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Abstract

Accurate estimation of food portion size is critical in dietary studies. Hands are potentially useful as portion size estimation aids; however, their accuracy has
not been tested. The aim of the present study was to test the accuracy of a novel portion size estimation method using the width of the fingers as a ‘ruler’ to
measure the dimensions of foods (‘finger width method’), as well as fists and thumb or finger tips. These hand measures were also compared with house-
hold measures (cups and spoons). A total of sixty-seven participants (70 % female; age 327 (S 13-7) years; BMI 23-2 (sp 3-5) kg/m?) attended a 1-5 h
session in which they estimated the portion sizes of forty-two pre-weighed foods and liquids. Hand measurements were used in conjunction with geometric
formulas to convert estimations to volumes. Volumes determined with hand and household methods were converted to estimated weights using density
factors. Estimated weights were compared with true weights, and the percentage difference from the true weight was used to compare accuracy between the
hand and household methods. Of geometrically shaped foods and liquids estimated with the finger width method, 80 % were within £25 % of the true
weight of the food, and 13 % were within £10 %, in contrast to 29 % of those estimated with the household method being within 25 % of the true weight
of the food, and 8 % being within £10 %. For foods that closely resemble a geometric shape, the finger width method provides a novel and acceptably
accurate method of estimating portion size.
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Accurate information about the food intake of individuals and
populations is notoriously difficult to obtain, is usually reliant
upon self-report and can be subject to large errors”?. There is
much debate in the literature about the value of self-reported
food intake, particularly for research into energy intake and
obesity™?. However, insight into the types and amounts of
foods consumed by individuals or populations is crucial in
any investigation about diet and health, for informing food
and nutrition policy, as well as being a valuable tool in clinical
and education settings(s).

Food records have been the choice of dietary assessment
method for national nutrition surveys in several countries®”
and are used by clinicians and patients for monitoring

adherence to dietary prescriptions in clinical and educational
settings, particularly for weight management(lo_u). Food
records involve the individual recording all food consumed
in real time (i.e. at the time of consumption) over a defined
number of days. Food records can be completed with pen
and paper or clectronically (e.g. via a website or smartphone
application). Weighed food records — where individual foods
or ingredients are weighed prior to consumption — are consid-
ered precise, but the tedious nature of weighed food records
can change intake, and weighing foods is not always feas-
ible®!>19 As such, instead of weighed food records, esti-
mated food records are often used, where participants are
typically asked to estimate portion sizes in household measures
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(volumetric cups and spoons) or by describing the size of the
portion (‘small’, ‘medium’ or Targe’). However, the reduction
in participant burden with estimated compared with weighed
food records is associated with impaired accuracy and consid-
erable error®' 1319 Given the significant role of food
records in investigations of diet and health, as well as the
fact that food is frequently consumed away from home with-
out access to scales or other portion size estimation aids, there
is cleatly a need for a method to estimate portion size that is
neither expensive nor burdensome, is flexible for use when
eating outside the home, and is relatively accurate.

The use of hands to estimate portion size can potentially fill
all of the above criteria. Hands are used by health profes-
sionals and the lay public as a guide to portion size"'”. For ex-
ample, ‘a fist’, ‘thumb tips” and “finger tips’ are used to estimate
one cup, one tablespoon and one teaspoon, respectively!'®'?.
However, to our knowledge there have been no studies asses-
sing the accuracy of such hand-based methods. This is particu-
larly important given that hand sizes vary considerably
amongst individuals. Additionally, existing hand measures
(fists and thumb or finger tips) are merely an alternative to
household measures (cups and spoons), and thus have not
filled the gap in providing a way to quantify portion sizes of
foods that, without access to other portion size estimation
aids, may rely on subjective, categorical size estimates (small,
medium and large).

To provide a more objective measure of portion size, we
developed a novel way to use hands as a portion size estima-
tion aid. Specifically, the width of the fingers was used as a
‘ruler’ to measure the dimensions of foods, and geometric vol-
ume formulas and food density factors were subsequently
used to estimate weight. The primary aim of this study was
to test the accuracy of this novel finger width method to esti-
mate portion size, and to compare this with household mea-
sures. We hypothesised that the finger width method would
be superior to household measures, due to its comparatively
more objective measure of volume and size. A secondary
aim was to test the accuracy of fists and tips (thumb and fin-
gers) as portion estimation aids.

Methods
Subject recruitment and inclusion criteria

Participants (7 67) were staff and students at the University of
Sydney, as well as the general public. They were recruited by
flyers placed around the campus and on the university website.
The study was conducted in accordance with the Declaration
of Helsinki and was approved by the University of Sydney
Human Research Ethics Committee. To be eligible, partici-
pants had to be at least 18 years of age, have no vision impait-
ment and have functional use of both hands. All participants
provided informed written consent.

With forty-two food and liquid items to be estimated by all
participants, we aimed to recruit at least fifty participants, as
this would result in over 2000 observations of the test
method, which we reasoned was more than sufficient, given a
previous validation study which used a similar number of

foods (forty-five foods in the previous study compared with
forty-two foods in the current study), but each food was only
estimated by between twenty-one and twenty-five people (or ap-
proximately 1000 observations)®”. Due to interest in the study
we exceeded our recruitment target.

Selection and preparation of test foods

A total of twenty-one different foods and liquids, each in two
different sizes, were tested (Table 1). The selected foods and
liquids were designed to provide a diverse range of weights,
shapes, sizes and forms (not only solids and liquids, but also
amorphous and semi-solid). The aim was to include foods
and liquids that are often ambiguous in estimated food records
and for which further clarification is frequently required prior
to entry into nutrient analysis software. As such, foods that can
be quantified using units (e.g. a slice of bread or ten potato
chips) were not included. Foods were pre-cooked (if applic-
able) and pre-weighed, and were presented to participants on
27 cm diameter white plates. Liquids were presented in differ-
ent shaped glassware (a champagne flute and a wine glass for
wine, and a wide and a tall glass for juice). Honey was placed in
a small oval dish, and oil-based spread was placed on the tip of
a knife that was placed on a 27 cm diameter white plate. Solid
foods and liquids were categorised into one of three geometric
shapes they most closely resembled (triangular prism, cylinder
or rectangular prism), and were estimated with the finger width
method. Amorphous foods and muffins were estimated with
the fist method, and semi-solid foods (honey and oil-based
spread) were estimated with the tip method.

