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ABSTRACT

Retrospective self-reported data have limitations, making it important to evaluate alternative forms of
measurement for nutrition behaviors. Ecological momentary assessment (EMA) attempts to overcome
the challenges of recalled data with real-time data collection in a subject’s natural environment, often
leveraging technology. This perspective piece 1) introduces the concepts and terminology of EMA, 2)
provides an overview of the methodological and analytical considerations, 3) gives examples of past
research using EMA, and 4) suggests new opportunities (including combining assessment and intervention)
and limitations (including the need for technology) for the application of EMA to research and practice
regarding nutrition behaviors.
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INTRODUCTION

Thisperspectivespiece1) introduces the
concepts and terminology of ecological
momentary assessment (EMA), 2) pro-
vides an overview of the methodolog-
ical and analytical considerations, 3)
gives examples of past research using
EMA in nutrition and related fields,
and 4) suggests new opportunities and
limitations for the application of this
method to research and practice in the
field of nutrition behaviors. The EMA
methodology has potential to change
research and practice by providing
contextual information about causes of
nutrition behaviors including triggers
for eating and reasons for food choices.
The EMA can improve on existingmea-
sures of these concepts by limiting the
need for participant recall.

Self-report questionnaires are a
widely used and efficient method for
gathering information onmany health
behaviors, personal attitudes, and emo-
tions. Despite efforts to improve the
accuracy and reliability of recalled self-
reported data, important limitations
remain and are familiar to nutrition
professionals, who are well aware of
the challenges in obtaining accurate
24-hour dietary recalls including poor
memory, social desirability bias, and
systematic underreporting.1 Food re-
cords and diaries are generally accept-
able when the goal is to compare
intake between 2 groups, because
underreporting will affect both groups
equally.2 However, when the goal is
assessment of absolute intake rather
than a comparison, the underreporting
becomes more concerning.2 In partic-

ular, there are food groups and individ-
uals that are especially likely to be
affected by underreporting.2 Along
with systematic error in recalled data,
self-report methods often rely on a
summary measure of a feeling or expe-
rience that may be dynamic over a
time period.3,4 For example, self-
reported recall of pain is most influ-
enced by peak pain and end pain but
does not reflect the duration of pain.4

Extrapolating to nutrition, one would
expect that hunger, which fluctuates
throughout the day, would not be
adequately reflected by an end-of-day
hunger measure. Recall measures
asking about the past day, past week,
month, or year often consider feelings
or attitudes as traits, which are consis-
tent, whereas theymay bemore appro-
priately classified as states (varying).5

Similarly, researchers may errantly as-
sume that answers to questions about
a retrospective time period are an accu-
rate reflection of the average during
that time period. All of these limit the
use of recalled measures of dietary be-
haviors, both on an individual level
for research or practice and on a group
level in epidemiologic studies.

When researchers are interested in
quantifying habits rather than an indi-
vidual time point, summary measures
of behavior are needed. Understanding
the characteristics of well-accepted
measures of dietary intake can help
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differentiate between the concepts of
summary and single–time-point mea-
sures. The Food Frequency Question-
naire (FFQ) is a summary measure
that assesses a period of time spanning
months instead of days and attempts
to describe habitual dietary intake,
sometimes far in the past.6 Summary
measures of non-nutrition habits
have been shown to adequately corre-
late with measures at single time
points, just as FFQs correlate with
dietary recalls and records.7 Statistical
adjustment approaches have been
developed that extrapolate habitual
intake from single versus repeated
dietary recalls. These statistical ap-
proaches can help overcome some
biases of recall methods,7 but their
focus is on nutrient intake rather
than the event of eating.

Other attempts to overcome the
limitations of short- or long-term recall
include techniques thatmimic the nat-
ural environment but do not comple-
tely replicate it.3 For example, a feeding
study conducted in a clinical research
unitwith foodweighedbefore andafter
a meal provides good internal validity
by measuring exactly the quantity of
foodconsumedbutpoor external valid-
ity when applied to a free-living indi-
vidual's behavior. Another methodology
to overcome these challenges is the
use of a diary or record, such as a food
record or an emotional diary.3 Howev-
er, research on pain using electronic
diaries that allow comparison of the
participant's time entry to an auto-
matic electronic time stamp indicated
only 11% agreement; 75% of partici-
pants in the paper diary group had
at least 1 day during which they did
not make any recordings but back-
dated to indicatecompliance.8Assuming
that a similar problem with timeliness
would be identified in food diaries,
their validity as an instantaneous
versus recalled measure must be called
into question.

