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In the United States, the population of those aged 65 or over numbered 44.7 million in 2013

and is anticipated to reach approximately 74 million people by 2030. More than one in

four people in the United States aged 65 years and older have diabetes. For diabetes care,

medical nutrition therapy (MNT) is recommended as a clinically effective intervention. For

personalized MNT, it is essential for dietitians to assess the nutritional status of patients

with a variety of dietary data (i.e., meal patterns, food choices, and overall dietary balance).

However, it is difficult to obtain accurate information because traditional dietary assessment

methods (e.g., 24-hour dietary recall (24HR), food records) are based on self-reported data.

In particular, those methods might be inappropriate for older adults because they have spe-

cial considerations with diminished functional statuses (i.e., diminished vision and memory

loss). To address this problem, previous researchers have developed and validated dietary

assessment methods using images of food items for improving the accuracy of self-reporting

over traditional methods. Nevertheless, little is known about the usability and feasibil-

ity of image-assisted dietary assessment methods for older adults with diabetes and their



satisfaction with the methods. To my knowledge, no studies evaluated the image-assisted

dietary assessment methods with both health providers (i.e., dietitians) and patients (i.e.,

older adults with diabetes), though both are essential stakeholders in the dietary assessment

process. Further, little is known about the usability and feasibility of smartphone applica-

tions for an image-assisted dietary assessment, though a smartphone is the device that can

perform multiple tasks (i.e., capturing, viewing, and transmitting images) required for an

image-assisted dietary assessment. Filling these gaps may reduce errors in self-reporting by

older adults with diabetes and result in more accurate dietary assessments. The overall aim

of this research is to assess whether a smartphone application can improve the accuracy of

traditional dietary assessment methods among older adults with type 2 diabetes. To achieve

the overall aim, I created a food record app for dietary assessments (FRADA), a smartphone

application for capturing, viewing, and transmitting images of food and beverages, and I

evaluated the usability and feasibility of FRADA and the satisfaction of older adults with

diabetes with the application. Further, I evaluated the satisfaction of dietitians with an

image-assisted, 24-hour dietary recall interview. The findings of this research support the

evidence that image-assisted dietary assessments using FRADA could be potentially used

to improve the accuracy of a traditional dietary assessment method by reducing errors in

self-reporting. Also, this study reveals design opportunities to facilitate communications be-

tween older adults and dietitians for better dietary assessments. To my knowledge, this is

the first attempt to evaluate a smartphone application with both older adults and dietitians

through a lab-based and deployment study based on 24-hour dietary recall interviews.

The aims of this study are:

• Aim 1: To create a smartphone application for image-assisted dietary assessments and

determine the usability of the application for older adults with diabetes.



• Aim 2: To determine the feasibility of the smartphone application in older adults with

diabetes for image-assisted dietary assessments.

• Aim 3: To determine the satisfaction of older adults with diabetes with the smartphone

application for image-assisted dietary assessments and determine the satisfaction of

dietitians with image-assisted 24-hour dietary recall interviews.
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Chapter 1

EXECUTIVE SUMMARY

1.1 Statement of the Problem

In the United States, the older population aged 65 or over numbered 44.7 million in 2013 [39]

and is anticipated to reach approximately 74 million people by 2030 [50]. More than one

in four people in the United States aged 65 years and older have diabetes [9]. Diabetes is

known as one of the most fatal diseases in the United States. In 2013, it was reported that

diabetes was the seventh leading cause of death [3]. The American Diabetes Association

reports that diabetes is “a complex, chronic illness that requires continuing medical care

with multifactorial risk reduction strategies beyond glycemic control” [3]. Nutrition therapy

is recommended for individuals with diabetes as part of the overall treatment plan [3]. In

particular, medical nutrition therapy (MNT) is recommended as a clinically effective model

to take care of people with diabetes [19, 36, 40, 42]. For personalized MNT, it is essential