Although we had the true weight of the foods as the refer-
ence against which to assess accuracy of the hand method, we
included household measures (cups and spoons) and subject-
ive, categorical size estimates (small, medium and large) as
additional reference estimation methods, because these are
used in situations where people do not have access to scales
or other portion size estimation aids. Indeed, in the UK
Women’s Cohort Study, one of the largest cohort studies in-
vestigating associations between diet and cancer in the
UK®, participants received the following written instructions
in their food record: ‘If you do not have scales at home, or if
you are eating food away from the home, then describe the
food you eat using houschold measures e.g. tablespoons,

"2 Categorical size estimations have

cups, large glass etc.
also been used in quantitative FFQ®”. Due to the inclusion
of participants from a wide range of ages, BMI and from both
sexes, as well as the lack of disaggregated Australian-specific me-
dian food portion sizes, we did not assign weights to the categor-

ical size estimations.

Procedure

The study was conducted over 5 d between 20 January and 2
February 2015. Upon arrival at the clinic, groups of two to
four participants at a time were taken through the study pro-
cedures. The procedure consisted of five stages, all of which
were conducted on the same day and took approximately
1-5 h to complete:
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Table 1. Foods and liquids estimated in this study, as well as the density factors, hand method subtypes, geometric shapes and formulae used to calculate
volume and estimated weight

Food or liquid item

Hand method subtype and geometric

Density factor (g/ml)* shape

Formula used to convert to volume (ml)t

Soft cheese (Brie) 1.06 Finger width (triangular prism)
Pizza 0.72

Watermelon 1.00

Cake 0-50

Wine 1.05 Finger width (cylinder)
Juice 1.05

Sweet potato 0-84

Meat pie 0-61

Burger patty 0-94

Caramel slice 114 Finger width (rectangular prism)
Hard cheese (Feta) 1.00

Lasagne 1.04

Fish fillet 110

Chicken breast 1.20

Beef steak 1.20

Cereal 017 Fist

Mashed potato 0-98

Muffin 0-61

Rice 0-67

Honey 1.43 Thumb or finger tip
Oil-based spread 0-96

(Length x width x height x finger width®)/2

[(r x (Width x finger width/2)?) x (height x finger width)]

(Length x width x height x finger width®)

Number of fists x fist volume

Thumb tip volume x number of thumb tips; or finger tip volume
x number of finger tips

* From the Australian Food, Supplement and Nutrient Database (AUSNUT) 2012-2013¢,
1 Dimensions (length, width, height) are in number of finger widths, and finger widths are in cm.

®

@

Household and size method explanation and practice. In the prac-
tice room (separate from the testing room), sets of volu-
metric household measuring cups (one cup, % cup, Y2
cup, 3 cup, "4 cup) and spoons (one tablespoon, 2
tablespoon, one teaspoon, Y2 teaspoon) were displayed
on a table along with seven practice food and liquid
items (beef steak, quiche, glass of milk, lemon tart, slice
of cake, plain spaghetti and peanut butter). Patticipants
were given a verbal explanation and demonstration of
how to estimate portion sizes using household measures
as an aid, and were asked to estimate and record the vol-
ume (in cups or spoons) of each food or liquid, using any
number including fractions or increments of whole num-
bers, e.g. 1/5 cup or 2.5 cups). Participants were told
that cups and spoons would not be provided during the
testing stage, to reflect real-world situations when estimat-
ing portion sizes away from home. They were also asked
to indicate the size (small, medium or large) of all of the
food and liquid items. Participants were encouraged to
seek assistance or ask questions during the practice session
if they were unsure about what to do.

Household and size method testing. Participants wete taken into
the testing room where forty-two test foods and liquids
were presented separately in test stations around one
long table (the order of which had been randomly deter-
mined). Participants were instructed which station to
start at, leaving an approximately even space between par-
ticipants, and to estimate portion size at that test station
using houschold measures and subjective size estimation
and to record their estimations on the data entry sheet, be-
fore moving onto the next test station, moving in a clock-
wise direction around the table. They were instructed to

©)

not compare foods between test stations or on their data
entry sheet, which was checked for completeness prior
to moving on to the next stage.

Hand method explanation and practice. Participants were pro-
vided with an explanation of each of the hand methods,
namely finger width, fist, and tips (thumb or index finger):

(a) Finger width. Participants were asked to measure the
dimensions of food items using the width of their
fingers (from the first joint of the little finger to
the second joint of the index finger) as a ‘ruler’.
This procedure was demonstrated as shown in
Fig. 1. For any one dimension they could use a frac-
tion of a finger (e.g. "2 a finger) or any number of
fingers they needed to take the measurement when
all fingers were side by side. For example, if more
than eight fingers were needed, they would have to
cross their arms and use the first hand again.
Participants were instructed to measure the food at
the longest, widest or highest point.

(b) Fist. For the fist method, participants were instructed
to compare the food against the volume of their fist
up until the wrist joint, and to estimate the volume of
the food in a multiple of the number of fists. They
were reminded that the volume of the hand does
not change whether it is flat or clenched into a fist,
and as such they could mould their hand into an al-
ternate shape to help them estimate the volume of
the food. Similar to the household method, they
were told that they could indicate in fractions of a
whole or greater than a whole fist.

(c) Tép. For the tip method, participants were instructed
to compare the food against the volume of the tip of
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Fig. 1. Demonstration of the finger width method for geometrically shaped foods and liquids. This method used the width of the fingers as a ruler to measure the
dimensions of a food or liquid. Foods or liquids estimated with this method were categorised into one of the three geometric shapes they most closely resembled: (a)
triangular prism, (b) cylinder or (c) rectangular prism. For triangular and rectangular prisms, the length, width and height of the foods were measured, and for foods
that resembled a cylinder, the diameter and height of the foods were measured. The number of finger widths for any given dimension was then converted to cm using
the average width of one finger. Using geometric formulas of the respective shapes, the dimensions of the foods or liquids were then converted to volumes, which
were in turn multiplied by density factors to calculate an estimated weight.

(Tanita WB-100A; Tanita Corporation of America, Inc.).
The width of one finger was calculated from the average

their left or right thumb (up until the first joint or
crease) or index finger and to indicate how many
‘tips’ they thought the food was equivalent to. width of four fingers from the non-dominant hand, mea-
sured using vernier calipers between the first joint of the lit-
tle finger (distal interphalangeal joint) and the second joint
of the index finger (proximal interphalangeal joint), with
the hand placed flat on a table, palm side down. Fist volume

was measured by weighing the water displaced from a bea-

Thumb and finger tips were indicated as separate
options on the data entry sheet for participants to se-
lect the more suitable option for the food.
(4) Hand method testing. As per stage 2, except that participants
were provided with a data entry sheet that was specific to

the hand methods. The data entry sheet prompted partici- ker when the fist was submerged up to the base of the palm.

pants on what dimensions to measure (e.g. length, width
and height for foods that resembled a rectangular or tri-
angular prism in shape, and diameter and height for
foods in the shape of a cylinder) (Table 1).

