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Abstract
Objective: To understand how dietary intake data collected via a brief ecological
momentary assessment (EMA) measure compares to that of data collected via
interviewer-administered 24-h dietary recalls, and explore differences in level of
concordance between these two assessment types by individual- and meal-level
characteristics.
Design: Parents completed three 24-h dietary recalls and 8 d of brief EMA surveys
on behalf of their child; in total, there were 185 d where dietary intake data from
both EMA and 24-h recall were available. The EMA measure asked parents to
indicate whether (yes/no) their child had consumed any of the nine total food
items (e.g. fruit, vegetable, etc.) at eating occasions where both the child and
parent were present.
Setting: Twenty-four-hour dietary recalls were completed in person in the study
participant’s home; participants completed EMA surveys using a study provided
in iPad or their personal cell phone.
Participants: A diverse, population-based sample of parent–child dyads (n 150).
Results: Among meals reported in both the EMA and dietary recalls, concordance
of reporting of specific types of food ranged from moderate agreement for
meat (kappa= 0·55); fair agreement for sweets (kappa = 0·38), beans/nuts
(kappa = 0·37), dairy (kappa= 0·31), fruit (kappa = 0·31) and vegetables
(kappa = 0·27); and little to no agreement for refined grains, whole grains and
sweetened beverages (73 % overall agreement; kappa = 0·14). Concordance of
reporting was highest for breakfast and snacks, as compared with other eating
occasions. Higher concordance was observed between the two measures if the
meal occurred at home.
Conclusions:Data suggest that among meals reported in both the EMA and dietary
recalls, concordance in reporting was reasonably good for some types of food but
only fair or poor for others.
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Accurate and valid assessment of dietary intake is a crucial
component of high-quality nutrition research. Interview-
administered 24-h dietary recalls, the standard reference
method in dietary assessment, are costly and burdensome
to administer making them impractical for inclusion in
some large epidemiological studies(1–3). To reduce the cost
and administrative burden, other dietary intake methods
(e.g. FFQ and self-administered dietary recalls) are used;

however, these measures have shortcomings such as not
being able to ascertain meal patterns and having lower
validity for some nutrients(1–3). Each of these methods is
also prone to inaccuracies due to social desirability
bias(1). Thus, the development and validation of new
dietary intake assessment methods that limit participant
burden, research cost and reduce bias are needed for
both observational research and intervention studies.
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Alongside recent advancements in technology, new
innovative techniques for data collection, including the
assessment of dietary intake, are under development(4–6).
Such methodologies include ecological momentary assess-
ment (EMA), an assessment technique that utilises a set of
real-time data capture tools (e.g. apps and wearable
technology) in which study participants are repeatedly
assessed during the course of their daily lives(7–9).
Researchers have begun to explore the use of EMA to
assess dietary intake, positing that this method may
offer a lower-cost, reliable, valid and feasible method
of collecting dietary intake data from research
participants(4,5,10).

Given the growing popularity of EMA as a data collec-
tion method used within a variety of study designs
(e.g. observational studies and interventions), it is impor-
tant to carry out further development and evaluation of this
new method; a logical starting point for evaluation is to
compare data collected via EMA to a standard reference
method of dietary intake assessment in free-living popula-
tions, such as interviewer-administered 24-h dietary recalls.
To date, only three studies have evaluated the use
of the EMA approach for assessing dietary intake(4,5,11).
Overall, results from these comparison studies suggest
moderate to high concordance between dietary intake
collected via EMA and more traditional dietary recall
methods(4,5,11). However, more research is needed to
understand if similar levels of concordance exist when
using EMA to assess dietary intake with younger children
from racially/ethnically diverse and immigrant/refugee
households.

The primary goal of the present study is to deepen
our understanding of how dietary intake data collected
via a brief EMA measure compares to that of data
collected via the standard reference method for dietary
recalls, an interviewer-administered 24-h dietary recall.
Specifically, this paper aims to: (1) assess concordance
between children’s intake of selected food groups as
measured by parent’s completion of a brief EMA measure
and 24-h dietary recalls collected via parent report
using standard 3-d 24-h dietary recall protocols, and
(2) explore differences in level of concordance between
these two assessment types by important child and
family characteristics, such as gender, race/ethnicity,
socioeconomic status (SES); meal-level characteristics
such as eating occasion, location of the meal and food
preparation style (e.g. home-made v. restaurant meal);
and type of EMA prompt (e.g. signal or event contingent).
Findings from this paper will expand the current literature
by being the first study, to our knowledge, to examine
concordance between young children’s dietary intake,
as reported by their primary caregivers, through a 24-h
dietary intake recall and EMA.

Methods

Data for the current study are from phase I of Family
Matters, a National Institutes of Health-funded study(12).
Family Matters is a 5-year, two-phased, mixed-methods,
observational study designed to identify novel risk and
protective factors for childhood obesity in the home
environments of racially/ethnically diverse and primarily
low-income children; in-depth details regarding both
phases of the study have been published elsewhere(12).
The University of Minnesota’s Institutional Review Board
Human Subjects Committee approved all protocols used
in both phases of the Family Matters study; all adult partici-
pants provided written informed consent and parental
consent for their children, and all children assented to
the study.

