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Abstract

:

Although digital photos have the potential to improve the precision of reported portions in dietary assessment, there are few studies investigating its accuracy in comparison to printed photos. The aim of this study was to evaluate the perception of adults in quantifying food portion sizes using printed and digital photos, displayed on computer-screens and tablets. In total, 1165 evaluations were performed for 60 photos of portion sizes in Brazil. Each participant (n = 58) attended two sessions in the study center, with an interval of at least one week. In each session, twelve food portions were prepared and randomly evaluated by each participant in its printed and digital forms. The mean error (difference between the estimated and true portions) was not significantly different between the printed photos (2.1 g ± 47.2) and the digital ones (−6.4 g ± 53.7). The agreement on using the printed and digital photos was 91% and 90%, respectively. Furthermore, the use of the tablet was more prone to underestimation when compared to printed and computer-screen photos (p < 0.001). Overall, participants did not present major difficulties in perceiving the portion sizes using the printed and digital photos, but the use of tablets led to less accurate results, indicating that this needs to be further evaluated.
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1. Introduction


A major source of error and uncertainty in the measurement of diet refers to the food portion quantification, presenting a great challenge in dietary research [1]. This hampers the determination of public policies and the establishment of health promotion actions, as well as the investigation of causal relationships between dietary factors and diseases [2,3].



Visual aids to assist individuals in estimating the amounts of foods consumed are widely used together with different self-reported dietary methods, including 24-h recall (R24h) [4,5]. The visual aids mostly used are: household measurements replicates, food models, abstract shapes, and food photos. The benefits of using these resources have been described [4,6,7,8], and in particular, the food photos are attractive, easy to be used by the interviewees, portable, low-cost and can cover a range of foods [9,10,11,12,13].



It is recognized that visual aids need to be designed specifically for each country, based on the knowledge of national food availability and ranges of intake as well as food preferences of individuals [14]. Thus, an album with photos of food portions [15] was recently developed together with the Brazilian version of the computerized R24h GloboDIET [16], which should reflect the Brazilian food consumption in view of harmonized data comparisons within Latin America and overseas.



Furthermore, it is known that the ability of individuals in quantifying the amount of food consumed is influenced by a complex cognitive process. There are three cognitive skills that influence the estimation of the food portion sizes: (1) perception (2) conceptualization (3) and memory of consumed quantities, as defined by Nelson and colleagues [12]. Such cognitive skills are commonly evaluated in validation studies of food portion photos, from which errors are quantified [2,8,9,11,14,17]. In particular, the perception of food refers to the ability of an individual to relate to an amount of food that is shown in reality, with the amount of food shown in a visual aid [12,13].



Additionally, the use of technological innovation has been widely studied and applied in food consumption surveys [18,19]. Many of the innovations are based on the interaction of individuals with technological devices (e.g., computers.) for collecting the dietary information [18,19,20,21]. Among those, digital photos of food portions with multiple images are being used with the potential to ease the quantification by using tablets or other portable technological devices in fieldwork [18]. This may be of special importance for monitoring and epidemiological studies in which hundreds of participants need to be interviewed. In such cases, digital photos could replace printed photos, preventing the high cost printing of booklets and their transportation to different interview sites.



Although digital photos may have the potential to improve the accuracy of self-reported portion sizes, we found only one study that has compared the effectiveness of using printed versus digital photos of food portions within the same sample population [22]. This study suggested that the performance of digital and printed photos was similar, but did not explore the performance of different digital screens. Another study has described the accuracy of portion size reported in digital form compared with interviewer-administered recalls but using different visual aids [17]. The results suggested that tailoring digital images in different types and formats of foods could possibly improve their estimation. However, it highlighted the need for continued work in this aspect of dietary assessment.



Within this perspective, the present study aimed to evaluate and compare the ability of perception in adults while quantifying food portions using printed and digital photos from the Brazilian GloboDiet album.




2. Materials and Methods


The study was performed in the Department of Nutrition of the Federal University of Paraná (UFPR) in Curitiba, Brazil. It is part of a multicenter study, called “VALIDA”: Validation of tools to quantify the Brazilian diet. The project was approved by the Research Ethics Committee of the UFPR, number 1363816. It began in the spring of 2016 with a duration of approximately three months. In addition, written informed consent was obtained from all participants.



