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Abstract
Objective: To investigate the accuracy of children's dietary recalls of school breakfast and school
lunch validated with observations and obtained during in-person versus telephone interviews.

Design: Each child was observed eating school breakfast and school lunch and was interviewed that
evening about that day's intake.

Setting: Ten elementary schools.

Participants: A sample of fourth-graders was randomly selected within race (black, white) and
gender strata, observed, and interviewed in person (n = 33) or by telephone (n = 36).

Main Outcomes Measured: Rates for omissions (items observed but not reported) and intrusions
(items reported but not observed) were calculated to determine accuracy for reporting items. A
measure of total inaccuracy was calculated to determine inaccuracy for reporting items and amounts
combined.

Analysis: Analysis of variance; chi-square.

Results: Interview type (in person, telephone) did not significantly affect recall accuracy. For
omission rate, intrusion rate, and total inaccuracy, means were 34%, 19%, and 4.6 servings for in
person recalls and 32%, 16%, and 4.3 servings for telephone recalls of school breakfast and school
lunch.

Conclusions and Implications: The accuracy of children's recalls of school breakfast and school
lunch is not significantly different whether obtained in person or by telephone. Whether interviewed
in person or by telephone, children reported only 67% of items observed; furthermore, 17% of items
reported were not observed.
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INTRODUCTION
In a recent review regarding the evaluation measures used in nutrition education intervention
studies conducted between 1980 and 1999, Contento et al reported that almost all studies
assessed dietary intake.1 Despite decades of developing various methods for obtaining dietary
intake, the accuracy of dietary intake data continues to be a major problem.2 The most
commonly used method for dietary surveys in the United States is the 24-hour recall.3 In
Contento et al's review, of the 62 interventions with schoolchildren that evaluated dietary
intake, 26 (42%) used 24-hour recalls.1 Recent validation studies have indicated that the
accuracy of children's dietary recalls is poor.4-6 Numerous publications (we refer to 5 as
examples) have documented the need for validated methods for assessing children's dietary
intake.7-11

Telephone dietary surveys represent an economical way to increase the scope of nutrition
research; advantages include cost savings and safety of the interviewer.12 With telephone
interviews, respondents and interviewers do not need to travel to a common location, and it is
possible to conduct interviews without respondents knowing in advance exactly when
interviews will occur.3 Telephone surveys eliminate potential interviewer bias that may exist
in face-to-face interviews12; furthermore, the anonymity of the interviewer may improve
reporting on sensitive topics.13 National surveys have used telephone 24-hour recalls.12
Among adults, numerous studies have indicated that dietary recall information obtained by
telephone was, in general, similar to or indicated slightly greater mean intakes than information
from in-person dietary recalls in previous national surveys,14,15 food records,16 and in-person
dietary recalls.17-21 However, these studies lacked true validation because they compared one
self-report method with another self-report method, without investigators knowing the
respondents' actual consumption. Validation studies among adults have indicated that dietary
recall information obtained by telephone was similar to information from energy intake for
weight maintenance,22 observation of congregate noon meal,23 and tray cards with visual
estimation in a college dining hall.24 However, a validation study by Tran et al with adults
indicated that although no significant differences were found in mean daily energy intake
between inperson and telephone recalls, mean energy intake from both in-person and telephone
recalls was significantly lower than total energy expenditure assessed using doubly labeled
water.21 In summary, among adults, information from dietary recalls is similar whether
obtained in person or by telephone, although under-reporting is evident when compared to
doubly labeled water.

Children have provided telephone dietary recalls in many studies11,25-35; however, parents
often assisted children,11,25-35 so conclusions cannot be made regarding the accuracy of the
children's telephone recalls. Two studies compared children's telephone recalls to parental
records of children's intake, but neither study validated the parental reports.27,28 One study
compared telephone recalls to doubly labeled water, but children were younger than 7 years,
and recalls were performed by the mother and child.30 Other studies compared children's
telephone recalls to food records31 and food frequencies.33 Several studies used children's
telephone recalls but lacked comparison methods.11,25,26,29,32,34 To our knowledge, only
a study by Wyon et al has obtained telephone recalls from children without parental assistance
and validated the recalls against a method that did not rely on self-reports from children or
parents.35 The Wyon et al study was conducted to examine the effect of energy intake at
breakfast on school performance the same morning, although children were given the
impression that they were participating in a marketing survey. Four breakfast packs, of either
2 identical high-energy meals and 2 identical low-energy meals or 3 identical high-energy
meals and 1 low-energy meal, were delivered to each child's home on a Monday evening.
Parents were asked to put uneaten items in a bag labeled with the weekday on which the meal
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was eaten; these bags were collected on Friday evening that same week. Recalls of breakfast
from 24-hour telephone recalls by 166 children (10 years old) were compared to analysis of
uneaten breakfast items. Results indicated a correlation of 0.89 for energy intake, with good
agreement for boys and girls. The short (ie, 4 days) and unusual nature of the study (ie, provision
of breakfast packs similar in content) may have contributed to the children's high recall
accuracy of energy intake at breakfast.

Because children have limited attention spans, eye contact made during in-person recalls may
help hold their attention, thus leading to increased recall accuracy. However, eye contact is not
possible during telephone recalls; therefore, children's recall accuracy may be less for telephone
versus in-person recalls. Furthermore, telephone surveys are not advantageous for developing
rapport and increasing the motivation and interest of the respondent13; this could be critical
when respondents are children, especially considering their limited attention spans. To our
knowledge, although children have provided dietary recalls by telephone in many studies,
information obtained from children's telephone recalls has not been validated against
observation or compared with in-person recalls. The purpose of this study was to test the
hypothesis that the accuracy of children's dietary recalls of school breakfast and school lunch
validated with observations would be significantly greater when obtained during in-person
rather than telephone interviews. Accuracy was defined as the extent to which the school
breakfast and school lunch portion of the recalls, which were obtained in the evening and
regarded that day's intake, provided correct information compared to observations. Accuracy
measures were assessed for foods rather than nutrients because people report what they have
eaten as foods. This study was the third in a series of 3 studies investigating the accuracy of
children's dietary recalls; 1 study has been conducted each school year during 3 consecutive
school years with fourth-grade children from a total of 12 elementary schools in 1 district.4,
5 In each study, observations of school breakfast and school lunch were used to validate these
portions of children's dietary recalls. Each study was approved by the Human Assurance
Committee at the Medical College of Georgia.

