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Objective: A study was undertaken to explore the portion size estimation accuracy of bean bags as low-cost volumetric portion
size estimation aids for amorphous foods.
Designs: Three observational, cross-sectional and three experimental/quasi-experimental developmental evaluation sub-
studies were carried out.
Settings: Observational, cross-sectional: one retirement village and four schools. Experimental/quasi-experimental: one South
African university.
Participants: Observational, cross-sectional: elderly persons, adult women (school educators), schoolchildren. Experimental/
quasi-experimental: university students. In total N = 541; > 3 800 observations.
Variables measured: Using a standardised set of bean bags (test object; volume range: 60–625 ml), volumes of different
amorphous foods (reference objects: actual foods or representations) in varying portion sizes had to be estimated. Accuracy
(outcome measure) was perfect if volumes of test and reference object were identical. Acceptable estimation accuracy
allowed for misestimation by one bean bag size. Test–retest reproducibility was also assessed.
Analysis: Descriptive statistics (proportions perfect and acceptable accuracy).
Results: Across the sub-studies, perfect accuracy ranged from 22–65% depending on participants, reference food and portion
size. Irrespective thereof, acceptable accuracy was noted in > 70% of observations. Reproducibility varied (range: 28–67%
agreement).
Conclusions and implications: Perfect portion size estimation of amorphous foods remains challenging. When misestimation
by 60–125 ml still serves the purpose of a dietary assessment, bean bags show promise for cost-effective food volume
quantification, especially on group level in resource-limited settings.
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Introduction
Dietary assessment is an important starting point for appropri-
ate nutrition care as intake deficiencies and excesses are linked
to ill-health.1 The challenges in measuring the diet of children2

as well as younger3 and older4 adults have repeatedly been
voiced. When quantitative intake information is needed, lack
of portion size estimation accuracy is a major contributor to
under- and overestimations.5 It appears that estimation accu-
racy is, among other factors, related to food type (e.g. liquids
vs. solids vs. amorphous foods). Portion size estimation of amor-
phous foods may be particularly challenging.6,7

Portion size estimation aids (PSEAs) are intended to help study
participants report the amount of food consumed.8 Many
portion size estimation elements have been developed and/or
tested.9 These range from gestures/body parts, e.g. a fist or fin-
gernail10 to one-dimensional (e.g. serving size lists in food
guides), two-dimensional (e.g. photographs and drawings)
and three-dimensional (3-D) aids, such as physical objects like
household utensils and food models, to digital two-dimensional
formats8,9 and even computer vision,11 with diverging terminol-
ogy and classifications.

Anecdotal observations from nutrition assessment and edu-
cation practice in South Africa suggest that bean bags are
widely used. They are low-cost, 3-D, volumetric PSEAs, which
can be home-made (Figure 1). Because bean bags as non-
food PSEAs are generic, they are useful for estimating or

demonstrating to participants the volumes of different amor-
phous and liquid foods (as opposed to food-specific PSEAs
like photographs or food models). They can be used individually
or combined with one another or with familiar and locally rel-
evant household vessels (e.g. by placing the bags into a glass
or bowl typically used by the participant) (Figure 1b). In research
where fieldworkers do home visits on foot or data collection is
done at remote sites, the robustness, ease of transport and use,
and the hygiene (washability) of the bean bags are additional
advantages.

Bean bags were used in the NHANES 1999–2001 (USA),12 yet no
evidence of testing or validation could be found. Among reviews
on PSEAs,8,9,13 none refers to bean bags. Similarly, the ‘Best Prac-
tice Guidelines for dietary assessment’14 mention only that
portion sizes used in dietary assessment tools should be relevant,
with no specific information regarding PSEAs. This suggests that
currently no single best practice for PSEAs exists.

The aim of this developmental evaluation was to explore the
accuracy of volumetric portion size estimation of amorphous
foods when bean bags are used as PSEAs in different contexts.
The objectives of the six sub-studies were as follows:

. Sub-study 1: To determine the portion size estimation
accuracy of a fixed volume of four food types by older
adults when using bean bags as PSEAs.
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. Sub-study 2: To determine adult women’s portion size
estimation accuracy of 3D-printed amorphous food
models when using bean bags as PSEAs (considering
body mass index [BMI], energy density and perceived
healthfulness of the reference foods).

. Sub-study 3: To determine middle and secondary school
learners’ portion size estimation accuracy of PowerPoint-
projected photographs of amorphous foods when using
bean bags as PSEAs.

. Sub-study 4: To determine the effect of four plate charac-
teristics on portion size estimation accuracy of a fixed-
volume bean bag by university students.

. Sub-study 5: To determine the effect of bean bag colour
(beige vs. black) on portion size estimation accuracy of three
portion sizes of mashed butternut by university students.

