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Abstract

Background: In order to obtain a measure of nutrient intake, a measure or estimate of
the amount of food consumed is required. Weighing foods imposes a large burden on
subjects, often resulting in underreporting. Tools are available to assist subjects in
providing an estimate of portion size and these include food photographs. The
application of these tools in improving portion size estimation by children has not
been investigated systematically.
Objectives: To assess the accuracy with which children are able to estimate food
portion sizes using food photographs designed for use with adults, and to determine
whether the accuracy of estimates is improved when age-appropriate portion size
photographs are provided.
Design: Original data from three separate studies, on the accuracy of portion size
estimates by adults using food photographs, by children using adult photographs and
by children using age-appropriate photographs, are analysed and compared.
Subjects: One hundred and thirty-five adults aged 18 to 90 years and 210 children aged
4 to 11 years.
Results: Children’s estimates of portion sizes using age-appropriate food photographs
were significantly more accurate (an underestimate of 1% on average) than estimates
using photographs designed for use with adults (an overestimate of 45% on average).
Accuracy of children’s estimates of portion size using age-appropriate photographs
was not significantly different from that of adults. Children overestimated a food’s
weight by 18% on average and adults underestimated by 5%.
Conclusions: Providing children with food photographs depicting age-appropriate
portion sizes greatly increases the accuracy of portion size estimates compared with
estimates using photographs designed for use with adults.

Keywords
Portion size estimation

Food photographs
Children
Adults

There is increasing evidence that the quality of food intake

during childhood is important for health in adult life1,2 and

that eating habits formed early in life may be retained into

adulthood3,4. The proven link between diet and risk of

disease, along with the importance of diet during

childhood for heath in adult life, requires that children’s

diets be measured accurately. To monitor the diets of

populations there is a need for methods which are

accurate, easy to use and appropriate to the target

population. Estimating the dietary intake of young

children presents unique difficulties.

For intakes of food to be converted into nutrient intakes,

a measure or estimate of the amount of each food

consumed is required. Alternatives to weighed intakes are

desirable as the task of weighing foods increases the

burden placed on the subject, and the more burdensome

the method the more likely it will be to result in changes to

dietary intake and inaccurate reports5. Where children are

the subjects of dietary investigations, weighing foods

consumed outside the home and away from the parents

poses additional practical problems.

As an alternative to weighing all foods, average portion

sizes across the population may be used. For adults

average portion sizes for some foods are available6, but no

equivalent data exist for children. Work towards the

publication of average portion sizes for children based on

the National Diet and Nutrition Survey7 has been

completed recently at the University of Dundee8.

Assuming an average portion size for all subjects

participating in a study may be appropriate in some cases,

but many studies require a more precise estimate of the

portion size consumed by each individual. A number of
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methods of measuring dietary intake rely on subjects’

estimates of portion size. Tools are available to assist the

subject with doing this such as food photographs, food

replicas and food models9–11. Evidence from work with

adults suggests that food photographs may improve

portion size estimation compared with unaided esti-

mates12, but there has been limited research into the

accuracy with which children can use portion size

assessment aids. Frobisher and Maxwell compared

children’s ability to estimate food portion sizes with that

of adults13. The 37 children taking part in the study ranged

in age from 6 to 16 years (mean age: 12 years 2 months).

The subjects were asked to serve themselves with their

usual portion size of nine food items which were taken

away and weighed. The subjects were then asked to give a

verbal description of the portion size of each food (small,

medium or large) and were asked to identify the portion

size of the food using the photographic atlas of food

portion size designed for use by adults9. The authors

found, as might be expected, that there were greater errors

with children estimating portion sizes using both

descriptions and food photographs compared with

adults13. In addition, there was also a tendency for food

portion sizes to be overestimated by both adults and

children.