Recruitment and data collection
Phase I of the Family Matters study was a cross-sectional
study using mixed-methods to examine in-depth the home
environments of low-income andminority households. For
this phase, children (n 150) and their families were
recruited between 2015 and 2016 from ten Minneapolis/
St. Paul, Minnesota primary care clinics serving primarily
low-income and diverse families. Children and their
familieswere eligible to participate if the childwas between
the ages of 5 and 7 years, had a sibling between the ages
of 2–12 years old living in the same home, were away from
home during the day (e.g. school, day care and summer
camp), lived with the parent/primary guardian full time
and shared at least one meal/d with the parent/primary
guardian. Study measures were completed by the
parent/primary guardian who was most responsible for
the care and feeding of the 5–7-year-old child; families
participated in their preferred language.

Families were stratified by race/ethnicity to ensure an
equal distribution of participants (n 25 per group) in the fol-
lowing categories: Caucasian, African-American, Native
American, Latino, Somali and Hmong. Additionally, to
ensure an equal representation of weight status, racial/
ethnic groups were stratified so there was an equal
distribution of overweight (≥85th BMI percentile) and
normal-weight (5th–84th BMI percentile) children. In-
depth details regarding recruitment and study design are
published elsewhere(12).

Two in-home visits were conducted with families about
10 d apart; an in-person dietary recall was conducted at
each home visit. In between-home visits, the parent com-
pleted 8 d of EMA and an additional 24-h dietary recall was
collected via telephone. See Figure 1 for additional details
on data collection methods and timing. The data used in
this analysis (measure details included below) come
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primarily from the three 24-h dietary recalls completed by
the parent over the course of this 10-d observation period,
as well as 8 d of EMA(13).

Ecological momentary assessment measures
Multiple daily measures of EMA over 8 d were collected
from parents. Standardised EMA data collection protocols
from prior studies(7,8,14,15) were used in the study including:
(1) signal contingent, (2) event contingent and (3) end-of-
day EMA messaging. iPad minis equipped with data plans
were provided to parents to enter responses to the EMA
surveys during the 8-d observation period; parents were
also given the option to respond to EMA prompts using
their personal cell phone.

Signal contingent. EMA recordings were researcher-
initiated and were used in a stratified random manner so
that each parent was prompted via a text message to fill
out a survey four times a day, within a 3-h time block
(e.g. 07.00–10.00, 11.00–14.00, 15.00–18.00 and 19.00–
22.00 hours). The timing of EMA prompts was adjusted
for parent shift work and wake times to accommodate
parent’s differing life situations. The average compliance
rate to signals was 80·0 % (range 50·0 %–100·0 %). Event
contingent EMA (henceforth, mealtime surveys) recordings
were to be self-initiated by parents whenever an eating
occasion that met study-specific criteria (parent completing
the EMA survey present at the meal) occurred with the
child. An end-of-day EMA recording was completed prior
to sleep to capture any events not reported since the last
recording and to get end-of-daymeasures. At the beginning
of the signal-contingent and end-of-day recordings, partici-
pants were prompted to fill out an event contingent
recording (e.g. mealtime survey) if they had an eligible eat-
ing occasion since the last recording but had not yet com-
pleted an event contingent survey for the eating occasion.
Two-thirds of completed mealtime surveys were captured
with these prompts. EMA mealtime survey recordings took
an average of 3·1 (SD= 1·4) min to complete. Other details

regarding the EMA component of the study have been
published elsewhere(12,16).

Dietary intake measured via ecological momentary
assessment. The mealtime survey included a series of
close-ended questions from the Healthfulness of Meal
Index that was created for the study, which was adapted
from the Healthy Eating Index categories(17,18). The ques-
tions included whether the following ten categories of
foods were served at the eating occasion: ‘fruit’; ‘vegeta-
bles’; ‘whole grains (e.g. whole wheat breads or cereals,
brown rice, oatmeal and corn tortillas)’; ‘refined grains
(e.g. white bread or cereals, flour tortillas and white rice)’;
‘dairy (e.g. milk, cheese, yogurt, milk alternate such as soya
milk and ice cream)’; ‘meat protein (e.g. chicken, beef and
seafood/fish)’; ‘beans, eggs, seeds, nuts and tofu’; ‘sugary
drinks (e.g. pop, Kool-Aid, Capri Sun, Sunny Delight and
sports drinks)’; ‘cake/cupcake/cookies or other baked
goods’ and ‘candy (e.g. sweets, chocolate, Gushers and
fruit snacks)’(19,20). When asked about food served at the
meal, participants were also given this guidance, ‘For a dish
containing multiple foods (e.g. soups, sandwiches and
casseroles), please select the main ingredients in the dish’.
For example, if you had beef and vegetable soup, mark
both: ‘meat protein’ and ‘vegetables’. For analysis, we com-
bined the last two food categories into one category called
‘sweets’. After the respondent identified each of the foods
served at the eating occasion, they were asked to indicate
whether or not the target child ate each of the foods served
(yes/no)(19,20). Mealtime EMA surveys were intended only
to capture meals when the child and at least the parent
responsible for completing the EMA were present.