(5) Anthropometric and hand measurements. Upon completion of

both estimation methods, participants were called individu-
ally into a private interview room, where their age and sex
were recorded and their height, weight and hand measure-
ments were measured and recorded. Height was measured
with a stadiometer (SECA model 220 Telescopic Height

Tip (thumb tip and fingertip) volumes were measured by
wrapping the whole thumb or finger in plastic film and
inserting up to the first crease into a jatr of Play-Doh®
(Hasbro Australia Ltd). Volume was calculated from the
volume of water required to fill the resultant indentation.
All hand measures were taken in duplicate and repeated if
there was greater than 10 % discrepancy between the two
measutes.

Rod; SECA) to the nearest 0-1 cm with the participant look- Data processing and analysis

ing straight ahead and without shoes. Weight was taken in
light clothing and without shoes to the nearest 0-1 kg

Data were entered into Microsoft Excel from the paper forms
by one author (M. S. H. H.), and all data entry was checked for
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accuracy by another author (A. A. G.). Raw data were con-
verted to an estimated volume using the equations shown in
Table 1. Estimated volumes were then converted to weights
using the food density factors also shown in Table 1.
Density factors wete taken from the closest match of the
food item from the Food Measures Database in the most re-
cent version of the Australian Food, Supplement and Nutrient

Database (AUSTNUT) 2011-13%7,

Statistics

Data on participant characteristics and hand measurements are
presented as mean values and standard deviations and ranges.
A two-sample 7 test was used to compare participant charac-
teristics and hand measurements between females and males.
All other data were non-parametric and are presented as med-
ians and interquartile ranges. Wilcoxon signed-rank tests were
used to compare the true weight of each food item with the
weight estimated with the hand method and the household
method. The Bonferroni correction was applied to correct
for multiple comparisons. The corrected significance level
was P <0-001. Accuracy was calculated as the percentage dif-
ference between the estimated weight and the true weight of
the food, using the following equation: ((estimated weight —
true weight)/true weight) X 100. Thus, a positive value indi-
cates an overestimation and a negative value indicates an
underestimation of the true weight of the food. The median
percentage difference was then graphed to visually compare
the accuracy between each of the hand method subtypes
with the household method. The number of food or liquid
items in which the median estimation error fell within £50 %,
125 % and +10 % of the true weight was calculated®”. For
the size method, the proportion of participants indicating
small, medium and large was calculated. All statistical analyses
were performed using SPSS version 22.0 IBM Corp.).

Results
Sample characteristics

Characteristics and hand measures of the sixty-seven partici-
pants are shown in Table 2. All hand measures were signifi-
cantly smaller for females than males. Interestingly, while fist

Table 2. Participant characteristics and hand measurementst
(Mean values, standard deviations and ranges)

volume of males and females overall was almost exactly one
cup (250 ml), consistent with the popular notion that a fist
represents one cup, male fists were significantly greater in vol-
ume than female fists by approximately 100 ml (P < 0-001).
Additionally, a thumb tip overall was just slightly less than
the volume of a teaspoon (5 ml), despite often — albeit not al-
ways — being used as an estimate of a tablespoon in public por-
tion estimation recommendations.

Geometrically shaped foods and liquids estimated with the
finger width method, household method (cups) and size
descriptions

Geometrically shaped foods and liquids (7 30) were estimated
with the finger width method, as well as with the household
method (cups) and categorical size descriptors (Table 3).
When the estimated weights were compared with true weights,
there were eleven items for the finger width method and only
three for the household method for which the estimated
weight was not significantly different from the true weight.
Foods with estimated weights that were significantly different
from their true weight tended to be overestimated for both
methods (Table 3).

As the true weights of the foods and liquids ranged from
9-2 g for soft cheese (Brie) to 253-4 g for beef steak, the me-
dian percentage difference from the true weight shown in
Fig. 2 allows for a more standardised comparison between
the different foods and liquids and methods. Foods and
liquids that closely resembled the geometric shape used to cal-
culate volume with the finger width method tended to be more
accurately estimated than those that did not “fill” or conform to
the geometric shape. For example, a slice of pizza or cake gen-
erally closely resembles a triangular prism, a glass of juice or
burger patty generally closely resembles a cylinder, and a
piece of hard cheese such as Feta generally closely resembles
a rectangular prism, and these were all well estimated using
the finger width method. In contrast, fish fillets, chicken
breasts and beef steaks are generally more irregular than a rect-
angular prism, and for all of these three foods in either size
(the six items at the bottom of Fig. 2), estimations with
both the finger width method and the household method
were all above 50 % of the true weight. For the remaining
twenty-four foods and liquids (the twenty-four items at the

Overall Males Females
Measurement Mean SD Range Mean sD Range Mean SD Range
n 67 20 47
BMI (kg/m?) 232 35 17-9-30-8 256 3-8 17.9-30-8 22.2 3-8 18-29-7
Age (years) 327 13.7 19-77 36-9 16-1 20-77 31.0 12.3 19-63
Finger width (cm) 1.6 02 1.3-2.3 1.8 0-2 1.6-23 1.5* 0-1 1.3-1-8
Fist volume (ml) 2487 575 156-3—-396-6 3211 43.0 238-0-396-6 217.9* 271 156-3-279-4
Thumb tip volume (ml) 4.8 1.6 2:4-109 6-4 1.8 4.0-10.9 4.1* 09 2:4-6-4
Index fingertip volume (ml) 2.8 1.0 1.3-6.7 3.7 11 2.6-6-6 2.4* 0.7 1.3-4.2

* Mean value was significantly different from that for males (P<0-001).
1 The two-sample ¢ test was used to compare females and males.
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Table 3. True weight and weight estimated with each of the hand method subtypes (finger width, fist and thumb or finger tips) and household method (cups)*

(Medians and interquartile ranges (IQR))

Estimated weight (g)