. Sub-study 6: To determine university students’ portion
size estimation accuracy of two portion sizes of three
forms of maize meal porridge when using bean bags
and life-size food photographs as PSEAs.

Informed by Almiron-Roig et al.,15 the following definitions
applied. Estimated portion size is the approximate volume of
an amorphous food (i.e. the reference object, in our case the
actual food or a representation thereof) shown to the participant
in comparison with a set of bean bags (test objects). Amorphous
foods are non-liquid foods without a clear shape or structure.
They can take on the shape of the container in which they are
presented. Amorphous masses (AM, e.g. mounds like mashed
potatoes) and amorphous pieces (AP, e.g. popcorn) can be dis-
tinguished.6 Portion size estimation accuracy referred to how
close a bean bag volume was to the volume of the reference
food. Reproducibility referred to estimation consistency over
two administrations (test–retest reliability).

Methods

General
In all six sub-studies healthy volunteers were conveniently
recruited, and informed consent and approval from the Research
Ethics Committee (Faculty of Health Sciences, University of Pre-
toria) were obtained. Recruitment differed by setting and included
word-of-mouth invitations (sub-study 1), poster announcements
(sub-studies 2 and 3) and context-delimited social media (sub-
studies 4–6). Data collection was always preceded by a pilot
study in the same or comparable setting, with participants
similar to those of the sub-study to establish practical feasibility.
Very minor adjustments were implemented if indicated, e.g.
room setup. Pilot study data were not used in the analyses.

The test object consisted of identical sets of custom-made bean
bags, i.e. 3-D, round, malleable, beige-coloured polyester-cotton
bags filled with 2 mm diameter plastic pellets (Supplementary
file 2 gives guidelines for making bean bags). A full assessment
set consisted of the following letter-coded volumes (hidden
from participant): 60, 125, 190, 250, 375, 500, 625 ml (Figure 1).
For some sub-studies the number of bean bags per set was
reduced (at most by one portion size) to match the participants
(e.g. children [sub-study 4] vs. adults) and typical volume of food
consumed (e.g. staple porridge [sub-study 3] vs. candy [sub-
study 2]). Sometimes a second test object was added to determine
comparative effectiveness of the standardised bean bags: in sub-
study 5 black bean bags and in sub-study 6 life-size food
portion photographs were added.

In most sub-studies the portion size estimation with the bean bags
followed within ± 30 seconds after exposure to the reference
object (see below for details per sub-study). This was done to
determine volume estimation accuracy (i.e. conceptual ability
versus memory), to separate the specific effects of the PSEA

Figure 1: Bean bags: description of set and uses in dietary assessment and education.
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from the effects of dietary assessment methods9 and to facilitate
comparability among the sub-studies and in relation to other
studies. The different bean bag sizes were always randomly pre-
sented. Participants were asked to select the bean bag that
most closely matched the volume of the reference food/object
and indicate their response by marking it on a fixed-option ques-
tionnaire (except sub-study 1, where the oral responses were
researcher-coded). In all instances except sub-study 1, reproduci-
bility was assessed (as described per sub-study), as this can be con-
sidered a prerequisite for validity, may give an indication of
participants’ perceptive ability and provide an indication of gues-
sing factor as opposed to estimation accuracy.

All assessments included short questionnaires for self-reporting
of biographic information (e.g. age [completed years] and sex
[closed-choice format allowing for male, female and other])
and other sub-study-specific data.

Unique methodological details per sub-study are summarised
below:

Sub-study 1
Design: Observational; cross-sectional.

Participants and setting: Independently living elderly (N = 30;
age 80 ± 7.4 years; 87% female), assessed in the lounge of a
retirement village.

Data collection:

Reference objects and portion size: Two actual food
examples of each of the following food types: AM, AP,
solids (S) and liquids (L); all 190 ml.

Presentation: Three sets of ready-to-eat breakfast foods,
i.e. (i) tea (L), soft porridge (AM), diced apple (AP); (ii)
whole apple (S), fruit juice (L); (iii) scrambled eggs (AM),
bread (S), grapes (AP) were presented in locally used dish-
ware. Each set was placed on a separate tray. Adminis-
tration was individual, researcher-assisted. A participant
was shown one food set at a time for 30 seconds
before removing it. The randomly displayed bean bags
were presented on a separate tray. Participants were
asked to identify the bean bag that reflected the
amount of each food presented.

Reproducibility: Not performed.

Research Ethics Approval number: 22/2016.

Sub-study 2
Design: Observational; cross-sectional.