for dietitians to assess the nutritional status of patients with a variety of dietary data (i.e.,

meal patterns, food choices, and overall dietary balance) [42]. Dietitians have used various

methods, such as food records, 24- hour dietary recall (24HR), and a food frequency ques-

tionnaire to assist with the needed assessment. However, it is difficult to obtain accurate

information because all of these methods are based on self-reported data [23, 28]. In partic-

ular, conventional methods for dietary assessment might be inappropriate for older adults

because they have special considerations with diminished functional statuses [35, 52]. One

study showed that older adults did not report energy intake adequately during 24-hour di-

etary recall interviews [12].
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Researchers have developed and validated dietary assessment methods using images of

food items for improving the accuracy of self-reporting over traditional methods [13, 20, 24,

34, 37, 41]. Not only did the use of images of food items lead to identifying unreported

foods and misreporting errors [20, 24, 41], but the dietary information from the images also

enabled researchers to identify additional energy intake of the given food items [20, 24, 41].

Although 11.8 million older adults with diabetes [9] may have special considerations, such

as loss of vision, diminished taste and smell, and poor hearing, little is known about the

usability and feasibility of image-assisted dietary assessment methods for older adults with

diabetes and their satisfaction with such methods. To my knowledge, no studies have evalu-

ated the image-assisted dietary assessment methods with both providers (i.e., dietitians) and

patients (i.e., older adults with diabetes), though both were essential direct stakeholders in

the dietary assessment process. Further, little is known about the usability and feasibility of

the image-assisted dietary assessment methods using smartphone apps, though smartphones

could perform multiple tasks (i.e., capturing, viewing, and transmitting images) required for

an image-assisted dietary assessment. Filling these gaps may reduce errors in self-reporting

by older adults with diabetes for more accurate dietary assessments.

1.2 Purpose of the Study and Aims

The purpose of this study is to assess whether a smartphone application can improve the

accuracy of traditional dietary assessment methods among older adults with type 2 diabetes.

To achieve the goal, I created a food record app for dietary assessments (FRADA), a smart-

phone application for capturing, viewing, and transmitting images of food and beverages,

and I evaluated the usability and feasibility of the application and the satisfaction of older

adults with diabetes with the application. Further, I determined the satisfaction of dietitians

with image-assisted 24-hour dietary recall interviews.
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To achieve the goal of this study, I pursued three aims:

• Aim 1: To create a smartphone application for image-assisted dietary assessments and

determine the usability of the application for older adults with diabetes

• Aim 2: To determine the feasibility of a smartphone application in older adults with

diabetes for image-assisted dietary assessments

• Aim 3: To determine the satisfaction of older adults with diabetes with a smartphone

application for image-assisted dietary assessments and determine the satisfaction of

dietitians with image-assisted 24-hour dietary recall interviews

1.3 Research Questions

In this section, I present the research questions related to each aim. The questions for

Aim 1 are as follows: What is the usability of FRADA with older adults with diabetes?

Would FRADA be usable for older adults with diabetes performing the required tasks (i.e.,

capturing, viewing, and transmitting images) to collect images of food items? Would it be

easy for older adults with diabetes to follow the instructions, such as including all the food

items in one single photograph and holding the phone at a 45-degree angle when taking

pictures of food items? Would older adults with diabetes want to use FRADA in the future?

What are the potential benefits of using FRADA for older adults with diabetes? What are

the concerns of older adults with diabetes when interacting with FRADA? What are the

potential target populations of FRADA? The research work undertaken to address the first

aim is illustrated in Chapter 3.

The following research questions are related to Aim 2: What is the feasibility of FRADA

with older adults with diabetes? Would the images of food items reduce errors in self-

reporting during a 24-hour dietary recall interview? How much would the 24-hour dietary

recall using food images reduce errors in self-reporting? Chapter 4 presents the research
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work undertaken to address the second aim and its questions.