2.1. Photo Album of Food Portions and Foods Evaluated in the Study


The photo album of food portions previously developed for the Brazilian population [15] was used in the assessment. It has 96 photos, 32 new photos produced in the first half of 2015 in Brazil and 64 existing photos from the International Agency for Research on Cancer/World Health Organization (IARC/WHO) album developed in Europe.



The foods included in the album were identified using the food consumption database obtained in the last National Food Consumption Survey (POF 2008/2009) [23]. First, variability analyses using a stepwise regression were conducted to detect the between-person variation in the intake of foods (in grams) based on selected nutrients (energy, macronutrients, vitamin A, vitamin C, iron, folate, and calcium) by region and sex [24]. Foods with over 90% accumulated r-square for the different nutrients were retained. Secondly, the 50 most often consumed foods were identified by region and sex. Each one of the most consumed foods was evaluated for its inclusion in the album, following the IARC guidelines (i.e., recommendations for quantifying a food with photos or other types of quantification).



All foods in the album have a series of photos with up to six portion sizes. In this study, a total of 20 food photo series was evaluated, of which 10 were developed in Brazil: sliced mortadella, sautéed cabbage, vegetable soup with meat, jello, raw cabbage, beans, feijoada (Brazilian black bean recipe), cooked cassava, sliced papaya and popcorn; and 10 developed in Europe: grated carrots, rice, scrambled eggs, grilled chicken breast, apple, spaghetti, baked potato, ground meat with sauce, margarine on bread and green salad leaves. The selection of these foods was based on the following criteria: represent different food groups and formats (e.g., amorphous, liquid, solid); be frequently consumed by the local population (i.e., from Paraná), based on data of POF 2008/2009 [23] and foods with similar formats evaluated only once (e.g., boiled cassava and cassava fries). To represent the 20 food photo series, three photos of each food were randomly selected for the evaluation, representing the portion sizes small, medium and large and totalizing 60 different photos/portions.




2.2. Participants and Number of Evaluations


A study sample of 58 participants was included, based on the estimations suggested by Nelson and Haraldsdóttir [25] plus 20% for possible losses. For that, we considered the number of evaluations necessary to identify a minimum difference (error) of 5 g for each food with a power of 80%. The research team assumed that the 5 g minimum error was a conservative and acceptable difference for all evaluated foods in the study. As a result, we aimed at performing about 12 evaluations of food portions per participant for each type of photo: printed and digital. Out of the 60 predefined food portions, the sets of 12 evaluations were randomly allocated among the participants, meaning that by chance the participants could evaluate different portion sizes of the same food.



Recruitment of participants was conducted through direct invitation and posters placed in the university buildings. A convenience sample included subcontracted workers, technicians, lecturers or students from the university. The inclusion criterion was adults between 18 and 65 years of age. The exclusion criteria were individuals with severe visual and neurological deficits; pregnant or breastfeeding women; lecturers, technicians, and students from the field of nutrition. For checking these, a questionnaire was applied to identify the participant and his/her health condition at the beginning of the study. The recruited adults were also randomly selected according to sex and education levels. Due to the non-attendance of some participants in the second evaluation, the final number of evaluations was 1165: 630 for printed photos and 535 for digital photos.




2.3. Study Protocol


A pilot study with five participants was conducted before the data collection, aiming at adjusting the study protocol as well as promoting a better performance of the study design. The research team was trained to carry out the data collection (including questionnaires, forms, the collection sequence etc.), following a stepwise procedure to prevent influencing the answers from the participants.



Participants visited the study center twice, with an interval of at least one week, to evaluate the same food for both printed and digital photos. The order of the two types of photos was allocated randomly among the participants. To prevent an effect of hungriness, participants were advised to eat within 2 h prior to the session. Similarly, foods and preparations were presented at room temperature so that their smell would not stimulate a desire for consumption.