Livingstone and Robson commented that the assump-

tion that including an aid to estimating portion size will

increase the accuracy of children’s dietary reports has not

been verified as yet14. Food photographs designed and

validated for use with adults have been used quite

widely as a visual aid to portion size assessment with

children15–17 despite there being little or no knowledge of

the photographs’ validity for use with subjects under 16

years of age.

The aims of the present project were to assess the

accuracy with which children are able to estimate food

portion sizes using food photographs designed for use

with adults, to determine whether the accuracy of

estimates is improved when age-appropriate portion size

photographs are provided, and to compare children’s

ability to estimate portion size using the two methods with

that of adults.

Method

The data presented were collected during three separate

studies which examined the accuracy of:

1. Adults’ estimates of food portion sizes using food

photographs designed for use with adults12 (study Aa).

2. Children’s estimates of food portion sizes using the

food photographs designed for use with adults18

(study Ca).

3. Children’s estimates of food portion sizes using food

photographs developed for use with children and

based on age-appropriate portion sizes19 (study Cc).

Adult estimates using food photographs (Aa).

Full details of the methods used in this study assessing the

ability of adults to estimate food portion sizes using food

photographs are given elsewhere12. In brief, 135 adults

(aged 18–90 years) were invited to serve themselves with

a number of foods in preparation for eating them. The

foods (n ¼ 22) were chosen to be foods which were

commonly consumed and to represent a range of

morphologies. Details of the foods included are given in

Table 1. The foods were weighed by investigators at the

time of serving and any leftovers were also weighed.

Subjects were interviewed within 5min of completing

their meal and asked to indicate, using food photographs9,

the amount of food they had consumed.

Child estimates using adult photographs (C a)

For this study, children (aged 4–11 years) were shown

plates containing foods of known weights. The foods

(n ¼ 16) were foods commonly consumed by children

taking part in a fruit and vegetable intervention study16

and were chosen to represent a range of morphologies

(Table 1). The children were asked to estimate the amount

of food on the plate, using food photographs designed for

use with adults9. Two test situations were used, with each

child completing both test situations; estimates were made

by the children either with the food in front of them or 24 h

after having been shown the food. Half of the children

completed the ‘24-hour recall’ interview first and half

completed the ‘food in front’ interview first.

Table 1 Details of the foods included in each study

Adults with adult
photos (Aa)

Children with
adult photos (Ca)

Children with
age-specific photos (Cc)

Foods n ¼ 22 Foods n ¼ 16 Foods n ¼ 23
Baked beans Baked beans Baked beans
Cake Cake Cake
Chips Chips Chips
Cheese (chunks) Cheese (chunks) Cheese (chunks)
Mashed potato Mashed potato Mashed potato
Ice cream Ice cream
Sliced meat Sliced meat (ham)
Butter Margarine
Cornflakes Cornflakes
Stew Stew

Apple Apple
Bread Bread
Milk Milk
Orange squash Orange squash
Sausages Sausages
Tomato ketchup Tomato ketchup

Boiled potato Banana Biscuit (Rocky)
Bolognese sauce Macaroni cheese Crisps
Broccoli Rice krispies Custard
Cabbage Golden syrup
Cheese (grated) Mixed vegetables
Peas Porridge
Quiche Raisins
Rice Sugar
Rice pudding Tea
Shepherd’s pie
Spaghetti
Steak
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Child estimates using age-specific food photographs (C c)

For this study children were served with foods of known

weights to consume. Any food left uneaten was weighed.

The children were asked to estimate the amount of food

they were served and, if appropriate, their leftovers. The

foods included in the study (n ¼ 23) were foods

commonly consumed by a national sample of children7,

chosen to represent a range of morphologies (Table 1).