Eating occasion characteristics measured via
ecological momentary assessment. The mealtime EMA sur-
vey also asked the respondent to indicate whether the eat-
ing occasion was a breakfast, lunch, dinner or snack;
whether the occasion occurred on a weekday or weekend
day and whether the meal was from a restaurant/fast food,
pre-prepared or home-cooked. Finally, an indicator was

Home Visit #1

Heights and weights (all family members)

Interactive family task board game (all family members

Home Food Inventory (completed by researcher)

24-h dietary recall (completed for the child by the 

parent)

Training on accelerometry (parent and child) and 

Ecological Momentary Assessment (parent)

8 Days between Home Visits

Telephone 24-h dietary recall 

(completed for the child by the 

parent)

Completion of 8-d of 

Ecological Momentary 

Assessment (parent only)

Wearing of accelerometer (parent 

and child)

Home Visit #2

24-h dietary recall 

(completed for the child 

by the parent)

On-line survey (parent 

only)

Qualitative interview 

(parent only)

Distribute incentives

Fig. 1 Components of in-home visits for the Family Matters study
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created for whether the EMA recording of the eating occa-
sion was initiated by the participant (i.e. event-contingent
or self-generated) or was prompted at the beginning of the
next signal-contingent survey.

24-h dietary recall measures
Three 24-h dietary recalls on the target child were carried
out by study staff members trained and certified in the
use of the Nutrition Data System for Research(21). The
2015 software version was used, which was developed
by the Nutrition Coordinating Center, University of
Minnesota, Minneapolis, MN, USA. Recalls were conducted
on non-consecutive days; two of the recalls were for week-
days, and one was for a weekend day.

Because young children are not considered reliable
reporters of dietary intake, recalls were conducted with
the target child’s parent (i.e. the same parent who com-
pleted EMA) with limited assistance from the target child.
Parents were encouraged to turn to the target child for
assistance with completing the recall when this made
sense; for example, target children could provide details
on what was served v. eaten during meals consumed out-
side the presence of the parent (e.g. school lunch). Parents
were also provided with several additional tools to assist
them in their reporting of the target child’s dietary intake.
First, parents were provided a food amounts booklet,
which assisted parents in reporting the amounts of foods
consumed. School lunch and breakfast menuswere utilised
when appropriate, and older siblings were able to assist the
parent in the recall if appropriate. Finally as recalls were
prescheduled, parents were provided food record sheets
in which to record the foods and drinks consumed by the
target child the previous day. These sheets were important
as the parent was not always with the child for the entire
day, and the sheet prompted parents to record the child’s
dietary intake.

Staff dietitians conducted quality assurance on 100 %
of dietary recalls using a quality assurance protocol
that mirrors the one used by Nutrition Coordinating
Center(22); as a result of this quality assurance process,
eleven recall days (1 recall day for eleven families) were
excluded from the current analysis.

Eating occasion characteristics measured via 24-h
dietary recalls. Meal type (e.g. breakfast, lunch, dinner
or snack) and location of meal (e.g. home, school, day care
and restaurant) were recorded. Information onwhether the
eating occasion occurred on a weekday or weekend day,
and whether the dietary recall was collected in-person
by phone (the first and last dietary recalls), was determined
from the date of the recall.

Data analysis

Matching procedures
Among all families in the full sample (n 150), the days
where a parent completed both EMA surveys and a dietary

recall were identified. Within these matched days, eating
occasions reported in the EMA survey were matched to eat-
ing occasions reported in the 24-h dietary recalls by eating
occasion type (e.g. breakfast, lunch, dinner or snack).
Foods that participants reported consuming during 24-h
dietary recalls were aggregated into food subgroups by
the Nutrition Data System for Research system. These sub-
groups were then combined to create food categories that
were similar to the EMA food categories. For example, fruit
juice, whole fruits, avocado, fried fruit and fruit-based
savoury snacks were combined to create a Fruit category
(See Supplemental Table 1 for a comparison between
the nine EMA food categories and the Nutrition Data
System for Research food subgroups).

Concordance analysis
Concordance in the foods at each eating occasion reported
in both the EMA mealtime surveys and the dietary recalls
(n 455 matched eating occasions) was evaluated in several
ways. First, for each type of food queried in the EMA
mealtime survey (e.g. fruit), the matchedmeals were coded
into one of the following four mutually exclusive catego-
ries: (1) a food of that type was reported in both the 24-h
dietary recall and the EMA (positive concordance); (2) a
food of that type was NOT reported in the 24-h dietary
recall or the EMA (negative concordance); (3) a food of that
type was not reported in the 24-h dietary recall but was
reported in the EMA (EMA only) or (4) a food of that type
was reported in the 24-h dietary recall but not in the EMA
(recall only).

Second, both concordance (i.e. overall sum of positive
and negative concordance) and a Cohen’s kappa statistic
were estimated for each food type(23). Given the majority
of prior research examining concordance between EMA
dietary measures and dietary recalls has reported percent-
age concordance(4,5), the current study also reports per-
centage for comparison purposes. In addition, a kappa
statistic is reported, which measures inter-rater agreement
and is scaled such that a negative one kappa statistic
indicates perfect disagreement, a zero kappa statistic
indicates the amount of agreement that would be expected
by chance and a one kappa statistic indicates perfect
agreement. While the percent concordant measure is more
readily understood, the kappa statistic takes into account
that some concordance will occur by chance and thus it
is considered a superior measure of concordance.