On the first assessment day, participants were welcomed at the university for a brief study presentation, where they were given further explanation on the study procedures. To assess the printed photos, participants were individually accompanied to the lab, where the pre-defined food portions were already weighed and properly positioned on countertops following a proposed sequence of foods. Alongside, there were the food portion photos to be used in the assessment and a form to be filled in with the participants’ answers. Everything was codified and displayed in the format of a circuit sequence. To assess the digital photos, participants were individually accompanied to another lab, where there was a sensory booth with a computer screen with a 15.0-inch computer screen with a resolution of 1024 × 768 pixels-75Hz. In addition, the evaluation of digital photos using tablets was performed using the following model: Positive brand (YPY AB10EC), which a 10.1-inch screen, 1024 × 768 pixels, format 4:3. The predefined food portions and the questionnaires were coded, and the photos on the computer or on the tablet were organized in sequence. Unlike the evaluation of printed photos, the portions were presented separately to the participants, in accordance with a predefined sequence and not in the form of a circuit. The allocation of participants who evaluated by computer or by the tablet was randomly defined. This was done with the aim of testing two types of digital screens and image quality.



For each food portion, participants had up to two minutes to choose the photo that reflected the portion displayed to him/her, resulting in a maximum of 24 min per session of 12 portions. The photos were coded by letters, from A to F, which represented the smallest to the largest portions and were presented simultaneously. Thus, the participants could choose one of the photos that best represented the food quantity. It was also possible to choose an intermediate option between them (e.g., between A and B). Furthermore, participants had to indicate whether they were familiar with the food and how often they consumed it. Consumption frequencies were: never, daily, weekly, monthly, and yearly. A total of 12 sessions with up to five participants were conducted on different days. The organization and the sequence of food portions presented in each session were randomly assigned by drawing. The completed evaluation forms were reviewed by the researchers to avoid missing information or to clarify the responses while the participants were still present.



Foods and preparations were organized according to the pre-established photos and recipes. After the preparation, the portions could be displayed in an identical format in the photo (i.e., presentation) and using the same dish (e.g., plates and bowls) or in a different form that was displayed in the original photos (i.e., different format or dish). This was done because in reality, consumed foods by the population rarely reflect the same type of form in the photos, in terms of format and used dish. In addition, smaller or larger portions than shown in the photos were also evaluated to enable estimating intermediate portions between the photos (See supplementary data: Table S1). Foods were weighted on two types of scales: mark Explorer, capacity of 32,000 g, precision of 0.1 g and mark Katashi, capacity 3200 g and precision of 0.01 g, due to logistic constraints.



At the end of the second assessment, participants were asked to answer an evaluation questionnaire with the following questions: how the individual felt during the session (e.g., comfortable, uncomfortable, hungry, etc.); which method they preferred to quantify the food portions (printed or digital photos); and if was there any food they had more difficulty in quantifying.




2.4. Data Analysis


Data were doubly typed into EpiData software version 3.1 [26], with the purpose of standardizing and avoiding possible typing errors. These data were later exported to SPSS software version 22.0 [27], where statistical analyses were carried out.



The data were analyzed as usually presented in previous similar studies as well as proposed by Nelson and Haraldsdóttir [25], comparing the results of the chosen photo by the participant and the true portion size. For that, the difference between the true and the estimated size of the portion was estimated (i.e., bias) in grams and in percentage (% error: (estimated weight-true weight/true weight) × 100). The photo series was numbered from 1 to 6, with intermediate options of 0.5 points. In this way, the differences between the amounts have been classified as follows: (a) correct choice—if the bias (difference) was 0; (b) adjacent choice was for bias between −1 and +1; (c) and the distal choice for when bias was less than −1 or greater than +1 [28]. To assess agreement, correct and adjacent portions were considered as acceptable results in the study.



Non-parametric tests were used for the comparisons at the food level, as transformation did not improve the normality of the data distribution. The Spearman correlation was used to measure the association between the estimated amount and the true amount. Differences in grams were compared using Wilcoxon paired signed-rank test within the visual forms and between them.