For Aim 3, I explored the following questions to understand the population of older

adults with diabetes during a 24-hour dietary recall interview using images of food items:

Would FRADA be usable for older adults with diabetes to perform the required tasks (i.e.,

capturing, viewing, and transmitting images) for collecting images of food items in real-world

settings? Would it be easy for older adults to follow the instructions (i.e., including all the

food items in one single photograph, holding the phone at a 45-degree angle when taking

pictures of food items, and capturing images of food items before and after every single eating

event)? What are the challenges older adults with diabetes face when capturing images of

food items in real-world settings? What are the privacy issues of older adults with diabetes

when sharing images of food items with other people? What are the trust issues of older

adults with diabetes when sharing the images of food items with other people? Next, I

explored the following questions to understand the population of dietitians during a 24-hour

dietary recall interview using images of food items: What are the benefits of using images

of food items during the 24-hour dietary recall interview? What are the needs of dietitians

when reviewing images of food items? What are the potential use cases of FRADA for

dietitians? In Chapter 5, I describe the research work undertaken to address the third aim

and its questions.

1.4 Significance of the Study

The findings of this study contribute to advancing knowledge about image-assisted dietary

assessment in the field of Biomedical and Health Informatics and the field of Nutritional

Sciences by creating a smartphone application for improving the accuracy of image-assisted

dietary assessments and evaluating it with older adults with diabetes.
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1.4.1 Significance to the Field of Biomedical and Health Informatics

The significance of this work lies in its potential to create a smartphone application for

improving the accuracy of image-assisted dietary assessments for further research in the field

of Biomedical and Health Informatics. First, my methods based on a user-centered design

(UCD) approach [10] can be used to reflect the needs of users with special considerations

(e.g., people with cognitive disabilities and people who are visually impaired). The findings

through the methods will expand knowledge about how to design smartphone applications

for image-assisted dietary assessments in older adults. While the majority of image-assisted

dietary assessment methods are targeted for young adults or adolescents [11, 20, 21, 27, 32,

44], my study aims to address the needs and barriers of older adults with diabetes in designing

an assessment tool. Thus, designers, developers, and researchers could use the findings of

my study for creating smartphone applications targeting older adults with diabetes.

1.4.2 Significance to the Field of Nutritional Sciences

This study will fill important gaps in the field of Nutritional Sciences. Although my study

is focused on collecting images of food items using a smartphone, the findings of my study

suggest that both health providers and patients using smartphone applications can actu-

ally collect various types of data, such as text, voice, and biological signals that represent

patients’ blood pressure, and physical activity patterns. Ultimately, the findings from this

dissertation could improve the accuracy of a traditional dietary assessment method by re-

ducing errors in self-reporting. A smartphone-based image-assisted dietary assessment could

be used as an enhanced dietary assessment methods that would reduce errors, which occur

with self-reporting tools. For instance, images of food items support recall for older adults

with diabetes with diminishing memories. In addition, UCD approaches [10] could enable

validated dietary assessment methods to be used in practice. Little is still known about the
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satisfaction of both health providers (i.e., dietitians) and patients (i.e., patients) with the

dietary assessment methods, though dietary assessment methods have been validated.

1.5 Outline of the Dissertation

Chapter 2 provides background information and considers prior related studies: the char-

acteristics of the population of older adults with type 2 diabetes, the process of medical

nutrition therapy (MNT), and how MNT can be used to improve diabetes care. I summarize

traditional dietary assessment methods and discuss pros and cons of the methods. After

presenting examples of image-assisted dietary assessment methods, I describe the tasks re-

quired for advancing knowledge about image-assisted dietary assessment to address gaps in

the prior studies.

Chapter 3 focuses on the development of FRADA for collecting images of food items and

evaluation of usability of FRADA with older adults with diabetes in a lab-based setting.

After describing the process of developing FRADA, I present the usability of FRADA with

older adult participants through surveys and interviews and offer potential opportunities

using FRADA.