METHODS
Participants

All children from each fourth-grade class (n = 42) at 10 public elementary schools in 1 district
during the 2001-2002 school year were invited to participate. The 10 schools were selected to
obtain a final sample with equal numbers of black (B), white (W), male (M), and female (F)
children with high participation in school breakfast and school lunch. A mean of 59% (median
= 60%, minimum = 27%, maximum = 79%) of the children across all grades at the respective
10 schools was eligible to receive free or reduced-price school meals during the school year
of data collection. Of the 799 fourth-graders (21% BM, 21% BF, 27% WM, 26% WF, 2%
other [O] M, 3% OF) invited to participate, 56% (n = 451; 22% BM, 23% BF, 26% WM, 25%
WF, 1% OM, 3% OF) agreed by providing child assent and parental consent. Of these, a sample
of 69 children was randomly selected within race (black, white) and gender strata. Due to their
small number, children of other races were not sampled. The sampling scheme was stratified
by race and gender to ensure race/gender representativeness within the sample, but the study
was not powered to detect race or gender differences. A 2-arm parallel design was used; each
child was observed eating school breakfast and school lunch once and was interviewed once.
Half of the children randomly selected within each race/gender group were randomly assigned
to be interviewed in person and the other half by telephone. Power calculations were based on
a factorial analysis of variance (ANOVA) using an α of 0.025 to establish an overall confidence
level of at least 95% for the 2 primary dependent measures (omission rates and intrusion rates).
A difference in omission and/or intrusion rates between interview types (in-person, telephone)
of at least 10% was considered large enough to be meaningful. The power analysis indicated
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that 50 children per interview type would provide 80% power to detect a difference of the
specified size.

Procedures for Observations and Interobserver Reliability
Observations were conducted by a total of 3 trained research dietitians (RDs) who followed
written procedures used previously.4,5 Because it can be difficult to unobtrusively observe
contents of meals brought from home and eaten at school,36 only children who participated in
school breakfast and school lunch were observed. Observations covered the entire school
breakfast and school lunch periods to account for trading of foods.37,38 An RD stood by tables
where classes or groups of children sat and used a recording form while observing 1 to 3
children simultaneously. Although children in general knew when they were being observed,
individual children did not know who would be interviewed. To lessen reactivity during data
collection by acquainting children with the presence of observers, practice observations were
conducted with each class prior to data collection.39

According to procedures used previously,5 interobserver reliability (IOR) was assessed
between pairs of RDs weekly throughout data collection to ensure that all observations were
conducted according to protocol. After each IOR, each RD (whether in the pair or not)
completed an IOR checklist to identify discrepancies; IOR checklists were reviewed by the
principal investigator (PI) and each RD. During the 6 weeks of data collection, IOR was
conducted on 6 days at 6 schools on 10 children (3 M; 5 B, 4 W, 1 O), with each RD participating
on 3 to 5 days. Children observed for IOR were not interviewed that evening. Results from
IOR for school breakfast and school lunch for the 10 children indicated 93% mean agreement
(median = 92%, minimum = 80%, maximum = 100%) across observers for food items in which
the amounts observed eaten were within one-fourth serving. This percent agreement is
considered satisfactorily high.36,40

Procedures for Interviews and Quality Control for Interviews
Interviews were conducted by 1 of 2 trained RDs on Monday through Thursday evenings;
although 1 of these 2 RDs also conducted observations, she never conducted observations and
interviews on the same day. Interviews followed a written multiple-pass protocol with 4 passes
(Table 1) that was patterned after that used by the Nutrition Data System for Research (NDS-
R, version 4.03, Nutrition Coordinating Center, University of Minnesota, Minneapolis, Minn,
2000), which has often been used with children.6,11,25-27,29,33,34 However, information
was written on an interview form instead of using the computerized NDS-R version. A similar
version of the forward interview protocol with the same 4 passes was used recently in our
previous 2 studies in which fourth-graders were interviewed in the morning regarding the
previous day's intake.4,5 Minor changes were made in the wording of the interview protocol
for the current study because children were interviewed in the evening of the day they were
observed eating school breakfast and school lunch and interviews regarded that day's intake.
Interviews were audiorecorded and transcribed. Beginning and ending times were documented
to determine length.

In-person interviews were conducted in a research van parked outside children's homes. One
of 2 police officers hired from the Medical College of Georgia Police Bureau drove the van
and accompanied the RD for her safety and that of the child; this was explained in the assent
and consent forms signed by children and parents. The officer stood outside the van or sat in
the cab while the interview was conducted in the back of the van. Because of scheduling
demands, the officers were available only 2 evenings per week. Thus, 2 evenings (Monday and
Wednesday or Tuesday and Thursday) each week were randomly assigned to each condition
(in-person, telephone).
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Parents were asked to provide telephone numbers on consent forms and were telephoned by
RDs to obtain information regarding what time the child ate supper and went to bed, which
evenings the child would be available for an interview the following week, and directions to
the home. Parents were asked not to tell children they had been contacted because not all
children at each school would be observed and interviewed the following week. Parents and
children did not know in advance exactly when children would be interviewed or whether
specific children would be interviewed in person or by telephone.

According to procedures used previously,5 quality control for interviews (QCI) was conducted
daily throughout data collection to ensure that interviews were conducted according to
protocol. The audiorecording and typed transcript from one interview conducted each evening
was randomly selected and reviewed by another RD, who completed a QCI checklist. The QCI
checklist had 56 items with response options of “adequate,” “needs improvement,” and “not
applicable.” Each completed QCI checklist was reviewed by the principal investigator and RD
who conducted the interview. A total of 22 QCI checklists was completed on 69 interviews
(32%) conducted on 22 evenings. Across all 22 QCI checklists, 97% of items (937 of 970) that
were not rated “not applicable” were rated “adequate.” Of the 33 items rated “needs
improvement,” there were 6 items on 13 QCI checklists for interviews conducted by one RD
(RD1) and 17 items on 9 QCI checklists for interviews conducted by another RD (RD2). Two
or fewer items were rated “needs improvement” on 11 QCI checklists for interviews conducted
by RD1 and on 6 QCI checklists for interviews by RD2. These results indicate that RD1 and
RD2 adequately followed the interview protocol.

