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ABSTRACT
Several factors influence children’s ability to report accu-
rate information about their dietary intake. To date, one
understudied area of dietary assessment research relates
to children’s ability to estimate portion sizes of food. The
purpose of this cross-sectional research was to examine
food portion size estimation accuracy in 7- to 18-year-old
children with obesity. Two within-subject experiments
(Experiment 1: n�28, Experiment 2: n�27) were con-
ducted in Edmonton, Alberta, Canada, during 2007-2008.
Three types of portion size measurement aids (PSMAs)
(eg, measuring cups and spoons, household objects [full
and half-sized], and modeling clay) were counterbalanced
in a Latin Square design for participants to estimate four
types of foods (ie, solid, liquid, amorphous pieces, and
amorphous masses). Analyses of variance conducted on
percent of signed and absolute errors yielded significant
PSMA type�food type interactions (P�0.01) in both ex-
periments. Across all food types, for Experiments 1 and 2,
measuring cups and spoons produced the least accurate
estimates with respect to absolute error (54.2% and
53.1%, respectively), whereas modeling clay produced the
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ost accurate estimates (40.6% and 33.2%, respectively).
alf sizes of household objects also yielded enhanced
ccuracy (47.9% to 37.2%). Finally, there were significant
ifferences in accuracy between amorphous pieces (eg,
rapes) vs amorphous masses (eg, mashed potatoes;
�0.01), indicating that there are qualitative differences

n how different amorphous foods are estimated. These
ata are relevant when collecting food intake data from
hildren with obesity and indicate that different PSMAs
ay be needed to optimize food portion size estimation

ccuracy for different food types.
Acad Nutr Diet. 2012;112:302-307.

Expert recommendations (1) and clinical practice
guidelines (2) for managing pediatric obesity empha-
size the importance of making healthy dietary

changes. To assess obese children’s dietary intake, regis-
tered dietitians often collect dietary data from children
and their parents to complete a nutrition assessment that
includes a food record or dietary recall. Retrieving the
most accurate dietary information possible helps deter-
mine recommendations, goal-setting, and follow-up plan-
ning. However, achieving an acceptable degree of accu-
racy from dietary assessments remains a challenge (3),
specially when individuals report incorrect portion sizes
4,5). For example, chronic exposure to large portion sizes
f food may lead to the normalization of high energy
ntakes (6,7). Health Canada’s Eating Well with Canada’s
ood Guide (8) provides information on standardized
erving sizes, but anecdotal experience suggests that, in
eneral, self-selected portion sizes by children and their
amilies can be much larger than those currently recom-
ended. These observations highlight the potential value

f portion size measurement aids (PSMAs) in helping
ndividuals to accurately estimate volumes of food.

A number of PSMAs (eg, measuring cups and spoons,
ousehold objects [ie, deck of cards], and photographs of
oods) are available to estimate volumes of food and in-
orm portion size decisions and descriptions. There is a
igh level of interest in food portion size and its influence
n obesity and weight management (7) because accurate
nowledge about what constitutes an appropriate portion
ize for a variety of foods is an important aspect of suc-
essful weight management (6). However, there has been
ittle study in the area of portion size estimation in chil-
ren with obesity, and few comparisons between different
stimation methods. Given children’s autonomy to make

ealthy nutrition choices for weight management, re-
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search with children with obesity can identify whether
PSMAs can minimize measurement error and maximize
estimation accuracy.

In the context of assessing dietary intake, there are
many factors that can influence a child’s perception (9-12)
nd memory. For example, children’s cognitive abilities
re relatively underdeveloped, so they may be less accu-
ate than adults when recalling dietary intake and food
ortions from memory (13,14); they may also not be adept
t inferring fractional sizes of whole objects (eg, half of
ne tennis ball). In addition, household PSMAs have
eaning with respect to their actual functions, but chil-

ren may not be able to disassociate the functional use of
n object with its use as a PSMA. With these issues in
ind, children may have a reduced ability to accurately

stimate food portion sizes, so one or more different PS-
As may help to improve estimation accuracy.
There were three objectives of this study. The first aim
as to examine estimation accuracy using different PS-
As. In Experiment 1, estimation accuracy was com-