Participants and setting: Female educators (N = 72; age: 44.5 ±
12.3 years) with a BMI of 22.5 ± 4.6 kg/m2 assessed in the staff-
rooms of three urban schools. One participant: underweight
(< 18.5 6 kg/m2); 30: normal weight (18.5–24.9 6 kg/m2); 23:
overweight (25.0–29.9 6 kg/m2); 9: obese (≥ 30 6 kg/m2);
9 non-consent to weighing.

Data collection:

Reference objects and portion sizes: Study-specific, 3-D
printed, realistically coloured, life-size food models of

12 different amorphous foods with differing energy
density (high energy density: > 200kcal/250 ml) were
created. The higher energy density AM foods included
stiff maize meal porridge (375 ml), cooked minced meat
(250 ml) and scrambled eggs (190 ml). The lower
energy density AM foods were soft maize meal porridge
(375 ml), cooked rice (250 ml) and cooked spinach
(190 ml). The AP foods included higher energy density
foods (‘chunky’ potato salad with mayonnaise (500 ml),
peanuts (125 ml) and Smarties (60 ml)). Lower energy
density AP foods referred to popcorn (500 ml), grapes
(125 ml) and cooked mixed vegetables (60 ml).

Presentation: Fifteen (12 for accuracy + 3 for reproducibil-
ity) separate booths were randomly set up, each contain-
ing a set of bean bags, randomly laid out on a neutral-
coloured (brown) surface. Per booth the 3-D food
models were individually placed on identical plates. Par-
ticipants were not allowed to touch the food models or
bean bags. They moved from one booth to the next,
and privately recorded their responses.

Reproducibility: Three food models were displayed twice;
completion by all participants.

Research Ethics Approval number: 4/2017.

Sub-study 3
Design: Observational; cross-sectional.

Participants and setting: Middle and secondary school learners
(N = 51; 37% female; 13–19-year-olds), assessed during six
group sessions (group size: 4–12) in a school classroom, not
allowing for participant interaction.

Data collection:

Reference objects and portion sizes: Nine different regu-
larly (R) or less often consumed (LC) ready-to-eat actual
amorphous foods from different food groups were pre-
pared and portioned. Starchy foods: rice (250 ml
andand 60 ml) (R), spaghetti (625 ml and 375 ml) (R)
and breakfast cereal (cornflakes) (500 ml and 125 ml)
(LC). Protein-rich foods: chicken curry (625 ml [x2] and
250 ml [x2]) (R), minced meat (625 ml and 375 ml) (R);
eggplant (aubergine) (250 ml and 60 ml [x2]) (LC). Fruit
and vegetables: mixed, diced vegetables (375 ml and
60 ml) (R) and diced kiwi fruit (125 ml [x2]) (LC).
Yoghurt (500 ml and 125 ml) (R) represented the dairy
group.

Presentation: Food photographs (aerial and 45° angled
view per slide, foods dished up on black plates or
bowls on white background using standardised pho-
tography) were shown for 30 seconds in a PowerPoint-
presentation to each group. Participants recorded their
responses during this time. Each photograph included a
spoon as size reference. Bean bag sets, randomly
ordered, and the reference spoon were physically dis-
played next to each participant.

Reproducibility: Three photographs (different foods and
different portion sizes) were shown twice.

Research Ethics Approval number: 14/2016.
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Sub-study 4
Design: Quasi-experimental; comparison of estimation accuracy
(with plate characteristics as intervention).

Participants and setting: University students (N = 184; 52%
female; age: 20 ± 1.7 years) on campus (open air).

Data collection:

Reference object and portion size: 250 ml bean bags,
beige-coloured (generic, uniform proxy for AM foods).

Presentation: Participants recorded their response to:
‘What is the size of the beanbag on the plate?’ at 13
separate booths, where the bean bags were presented
on plates with 4 different characteristics: (i) Size: 6
plate pairs: 20 vs. 25 cm diameter; (ii) Colour: 4 plate
pairs: white vs. navy; (iii) Pattern: 2 plate pairs: navy
ornaments on white vs. white; (iv) Rim: 4 plate pairs:
presence or absence of rim. Five distractor bean bag
volumes (125–500 ml) were randomly presented in
between the 250 ml fixed-size bean bags. The
response options given were ½ cup, 1 cup, 1½ cups,
2 cups.

Reproducibility: Two randomly placed duplicate booths.

Research Ethics Approval number: 631/2018.

Sub-study 5
Design: Randomised control, crossover experiment (plus com-
parative effectiveness assessment).

Participants and setting: University students (N = 100; 65%
female; age: 21.2 ± 3.0 years) in dining hall of residence.

Data collection:

Reference objects and portion sizes: Actual food: cooked,
mashed butternut (AM); plus black bean bags as PSEA
control. Portion sizes for actual food and for black bean
bags: 125, 250, 500 ml.

