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Abstract. Estimating food consumption is often influenced by the intricate
cognitive processes involved in determining portion sizes. Understanding
the factors influencing these processes can enhance the accuracy of dietary
assessments. This study aims to evaluate the ability of participants to
estimate portion sizes of common foods and to identify estimation errors.
Methods: This study used a cross-sectional approach involving 35
participants, who estimated the portions of various foods, measured in grams
or milliliters, based on memory. The magnitude and direction of estimation
errors were analyzed. Underestimation was defined as estimated quantities
(EQ) less than 90% of the actual weighed quantity (WQ), while
overestimation was defined as EQ greater than 110% of the WQ. Results:
Only 15.59% of the estimates were considered accurate (approximately 10%
of the actual weight). Animal proteins, vegetables, and sugars were the most
frequently underestimated, while staple foods, vegetable proteins, fruits,
vegetables, and fats/oils were the most commonly overestimated.
Conclusion: This study revealed a low proportion of accurate food portion
size estimates, with a tendency to overestimate low-energy foods and
underestimate high-energy foods.

1 Introduction

The Healthy Eating Index (HEI) is a tool used to evaluate the quality of food intake,
specifically measuring how well a set of foods conforms to the Balanced Nutrition Guidelines
for Indonesians. Since the 2005 version, the HEI has been density-based, assessing food
quantity per 1,000 kcal rather than in absolute amounts, and relies on a generic set of norms
that applicable across different populations and settings [1,2]. Numerous studies, nearly 300
publications, have used the HEI to evaluate food intake, availability, distribution, and
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marketing [3]. The index has also been used in both prospective and cross-sectional studies
to investigate the relationship between diet quality and health outcomes, such cardiovascular
disease mortality[4]. The development of the HEI for Indonesians can be informed by
evaluating dietary intake.

Dietary intake evaluation plays a crucial role in community and population-level
nutrition assessments. However, this is influenced by the interviewers’ and interviewees'
perceptions. Nutrition-related experiences, information, attitudes, and preferences can affect
dietary awareness, introducing both subjective and objective factors into dietary regulation.
This makes the perception and measurement of food intake challenging for both subjects and
researchers[5]. Accurate dietary assessment requires detailed process to capture relevant
information about the quantity and quality of food consumed. Cognitive functions, such as
perception, conceptualization, and memory are essential to this process[6—8].

Estimating portion sizes is an important part of effective dietary evaluation,[8—10]
although it is often difficult and a significant source of error[9,11,12]. Difficulties arise not
only when recalling previously consumed foods, but also when assessing displayed
dishes.[6,9,12,13] Single-unit items, such as slices of bread and whole fruits, are more likely
to be accurately reported than liquids or amorphous foods, such spaghetti and lettuce.[13,14]
Errors in portion size estimation often result in underestimation of large amounts and
overestimation of small portions, commonly known as the “flat-slope phenomenon.”[15].
Furthermore, small quantities of food, such as spreads, are usually estimated more accurately
than larger meals[6].

To assist in portion size estimation, a number of dietary assessment methods have
incorporated visual aids in the form of food images. This approach, known as image-based
portion size estimation (IB-PSE), asks participants to select the image that most closely
matches the portion size they consumed. Previous studies have shown that three key cognitive
processes—perception, conceptualization, and memory—play a crucial role in the accuracy
of IB-PSE [6].

Previous research on portion size estimation has often focused on single-unit items,
which are prone to “unit bias” or a tendency to perceive a single food item as the appropriate
amount to consume, regardless of its actual size[8,16,17,18]. This bias can lead to overeating
if the unit size is large [ 19] The perceived “appropriate portion” can also be shaped by cultural
norms, such as typical serving sizes at home, in restaurants, or in retail settings, making it
susceptible to social influences[20].

In addition to the number of units, the energy content of food may also influence portion
size estimation. It has been suggested that inaccurate portion estimation for high-fat or high-
energy foods is associated with a reduced ability to assess energy and fat content as portion
sizes increase [20,21]. High-energy-density foods, such as sweet and savory snacks, pizza,
fried potatoes, and desserts, are often consumed in quantities larger than recommended,
possibly because they are perceived as less filling[22,23].

In a previous study,[16] energy density accounted for 13% of the variance in portion
size misestimation and was positively correlated with high estimation errors across a sample
of eight foods. This suggested that energy content, rather than the amount of food served,
might play a more significant role in portion size errors. The inclusion of beverages, which
have high energy content but low energy density, and the limited number of items
investigated, could have influenced the results. Furthermore, decisions about whether an item
is classified as a drink, food, or snack might lead to different cognitive processes that
influence how much is consumed[24,25].
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This study aims to assess the ability of participants to estimate meal portions and explore
how food energy content influences errors in portion size estimation.