ared across measuring cups and spoons, household ob-
ects, and modeling clay (Play-Doh, Hasbro, Inc,
awtucket, RI). Because modeling clay is pliable and
ormally used to represent other objects, it has no par-
icular a priori associations and should help produce
ore accurate estimates than the other two PSMAs. In
xperiment 2, participants were given the further choice
f using whole and/or half sizes of household objects,
hich may also improve estimation accuracy. Thus, the
rst hypothesis was that estimation accuracy differs
mong PSMAs, with modeling clay and availability of
alf sizes of household objects yielding the highest de-
rees of estimation accuracy.
The second aim was to examine if estimation accuracy

aried according to food type. That is, dietetics practitio-
ers have traditionally divided foods into solid, liquid,
nd amorphous categories (15,16). The second hypothesis
as that participants’ estimation accuracy would vary
cross these three food types because they provide differ-
nt perceptual challenges.
The third aim was to examine if amorphous foods can

e further subdivided into two distinct types that in
hemselves provide different perceptual challenges. For
xample, some amorphous foods come in pieces that can
e eaten one at a time (eg, baby carrots) whereas others
re solid masses (eg, ice cream). In our study, the former
re referred to as amorphous pieces and the latter as
morphous masses. The third hypothesis was that par-
icipants’ estimation accuracy would vary according to
morphous food type (masses vs pieces).

ETHODS
wo independent, cross-sectional experiments using a
hree (PSMAs: measuring cups and spoons, household
bjects, and modeling clay)�four (food types: solid, liquid,

amorphous masses, and amorphous pieces) within-sub-
jects design were conducted from 2007 to 2008. The ex-
periments differed only in terms of whether or not house-
hold objects were provided to participants as whole
objects or as both whole and fractional objects; the exper-
iments are described together for parsimony. This re-
search received ethics approval from the University of

Alberta Health Research Ethics Board. Informed consent t

Febr
nd assent forms for parents and children, respectively,
ere completed by all participants before participating.

articipant Recruitment
convenience sample of children with obesity partici-

ated in this research. For both experiments, the goal
as to recruit at least 25 volunteers. Individuals were

eferred by local physicians for weight management to
he Pediatric Center for Weight and Health, a multidis-
iplinary weight management clinic at the Stollery Chil-
ren’s Hospital (Edmonton, Alberta, Canada). All chil-
ren were invited to participate in this study except for
hose individuals who presented with cognitive impair-
ents. Participants were eligible if they were aged 7 to18

ears and possessed an age- and sex-specific body mass
ndex (BMI) �85th percentile (17). However, all partici-
ants had a BMI that exceeded the 95th percentile, which
ualifies the sample as obese. Height was measured to
he nearest 0.1 cm using a digital, wall-mounted stadi-
meter (SECA, Hanover, MD) and weight was measured
o the nearest 0.1 kg using a digital medical scale (SECA,
anover, MD); BMI and BMI percentile were then calcu-

ated using EpiInfo (version 3.3.2, 2005, Centers for Dis-
ase Control and Prevention, Atlanta, GA). Demographic
nd anthropometric data were collected in a standardized
anner during children’s first or second clinical appoint-
ents (when this study was conducted) and were re-

rieved from participants’ medical records for this study.
articipants performed the research procedures with reg-

stered dietitians (T.G.B. and B.N.B.) before they received
ny specific training or education on portion size estima-
ion and before initiating weight management tech-
iques.

esign
ach participant made three sets of estimates on the
ame foods. As shown in Figure 1, the PSMAs used were

Figure 1. Portion size measurement aid (PSMA) types used in a study
of children with obesity (n�28 and n�27) referred to the Pediatric
Health and Weight Center at the University of Alberta Hospital.
wo sets of measuring cups and spoons, ranging in size
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from 1⁄2 tsp to 1 c; two sets of household objects in Exper-
iment 1 and two sets of whole and half objects in Exper-
iment 2; and 500 mL modeling clay. For each PSMA, the
task was to select as many items or as much modeling
clay as needed to match the amount of the given food item
for that trial. PSMA type was counterbalanced in a Latin
Square design and randomized in sets of three. Partici-
pants were assigned to their particular PSMA condition
order in the order they came to the clinic. This quasiran-
dom ordering scheme resulted in an approximately equal
sex and age distribution across the three orders of esti-
mation method.