Presentation: Two separate stations (brown surface) for
assessment with beige and black bean bags respect-
ively. The bean bags were individually placed on iden-
tical, white plates in a random display per station.
Individual butternut portions on identical plates to
the bean bags were randomly presented to each par-
ticipant for 30 seconds. Participants were randomly
allocated to start with either the black or the beige
station.

Reproducibility: Ten participants repeated the entire
assessment two days after first administration.

Research Ethics Approval number: 800/2019.

Sub-study 6
Design: Comparative effectiveness study.

Participants and setting: University students (N = 104; 56%
female; age: 20.9 ± 2.0 years) in dining hall of residence.

Data collection:

Reference objects and portion sizes: 250 ml and 500 ml of
three different consistencies of actual maize meal porridge
(soft, crumbly and stiff) and a life-size, individual, colour
photograph of each bean bag volume of each porridge
consistency (aerial and angled 45° view). Both reference
objects (i.e. actual food and photographed food) were
cooked according to the same, standardised recipes, as
per South African food composition tables (Table 1).

Presentation: Foods were randomly presented on cream-
coloured, commonly used, enamel plates (24 cm diameter;
identical for actual food and photographs; plate as in
Figure 1c) in 15 separate stations (3 maize meal porridge
consistencies x 2 portion sizes x 2 PSEAs + 3 repeats).
The stations were placed such that participants could
not see the other stations. At each station participants
noted their response to the question ‘Which [bean bag/
photograph*] best matches the amount of [stiff/soft/
phuthu*] porridge?’ on a questionnaire. No touching of
food or PSEAwas allowed. (*Wording adjusted per station.)

Reproducibility: Three test–retests (different porridge con-
sistencies, portion sizes and PSEAs [two for bean bags;
one for photographs]) by all participants.

Research Ethics Approval number: 567/2017.

Analysis
Data analysis (Microsoft Excel; Microsoft Corp, Redmond, WA,
USA) and reporting in relation to estimation accuracy referred
to the proportion (%) of observations per sub-study with
perfect volume estimation, vs. slight/gross under/overestima-
tion per reference object. Slight referred to choosing one
bean bag size smaller or larger, whilst gross meant deviance
by two or more bean bag sizes. In all the sub-studies acceptable
portion size estimation included perfect estimation plus slight
misestimation (i.e. deviance by one bean bag size).

Results
Across the sub-studies 541 healthy participants including both
sexes, different age groups (children of school-going age, uni-
versity students, adults, persons over 65 years) and physical set-
tings (school classrooms, staff/dining halls and campus
grounds) created over 3 800 observations of portion size esti-
mation accuracy involving bean bags for estimating food
volumes. Because sub-study 5 investigated effects of plate
characteristics on estimation accuracy, those observations
were excluded from this total.

The portion size estimation accuracy of bean bags per sub-
study is outlined below.

Sub-study 1
Among the 240 estimations (30 participants; 8 reference
objects) perfect accuracy was noted for 22% (AM and S), 23%
(L) and 37% (AP) of responses. Acceptable estimation exceeded
73% for each of the food types with a tendency for overestima-
tion of AM, and underestimation for S and L.

Sub-study 2
Of 864 estimations (72 participants; 12 reference objects), 29%
were perfect and 73% were acceptable. Slight overestimation
predominated, especially of AP. No obvious association with
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Table 1: Portion size estimation accuracy of bean bags: Comparative summary of sub-studies (N = 541)1

Developmental evaluation sub-study

Design Observational Experimental

Sub-study number 1 2 3 4 5 6

Objective: ‘To determine… ’ … elderly people’s
portion size estimation
accuracy of a fixed
volume of four food
types when using
bean bags as PSEAs

… female adults’ portion
size estimation accuracy of
3D-printed amorphous food
models when using bean
bags as PSEAs (accounting
for BMI2, energy density and
perceived healthfulness of
the reference foods)

…middle and secondary
school learners’ portion size
estimation accuracy of
projected photographs of
amorphous foods when
using bean bags as PSEAs

… the effect of four plate
characteristics on portion
size estimation accuracy
of a fixed volume bean
bag by university
students: a quasi-
experimental study

… the effect of bean bag
colour (beige vs. black) on
portion size estimation
accuracy of three portion
sizes of mashed butternut
by university students: a
randomised control, cross-
over experiment

… university students’
portion size estimation
accuracy of two portion sizes
of three forms of maize meal
porridge when using bean
bags and food photographs as
PSEAs: a comparative
effectiveness study

Participants Description Elderly (mean age: 80
± 7.4 years)

Teachers (mean age: 44.5 ±
12.3y; mean BMI 22.5 ±
4.6 kg/m2)

13–19-year-old middle and
secondary school learners

University students
(mean age: 20 ± 1.7 years)

University students (mean
age: 21.2 ± 3.0y).

