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ABSTRACT
Objective: To determine parents’ (1) accuracy in using portion size estimation aids (PSEAs) to estimate
portion sizes and (2) use of PSEAs at home.
Methods: Parents (n = 37) of children in a pediatric weight management clinic were recruited, enrolled in
a parallel-design, randomized, controlled trial, and assigned to receive a 2-dimensional (2D) or 3D PSEA.

Percent absolute estimation accuracy was examined across groups and food types. Survey responses were

organized according to frequencies and percentages were calculated.
Results: Main effects of group, food type, and group£ food type interaction were significant (all P < .05).
The 2D PSEAs yielded more accurate estimates of portion sizes for amorphous foods. Overall, parents’ esti-

mation accuracy was poor. Participants were satisfied and found the PSEAs to be useful.
Conclusions and Implications: The 2D PSEAs led to greater accuracy in estimating portions of amor-
phous foods. Parents showed poor accuracy in estimating portion sizes. This study highlights the role of

dietitians and nutrition educators in enhancing portion estimation accuracy.

Key Words: child, nutrition assessment, obesity, parents, portion size (J Nutr Educ Behav. 2018;

50:918�923.)
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INTRODUCTION

Overweight and obesity are common
in Canadian1 and US children.2

Family-based weight management
programs are increasingly being
implemented and can lead to im-
provements in children’s weight
status and weight-related health
risks.3 A major focus of these pro-
grams is helping families incorporate
appropriate portion sizes into their
diets.
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Portion sizes of nearly all foods
and beverages that are readily avail-
able (eg, prepackaged meals, fast-
food meals) have increased over past
years.4,5 In addition, the public per-
ception of the quantity of food that
represents a correct portion has
changed.6,7 Inaccurate beliefs about
appropriate portion sizes can have
important implications for families
that are working on modifying their
dietary habits and improving their
children’s weight and health. For
instance, inaccurate portion size
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estimation can lead parents to serve
their children more food, which can
increase food intake.8,9

In an effort to enhance portion
size estimation accuracy, families
involved in weight management
services are often advised by clinical
dietitians to use portion size estima-
tion aids (PSEAs).6,10 The PSEAs come
in many formats, including 2-dimen-
sional (2D) images (eg, photographs
of 3D visual aids or portioned food)
and 3D objects (eg, household items
[9-V battery], sports-related items
[tennis ball]).10,11

Some evidence suggests that using
PSEAs can help to increase portion
size estimation accuracy.12,13 How-
ever, evidence is lacking regarding the
accuracy of estimating portion sizes
using different types of PSEAs (ie, 2D
vs 3D). Researchers postulated that
differences may exist in estimation
accuracy between flat 2D foods and
3D foods14 but more research is
needed, especially in the context of
obesity, because the amount of food
consumed can affect weight manage-
ment success.15 Thus, the primary
objective of this parallel, randomized,
ehavior � Volume 50, Number 9, 2018
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controlled trial was to determine
whether food portion size estimation
accuracy differed by PSEA type (2D vs
3D) among parents of children
enrolled in a pediatric weight man-
agement clinic. To gain insights into
real-world applications, there is also
value in understanding whether and
how PSEAs are used beyond clinical
settings, so the secondary objective
was to investigate families’ use of and
satisfaction with the 2D and 3D PSEAs
in their homes. Results from this
study may lead to improvements in
these clinical services to best meet the
needs of families seeking care.
METHODS

From 2010 to 2013, primary care-
givers of children (aged 2�17 years;
body mass index, �85th percentile16)
enrolled in a pediatric weight man-
agement clinic in Edmonton,
Figure 1. Cons
Alberta, Canada were recruited (see
Figure 1 for the Consolidated Stand-
ards of Reporting Trials flow dia-
gram). Parents were ineligible to
participate if they had been previ-
ously educated about food portion
sizes at the clinic. Because families
presenting to weight management
clinics look for help and support to
make dietary changes, learning about
their portion size estimation accu-
racy and using PSEAs at home is
important.