Chapter 4 presents the deployment study that determines if FRADA may reduce errors

in self-reporting when dietitians conduct 24-hour dietary recall interviews with older adults

with diabetes. After describing the study procedure including the recruitment of participants

of both older adults with diabetes and dietitians, I report the findings of the study with two

perspectives: 1) how easy it was for older adults with diabetes to follow the instructions

when older adults with diabetes capture images of food items, 2) how errors in self-reporting

were reduced by using images of food items. Based on the findings of the study, I discuss its

limitations and future work to be pursued.

Chapter 5 presents how I evaluated the satisfaction of two groups of stakeholders, older
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adults with diabetes and dietitians when conducting 24-hour dietary recall interviews through

a deployment study. I describe the study procedure using images of food items collected by

older adults with diabetes when dietitians conduct 24-hour dietary recall interviews with

them. Based on the results of the survey and interview study, I demonstrate that dieti-

tians were satisfied with conducting 24-hour dietary recall interviews with older adults with

diabetes using images of food items.

Chapter 6 summarizes the findings from each aim and demonstrates overall findings of this

dissertation. After that, I demonstrate the contributions of my dissertation and discuss its

limitations. Based on the findings from this dissertation, I present the directions of potential

future studies for improving the accuracy of a traditional dietary assessment method through

technologies that can be used by both older adults with diabetes and dietitians in real-world

settings.

1.6 Key Findings and Conclusion

This dissertation offers three key findings. The first key finding is that that features and

user interface of FRADA enable older adults with diabetes to accomplish tasks of capturing,

viewing, and transmitting the images of food items successfully. Aim 1 study shows not

only the usability of FRADA with older adults with diabetes, but it also demonstrates

potential opportunities using FRADA for a deployment study. The second key finding is

that using images of food items can improve the accuracy of a traditional dietary assessment

method when dietitians conduct 24-hour dietary recall interviews with older adults with

diabetes; nevertheless, little was still known about the feasibility of using a smartphone

application when dietitians conduct 24-hour dietary assessment interviews with older adults

with diabetes. The third key finding is that both older adults with diabetes and dietitians

are satisfied with the process of using images of food items collected by FRADA, while no
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previous studies evaluated the satisfaction of those stakeholders when using images of food

items.

In brief, in this chapter, I presented the executive summary of this dissertation. After

presenting the problem and purpose of the study and aims, I described research questions

related to each aim. Moreover, I demonstrated the significance of this research to two fields

of Biomedical and Health Informatics and Nutritional Sciences. After providing an outline of

this dissertation, I identified three key findings. In the next chapter, I present the background

information about this research and introduce relevant prior efforts using images of food items

for improving the accuracy of a traditional dietary assessment method. After reporting the

gaps in previous studies, I present three aims and research questions per aim to address the

gaps.
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Chapter 2

BACKGROUND AND REVIEW OF THE LITERATURE

2.1 Introduction

The overall aim of this research investigation is to improve the accuracy of traditional dietary

assessment methods among older adults with type 2 diabetes by using images of food items

collected by a smartphone application. As illustrated in the prior chapter, it is important to

support growing older population with type 2 diabetes in the United States. In addition, I

mentioned the significance of this study to the fields of Biomedical and Health Informatics

and Nutritional Sciences. Building on the executive summary of this research in Chapter 1,

the aim of this chapter is to provide background information about this research and consider

prior related studies to this research. The characteristics of the population of older adults

with type 2 diabetes are described in Section 2.2. In Section 2.3, I present the process of

medical nutrition therapy (MNT) and describe how MNT can be used to improve diabetes

care. Next, I summarize traditional dietary assessment methods and discuss pros and cons of

the methods in Section 2.4. After presenting examples of image-assisted dietary assessment

methods, I describe the tasks required for advancing knowledge about image-assisted dietary

assessment to address gaps in the prior studies in Section 2.5.