Third, the prevalence of each food type across all
matched meals was calculated separately from the EMA
surveys and from the 24-h dietary recalls. This approach
evaluates the extent to which EMA survey data may under-
estimate or overestimate the frequency of consumption of
each type of food assessed by the survey relative to the
matching meals from the 24-h dietary recall. Unpaired
t tests are used to test whether the prevalence from the
EMA is significantly different from the prevalence obtained
via 24-h dietary recall.
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Analysis of correlates of concordance
To better understand what factors are related to higher
concordance, regression analysis was used to examine
which attributes of the eating occasion, EMA recording or
family factors are related to the number of concordant foods
and positive concordant foods by food type. Generalised
estimating equations and within-estimation regression mod-
els are used to estimate linear models that adjust for the fact
that multiple meals are observed per family. The within-
estimator methods are identified from differences within
families, holding all time-invariant family characteristics con-
stant; thus, only attributes of the eating occasion, EMA
recording or day (not family characteristics that do not vary
by meal) are examined when using this model.

Analysis sample
Among the 150 parent–child dyads in the phase I Family
Matters study, there were 185 d onwhich both a 24-h dietary
recall and EMA data were collected; of note, 25% of these
185 d (46 d) had only one meal match. Across those
185 d, there were more eating occasions reported via 24-h
dietary recall (n 913) than via EMA surveys (n 560). This dif-
ference is likely in part due to differing protocols. Only child
eating occasions observed by the parent were to be entered
into the EMA mealtime survey, whereas the 24-h dietary
recall protocol was designed to capture all eating occasions
by the target child regardless of who was present. Of the
560 EMA-recorded eating occasions, 81% (n 455) were
matched to an eating occasion of the same type (e.g. break-
fast) from the 24-h dietary recall. Of these 455 matched
meals, there were twenty-seven second or third snacks
and four second breakfasts reported in the same day.
There were no second lunches or second dinners.
Multiple reports of the same meal type were time-ordered
within both data sets so that the second and third meals
of one type in a day could be matched.

The remainder of the results presented will focus on the
concordance of the foods reported at the 455matchedmeals
(occurring within 120 households). Demographic details on
participants in the full sample and the analysis sample are
included in Table 1. The families (n 120; thirty participants
had no matched meals) included in this analysis sample
were nearly as racially/ethnically as the full Family Matters
sample (n 150). However, there were several marginal,
but potentially important, differences between the two sam-
ples; specifically, individuals in the analysis sample were
more educated (P= 0·05), had a higher income (P= 0·05)
and were less likely to be foreign-born (P= 0·001) than
those in the full Family Matters sample.

Results

Characteristics of matched eating occasions
Details on characteristics of the matched eating occasions
can be found in Table 2.

A variety of eating occasions were represented within
the analysis sample of matched meals (i.e. meals reported
in both dietary recalls and EMA, matched by day and eating
occasion type); 26·2 % (n 119) were breakfast meals, 16·0 %
(n 73) were lunch meals, 29·7 % (n 135) were dinner meals
and 28·1 % (n 128) were snacks. The bulk (81·5 %, n 371) of
matched meals was eaten at home, and the meal
preparation method varied ((home-cooked: 60 %, n 273),
(pre-prepared: 30·5 %, n 139) and (restaurant meals:
9·5 %, n 43)).

Foods reported eaten during matched eating
occasions
Details on foods reported eaten during matched eating
occasions are included in Table 3.

Of the nine food categories examined in this concord-
ance study (fruit, vegetables, whole grains, refined grains,
dairy, meat protein, non-meat protein, sugar-sweetened
beverages and sweets), the average number of food
categories participants reported their children eating at
an eating occasion was 2·31 when reported using EMA,
as compared with an average of 3·00 when reported using
a 24-h dietary recall (P< 0·01). A similar pattern of
difference in mean number of food categories reported
was evident for each eating occasion type.

Concordance between children’s dietary intake
data collected by a brief ecological momentary
assessment measure and 24-h dietary recalls
collected using standard 24-h dietary recall
protocols
Figure 2 includes information on overall concordance
between children’s dietary intake data collected by a brief
EMA measure and 24-h dietary recalls collected using stan-
dard 24-h dietary recall protocols. Overall concordance
(sum of positive and negative concordance) of reporting
for eating occasions via EMA and 24-h dietary recall for
each of the nine food categories ranged from 54 % for
refined grains to 87 % for sweets (Fig. 1). Mostly consistent
with the concordance percentages, the kappa statistics
indicate moderate agreement for meat (kappa = 0·55);
fair agreement for sweets (kappa= 0·38), beans/nuts
(kappa= 0·37), dairy (kappa= 0·31), fruit (kappa= 0·31)
and vegetables (kappa= 0·27); and little to no agreement
for refinedgrains (kappa= 0·07),whole grains (kappa= 0·12)
and sweetened beverages (kappa= 0·14)(23).