University students (mean
age: 20.9 ± 2.0 years)

Setting Lounge of old-age
home

Staff room of 3 urban schools School classroom:
6 sessions (Group size: 4–12)

University campus (open
air)

Dining hall (university
residence)

Dining hall (university
residence)

Sample (size
and sex)

n = 30 (87% female) n = 72 (100% female) n = 51 (37% female) n = 184 (52% female) n = 100 (65% female) n = 104 (56% female)

METHODS:
Reference
object
description

Food (or
alternative)

Two actual food
examples of each food
type:
. amorphous masses

(AM),

. amorphous pieces
(AP),

. solids (sS)

. liquids (L)
(more details below)

3-D printed, realistically
coloured, life-size food
models of 12 different
amorphous foods

Mounds/masses (AM):
. Higher energy density:

Stiff maize meal
porridge3 (375 ml),
cooked minced meat
(250 ml), scrambled eggs
(190 ml)

. Lower energy density:
Soft maize meal
porridge3 (375 ml),
cooked rice (250 ml),

. cooked spinach (190 ml)

Pieces (AP):
. Higher energy density:

Potato salad with
mayonnaise (500 ml),
peanuts (125 ml),
Smarties sweets (60 ml)

. Lower energy density:
popcorn (500 ml), grapes
(125 ml), mixed
vegetables (60 ml)

Nine different eat-ready
actual amorphous foods
from different food groups,
regularly (R) or less often
consumed (LC):
. Rice (250 ml; 60 ml) (R)

. Spaghetti (625 ml;
375 ml) (R)

. Cereal (corn flakes)
(500 ml; 125 ml) (LC)

. Chicken curry (625 ml
[x2]; 250 ml [x2]) (R)

. Minced meat (625 ml;
375 ml) (R)

. Eggplant (aubergine)
(250 ml; 60 ml [x2]) (LC)

. Mixed, diced vegetables
(375 ml; 60 ml) (R)

. Diced kiwi fruit (125 ml
[x2]) (LC)

. Yoghurt (500 ml; 125 ml)
(R)

Bean bag, beige-coloured
(generic, uniform proxy
for amorphous food
mass)

Actual food: mashed
butternut (AM)

Black bean bags as PSEA
control

Three forms of actual maize
meal porridge (soft, crumbly
and stiff)

Life-size, individual, colour
photograph of each bean bag
volume of each porridge form
(aerial and angled 45° view)

Both reference objects cooked
according to same,
standardised recipes3
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Portion size All 190 ml Same as bean bags: 60 ml,
125 ml, 190 ml, 250 ml,
375 ml, 500 ml (each portion
size 2x)

60 ml (4x), 125 ml (4x),
250 ml (4x), 375 ml (3x),
500 ml (2x), 625 ml (3x)

250 ml Mashed butternut: 125,
250, 500 ml

Black bean bags: same as
beige set

For actual food (porridge):
250 and 500 ml

For porridge photographs: same
as bean bag set

METHODS:
Data
collection

Three sets of plated
foods typically served
for breakfast; each set
presented on a tray, i.e.
. tea (L), soft

porridge3 (AM),
diced apple (AP)

. whole apple (S),
fruit juice (L)

. scrambled eggs
(AM), bread (S),
grapes (AP)

Individual
administration;
researcher-assisted;
one food set shown at
a time for 30 seconds
and then removed

Bean bags presentation:
random arrangement
on neutrally coloured
surface

Reproducibility: Not
performed

Individual (separated)
booths, with reference
objects individually
presented on identical plates

Each booth own set of test
objects, randomly laid out on
neutral-coloured surface

Reproducibility: Three food
models presented twice;
completed by all participants

PowerPoint presentation of
food photographs (aerial
and 45° angled view per
slide, food dished up on
black plates or bowls on
white background using
standardised photographic
technique) displayed for 30
seconds

Each photograph (slide)
included a spoon as
reference size

Bean bag sets, randomly
ordered, and the reference
spoon were physically on
display next to participants
(not plated)

Total: 20 slides
Reproducibility: Three
photographs (different
foods and different portion
sizes) were shown twice
(randomly placed in the
slide show)

Response to ‘What is the
size of the beanbag on
the plate?’ given on 4
response options
provided

Individual presentation at
13 booths:

Size: 6 plate pairs: 20 vs.
25 cm diameter

Colour: 4 plate pairs: white
vs navy

Pattern: 2 plate pairs: navy
ornaments on white vs
white

Rim: 4 plate pairs: presence
or absence of rim

Five distractor bean bag
volumes (125–500 ml)
randomly presented in
between the 250 ml
fixed-size bean bag

Reproducibility: Two
randomly placed
duplicate stations
completed by all
participants