2.2 Older Adults with Type 2 Diabetes

The reason I chose older adults with type 2 diabetes as my study population is the complexity

prevalence and health burden of this disease. The American Diabetes Association (ADA)

reports that diabetes mellitus is “a complex, chronic illness that requires continuous medical
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care with multifactorial risk reduction strategies beyond glycemic control” [3]. About one

in ten people in the United States has type 2 diabetes. More than one in four Americans

aged 65 years and older has diabetes [9]. As the population aged 65 or over is anticipated

to reach approximately 74 million people by 2030 [50], it is expected that the population of

older adults with diabetes will increase accordingly.

Diabetes has a tremendous impact on the health of the U.S. population. Diabetes is

known as one of the most fatal diseases in the United States. In 2013, it was reported

that diabetes was the seventh leading cause of death [3]. Also, it is reported that diabetes

increases the risk of heart attack and stroke [9], as well as increases the risk of cancer,

especially colorectal cancer [15, 18, 25]. In particular, diabetes has influenced the health

of older adults. Diabetes is known as the leading cause of blindness and kidney failure in

older adults. Also, it is reported that older adults with diabetes are two times more likely to

develop dementia than older adults without diabetes [29]. Furthermore, one in five people

aged 65 years and older has vision problems [29], and one in three adults with diabetes

may have chronic kidney disease. Moreover, it is known that people over 75 years old with

diabetes are two times more likely to visit the emergency room for low blood sugar than

younger population with diabetes [29].

Diabetes also takes a financial toll. The estimated total costs of diagnosed diabetes in

the United States have risen to $245 billion in 2012 from $174 billion in 2007, which is a

41% increase for the last five years [2, 38]. The total costs in 2012 include $176 billion for

direct medical costs and $69 billion for indirect costs, such as inability to work as a result of

disease-related disability, reduced productivity while at work ($20.8 billion) for the employed

population, and lost productive capacity due to early mortality [2, 38]. The estimated costs

imply that diabetes produces explicit and inexplicit burdens to each individual and society

as a whole.
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2.3 Medical Nutrition Therapy

The reason I focused on a tool to support medical nutrition therapy is because such tool has

great potential for helping diabetics. To improve diabetes care, the ADA suggests a strategy

to support the following patients’ behavior change efforts: “1) healthy lifestyle changes, 2)

disease self-management (taking and managing medication and, when clinically appropriate,

self-monitoring of glucose and blood pressure), and 3) prevention of diabetes complications

(self-monitoring of foot health; active participation in screening for eye, foot, and renal com-

plications; and immunizations)” [4]. The healthy lifestyle changes include “physical activity,

healthy eating, tobacco cessation, weight management, and effective coping” (see Page S7

in [4]). For successful health, nutrition therapy is recommended for individuals with diabetes

as part of their overall treatment plan [3] to achieve the goals of nutritional therapy as illus-

trated in Appendix C.1 [17]. In particular, medical nutrition therapy (MNT) is recommended

as a clinically effective model to take care of people with diabetes [19, 36, 40, 42]. MNT is

defined as “nutritional diagnostic, therapy, and counseling services for the purpose of disease

management, which are furnished by a registered dietitian or nutrition professional.” Since

MNT is the application of the ADA’s Nutrition Care Process (NCP) (see Figure 2.1), MNT

consists of the following four steps of the NCP: 1) nutrition assessment, 2) nutrition diagno-

sis, 3) nutrition intervention, and 4) nutrition monitoring and evaluation. Researchers have

shown that MNT is beneficial in older adults with diabetes [39]. In order to meet treatment

goals, individuals with diabetes are required to receive personalized MNT from registered

dietitians and nutrition professionals [3].