Hand Household
Food or liquid item Portion sizet True weight (g) Median IQR P Median IQR P
Geometrically shaped solid foods or liquids (finger widths)}
A Soft cheese (Brie) (1) 92 76 5.6 0-154 11.3 53 <0-001
2) 333 314 132 0-461 31.8 8.9 0-023
A Pizza (1) 475 41.2 22.3 0-002 90.-0 30-0 <0-001
2) 83.9 715 24.8 <0-001 135.0 90.-0 <0-001
A Watermelon (1) 159.6 135-4 41.0 0-009 2625 65-6 <0-001
) 2037 1661 1265 0-103 262-5 65-6 <0-001
A Cake (1) 64-3 49-4 25.6 <0-001 83-3 31.3 <0-001
2) 737 64.2 32-8 0-081 93.8 313 <0-001
O Wine (1) 128.7 1482 36-8 <0-001 1875 125 <0-001
2) 1772 215.7 73-4 <0-001 250-0 62-5 <0-001
O Juice (1) 140.7 171.7 76-9 <0-001 195.0 65-0 <0-001
@) 2333 2757 1171 <0-001 260-0 86-7 <0-001
O Sweet potato (1) 328 375 24.4 0-003 52.5 0-0 <0-001
2) 61.2 51.9 288 0-004 70-0 52.5 <0-001
O Meat pie (1) 48-6 65-2 307 <0-001 65-8 49-4 <0-001
2) 1756 250-0 94.3 <0-001 296-3 1481 <0-001
O Burger patty (1) 115.3 98-8 56-8 0-004 150-0 100-0 <0-001
2) 231.4 189.7 68-1 <0-001 300-0 100-0 <0-001
O Caramel slice (1) 58.7 80-2 353 <0.001 71.3 713 <0.-001
) 1378 154.3 82.0 <0-001 2138 142.5 <0-001
O Hard cheese (Feta) (1) 13.2 14.8 10-7 0-009 15.0 5.0 0-358
2) 15.9 166 115 0-156 15.0 131 0-046
O Lasagne (1) 1671 210-6 100-0 <0-001 260-0 65-0 <0-001
2) 350-1 427.2 1844 <0-001 520-0 130-0 <0-001
O Fish fillet (1) 104-8 166-0 100-5 <0-001 2750 68-8 <0-001
2) 1652 283.2 95.3 <0-001 275.0 91.7 <0-001
O Chicken breast (1) 1078 1941 816 <0-001 200-0 75-0 <0-001
2) 195.4 402.2 1776 <0-001 400-0 300-0 <0-001
O Beef steak (1) 54.5 94.4 536 <0-001 150-0 75-0 <0-001
2) 253-4 485.8 2132 <0-001 450-0 200-0 <0-001
Amorphous foods and muffins (fists)
Cereal flakes (1) 30-4 64-0 30-6 <0-001 319 21.3 0-006
2) 79 1134 35-3 <0-001 85.0 21.3 0-773
Mashed potato (1) 118.7 2019 64-9 <0-001 1838 61.-3 <0-001
2) 199.4 320-6 101-4 <0-001 306-3 122.5 <0-001
Muffin (1) 186 36-7 179 <0-001 30-6 0.0 <0-001
) 154-6 184-2 76 <0-001 190-6 76-3 <0-001
Rice (1) 55.2 1071 57-9 <0-001 83.8 41.9 <0-001
2) 1715 274.7 88 <0-001 2233 111.7 <0-001
Spreads (thumb or finger tips)
Honey (1) 5.4 15.7 14.5 <0-001 21.5 10-7 <0-001
2) 12.9 309 22.2 <0-001 42-9 32.2 <0-001
Oil-based spread (1) 11 2.4 1.3 <0.001 24 2.4 <0.-001
2) 135 12.0 5.6 <0-001 14.4 72 <0-001

* The Wilcoxon signed-rank test was used to compare estimated weight with true weight. The Bonferroni corrected significance level of P<0-001 was used to account for multiple

comparisons.

1 (1) Indicates the smaller and (2) indicates the larger of the two portion sizes for each item estimated.
1 Symbols to the left of each food or liquid item indicate the geometrical shape that was used to calculate volume from finger width measurements: A, triangular prism; O, cylinder;

0, rectangular prism.

top of Fig. 2), all were within 50 % of the true weight — nine-
teen of these were within 25 % of the true weight and three
were within 10 % of the true weight — when estimated with
the finger width method. In contrast, only seventeen of
these twenty-four foods and liquids were within 50 %, seven
were within 25 % of the true weight and two were within
10 % of the true weight when estimated with the household
method (Fig. 2).

For the categorical size method (i.e. when participants were
asked to rate the food as small, medium or large), there were

no geometrically shaped foods for which 100 % of partici-
pants agreed on the size (Table 3). There were only eight geo-
metrically shaped foods, where 280 % of participants rated
the food as being of the same size (Table 3). For the fish fil-
let, chicken breast and beef steak (in both sizes) that were not
estimated well with either the finger width or the household
method, as mentioned above, the size method did not pro-
vide a good alternative (Table 3). For instance, for the larger
size of the fish fillet and the smaller size of the chicken
breast, there was an almost 50:50 split between the

6
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Soft cheese (Brie) (1) ——
Soft cheese (Brie) (2)

Pizza (1)

| Pizza (2)
Watermelon (1)
Watermelon (2)
Cake (1)

Cake (2)

B Wine (1)
Wine (2)

Juice (1)

Juice (2)

Sweet potato (1)
Sweet potato (2)
Meat pie (1)
Meat pie (2)
Burger patty (1)
Burger patty (2)
r Caramel slice (1)
Caramel slice (2)

Hard cheese (Feta) (1)
Hard cheese (Feta) (2)
Lasagne (1)

Lasagne (2)

Fish fillet (1)
Fish fillet (2)

Chicken breast (1)

Chicken breast (2)

Beef steak (1)

— Beef steak (2)
-100 -75 50 -25

o

25

50 75 100 125 150 175 200

Difference between estimated weight and true weight (%)

Fig. 2. Comparison of portions estimated with the finger width method (O) and household method (cups) (M) with respect to the median percentage difference
between the estimated and true weights of geometrically shaped foods and liquids, each in two different sizes. (1) Indicates the smaller and (2) the larger of the

two portion sizes for each item estimated.

proportion of participants that rated the portion size as me-
dium and large and small and medium, respectively.
However, for the smaller and larger portions of beef steak,
which perhaps represent more extremes on the portion size
continuum, =80 % of participants rated the food as being
of the same size for both sizes. Therefore, categorical size
estimates of portion sizes are highly subjective, in that the
same portion of food was perceived as being of a different
size by different people.

Amorphous foods and muffins estimated with the fist method,
household method (cups) and size descriptions

Amorphous foods and muffins (» 8) were estimated with the
fist method, as well as with the household method (cups)
(Table 3) and categorical size descriptors (Table 4). Cereal
flakes (in both sizes) estimated with the household method
wete the only amorphous foods in which there was no signifi-
cant difference between the estimated weight and true weight
(Table 3). Foods with estimated weights that were significantly
different from their true weight were all overestimated for both
methods (Table 3). There were only two food items in this cat-
egory for which =80 % of participants rated the food as being
of the same size (the smaller muffin and the smaller portion of
rice; Table 4).