EMA Definition and
Terminology

The EMA is a group of methodologies
that attempt to overcome the limita-
tions of self-reported data.3 The term
EMA was first coined by Stone and
Shiffman in 1994.3 They identified 4
characteristics of EMA methodology.
Observations are 1) repeated, 2) real-

time recordings of 3) momentary
states 4) conducted in the natural
environment.3 This means that EMA
focuses on sampling multiple time
points to understand a participant's
state at an exact moment in time
rather than obtaining a summary
measure. How many measures are
needed to quantify the characteristic
depends on the construct being
measured and the goal of the research,
but, for many constructs, measure-
ments are warranted more than once
per day.9 Participants provide this in-
formation during their day to provide
real-time data that are representative
of their natural environment.3 Tech-
nologies such as smartphone software
applications (apps) or text messaging
are generally leveraged to ensure
both timely responses and the ability
of the participant to continue going
about their daily activities.3

There are 6 methodologies that
Stone and Shiffman3 identify as fulfill-
ing the criteria of EMA: 1) diaries/re-
cords, 2) behavioral observation, 3)
self-monitoring, 4) time-budget studies,
5) experience sampling, and 6) ambula-
tory monitoring. Each method has
benefits and limitations. These are
compared in the Table.2,10-18 Several
of these EMA methods are familiar to
nutrition practitioners as research or
practice tools, although they may not
have been explicitly referred to as
EMA in the past.

Although EMA has many benefits,
some events are still more appropriate
to measure through recall.4 Events
that are rare but salient to the partici-
pant, for example, divorce, medical
treatment such as bariatric surgery, or
death, are appropriate for recall report-
ing.4 These events are easily remem-
bered and spaced too far apart to be
captured in experience sampling.4 In
addition, the first occurrence of a
salient event (a first cigarette, a first
attempt at weight loss) is also appro-
priate to measure through recall.4 Of
course, salience will vary by partici-
pant, limiting this recall. Strategies to
assist the participant in accurate recall,
including probing for the context of
other surrounding events, are impor-
tant.4 Figure 1 compares the experience
sampling approach to more tradi-
tional methods of obtaining diet in-
formation: the 3-day food record and
the 24-hour recall. The power of EMA
comes not from just 1 day but from

building a picture of an individual's
habits by sampling multiple days.

Design Considerations in
Experience Sampling

In designing a research study with the
use of experience sampling methods,
a researcher must first decide whether
the construct being measured is a
discrete event, for example, an eating
or drinking episode, or whether it is
continuous, such as level of appetite
or hunger or body image.9 On the basis
of this decision (defined by the purpose
of the study), a sampling strategy can
be designed.9 As described in the
Table, experience sampling approaches
may attempt to capture behaviors dur-
ing an entire day or waking period
(coverage approach, similar to a diary),
or, more traditionally, collect data dur-
ing a random sample of time points
during the day.9 Figure 2 compares
the coverage approach to a sampling
approach. In the figure, the outcome
of interest is the act of eating (the
event) and how those events are influ-
enced by hunger (not the nutrients
consumed). Although somemethodol-
ogies have been developed to use an
experience sampling approach to
nutrient intake measurement,19 the
real value of experience sampling may
be in the opportunities for assessing
the choices of when to eat or the be-
haviors that influence the act of eating.
For example, Gill and Panda20 recently
used a custom smartphone application
to gather information on the timing of
eating events and foods and beverages
consumed.

If the construct being measured is
an event, the experience sampling
strategy may ask participants to com-
plete the recording at the beginning
or end of each event9 (Figure 2A).
This would be similar to instructions
on a 3-day food record in which par-
ticipants write down each food as
soon as the meal or snack (event) is
finished.9 An event-based experience
sampling strategy increases the likeli-
hood that the event to be studied
will be captured, but it becomes non-
random and predictable to the partic-
ipant.9 Event-based reporting usually
requires the participant to remember
to record, although technology allows
researchers to use reminders (random
or scheduled) to assist in this process.9
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