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Image-based dietary intake assessment (IBDIA) is a new way by which the accuracy of 

dietary assessment can be improved through the use of digital images of food. The ability of 

nutrition and dietetics students and interns to accurately interpret images for diet intake 

assessment is currently unknown. An online survey of 114 nutrition and dietetics students and 

interns from the United States and Australia was completed to assess IBDIA ability with 

common American foods and determine the greatest challenges to accuracy. Educational and 

other experiences were assessed to determine the types of experiences that led to greater 

image interpretation accuracy. Students were able to successfully identify foods 79.5% of the 

time. Portion size estimations for a second set of foods were less accurate, with only 38% of 

estimates falling within ±10% of the ground truth weight. Students stated that general difficulty 

with perceiving portion sizes made quantifying foods from images difficult. Having experience 

cooking at home from a recipe, frequent measuring of portions, and having a food preparation 

or cooking laboratory class were associated with enhanced accuracy in IBDIA.  Future training 

of dietetics students should incorporate more food-based portion size training to improve portion 

size estimations while performing IBDIA.  
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Image-Based Dietary Intake Assessment Ability of Dietetic Students and Interns 

Chapter 1: Introduction  

Introduction 

Technological innovation in the field of dietetics strives to improve the current standards 

of practice in the area of dietary intake assessment. Self-reported methods of assessing diet, 

such as 24-hour recalls, food records, or food-frequency questionnaires, are commonly used in 

practice, with potential for substantial systematic errors in the reporting or interpreting of the 

foods eaten. With the increase in accessibility to smartphones with picture-taking capacity, 

digital images are being explored as a method of improving dietary intake assessment accuracy 

and efficiency. The process of using images of food in addition to traditional diet assessment 

methods is referred to as image-assisted dietary intake assessment (IADIA). For IADIA, the 

images are used to assist the client or study participant and the dietitian1.  When images are 

used as the only source of dietary assessment this is referred to as image-based dietary intake 

assessment (IBDIA).  In the case of image-based methods, the dietitian or analyst primarily 

uses images of food to complete dietary assessment and in some cases, may clarify content of 

the image with the recorder if an item is unclear or occluded1. 

In response to the increased use of IBDIA in practice, dietetics training will need to adapt 

to incorporate specific learning experiences that promote more accurate use of images for 

assessing the diets of clients2. This study used qualitative and quantitative methods to explore 

challenges and advantages associated with IBDIA in dietetics practice and to identify specific 

factors associated with a greater degree of accuracy in identifying and quantifying portions of 

food and beverages from digital images. The results from this study will be used to direct the 

development of future education and training for dietetics students and professionals in 

preparation for the increasing use of image-assisted dietary assessment in dietetics practice. 

Literature Review 

Traditional Methods of Dietary Intake Assessment 

Dietary assessment is a key component of practice within the field of dietetics. National 

dietary surveillance systems, such as the National Health and Nutrition Examination Survey 

(NHANES), also rely heavily on current dietary assessment methods to evaluate the diet of the 

population. In research and practice, obtaining an accurate representation of individual or 

population dietary intake is essential to determine nutritional adequacy and making 

recommendations for change. Current dietary intake assessment methods are participant to 

errors in reporting that can influence accuracy of the actual dietary intake3. The most commonly 

used assessment methods for dietary intake are dietary records, 24-hour dietary recalls, and 
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food frequency questionnaires (FFQs). These methods all rely on individuals’ self-reported data, 

which presents several concerns in data quality and accuracy4,5. These errors can be a result of 

social desirability bias, record fatigue, omissions in foods, or inaccurate recall of food identity or 

portion size6,7.  

Validation studies using the current gold standard for energy balance studies, doubly-

labeled water (DLW), have revealed high rates of underreporting using traditional diet 

assessment methods, especially in certain subpopulations such as obese individuals, 

adolescents, and female endurance athletes4. Having lower levels of education and being of an 

age below 59 have also been shown to be associated with greater rates of underreporting5. 

Overreporting has also been observed in certain cultures in which abundance of food is 

considered a status symbol or indicator of wealth8. One method of preventing underreporting is 

training participants on portion size estimation skills. Several studies have reported improved 

accuracy after training individuals; however, in comparison to DLW, accuracy remains low9–13. 

DLW, while useful for capturing accurate energy balance data, does not capture certain 

nuances of dietary patterns or diet variety that food records or other forms of assessment can 

better portray. In addition, the high cost, time, and burden on participants in DLW studies create 

significant barriers to its widespread use14. 

The Use of Images in Dietary Intake Assessment 

In recent years, dietary assessment methods using digital images have grown in 

popularity as tools for increasing the accuracy of reported diet intake and reducing the burden 

on participants15,16. These images captured by individuals create visual representations of the 

client’s diet, removing some of the reliance on memory and providing a more objective measure 

of a client’s diet17. Images may be captured actively by the participant, using a camera or 

smartphone, or taken passively by a wearable device. Images may be used in addition to other 

methods of dietary assessment (image-assisted); in particular, passive methods have been 

used to complement retrospective methods of diet assessment18. Under these circumstances, 

the quality and level of detail contained within the image are important with regard to the 

accuracy of the dietary assessment. 

Several methods of image-based dietary assessment rely on dietitians to manually 

analyze the foods in the images, though automation of image analysis has also been explored 

as a promising new way to reduce researcher burden1. In both cases, capturing images of food 

or plates both before and after eating is a vital part of image-based dietary intake assessment 

techniques, as it allows for the determination of food portions actually consumed. 
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The Wellnavi method relies on dietitians to analyze images captured with a handheld 

personal digital assistant (PDA)19,20. In this method, to facilitate the interpretation of the images 

by dietitians, study participants are instructed to use a stylus as a reference object, to take the 

images at a 45-degree angle, to provide information about ingredients of dishes by writing on 

the screen, and to take additional images of leftovers. Study participants also complete a 

questionnaire about usual dietary habits, such as the addition of sugar to coffee20. This method 

has been tested through validation studies, indicating no significant differences in energy intake 

(EI) between the photo method and weighed food records in pilot studies, but underestimation 

of EI by 13.1% in a larger validation study in comparison to weighed food records21. Dietitians 

interpreting the images cited the following as reasons for the inconsistency between the 

methods: photos not taken at a 45-degree angle, participants not providing additional 

information via writing with a stylus on the image, difficulty in identifying ingredients that are not 

observable in mixed dishes, and low quality of the images21. 

A similar method was used by Dahl Lassen et al. in a feasibility study in Denmark, in 

which participants captured images of their evening meals using a digital camera at a 45-degree 

angle with a ruler as a reference object. They were instructed to keep different foods separated 

on their plates, and to record ingredients in recipes in the provided notebook. Image analysts 

were trained in portion estimation using various images of common foods. They were asked to 

estimate the food portions in grams, and then given feedback on the accuracy of their answer. 

Two analysts interpreted the participants’ images using the average of the weights identified to 

compute the nutrient information. One noted limitation of this method was the cost of labor in 

identifying and quantifying foods, as well as the difficulty in the interpretation of mixed dishes22.  

Rollo, Ash, Lyons-Wall, and Russell tested the Nutricam mobile phone application for 

recording food intake, which consists of a food image and a short audio recording clarifying 

foods present in the image. All food that was consumed, or served but not consumed, was 

recorded.  This method resulted in consistently lower energy reports compared to a written 

dietary record, with the low accuracy due to: poor quality images, food items blocked from view 

by other items, and mixed dishes with many poorly-visible components23. 

The Remote Food Photography Method (RFPM) is another method of IBDIA and relies 

on images captured using camera-enabled cell phones24. The basis for this method of dietary 

assessment is the digital photography method, in which trained analysts compare images of 

food to standard reference portions and quantify the food amount in terms of percentages of the 

reference portion. In a validation study of the digital photography method, intraclass correlations 

were very high among the three trained observers used (0.94). Validity in comparison to known 
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weights indicated a slight tendency for overestimation, but this effect was relatively small25. In a 

larger-scale validity test of the RFPM, energy intake was slightly underestimated in comparison 

to DLW. The emphasis of the project was on ecologic momentary assessment (EMA), which 

focuses on prompts at meal times to increase the likelihood that an image of an eating occasion 

is captured. 

The mobile food record app (mFR) is an active, image-based method that uses an 

image analysis software to identify and quantify foods present in images taken by users with a 

camera on a smartphone.  A fiducial marker, a small checkerboard-patterned square, is placed 

in each image to be used as a reference object26. In this method, the user can confirm or correct 

the foods identified by the automated system, after which results are sent to the researchers or 

Registered Dietitian Nutritionists (RDNs). Foods identified are assigned a food code from the 

Food and Nutrition Database for Dietary Studies (FNDDS), a validated method for coding 

energy and protein content in foods27.  

Several passive methods have been used to supplement traditional forms of diet 

assessment, including wearable cameras such as the SenseCam, which captures images at 20-

second intervals. A trial to determine how SenseCam images enhance food records showed an 

increase in reported energy intake with the addition of the images in interpretation of records. 