Procedure and Data Collection

In this parallel-design, randomized,
controlled trial, the researchers used
a computer-generated randomization
sequence (1:1 ratio) to assign partici-
pants to receive either 2D or 3D
PSEAs, a process that a research assis-
tant led under the supervision of a
senior member of the research team
(GDCB). Subsequently, participants in
olidated Standards of Reporting Trials flo
both groups were given standardized
instructions by a registered dietitian
regarding how to use the PSEAs. The
3D PSEAs included foam rubber repli-
cas of an accurately sized golf ball,
hockey puck, tennis ball, and baseball
(Figure 2). The 2D PSEAs consisted of
photographs of the 3D PSEAs (eg,
photograph of a golf ball at a 1:1
scale). To ensure that participants had
a satisfactory understanding of the
PSEAs, a registered dietitian instructed
them to complete a brief practice exer-
cise. Once the exercise was completed,
they were presented sequentially with
2 standardized meals composed of
foam rubber foods and cups of bever-
ages and instructed to estimate the
portion sizes of items representing 4
categories: liquid foods (eg, milk,
juice), solid foods (eg, beef, apple,
cheese), amorphous pieces of food
(eg, baby carrots, almonds), and amor-
phous masses of food (eg, mashed
potatoes, oatmeal) (Table 1). Use of
w diagram.



Figure 2. Three-dimensional portion size estimation aids.
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foam rubber foods and beverages mini-
mized the risk of variability between
reference foods over time. Participants
recorded their estimates of the food
portion sizes, which took about 10
minutes to complete. Because of the
nature of the 2 interventions, partici-
pants and the research assistant knew
the group to which participants were
assigned; however, other team mem-
bers (ARM, AF, and GDCB) were
blinded to group assignment. A variety
of food categories were included in this
study because previous research sug-
gested that different foods may be
more or less difficult to estimate and
because food texture was linked to esti-
mation accuracy.17 In addition to esti-
mation accuracy data, a research
assistant used a standardized case report
form to collect demographic and
health services data from children’s
medical records to characterize the
sample. The sample size was approxi-
mated based on 2 similar experiments
completed previously.6 Study recruit-
ment and enrollment ended once the
desired sample size was achieved.

Participants were informed that
they would be receiving a follow-up
phone call from a research assistant in
2�4 weeks to inquire about their use
of the PSEAs at home. During the fol-
low-up phone call, participants were
asked to complete a brief semistruc-
tured interview to discuss if, how, and
in what capacity families used the
PSEAs at home. The Human Research
Ethics Board at the University of
Alberta approved the study protocol
and all participants provided written,
informed consent. This research
received site approval by Alberta
Health Services (Stollery Children’s
Hospital, Edmonton, Alberta) and was
registered prospectively at clinical-
trials.gov (NCT01262768).

Data Analysis

Portion size estimation accuracy of the
replica foods and beverages was deter-
mined using percent absolute error,
which was calculated by entering abso-
lute values into the following formula:
([estimated milliliters � actual millili-
ters] / actual milliliters)£ 100%.6 This
metric enabled the researchers to com-
pare participants’ accuracy in estimat-
ing foods despite variability in food
type and size. A 2-group (2D PSEA and
3D PSEA)£ 4�food type (solids,
liquids, amorphous pieces, and amor-
phous masses) ANOVA was completed
to examine main effects as well as
group£ food�type interaction. The
researchers examined differences in
descriptive characteristics between
groups using chi-square (for propor-
tions) and independent-samples (for
continuous data) t tests. To describe
how families used the PSEAs in their
homes, parents’ responses were orga-
nized according to frequencies, and
percentages were calculated. Analyses
were completed by a research team
member (AMR) who was blinded to
participant recruitment, group assign-
ment, and data collection. Group dif-
ferences were considered statistically
significant at P < .05; Bonferroni cor-
rections were used when analyses
included multiple comparisons. All sta-
tistical analyses were conducted using
SYSTAT (version 11, SYSTAT Software,
Chicago, IL, 2004).

RESULTS

A total of 37 parents participated in
this study (Table 2). There was no dif-
ference between groups based on the
time spent in weight management
services (2D: 11.1 months vs 3D: 11.8
months; P > .05). Overall, most
parents reported that they shopped
for the groceries for their households
(n = 28; 75%) and prepared most
meals for their families (n = 31; 83%),
which occurred on �5 d/wk (n = 28;
75%).