In addition, the effect of personal characteristics (sex and years of education: ≤ or >12 years) as well as size (small, medium and large), presentation type (equal format and amount, different format or different amount than original photo) and consumption of the foods (yes or no) was calculated and compared between printed and digital photos. Consumption was defined as “yes” for any time consumption (daily, weekly, monthly or yearly) or “no” for never. Mann-Whiney or Kruskal-Wallis ANOVA, followed by Dunn’s post-test, was used in stratified comparisons. For all analysis, the level of significance considered was 0.05.





3. Results


Among the total sample, 53% were men and 76% were aged 18 to 45 years. Most of the subjects (74%) had more than 12 years of study. Moreover, 43.1% of the participants were lecturers or graduate students, 32.8% technicians and 24.1% subcontracted workers. The duration of the printed photos assessment was on average 9 min for each participant, varying from 5 to 16 min. For digital photos, the assessment lasted on average 8 min when using computer-screens (min. 5 and max. 11 min) and 11 min when using tablets (min. 5 and max. 15 min).



In the assessment of printed photos, the largest error percentage was observed for chicken (20.8%), suggesting a tendency for overestimation, while the lowest error percentage was for papaya (−0.7%). In the evaluations of the digital photos, the foods with the largest and the smallest error percentage were popcorn (39%) and beans (−0.09%), respectively (Table 1).



For printed photos, there was a statistically significant difference between the mean amount (g) of estimated portions and the true amount portions for ten of the foods: carrot, cabbage, cassava, feijoada, kale, margarine, jello, mortadella, popcorn, and rice. In the evaluations of digital photos, 12 foods presented statistical difference: cabbage, carrot, chicken, feijoada, jello, kale, margarine, mortadella, popcorn, potato, rice and soup (Table 1).



Overall, the mean error was −2.1 g ± 47.2 for printed photos (−1.1%) and −6.4 g ± 53.7 for digital ones (−3.7%), showing no statistically significant difference (p = 0.27). On the other hand, individual food analyses comparing printed and digital photos presented statistically significant difference for the following foods: cabbage (p = 0.01), cassava (p = 0.02), chicken (p = 0.02), jello (p = 0.01), ground beef (p = 0.01) and potatoes (p = 0.01) (Table 1).



The correlations between the true and the estimated portion sizes were larger than 0.6 for almost all foods, both in printed and digital photos (Table 1); with the exception of feijoada (r = 0.51; p = 0,01) in the digital photos.



The agreement between the true and the estimated portions was 91% for the printed photos, with 36% of correct choices and 55% of adjacent choices. The food best estimated, according to this classification, was pasta with no distal choice and 63% of correct choices. Furthermore, feijoada had a low percentage of correct choices (20%) and a considerable percentage of choices for distal portions (17%) compared with the other foods. In the evaluations of digital photos, the concordance was 90%, with 36% correct and 54% of adjacent choices. There were no distal choices on the photo portions of ground beef, carrots, pasta and green salad leaves, which were all classified as correct or adjacent. On the other hand, the popcorn obtained the lowest number of acceptable ratings compared to other foods, with 17% of correct choices and 31% of distal choices (Table 2).



Overall, about 40% of the assessments presented less than 10% error, which was also similar between printed and digital photos (41.2% and 39.8%, respectively). However, this difference increased marginally when the percentage of error was larger (Figure 1). Furthermore, about 70% of the evaluations had less than 30% error.



Looking at the all samples, without food stratification, but separating the digital assessments into computer-screens and tablets, we observed that the error was significantly (p < 0.001) larger for tablets (mean −15 g ± 59.5) compared to printed (mean −2.1 g ± 47.2) and computer-screens (mean −0.9 g ± 47.2); results not shown in tables.



Finally, there were no differences between the mean error of groups of sex and age, within printed and digital photos (Table 3). On the other hand, participants with less than 12 years of education and that were not consumers of the food had larger errors in the evaluations of digital photos using the tablet (p < 0.05) when compared to more years of education and being consumers, respectively. Moreover, in the evaluations of digital photos, foods presented in a different format than the original photo had a larger bias compared to portions with an equal format, independent of the amounts. With respect to the size of the food portion, while small portions tended to be overestimated by the participants, the larger portions appeared to be underestimated (Table 3).