Recall Accuracy
Although each interview was conducted in the evening and regarded intake since the child got
up that morning, only items for the school breakfast and school lunch portions of the recalls
were analyzed for accuracy because only these meals were validated with observations. As in
our 2 previous studies,4,5 to determine which meals in the recalls referred to school breakfast
and school lunch, children had to (1) indicate “school” as the location where the meal was
eaten, (2) refer to breakfast as “school breakfast” or “breakfast,” (3) refer to lunch as “school
lunch” or “lunch,” and (4) report the mealtime within 1 hour of the observed mealtime. Each
item observed and/or reported eaten at school breakfast or school lunch was grouped into 1 of
10 meal components: lunch entree, combination entree, bread/cereal, vegetable, fruit, dessert,
condiment, beverage, breakfast meat, and miscellaneous (foods such as candy and chips that
did not fit into any of the other meal components).4,5 As in our previous studies,4,5,41 errors
regarding reporting combination entrees counted more than errors for condiments and
remaining meal components, so statistical weights were assigned by meal component with
combination entree (eg, hamburger, sausage biscuit) = 2, condiment (eg, ketchup) = 0.33, and
remaining meal components (eg, chicken, milk, apple, corn, roll, brownie) = 1. Combination
entrees were considered a single meal component and were counted only once during analyses.

Accuracy for reporting items. Each item reported and/or observed eaten was classified as a
match (observed and reported eaten), omission (observed but not reported eaten), or intrusion
(reported but not observed eaten). Intrusions have also been called “phantom foods.”6,8,42
Because foods can be reported in many ways, items were scored as matches unless it was clear
that a child's recall did not describe an observed food. This broad interpretation maximized the
scored correctness of the child's recall, so true correctness could be overestimated. Examples
of items observed and reported that matched were all types of pizza (eg, cheese, sausage,
pepperoni) and white milk (eg, skim, 1%, whole). Milk flavors (eg, chocolate, strawberry,
white), vegetables (eg, green beans, green peas), and fruit juices (eg, orange, apple) that differed
were not matched. These requirements were used in our 2 previous studies.4,5 To analyze
accuracy for reporting food items, irrespective of amounts, matches, omissions, and intrusions
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were tallied for each child's recall, and omission and intrusion rates were calculated as in our
previous studies.4,5,42 Omission and intrusion rates are defined in the legend of Table 2.
Intrusion rates were undefined if a child was observed to have eaten something yet failed to
report eating anything at school breakfast and school lunch. Omission rates and defined
intrusion rates could have values from 0% to 100%, with 0% considered perfect. A child's
recall could have low accuracy due to either high omission and low intrusion rates, low
omission and high intrusion rates, or high omission and high intrusion rates.

Accuracy for reporting amounts. Amounts were observed and/or reported in servings as
none, taste, little bit, half, most, all, or the actual number if > 1 serving (eg, 2) and scored
respectively as 0.0, 0.10, 0.25, 0.50, 0.75, 1.0 or the actual number if > 1. To analyze accuracy
for reporting amounts for matches, absolute and arithmetic differences were calculated between
amounts observed and reported eaten.4,5,42 Absolute differences measured the closeness of
observed and reported amounts regardless of under- or overreporting. Thus, a score of 0
indicated perfect reporting of amounts for matches, and a score of 1.5 indicated a 1.5-serving
difference between observed and reported amounts for matches but did not differentiate
between under- and overreporting. Arithmetic differences measured the closeness of observed
and reported amounts, but under- and overreporting could offset each other. Thus, a score of
–1.5 indicated that a child underreported amounts for matches by 1.5 servings, and a score of
+1.0 indicated that a child overreported amounts for matches by 1.0 serving. Amounts were
calculated for omissions and intrusions separately to assess whether these errors in reporting
involved small or large amounts of servings.4,5 The footnotes to Table 2 define absolute and
arithmetic differences per serving for matches and amounts per serving for omissions and
intrusions; accuracy was high for each of these 4 variables when close to 0.

Accuracy for reporting items and amounts combined. A single measure of total inaccuracy
was used to capture inaccuracy for reporting both items and amounts for school breakfast and
school lunch combined.4,5,41 The footnotes to Table 2 define total inaccuracy. By summing
(a) absolute differences between amounts reported and observed for each match multiplied by
its statistical weight, (b) amount for each omission multiplied by its statistical weight, and (c)
amount for each intrusion multiplied by its statistical weight, a single measure of inaccuracy
was created that cumulated errors in servings for all items whether they were matches,
omissions, or intrusions for school breakfast and school lunch for a child. A total inaccuracy
score of 0 servings indicated a perfect recall compared to observation; as a score for total
inaccuracy increased, recall accuracy decreased. A total inaccuracy score of 4.5 servings
indicated that across all matches, omissions, and intrusions for school breakfast and school
lunch for a child, the cumulative difference between amounts reported and observed for each
item multiplied by its statistical weight was 4.5 servings. Although total inaccuracy was based
on all items and amounts in a recall compared to an observation, it failed to indicate whether
errors were due to omissions, intrusions, or incorrectly reported amounts.

Analyses
To determine whether accuracy differed by interview type (in-person, telephone), interviewer,
or weekday, ANOVA was conducted on omission rates and total inaccuracy separately. Race
and gender terms were included in the model to control for possible confounding due to
differences in means among strata. Total inaccuracy was square root transformed because the
variances were found to be related to the mean in one of our previous studies.4 Because
omission and intrusion rates may both range from 0% to 100%, with 0% considered perfect,
an arbitrary pass/fail criterion was used to define acceptable accuracy,4,5 which established
omission rates, intrusion rates, and worse-case omission and intrusion rates combined of ≤ 30%
as passing and > 30% as failing. An ANOVA was not conducted on intrusion rates because
the underlying structure of the data (with 0% intrusion rates for 12 [36%] of the 32 in-person
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recalls of school breakfast and school lunch with defined intrusion rates and 16 [44%] of the
36 telephone recalls of school breakfast and school lunch) did not fit the required normality
assumption. Thus, a chi-square test was conducted on the proportion of in-person and telephone
recalls of school breakfast and school lunch with passing versus failing intrusion rates. The
hypothesis would be supported when omission rates, intrusion rates, and/or total inaccuracy
were less for recalls of school breakfast and school lunch obtained in person compared to by
telephone. Statistical calculations were conducted using SPSS for Windows (version 7.5,
SPSS, Chicago, Ill, 1996) and SAS (Release 8.2 [TS2m0], SAS Institute, Inc, Cary, NC, 2001).