Differences in food category concordance within meals
(Figs 1 and 2) are somewhat reflected in differences in
prevalence of foods across eating occasions by data collec-
tion method (Table 3). In particular, the percentage of
matched eating occasions where refined grains were
reported eaten via EMA (20·7 %) is notably lower than that
reported by 24-h recall (49·2 %; P < 0·01), as one would
expect given the low concordance and kappa statistic for
a given meal. Likewise, some items with high concordance
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within a meal have similar prevalence rates across meals;
specifically, the percentage of matched meals where
beans/nuts or sweets were reported to have been eaten
via EMA was similar to the percentage of meals reported
via by 24-h recall (beans/nuts: 16·3 % v. 20·7 %, P= 0·09;
sweets: 9·9 % v. 13·6 %, P= 0·08). On the other hand, the
percentage of meals where fruit and whole grains were
eaten was similar between the two methods, 38 % of meals
reported via either methods included fruit (P= 1·00) and
24–26 % of meals reported via either methods included
whole grains (P = 0·40), despite only low/moderate con-
cordance/agreement of fruit or whole grains within any
given meal (Figs 1 and 2). Respondents reported consum-
ing vegetables (P< 0·01), refined grains (P< 0·01), dairy
(P < 0·01), meat (P = 0·02), beans/nuts (P= 0·09) and
sweets (P= 0·08) more often when reporting intake via
24-h dietary recall as compared with EMA. However,

respondents reported consuming sugar-sweetened bever-
ages atmoremeals through EMA than via 24-h dietary recall
(23·7 v. 14·7 %, P< 0·01).

Correlates of concordance
The numbers of concordant items are related to eating
occasion, location of meal, survey characteristics and
the race/ethnicity of the respondents (Table 4). Columns
1 and 2 of Table 4 display correlates with the number of
overall (positive and negative) concordant items, where
columns 3 and 4 show the correlates with the number of
positively concordant items. Overall, concordance of
intake was higher for breakfast and snacks compared with
dinner (the reference category), but less positively con-
cordant than dinner. This pattern of concordance is likely
due to the fact that fewer foods are eaten at snacks and

Table 1 Sociodemographic characteristics of the diverse Family Matters study sample including Minnesota families with young children in
2015–2016*

Full sample
(n 150 families)

Analysis sample
(n 120 families) Difference

Mean N Mean N P-value

Household characteristics
Annual household income
Less than $20 000 33·3% 50 32·5% 39 0·053
$20 000–$34 999 36·7% 55 38·3% 46
$35 000–$49 999 10·7% 16 7·5% 9
$50 000 or more 19·3% 29 21·7% 26

Household receives TANF 22·8% 34 25·2% 30 0·166
Household receives SNAP 66·0% 99 65·0% 78 0·605
Number of children (including study child)
Two 35·3% 53 37·5% 45 0·359
Three 26·0% 39 26·7% 32
Four 20·7% 31 20·8% 25
Fiveþ 18·0% 27 15·0% 18

Primary caregiver characteristics
Female 91·3% 137 92·5% 111 0·310
Age in years (range 21–58) 34·5 150 34·5 120 0·956
Highest level of education
Less than high school 21·3% 32 16·7% 20 0·050
High school degree 40·0% 60 42·5% 51
Some college 18·7% 28 19·2% 23
Bachelor’s degree or more 20·0% 30 21·7% 26

Currently working 63·8% 95 62·2% 75 0·426
Married 52·3% 78 49·6% 59 0·178
Foreign born 42·0% 63 35·0% 42 0·001
Overweight (25 ≤ BMI< 30 kg/m2) 25·3% 38 25·8% 31 0·778
Obese (BMI ≥ 30 kg/m2) 51·3% 77 52·5% 63 0·567

Child characteristics
Female 47·3% 71 49·2% 59 0·368
Age in years (range 5–8) 6·4 150 6·4 120 0·973
Race/ethnicity
Non-Hispanic White 16·7% 25 18·3% 22 0·062
African-American 16·7% 25 17·5% 21
Hmong 16·7% 25 15·8% 19
Hispanic 16·7% 25 15·0% 18
Native American 16·7% 25 20·0% 24
Somali 16·7% 25 13·3% 16

Overweight (85 percentile ≤ BMI< 95 percentile) 18·7% 28 20·8% 25 0·173
Obese (BMI ≥ 95 percentile) 30·0% 45 30·0% 36 1·000

TANF, Temporary Assistance for Needy Families; SNAP, Supplemental Nutrition Assistance Program.
*χ2 tests were conducted to compare the sample with matched meals and the sample with no matched meals for all measures except for age, where a t test was used.
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breakfasts as compared with dinners or lunches; indeed, in
the current sample, snacks had on average 1·6 items, break-
fasts have 2·3 items, lunches have 2·5 items and
dinners have 3·0 items reported via EMA. Higher overall
concordance was observed if the meal occurred at home
relative to meals at school or meals in a restaurant. If the
EMA survey was self-generated (as opposed to initiated
by a prompt from the research via a signal-contingent sur-
vey), positive concordance is slightly lower. No statistically
significant differences in concordance by dietary recall
mode (in-person v. over the phone) were observed.
Positive concordance was higher on the weekends.
Finally, African-American, Hmong, Native American and

Somali respondents had meals that were less concordant
on average than meals reported by white families.