The main reasons cited for the increased energy intake numbers were inclusion of foods 

omitted in food logs or greater details about the context in which foods were consumed, such as 

place, time, or eating companions. However, portion size was not easily assessed through the 

SenseCam images, as the images were not always taken at an angle that was conducive to 

easy interpretation28. Despite the challenges experienced with passive methods of image 

capture, RDNs may be able to integrate images into traditional methods of diet assessment to 

help correct common errors that clients make in recording dietary records, and to allow for 

probes about eating occasions that can lead to better identification of foods, such as meal 

setting, meal timing, or eating companions. 

Accuracy of Trained Interpreters to Interpret Images of Food 

While many studies have used RDNs to interpret digital images, the ability of RDNs or 

RDNs-in-training to accurately interpret digital images of food has not been adequately tested. 

In a validation study of the Remote Food Photography Method, two RDNs were used to interpret 

digital images of cafeteria food intake of children, and produced high inter-rater reliability (intra-

class correlation coefficient 0.95 for kcals selected), but validity was not tested based on ground 

truth food data (the known food identities and weights)29. Other studies have trained 

undergraduate and graduate students as research assistants, which produced high interrater 



	

	

5 

reliability (>0.90), but more work is needed on the ability of this population to accurately identify 

and quantify foods from images in comparison to ground truth data30. 

Schap et al. tested the ability of adolescents to identify and quantify the foods in images 

after eating, and found high accuracy in identification of foods, but difficulty with correctly 

estimating the portion size of the foods in the images31. Adolescents identified the foods on 

paper using typical descriptive words. In a clinical setting, a RDN would typically then need to 

code the foods identified using a food and nutrition database to obtain nutrition information, 

which could introduce the potential for error. More work on the ability of RDNs to select the 

appropriate foods to produce accurate nutrient estimates from a database is needed. 

In the development of new methods for assessing dietary intake via images, emphasis 

has been placed on the experience of the client or study participant in capturing the images, and 

little is known about the experiences of RDNs in interpretation of the images. The challenges 

and benefits perceived by RDNs tasked with analyzing food images can help inform efforts to 

develop educational techniques that can enhance the ability to accurately interpret identity and 

quantity of foods in images.  

The Role of Dietetics Education in Training Practitioners to Use Images 

In this new era of dietary intake assessment aided by digital images, nutrition and 

dietetics education will need to expand to equip the next generation of professionals with the 

skills to accurately interpret food images taken by clients. There has recently been increased 

interest in telehealth, or the provision of healthcare services remotely using technology32. 

Images may play a key role in dietary intake assessment for patients seen exclusively via 

telehealth, thus it is important to assess the ability of IBDIA to produce accurate assessments of 

diet. A 2010 survey of dietitians with five or more years of practice experience revealed that 2D 

images could be used effectively to measure dietary intake33. More recently, private companies 

have begun providing nutrition counseling by RDNs remotely using images as the primary form 

of nutrition assessment34. Current training of nutrition and dietetics students and interns focuses 

on traditional methods of dietary intake assessment35, however it is unknown how well the 

experiences gained from that training prepares dietetics students to perform image-assisted 

dietary assessment.  

Food exposure and knowledge gained from dietetics training may relate to the ability of 

student to identify and estimate the portion sizes of foods. Brown and Oler10 found that handling 

of food models increased the accuracy of portion size estimation by college students, which 

may implicate handling of food through cooking or other food labs as an experience that may 

lead to improved diet assessment ability. This further emphasizes the importance of food and 
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culinary training in the education of nutrition and dietetics professionals36. Japur and Diez-

Garcia37 found that the energy density of foods influences the accuracy of portion size 

estimations by direct observation, with higher-energy foods perceived as unhealthy tending to 

be overestimated by third-year nutrition students. Thus, knowledge of the composition of foods 

or judgments about the perceived healthfulness of foods may also have an influence on bias in 

estimating food portion sizes. 

Food identification from images may also be affected by the cultural competency of the 

students, particularly when serving diverse populations. Images can be useful for serving 

populations with low literacy levels, significant language barriers, or intellectual disabilities38. 

However, socioeconomic status and access to technology such as mobile phones or cameras 

must also be considered in widespread implementation of IBDIA methods. Knowledge of the 

food culture and practices of other countries can aid in the accurate identification of foods 

present at various eating occasions for diverse patients or research participants39. In addition, 

having a broader knowledge of the composition of various cultural foods can increase the 

accuracy with which the foods are entered into a nutrient analysis program as foods are 

selected from databases. McArthur et al.40 demonstrated that third-and fourth-year dietetics 

undergraduate students possessed an inadequate knowledge base about cultural food 

practices, health beliefs, and communication styles, indicating that dietetics students need 

greater education in cultural competency to increase their efficacy as future professionals. This 

lack of cultural competency may need to be addressed in future recommendations for nutrition 

and dietetics education to enhance food skills. 

This study first explored factors identified by a panel of experienced practitioners that 

relate to the ability to accurately identify and quantify foods from images.  The second part of 

the study assessed the current abilities of undergraduate and graduate students in dietetics, 

nutrition, and foodservice and dietetic interns to perform assessment of diet, i.e. identification 

and amount, directly from images. Further, direct and indirect learning experiences were 

identified that were associated with an enhanced ability to perform this skill. The results will 

inform future dietetics curriculum development to best equip RDNs to use images for dietary 

assessment in research and practice. 
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Specific Aims 

The specific aims for each phase are as follows: 

Part 1 Specific Aims: 

1. Identify specific knowledge, skills, and experiences gained from formal dietetics 

training that have influenced the ability of dietitians and nutrition researchers to 

accurately: 

• identify foods from digital images  

• estimate the serving sizes of foods in digital images 

2. Identify personal skills and experiences acquired outside of formal dietetics training 

that have influenced the ability of dietitians and nutrition researchers to accurately: 

• identify foods from digital images  

• estimate the serving sizes of foods in digital images 

3. Identify the perceived challenges with performing diet intake assessment using digital 

images of foods. 

4. Identify the perceived benefits to using digital images to assess the diet of a client, 

patient, or research participant. 

5. Identify current training strategies and interpretation techniques used by individuals 

experienced in image-assisted dietary intake assessment.  

Part 2 Specific Aims: 

1. Quantify the effect of formal dietetics training and practice experience on the ability of 

dietetics students and interns to accurately:  

• identify foods from digital images  

• estimate the serving sizes of foods in digital images 

Hypotheses:  

1a. Having more years of formal dietetics training will increase nutrition and 

dietetics students’ and interns’ accuracy in identifying foods in digital images. 

2a. Having more experience in performing verbal or other dietary assessment 

methods will increase accuracy of nutrition and dietetics students and interns in 

identifying foods in digital images. 

1b. Having more years of formal dietetics training will increase nutrition and 

dietetics students’ and interns’ accuracy in estimating the serving sizes of foods 

in digital images. 
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2b. Having more experience in performing verbal or other means for dietary 

assessment will increase nutrition and dietetics students’ and interns’ accuracy in 

estimating the serving sizes of foods in digital images. 

2. Quantify the effects of personal and experiential factors identified by an experienced 

panel of digital image analysts on the ability of dietetics students and interns to 

accurately: 

a. identify foods from digital images  

b. estimate the serving sizes of foods in digital images 

Hypothesis:  

a. Factors identified by the panel as enhancing identification of foods from digital 

images will be associated with greater accuracy in identification of foods from 

images among nutrition and dietetics students and interns. 

b. Factors identified by the panel as enhancing serving size estimation from 

digital images will be associated with greater accuracy in portion size estimation 

of foods from images among nutrition and dietetics students and interns. 

3. Identify challenges associated with performing accurate diet intake assessment from 

images. 

Hypothesis:  

The challenges identified by the panel will also be identified by nutrition and 

dietetics students and interns. 
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Chapter 2: Manuscript 

Introduction  

Dietary assessment is a key component of practice within the field of dietetics. In 

research and practice, obtaining an accurate representation of an individual’s dietary intake is 

essential to making recommendations for change. Current dietary intake assessment methods 

are subject to many errors that can influence overall accuracy of the dietary intake assessment. 

The most commonly used assessment methods for diet intake are: dietary records, 24-hour 

dietary recalls, and food frequency questionnaires (FFQs). These methods all rely on 

individuals’ self-reported data, which presents several concerns in data quality and accuracy4,5. 

These errors can include: social desirability bias, record fatigue, omissions in foods, or 

inaccurate recall of food identity or portion size6,7.  

Validation studies using doubly-labeled water (DLW) have revealed high rates of 

underreporting using traditional diet assessment methods, especially in certain subpopulations 

such as obese individuals, adolescents, and female endurance athletes2. Having lower levels of 

education and being of an age below 59 have also shown to be associated with greater rates of 

underreporting5. Overreporting has also been observed in certain cultures in which abundance 

of food is considered a status symbol or indicator of wealth8. One method of preventing 

underreporting is training participants on portion size estimation skills. Several studies have 

reported improved accuracy after training individuals; however, in comparison to DLW, accuracy 

remains low9–13. 