RESULTS
In-person interviews were conducted with 33 children (10 BM, 8 BF, 8 WM, 7 WF) and
telephone interviews with 36 children (8 BM, 11 BF, 8 WM, 9 WF). Evening interviews
regarding that day's intake lasted an average of 13 minutes (median = 13, minimum = 7,
maximum = 25) when conducted in person and an average of 15 minutes (median = 15,
minimum = 9, maximum = 27) by telephone. Results from ANOVAs on omission rates and
total inaccuracy failed to indicate significant effects of interview type, interviewer, or weekday
(all P's > .096). Table 2 provides descriptive results for omission rates, intrusion rates, total
inaccuracy, absolute and arithmetic differences per serving for matches, and amounts per
serving for omissions and intrusions for in-person and telephone recalls of school breakfast
and school lunch. Results from a chi-square test failed to indicate significant differences in the
proportion of passing versus failing intrusion rates between in-person and telephone recalls of
school breakfast and school lunch (P = .62). Table 3 provides the cumulative distribution of
omission rates, intrusion rates, and worse-case omission and intrusion rates combined by
accuracy cutpoint for in-person and telephone recalls of school breakfast and school lunch.

DISCUSSION
To our knowledge, this is the first validation study to use observation to evaluate the accuracy
of children's dietary recalls obtained in person versus by telephone. Results indicated that the
accuracy of children's dietary recalls of school breakfast and school lunch did not differ
significantly whether obtained in person or by telephone. Mean omission rates, intrusion rates,
and total inaccuracy were 34%, 19%, and 4.6 servings for in-person recalls of school breakfast
and school lunch and 32%, 16%, and 4.3 servings for telephone recalls of school breakfast and
school lunch. Thus, whether interviewed in person or by telephone, children failed to report
33% of the items they were observed eating at the 2 school meals; furthermore, 17% of the
items children reported eating during these 2 school meals were not observed eaten.

Results from general memory research indicate that as the length of time increases between an
event and its recall, so does the amount of error in the information recalled.43 Thus, the sooner
something is recalled, the more accurate it is. Surprisingly, the application of this finding to
dietary assessment has been investigated, to our knowledge, in only 2 studies, 1 with adults
and 1 with children. In a study by Smith et al, adults completed food diaries for 2 or 4 weeks
and then recalled what they had eaten either 0, 2, 4, or 6 weeks later.44 Although recalls were
not validated against a non–self-report method, results indicated that overall memory
performance decreased as the time interval between eating and recall increased. In a validation
study by our group, fourth-grade children were observed eating school lunch and asked to recall
intake for only school lunch within 90 minutes of eating, the next morning, or on Monday
morning (regarding Friday's lunch).42 Results indicated that accuracy decreased significantly
as the time interval increased between eating and recalling school lunch intake.

Accuracy for reporting items in the current study was better than accuracy obtained in our 2
previous studies conducted with fourth-graders during the 2 prior school years in many of the
same schools as the current study.4,5 These 2 previous studies had means of approximately
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51% for omission rates, 39% for intrusion rates, and 7.1 servings for total inaccuracy. The
major difference between the current and previous studies is that for the current study,
interviews were conducted in the evening regarding that day's intake as opposed to the next
morning regarding the previous day's intake. The current study was not designed to assess
accuracy of morning recalls regarding the previous day's intake versus evening recalls
regarding that day's intake. However, comparing results from the current study and these 2
previous studies,4,5 along with results from general memory research43 and the studies by
Smith et al44 and our group,42 it is logical to assume that one way to improve the accuracy of
children's dietary recalls of school breakfast and school lunch is to obtain recalls on the same
day as intake instead of waiting until the next morning.

Although accuracy from the current study was better than in our 2 previous studies,4,5
approximately half of the children provided recalls of school breakfast and school lunch with
failing omission rates, one fourth provided recalls of school breakfast and school lunch with
failing intrusion rates, and half provided recalls of school breakfast and school lunch with
failing rates for worse-case omission and intrusion rates combined (see Table 3). Thus, even
when interviewed in the evening regarding that day's intake, many of the children in the current
study provided recalls of school breakfast and school lunch with failing accuracy. Results
regarding accuracy for reporting amounts during both in-person and telephone interviews from
the current study were similar to those found in our 2 previous studies.4,5 That is, accuracy
for reporting amounts for matches (items observed and reported eaten) in qualitative terms (ie,
taste, little bit, half, etc) was quite high (see Table 2). However, as indicated in Table 2, amounts
of items omitted and intruded were often almost full servings. These results imply that to
improve children's accuracy for reporting amounts, efforts must focus first on helping children
report only matches (ie, items observed and reported eaten). As discussed previously, one
apparent method for enhancing children's ability to report more matches and fewer omissions
and intrusions appears to be to decrease the time interval between eating and recall. Validation
studies with children are needed to determine other methods for obtaining dietary recalls that
actually improve children's recall accuracy, whether in-person or by telephone. Researchers
and practitioners are cautioned to use validated methods because sometimes what is assumed
will help does not improve recall accuracy and may actually decrease it. For example, in another
of our previous studies that used observations to validate recalls of school lunch,41 prompting
improved accuracy of recalls for school lunch for 19% of 48 first graders and 25% of 48 fourth-
graders, did not change it for 37% and 60%, respectively, and actually decreased recall accuracy
for 44% and 15%, respectively.

Post hoc ANOVAs were conducted regarding (1) the weighted number of items observed eaten
at the 2 school meals, (2) the weighted number of items reported eaten at the 2 school meals,
and (3) the total number of meals and snacks reported eaten during interviews (conducted in
the evening regarding that day's intake) by type, interviewer, and weekday. Results from all 3
post hoc ANOVAs failed to indicate significant differences. The weighted number of items
observed eaten at the 2 school meals was 8.4 ± 2.5 during in-person interviews and 8.9 ± 2.1
during telephone interviews (P = .21). The weighted number of items reported eaten at the 2
school meals was 6.7 ± 2.8 during in-person interviews and 7.2 ± 2.0 during telephone
interviews (P = .46). The mean number of meals and snacks reported eaten was 3.6 ± 1.7
(median = 3, minimum = 2, maximum = 10) during in-person interviews and 3.7 ± 0.9 (median
= 4, minimum = 2, maximum = 6) during telephone interviews (P = .6630). The average
beginning time was 7:15 PM for in-person interviews and 7:28 PM for telephone recalls. In
one of our previous studies with fourth-graders interviewed in the morning regarding the
previous day's intake, the mean number of meals and snacks reported eaten was higher, at 4.4
± 1.4.5 Thus, studies that obtain recalls in the evening regarding that day's intake, as was done
in the current study, will miss some meals and snacks compared with studies that obtain recalls
in the morning regarding the previous day's intake. In that previous study, across a total of
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1099 meals and snacks reported during a total of 242 recalls, meals and snacks were reported
after 6:59 PM in 76% of recalls and accounted for 21% of the total meals and snacks reported;
meals and snacks were reported after 7:59 PM in 55% of recalls and accounted for 14% of the
total meals and snacks reported. However, the accuracy of these evening meals and snacks is
unknown because the only meals validated with observations were school breakfast and school
lunch. To obtain evening recalls that cover 24 hours of intake, recalls could cover that day's
intake, as well as intake for the previous evening. Another option for obtaining 24 hours of
intake for a single day (ie, midnight to midnight) would be to obtain evening recalls regarding
that day's intake and then obtain another recall from each participant the following morning
regarding the previous evening's intake (ie, after the beginning time of the interview).