The median percentage difference between the estimated
and true weight of amorphous foods and muffins is shown
at the top of Fig. 3. For the fist method, no food was esti-
mated to within 10 % of its true weight, only one food was
estimated to within 25 % of its true weight (the larger muffin),
one food was estimated to within 50 % of its true weight (the
larger portion of cereal flakes), and for all of the remaining six
foods, estimations were greater than 50 % of the true weight.
For the household method, three foods were estimated to
within 10 % of their true weight (both sized portions of the
cereal flakes and the larger oil-based spread), one food was
within 25 % of the true weight (larger muffin), and one
food was estimated to within 50 % (larger size of the rice)
of its true weight, and for all of the remaining four foods, esti-
mations were greater than 50 % of the true weight.

Spreads estimated with the tip method, household method
(spoons) and size descriptions

Spreads (7 4) were estimated with the tip (thumb or finger)
method, household method (tablespoons or teaspoons) and
size descriptions (Table 3). The estimated weight of all four of
these test food items was significantly different from their true
weights, when estimated with either the hand or the household
method (Table 3). Only the small portion of the oil-based spread
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Table 4. Proportion of participants (n 67) classifying the food or liquid
items within each categorical size category

True
Portion  weight Small Medium Large
Food or liquid item size* (9) (%) (%) (%)
Solid foods or liquids
Soft cheese (Brie) (1) 9.2 90 9 2
2) 333 21 55 24
Pizza (1) 47.5 90 10 0
) 83.9 24 67 9
Watermelon (1) 159.6 21 60 19
2) 2037 18 66 16
Cake 1) 64-3 27 69 5
2) 737 10 72 18
Wine 1) 128.7 16 60 24
2) 1772 9 56 35
Juice 1) 140.7 67 33 0
) 233-3 3 70 27
Sweet potato 1) 32.8 97 3 0
2) 61.2 57 36 8
Meat pie (1) 48.6 98 2 0
2) 175-6 2 62 37
Burger patty (1) 115.3 25 67 8
2) 231.4 0 10 90
Caramel slice 1) 58.7 58 42 0
2) 137-8 2 36 63
Hard cheese (Feta) 1) 132 73 21 6
2) 15.9 57 30 13
Lasagne 1) 167-1 28 66 6
2) 350-1 2 10 88
Fish fillet (1) 104-8 12 76 12
2) 165-2 2 51 48
Chicken breast (1) 107-8 43 57 0
) 195.4 3 19 78
Beef steak (1) 54.5 93 8 0
2) 2534 2 10 88
Amorphous foods and muffins
Cereal flakes (1) 304 46 52 2
) 79-0 2 24 75
Mashed potato (1) 118.7 46 51 3
2) 199.4 3 25 72
Muffin (1) 186 100 0 0
2) 154.6 3 39 58
Rice 1) 55.2 88 12 0
2) 1715 6 55 39
Spreads
Honey (1) 5.4 49 43 8
2) 12.9 9 33 58
Oil-based spread (1) 11 96 5 0
2) 135 5 19 76

* (1) Indicates the smaller and (2) indicates the larger of the two portion sizes for each
item estimated.

resulted in =80 % of participants rating the food as being of the
same size, highlighting that spreads — like other foods and
liquids — are not well estimated with size descriptions, either.

The bottom section of Fig. 3 shows the median percentage
difference from the true weight for spreads estimated with
both the tip (thumb or finger) method and the houschold
method. Only the larger portion of the oil-based spread was
within 25 % accuracy for both methods (Fig. 3).

Discussion

Individuals have difficulty in accurately estimating portion
sizes using a variety of methods. The primary aim of this

study was to assess the accuracy of estimating portion sizes
using the width of the fingers as a ‘ruler’ to measure the
dimensions of foods and liquids that resemble geometric
shapes (triangular prisms, cylinders and rectangular prisms).
While there was a significant difference between the estimated
weight and true weight of 65 % of the thirty food items esti-
mated with the finger width method, our findings were in
line with our hypothesis that this method would be superior
to household measutes or size descriptions, due to its com-
paratively more objective measure of volume and size.
Indeed, with the exception of both sizes of fish fillets, chicken
breasts and beef steaks, nineteen of the remaining twenty-four
foods and liquids estimated with the finger width method (80
%) were found to be within £25 % of the true weight of the
food or liquid (and 100 % were within 50 % of the true
weight), compared with only seven of those estimated with
the household method (29 %, and 34 % being within 50 %
of the true weight). Our results are comparable with those
from a previous study investigating the use of food photo-
graphs to estimate portion size, which found that 83 % of
the 135 food portion estimations for forty-two food and liquid
items had mean estimations within 25 % of their true
weight®”. The advantage of the finger width method over
food photographs, however, is that fingers but not photo-
graphs are always available to people as a tool for portion
size estimation. To put a 25 % estimation error in context,
this equates to approximately one large mouthful of juice or
two large sips of wine from a portion of 150 ml, for example.

While the finger width method provided a reasonably accut-
ate method of portion size estimation for foods that closely
reassembled geometric shapes, it was not ideal in its current
format for estimating foods that did not conform well to a
geometric shape (e.g. fish fillets, chicken breasts and beef
steaks). There are several possible sources of error and poten-
tial solutions that could improve the accuracy of the finger
width method for irregularly shaped foods. The largest source
of error is most likely the assumptions involved in the use of
the geometric formulas used to convert the dimensions into an
estimated volume, combined with the fact that participants
were asked to measure the widest, longest or thickest point
of the food. Despite having fairly uniform dimensions for at
least one of the three dimensions measured (length, width or
height), the fish fillets, chicken breasts or beef steaks were nat-
rower at one or more points. Thus the food did not conform
or ‘fill’ the three-dimensional space created by the rectangular
prism calculated from these dimensions, causing overestima-
tions of the volumes and thus weights of the foods. A poten-
tial solution may be to ask participants to take an average
dimension (e.g. if the dimension was between two and four
finger widths, it would be recorded as three finger widths).
Another possible source of error with the finger width method
is the precision of the fingers for measuring dimensions.
Despite providing participants with instructions to estimate
using fractions of fingers, the majority of participants chose
to estimate the height (thickness) of foods in increments of
whole fingers. Consequently, if the thickness of a fish fillet,
chicken breast or beef steak was less than or greater than a
whole number of fingers thick, this would have introduced
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Fig. 3. Comparison of portions estimated with the fist and tip (thumb or finger) method () and household method (spoons) (M) with respect to the median percent-
age difference between the estimated and true weights of amorphous foods, muffins and spreads, each in two different sizes. (1) Indicates the smaller and (2) the

larger of the two portion sizes for each item estimated.