In recent years, digital images have become popular as tools for increasing the accuracy 

of reported diet intake15. These images allow for visual representations of the client’s diet to be 

captured, removing some of the reliance on memory and providing a more objective measure of 

a client’s diet17. Images may be captured actively by the participant, using a camera or 

smartphone, or taken passively by a wearable device. Images may be used in addition to other 

methods of dietary assessment, or may replace all other recording methods, relying entirely on 

the images (image-based dietary intake assessment, IBDIA). Images may be used in addition to 

other methods of dietary assessment (image-assisted dietary intake assessment, IADIA); in 

particular, passive methods have been used to complement retrospective methods of diet 

assessment18. Under these circumstances, the quality and level of detail contained within the 

image are important with regard to the accuracy of the dietary assessment. 

 In the field of dietetics, there has recently been increased interest in telehealth, or the 

provision of healthcare services remotely using technology2,32. Images may play a key role in 

dietary intake assessment for patients seen exclusively via telehealth, thus it is important to 



	

	

10 

assess the ability of IBDIA to produce accurate assessments of diet. A 2010 survey of dietitians 

with five or more years of practice experience revealed that 2D images could be used effectively 

to measure dietary intake, however they are still relatively novel in dietetics practice33. More 

recently, private companies have begun providing nutrition counseling remotely using images as 

the primary form of nutrition assessment34. 

In response to the increased use of IBDIA, dietetics training will need to incorporate 

specific learning experiences or teaching strategies that promote enhanced accuracy in 

interpretation of images for assessing the diets of clients. The objectives of this study were: 1) to 

explore factors relating to dietetics training and experience that may contribute to enhanced 

accuracy in IBDIA, 2) to identify challenges to performing IBDIA, and to 3) assess the ability of 

nutrition and dietetics students and interns to perform IBDIA. We hypothesized that years of 

formal dietetics training and experience performing traditional methods of dietary intake 

assessment will be associated with a higher degree of accuracy in performing IBDIA. The 

results from this study could be used to direct the development of future education and training 

for dietetics students and professionals in preparation for the increasing use of image-assisted 

dietary assessment in dietetics practice. 

Materials and Methods 

Part 1: Needs Assessment 

 A small sample of dietitians or other nutrition professionals currently using food images 

as part of their practice and with formal training in the field of dietetics were surveyed to 

determine identify specific variables of interest that may affect the accuracy of food identification 

and quantification through images. These individuals were recruited in winter 2016 based on 

their having experience working with studies that relied on images of food for dietary intake 

assessment.  

 The panelists were asked to answer several open-ended questions about their 

experiences with IBDIA related to three main categories: 1) knowledge, 2) skills and 3) 

experiences. This included how experiences within formal training in dietetics and outside of 

formal training have influenced their abilities to interpret images; perceived challenges with 

identifying and quantifying food from images; perceived benefits and limitations to using images 

in research and practice; strategies used to interpret images; training in interpretation of images; 

and recommendations for training of image analysts.  
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Data Analysis 

 The responses were downloaded from the online survey platform and analyzed to 

determine major themes for each area of interest. Themes were then used to develop answer 

choices for the questions in Part 2. 

Part 2: Student Survey 

Participants 

  Third- and fourth-year undergraduate students or graduate students in nutrition, 

dietetics, or foodservice, and dietetic interns from three land grant institutions in the United 

States and at one large institution in Australia were recruited during the summer and fall of 2016 

to participate in the study. Recruitment sites were determined based on the availability of 

participants and access to fiducial markers (FMs). Individuals were required to be 18 years or 

older, and students in a nutrition program, including nutrition and health sciences, nutrition and 

foodservice, or dietetics. A minimum sample size of approximately 30 students was estimated 

for sufficient power based on previous similar studies31,37, with a desired distribution of students 

from each institution to minimize bias based on similar background and training. 

Announcements about the study were sent to the Director of the Didactic Program in Dietetics 

(DPD) at each university for dissemination to eligible students. Additionally, all students who 

agreed to participate in the study received a fiducial marker (FM), a small reference object used 

for interpretation of the color and size of the foods in the images. Fiducial markers were made at 

Purdue University and mailed to each recruitment site. 

Diet Assessment Survey 

To measure the participants’ abilities to perform image-based dietary intake assessment, 

the participants completed an online survey prepared with Qualtrics (Qualtrics, Provo, UT) in 

which they were shown images of plated food at different eating occasions (Figure 1). If multiple 

participants were completing surveys at the same time (such as in a classroom setting), they 

were instructed not to discuss survey questions. The items in the images were prepared in a 

kitchen using standardized recipes, thus the quantities and identities of the foods in the images 

were known (ground truth). All of the images contained a FM, as used with the mobile food 

record (mFR), which served as a reference object for interpretation of the sizes and colors of the 

foods present in the images, aimed to reduce bias introduced by the use of different screen 

sizes in using the images26. Specific foods were chosen based on food consumption data from 

the National Health and Nutrition Examination Survey (NHANES) to reflect commonly 

consumed foods in the United States. In addition, the foods chosen reflected a variety of food 

groups and food forms.  



	

	

12 

The participants were asked to interpret two different sets of food images. First, the 

participants were tested on their ability to identify specific foods in a set of images using the 

What’s in the Foods You Eat search tool embedded within the online survey. The search tool is 

linked to the Food and Nutrient Database for Dietary Studies (FNDDS) for nutrient information. 

Participants recorded the name of the most appropriate food found in the database, along with 

its corresponding food code. Participants were given written and video instructions on how to 

best navigate the search tool to minimize potential errors in identification due to low familiarity 

with the database. Participants were also provided with the coding scheme used in FNDDS for 

easier identification of the search terms needed in finding specific food items. A total of nine 

foods were used to test identification ability. The order in which the foods were presented was 

randomized using the randomization feature on Qualtrics. 

 

Figure 1. Example of an image shown to participants for the identification portion of the survey. 

	
 

Next, participants estimated the quantity of foods in a second set of images. A variety of 

household measurement units were available to choose from based on the food’s entry in the 

What’s in the Foods You Eat Search Tool. Participants chose one unit to use based on personal 

preference, and the estimate was converted into grams using the conversion factors found in 
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FNDDS. A total of eight foods were used to test quantification ability, presented in a random 

order using the Qualtrics randomization feature. 

At the conclusion of the identification and quantification portions of the survey, the 

participants received feedback on the accuracy of their answers compared to the ground truth 

values. Participants were shown the images with the answer they provided, along with the 

ground truth answer for both identification and quantification. For quantification, the ground truth 

value was given in the same unit that the participant provided. For example, if a participant 

estimated the coffee in fluid ounces, the answer would also be given in fluid ounces. The 

conversion from grams to each unit was done using the conversion factors in the What’s in the 

Foods You Eat Search Tool. 

Response to IBDIA 

Based on the challenges identified by the needs assessment, the participants were 

asked a series of questions about challenges associated with identifying and quantifying foods 

from images. Informal piloting of the survey indicated that the database may have introduced 

other challenges unrelated to the inherent ability to identify foods, so a question was added to 

assess any challenges experienced with navigating the database website. To account for 

potential differences in identifying or quantifying foods from images based on the size of the 

device screen used to take the survey, they were also asked what type of device was used to 

take the survey (desktop computer, laptop computer, tablet, or mobile device). 

Characteristics and experience information were collected for: age, sex, institutional 

affiliation, educational status classification, total number of years in higher education, 

assessment of familiarity with dietetics concepts, and dietary analysis software used. To assess 

formal dietetics-related experiences, participants were asked the number of times they had 

performed specific nutrition and dietetics tasks or skills. Tasks and skills were chosen based on 

the results of the needs assessment and knowledge of the specific activities completed within 

DPDs, such as standardizing recipes and using dietary analysis software. Answer choices 

ranged from “0-1 times” to “50+ times,” with an additional choice for “don’t know.”  For factors 

identified in the needs assessment that were not easy to numerate frequency of completion, a 

Likert-type scale was used to assess the participant’s self-efficacy at completing the task or skill. 

Participants rated their confidence in their ability to perform tasks such as, “identifying the major 

nutrients present in given foods” or “recognizing typical serving sizes for packaged foods.” 

To assess other experiences outside of formal nutrition and dietetics training, 

participants were asked about the frequency with which they perform certain tasks such as 

grocery shopping, cooking with or without a recipe, or cooking in a foodservice operation. 
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Choices ranged from “daily” to “a few times per year,” with additional options for “never” and 

“have done, but not regularly.” To assess participants’ cultural competence relating to food, they 

were asked about their self-efficacy in identifying common foods associated with cultures other 

than their home country, and ability to describe and compare and contrast food preferences of 

different cultures. Responses ranged from “not at all confident” to “very confident.” 

To gain more qualitative information about experiences perceived to contribute the most 

to the ability to perform IBDIA, a final question asked participants to “list the experience(s) that 

you feel most contributed to your ability to interpret images of food.” 