In-person interviews were attempted with 38 children and obtained from 33 children (87%);
telephone interviews were attempted with 47 children and obtained from 36 children (77%).
Thus, the “miss rate” was 13% for in-person interviews and 23% for telephone interviews,
even though parents were called during the week prior to when interviews were attempted to
obtain the child's evening schedule for the next week. In-person interviews were missed
primarily because no one answered the door when the interviewer knocked. Telephone
interviews were missed primarily because no one answered the telephone. Some of the missed
interviews may have been avoided had exact interview dates been scheduled with parents;
however, this was not done because of concerns that it would create excessive reactivity from
the children and possibly impact recall accuracy. Several of the telephone numbers provided
by parents on the consent forms in September were disconnected when telephone calls to
parents were attempted in January and February. This problem may have been reduced slightly
if consent forms had been distributed and collected closer to the data collection period.
However, disconnected and/or incorrect telephone numbers could be a hindrance for research
studies using the telephone to interview children. Other problems with telephone interviews
include call waiting and subjects' use of cell phones with poor reception.

An important strength of this study is the use of observation (which did not rely on the child's
memory) to validate the school breakfast and school lunch portion of the children's dietary
recalls. Observations of school meals provide an excellent opportunity to validate portions of
children's dietary recalls.37,39 Observations conducted in homes may be intrusive9 and, thus,
cause excessive reactivity45; however, children are accustomed to eating at school and to being
watched while eating at school. Although reactivity from observations is an issue,6 procedures
such as those in this study may be taken to minimize it. Another important strength of this
study is that accuracy was analyzed several ways regarding items, amounts, and items and
amounts combined using methods from previous studies.4,5,41,42

There are several limitations of this study. First, the study included a relatively small number
of children. Although the planned sample size of 50 children per interview type provided
adequate power to detect differences in omission and/or intrusion rates of 10%, analyses
conducted at the two-thirds point of data collection (with data from 69 children) indicated only
2% differences in omission rates and 3% differences in intrusion rates between in-person and
telephone recalls of school breakfast and school lunch. If data collection had been continued
on an additional 31 children, the differences in omission and/or intrusion rates between in-
person and telephone recalls from these 31 children would have to have been very large (ie,
greater than 26%) to indicate differences of at least 10% with a total sample of 100 children.
Thus, data collection was stopped. Second, the percentage of children who agreed to participate
by providing child assent and parental consent was moderate, at 56%, and the 10 public
elementary schools from which the children were recruited were all in the same school district
and were not selected randomly. However, the race and gender profiles of the fourth-graders
who agreed to participate were similar to those of the total population of fourth-graders at the
10 schools who were invited to participate. Participation in our 2 previous studies was much
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higher, around 73%, when interviews were conducted in the morning at school and children
were paid $10 per interview.4,5 Perhaps participation in the current study was lower even
though children were paid $25 per interview because of the intrusiveness of evening interviews
obtained in-person or by telephone. Third, analyses for items were limited to the school
breakfast and school lunch portion of the recalls because these were the only meals validated
with observations. Finally, recalls did not cover an entire 24-hour period. Although RDs used
information from parents regarding when supper would be eaten so that children could be
interviewed after supper, some children (13 interviewed in-person, 9 interviewed by telephone)
claimed that they had not eaten supper when an RD conducted the interview. However, the
majority of interviews did cover all meals and snacks consumed, except for bedtime snacks,
on the day of the interviews.

IMPLICATIONS FOR RESEARCH AND PRACTICE
Results from the current study indicate that whether interviewed in-person or by telephone in
the evening regarding that day's intake, children failed to report one third of the items they
were observed eating at school breakfast and school lunch; in addition, almost one fifth of the
items they reported eating at these 2 school meals were not observed eaten. This level of
accuracy is insufficient for most purposes for which dietary information would be used.
Validation studies with children are needed to determine how to obtain more accurate
information regarding actual intake. Results from the current study provide direct evidence
that the accuracy of children's dietary recalls of school breakfast and school lunch is not
significantly different whether obtained during in-person or telephone interviews. This is
important because of the potential savings in time and money with telephone interviews.
Although not directly tested in the current study, decreasing the time interval between eating
and recall appears to be one method for enhancing the accuracy of children's dietary recalls,
whether recalls are obtained in-person or by telephone. Thus, researchers, practitioners, and
policy makers are encouraged to consider the time interval between eating and recall when
obtaining dietary recalls from children. Authors of publications of studies using children's
dietary recalls are encouraged to specify details regarding the recalls. These details could
include the time of day the recalls were obtained (ie, morning, afternoon, evening), target period
covered by the recalls (previous day's intake versus intake for the 24 hours prior to the beginning
time of the interview), interview format (ie, manner in which children are initially instructed
to report intake), and prompting (ie, questions asked or cues given by interviewers). More
accurate information regarding what children have actually eaten is needed to guide the
development and evaluation of nutrition education programs to help children eat more
healthfully.

ACKNOWLEDGMENTS

This research was supported by R01 grant HL 63189 from the National Heart, Lung, and Blood Institute of the National
Institutes of Health. The authors appreciate the children, faculty, and staff of Blythe, Goshen, Gracewood, Hephzibah,
Lake Forest Hills, McBean, Monte Sano, National Hills, Rollins, and Willis Foreman Elementary Schools and the
Richmond County Board of Education in Georgia for allowing data to be collected. The authors appreciate the Medical
College of Georgia Police Bureau, especially Officer Ricky Boatwright and Officer Sam Sherrill, for providing safety
for the interviewers and children during the in-person interviews held in the research van parked outside the children's
homes.

REFERENCES
1. Contento IR, Randell JS, Basch CE. Review and analysis of evaluation measures used in nutrition

education intervention research. J Nutr Educ Behav 2002;34:2–25. [PubMed: 11917668]
2. Kubena KS. Accuracy in dietary assessment: on the road to good science. J Am Diet Assoc

2000;100:775–776. [PubMed: 10916514]

BAXTER et al. Page 10

J Nutr Educ Behav. Author manuscript; available in PMC 2006 May 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



3. Buzzard, M. 24-hour dietary recall and food record methods. In: Willett, W., editor. Nutritional
Epidemiology. 2nd ed.. Oxford University Press; New York, NY: 1998. p. 50-73.