large error. For example, the height of the small fish fillet was
0-7 cm (or approximately half the average finger width), yet
over half (58 % or 39/67) of the participants reported the
height as one finger width. This suggests that in order to im-
prove the accuracy of this method, instructions provided to
participants may need to place greater emphasis on the import-
ance of using fractions of a finger, perhaps with the use of
examples to demonstrate how it can make an impact on the
accuracy of estimations. Alternatively, participants could be
provided with a ruler to measure the dimensions of a food,
which has greater precision, is portable, cheap and universal
and has been used in food recalls®”. The accuracy of estimat-
ing irregularly shaped cuts of meat with rulers has been studied
previously(26>. In that study, participants were asked to esti-
mate the length, width and thickness of different cuts of
fish, chicken and meat using a ruler or size grid, after the
food was removed from sight. Mean estimation errors for
length and width were generally within —10 % of the actual di-
mension; however, thickness was consistently overestimated,
by an average of 30—40 %®?. Therefore, the accuracy may
have been higher had the participants used the ruler to meas-
ure the food directly, while it was still in sight. However, the
benefit of using finger widths over a ruler (or other two-
dimensional or three-dimensional portion size aids) is that a
person does not have to remember to carry anything with
them in order to estimate portion sizes, and it is potentially
also more socially acceptable than bringing out a ruler. In sum-
mary, possible sources of errors may be attenuated with future
modifications to the finger width method for foods that do not
conform closely to a geometric shape.

A strength of this study is that in addition to the ‘gold stand-
ard’ reference method of weighing, we compared the hand
methods against two additional reference methods: household
measures and subjective categorical size descriptions. Fewer
than a third of geometrically shaped foods estimated with
household measures were within 25 % accuracy. One might
argue that this finding is not surprising given that for many
of these foods, household measures may not be a ‘good” com-
parison. For example, a slice of pizza is not usually estimated

in ‘cups’. However, our finding highlights that when food is
consumed away from home without access to scales or
other portion size estimation aids, for many geometrically
shaped foods, there was previously no ‘good’ way to estimate
portion size other than to use subjective descriptions of size
(hence the need for our finger width method). As we have
demonstrated here, subjective size categories are not a good
alternative to household measures, as there was little consen-
sus (except for portions which perhaps represented more
extremes on the portion size continuum) amongst participants
as to whether food portions were small, medium or large in
size, even though all participants were presented with the
same portion sizes. A previous study®” investigated the accur-
acy of a ruler and a two-dimensional adjustable wedge to esti-
mate the length and width of wedge-shaped foods after they
had been removed from sight. On average, the total area of
pizza was underestimated by 20 %, and that of cake was over-
estimated by 20 %, which is similar to the error of volumes in
our present findings. However, in this study they did not
measure the thickness (or height) or the wedge-shaped
foods, so a comparison of error in volume (and accordingly,
weight) cannot not be made between that study and our pre-
sent work. Thus, notwithstanding the drawbacks associated
with the volumetric formulas as discussed above for foods
that do not conform to a geometric shape, having measure-
ments of the dimensions of a food or liquid through the use
of finger widths to estimate the size of a portion provides a
more objective and reproducible method for coding a portion
size compared with household measures or subjective size
descriptions.

A secondary aim of this study was to assess the accuracy of
fists and tips (thumbs and fingers) as portion size estimation
aids. Despite the average volume of a fist being approximately
one cup, as well as their potentially greater usefulness than
household measuring cups due to their malleability and con-
venience, amorphous foods were not as well estimated with
the fist method as with the household method. It is possible
that participants find it easier and more intuitive to visualise
‘filling’ an empty cup with the food when making volume
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estimations, rather than comparing the food with their fist,
which is already ‘filled’. Household cups and spoons are also
easier to code into dietetics software for analysis, as measuring
fist and finger or thumb tip volume using water is quite ardu-
ous and not feasible in many situations. Household measuring
cups ate also of a standardised and known volume compared
with other household items such as tennis balls or golf balls
that may be used to guide portion size, the putative volume
of which has been shown to be quite erroneous®. However,
despite the household method (cups) producing slightly less
error overall than the fist method for the smaller muffin,
mashed potato and rice portions, the median difference between
the estimated and true weights of foods was still around 50 %.
Our finding that individuals are not good at subjectively asses-
sing volume is in line with the findings of a previous study that
compared computer-calculated food volumes from photo-
graphs taken from a chest-worn camera device and those sub-
jectively estimated by three volunteers (including one who was a
dietitian) with the actual volume calculated through displace-
ment for 100 food items®”. The computer-calculated volumes
were with 30 % of the true volume of 85 % of the food items,
compared with 15-57 % of the food items estimated by the
volunteers. Thus, this study shows the difficulty that people
have in making subjective volume estimations and that the ac-
curacy between people can be quite large. In summary, neither
the household method nor the fist method consistently esti-
mated the portion sizes of amorphous foods or muffins satis-
factorily, and their use in estimating portion sizes should be
interpreted with caution.

Dietary assessment research has increasingly focused on hat-
nessing technology in an attempt to reduce cost and burden to
researchers and participants '””, and the finger width method
could complement these aims. One example is with electronic
food records in which data entry is completed by the participant.
However, whilst technological advances may help to reduce par-
ticipant and researcher burden by avoiding duplication of data
entry, dietary assessment methods are still subject to the same
types of measurement errors, including errors with quantifying
portion size. The finger width method could easily be incorpo-
rated into electronic food records to improve the accuracy of
portion size estimations by reducing the variability of subjective
estimation methods. For instance, finger width measurements
would be entered along with height and weight, allowing the cal-
culation of portion size to be automated. This would not only be
relevant to research, but could also be useful in clinical and edu-
cational settings, where the aim is to provide guidance on por-
tion sizes in relation to a clinical objective (e.g. weight loss).
However, the use of such an application of the finger width
method would be limited to those who own or know how to op-
erate such devices. On the other hand, the finger width method
can also be used — as in the present study — as a pen-and-paper
method, which makes it portable, inexpensive and universal.
These factors would make it suitable for field studies across dif-
ferent population groups, including ethnic minority groups, for
people with low literacy, or in contexts where technology is not
an option.