Separate stations for beige
and black (both brown
background)

Bean bags individually
placed on identical, white
plates, randomly arranged
and spread out on each
station (table)

Individual portions of
butternut on same plates
as bean bags presented
one after the other

Random sequence of
crossover (beige vs. black
station)

Reproducibility: Ten
participants repeated
whole assessment after 2
days

On cream-coloured,
commonly used, enamel
plates (24 cm diameter;
identical for actual food and
photographs)

12 + 3 separate stations (tables,
i.e. 3 foods x 2 portion sizes x 2
PSEA + 3 repeats)

Random presentation of food
type, portion size and PSEA

Reproducibility: Three test-retest
repeats (different forms of
porridge, portion sizes and
PSEA)

RESULTS: Portion size
estimation
accuracy of
bean bags as
test objects

Total: 240 estimations
Perfect: 22% (AM & S);
23% (L); 37% (AP)

Acceptable: > 73% for
each of the food types

Trend:
Overestimation of AM
Underestimation of S
and L

Total: 864 estimations
Perfect: 29%
Acceptable: 73%
Slight overestimation
predominated, especially of
AP

No obvious association with
BMI category2, energy
density, or perceived
healthfulness

Reproducibility: about 50% of
participants gave identical
answers in the two
administrations

If slight misestimation is
included: > 85%

Total: 867 estimations
The mode of learners
estimated 19/20 (95%) of
food photographs perfectly
or acceptably

The secondary school learners
performed slightly better

The largest portion size
(625 ml) had lowest %
(range: 2–25%) of perfect
estimations

No obvious relation to sex,
food group or frequency of
consumption

Reproducibility: Perfect for 2/3
(67%) of estimations

Total: 2392 estimations
Only the size of the
presentation plate
influenced estimation
accuracy

Large (25 cm diameter)
plates yielded a larger
proportion of perfect
estimations

Reproducibility: 67% of
participants gave
identical answers on two
administrations (no gross
estimation changes)

Total: 600 estimations
Beige: 35% Perfect
Black: 13% Perfect
Overestimation:
Beige: 58%
Black: 78%
Largest portion (500 ml)
most over-estimation

Reproducibility: Almost 50%
of participants changed
response in second
administration

From all 1243 estimations:
Perfect: 37%
Total underestimation: 27%
Total overestimation: 36%
Bean bags only:
Perfect: 28%
Acceptable: 83%
Total underestimation: 20%
Total overestimation: 52%
Photographs only:
Perfect: 47%
Acceptable: 91%
Total underestimation: 34%
Total overestimation: 19%
Reproducibility: Perfect
agreement between
administrations: 28% and 51%
for bean bags and
photographs respectively

Estim
ation

accuracy
of

bean
bags

as
portion

size
estim

ation
aids

for
am

orphous
foods
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BMI category, energy density or perceived healthfulness was
observed. About 50% of participants gave identical answers in
the two administrations of the three food models. Acceptable
reproducibility was about 85%.

Sub-study 3
From a total of 845 first observations (maximum 51 participants;
17 different reference food-portion size combinations, 22
missing values), perfect estimations ranged from 35% for 1½
cups of spaghetti to 65% for ¼ cup of aubergine. The mode
of learners estimated 19/20 (95%) of food photographs per-
fectly or acceptably. Across all estimations, the secondary
school learners had a slightly (5%) higher proportion of
perfect to acceptable accuracy compared with the middle-
school children. The largest portion size (625 ml) had the
lowest percentage (range: 2–25%) of perfect estimations. No
obvious relation to sex, food group or frequency of consump-
tion could be detected. For reproducibility (148 observations
from 3 reference objects; 5 missing values), perfect agreement
between the assessments was seen for 2 of the 3 portion size
estimations by the mode of participants.

Sub-study 4
Among the 2 392 observations, only the size of the presentation
plate was related to estimation accuracy. The large (25 cm diam-
eter) plates consistently (i.e. across six plate pairs; 2 208 size-
related observations) yielded a larger percentage of perfect esti-
mations of the 250 ml bean bag presented (the mean difference
in the percentage of perfect estimations between large and
small plates was 16%), regardless of the colour or the pres-
ence/absence of a rim or pattern on the plate. The percentage
of perfect estimations ranged from 43% (small, white, non-
rimmed plate) to 74% (large, navy, rimmed plate). No response
pattern was detectable for the other plate characteristics. In
total, 123 (67%) participants gave identical answers on the
two repeat administrations, with no gross volume estimation
differences.