No difference in concordance was found by child
weight status, gender of the respondent, receipt of
Supplemental Nutrition Assistance Program (SNAP)
benefits or number of children in the home. Two of the
time-varying covariates included in the within-participant
analysis vary by day (the indicators for in-person dietary
recall and weekend), instead of by meal. The results are
unchanged if those two day-level measures are omitted
from the analysis.

Discussion

The primary goal of the present study was to understand
how dietary intake data collected via a brief tool delivered
via EMA compare to data collected via a standard inter-
viewer-administered 24-h dietary recall; results provide
important information to researchers considering utilising
a similar EMA approach to gather dietary intake informa-
tion within similar populations. Overall, data suggest that
among meals reported in both the EMA and dietary recalls,
concordance in reporting was reasonably good for some
types of food, but only fair to low for others. Level of con-
cordance was found to differ based on type of food, eating
occasion and location of meal. Further development and
evaluation are warranted for this new method that holds
promise as a practical and potentially valid measure of
the frequency of consumption of specific types of foods.

A number of findings from the current study aligned
closely to previous studies that have explored a similar
question, with some differences. For example, our study
found a 87 % concordance in report of the consumption
of sweets between both methods; separate studies by
Bruening(4) and O’Connor(5) found similarly high rates
of concordance for sweets (Bruening: 91 %; O’Connor:
78·6 %). Concordance in the report of fruits and vegetables
across these same three studies differed more widely, with
Bruening reporting 94 % concordance, O’Connor reporting
64·9 % concordance, and the current study finding 65 %
concordance. Of note, all three of these studies were con-
ducted in different populations and used a slightly different
brief screening tool to assess dietary intake via EMA. For
example, Bruening asked college students to report on a
total of five food items (sweets, salty snacks/fried side
dishes, fruits and vegetables, and entrees)(4), O’Connor
asked elementary school-aged children to report on four
food items (fruits or vegetables, chips or fries, pastries or
sweets(5), soda or energy drinks), and the current study
asked parents to report on child intake on nine total food
items, modelled off of the Healthy Eating Index-2010
categories(18,24). These differences in populations, methods
and measures make direct comparison in concordance
across all three studies challenging. To our knowledge,

Table 2 Characteristics of matched meals (n 455 meals)

Mean N

Eating occasion
Breakfast 26·2% 119
Lunch 16·0% 73
Dinner 29·7% 135
Snack 28·1% 128

Meal location
Home 81·5% 371
School 7·0% 32
Day care 0·7% 3
Restaurant 2·9% 13
Friend’s home 1·5% 7
Community Meal Programme 0·4% 2
Other 5·9% 27

Meal preparation
Home-cooked 60·0% 273
Pre-prepared meal 30·5% 139
Restaurant meal 9·5% 43

In-person dietary recall 37·1% 169
Self-generated EMA survey 34·3% 156
Weekend 40·7% 185

EMA, ecological momentary assessment.

Table 3 Foods reported eaten in matched meals (n 455 meals)*

Food was
reported eaten
in EMA (%)

Food was
reported eaten
in NDSR (%)

Difference
(P-value)

Fruit 38·0 38·0 1·000
Vegetables 23·1 38·0 0·000
Fruit and
vegetables

60·2 62·0 0·587

Whole grains 23·5 25·9 0·399
Refined grains 20·7 49·2 0·000
Any grains 40·2 71·6 0·000
Dairy 42·0 58·9 0·000
Meat 33·4 41·1 0·016
Beans/nuts 16·3 20·7 0·088
Sweetened
beverages

23·7 14·7 0·001

Sweets 9·9 13·6 0·080

EMA, ecological momentary assessment; NDSR, Nutrition Data System for
Research.
*Unpaired t tests are used to determine if the proportion of EMAmeals containing the
food is significantly different from the proportion of NDSRmeals containing the food.
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the current study is the first to report a kappa statistic as a
means of comparing between these two methods of meas-
uring dietary intake; because the kappa statistic takes into
account that some amount of concordance will occur by
chance, future research examining concordance should
consider reporting this statistic.

Concordance (and kappas) between the two methods
of measuring dietary intake was high in the current
study for some food categories and low for others. First, dis-
cordance differed widely by type of food, with moderate
levels of concordance for meat; fair concordance for sweets
(e.g. cakes, cookies, pastries and candy), fruits and vegeta-
bles, beans/nuts and dairy; and low levels of concordance
for grains (refined and whole) and sugar-sweetened
beverages. These differences have direct implications for
researchers seeking to measure intake of a specific food
group; the pros and cons of using EMA v. a standard
24-h dietary recall must take into account the food group
of primary interest, whether the amount of the particular
food consumed is of interest, and if researchers wish to cal-
culate specific nutrients consumed from the dietary intake
data collected. For example, our results would suggest that
EMA might be an appropriate choice for a study interested
in knowing whether or not sweets were consumed, in any
amount, at a particular meal or snack, or whether dairy,
fruits or vegetables were served at any meal, whereas
EMA would not be appropriate for a study interested in
knowing whether refined grains were consumed. Using
the current EMA protocol, estimating servings and nutrients

consumed (e.g. servings of whole grains or grams of fibre
consumed) is not possible.