4. Baxter SD, Thompson WO, Litaker MS, Frye FHA, Guinn CH. Low accuracy and low consistency of
fourth-graders' school breakfast and school lunch recalls. J Am Diet Assoc 2002;102:386–395.
[PubMed: 11905461]

5. Baxter SD, Thompson WO, Smith AF, et al. Reverse versus forward order reporting and the accuracy
of fourth-graders' recalls of school breakfast and school lunch. Prev Med. In press

6. Baranowski T, Islam N, Baranowski J, et al. The Food Intake Recording Software System (FIRSSt)
is valid among 4th grade children. J Am Diet Assoc 2002;101:380–385. [PubMed: 11902371]

7. McPherson RS, Hoelscher DM, Alexander M, Scanlon KS, Serdula MK. Dietary assessment methods
among school-aged children: validity and reliability. Prev Med 2000;31:S11–S33.

8. Crawford PB, Obarzanek E, Morrison J, Sabry ZI. Comparative advantage of 3-day food records over
24-hour recall and 5-day food frequency validated by observation of 9- and 10-year-old girls. J Am
Diet Assoc 1994;94:626–630. [PubMed: 8195550]

9. Caballero B, Davis S, Davis CD, et al. Pathways: a school-based program for the primary prevention
of obesity in American Indian children. J Nutr Biochem 1998;9:535–543.

10. Randall E. Measuring food use in school-aged children. J School Health 1991;61:201–203. [PubMed:
1943042]

11. Van Horn LV, Stumbo P, Moag-Stahlberg A, et al. The Dietary Intervention Study in Children (DISC):
dietary assessment methods for 8- to 10-year-olds. J Am Diet Assoc 1993;93:1396–1403. [PubMed:
8245373]

12. Fox TA, Heimendinger J, Block G. Telephone surveys as a method for obtaining dietary information:
a review. J Am Diet Assoc 1992;92:729–732. [PubMed: 1607571]

13. Lyberg, L.; Kasprzyk, D. Data collection methods and measurement error: an overview. In: Biemer,
PP.; Groves, RM.; Lyberg, LE.; Mathiowetz, NA.; Sudman, S., editors. Measurement Errors in
Surveys. John Wiley & Sons, Inc; New York, NY: 1991. p. 237-257.

14. Posner BM, Borman CL, Morgan JL, Borden WS, Ohls JC. The validity of a telephone-administered
24-hour dietary recall methodology. Am J Clin Nutr 1982;36:546–553. [PubMed: 6180624]

15. Casey PH, Goolsby SLP, Lensing SY, Perfloff BP, Bogle ML. The use of telephone interview
methodology to obtain 24-hour dietary recalls. J Am Diet Assoc 1999;99:1406–1411. [PubMed:
10570678]

16. Buzzard IM, Faucett CL, Jeffery RW, et al. Monitoring dietary change in a low-fat diet intervention
study: advantages of using 24-hour dietary recalls vs food records. J Am Diet Assoc 1996;96:574–
579. [PubMed: 8655904]

17. Yanek LR, Moy TF, Raqueno JV, Becker DM. Comparison of the effectiveness of a telephone 24-
hour dietary recall method vs an in-person method among urban African-American women. J Am
Diet Assoc 2000;100:1172–1177. [PubMed: 11043702]

18. Galasso R, Panico S, Celentano E, Del Pezzo M. Relative validity of multiple telephone versus face-
to-face 24-hour dietary recalls. Ann Epidemiol 1994;4:332–336. [PubMed: 7921324]

19. Bogle M, Stuff J, Davis L, et al. Validity of a telephone-administered 24-hour dietary recall in
telephone and non-telephone households in the rural Lower Mississippi Delta region. J Am Diet
Assoc 2001;101:216–222. [PubMed: 11271695]

20. Morgan KJ, Johnson SR, Rizek RL, Reese R, Stampley GL. Collection of food intake data: an
evaluation of methods. J Am Diet Assoc 1987;87:888–896. [PubMed: 3598037]

21. Tran KM, Johnson RK, Soultanakis RP, Matthews DE. In-person vs telephone-administered multiple-
pass 24-hour recalls in women: validation with doubly labeled water. J Am Diet Assoc 2000;100:777–
780, 783. [PubMed: 10916515]

22. Jonnalagadda SS, Mitchell DC, Smiciklas-Wright H, et al. Accuracy of energy intake data estimated
by a multiple-pass, 24-hour dietary recall technique. J Am Diet Assoc 2000;100:303–308. [PubMed:
10719403]

23. Dubois S, Boivin JF. Accuracy of telephone dietary recalls in elderly subjects. J Am Diet Assoc
1990;90:1680–1687. [PubMed: 2246447]

BAXTER et al. Page 11

J Nutr Educ Behav. Author manuscript; available in PMC 2006 May 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



24. Krantzler NJ, Mullen BJ, Schutz HG, Grivetti LE, Holden CA, Meilelman HL. Validity of telephoned
diet recalls and records for assessment of individual food intake. Am J Clin Nutr 1982;36:1234–1242.
[PubMed: 7148742]

25. Dixon LB, McKenzie J, Shannon BM, Mitchell DC, Smiciklas-Wright H, Tershakovec A. The effect
of changes in dietary fat on the food group and nutrient intake of 4- to 10-year-old children. Pediatrics
1997;100:863–872. [PubMed: 9346988]

26. McKenzie J, Dixon LB, Smiciklas-Wright H, Mitchell D, Shannon B, Tershakovec A. Change in
nutrient intakes, number of servings, and contributions of total fat from food groups in 4- to 10-year-
old children enrolled in a nutrition education study. J Am Diet Assoc 1996;96:865–873. [PubMed:
8784330]

27. Van Horn LV, Gernhofer N, Moag-Stahlberg A, et al. Dietary assessment in children using electronic
methods: telephones and tape recorders. J Am Diet Assoc 1990;90:412–416. [PubMed: 2307817]

28. Achterberg C, Pugh MA, Collins S, Getty VM, Shannon B. Feasibility of telephone interviews to
collect dietary recall information from children. J Can Diet Assoc 1991;52:226–228.

