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ABSTRACT

In this observational study, estimation of food intake was evaluated using recording of portion size 
consumed, instead of post-weighing, as a method. In total, 930 feeding episodes were observed among 
128 children aged 12-24 months in which actual intake was available by pre- and post-weighing. For 
each offering and feeding episode, portion size consumed was recorded by an independent nutrition-
ist—as none, less than half, half or more, and all. Using the pre-weighed offering, available intake was 
estimated by multiplying portion sizes by the estimated weight. The estimated mean intake was 510.4 
kilojoules compared to actual intake of 510.7 kilojoules by weighing. Similar results were found with 
nestum (52.0 vs 56.2 g), bread (3.8 vs 3.7 g), puffed rice (1.7 vs 1.9 g), banana (31.3 vs 24.4 g), and milk 
(41.6 vs 44.2 mL). Recording portion size consumed and estimating food intake from that provides a 
good alternative to the time-consuming and often culturally-unacceptable method of post-weighing food 
each time after a feeding episode. 
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INTRODUCTION

Methods currently used for assessing the dietary prac-
tices of children are maternal 24-hour recall, food 
diaries, dietary histories, food-frequency recalls, semi-
quantitative food-frequency recalls, and the techniques 
of estimating portion sizes of food intakes by weighing, 
visual estimation, or by applying standard portion sizes 
(1). All these methods have significant shortcomings 
(2,3). Multiple studies have shown that parental recall of 
child’s food intake excludes a large part of non-mealtime 

intake (4). The direct observation of food intake among 
young children is often considered only an appropriate 
method in natural or cafeteria settings (6-8), overcomes 
the potential limitations of maternal recall and influ-
ence of literacy levels of respondents, and is less likely 
to alter feeding behaviour of young children (9). The 
commonly-used and accepted method of pre- and post-
weighing of foods during observation is cumbersome 
and, in many cultures, unacceptable; in addition, it may 
actually modify the intake by drawing attention of care-
taker (10). Direct observation using visual estimation is 
a non-intrusive method of estimating dietary intake and 
may provide a better alternative (11-14). In direct ob-
servation, trained personnel observe food-consumption 
behaviour and visually estimate food intake, and the ac-
curacy of estimation varies by type and quantity of food 
(6). Observation can be labour-intensive; it is, therefore, 
usually done either for only one meal or for one day’s 
meal (14,15). The validity of direct observation using 
visual estimates for measuring food intake has been 
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evaluated in few studies in developed-country settings 
(7,8,16). Data on validation of these techniques in de-
veloping-country field-settings are lacking. In a study, 
where food intake from a test meal was estimated by 
pre- and post-weighing of all foods the child consumed, 
we evaluated the direct visual estimation of portion size 
consumed as a method for estimating food intake.

MATERIALS AND METHODS

The study was conducted in a peri-urban population of 
New Delhi, India during September 1993-March 1994. 
In total, 130 children aged 12-24 months were enrolled 
after obtaining verbal informed consents from the par-
ents of the children. The human research review com-
mittees of the All India Institute of Medical Sciences 
and the Johns Hopkins Bloomberg School of Public 
Health approved the study procedures. 

	 Trained dieticians observed each child at home for 
six hours. A standardized pre-weighed test meal, consist-
ing of six items (nestum mixed in lactogen [rice-based 
weaning food from Nestlé India Ltd.]–200 g [cooked], 
milk–200 mL [boiled], puffed rice–20 g, banana–75 g, 
and bread–50 g), was given to the mother on the morning 
before the start of observation. Foods offered to the child 
during the feeding episodes were recorded by weighing 
every offering. As part of the investigation, leftover and 
spillage were also recorded using the standard methods. 
Actual intake was estimated from pre- and post-weigh-
ing of foods by subtracting food recovered or wasted 
during feeding for each test meal item from the food 
offered to the child by the mother. 