Estimates were made by children with the food in front of

them, just after having eaten the food or 24 h after having

eaten the food. Portion sizes were estimated using food

photographs designed for use with children and based on

children’s portion sizes7. Four sets of food photographs

were produced based on portion sizes appropriate to each

of four age groups (4- to 6-year-olds, 7- to 10-year-olds,

11- to 14-year-olds and 15- to 16-year-olds). Seven images

depicting weights from the 5th to the 95th centile of weight

served were presented for estimation of the amount of

food served. We also included seven weights down from

the 5th centile to the smallest presentable portion to

enable us to obtain a measure of the amount of food left

over. The portion sizes of foods served to the children

were either the 25th, 50th or 75th centile of the amount of

food consumed for that individual food7. The weight of

food presented to the child did not exactly match the

weight depicted in the food photographs and children

were instructed that they could indicate that the portion

size was in between two photographs if they wished.

The designs of each of the studies were slightly different as

were the foods included in the studies. A summary of the

studies is given in Table 2.

Statistical analysis

The data were analysed in three ways:

1. Including all data from all studies (all foods and all

test types).

2. Including all test types but only for foods which were

common to all three studies.

3. Including only foods which were common to all

three studies and comparing similar interview

types, e.g.

Food in front (FIF) – child estimates using adult photos

versus child estimates using age-appropriate

photos;

Just after eating (JAE) – adult estimates using adult

photos versus child estimates using

age-appropriate photos.

Analysis was performed on the ratio of the subject’s

estimate to the actual weight of the food. A value greater

than 1 indicated overreporting and a value less than 1

indicated underreporting.

The accuracy of the portion size estimates was assessed

by plotting the geometric mean of the ratio of the estimate

of the amount of food served (or consumed) against the

actual weight of the food served (or consumed). Error

bars, depicting the mean ^ 2SD (standard deviations),

gave an estimate of the precision of the measurement.

To compare the relative performance of the adults using

adult portion size photographs, children using the adult

photographs and children using the age-appropriate

portion size photographs, a univariate analysis of variance

with child ID and study as fixed factors was performed.

Results

The age and gender of subjects participating in each of the

three studies are given in Table 2. All three studies

included a large number of people for this type of study

(study Aa, n ¼ 135; study Ca, n ¼ 55; study Cc, n ¼ 155)

and a proportionate balance of males to females. Table 3

shows that when all data from all studies were included

(all foods and all test types) there were significant

differences between the three studies in the accuracy of

estimates of portion size. Adults overestimated portion

size by 18% on average. Children overestimated portion

size by 46% on average using food photographs designed

for use with adults; however, when using age-appropriate

photographs the children were on average more accurate

than adults in their estimates of portion size, over-

estimating by 7% (Table 3).

When only the foods which featured in all three studies

were included in the analysis, there were significant

Table 2 Summary of details of each study included in the present paper

Study
Food
eaten Estimated Test situations

No. of
subjects

Age (years),
mean (range)

Males/
females Reference

Adults with adult
photos (Aa)

Yes Amount of food
eaten

Just after eating 135 42.7 (18–90) 74/61 12

Children with adult
photos (Ca)

No Amount of food
served

Food in front
24-Hour recall

55 9.5 (4–11) 25/30 18

Children with
age-specific
photos (Cc)

Yes Amount of food
served and if
appropriate amount
leftover

Food in front
Just after eating
24-Hour recall

155 7.9 (4–11) 78/77 19
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differences between the three studies in the accuracy of

portion size estimates. Adults’ estimates were most

accurate, with an underestimate of 9% on average.

Children using the adult photographs overestimated

portion sizes by 47% on average, but when provided

with age-appropriate photographs this overestimate was

reduced to 28% (Table 4).

Figure 1 illustrates the accuracy and precision (as

indicated by the error bars, which show the mean ^ 2SD)

of estimates of portion size by type of food. With the

exception of cheese, providing children with

age-appropriate photographs resulted in more accurate

estimates of portion size. The adults (in study Aa) served

themselves with cheese while the children taking part in

study Ca were shown slices of cheese and for study Cc the

children were given a cheese sandwich in which the

cheese was hidden from direct observation. The very

different presentation of the cheese could explain this lack

of precision. For baked beans (P ¼ 0.036) and chips

(P ¼ 0.328) the children provided more accurate estimates

of portion size using age-appropriate portion size

photographs than adults using adult portion size

photographs.