Sub-study 5
From the 600 estimations (100 participants; 3 reference food
volumes, 2 bean bag colours), the beige and black bean bags
resulted in 35% and 13% perfect estimations respectively,
when the results of the 3 reference food volumes were com-
bined. Overestimation was noted in 58% when using beige
bean bags, and 78% for black bean bags. The largest bean
bag portion (500 ml) accounted for most of the over-estimation.
Almost 50% of participants changed their response in the
second administration.

Sub-study 6
From 1 243 estimations (104 participants; 3 porridge consist-
encies each in 2 portion sizes as reference objects, with bean
bags and photographs as test objects, and 5 missing values),
37% were perfect. The total underestimation rate was 27%
and total overestimation 36%. For the bean bags only, 28% of
estimations were perfect, 83% were acceptable, with 20%
underestimations and 52% overestimations. Regarding photo-
graphs only, 47% were perfect estimations and 91% were
acceptable. Under- and overestimations respectively accounted
for 34% and 19% of the estimations. Perfect estimation agree-
ment in the re-tests was 28% and 51% for bean bags and photo-
graphs respectively.Ta
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The six sub-studies are tabulated together for ease of compari-
son in Table 1. In addition, a more detailed poster of each sub-
study is in Supplementary file 1.

Discussion
About a third of the observations by the diverse group of par-
ticipants reflected perfect portion volume estimation when
beige-coloured bean bags were used as PSEAs for a variety of
amorphous foods of different consistencies and portion sizes.
This proportion increased to 83% (sub-study 6), when an
over- or underestimation by one bean bag size of 60–125 ml
(i.e. the volume difference range between ‘adjacent’ bean
bags) was allowed. The question whether such an ‘acceptable’
estimation is ‘good enough’ depends on many factors. The
type of food and its role in the diet of the target group are par-
ticularly important. An example is the maize meal porridge as
investigated in sub-studies 2 and 6. Maize meal porridge is a
staple food in the South African diet, typically eaten in large
portions. The energy density (energy content per volume of
food) of soft porridge (about 600kJ/250 ml) is much lower
than that of stiff porridge (about 1010kJ/250 ml). It follows
that volume estimation errors for the stiff porridge result in con-
siderable discrepancies between actual and estimated dietary
energy and nutrient intake. This effect is compounded if stiff
porridge is frequently consumed, as is often the case in commu-
nities with limited dietary diversity.

The portion size of the food under discussion is another factor
to keep in mind when deciding whether misestimation by
one bean bag size is considered ‘good enough’. For a small
food portion, over- or underestimation by one bean bag size
results in a proportionally larger error, whereas for a large
food portion the impact may be smaller. This shows that the
implications are also target group-specific: for children with
smaller overall food portion sizes compared with, for example,
adult males, less error should be tolerated. An actual intake of
125 ml by a preschool child that is underestimated by one
bean bag size (60 ml) results in a 50% underestimation of the
intake. An overestimation by one bean bag size (i.e. choosing
a 250 ml bag to estimate the portion) will lead to a 100% over-
estimation. For a young child this may lead to considerable error
in the quantitative assessment of diet. The intended use of the
portion size data as well as knowledge of the target group and
its food habits need to be clear when deciding whether an over-
or underestimation by one bean bag size can be considered sat-
isfactory. The magnitude and nature (direction) of error for a
whole diet could be complex and should be carefully con-
sidered. At the same time the level of accuracy expected from
portion size estimation needs to be realistic16. As mentioned,
in our bean bag set the volume difference between adjacent
size bean bags differed (about 65 ml and 125 ml for the bean
bags less and larger than 250 ml respectively), affecting the
magnitude of error by food volume assessed within our
study-specific operational definition of ‘acceptable’ accuracy.
It is conceivable that portion misestimation could be smaller
in practice, if deviance by a fraction of a bean bag is allowed.
In our study reference and test object volumes were,
however, always perfectly matched.

The use of bean bags, like most other volume-based PSEAs,
remains an estimation. Interpretation on nutrient level needs
to be done cautiously, because the volumes of the food report-
edly consumed typically need to be converted to grams before
analysis with food composition tables. As was the case with all
studies reviewed by Almiron-Roig et al.,13 only agreement in

volume categories was assessed in our six sub-studies and we
have no measure of the actual weight error. Amoutzopolous
et al.9 reserved the term ‘absolute validity’ for studies in
which the portion size estimation is compared with the actual
weight of the reference food. Using this definition, the esti-
mation accuracy of bean bags is by default limited to compara-
tive studies, as the density (weight per volume) of foods differs.
The weights of a cup (250 ml) of each of popcorn and stiff por-
ridge cannot be compared.