Our study design was intended to replicate real-world situa-
tions where participants complete food records in real time

(and therefore do not rely on memory) and without access
to other portion size estimation aids. The generalisability of
our findings to different populations, settings and dietary as-
sessment methods is limited by our sample and study design.
Whilst we did not impose restrictive inclusion criteria, and we
recruited people with a range of BMI and ages, our sample was
predominantly female, younger and neither overweight nor
obese. Our participants were predominantly university staff
and students, and were thus likely to be well educated. We
also did not assess prior experience with the use of portion
size estimation aids, which could have influenced our results.
Further, the training used in this study was brief, and more in-
tensive training, perhaps with the use of food models of
known volumes and sizes, could have increase the accuracy
of estimations®'?. Additionally, the wide age range of parti-
cipants included in this study may have contributed to the
large variability in responses to the categorical size estimations.
For example, differences in metabolic needs, cognitive pro-
cessing capabilities or prior exposure to different portion
sizes between younger and older participants may have
increased or decreased estimation errors of particular foods
or liquids. Our study design could have also been improved
by using dividers to ensure that participants did not conscious-
ly or unconsciously compare between foods and liquids when
making estimations. Future research should investigate the use
of hand methods in a wider range of foods and liquids, as well
as retrospective portion sizes estimation, such as for use in
dietary recall interviews and in comparison with other types
of two-dimensional and three-dimensional portion size estima-
tion aids (e.g. food photographs).

In conclusion, portion size estimations for amorphous foods,
using hand or household measures, should be interpreted with
caution due to the considerable error associated with these tech-
niques for these food types. In contrast, for foods or liquids that
conform to a geometric shape, the finger width method may be
used to estimate portion size instead of household measures or
subjective categorical size descriptions. Thus, as the finger width
method is not suitable for all foods, it should be seen as a com-
plementary, rather than a stand-alone portion size estimation
method. However, this reflects the fact that food and liquid por-
tion size estimation requires the use of a combination of meth-
ods to match the various shapes and physical forms of foods.
The finger width method offers advantages over other options
because it is portable, inexpensive and universal, which would
make it suitable for studies in a wide variety of people and con-
texts, including limited access to technology. However, before
the finger width method can be used more generally, further val-
idation studies incorporating a wider range of foods and in spe-
cific population groups (e.g. younger, older, lower education
levels) should be conducted. Future studies should also investi-
gate ways to modify the finger width method to better estimate
more irregularly shaped foods such as fish fillets, chicken breasts
and beef steaks.

Acknowledgements

This work was supported by the National Health and Medical
Research Council NHMRC) of Australia via an Early Career

10


https://doi.org/10.1017/jns.2016.22

https://doi.org/10.1017/jns.2016.22 Published online by Cambridge University Press

Research Fellowship to R. V. S. (no. 1072771) and a Project
Grant (no. 1026005) and Senior Research Fellowship to
A. S. (no. 1042555). We are also grateful to the Endocrine
Society of Australia for a Postdoctoral Award (to R. V. §)),
to the Australian Research Council for an Australian Post
Graduate Award (to A. A. G.), and to the Charles Perkins
Centre at the University of Sydney for a Summer Research
Scholarship (to M. S. H. H.).

A A G,M.S.H . H,AM.R,R. V.S, A. D, C. H. F. and
A. S. formulated the research question and study design;
A. A. G, M. S. H. H. and A. D. conducted the research;
A. A G, C. H. F, C. M Y. L and M. S. H. H. analysed
the data; A. A. G. and A. S. wrote the paper; all authors pro-
vided critical feedback on the manuscript; A. A. G. had pri-
mary responsibility for the final content. All authors read
and approved the final manuscript.

A. S. has received payment from Eli Lilly, the Pharmacy Guild
of Australia, Novo Nordisk and the Dietitians Association of
Australia for seminar presentations at conferences. A. S. is also
the author of The Don’t Go Hungty Diet (Bantam, Australia
and New Zealand, 2007) and Don’t Go Hungry For Life
(Bantam, Australia and New Zealand, 2011). None of the other
authors has any conflicts of interest.

References

1. Livingstone MB, Prentice AM, Strain JJ, ez al. (1990) Accuracy of
weighed dietary records in studies of diet and health. BM] 300,
708-712.

2. Gibson R (2005) Principles of Nutritional Assessment. New York:
Oxford University Press.

3. Dhurandhar NV, Schoeller D, Brown AW, ez a/. (2015) Energy bal-
ance measurement: when something is not better than nothing. Inz |
Obes 39, 1109-1113.

4. Schoeller DA, Thomas D, Archer E, ¢f al. (2013) Self-report-based
estimates of energy intake offer an inadequate basis for scientific
conclusions. Aw | Clin Nutr 97, 1413—-1415.

5. Subar AF, Freedman LS, Tooze JA, ¢ al. (2015) Addressing current
criticism regarding the value of self-report dietary data. | Nuzr 145,
2639-2645.

6. Bates B, Lennox A, Prentice A, e/ al. (2014) National Diet and
Nutrition Survey Results from Years 1, 2, 3 and 4 (Combined) of the
Rolling Programme (2008/2009-2011/2012). London: Public Health
England.

7. Pedersen A, Christensen T, Matthiessen |, e al (2015) Dietary
Habits in Denmark 2011-2013: Main Results. Sobotg, Denmark:
DTU Fodevareinstituttet.

8. Reinivuo H, Hirvonen T, Ovaskainen ML, ¢/ a/. (2010) Dietary sur-
vey methodology of FINDIET 2007 with a risk assessment per-
spective. Public Health Nutr 13, 915-919.

9. Sandvik P, Kihlberg I, Lindroos AK, ef al. (2014) Bread consump-
tion patterns in a Swedish national dietary survey focusing particu-
larly on whole-grain and rye bread. Food Nutr Res 58, 10.3402/fnr.
v58.24024.

10.  Carter MC, Butley V], Nykjaer C, ¢z al (2013) Adherence to a
smartphone application for weight loss compared to website and
paper diary: pilot randomized controlled trial. | Med Internet Res 15, ¢32.

11. Carter MC, Butley V], Nykjaer C, e/ al (2013) ‘My Meal Mate’
(MMM): validation of the diet measures captured on a smartphone
application to facilitate weight loss. Br | Nutr 109, 539-546.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Burke LE, Wang | & Sevick MA (2011) Self-monitoring in weight
loss: a systematic review of the literature. | Aw Diet Assoc 111,
92-102.

Young LR & Nestle MS (1995) Portion sizes in dietary assessment:
issues and policy implications. Nur Rev 53, 149-158.