When estimates for the same foods and the same

interview types only were compared, no significant

difference was found between adults’ ability to estimate

portion size just after eating the food and children’s

ability when the children were provided with

age-appropriate tools (Table 5). Adults underestimated

portion size by 5% on average whereas children were

less accurate, overestimating by 18% on average. This

difference was not found to be significant (P ¼ 0.182).

The difference between the children’s ability to estimate

portion size using adult photographs and estimates

using age-appropriate photographs when the food was

in front of them was significantly different (P ¼ 0.001).

Children’s estimates using the age-appropriate photo-

graphs were more accurate than when using the

photographs designed for adults, an underestimate of

1% on average compared with an overestimate of 45%

using the adult photographs, for the same foods and

under the same test conditions.

Children using the child photographs were only slightly

less accurate and less precise than adults (study Cc vs.

study Aa) and were significantly more accurate than

children using the adult photographs (study Cc vs. study

Ca). With the exception of estimates of the portion size of

cheese, precision and accuracy of estimates were

comparable with those of adults and much better than

when children used the adult photographs.

Discussion

Methods of assessing dietary intake designed for use with

adults are often used to measure children’s diets on the

assumption that validity in one population implies validity

in another. To improve the accuracy of quantitative data

collected on children’s diets it is imperative that an

alternative to weighing foods is found which is appro-

priate for this age group. Such an alternative method

should provide an accurate assessment of the portion size

of foods consumed but be easy for subjects to use and

cause minimum disruption of the habitual dietary

behaviour of the child. Although alternatives to weighed

intakes such as food photographs9 and household

measures are available, their validity for use with children

has not been assessed previously.

Despite the use of slightly different designs in the

studies reported in this paper, a consistent pattern of

results emerged. Children using age-appropriate photo-

graphs produced estimates of portion size which were

only slightly less accurate than those produced by adults

(using photographs designed for adults) and more

accurate than when the children were using adult food

photographs.

Precision of the estimates of portion size by both adults

and children in these studies was moderate, indicating that

Table 3 Accuracy of estimates of portion size – including all
foods and all test types

95%
Confidence

interval

Study No. of estimates Mean ratio* Lower Upper P-value†

Aa 590 1.18 1.120 1.238 ,0.001
Ca 1744 1.46 1.392 1.532
Cc 2855 1.07 1.037 1.105

Aa – Adults’ estimates of food portion sizes using food photographs
designed for use with adults; Ca – children’s estimates of food portion
sizes using the food photographs designed for use with adults; Cc – chil-
dren’s estimates of food portion sizes using food photographs developed
for use with children and based on age-specific portion sizes.
* A value greater than 1 indicates overreporting and a value less than 1
underreporting.
†P-value indicates the significance of the difference between the study
groups of the mean ratio of estimated food weight to actual food weight.

Table 4 Accuracy of estimates of portion size – including only
foods common to all three studies and all test types

95%
Confidence

interval

Study No. of estimates Mean ratio* Lower Upper P-value†

Aa 108 0.91 0.823 0.996 ,0.001
Ca 545 1.47 1.408 1.533
Cc 418 1.28 1.216 1.340

Aa – Adults’ estimates of food portion sizes using food photographs
designed for use with adults; Ca – children’s estimates of food portion
sizes using the food photographs designed for use with adults; Cc – chil-
dren’s estimates of food portion sizes using food photographs developed
for use with children and based on age-specific portion sizes.
* A value greater than 1 indicates overreporting and a value less than 1
underreporting.
†P-value indicates the significance of the difference between the study
groups of the mean ratio of estimated food weight to actual food weight.
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food photographs are more suited to use in estimation of

group means. Poor precision even where accuracy is high

will result in a good estimate of mean intake but reduced

ability either to rank individuals according to consumption

or to identify extreme consumers or extreme levels of

consumption.