29. Derr JA, Mitchell DC, Brannon D, Smiciklas-Wright H, Dixon LB, Shannon BM. Time and cost
analysis of a computer-assisted telephone interview system to collect dietary recalls. Am J Epidemiol
1992;136:1386–1392. [PubMed: 1488965]

30. Johnson RK, Driscoll P, Goran MI. Comparison of multiple-pass 24-hour recall estimates of energy
intake with total energy expenditure determined by the doubly labeled water method in young
children. J Am Diet Assoc 1996;96:1140–1144. [PubMed: 8906138]

31. Mullenbach V, Kushi LH, Jacobson C, et al. Comparison of 3-day food record and 24-hour recall by
telephone for dietary evaluation in adolescents. J Am Diet Assoc 1992;92:743–745. [PubMed:
1607576]

32. Randecker GA, Smiciklas-Wright H, McKenzie JM, et al. The dietary intake of children with IDDM.
Diabetes Care 1996;19:1370–1374. [PubMed: 8941466]

33. Rockett HR, Breitenbach M, Frazier AL, et al. Validation of a youth/adolescent food frequency
questionnaire. Prev Med 1997;26:808–816. [PubMed: 9388792]

34. Tershakovec AM, Mitchell DC, Smiciklas-Wright H, Martel JK, McKenzie JM, Shannon BM.
Pediatric preventive health screening and dietary intake. Nutr Res 1997;17:1239–1247.

35. Wyon DP, Abrahamsson L, Jartelius M, Fletcher RJ. An experimental study of the effects of energy
intake at breakfast on the test performance of 10-year-old children in school. Int J Food Sci Nutri
1997;48:5–12.

36. Simons-Morton BG, Forthofer R, Huang IW, Baranowski T, Reed DB, Fleishman R. Reliability of
direct observation of school children's consumption of bag lunches. J Am Diet Assoc 1992;92:219–
221. [PubMed: 1737906]

37. Domel SB, Baranowski T, Leonard SB, Davis H, Riley P, Baranowski J. Accuracy of fourth- and
fifth-grade students' food records compared with school-lunch observations. Am J Clin Nutr 1994;59
(suppl):218S–220S. [PubMed: 8279428]

38. Baxter SD, Thompson WO, Davis HC. Trading of food during school lunch by first- and fourth-grade
children. Nutr Res 2001;21:499–503.

39. Simons-Morton BG, Baranowski T. Observation in assessment of children's dietary practices. J
School Health 1991;61:204–207. [PubMed: 1943043]

40. Baranowski T, Dworkin R, Henske JC, Clearman DR, Dunn JK, Nader PR, Hooks PC. The accuracy
of children's self-reports of diet: Family Health Project. J Am Diet Assoc 1986;86:1381–1385.
[PubMed: 3760429]

41. Baxter SD, Thompson WO, Davis HC. Prompting methods affect the accuracy of children's school
lunch recalls. J Am Diet Assoc 2000;100:911–918. [PubMed: 10955049]

42. Baxter SD, Thompson WO, Davis HC, Johnson MH. Impact of gender, ethnicity, meal component,
and time interval between eating and reporting on accuracy of fourth-graders' self-reports of school
lunch. J Am Diet Assoc 1997;97:1293–1298. [PubMed: 9366868]

43. Eisenhower, D.; Mathiowetz, NA.; Morganstein, D. Recall error: sources and bias reduction
techniques. In: Biemer, PP.; Groves, RM.; Lyberg, LE.; Mathiowetz, NA.; Sudman, S., editors.
Measurement Errors in Surveys. John Wiley & Sons, Inc; New York, NY: 1991. p. 127-144.

BAXTER et al. Page 12

J Nutr Educ Behav. Author manuscript; available in PMC 2006 May 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



44. Smith AF, Jobe JB, Mingay DJ. Retrieval from memory of dietary information. Appl Cogn Psychol
1991;5:269–296.

45. Smith AF. Concerning the suitability of recordkeeping for validating and generalizing about reports
of health-related information. Rev Gen Psychol 1999;3:133–150.

BAXTER et al. Page 13

J Nutr Educ Behav. Author manuscript; available in PMC 2006 May 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

BAXTER et al. Page 14

Table 1
Description of Multiple-Pass Protocol Used for In-Person and Telephone Interviews

First Pass
Children were told that the interviewer wanted to know about everything they ate or drank that day. A quick list was obtained to provide an outline of
what was eaten by asking, “After you got up today, when was the first time you had something to eat or drink? What did you eat or drink at that time?
Did you eat or drink anything else at that time? When was the next time after [time] that you had something to eat or drink? What did you eat or drink at
that time? Did you eat or drink anything else at that time? … Can you remember any other times today that you had something to eat or drink?”

Second Pass
The quick list was reviewed to identify forgotten foods by asking, “After you got up today, the first time you ate was at [time]. You ate [read all foods]
and drank [read all drinks]. Can you think of anything else you ate at that time? Can you think of anything else you drank at that time?”

Third Pass
The name of each meal was obtained by asking, “What was the name of the meal you ate at [time]? Please listen to all of these choices and choose one:
school breakfast, breakfast, school lunch, lunch, dinner/supper, or snack.”
The location where each meal was eaten was obtained by asking, “Where did you eat this? Please listen to all of these choices and choose one: home,
school, or somewhere else.”
Additions to each item were obtained by asking, “Did you add anything to [name of item]?”
Details regarding the kinds of items eaten were obtained by asking, “What kind of [name of item] was it?”
Amounts eaten were obtained by asking, “How much of your serving of [name of item] did you eat (or drink)? A serving or helping is how much you
were given or how much you got yourself. Please listen to all of these choices and choose one: none, taste, little bit, half, most, all, or more than one
serving.”

Fourth Pass
Information reported was reviewed and confirmed by asking, “For [meal] at [time] at [location], you had [amount] of your [food/drink]. Is this correct?
Did you eat or drink anything else at that time? … Can you remember any other times today that you had something to eat or drink?”
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Table 2
Descriptive Results for Omission Rates, Intrusion Rates, Total Inaccuracy, Absolute and Arithmetic Differences
per Serving for Matches, and Amounts per Serving for Omissions and Intrusions for In-Person and Telephone
Recalls of School Breakfast and School Lunch

Outcome Variable n Mean SD Minimum Maximum Median

In-person recalls of school breakfast and school
lunch
 Omission rates* † (in %) 33 34 28    0  100  33

 Intrusion rates* ‡ (in %) 32 19 23    0  100  13

 Total inaccuracy* § (in
servings)

33  4.6  2.6    0.0   10.8   4.0

 Absolute differences for
matches* ∥

31  0.28  0.30    0.00    1.50   0.22

 Arithmetic differences for
matches* ¶

31 −0.09  0.36   −1.50    0.45  −1.50

 Amounts for omissions* # 30  0.92  0.42    0.10    2.00   0.87

 Amounts for intrusions*,** 20  0.82  0.27    0.25    1.25   0.88

Telephone recalls of school breakfast and school lunch
 Omission rates* † (in %) 36 32 20    0   79  30

 Intrusion rates* ‡ (in %) 36 16 19    0   60  11

 Total inaccuracy* § (in
servings)

36  4.3  2.6    0.3    8.7   4.2

 Absolute differences for
matches* ∥

36  0.19  0.15    0.00    0.67   0.17

 Arithmetic differences for
matches* ¶

36  0.00  0.17   −0.59    0.31   0.00

 Amounts for omissions* # 33  0.69  0.26    0.10    1.15   0.75

 Amounts for intrusions *,** 20  0.72  0.25    0.25    1.00   0.75

*
A statistical weight was assigned to each item by meal component with combination entree = 2, condiment = 0.33, and remaining meal components =

1.