Data Analysis 

 The data collected from the finalized survey were downloaded from the Qualtrics survey 

software and imported into Excel for initial analysis. Responses that were blank or incomplete 

for the identification or quantification sections were excluded. More detailed analysis was then 

performed using RStudio (Version 0.99.842 – © 2009-2016 RStudio, Inc.). 

Characteristics Information 

Questions regarding characteristics and experience information, benefits and challenges 

to performing IBDIA and experiences gained from formal dietetics training and other life 

experiences were reported using frequencies and percentages. 

Identification of Foods from Images 

Answers provided by participants for identification of the foods present in the images 

were coded as correctly identified if they met the following guidelines, as outlined in Schap et 

al.31. The food identified by the participant matches or means the same thing as the food in the 

image, and the food code identified by the participant is in the same food group as the food in 

the image. A list of correct answers was generated for each food to code responses as correct 

or incorrect. The food codes entered by the participants were used to determine if the food was 

identified correctly or incorrectly. For participants that failed to enter the food code into the 

survey, but correctly entered the exact food description from FNDDS, the corresponding food 

code was used to code the response as correct or incorrect. The percent of foods correctly 

identified was computed for each person, and the percent of times a food was correctly 

identified was computed for each food. 

To account for differences in energy between similar foods such as varying fat contents 

of milk, ratio of energy (in kcals) in the identified food and energy present in the food in the 

image was computed using the known gram weight of the food in the image. For example, if 100 

grams of skim milk (the ground truth value) was misidentified by a participant to be whole milk, 

the ratio of kcals present in 100 grams of whole milk would be divided by the kcals present in 
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100 grams of skim milk. A score <1 indicates underestimation of energy, and a score >1 

indicates overestimation of energy. The average score was computed for each food product 

present in the survey to get a measure of the extent to which the misidentification of the food 

would influence energy estimates for an assessment of dietary intake. 

Quantification of Foods from Images 

Participants estimated the portion size of the foods present in the images using one of 

the units provided based on the FNDDS entry for each food. Data were excluded for participants 

that erroneously entered a quantity in multiple units. The number of times a given unit was used 

to quantify each food was summarized using frequencies and percentages. The conversion data 

in FNDDS were used to convert the estimates of portion size to a gram weight value. The gram 

weights of the foods were compared to the ground truth values for each food to obtain values for 

estimation errors. The number of participants that estimated the quantity within ±10% of the 

ground truth was calculated for each food. The estimated weights were divided by the ground 

truth weights to obtain a ratio with values <1 indicating underestimation and values >1 indicating 

overestimation, similar to the process used in previous studies27,41,42. The average ratios were 

computed for each food item present in the survey. 

To obtain the average accuracy in quantifying foods per person, the following formula 

was used to compute the percent error for the estimates for each food: 
|!"#$!%"& !"#$ℎ! − !"#$%& !"#!ℎ !"#$ℎ!|

!"#$%& !"#!ℎ !"#$ℎ!  × 100 

The mean percent error was computed for each person across all foods estimated. 

Though this method did not account for under- or overestimations, it prevented 

underestimations and overestimations from canceling each other out and obscuring 

inaccuracies in estimation. 

Association of Education and Background Variables with Accuracy 

 Multiple linear regression was used to determine variables predictive of accuracy in 

identification and quantification. Variables were selected for the regression based on the a priori 

hypotheses and the themes generated from the final open-ended question of the survey that 

asked about the perceived influence of experiences on image interpretation ability. These 

variables included measures of experience in the following areas: food preparation/cooking 

laboratory, dietary recalls, food record interpretation, measuring foods by volume, measuring 

foods by weight, cooking in a foodservice operation, and cooking at home with or without a 

recipe. The adjustment variables used in the model were university, age (continuous), years of 

education (as categories), and type of academic program. β values, 95% confidence intervals, 
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and p values for the unadjusted and adjusted models were obtained using the lm command in 

R. The significance level was set at α<0.05. ANOVA was used to test for interaction effects for 

age, university, and years of education. 

Results 

Part 1: Needs Assessment 

A total of ten individuals were recruited to participate in the initial survey. Four individuals 

from the United States and Australia provided survey responses. The panel identified specific 

knowledge and skills that aided in their ability to perform IBDIA, as well as challenges with 

IBDIA and benefits to using IBDIA. The results are summarized in Table 1.  

According to the panel, the skills obtained from formal dietetics training that aided in 

identification included: the use of diet analysis software, performing traditional dietary 

assessment methods such as dietary recalls, analyzing menus for nutrient information, knowing 

typical food patterns and combinations of foods eaten, and having a knowledge of the different 

food groups. Dietetics skills that aided in estimation of foods from images included: measuring 

foods, performing food conversions between different units, and using portion size resources. 

Several panelists cited the use of a portion size reference that contained life-size images of food 

portions in known quantities.  

When asked about knowledge obtained from dietetics training that aided in food 

identification, the panel stated that food group knowledge, knowing the nutrient differences 

between foods, familiarity with foods in the supermarket, and learning about foods in dietetics 

classes led to better identification of foods. One panelist stated, “Dietetics training helped me to 

understand that not all foods are the same, therefore when I assess and identify foods I can do 

this is [sic] more detail.” Knowledge that related to quantification included: conversion of food 

volumes to weights, recommendations of dietary guidelines, knowing the standard serving sizes 

of prepackaged foods, and the typical serving sizes of the general public. 

The panel also identified experiences outside of formal training that contributed to their 

ability to identify and quantify foods accurately. Knowledge, skills, and personal experiences 

relating to the ability to identify foods included: cultural food preferences, foodservice work 

experience, observing the eating habits of others, grocery shopping, cooking experience, and 

having knowledge and awareness of other cultural foods. One individual working in Hawaii 

noted, “If you are not from Hawaii, then it is difficult to identify some Hawaiian foods.” In terms of 

quantification, factors that influenced a panelist’s ability to quantify foods included: weighing and 

measuring foods, seeing measured portions on a plate, preparing or cooking foods, and having 
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knowledge of common recipes. One panelist stated, “I cook frequently, therefore I understand 

how much of each ingredient goes into certain meal types.” 

Table 1. Themes and representative quotes about image-based dietary intake assessment 
(IBDIA) ability and challenges from a panel of four individuals with experience in completing 
IBDIA.  
 

Formal Dietetics Training 
Concept Themes Quotes 
Skills relating to 
identification 

• Use of diet analysis software 
• Traditional dietary assessment methods 
• Analyzing menus 
• Knowledge of food patterns and combinations 
• Knowledge of food groups 

“Using FoodWorks [diet analysis software] 
has helped gain a better understanding of 
common foods as well as experiences 
such as learning about the different dietary 
recall methods and the different types of 
foods people share when doing food 
records” 

Skills relating to 
estimation 
 

• Measuring foods 
• Performing food conversions 
• Using portion size resources such as life-size 

images of food 

“…an understanding of common household 
measuring cups and utensils as well as 
resources including books on portion size” 

Knowledge relating 
to identification 

• Food group knowledge 
• Nutritional differences between foods 
• Supermarket tours 
• Food classes 

“Dietetics training helped me to understand 
that not all foods are the same, therefore 
when I assess and identify foods I can do 
this is [sic] more detail” 

Knowledge relating 
to estimation 

• Converting volumes to weights 
• Dietary guideline recommendations 
• Standard serving sizes for prepared/packaged 

foods 
• Typical serving sizes of the general public 

“Understanding of common portion sizes 
and the way in which people may serve 
themselves food” 

Experiences Outside of Formal Training 
Knowledge, skills, 
or personal 
experiences relatin
g to identification 

• Cultural food preferences 
• Foodservice experience 
• Observation of eating habits 
• Grocery shopping 
• Cooking experience 
• Cultural food knowledge and awareness 

“Different foods that I eat at home for 
religious festivals and occasions” 
“If you are not from Hawaii then it is difficult 
to identify some Hawaiian foods” 

Knowledge, skills, 
or personal 
experiences relatin
g to estimation 

• Weighing and measuring foods 
• Seeing measured portions 
• Food preparation and cooking 
• Recipe knowledge 

“Cooking with specific measurements and 
estimating with that knowledge” 
“I cook frequently, therefore I understand 
how much of each ingredient goes into 
certain meal types.” 

Challenges Using Images 
Identification • Poor image quality 

• Unfamiliarity with foods in images 
• Foods blocked from view by other foods 
• Size of the screen 
• Inability to view all ingredients in mixed dishes 

or combination foods 
• Difficult to determine unseen components such 

as fat content of dairy products 

“Some of the images were blurry which 
made it difficult” 
“Some of the foods did not look like typical 
versions” 

Estimation  • Angle of the foods 
• Placement of the FM 
• Obstruction of foods with other foods 
• Coding of the foods in the software 

“Couldn’t always see all the ingredients or 
all of the portion of ingredients/food” 
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Several challenges associated with using images for dietary intake assessment were 

identified. Obstacles to identification of foods included: poor image quality, unfamiliar foods, 

foods being obscured by other foods, the size of the screen used, difficulty identifying the 

composition of mixed dishes or combination foods, and difficulty determining unseen 

components of foods such as the fat content of a dairy product. For estimation, similar 

challenges were encountered, such as: the angle of the foods, the placement of the FM, 

obstruction of foods by other foods, and coding the foods in the diet analysis software. One 

panelist stated, “couldn’t always see all the ingredients or all of the portion of ingredients/food.” 