	 For the direct observation exercise, the feeding epi-
sode was observed by an independent observer, who 
was not involved in pre- and post-weighing of foods and 
was blinded to actual weighing data. This observer re-
corded, for six hours, interactions of mother and child, 
and a question regarding the portion size of every food 
consumed in each feeding episode was added to the ap-
petite-assessment data-collection tool (17). For every 
feeding episode, a separate sheet was filled, and, within 
each sheet, there was a row for each food offered. The 
portion size consumed by the child for each food offered 
was coded as 1 for all or most food consumed, 2 for half 
or more consumed, 3 for less than half consumed, and 
4 for none consumed. During the estimation/analysis 
for each food in a feeding episode, using data from 
pre-weighed offering by the mother, food intake for 
each food was estimated by multiplying offering by 
portion consumed—[Estimated intake=Quantity offered 
by mother x portion size consumed by the child (coded 
1=1, 2=0.75, 3=0.5, and 4=0).

The SPSS software (version 12.0) was used for statisti-
cal analyses. Pearson’s correlation coefficients and 
paired t-test were estimated to examine the associations 
between the estimates of food intake derived from the 
visual estimation method and the actual recorded food 
intake by post-weighing.

RESULTS

The sample characteristics of the study population, in-
cluding age, nutritional status, gender, breastfeeding sta-
tus, and energy intake before the start of observation, 
and illness on the day of observation are presented in 
Table 1. In total, 930 feeding episodes in 128 children 
were observed. The estimated intake based on the visu-
ally-observed method and recorded caloric intake and 
intake of individual test meal food items using post-
weighing were similar (Table 2). 

Table 1.  Sample characteristics of study population
Characteristics n=128
Age (months)* 17.3±4.4
Age-group (months) (%)
   ≤15 41.4
   16-19 25.8
   ≥20 32.8
Nutritional status (%)
   Stunted 40.6
   Wasted 7.0
   Wasted+stunted 8.6
Male (%) 52.3
Breastfed (%) 92.2
Intake before observation (energy, KJ)* 475±378
*Mean±SD; KJ=Kilojoules; SD=Standard deviation

DISCUSSION

The results of the study suggest that food intake esti-
mated by visual observation and estimation is a useful 
and valid method for assessing dietary intake of children. 
This method yields very similar estimates of food in-
take as that of recorded food intake by post-weighing 
and overcomes the limitations and problems associated 
with post-weighing of foods during observation periods, 
which, in many cultures, is an unacceptable practice and 
may possibly alter behaviour. These findings are similar 
to findings of earlier studies conducted in institutional 
settings (8,9,13,14,18) and support the validity of the 
visual estimation method for measuring portion sizes. 
Most earlier studies have been carried out among school 
children, either in natural or cafeteria settings, to meas-
ure food intake by estimating the plate waste in school 
lunch and their eating behaviour but data relating to es-
timating the food intake in preschool children are not 
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available. We evaluated the technique with a set of five 
most commonly-consumed foods that were offered for 
the test meal. The fact that a lower proportion of offered 
food for puffed rice and bread was consumed suggests 
that children were either not used to or did not like these 
two foods; however, for estimation purposes, they be-
haved similar to the other three foods. 

	 Although these findings need to be confirmed for 
other foods, there is no reason to believe that results with 
other foods not evaluated in the present study will be dif-
ferent. If these findings are confirmed with other foods, 
it offers a very useful method of assessing food intake 
for young preschool children in settings that allow for 
direct observation food intake but requires minimum 
disruption of the eating environment. To our knowledge, 
this is the first study carried out among young children 
in a field setting to evaluate the validity of visual esti-
mation of portion size consumed and weighing only the 
food offered during the observation periods. The results 
are very encouraging and need confirmation in other set-
tings with other foods.

	 In conclusion, a direct observation method with 
weighed offering only and estimating intake with a sim-
ple coding for portion size consumed, training for which 
can be imparted easily to field or health workers, is fea-
sible and is an accurate method for estimating total food 
intake of young children.