2 Materials and Methods

This study used an observational design with a cross-sectional approach. The sample
consisted of 35 cadres from integrated health service posts (posyandu) recruited from the
Sumowono Primary Health Centre in Semarang. Sixteen food items were measured using
standard household tools, categorized into eight food groups and displayed on a household
plate. The food groups included: (1) grains, white roots and tubers, and plantains; (2) nut and
seeds; (3) dairy; (4) meat, poultry, and fish; (5) eggs; (6) dark green leafy vegetables; (7)
other vitamin A-rich fruits and vegetables; (8) other fruits, sweet beverages, oils, and fats®®.
The participants were divided into three groups, and each participant filled out an individual
form which included a table with columns for recording the estimated quantity (in g or mL)
of the food items displayed in front of them. No pre-training or verbal communication was
allowed between participants. The study protocol was approved by the Ethics Committee of
the Faculty of Public Health, Universitas Diponeoro with a certificate number
286/EA/KEPK-FKM-2022.

2.1 Statistical analysis

The complexity of the task was assessed by calculating the ratio of underestimations,
overestimations, and acceptable estimations relative to the total number of guesses.
Additionally, the proportion of participants who incorrectly estimated each food item was
recorded. For each food item, the actual weight quantity (WQ) was compared to the mean
estimated quantity (EQ). Estimation errors were determined using the EQ/WQ ratio. EQ
values less than 90% of WQ were classified as underestimations, whereas EQ values more
than 110% of WQ were classified as overestimations.

An error margin of £10% was considered acceptable, as it has minimal impact on food energy
content. The error rate for each item was calculated by dividing EQ into underestimations
and overestimations and applying the formula: [(mean EQ) WQ)/WQ] x 100. To determine
the relationship between food energy density (in kJ/g or mL) and the EQ/WQ ratio, the data
were presented as means, standard deviations, medians, and ranges (minimum and maximum
values)[17]. A significant Spearman correlation between energy density and weight
estimation (EQ/WQ) was observed (p < 0.05).

3 Results

The small proportion of correct estimations observed in this study is consistent with findings
from previous studies[7,27,28].
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Figure 1. Percentage of inaccurate (under and overestimations) and acceptable portion size
estimations by subjects.

All food items analyzed in this study were both underestimated and overestimated by
participants. The calculations based on the food weight (mean EQ/WQ ratio) indicated that
rice, flour, boiled eggs, watermelon, and sugar were overestimated, whereas plant-based
proteins and vegetables were underestimated. A significant difference was found between the
mean EQ and WQ for rice, flour, and tofu (p-value <0,001).

From figure 1, we could see that a higher proportion of participants underestimated
tempeh (52.8%), tofu (80.6%), and water spinach (58.9%). The mean EQ/WQ ratio further
demonstrated that rice, flour, and watermelon were mostly overestimated, whereas tempeh,
tofu, and water spinach were underestimated.

Table 1. Reduced category for average estimated quantity (EQ) and weighed quantity (WQ)

ratios
EQ/WQ
Category Food item Mean (SD) (Min — | p-value
max)
Overestimation Rice 2.1(1.5) 0.14-7.14 <0.001*
(EQ/WQ above 1.1) Flour 2.5(5.5) 0.33-33.33 | 0.532
Boiled egg 1.2 (1.15) 0.09-741 0.213
Watermelon 59.6 (58.8) 0.001 —174 | 0.063
Sugar 1.2(14) 0.001 —9.09 | <0.001*
Acceptable Tempeh 0.86 (0.52) 0.001 —2.86 | 0.055
estimation Tofu 0.75 (0.37) 0.001 —2.13 | <0.001*
(ES/W‘)Q between 0.9 | Water spinach | 0.97 (0.47) 0.001 -1.67 | 0.622
and1.1

A significant difference was found between the mean EQ and WQ for rice, flour, and tofu

Table 2. The results of the correlation analysis between energy density and EQ/WQ ratio
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Food items r p-value
Rice 0.078 0.657
Flour 0.359 0.034*
Boiled egg 0.074 0.671
Tempeh 0.000 1.00
Tofu -0.344 0.043*
Water spinach 0.083 0.634
Watermelon -0.69 <0.001%*
Sugar 0.187 0.283

*Significant according to the Wilcoxon rank test

Table 2 shows a correlation between the energy density of flour, tofu, and watermelon
with the EQ/WQ ratio of these foods. A significant negative correlation was found for tofu
and watermelon, indicating that as the energy density of the food items increased, the EQ/WQ
ratio decreased. This suggested that participants tended to provide more acceptable
estimations and underestimations for tofu and watermelon.