Benefits to using images for dietary intake assessment most often included factors 

associated with participant burden, such as the elimination of the need to weigh foods and the 

fast nature of taking a picture. Multiple panelists mentioned that using images for a dietary 

assessment removes the need for literacy thus might make it easier for low-literacy populations 

to complete. One individual observed that IBDIA can be “fun and less of a burden for 

participants to complete.” The other major theme identified was the increased accuracy with 

images. Panelists stated that images made the diet records more specific, decreased the rate of 

misreporting, and were more likely to capture the normal diets of participants in their typical 

environments.  

The panelists also identified several strategies used while interpreting images of food as 

part of a dietary intake assessment. Many individuals stated that other images of food were 

helpful in judging the identity or portion size of a food in an image. One individual cited the use 

of two screens side-by-side as helpful in comparing images of food. Several panelists discussed 

the need for additional sources of information when interpreting images of food, such as 

additional information from the person who took the image, information from websites, Nutrition 

Facts labels, or details from restaurant menus. Other information that provided context for the 

images, such as time stamps and the location in which the image was taken was also cited as 

useful for identifying foods and determining the portion size in the image. For example, “…if 

someone was having a bowl of cereal and orange juice I would think it was just juice. But if that 

same juice was consumed at a bar I would question whether there was vodka in it.” Size 

references were noted as helpful for judging the size of foods, and included the FM, life-size 

images of food, and measuring cups. One participant stated, “I also held the fiducial marker 

against real life images of both healthy and unhealthy foods from a book called This=That.”  

Finally, the panel identified recommendations for training of professionals to perform 

IBDIA. Themes that were identified included: knowledge of the food supply, experience with 

foods, and looking at pictures of typical portion sizes. One response stated “practice reviewing 



	

	

19 

images and how food looks in images. This allows for the eye to become aware of the 

differences between foods such as soft vanilla ice-cream and natural yoghurt. Or full cream milk 

versus reduced fat milk.” 

Part 2: Student Survey 

 Participants were recruited from three land-grant universities within the United States, 

and one large university in Australia. A total of 142 students consented to participate in the 

study and began completing the survey. A total of 114 students and interns completed the 

survey and were included in analysis. Most participants were young adults, with 65.79% of 

respondents between the ages of 21 and 25. The participants were primarily women (88.60%). 

The largest group of respondents consisted of undergraduates majoring in Nutrition and Health 

Science (40.35%), followed by undergraduates in a Didactic Program in Dietetics (34.21%) and 

Dietetic Interns (9.65%). Six respondents reported being post-baccalaureate students (Table 2). 

The type of screen used to complete the survey varied, with 53% of participants using a 

desktop computer, 42% using a laptop computer, and 5% using a tablet. No participants 

reported using a mobile device to complete the survey.  

Of the foods tested for identification using a food composition and nutrient database, 

participants were best able to identify the soft drink (97% identified correctly) and apple juice 

(92% identified correctly). The foods that received the lowest number of correct identifications 

were the ham luncheon meat (48% identified correctly) and the whole wheat bread (65% 

identified correctly). Of the participants who answered all nine identification questions, 89% 

correctly identified 6 or more of the foods tested (Table 3).  
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Table 2. Characteristics of nutrition and dietetics students and interns (n=114) participating in a 
survey about image-based dietary intake assessment (IBDIA) ability, challenges performing 
IBDIA, and educational and experiential factors relating to IBDIA ability. 
 
Age n % 

<20 6 5.26 
21-25 75 65.79 
26-30 17 14.91 
31-35 2 1.75 
>36 12 10.53 
Did not report 2 1.75 

Gender n % 
Men 12 10.53 
Women 101 88.60 
Did not report 1 0.88 

Educational Status n % 
Undergraduate Student in DPD Program 39 34.21 
Undergraduate Student in Nutrition and Health Science 46 40.35 
Undergraduate Student in Nutrition and Food Service 6 5.26 
Graduate Student in a Nutrition Program 5 4.39 
Graduate Student in a Non-Nutrition Program 2 1.75 
Dietetic Intern 11 9.65 
Post-Baccalaureate Student 6 5.26 
Other 5 4.39 

Years in Higher Education (including DI) n % 
<4 35 30.70 
4-8 years 73 64.04 
9+ 1 0.88 
Did not report 5 4.39 

   

 The ratio of the kcals in the identified food to the kcals in an equal portion of the ground 

truth food reflected the degree to which the misidentification impacted the energy estimate for 

that food. The greatest difference in kcals for the portion of food present between the foods 

identified by participants and the ground truth food was for the ham luncheon meat, with the 

misidentification leading to an average of 48 more kcals estimated than the actual kcal content 

for the portion of food present. For all other foods in the identification portion of the survey, the 

mean kcals for the foods identified were similar to that of the ground truth kcals present in those 

foods (Table 3). 
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Table 3. Nutrition and dietetics students and interns’ (N=112) ability to accurately identify and 
quantify selected foods from images. 
 

Identification 
 

Identified correctly a Kcal ratio b Kcal difference c 

 
n % Mean σ Mean σ 

Cheese, provolone d 112 66 1.01 0.16 1.27 22.77 
Roll, white, soft d 109 77 0.98 0.15 -1.97 18.71 
Ham, sliced, extra-lean, 
prepackaged or deli, 
luncheon meat d 

109 48 1.61 0.72 47.83 56.54 

Cookie, chocolate chip 111 91 1.02 0.04 2.43 4.55 
Bread, whole wheat, 100% 110 65 1.04 0.13 2.22 7.82 

Tomatoes, raw 109 91 1.16 1.08 4.23 28.24 
Pretzels, hard 111 88 1.03 0.08 3.09 8.08 
Apple juice 111 92 0.97 0.16 -4.39 22.93 
Soft drink, cola-type 109 97 0.99 0.09 -1.69 19.2 

Quantification 
 

Quantified correctly e Weight ratio f Kcal difference c 

 
n % Mean  σ Mean σ 

Banana, raw 97 85 1.08 0.25 7.74 24.25 
Creamy dressing 94 50 1.17 0.52 21.79 65.74 
Mixed salad greens, raw 93 0 0.89 0.28 -1.83 4.64 
Peanut butter 96 43 0.86 0.32 -24.14 51.89 
Milk, cow’s, fluid, 2% 99 47 0.92 0.47 -10.26 57.71 
Jelly, all flavors 97 52 1.23 0.5 8.7 18.62 
Ice cream, regular, flavors 
other than chocolate 92 18 1.89 0.75 93.7 79.67 

Coffee, NS as to type 92 9 0.87 0.29 -0.39 0.87 
Potato chips, regular cut 101 31 1.32 0.86 49.51 133.76 

a Foods coded as correctly identified based on criteria in Schap31 
b Energy (kcal) in food identified/calories in ground truth food 
c Energy (kcal) in food identified or quantified – Energy (kcal) in ground truth food 
d Foods contained in the same image, distinguished with labeled arrows  
e Quantified within ±10% of ground truth weight 
f Reported grams ÷ ground truth grams 

  

For the quantification portion of the survey, participants were given a choice of units to 

describe the quantity of the food in the image, reflective of the units available in FNDDS. While 

some participants used weight (grams) to quantify the foods, volume (cups, tablespoons, fluid 

ounces) was used more frequently. For the banana, relative size descriptors were used, with the 

most common response being “medium.” The jelly appeared in the image as a prepackaged 

container that might be present at a foodservice operation, and 48% of respondents chose the 

unit “individual packet” to estimate the quantity, while 43% used tablespoons. 
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 Foods that were overestimated were the: banana, creamy dressing, jelly, ice cream, and 

potato chips. The foods that were underestimated were: mixed salad, peanut butter, milk, and 

coffee. The salad, coffee, and ice cream had the fewest percentage of people quantifying the 

foods within ±10% of the ground truth weight, with 0%, 9%, and 18% of respondents quantifying 

the food within ±10% of the ground truth weight, respectively. The foods quantified within ±10% 

of the ground truth weight by the most people were the banana, the jelly, and the creamy 

dressing, with 85%, 52%, and 50% of individuals producing an estimate within ±10% of the 

ground truth weight. The largest discrepancy in gram weight between the estimated portion and 

ground truth was for the ice cream, with a ratio of estimated weight to ground truth weight of 

1.89. The largest difference in energy between the estimate and the energy in the ground truth 

weight was for the ice cream, with the mean difference at 93.7 kcals (Table 3).  