Comparison with previous studies examining subjects’

ability to estimate portion size is hampered by a lack of

consistency in the way in which data are presented and the

different foods included in each study. Children’s

estimates of mashed potato portions using the

age-appropriate photographs were poor compared with

earlier studies conducted in adults (an error of 52%

compared with 20.9% to 7.7% reported in three studies

with adults20–22). Compared with previously published

data on children’s ability to estimate portion size using

adult food photographs13, children in this study using

age-appropriate photographs were more accurate in their

estimates of chips (median error of 211% compared with

79%) and mashed potato (median error of 37% compared

with 56%). Estimates of baked beans (median error of

228.7% compared with 16%) and cheese (median error of

132% compared with 64%) portions were less accurate

than those of children using the adult photographs. The

large error associated with assessing the portion size of

cheese by the children in this present study can be

explained by the fact that the cheese was served as a

sandwich and therefore not clearly seen by the children.

Data from the largest study of adults’ portion size

estimation using food photographs were combined with

the data on children’s estimates using both adult

photographs and age-appropriate photographs to over-

come this lack of consistency in presentation of data across

studies. This meant that the data could be analysed in the

same way. Under the same test conditions and for the

same foods, children’s estimates using portion size

photographs based on children’s portion sizes were not

statistically significantly different from those of adults, but

significantly more accurate than estimates made by

children using the adult photographs. This highlights the

need for the portion sizes presented in a photographic

atlas of food to be appropriate to the target population.

The three studies reported in this paper tested the

application of food photographs in an artificial situation

where researchers provided and weighed all foods. The

food photographs designed for use with children in this

Fig. 1 Accuracy and precision of portion size estimates for individual foods – all interview types. Aa – Adults’ estimates of food portion
sizes using food photographs designed for use with adults; Ca – children’s estimates of food portion sizes using the food photographs
designed for use with adults; Cc – children’s estimates of food portion sizes using food photographs developed for use with children and
based on age-specific portion sizes. Accuracy is defined as the proximity of the mean estimate of portion size to the actual weight of the
food. Precision is defined as the range of estimates around the mean and is presented by error bars which depict the mean ^ 2SD (stan-
dard deviations). A value greater than 1 indicates overreporting and a value less than 1 underreporting

Table 5 Accuracy of estimates of portion size – including only
foods common to all three studies and estimates made during the
same interview type

95%
Confidence

interval

Study No. of estimates Mean ratio* Lower Upper P-value†

Aa JAE 76 0.95 0.823 1.106 0.182
Cc JAE 59 1.18 0.936 1.501
Cc FIF 102 0.99 0.849 1.152 0.001
Ca FIF 168 1.45 1.315 1.607

Aa – Adults’ estimates of food portion sizes using food photographs
designed for use with adults; Ca – children’s estimates of food portion
sizes using the food photographs designed for use with adults; Cc – chil-
dren’s estimates of food portion sizes using food photographs developed
for use with children and based on age-specific portion sizes; JAE – sub-
ject was interviewed just after having eaten the food; FIF – subject was
interviewed with the food in front of them.
* A value greater than 1 indicates overreporting and a value less than 1
underreporting.
†P-value indicates the significance of the difference between the study
groups of the mean ratio of estimated food weight to actual food weight.
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study were developed for pilot testing only, and so

covered only a limited range of foods. This tool would

need to be expanded to cover a wider range of foods

and then validated against total dietary intakes in a

‘real-life’ situation before wider application can be

recommended.

This study has demonstrated that, given age-appropriate

food photographs, portion size estimation is a task even

children of primary school age are able to perform with

acceptable accuracy and precision. We have demonstrated

that age-appropriate food photographs have potential for

improving the quality of dietary intake data collected from

children.
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