Estimation Accuracy

Analyses revealed main effects of
group (F6.64; P = .014), food type (F9.42;
P = .004), and group£ food�type
interaction (F17.52; P < .001). The 2D
PSEAs tended to yield more accurate
estimates of portion sizes across some,
but not all food types. Specifically,
compared with their peers in the 3D
group, participants using the 2D
PSEAs had less error when estimating
amorphous pieces (3D mean = 94.56;
2D mean = 62.65; t = 2.62; P < .05)
and amorphous masses (3D mean=
46.07; 2D mean=24.26; t = 2.77; P <

.05). The exceptions were when partic-
ipants estimated solids (3D mean=
42.64; 2D mean =29.22; t =�1.38;



Table 1. Types and Volumes of Food Items and Portion Size Estimation Aids Used

Food Type Food Item mL PSEA mL

Solids Roast beef 125 Baseball 250

Apple 125 Tennis ball 175

Cheese cubes 20 (£ 3) Hockey puck 125

Liquids Skim milk 250 Golf ball 30

Orange juice 250 Eraser 15

Amorphous masses Oatmeal 175

Mashed potatoes 125

Amorphous pieces Baby carrots 125

Almonds 60

PSEA indicates portion size estimation aids.
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P > .05) and liquids (3D mean =31.94;
2D mean=32.37; t = 0.07; P > .05),
which did not differ across 2D and 3D
groups. Across all food items and
PSEA types, errors exceeded 30%.
Figure 3 shows the unadjusted results
across both groups and food types;
findings were similar across the unad-
justed and adjusted models, so
unadjusted data are presented for sim-
plicity.

Use of PSEAs at Home

Of the 37 participants enrolled, 19
parents (51%) reported using PSEAs
at home (2D: n = 9; 3D: n = 10), 8
(22%) reported they did not, and 10
(27%) did not complete telephone
interviews (they were lost to follow-
Figure 3. Unadjusted results. Average a
3-dimensional (3D) (n = 18) portion size e
up). All parents who reported using
PSEAs at home indicated that they
found them to be useful and were sat-
isfied with the tool (all rated their
PSEAs �5 of 10, with higher levels
indicating higher levels of satisfac-
tion). Participants reported using
the PSEAs most frequently for
estimating portion sizes at dinner.
Approximately half of the partici-
pants interviewed reported using
the PSEAs while grocery shopping.
Most families who were assigned
the 3D PSEAs (9 of 10) reported
that their child used the PSEAs at
home, compared with only 2 of the
9 families that were assigned the
2D PSEAs. For the 10 families using
the 3D PSEAs, most used the PSEAs
as intended (ie, to help with
bsolute error (percent) for participants u
stimation aids. *P = .05.
estimating portion sizes), whereas 2
reported using the items for pur-
poses other than portion size esti-
mation (ie, as toys). Parents in
both 2D and 3D groups had chil-
dren that were similar in age.

DISCUSSION

Because of the importance of accu-
rately estimating portion sizes, fami-
lies involved in weight management
programs are often advised to use
PSEAs.6,10 This randomized controlled
trial investigated whether parents’
portion size estimation accuracy dif-
fered by PSEA type among parents of
children enrolled in a pediatric weight
management clinic. Results showed
that parents who used the 2D PSEAs
sing 2-dimensional (2D) (n = 19) and



Table 2. Characteristics of Parents Receiving Portion Size Estimation Aids

2D PSEA Group (n = 19) 3D PSEA Group (n = 18)

Characteristic (Mean § SD) (Mean § SD)

Age, y 43.4 § 7.1 44.5 § 8.2

Weight, kg 81.5 § 25.6 100.2 § 33.2a

Height, cm 164.7 § 18.6 168.0 § 22.9

Body mass index, kg/m2 29.7 § 7.3 35.3 § 9.4*

Relationship to child Mother (n = 17; 89%) Mother (n = 13; 72%)

Father (n = 2; 11%) Father (n = 3; 17%)

Other (0) Other (n = 2; 11%)

Ethnicity Caucasian (n = 15; 79%) Caucasian (n = 15; 83%)

Non-Caucasian (n = 4; 21%)b Non-Caucasian (n = 3; 17%)c

Household income, CDN$ �$50,000 (n = 16; 84%) �$50,000 (n = 14; 78%)