Students identified a number of challenges with identifying and quantifying the foods 

based on images. The most common challenge was poor image quality, with 51% of survey 

respondents reporting this challenge. Arrangement of the foods and lack of familiarity with foods 

in the images were also barriers to correct identification of foods. More specifically, several 

participants discussed an inability to tell food details such as the type of soda (“I assumed any 

dark soda when the correct answer was cola-type.”) or fat content of ham (“There were things it 

was hard to see just from looking, such as whether or not the ham was extra lean”). Related to 

identification, the What’s in the Foods You Eat Search Tool also provided challenges to some 

participants. Few participants (<10%) reported having ever used the What’s in the Foods You 

Eat Search Tool prior to completing the survey. Searching using the database was another 

common issue, with 51% of respondents reporting that “I couldn’t find the exact food I wanted” 

and 46% reporting that “it was difficult to know which foods to choose from the database.” In the 

“Other (please specify)” category, Australian students reported difficulty with the knowing the 

differences between American and Australian words for foods (Table 4). 

For quantification, 48% of students reported general difficulty with portion size 

estimation, unrelated to the use of images. The angle at which the image was taken was also a 

common problem, with 41% of respondents citing this as a challenge. Thirty-six percent of 

participants selected, “the units provided were not what I would use to quantify the food.” 
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Table 4. Challenges experienced by nutrition and dietetic students (N=104) and interns in 
identifying foods from images using a database and estimating the portion sizes of foods in 
images. 
 
Survey Questions and Answers n % 
What challenges did you experience using the What's in the Foods You 
Eat Search Tool to code the foods in the images? 

  

I didn't know the difference between the foods in the database 6 5.77 
I couldn't navigate the website easily 7 6.73 
Other (please specify) 7 6.73 
There were too many foods to choose from in the database 21 20.19 
It took too long to find the food I was looking for 22 21.15 
I didn't know what search terms to use to find the food I wanted 30 28.85 
It was difficult to know which food to choose from the database 48 46.15 
I couldn't find the exact food I wanted 53 50.96 
Total 104 100 
After completing the image-assisted dietary assessment exercise and 
considering your results, what challenges did you experience while trying 
to identify the foods in the images, not related to the database?  

  

The way the foods were arranged made it difficult to see the foods 24 27.91 
Poor image quality made it difficult to identify the foods 44 51.16 
The foods in the images did not look like foods I was familiar with 25 29.07 
The screen I was using was too small to see the image clearly 2 2.33 
It was hard to tell what was in a mixed dish 16 18.60 
Other (please specify) 15 17.44 
Total 86 100 
After completing the image-assisted dietary assessment exercise and 
considering your results, what was the most challenging aspect of 
estimating the quantity of the foods in the images? 

  

The angle that the image was taken from made it hard to judge size 41 41.00 
The fiducial marker (reference object) was not in a good place to help 
judge size 

29 29.00 

Other foods were in the way, which made judging quantity difficult 5 5.00 
The units provided were not what I would use to quantify the food 36 36.00 
General difficulty with size perception, unrelated to the image itself 48 48.00 
Other (please specify) 7 7.00 
Total 100 100 
 

The results of the multiple linear regression are summarized in Table 5. Having food 

preparation and food lab experience significantly increased identification accuracy (p<0.01) and 

quantification accuracy (p=0.03). In the adjusted model, the effect on quantification was no 

longer significant (p=0.09). Significant dietary recall experience (performing recalls 50 or more 
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times) was associated with better identification accuracy (p= 0.09) and lower percent error in 

quantifying food portions (p = 0.05), however the effect was not significant in the adjusted 

model. Experience interpreting food records did not lead to improvements in identification or 

quantification ability. Experience measuring volume related to improvements in identification 

ability, even with small increases in frequency from never to once per month or a few times per 

year (p<0.01). In the adjusted model, only daily volume measurement led to a significant 

difference from never measuring volume (p=0.05). Cooking in a foodservice operation daily was 

related to an improvement in identification ability (p=0.04) when compared to never working in a 

foodservice operation. Adjusting for university, age, and education made the effect non-

significant (p=0.38). Better quantification ability was associated with greater frequency cooking 

from a recipe (p<0.01), with the greatest effect observed with individuals who cooked daily or a 

few times per week. The effect was no longer significant when controlling for other variables 

(p=0.70 and p=0.37). There were no significant differences in identification or quantification 

ability based on the number of years of higher education. 

For identification ability, ANOVA analysis revealed interactions between the university 

attended and having had food lab experience, volume measurement experience, and 

foodservice cooking experience. For quantification ability, interaction effects were found 

between age and frequency of measuring by weight and cooking in a foodservice operation, and 

between university attended and the amount of experience interpreting food records. 
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Table 5. Linear regression analysis for experiences of dietetics students and interns relating to the ability to identify and quantify 
foods from

 digital im
ages.  

E
xperience 

Identification 
Q

uantification 

 
U

nadjusted 
A

djusted
† 

U
nadjusted 

A
djusted

† 

 
β 

p 
95%

 C
I 

β 
p 

95%
 C

I 
β 

p 
95%

 C
I 

β 
p 

95%
 C

I 

Food preparation/cooking laboratory experience  

yes vs. no 
0.21 

0.00 
0.12 

0.29 
0.17 

0.00 
0.07 

0.28 
-0.16 

0.03 
-0.29 

-0.02 
-0.13 

0.09 
-0.31 

0.04 

P
erform

ing dietary recalls  
 

 
 

 
 

 
 

 
2-5 tim

es vs. 0-1 tim
e 

0.06 
0.21 

-0.04 
0.16 

0.07 
0.29 

-0.06 
0.20 

-0.08 
0.33 

-0.26 
0.09 

0.08 
0.49 

-0.15 
0.31 

5-10 tim
es vs. 0-1 tim

e 
0.03 

0.55 
-0.08 

0.15 
0.07 

0.34 
-0.07 

0.21 
-0.15 

0.14 
-0.35 

0.05 
0.01 

0.94 
-0.24 

0.26 

11-50 tim
es vs. 0-1 tim

e 
-0.01 

0.90 
-0.14 

0.12 
-0.01 

0.88 
-0.21 

0.18 
-0.13 

0.27 
-0.36 

0.10 
-0.07 

0.68 
-0.43 

0.28 

50+ tim
es vs. 0-1 tim

e 
0.12 

0.09 
-0.02 

0.26 
-0.01 

0.95 
-0.27 

0.25 
-0.24 

0.05 
-0.48 

0.00 
-0.14 

0.53 
-0.60 

0.31 

Interpreting food records 

2-5 tim
es vs. 0-1 tim

e 
-0.04 

0.55 
-0.17 

0.09 
-0.09 

0.39 
-0.28 

0.11 
-0.04 

0.74 
-0.25 

0.18 
0.05 

0.75 
-0.28 

0.39 

5-10 tim
es vs. 0-1 tim

e 
-0.03 

0.66 
-0.17 

0.11 
-0.06 

0.54 
-0.24 

0.13 
-0.04 

0.70 
-0.27 

0.18 
0.07 

0.68 
-0.25 

0.39 

11-50 tim
es vs. 0-1 tim

e 
0.02 

0.79 
-0.13 

0.17 
0.01 

0.95 
-0.23 

0.24 
0.05 

0.69 
-0.20 

0.30 
0.22 

0.28 
-0.18 

0.61 

50+ tim
es vs. 0-1 tim

e 
0.00 

1.00 
-0.19 

0.19 
-0.13 

0.43 
-0.44 

0.19 
-0.19 

0.22 
-0.50 

0.11 
0.08 

0.78 
-0.46 

0.62 

M
easuring portions using volum

e m
easurem

ents (cups, tablespoons, teaspoons) 

once a m
onth or a few

 x/year vs. never 
0.54 

0.00 
0.19 

0.90 
0.34 

0.13 
-0.10 

0.77 
-0.10 

0.70 
-0.64 

0.43 
0.05 

0.89 
-0.69 

0.80 

once a w
eek or a few

 x/m
onth vs. never 

0.57 
0.00 

0.23 
0.91 

0.38 
0.07 

-0.04 
0.79 

-0.10 
0.70 

-0.62 
0.42 

0.07 
0.84 

-0.64 
0.78 

daily or a few
 x/w

eek vs. never 
0.60 

0.00 
0.27 

0.94 
0.41 

0.05 
-0.01 

0.82 
-0.21 

0.42 
-0.72 

0.30 
-0.03 

0.94 
-0.73 

0.68 

M
easuring portions using w

eight m
easurem

ents (gram
s, ounces) 

once a m
onth or a few

 x/year vs. never 
0.01 

0.88 
-0.16 

0.19 
0.10 

0.41 
-0.14 

0.35 
0.14 

0.31 
-0.13 

0.40 
0.24 

0.25 
-0.18 

0.66 

once a w
eek or a few

 x/m
onth vs. never 

-0.07 
0.45 

-0.23 
0.10 

0.04 
0.71 

-0.18 
0.27 

0.08 
0.54 

-0.18 
0.33 

0.14 
0.47 

-0.25 
0.53 

daily or a few
 x/w

eek vs. never 
0.01 

0.93 
-0.16 

0.17 
0.11 

0.33 
-0.12 

0.35 
0.06 

0.65 
-0.19 

0.31 
0.07 

0.72 
-0.32 

0.47 

C
ooking in a foodservice operation 

 
 