The food types included 20 three-dimensional stan-
dardized food replicas (Nabisco Canada, Newmarket,
Canada) (see the Table). Four of the items (one for each of
the four food types) were always used as practice items,
and the remaining 16 were used as test items (four per
food type). The test food items for each of the three sets of
estimates were given in the same randomized order, but
a different random order was used for each participant.
Thus, there was one instance of each food type for prac-
tice with each estimation method and four instances of
each food type for each of the methods.

Procedures
First, children rated their liking of all 20 food replicas
using a developmentally appropriate, validated 5-point
Likert scale survey (18). To simply familiarize partici-
pants with food items, each food was presented individ-
ually and the registered dietitians recorded participants’
responses, which varied from “I like it very much”
(score�1) to “I dislike it very much” (score�5). Second,

Table. Stimulus materials as a function of food type, food models
used for each type, and size of each model in two experiments of
food portion estimation by children with obesity

Food type Food mL

Practice-mass Butter 5
Practice-solid Bread (1 slice) 50
Practice-count Pretzel sticks 125
Practice-liquid Water 375
Liquid Salad dressing 15
Liquid Orange juice 125
Liquid Grape juice 187
Liquid Milk 250
Solid Candy bar 45
Solid Salmon 90
Solid Chocolate cake 140
Solid Steak 250
Mass Peanut butter 30
Mass Tuna 62
Mass Spinach 125
Mass Ice cream 250
Count Almonds 62
Count Green grapes 125
Count French fries 187
Count Raspberries 250
the registered dietitians placed the food replicas (which f

304 February 2012 Volume 112 Number 2
ere hidden from view) one at a time on a white dinner
late that was placed in front of participants. Children
hen estimated the portion sizes of the food replicas using
he three different PSMAs in their assigned order. The
egistered dietitians recorded participants’ responses; for
ll portion size estimation tasks, replicas were viewed but
ot handled by participants.

ata Analysis
ll statistical analyses were conducted using Systat soft-
are (version 11, 2004, Systat Software, Chicago, IL);
�0.05 was used throughout as the level of significance.
emographic data are reported as means�standard de-
iations. All portion size estimates were converted to
olumes (milliliters) and were used to generate the fol-
owing two variables that normalized for food size: Per-
ent signed error ([estimated mL–actual mL]/actual mL�
00%), computed separately for each item and then aver-
ged across items, and percent absolute error, computed
s the absolute values of the signed errors taken before
veraging. Percent signed error takes direction into ac-
ount, but can give a false reading of accuracy if errors
re random in both directions; absolute error provides a
easure of accuracy regardless of direction. Both mea-

ures were analyzed in two-way, within-subjects analyses
f variance (ANOVA) with PSMA type and food type
ncluded as categorical factors. Planned contrasts on the
ifference in accuracy between the two types of amor-
hous foods (pieces vs masses) were also conducted. Nei-
her age nor sex was included in the models because the
atin Square counterbalancing scheme and the quasiran-
om assignment to conditions meant that these variables
ere relatively evenly distributed across PSMA. Likeabil-

ty ratings were not analyzed because the foods were
elected nonarbitrarily to correspond to the four food
ypes under investigation and also to be approximately
he same range of sizes for each type (see the Table).

ESULTS
ample Characteristics
n Experiment 1, there were 28 participants (16 boys, 12
irls) ranging in age from 8 to 17 years (mean age
2.2�2.5 years); their average BMI percentile was
7.8�2.5. In Experiment 2, there were 27 participants
13 boys, 14 girls) ranging in age from 8 to 18 years (mean
ge 12.1�2.5 years); average BMI percentile was
8.7�0.8. All children in both experiments were white.

xperiment 1
he ANOVA on the percent signed error yielded a main
ffect of PSMA (F[2,54]�21.99; P�0.0001), a main effect
f food type (F[3,81]�5.80; P�0.001), and a PSMA type�
ood type interaction (F[6,162]�4.40; P�0.0001) (see Fig-
re 2). In general, measuring cups and spoons and house-
old objects caused overestimations whereas modeling
lay caused underestimates, although the degree of esti-
ation error differed according to food type. The

lanned contrast on amorphous food type was signifi-
ant (F[1,27]�9.59; P�0.01), providing evidence that
morphous pieces and masses were estimated with dif-

erent degrees of accuracy.
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The ANOVA on percent absolute error also yielded a
significant PSMA type�food type interaction (F[6,162]�
.16; P�0.006). As shown in Figure 2, measuring cups
nd spoons tended to produce the largest absolute errors
especially for solids and amorphous masses) whereas
odeling clay produced the smallest errors.