ACKNOWLEDGEMENTS

This work was supported by grants from the World 
Health Organization, Thrasher Research Fund, and Unit-
ed States Agency for International Development Coop-
erative Agreement No. NIH.R29HD34724. The authors 
are grateful to the parents of the participating children 
for their time and cooperation.

REFERENCES

1.	 Rockett HR, Colditz GA. Assessing diets of chil-
dren and adolescents. Am J Clin Nutr 1997;65(Sup-
pl 4):1116S-22.

2.	 Beaton GH, Burema J, Ritenbaugh C. Errors in the 
interpretation of dietary assessments. Am J Clin Nutr 
1997;65(Suppl 4):1100S-7. 

3.	 Schoeller DA. How accurate is self-reported dietary 
energy intake? Nutr Rev 1990;48:373-9.

4.	 Baranowski T, Sprague D, Baranowski JH, Harri-
son JA. Accuracy of maternal dietary recall for pre-
school children. J Am Diet Assoc 1991;91:669-74.

J Health Popul Nutr   Mar 2007 114 Dhingra P et al. 



5.	 Bradburn NM, Rips LJ, Shevell SK. Answering au-
tobiographical questions: the impact of memory and 
inference on surveys. Science 1987;236:157-61.

6.	 Gittelsohn J, Shankar AV, Pokhrel RP, West KP, Jr. 
Accuracy of estimating food intake by observation. 
J Am Diet Assoc 1994;94:1273-7.

7.	 Friedman BJ, Hurd-Crixell SL. Nutrient intake of 
children eating school breakfast. J Am Diet Assoc 
1999;99:219-21. 

8.	 Shankar AV, Gittelsohn J, Stallings R, West KP, 
Jr., Gnywali T, Dhungel C et al. Comparison of vi-
sual estimates of children’s portion sizes under both 
shared-plate and individual-plate conditions. J Am 
Diet Assoc 2001;101:47-52.

9.	 Graves K, Shannon B. Using visual plate waste mea-
surement to assess school lunch food behavior. J Am 
Diet Assoc 1983;82:163-5. 

10.	Wolper C, Heshka S, Heymsfield SB. Measuring 
food intake: an overview. In: Allison DB, editor. 
Handbook of assessment methods for eating be-
haviors and weight-related problems: measures, 
theory, and research. Thousand Oaks, CA: SAGE 
Publishing, 1995:215-40. 

11.	Simons-Morton BG, Baranowski T. Observation 
in assessment of children’s dietary practices. J Sch 
Health 1991;61:204-7.

12.	Comstock EM, St Pierre RG, Mackiernan YD. Mea-
suring individual plate waste in school lunches. Visual 
estimation and children’s ratings vs. actual weigh-
ing of plate waste. Am Diet Assoc 1981;79:290-6.

13.	Dubois S. Accuracy of visual estimates of plate 
waste in the determination of food consumption. J 
Am Diet Assoc 1990;90:382-7. 

14.	Kirks BA, Wolff HK. A comparison of methods 
for plate waste determinations. J Am Diet Assoc 
1985;85:328-31. 

15.	Baranowski T, Dworkin R, Henske JC, Clearman 
DR, Dunn JK, Nader PR et al. The accuracy of chil-
dren’s self-report of diet: Family Health Project. J 
Am Diet Assoc 1986;86:1381-5. 

16.	Simmons-Morton BG, Forthofer R, Huang IW, 
Baranowski T, Reed DB, Fleishman R. Reliabil-
ity of direct visual estimate of school children’s 
consumption of bag lunches. J Am Diet Assoc 
1992;92:219-21.

17.	Bentley ME, Stallings RY, Fukumoto M, Elder JA. 
Maternal feeding behavior and child acceptance of 
food during diarrhea, convalescence, and health 
in the central Sierra of Peru. Am J Public Health 
1991;81:43-7. 

18.	Williamson DA, Allen HR, Martin PD, Alfonso AJ, 
Gerald B, Hunt A. Comparison of digital photog-
raphy to weighed and visual estimation of portion 
sizes. J Am Diet Assoc 2003;103:1139-45.

Estimating food intake with portion size 115