Also of note, it was far more common, with two notable
exceptions, for participants to report eating a food item via
24-h dietary recall and fail to report it via EMA, than the
other way around; for example, participants were more
likely to report consumption of vegetables, refined grains,
dairy and meat, via 24-h dietary recall, as compared with
EMA. Discordance in the report of fruits and whole grains,
and to some extent, beans/nuts and sweets was split about
evenly between EMA and 24-h dietary recalls, suggesting
that while concordance between the two measures was
not perfect, one measure was not more likely that the other
to capture consumption of these food items. It is often sug-
gested within the EMA literature that participants might be
more apt to recall and report behaviours of interest
(e.g. dietary intake) via EMA, as compared with recalling
them at a later date or time, simply because EMA reduces
the time lapse between engaging in the behaviour and
reporting the behaviour. In contrast to this idea, while
we are not able to know with certainty what participants
in the current study ate, the current data would suggest that
the 24-h dietary recalls were better able to capture the full
scope of items eaten by participants than their report
via EMA. It might be that participants benefit from the indi-
vidual interview prompts associated with participating in a
24-h dietary recall.

Furthermore, there are challenges associated with ask-
ing people to report on intake of specific food categories;
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for example, a parent may not think of the tomato sauce in
lasagna as a vegetable when they are asked via EMA
whether a vegetable was served with the meal, whereas
this information would be gathered during an inter-
viewer-led 24-h dietary recall. Failing to report all foods
eaten as a part of a mixed dish is an important issue as

mixed dishes such as lasagna, spaghetti, burritos, stir fry
dishes, etc. can contribute notably to vegetable intake.
Researchers using EMA to collect dietary intake may want
to also consider providing instructions to participants for
how/if to classify ingredients that are present in small
amounts (e.g. onions used as seasoning). A separate, but

Table 4 Correlates of concordant reporting (n 455 meals from 120 families)*

Number of concordant items/meal
Number of positively concordant

items/meal

Dependent variable GEE Within GEE Within

Eating occasion (ref=Dinner)
Breakfast 0·713*** 0·630*** −0·440*** −0·450***
95% CI 0·352, 1·074 0·238, 1·023 −0·665, −0·215 −0·688, −0·212

Lunch −0·200 −0·364 −0·273** −0·163
95% CI −0·624, 0·224 −0·825, 0·098 −0·538, −0·009 −0·443, 0·117

Snack 0·718*** 0·656*** −1·102*** −1·095***
95% CI 0·350, 1·086 0·254, 1·058 −1·331, −0·872 −1·339, −0·851

Meal location (ref=Home)
School −0·744*** −0·587* −0·082 −0·045
95% CI −1·269, −0·219 −1·200, 0·025 −0·411, 0·247 −0·417, 0·327

Restaurant −0·994** −0·869* 0·144 0·130
95% CI −1·810, −0·177 −1·770, 0·032 −0·366, 0·654 −0·417, 0·677

Other location −0·154 −0·313 0·096 0·121
95% CI −0·653, 0·346 −0·940, 0·313 −0·219, 0·411 −0·259, 0·502

Meal preparation (ref=Restaurant)
Home-cooked 0·282 0·151 0·242 0·244
95% CI −0·195, 0·759 −0·440, 0·742 −0·058, 0·543 −0·115, 0·603

Pre-prepared 0·298 0·123 −0·023 −0·093
95% CI −0·216, 0·812 −0·493, 0·740 −0·346, 0·300 −0·468, 0·281

Survey characteristics
In-person dietary recall 0·033 0·024 −0·033 −0·097
95% CI −0·249, 0·314 −0·314, 0·362 −0·210, 0·143 −0·302, 0·108

Self-generated EMA survey 0·065 0·160 −0·150* −0·149
95% CI −0·217, 0·347 −0·190, 0·509 −0·328, 0·027 −0·361, 0·064

Weekend 0·020 0·072 0·190** 0·188
95% CI −0·270, 0·310 −0·408, 0·552 0·004, 0·375 −0·103, 0·480

Race/ethnicity (ref=White)
Black −0·579** −0·342**
95% CI −1·059, −0·098 −0·657, −0·027

Hmong −0·546** −0·282
95% CI −1·068, −0·024 −0·624, 0·059

Latino −0·199 −0·182
95% CI −0·635, 0·237 −0·472, 0·108

Native American −0·708*** −0·107
95% CI −1·156, −0·260 −0·402, 0·189

Somali −0·613** −0·988***
95% CI −1·183, −0·043 −1·361, −0·615

Individual characteristics
Child obese −0·153 −0·127
95% CI −0·453, 0·147 −0·324, 0·069

Female primary caregiver 0·257 0·136
95% CI −0·347, 0·860 −0·256, 0·527

Receiving public assistance −0·058 −0·125
95% CI −0·368, 0·251 −0·329, 0·079

Number of children in home 0·056 −0·025
95% CI −0·047, 0·160 −0·093, 0·043

Constant 5·923*** 5·996*** 2·007*** 1·695***
95% CI 5·091, 6·755 5·395, 6·596 1·472, 2·541 1·330, 2·059