xperiment 2
imilar to Experiment 1, an ANOVA on the percent

Figure 2. Percent signed and absolute error as a function of portion s
(aged 7 to 18 y) referred to the Pediatric Health & Weight Center at
interactions on both measures were significant at P�0.01. Masses�A
Pieces�Amorphous foods that can be eaten one at a time (eg, grape
igned error yielded a main effect of PSMA (F[2,52]�30.48; 1

Febr
�0.0001), food type (F[3,78]�13.56; P�0.0001), and a
SMA type�food type interaction (F[6,156]�3.72;
�0.01) (see Figure 2). In addition, the planned contrast
etween amorphous foods (pieces vs masses) was significant
F[1,26]�33.93; P�0.0001), which confirmed the finding
rom Experiment 1 that amorphous pieces and masses were
stimated with different degrees of accuracy.
For the percent absolute error, there was a main effect of

SMA (F[2,52]�12.30; P�0.0001), food type (F[3,78]�

easurement aid (PSMA) and food type made by children with obesity
niversity of Alberta Hospital. In Experiments 1 (n�28) and 2 (n�27)
hous foods that cannot be eaten one at a time (eg, mashed potatoes).
ror bars represent 95% confidence intervals.
ize m
the U
morp
1.45; P�0.0001), and a PSMA type�food type interac-
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tion (F[6,156]�3.20; P�0.01) (see Figure 2). In general,
the overall pattern of error was the same across the three
portion size estimation methods for both solid and liquid
foods, but the pattern differed for amorphous pieces and
masses. The planned contrast between amorphous pieces
and masses foods was significant (F[1,26]�36.17; P�
0.0001), as was the PSMA type�food type interaction
when pieces and masses were considered exclusively
(F[2,52]�9.70; P�0.001).

Examples of the PSMA chosen to estimate a 120-mL
model of green grapes for one male 8-year-old in Experi-
ment 2 were: 1/3 c from the measuring cups and spoons,
one half of a deck of cards from the household objects, and
5 mL modeling clay. The same individual, when estimat-
ing a 240-mL portion of ice cream, chose 1 c from the
measuring cups and spoons, two one-half pieces of a
hockey puck from the household objects, and 80 mL mod-
eling clay. For household objects, participants were not
confined to selecting only one object type; for instance, a
different participant in Experiment 2 chose one compact
disc, one half of a hockey puck, and one half of a deck of
cards to estimate a 240-mL model of steak.

DISCUSSION
Findings from both experiments highlight the influence
that different PSMAs and food types have on the ability of
children with obesity to accurately estimate portion sizes.
These observations support all three of the study hypoth-
eses. First, the use of modeling clay and half sizes of
household objects improved estimation accuracy for some
(but not all) food types. At this time, these tools are less
commonly used by dietetics practitioners during dietary
assessments; the one study that did use modeling clay
was a dietary recall and the efficacy of the clay was not
reported separately from the other craft objects used (19).
Our findings suggest there may be merit in adding mod-
eling clay and half sizes of household objects to collections
of portion size estimation tools. Second, for both signed
and absolute errors, there was a significant interaction
between PSMA type and food type, which indicates that
different food types are estimated to differing degrees of
accuracy as a function of PSMA type. This suggests that
using a single PSMA type to estimate portion sizes of
different food types will fail to minimize the potential bias
associated with estimation error. Finally, foods catego-
rized as amorphous pieces and amorphous masses were
estimated with different degrees of accuracy. Given that
pieces and masses tend to be grouped as a single amor-
phous food category (16,20), the data suggest that exam-
ining the two different amorphous food types separately
during dietary assessments of children with obesity may
have a positive effect on portion size estimation accuracy.

