtained from children, as might be done to evaluate nutrition education interventions, to
assess the relative validity of food frequency questionnaires, or to determine the effects of the
school breakfast program (eg, traditional versus universal-free) on children’s dietary outcomes.

For Study 1, the improvement in children’s reporting accuracy over interviews for school
breakfast and for school lunch may have been due to children’s maturation, to increased
experience with the interview process, or to some other unknown factor. For Study 2, reporting
accuracy was better for school breakfast, and for school lunch, for boys for reverse-order
prompts and for girls for forward-order prompts. However, despite improvement over
interviews for school breakfast and for school lunch in Study 1, and differences for the order-
x-sex interaction in Study 2, reporting accuracy was low for school breakfast and for school
lunch.

Children in both studies might have been less accurate in reporting school breakfast than school
lunch because 1) another school breakfast intervened between the to-be-reported school
breakfast and the interview, 2) more time intervened between eating school breakfast and the
interview than between eating school lunch and the interview, and/or 3) fewer items at school
breakfast than at school lunch made any reporting error proportionally greater. Insight
concerning the first two possibilities could be gained by investigating reporting accuracy by
meal in a validation study that had sufficient numbers of children and that varied both target
period (prior 24 hours — from 24 hours before the interview until the time the interview began;
previous day — midnight to midnight of the day before the interview) and interview time
(morning, afternoon, evening). In such a study, one would expect children to be most accurate
for reporting school breakfast during morning interviews about the prior 24-hours’ intake
because there would have been no school breakfast between the to-be-reported school breakfast
and the interview, and because the time interval between eating school breakfast and the
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interview would be less than for any of the other target period x interview time conditions, and
less than the time interval between eating school lunch and the interview.
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