4 Discussion

Other studies have also shown a low percentage of accurate estimations in food portion size
assessment [7,17]. In this study, overestimation occurred more frequently than acceptable
estimation, which contrasts with findings from other studies [7,29]. This could be attributed
to differences in food types, the prior knowledge of the cadres, or a combination of both. The
eight most frequently underestimated food items were tempeh, tofu, water spinach, flour,
boiled eggs, watermelon, rice, and sugar. In other words, plant-based foods were the most
commonly underestimated (>50%).

The participants significantly overestimated rice, flour, boiled eggs, watermelon, and
sugar. This overestimationcould be attributed to the perception that these foods are dense or
high in calories, leading to an association between their energy content and their actual
weight. In the case of watermelon, the large of the fruit likely contributed to the tendency to
overestimate its weight. Previous studies support this finding, showing that predictive models
often overestimate the weight of larger fruits due to their size. This overestimation can be
corrected by incorporating additional factors, such as the ratio of fruit weight to diameter,
into the models [30].

Accurate food portion size estimation is a difficult task that involves both subjectivity
and objectivity. The findings of this study revealed a low percentage of correct estimations
by posyandu cadres, with a general tendency to overestimate high-energy foods and
underestimate low-energy foods. Two main factors influencing portion size estimation were
identified: food characteristics and subject-related factors. Many studies have indicated that
challenges in estimating food portion sizes stem from the form and type of food items,[31]
or from visual distortions caused by small portions. Visual characteristics of food can
influence an individual’s ability to estimate portion sizes accurately[32].

This study also found a significant positive relationship between energy density and
the EQ/WQ ratio for certain food items, such as flour, tofu, and watermelon. The participants
tended to overestimate foods with higher energy density per unit of weight (g), such as flour
and tofu, but not watermelon. Despite its low energy density, watermelon was overestimated
due to its large size. In contrast, foods with low energy density, such as fruits and vegetables,
were underestimated. These findings suggested that individuals’ knowledge of a food’s
energy content can influence their perception and estimation of portion sizes. Previous study
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similarly found that participants overestimated the energy content of unhealthy foods while
underestimating that of healthier options [33].

To improve the accuracy of dietary assessments, it is essential to identify the factors
that influence portion size estimation and use them in training exercises to increase
researchers' awareness of potential errors. Further research involving non-cadre participants
and examining both ‘healthy’ and ‘unhealthy’ food portion sizes is needed to confirm the
hypotheses presented in this study. This would help determine whether the general public’s
knowledge of food energy content also influences their ability to estimate food portion sizes.

5 Conclusion

The results showed that most posyandu cadres overestimated several high-density foods such
as rice, flour, boiled eggs, sugar, with the exception of watermelon which, despite its low
density, was also overestimated. These findings emphasize the need for training on portion
estimation for the general public to improve the accuracy of dietary intake data.
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Diponegoro.

References

1. Guenther, P. M., Reedy, J. & Krebs-Smith, S. M. Development of the Healthy Eating
Index-2005. J. Am. Diet. Assoc. 108, 1896-1901 (2008).

2. Guenther, P. M. et al. Update of the Healthy Eating Index: HEI-2010. J. Acad. Nutr.
Diet. 113, 569-580 (2013).

3. Schap, T. R., Kuczynski, K. & Hiza, H. Healthy Eating Index—Beyond the Score. J.
Acad. Nutr. Diet. 117, 519-521 (2017).

4, Onvani, S., Haghighatdoost, F., Surkan, P. J., Larijani, B. & Azadbakht, L.
Adherence to the Healthy Eating Index and Alternative Healthy Eating Index dietary
patterns and mortality from all causes, cardiovascular disease and cancer: a meta-
analysis of observational studies. J. Hum. Nutr. Diet. 30, 216-226 (2017).

5. Boushey, C. J., Spoden, M., Zhu, F. M., Delp, E. J. & Kerr, D. A. New mobile
methods for dietary assessment: Review of image-assisted and image-based dietary
assessment methods. Proc. Nutr. Soc. 76, 283-294 (2017).

6. Nelson, M., Atkinson, M. & Darbyshire, S. Food Photography I: the perception of
food portion size from photographs. Br. J. Nutr. 72, 649-663 (1994).
7. Frobisher, C. & Maxwell, S. M. The estimation of food portion sizes: A comparison

between using descriptions of portion sizes and a photographic food atlas by children
and adults. J. Hum. Nutr. Diet. 16, 181-188 (2003).

8. Hernandez, T. et al. Portion size estimation and expectation of accuracy. J. Food
Compos. Anal. 19, 14-21 (2006).
9. Walton, J. Dietary assessment methodology for nutritional assessment: A practical

approach. Top. Clin. Nutr. 30, 33-46 (2015).

10. Sharma, V. & Chadha, R. Effectiveness of food portion size estimation aids for diet
assessment: A systematic review. Int. J. Food Sci. Nutr. 2, 106-112 (2017).