The majority of participants responded to “feel comfortable” during the assessments of printed (77%) and digital (73%) photos. The option of “feeling relaxed” was the second most frequent (57% for printed and 71% for digital photos). “Feeling Hungry” was a sensation reported by 17% and 7% of the sample in the evaluation of printed and digital photos, respectively.



About 38% of participants reported having had difficulty quantifying some foods in the evaluation of printed photos, especially popcorn, feijoada and scrambled egg. In the evaluations of digital photos, this percentage was 44%, with the most cited foods: chicken, scrambled egg and apple. The reasons for the difficulties varied. Some mentioned that was due to the dish/container being different from the photo; others due to different quantity, thickness, proportion of the food. As for the preference of the visual form of photos, 45% of participants preferred to assess the portions using printed photos, 37.5% preferred the digital photos and 17.5% were indifferent.




4. Discussion


The perception of individuals in quantifying foods using photos of food portions was evaluated in this study, comparing printed and digital photos. The results showed a low error in the estimates of food portions with the aid of both types of photos, with no statistical difference between the evaluation of printed and digital photos overall, although the use of the tablet showed larger underestimation when compared to the other methods of application.



Noteworthy, specific foods, such as popcorn and feijoada, were not well estimated when compared to the other foods. The irregular shape of the foods and the depth of the bowls depicted in the photo can distort the concept of volume, and may therefore explain the results obtained. Particularly, amorphous foods, as feijoada, do not have a definite shape and will assume the format of the dish/container in which it is placed, leading to be estimated with less precision [29].



Furthermore, there was a tendency to underestimate most of the foods evaluated, mainly in the assessment of the digital photos. These results corroborate with other studies that have observed a tendency of food portion underestimation in their evaluations with printed photos [7,28]. For the only study comparing both printed and digital photos, no clear pattern of underestimation or overestimation was observed [22]. However, participants in the study evaluated different portions in each assessment (printed vs digital), which can hamper these comparisons.



The mean error found in the study ranged from −0.09% (black bean-digital photos) to 39% (popcorn-digital photos), with about 40% of the evaluations having less than 10% error. The minimum error found was considered smaller in comparison to other studies, such as the one from the Vereecken et al. [30] that evaluated the perception and conceptualization of 128 teenagers in Belgium and observed variation of error between −9% (potato chips and red cabbage) and −33% (peas). Likewise, de Keyzer et al. [7] evaluated the food photo perception of 111 adults in Belgium and observed that the error varied between −11.2% for bread and 197.5% for margarine. Additionally, about 70% of the present evaluations had less than 30% of error, more than what was observed in a study in Mexico [31] with 58% of evaluations within this range.



In general, the use of a tablet had a lower performance when compared to the other methods of application. The observed underestimation when using pictures displayed on the tablets could be due to the small screen size, which presented a smaller proportion of the photos as compared to the real shown portions in the printed and computer screens photos. In particular, individuals with less than 12 years of education had more difficulty in quantifying the portions using the tablet, compared to those with more than 12 years of study. Similarly, López et al. [32] assessed the use of printed photos of food portions in 76 Argentinian adults and found that the percentage of correct assessments was 60.9% in the group of people with a university degree and 52.7% in the group of people with primary education (p = 0.07). This may be explained by a smaller domain of the use of technological resources by individuals with low education. Preliminary results of an ongoing qualitative assessment of our study group seem to support such a statement, given the limited experience of the participants in browsing the tablet screen (unpublished results). Nevertheless, more studies are needed to evaluate this aspect in portion size estimation.



As for the size of the portions evaluated, there was a statistical difference between the small, average and large sizes, indicating the presence of the commonly known “flat slope syndrome” observed frequently in other studies [12,28,33,34]. Participants tended to overestimate small portions and to underestimate large portions. Similar to other studies, the average portion was better evaluated than the other sizes [28,35].



The way the food was presented to the participants also influenced the food portion estimation. Portions presented identically to the photos showed a smaller error than portions presented in a different format or different size. In fact, individuals tend to have more difficulty in quantifying portions that differ from the true portion of the photo, either because the distribution of the food or the used dish/container differs [11,36,37], which was corroborated by this study. It is worth noting that the studies [11,17,22,33,35,36] in this area usually differ in their methodology, making the direct comparisons of results difficult.