Observations 455 455 455 455
Number of participants 120 120 120 120

GEE, estimated using generalized estimating equations; Within, estimated using within-participant methods; EMA, ecological momentary assessments.
Coefficients reported and 95% CI. *** P< 0·01, ** P< 0·05, * P< 0·1.
*The number of positively concordant items is the number of foods that were reported in both the 24-h dietary recall and the EMA, where the number of concordant items is the
number of foods that were reported in both or neither method. Example interpretation: Breakfasts have 0·711 more concordant items than dinners, holding all else constant.
Breakfast have 0·439 fewer positively concordant items than dinners, holding all else constant.
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related, issue is that many research participants might not
know how to properly categorise foods eaten when they
asked to do so within an EMA protocol and this partici-
pant-led misclassification is likely to impact some food
groups more than others (i.e. refined or whole grains, sug-
ary drinks). Participant misclassification of these food items
may have contributed, in part, to the lower concordance
between the two dietary recall methods with regard to
report of grains and sugar-sweetened beverages. Overall,
it is crucial for researchers considering using EMA to collect
dietary intake data to consider what type of research ques-
tions they are most interested in answering. Further, future
research should pilot the use of different types of partici-
pant prompts and instructions designed to encourage the
report of various food groups included in mixed dishes
and reduce misclassification of certain foods to determine
if the inclusion of such prompts and instructions might
improve concordance between these two methods.

Results of the current study also showed that concord-
ance of intake was highest for breakfast and snacks, as
comparedwith other eating occasions; this higher concord-
ance is likely due, at least in part, to the fact that participants
reported eating fewer distinct items at breakfast (e.g. only
cereal and milk) and snacks (e.g. only crackers). This find-
ing suggests that assessment of dietary intake via EMA
might be a good option for research studies with a focus
on foods consumed during breakfast and snacks.
Further, higher concordance was observed between the
two measures if the eating occasion occurred at home. It
might be that participants have an easier time remembering
to report, and accurately reporting, their dietary intake via
EMA when they are home, whereas they require more
prompting to remember foods that are eaten outside of
the home or ‘on the run’. Finally, only a small difference
in concordance was seen by type of EMA report (event-
contingent v. signal-contingent report); signal-contingent
reports had slightly more positively concordant items than
event-contingent reports. This finding suggests that unless
it is important for a particular study to understand the timing
of each eating occasion with extreme accuracy, it is not
necessary to use event contingent surveys and instead
dietary intake information could be gathered retrospec-
tively via signal-contingent reports.

This paper sought to understand concordance in partici-
pant report of dietary intake of specific foods as reported
via two different methodologies; thus, as discussed above,
we restricted our analyses to only thosemeals wewere able
to match by meal type. That said, it is important to note that
many meals were not included in our analyses because
they were only reported via one dietary assessment meth-
odology. A portion of these ‘unmatched meals’ can be
explained by differences in participant instructions for
the two dietary intake assessment methods; when complet-
ing a 24-h dietary recall, parents were instructed to report
on all foods consumed by their child over the course of a
full day, whereas for the EMA protocol, parents were

instructed to report only foods their child consumed in
the presence of the parent completing the EMA. This is
major limitation of the current study design, which was
not originally designed to assess how dietary intake
assessed via EMA compares to diet assessed via inter-
viewer-administered dietary recalls. Future studies com-
paring these two methodologies should use identical
protocols for meal reporting.

Strengths of this study include the use of two time-linked
dietary intake data sets which allowed for the capture of
real-time snapshots of recent dietary intake (brief EMA
dietary intake assessments), as well as detailed reports of
full-day dietary intake (24-h dietary recalls). Further, the
sample was diverse (i.e. race/ethnicity, SES and weight
status), improving the generalisability of study findings to
other, similarly diverse populations. In addition, kappas
were used to calculate concordance, which is a more
conservative measure which, to our knowledge, has not
been used in other studies comparing dietary intake data
collected via EMA and 24-h dietary recalls. This study is
limited in that the design did not include direct observation
of participant dietary intake; both EMA and 24-h dietary
recalls are subject to measurement error stemming from
retrospective recall bias and social desirability bias.
Twenty-four-hour dietary recalls were prescheduled, and
parents were asked to keep a food log introducing addi-
tional potential for measurement reactivity to impact data
collected. This study seeks to examine concordance
between two self-report measures of dietary intake, and
errors in these methods are likely correlated (e.g. both
likely subject to measurement error due to memory failure,
social desirability bias, etc.). As a result, the level of agree-
ment found between the two methods may over-state the
accuracy of reporting via the EMA method. Future evalua-
tions of the EMA method should consider using a compari-
son method that is not based on self-report such as meal
observations or biomarker measures (e.g. serum carote-
noids as a marker of fruit and vegetable intake).

Conclusions

The primary goal of the present study is to deepen our
understanding of how dietary intake data collected via a
brief EMA measure compares to that of data collected
via the standard reference method of an interviewer-
administered 24-h dietary recall. Overall, findings from this
study and other similar studies suggest that dietary intake
assessment via EMA shows promise and is appropriate
for answering certain types of research questions; how-
ever, further development and evaluation of protocols
should be pursued to continue to improve upon this meth-
odology as a means of collecting dietary intake data.
Researchers considering the use EMA to collect dietary
intake should be aware of the current strengths and limita-
tions of this methodology and must consider the primary
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goal(s) of their study (e.g. food groups and eating occa-
sions of interest) before making a decision about the best
approach to collecting dietary intake data.
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