Several recent reports have investigated different as-
pects of portion size estimation in children. However,
making between-study comparisons in the area of chil-
dren’s portion size estimation is limited by a number of
issues, including methodological differences in estimation
tools, a lack of uniformity in how accuracy is quantified
across studies, variability in age/cognitive development of
study samples, and differences in foods used for estima-
tion tasks (19-21). For example, Foster and colleagues
(22) had children estimate the amount of food on a plate

that was right in front of them using photographs of food.

306 February 2012 Volume 112 Number 2
he findings from this study revealed that only 43% of
hildren’s estimates were within 30% of the actual por-
ion size and that estimation accuracy differed according
o food type, although they were unable to identify a
iscernable pattern related to food morphology. In an
arlier study (21), the same researchers showed that both
hildren and adults tended to overestimate portion sizes
46% and 18%, respectively) using photographs of food;
owever, once children were given age-appropriate pho-
os that included child-sized portion sizes, their degree of
ccuracy improved dramatically (to 7% portion size over-
stimation), a finding that supports the value of using
ge-appropriate estimation tools. Although adult data
re not available to use for comparison purposes, data
rom children with obesity in our report suggest that
odeling clay and household objects (whole and half-

ized) are superior, age-appropriate PSMAs compared
ith measuring cups and spoons.
Although some researchers have shown that younger

opulations tend to underestimate portion sizes (20), oth-
ers have demonstrated that overestimation is more com-
mon (23). These differences could be the result of numer-
ous factors, but it is important to consider the degree and
acceptability of under- and/or overestimation of portion
sizes. Data from our study showed that percent absolute
errors exceeded 30% across all PSMA and food types
when the foods were in sight. When dietary recalls are
taken, errors may be even greater.

Differences in estimation accuracy as a function of food
type and PSMA type have direct implications for both
nutrition research and nutrition counseling for weight
management. For example, some studies may require
precise and accurate measurements of all types of foods
and beverages consumed and thus a greater degree of
agreement between actual and estimated intakes. Simi-
larly, some dietetics practitioners will require a precise
estimate of clients’ intakes when individuals are follow-
ing intensive and structured meal plans. In both these
cases, researchers and dietetics practitioners may wish to
try modeling clay and half sizes of household objects to
increase estimation accuracy. Understanding how differ-
ent PSMAs afford different estimation accuracies as a
function of food type should thus help both researchers,
dietetics practitioners, and clients gauge the effects of
dietary intakes (and changes) on weight loss and obesity-
related comorbidities (eg, dyslipidemia).

Our research has a number of noteworthy strengths.
For example, the within-subjects study design provided
adequate statistical power to obtain and replicate the
findings, so the second experiment served to confirm the
observations obtained in the first experiment. Further,
the novel elements incorporated into this research (ie,
including modeling clay and half-sized household objects
and subcategorizing amorphous foods) extended the ex-
isting literature in dietary assessment methodology.
However, there are also limitations to acknowledge. The
study samples were relatively small, comprised a range of
ages, and included exclusively white boys and girls with
obesity. These issues highlight the need to extend this
line of research to include other groups (eg, adults with
overweight and obesity, individuals from varying cultural
groups, and children without overweight) to explore the

degree of consistency with our findings. In addition, the
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decision to include food replicas (in lieu of real food) was
a pragmatic one. Using food replicas on hand minimized
study expenses and time related to purchasing, prepar-
ing, and storing food. It is unknown if individuals’ esti-
mation accuracy varies according to the realness or ap-
pearance of the food they are estimating. Finally, there
remained a high degree of error in children’s ability to
accurately estimate portions from perception. This under-
scores the limitations inherent in reporting dietary in-
take data from memory and supports the application of
innovative technologies (eg, smart phones) that may be
able to minimize this type of reporting error (24).

CONCLUSIONS
Our study demonstrates that PSMA type and food type
(and type of amorphous food, in particular) influence the
ability of children with obesity to accurately estimate
visible portion sizes. Modeling clay and half sizes of
household objects might thus be incorporated more often
into dietary assessments. That said, future research is
needed to confirm these observations in other groups (ie,
adults with obesity, non-whites, and children without
overweight), in other contexts (ie, real food vs food repli-
cas), and using cognitive challenges other than estimat-
ing from direct perception (ie, estimating foods from
memory) to establish if our findings can be generalized to
other populations and settings.
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