The present study has some limitations. First, it should be considered that the controlled setting of the study may affect the generalization of the results. However, it is believed that the methodology applied allowed us to present interesting results on the perception of adult individuals in quantifying food portions using photos. The type of presentation that varied in both size and format is not typically approached in other studies. This is also the first study of a series that will evaluate the different cognitive abilities (i.e., conceptualization and memory) in the same population. Secondly, the small number of evaluations could result in the observed non-significant results of the study. Nonetheless, a power of more than 99% was observed when we performed post-hoc power analysis to detect the reported differences of most foods, except for papaya, beans and potato, which presented less power. But even for those cases, concordance between the correct and the reported amounts can be considered acceptable since the observed difference was less than 2 g in food amounts.



Finally, we suggest that further studies are needed in a more realistic setting, where individuals could eat meals in a less controlled environment and dietary assessments such as 24-h recalls could be applied using the food photo booklets. Moreover, the lower performance of less educated individuals could be further explored, as for instance, through qualitative assessments. For photos that have not been well evaluated in this study (e.g., popcorn, beans), it is suggested that more evaluations are carried out for final conclusions in their use or that alternative ways of quantifications are explored.




5. Conclusions


The high proportion of correctly or nearly correct estimated portions indicates proper perception of the participants in using the photos in the present study, suggesting that the photos can assist in the quantification of food consumption. However, some features of the participants seemed to influence the quantification of the portion size, such as level of education. In this case, more attention should be given to the use of photos. In addition, the size and the type of food presentation also influenced quantification. Whether more sizes and food presentations should be incorporated into the album is questionable and should be explored, perhaps in digital formats where a larger range of photos is allowed. In general, there was no statistical difference between evaluations of printed and digital photos, although the evaluations using tablet resulted in worse outcomes compared to printed and computer-screens in this population, indicating that this needs to be further evaluated.
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Figure 1. Cumulated percentage of perception assessments in relation to error percentage classification. 
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Table 1. Number of evaluations, mean and standard deviation of the true and the estimated portion sizes, error (g and %) and correlation between the true photo and the chosen one.
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Printed Photos

	
Digital Photos

	




	

	
True Portion Size (g)

	
Estimated Portion Size (g)

	
Error (g)

	

	
% Error

	

	

	
True Portion Size (g)

	
Estimated Portion Size (g)

	
Error (g)

	

	
% Error

	

	




	
Food

	
n

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
p

	
Mean

	
r *

	
n

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
p

	
Mean

	
r *

	
P






	
Total

	
631

	
172.6

	
151.9

	
170.6

	
149.5

	
−2.1

	
47.2

	
0.27

	
−1.1

	
0.95

	
535

	
173.0

	
152.5

	
166.6

	
145.6

	
−6.4

	
53.7

	
0.01

	
−3.6

	
0.95

	
0.17




	
Apple

	
36

	
147.4

	
67.6

	
154.6

	
57.2

	
7.1

	
39.1

	
0.37

	
4.8

	
0.76

	
26

	
152.7

	
66.3

	
150.9

	
55.7

	
−1.7

	
35.6

	
0.93

	
−1.1

	
0.75

	
0.09




	
Beans

	
33

	
188.7

	
118.1

	
191.1

	
127.9

	
2.4

	
32.9

	
0.43

	
1.2

	
0.93

	
28

	
201.0

	
122.8

	
200.7

	
126.4

	
−0.2

	
86.2

	
0.48

	
−0.09

	
0.74

	
0.48




	
Cabbage

	
32

	
64.2

	
45.4

	
59.4

	
35.9

	
−4.7

	
25.2

	
0.04

	
−7.3

	
0.82

	
26

	
64.3

	
45.8

	
54.9

	
32.5

	
−9.3

	
22.5

	
0.01

	
−14.4

	
0.86

	
0.01




	
Carrot

	
33

	
93.3

	
48.9

	
79.6

	
38.5

	
−13.7

	
20.5

	
0.001

	
−14.6

	
0.93

	
28

	
92.1

	
51.5

	
79.5

	
41.2

	
−12.5

	
16.