11. Subar, A. F. et al. Addressing current criticism regarding the value of self-report



BIO Web of Conferences 133, 00006 (2024) https://doi.org/10.1051/biocont/202413300006
The 5" ICOPH-TCD 2024

dietary data. J. Nutr. 145, 26392645 (2015).

12. Vuckovic, N., Ritenbaugh, C., Taren, D. L. & Tobar, M. A qualitative study of
participants’ experiences with dietary assessment. Journal of the American Dietetic
Association vol. 100 1023-1028 (2000).

13. Subar, A. F. et al. Assessment of the Accuracy of Portion Size Reports Using
Computer-Based Food Photographs Aids in the Development of an Automated Self-
Administered 24-Hour Recall. J. Am. Diet. Assoc. 110, 55-64 (2010).

14. Kirkpatrick, S. I. et al. The use of digital images in 24-hour recalls may lead to less
misestimation of portion size compared with traditional interviewer- administered
recalls. J. Nutr. 146, 2567-2573 (2016).

15. Young, L. R. & Nestle, M. Portion sizes in dietary assessment: issues and policy
implications. Nutr Rev 53, 149-58 (1995).
16. Brogden, N. & Almiron-Roig, E. Estimated portion sizes of snacks and beverages

differ from reference amounts and are affected by appetite status in non-obese men.
Public Health Nutr. 14, 1743-1751 (2011).

17. Japur, C. C. & Diez-Garcia, R. W. Food energy content influences food portion size
estimation by nutrition students. J. Hum. Nutr. Diet. 23, 272-276 (2010).

18. Geier, A. B., Rozin, P. & Doros, G. Size on Food Intake. Psychol. Sci. 17, 521-526
(2006).

19. Young, L. R. & Nestle, M. The contribution of expanding portion sizes to the US
obesity epidemic. Am. J. Public Health 92, 246-249 (2002).

20. Wansink, B. & van Ittersum, K. Portion Size Me: Downsizing Our Consumption
Norms. J. Am. Diet. Assoc. 107, 1103-1106 (2007).

21. Rolls, B. J., Roe, L. S. & Meengs, J. S. The effect of large portion sizes on energy
intake is sustained for 11 days. Obesity 15, 1535-1543 (2007).

22, Brunstrom, J. M., Shakeshaft, N. G. & Scott-Samuel, N. E. Measuring “expected

satiety” in a range of common foods using a method of constant stimuli. Appetite 51,
604—-614 (2008).

23. Burger, K. S., Kern, M. & Coleman, K. J. Characteristics of Self-Selected Portion
Size in Young Adults. J. Am. Diet. Assoc. 107, 611-618 (2007).

24. Capaldi, E. D., Owens, J. Q. & Privitera, G. J. Isocaloric meal and snack foods
differentially affect eating behavior. Appetite 46, 117-123 (2006).

25. Shimizu, M., Payne, C. R. & Wansink, B. When snacks become meals: How hunger
and environmental cues bias food intake. Int. J. Behav. Nutr. Phys. Act. 7, 1-7 (2010).

26. FAO. Guidelines for Measuring Household and Individual Dietary Diversity.
Version 4. (2008).

217. Blake, A. J., Guthrie, H. A. & Smiciklas-Wright, H. Accuracy of food portion
estimation by overweight and normal-weight subjects. J. Am. Diet. Assoc. 89, 962—
964 (1989).

28. Rapp, S. R., Dubbert, P. M., Burkett, P. A. & Buttross, Y. Food portion size
estimation by men with Type Il diabetes. J. Am. Diet. Assoc. 86, 249251 (1986).

29. Williamson, D. A. et al. Comparison of digital photography to weighed and visual
estimation of portion sizes. J. Am. Diet. Assoc. 103, 1139-1145 (2003).

30. Marini, R. P., Schupp, J. R., Baugher, T. A. & Crassweller, R. Relationships between
fruit weight and diameter at 60 days after bloom and at harvest for three apple
cultivars. HortScience 54, 86-91 (2019).



BIO Web of Conferences 133, 00006 (2024) https://doi.org/10.1051/biocont/202413300006
The 5" ICOPH-TCD 2024

31. Byrd-Bredbenner, C. & Schwartz, J. The effect of practical portion size measurement
aids on the accuracy of portion size estimates made by young adults. J. Hum. Nutr.
Diet. 17, 351-357 (2004).

32. Gittelsohn, J., Shankar, A. V., Pokhrel, R. P. & West, K. P. Accuracy of estimating
food intake by observation. J. Am. Diet. Assoc. 94, 1273-1277 (1994).

33. Carels, R. A., Konrad, K. & Harper, J. Individual differences in food perceptions and
calorie estimation: An examination of dieting status, weight, and gender. Appetite 49,
450-458 (2007).