Participant and contextual factors must always be kept in mind
when portion size estimation accuracy is determined. Partici-
pants’ characteristics (age, literacy, food awareness, sex etc.)
can play a role.5 How the PSEAs are presented and how the
food is typically consumed (e.g. sub-studies 4 and 5) can also
affect the generalisability of such data. Visual illusions have
been mentioned in this regard,1718,19,20 even though Penaforte
et al.20 did not find an influence of plate size (9 cm vs. 24 cm) on
the estimation of 400 g of pasta when reported in grams. A sys-
tematic review21 concluded that the use of smaller dishware did
not consistently result in reduced food intake. Thus, while
volume estimation may be related to plate size as our and
other findings22 suggest, this does not necessarily result in
changes in intakes.

Our exploratory work has, in some ways, not yet provided final
answers. The non-identical research design of the sub-studies
does not allow data merging and the agreement analyses do
not include inferential statistics, as is common among
studies evaluating PSEAs.5,8,9 In real life the estimation of the
amount of food consumed would also be affected by
memory and would extend beyond amorphous foods. None-
theless this is a first testing of a novel, low-cost idea with
large-scale implementation potential in resource-limited set-
tings. As the test objects can be standardised, this contributes
to reproducibility and comparability of research findings. The
bean bag sets were applied with diverse populations, using
amorphous reference foods in different portion sizes in
cross-sectional observational studies and experimental
designs to answer more specific questions more conclusively.
The complexity and context-specificity of measurement val-
idity in dietary assessment emerged clearly.

Overall (across participants, type of amorphous reference food
and portion sizes), perfect portion size estimation accuracy
remains challenging when sets of bean bags of known
volume are used as test objects. This confirms the importance
of attention to quantification of intake when performing
dietary assessment, specifically on a volumetric basis. Appropri-
ate training14 prior to the assessment has been systematically
reviewed in this regard. Hausman et al.23 even explored this
among young children.

As mentioned, bean bags have properties that make them
attractive as PSEAs in dietary assessment, especially of amor-
phous foods in resource-limited settings. Amoutzopolous
et al.9 recommend that portion size estimation elements
should be versatile (useful for more than one food). Bean
bags exceed this requirement as they are not only applicable
for many foods in the assessment of dietary intake, but could
also be core to nutrition education. For the latter, bags of differ-
ent colours (e.g. beige for the starchy foods, reddish-brown for
meats and greenish for vegetables/fruit) can be combined or
stacked on a plate to illustrate proportions as is typically done
in the so-called plate model of nutrition education (Figure 1c).
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Conclusion and recommendations
The experimental sub-studies suggest that for students at a ter-
tiary South African institution, bean bags (preferably not dark-
coloured) could be part of a PSEA kit for the quantification of
amorphous foods. Presenting bean bags in conjunction with
appropriately sized dishware (e.g. plates) relevant to the
target group and the food portion appears meaningful. Life-
size, individual, food-specific photograph series, especially for
large portion sizes such as staple foods, show additional poten-
tial. In Supplementary file 2 practical tips for making bean bags
are summarised to guide affordable standardisation and custo-
misation in resource-limited settings and to promote repeat-
ability and comparability in future studies.

For future research, all the recommendations/scoring criteria of
previous researchers8,9 should be applied. As was shown in
other studies (e.g.24,25) we found that the same PSEA can result
in different portion size estimation accuracy in different popu-
lations for different amorphous foods/food types and portion
sizes. The presentation of the PSEA is another factor to consider.
It follows that estimation inaccuracy of food quantities is not only
associated with a particular PSEA, but may be an inherent partici-
pant-, food type- and context-related challenge. The limited
reproducibility we observed tentatively supports this assertion.

For better dietary intake data, future studies should not only
assess the short-term ability to match a particular food volume
to a bean bag volume but include cognitive and attitudinal attri-
butes of participants such as size perception, food knowledge
and awareness, conceptualisation and recall memory (e.g. by
assessing the estimation accuracy 24 hours following exposure),
as well as acceptability of the bean bags among participants
and researchers/practitioners.13,15,26 As bean bag sets can be
standardised as test objects, future studies could systematically
build on our exploratory findings, up to the point of validation,27

as comparability of studies consistently emerges as a challenge in
knowledge synthesis studies.5,9,12 We are not aware of previous
studies that have assessed the estimation accuracy of graduated
series of generic, 3-D, volumetric PSEAs. In general, the investi-
gations are weight- (as opposed to volume-) based evaluations
of portion estimations.5

Best practice in dietary methodology stands to gain credibility
through the adoption of a systematic and rigorous approach
to testing portion size estimation accuracy, whilst accepting
that validity is not transferable. The accuracy needed in the
quantitative dietary assessment of an individual client/patient
in clinical practice may differ from the requirements in nutrition
research, monitoring and surveillance. The required portion size
estimation accuracy, intended use of the dietary intake data and
available resources determine the role of bean bags in the
dietary assessment of a particular target group and setting.
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