†
Omission rate = [(sum of weighted omissions for each child's recall of school breakfast and school lunch) ÷ (sum of weighted omissions + sum of

weighted matches for each child's recall of school breakfast and school lunch)] * 100. Omission rates could have values from 0% to 100%, with 0%
considered perfect.

‡
Intrusion rate = [(sum of weighted intrusions for each child's recall of school breakfast and school lunch) ÷ (sum of weighted intrusions + sum of weighted

matches for each child's recall of school breakfast and school lunch)] * 100. The sample size was 32 instead of 33 for in-person recalls for this variable
because intrusion rates were undefined if a child was observed to have eaten something yet failed to report eating anything for school breakfast and school
lunch (1 child's recall obtained in-person). Defined intrusion rates could have values from 0% to 100%, with 0% considered perfect.

§
Total inaccuracy = (absolute difference between amounts reported and observed for each match * statistical weight) + (each omitted amount * statistical

weight) + (each intruded amount * statistical weight) summed over all items at school breakfast and school lunch for each child's recall. A score of 0
servings indicated a perfect recall compared to observation.

∥
Absolute differences per serving for matches = {sum ([absolute difference between amounts reported and observed for each match] * statistical weight)}

÷ {weighted number of matches for each child's recall of school breakfast and school lunch}. The sample size was 31 instead of 33 for in-person recalls
for this variable because absolute differences per serving for matches were undefined for recalls of school breakfast and school lunch with no matches (2
children's recalls obtained in person).

¶
Arithmetic differences per serving for matches = {sum ([amount reported − amount observed for each match] * statistical weight)} ÷ {weighted number

of matches for each child's recall of school breakfast and school lunch}. The sample size was 31 instead of 33 for this variable for in-person recalls because
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arithmetic differences per serving for matches were undefined for recalls of school breakfast and school lunch with no matches (2 children's recalls obtained
in person).

#
Amounts per serving for omissions = {sum ([amount observed but not reported for each item] * statistical weight)} ÷ {weighted number of omissions

for each child's recall of school breakfast and school lunch}. The sample sizes were 30 instead of 33 for in-person recalls and 33 instead of 36 for telephone
recalls for this variable because amounts per serving for omissions were undefined for recalls of school breakfast and school lunch with no omissions (3
children's recalls obtained in person and 3 children's recalls obtained by telephone).

**
Amounts per serving for intrusions = {sum ([amount not observed but reported for each item] * statistical weight)} ÷ {weighted number of intrusions

for each child's recall of school breakfast and school lunch}. The sample sizes were 20 instead of 33 for in-person recalls and 20 instead of 36 for telephone
recalls for this variable because amounts per serving for intrusions were undefined for recalls of school breakfast and school lunch with undefined intrusion
rates as well as for recalls of school breakfast and school lunch with no intrusions (13 children's recalls obtained in person and 16 children's recalls obtained
by telephone).
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Table 3
Cumulative Distribution of Omission Rates, Intrusion Rates, and Worse-Case Omission and Intrusion Rates
Combined by Accuracy Cutpoint* for In-Person and Telephone Recalls of School Breakfast and School Lunch

In-Person Recalls of School Breakfast and School Lunch (n = 33)
Telephone Recalls of School Breakfast and School Lunch (n =

36)

Accuracy
Cutpoint

(Cumulative
% of

Children) Omission Rates†‡ Intrusion Rates†§

Omission
and

Intrusion
Rates

Combined†∥ Omission Rates†‡ Intrusion Rates†§

Omission
and

Intrustion
Rates

Combined†∥

  0   9 36  6   8  44   6

 10  15 42 12  14  47  11

 20  48 61 42  28  67  28

 30  48 70 45  53  75  50

 40  61 88 58  81  81  72

 50  79 88 76  83  92  78

 60  85 91 85  92 100  92

 70  85 94 85  92 100  92

 80  91 94 91 100 100 100

 90  94 94 94 100 100 100

100 100 97 97 100 100 100

Undefined ¶   0  3  3   0   0   0

*
To define acceptable accuracy, we applied an arbitrary pass/fail criterion, which establishes omission rates, intrusion rates, and worse-case omission and

intrusion rates combined of ≤ 30% as passing and > 30% as failing.

†
A statistical weight was assigned to each item by meal component with combination entree = 2, condiment = 0.33, and remaining meal components =

1.

‡
Omission rate = [(sum of weighted omissions for each child's recall of school breakfast and school lunch) ÷ (sum of weighted omissions + sum of

weighted matches for each child's recall of school breakfast and school lunch)] * 100. Omission rates could have values from 0% to 100%, with 0%
considered perfect.

§
Intrusion rate = [(sum of weighted intrusions for each child's recall of school breakfast and school lunch) ÷ (sum of weighted intrusions + sum of weighted

matches for each child's recall of school breakfast and school lunch)] * 100. The sample size was 32 instead of 33 for in-person recalls for this variable
because intrusion rates were undefined if a child was observed to have eaten something yet failed to report eating anything for school breakfast and school
lunch (1 child's recall obtained in person). Defined intrusion rates could have values from 0% to 100%, with 0% considered perfect.

∥
To examine accuracy for telephone and in-person recalls of school breakfast and school lunch, children were grouped according to cutpoint for omission

rate, intrusion rate, and worse-case omission and intrusion rates combined. For example, a child with an omission rate of 25% and an intrusion rate of
15% would be in the 30% cutpoint for omission rate, the 20% cutpoint for intrusion rate, and the 30% cutpoint for omission and intrusion rates combined
(because his/her maximum omission and intrusion rates were 25%).

¶
Percentages of children with undefined rates are actual, not cumulative.
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