2D and 3D indicate 2- and 3-dimensional, respectively; PSEA, portion size estimation aids.
a2D < 3D (P < .05); bIncludes parents who self-identified as Asian (n = 2), black (n = 1), and mixed race (n = 1); cIncludes

parents who self-identified as Aboriginal (n = 2) and mixed race (n = 1).
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were more accurate when estimating
portion sizes of food that did not
have definitive shapes (eg, mashed
potatoes, mixed nuts), compared with
parents who used 3D PSEAs. The rela-
tively higher accuracy among those
using 2D PSEAs suggests that this tool
may have greater potential clinical
utility because estimating portion sizes
of amorphous pieces and masses tends
to be difficult.18

Despite the apparent advantage in
using the 2D PSEAs for amorphous
pieces and masses, neither PSEA type
(2D or 3D) led to a high degree of
accuracy in estimating portion sizes
across all food types. For instance,
mean percent absolute errors exceeded
30%, which was comparable to other
studies.6,14 This trend is concerning
because of the tendency for children
and adults to consume more food
when more is served19,20 (termed the
portion size effect). A recent meta-
analysis showed clear evidence of the
portion size effect such that consump-
tion increased 35% when portion sizes
were doubled.8 If parents who are
enrolled in pediatric weight manage-
ment programs possess inaccurate per-
ceptions about appropriate portion
sizes, they may overserve their family
during meals and snacks, which could
contribute to increased intakes and
unhealthy weight gain. The study
included standardized instructions for
participants to learn about how to use
the PSEAs, which were typical of the
training that would be used in clinical
practice. Because training with the
PSEAs is associated with improved
accuracy in portion size estimation,21

future research might explore whether
providing participants with enhanced
and potentially repeated training con-
tributes to increased accuracy in esti-
mating portion sizes across food types.

The secondary objective of this
study was to understand whether and
how PSEAs were used beyond the
clinic, so families’ use of and satisfac-
tion with PSEAs in their homes was
investigated. All parents who used the
PSEAs at home reported being satisfied
and found them to be helpful. This
finding aligned with evidence suggest-
ing that participants preferred PSEAs
that are visual (eg, reference objects,
household measures) rather than tools
used to measure or weigh foods,
which some viewed as burdensome
and laborious.18 Of note, more chil-
dren with 3D PSEAs than children
with 2D PSEAs used the PSEAs at
home. It is possible that the 3D PSEAs
were more appealing for children
because they could be touched and
held. Although the 2D PSEAs are
inherently more practical owing to
their smaller size and enhanced porta-
bility, and despite the findings that
2D PSEAs may contribute to more
accurate portion size estimation for
some food types, the preferences of
children in the home are worth con-
sidering.

This study had some limitations
that warrant mention. We did not
complete a power calculation a priori,
thus nonsignificant findings could be
influenced by not having enough
participants and should not be inter-
preted as no difference found. In
addition, participants used rubber
food models during the portion size
estimation task. It is possible that the
idealized shapes and sizes of the por-
tions may have affected participants’
estimation accuracy. Also, portion
size estimation accuracy was com-
pared across 2D and 3D PSEAs only.
It would be useful to compare these
PSEAs with other types of PSEAs that
are used in clinical practice and
research (eg, household measures
and utensils18). Findings regarding
the use of and satisfaction with the
PSEAs were based on responses from
roughly half of the participants in
the study, which was a relatively
small sample. It is unknown whether
the results would have remained con-
sistent if all participants had
responded at follow-up. Moreover,
the researchers did not gather infor-
mation from parents who did not use
the PSEAs at home. It would be help-
ful for future research to explore rea-
sons why 2D and 3D PSEAs are not
used, because this could highlight
specific barriers related to PSEA
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application beyond clinic and research
settings.
IMPLICATIONS FOR

RESEARCH AND PRACTICE

Dietitians and nutrition educators
working with families in weight man-
agement programs could make use of
the findings by encouraging greater
use of 2D PSEAs to estimate the por-
tion sizes of foods without definitive
shapes. However, parents’ inaccura-
cies in estimating portion sizes across
all food and PSEA types suggested
that more work is needed to deter-
mine how best to support parents in
evaluating portion sizes for their chil-
dren and families.
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