Young CM, Chalmers FW, Church HN, e¢# a/. (1953) Subjects’ esti-
mation of food intake and calculated nutritive value of the diet.
] Am Diet Assoc 29, 1216-1220.

Guthrie HA (1984) Selection and quantification of typical food por-
tions by young adults. | Am Diet Assoc 84, 14401444,

Frobisher C & Maxwell SM (2003) The estimation of food portion
sizes: a comparison between using descriptions of portion sizes and
a photographic food atlas by children and adults. | Huz Nutr Diet
16, 181-188.

McGaffey A, Hughes K, Fidler SK, ez a/. (2010) Can Elvis Pretzley
and the Fitwits improve knowledge of obesity, nutrition, exercise,
and portions in fifth graders? Inz | Obes (Lond) 34, 1134-1142.
Weight Watchers (2015) The Weight Watchers Portion Estimator:
Get quick visual tricks for estimating portion size on the go.
http://www.weightwatchers.com/util/art/index_art.aspxPtabnum=
1&art_id=167771 (accessed August 2015).

HellaWella (2013) Your hand can serve as a good reference for por-
ton sizes. http://www.hellawella.com/your-hand-can-setve-good-
reference-portion-sizes-infographic (accessed March 2016).

Lucas F, Niravong M, Villeminot S, ¢# a/. (1995) Estimation of food
portion size using photographs: validity, strengths, weaknesses and
recommendations. | Hum Nutr Diet 8, 65-74.

UK Women’s Cohort Study University of Leeds (2013) UK
Women’s Cohort Study. http://www.ukwcs.leeds.ac.uk/home.html
University of Leeds Nutritional Epidemiology Group (2015)
Women’s Cohort Study: Food and Activity Diary. http://www.
dapa-toolkit.mrc.ac.uk/documents/en/foo/fooddiary.pdf (accessed
August 2015).

Block G, Hartman AM, Dresser CM, e# al. (1986) A data-based ap-
proach to diet questionnaire design and testing. A | Epidemiol 124,
453-4069.

Food Standard Australia and New Zealand (2013) Australian Food,
Supplement and Nutrient Database 2011-13: food measures data-
base. http://www.foodstandards.gov.au/science/monitoringnutri-
ents/ausnut/ foodmeasures/Pages/default.aspx

Chambers E IV, Godwin SL. & Vecchio FA (2000) Cognitive strat-
egies for reporting portion sizes using dietary recall procedures.
] Am Diet Assoc 100, 891-897.

Godwin S, McGuitre B, Chambers E 1V, ¢/ al. (2001) Evaluation of
portion size estimation aids used for meat in dietary surveys. Nusr
Res 21, 1217-1233.

Godwin S, Chambers ET, Cleveland L, ¢/ /. (2006) A new portion
size estimation aid for wedge-shaped foods. | A Diet Assoc 106,
1246-1250.

Ball GD & Friedman A (2010) Dice, golf balls, and CDs: assump-
tions about portion size measurement aids. Can | Diet Pract Res 71,
146-149.

Jia W, Chen HC, Yue Y, ¢f al. (2014) Accuracy of food portion size
estimation from digital pictures acquired by a chest-worn camera.
Public Health Nutr 17, 1671-1681.

Sharp DB & Allman-Farinelli M (2014) Feasibility and validity of
mobile phones to assess dietary intake. Nuzrition 30, 1257-1266.
Slawson DL & Eck LH (1997) Intense practice enhances accuracy
of portion size estimation of amorphous foods. | Aw Diet Assoc 97,
295-297.

Bolland JE, Yuhas JA & Bolland TW (1988) Estimation of food
portion sizes: effectiveness of training. | A Diet Assoc 88, 817-821.
Yuhas JA, Bolland JE & Bolland TW (1989) The impact of train-
ing, food type, gender, and container size on the estimation of food
portion sizes. | Am Diet Assoc 89, 1473-1477.

11


http://www.weightwatchers.com/util/art/index_art.aspx?tabnum=1&amp;art_id=167771
http://www.weightwatchers.com/util/art/index_art.aspx?tabnum=1&amp;art_id=167771
http://www.weightwatchers.com/util/art/index_art.aspx?tabnum=1&amp;art_id=167771
http://www.hellawella.com/your-hand-can-serve-good-reference-portion-sizes-infographic
http://www.hellawella.com/your-hand-can-serve-good-reference-portion-sizes-infographic
http://www.hellawella.com/your-hand-can-serve-good-reference-portion-sizes-infographic
http://www.hellawella.com/your-hand-can-serve-good-reference-portion-sizes-infographic
http://www.hellawella.com/your-hand-can-serve-good-reference-portion-sizes-infographic
http://www.hellawella.com/your-hand-can-serve-good-reference-portion-sizes-infographic
http://www.hellawella.com/your-hand-can-serve-good-reference-portion-sizes-infographic
http://www.hellawella.com/your-hand-can-serve-good-reference-portion-sizes-infographic
http://www.hellawella.com/your-hand-can-serve-good-reference-portion-sizes-infographic
http://www.hellawella.com/your-hand-can-serve-good-reference-portion-sizes-infographic
http://www.ukwcs.leeds.ac.uk/home.html
http://www.ukwcs.leeds.ac.uk/home.html
http://www.dapa-toolkit.mrc.ac.uk/documents/en/foo/fooddiary.pdf
http://www.dapa-toolkit.mrc.ac.uk/documents/en/foo/fooddiary.pdf
http://www.dapa-toolkit.mrc.ac.uk/documents/en/foo/fooddiary.pdf
http://www.dapa-toolkit.mrc.ac.uk/documents/en/foo/fooddiary.pdf
http://www.foodstandards.gov.au/science/monitoringnutrients/ausnut/foodmeasures/Pages/default.aspx
http://www.foodstandards.gov.au/science/monitoringnutrients/ausnut/foodmeasures/Pages/default.aspx
http://www.foodstandards.gov.au/science/monitoringnutrients/ausnut/foodmeasures/Pages/default.aspx
https://doi.org/10.1017/jns.2016.22

	Accuracy of hands v. household measures as portion size estimation aids
	Methods
	Subject recruitment and inclusion criteria
	Selection and preparation of test foods
	Procedure
	Data processing and analysis
	Statistics

	Results
	Sample characteristics
	Geometrically shaped foods and liquids estimated with the finger width method, household method (cups) and size descriptions
	Amorphous foods and muffins estimated with the fist method, household method (cups) and size descriptions
	Spreads estimated with the tip method, household method (spoons) and size descriptions

	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