 
 

 
 

once a m
onth or a few

 x/year vs. never 
0.09 

0.12 
-0.02 

0.20 
0.05 

0.48 
-0.08 

0.17 
-0.03 

0.72 
-0.21 

0.15 
0.05 

0.62 
-0.16 

0.27 

once a w
eek or a few

 x/m
onth vs. never 

-0.03 
0.67 

-0.15 
0.10 

-0.13 
0.11 

-0.29 
0.03 

0.04 
0.67 

-0.16 
0.24 

0.11 
0.42 

-0.16 
0.38 

daily or a few
 x/w

eek vs. never 
0.12 

0.04 
0.01 

0.23 
0.06 

0.38 
-0.08 

0.21 
0.15 

0.11 
-0.03 

0.33 
0.25 

0.05 
0.00 

0.49 
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(Table 5 continued) 

E
xperience 

Identification 
Q

uantification 

 
U

nadjusted 
A

djusted
† 

U
nadjusted 

A
djusted

† 

 
β 

p 
95%

 C
I 

β 
p 

95%
 C

I 
β 

p 
95%

 C
I 

β 
p 

95%
 C

I 
C

ooking at hom
e from

 a recipe 

once a m
onth or a few

 x/year vs. never 
-0.17 

0.34 
-0.53 

0.19 
 

 
 

 
-1.28 

0.00 
-1.81 

-0.75 
 

 
 

 

once a w
eek or a few

 x/m
onth vs. never 

-0.24 
0.19 

-0.59 
0.12 

-0.01 
0.84 

-0.13 
0.10 

-1.22 
0.00 

-1.74 
-0.70 

0.04 
0.70 

-0.16 
0.23 

daily or a few
 x/w

eek vs. never 
-0.18 

0.31 
-0.54 

0.17 
0.02 

0.79 
-0.11 

0.14 
-1.30 

0.00 
-1.83 

-0.78 
-0.09 

0.37 
-0.30 

0.12 

C
ooking at hom

e w
ithout a recipe 

once a m
onth or a few

 x/year vs. never 
-0.02 

0.88 
-0.31 

0.27 
-0.05 

0.76 
-0.36 

0.26 
-0.06 

0.78 
-0.51 

0.39 
-0.11 

0.64 
-0.60 

0.37 

once a w
eek or a few

 x/m
onth vs. never 

-0.15 
0.27 

-0.41 
0.11 

-0.11 
0.42 

-0.38 
0.16 

0.27 
0.18 

-0.13 
0.67 

0.24 
0.27 

-0.19 
0.66 

daily or a few
 x/w

eek vs. never 
-0.08 

0.52 
-0.33 

0.17 
-0.07 

0.59 
-0.33 

0.19 
0.12 

0.55 
-0.27 

0.50 
0.06 

0.79 
-0.35 

0.46 
†A

djusted for age, university, years of education, and academ
ic program
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Discussion 

This study demonstrates that nutrition and dietetics students and interns from the United 

States and Australia can successfully identify foods from images and quantify them within a 

reasonable degree of accuracy. All foods except for the ham luncheon meat were correctly 

identified by over 60% of the sample size. This finding corresponds with work done using 

adolescents, who could successfully identify most foods from digital images, however the 

current study also considered the additional step of entering the identifications into a nutrition 

database31.  

The foods tested reflected commonly consumed American foods; therefore the 

Australian students may have been less familiar with the foods in the survey. Twenty-nine 

percent of respondents reported that “the foods in the images did not look like foods I was 

familiar with,” which may have been due to cultural differences between American and 

Australian foods. Two survey respondents reported that the What’s in the Foods You Eat 

Search Tool was difficult to use because of differences between Australian and American food 

terms. While the mean identification score for the Australian students was lower than the 

American students (78% correct vs. 83% correct), the difference was not statistically significant 

(p=0.11). Fewer than 10% of survey respondents stated that they felt “very confident” in their 

ability to identify common foods from cultures other than their own, with only 29% reporting that 

they felt “confident.” These results further support the idea that greater cultural competency 

training is needed among dietetics students, particularly among those performing dietary intake 

assessment on patients or research participants of different cultural backgrounds40. 

Serving size estimations were generally less accurate than identification, with only three 

foods estimated within ±10% of the ground truth weight by a majority of the respondents. 

Overall, 38% of the estimates were within ±10% of the ground truth, which is higher than the 

results found by Japur and Diez-Garcia37 using foods estimated in person, who found that only 

18.5% of serving size estimates by nutrition students were within ±10% of the ground truth. 

Williamson et al.25 found that trained analysts were able to successfully estimate portion sizes of 

foods from digital images with a small degree of error, consistent with our findings using 

nutrition and dietetics students. 

Automation of serving size estimation is one way that human error in estimation might be 

counteracted.  Lee et al.41 found that about 50% of foods estimated with an image-based 

automatic volume estimation were estimated within an acceptable range, demonstrating that 

this technology may help to reduce bias introduced by observers. Improvements in volume 

estimation technology after initial tests led to even higher accuracy in volume estimation from 
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images, with an overall energy estimation error of less than 6%42. Thus, with enhanced training, 

dietetics students and dietitians may similarly improve in size estimation skills. 

The impact of the serving size estimation errors on the kcal estimates was fairly low, with 

the kcal differences between the kcals in the estimated portion size and the kcals in the ground 

truth portion size ranging from -0.39 kcals to 93.70. The foods chosen represented a variety of 

energy densities and serving sizes, two factors that could impact the magnitude of error in kcal 

estimations, as well as the likelihood of serving size estimation error37. Consistent with the 

findings of Japur and Diez-Garcia, the foods with the highest percent errors were the ice cream, 

potato chips, creamy dressing, and jelly, four foods among the highest energy densities of the 

foods tested. Peanut butter, though it had a relatively high energy density, was underestimated 

by research participants, potentially reflective of its recent reputation as a health-promoting 

food, and one for which federal nutrition guidelines have a recommended intake43. Ice cream, 

potato chips, creamy dressing, and jelly are all considered foods to limit under the Dietary 

Guidelines for Americans, thus serving sizes cannot be compared to recommendations44. Foods 

with the highest percent error also tended to be amorphous foods, which take the shape of the 

container they are in, which are known to produce less accurate portion size estimations9,11.  

One difficulty experienced by students completing the survey was ambiguity in the size 

units provided by FNDDS to quantify foods. Though several units were provided, 36% of 

students reported that, “the units provided were not what I would use to quantify the food.” 

Previous work has used image libraries of food to provide reference images of various portion 

sizes for a variety of food forms45,46. Integration of a similar image library of units into a nutrition 

analysis program such as FNDDS may aid in the selection of proper units to quantify foods, 

particularly when dealing with foods in packages, such as the peanut butter or ice cream in this 

survey. One of the errors that may have been experienced by students with the ice cream was 

the selection of the unit “individual container,” while the unit closer to the actual size of the ice 

cream was the “Dixie cup” measurement. Addressing regional and cultural differences in 

household terms for quantifying foods or food packages may play a role in the successful 

quantification of foods using a database such as FNDDS. 

 Based on these results, quantification is the area in which dietetics students could most 

improve to enhance the accuracy of dietary intake assessments performed using images, 

particularly among amorphous foods with high energy densities. In practice, a student or 

dietitian would be performing both identification and quantification on the same food, most likely 

using a nutrition analysis program. These data suggest that most of the error originates from a 
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deficit in quantification ability, thus improving this skill would have the greatest impact on 

accuracy of kcal estimates from images.  

A common theme in the survey question that asked about the experience that students 

perceived to contribute most to IBDIA ability was cooking or other types of food handling such 

as measuring by weight or volume. The regression analysis further supported the beneficial 

effect of cooking and exposure to food in a food preparation lab on the accuracy of portion size 

estimation. The influence of the food lab on quantification ability is consistent with the work of 

Weber et al. 11 and Slawson and Eck13, which found that training using food or food models led 

to greater accuracy in portion size estimations,. Culinary training or food labs are possibilities for 

educational interventions to enhance portion size estimation. These types of courses have been 

shown to enhance the self-efficacy of college students at preparing food, and this may translate 

to improved accuracy of dietary intake assessment47.  

Future work on IBDIA and nutrition and dietetics students may take a longitudinal 

approach to determine the impact of specific educational interventions on the ability to interpret 

digital images. Based on the results of the regression analysis, integrating more food 

preparation, measuring, and cooking from a recipe may enhance the ability of dietetics students 

to identify and quantify foods from digital images. The interaction effects observed between the 

university attended and many of the experiential factors such as having food lab experience or 

greater practice interpreting food records supports the idea that differences in the nutrition and 

dietetics curriculum can result in significant differences in the ability of students to perform 

IBDIA accurately. For the purposes of this study, a detailed analysis of the dietetics curriculum 

at each university was not completed; however comparing schools with clear differences could 

also reveal factors that influence IBDIA ability.  

 This work further underscores the need for training of research participants when using 

traditional forms of dietary intake assessment such as dietary recalls or food records. Based on 

the degree of error observed with nutrition and dietetics students, who have significant 

experience with food and dietary analysis, an untrained research participant or patient would be 

likely to exceed that level of error, compromising the accuracy of a dietary assessment. Future 

work may examine the accuracy of untrained participants as a control group to better quantify 

the impact of any nutrition training on accuracy of IBDIA. 

One strength to this work was the number of participants surveyed, however a limitation 

to the present study was the small number of schools used for recruitment of students, which 

may limit generalizability of findings to all dietetics students. Future studies may use a cross-

section of schools more representative of dietetics students as a population. Another limitation 
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was the reliance on online surveys completed remotely for data collection, which produced a 

low survey completion rate, as well as some errors with survey responses. For example, some 

participants used multiple units of measurement to quantify foods, limiting the interpretation of 

results, as the different units led to multiple estimates of portion size for a single food. These 

challenges reflect many of the challenges experienced using telehealth 

Conclusions 

 In the development of future curricula for dietetics students and interns, hands-on 

activities designed to improve the ability of students to estimate portion size should be 

integrated. Future research should be performed to test the efficacy of specific educational 

interventions to improve accurate perceptions of portion size from images, with an emphasis on 

estimating energy-dense amorphous foods. 
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Chapter 3: Conclusions 

This study assessed the ability of dietetics students and interns to interpret images to 

supplement or replace traditional self-reported methods of dietary intake assessment. With the 

rise in smartphones and growing popularity of mobile apps to capture images of food, dietetics 

education will need to adapt to equip future nutrition practitioners with the skills needed to 

perform IBDIA. The major goals of this study were to explore the current ability of dietetics 

students and interns to perform IBDIA, and identify possible sources of error while interpreting 

images of food. In methods of IBDIA in which a trained analyst, typically an RDN, is used to 

interpret images of food, there is potential for error in the identification of foods, estimation of 

portion size, and with the coding of foods using a nutrition database and the selection of 

appropriate units to produce accurate estimations. Through analysis of the sources of error 

among students performing IBDIA and experiential factors associated with elements of image 

interpretation, we developed recommendations for the focus of future training interventions. 

As a whole, students and interns were able to identify common American foods from 

images using a nutrient database to code foods. The foods tested were commonly consumed 

American foods, thus the Australian students may have had less exposure to the foods and 

associated food terms. Identification ability of Australian students was less accurate than that of 

American students, potentially reflective of this lower exposure. For students working with 

diverse populations or internationally, more preparation is needed to increase exposure to the 

foods commonly consumed by that culture. Less than 10% of survey respondents checked that 

they were “very confident” in “Identifying common foods associated with cultures other than 

your home country.” The majority of respondents answered that they were “somewhat 

confident,” suggesting a need for improved cultural competence training among dietetics 

students in relation to food preferences. 

Portion size estimation has been shown to be difficult for both untrained and trained 

analysts, which may be partially explained by an inherent bias in the way food portions are 

perceived by the human eye48,49. Previous work has demonstrated that the use of training with 

food models or food measuring could increase the accuracy of portion size estimations with real 

foods11,13,50,51. This work has demonstrated through cross-sectional analysis that those students 

who had greater exposure to food through food labs or cooking tended to do better in 

quantifying foods from images, supporting the concept that more food exposure enhances 

portion size estimation ability.  

An additional factor that may aid in improved portion size estimations would be greater 

education about types of portion size descriptors. Students demonstrated confusion regarding 
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which units were most appropriate to quantify foods, particularly with packaged foods. 

Descriptors like “single serving bag” or “packet” may help to produce more accurate estimates, 

as they may be standard sizes for packaged foods like potato chips or jelly, however most 

students were not aware of the meaning of these units and thus chose cups or tablespoons.  

 Challenges reported by students in performing IBDIA reflected a need for improvements 

in how IBDIA is done, as well as improvements in training of students. Many challenges related 

directly to how the images were taken, such as the angle of the camera, the positioning of the 

foods, and the quality of the image. These challenges may be addressed by enhancements in 

image capturing systems such as the Technology Assisted Dietary Assessment (TADA) system, 

which integrated improvements in angle detection, blur detection, and poor lighting detection to 

ensure image quality while capturing images52. Future technological development, such as the 

use of 3-D pictures or multiple camera angles, may improve upon these factors to make IBDIA 

easier to perform for trained analysts. The goals of the diet assessment may also influence the 

level of accuracy needed, with analyses on diet variety or dietary patterns necessitating less 

detail than a detailed nutrient analysis. Training of research participants to take high-quality 

images before capturing or giving immediate feedback on the quality of images during image 

capture are potential areas for image quality improvement in when using images to assess diet. 

 Another challenge reported by the experienced panel and by students related to the 

inability to identify foods based on unseen components such as fat or sugar content. 

Questionnaires or other prescreeners to gain information about dietary habits or the types of 

foods habitually consumed may aid in the identification of this type of food.    

 Image-based dietary intake assessment is a growing area of interest in assessment 

methods research and in practice settings with increased use of telehealth, and thus educating 

future practitioners about its utility and potential challenges will be important in preparing 

dietitians to work in the field. Training that emphasizes cooking, measuring, and food exposure 

may help to improve the ability of nutrition and dietetics students to interpret images of food, 

particularly foods with the greatest degree of inaccuracy in quantity. This study has reinforced 

the results of previous work on portion size estimation, suggesting an emphasis on high caloric 

density, amorphous foods will produce the greatest improvements in estimation accuracy11,37 

This type of training may also lead to improvements in portion size estimation outside of IBDIA, 

such as in estimating appropriate serving sizes in a foodservice setting. Future studies should 

focus on testing educational interventions designed to improve portion size estimation ability, 

with a long-term goal of integrating portion size estimation activities into the dietetics curriculum. 
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Appendix 1. List of Abbreviations and Definitions 
 

ACEND: Accreditation Council for Education in Nutrition and Dietetics 

DI: Dietetic Internship 

DLW: Doubly-Labeled Water 

DPD: Didactic Program in Dietetics 

EI: Energy Intake  

FFQ: Food-Frequency Questionnaire 

FM: Fiducial Marker 

FNDDS: USDA Food and Nutrient Database for Dietary Studies 

Ground truth: in dietary assessment, the known food identity and quantity obtained through 

preparation in a standardized kitchen and weighing of portions 

IADIA: Image-Assisted Dietary Intake Assessment 

IBDIA: Image-Based Dietary Intake Assessment 

mPFR: Mobile Telephone Food Record 

NHANES: National Health and Nutrition Examination Survey 

PDA: Personal Digital Assistant 

RDN: Registered Dietitian Nutritionist 
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Appendix 2. Units from the Food and Nutrition Database for Dietary Studies (FNDDS) selected 
by nutrition students and dietetic interns in the United States and Australia to quantify foods 
from images. 
 

Food n % 
Banana, raw 98   

grams 6 6% 
extra small 2 2% 
small 21 21% 
medium* 60 61% 
large 8 8% 
extra large 1 1% 

Creamy dressing 94   
grams 7 7.45% 
cups 4 4.26% 
tablespoons* 61 64.89% 
packets 2 2.13% 
dipping-size containers 20 21.28% 

Mixed salad greens, raw 93   
grams 2 2.15% 
cup, shredded or chopped* 91 97.85% 

Peanut butter 96   
grams 11 11.46% 
tablespoons* 85 88.54% 

Milk, cow’s, fluid, 2% fat 115   
grams 8 6.96% 
cups* 60 52.17% 
fluid ounces 34 29.57% 
school milk carton (1/2 pint) 13 11.30% 

Jelly, all flavors 97   
grams 8 8.25% 
tablespoons 42 43.30% 
individual packets* 47 48.45% 
cups 0 0.00% 

Ice cream, regular, flavors other than chocolate 91   
grams 6 6.59% 
cups* 42 46.15% 
square inches 0 0.00% 
individual container 13 14.29% 
large scoop/dip 5 5.49% 
medium scoop/dip 8 8.79% 
small scoop/dip 1 1.10% 
Dixie cup 16 17.58% 
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(table continued) 
Coffee, NS as to type 93   

grams 13 13.98% 
fluid ounces* 38 40.86% 
coffee cup (6 fl. oz.) 19 20.43% 
mug (8 fl. oz.) 8 8.60% 
small fast food order 10 10.75% 
medium fast food order 4 4.30% 
large fast food order 1 1.08% 
small pot 0 0.00% 
regular pot 0 0.00% 

White potato chips, regular cut 101   
grams 14 13.86% 
cup, chips* 41 40.59% 
cup, crushed 8 7.92% 
chip 1 0.99% 
single serving bag 28 27.72% 
grab-size bag 9 8.91% 

* = most common unit used to describe quantity for each food 
 

	



 
 