2.4 Traditional Dietary Assessment Methods

The challenges with traditional dietary assessments are what led me to assess whether a

smartphone application could improve upon traditional methods for dietary assessments in
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Figure 2.1: ADA Nutrition Care Process and Model [31].
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the context of MNT for older adults with type 2 diabetes. For dietary advice, it is essential

for dietitians to assess the nutritional status of patients with a variety of dietary data, such

as meal patterns, food choices, and overall dietary balance. To collect such dietary data

from each patient, dietitians use methods such as food records and 24-hour dietary recall

(24HR). The first method, food records, is an approach in which the patient is asked to write

down all food items and amounts consumed over one or more days. The aim of this method

is to obtain a detailed description of food intake, including types and amount of foods and

beverages they have consumed. Since this method allows respondents to record their data

right after they have consumed it, they do not have to rely on memory of their meals. The

second method, the 24-hour dietary recall, is an approach to get retrospective information

on food consumption patterns through interviews with the patient. While the food records

method needs some level of literacy in recording, the 24-hour dietary recall method does not

require knowing how to describe food items to dietitians because a dietitian speaks with a

respondent directly during the interview.

However, it continues to be difficult to obtain accurate nutritional information because

all of these methods are based on self-reported data. For instance, respondents would need

to have strong motivation and literacy to keep recording their food intake using the food

records method. They tend not to maintain regular performance on such tasks over long

periods [23]. Instead, they might prefer recording the food items for three meals at the

same time based on memory instead of documenting the information every single time. In

addition, the 24-hour dietary recall method requires individuals to recall the food items they

consumed and the amount of the food consumption [28]. Individuals might forget mentioning

all the food items. Additionally, they might have trouble identifying the contents of the food

items and estimating portion sizes.

It might be particularly difficult to collect reliable data from older adults using traditional
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Method for Dietary Assessments Is literacy required? Is memory required?
Food records Yes No

24-hour dietary recall No Yes

Table 2.1: Comparison between two traditional dietary assessment methods: food records
and 24-hour dietary recall.

methods for dietary assessment because they have special considerations with diminished

functional statuses. For example, the 24-hour dietary recall method might be inappropriate

because memory of older adults is more likely to be impaired than those of younger adults [35,

52]. In one study, older adults did not report an energy intake adequately during the 24-hour

recall assessment [12]. Table 2.1 illustrates the comparison between food records method and

24-hour dietary recall method.

2.5 Prior Work

2.5.1 Examples of Image-Assisted Dietary Assessment Methods

To overcome the limitations of self-reporting by traditional methods for dietary assessment,

previous researchers have developed and validated dietary assessment methods using images

of food items for improving the accuracy of self-reporting over traditional methods. Prior

studies demonstrated the benefits of using images of food items. For example, some studies

showed that the use of images of food items led to identifying unreported foods and misre-

porting errors [24, 20, 41]. The dietary information from the images enabled researchers to

identify additional energy intake of the given food items [24, 20, 41].

After searching for literature including a review paper [22], I identified six studies that

evaluated image-assisted 24-hour dietary recall methods (see Table 2.2) using a variety of

devices (see Figure 2.2). The majority of prior studies focused on evaluating the image-



15

Figure 2.2: (clockwise from top left) Devices used for collecting images of food and beverages:
mobile telephone with a camera around his or her neck [11], digital camera [32], mobile device
with a camera [27], Microsoft SenseCam [20, 21], Apple iPad2 [44].
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Authors Participants (N) Device for image Capture View Transmit
Age (mean) collection

Healthy adults Mobile
Arab et al. [11] / N=14 phones D D D

(Age: 35±12) with camera
Healthy adult Digital Not

Lazarte et al. [32] women / N=43 camera D D reported
(Age: 35±9)

Gemming et al. [20] Healthy adults / N=10 SenseCam D D D
(Age: 33±11)

Adults with Intellectual iPad 2
Ptomey et al. [44] and Developmental D D Not

Disabilities / N=23 reported
(Age: 26.4±9.7)

Hongu et al. [26] Healthy adults / N=54 Smartphone D D D
(Age range: 19-28)

Adults / N=40 (20 males)
Gemming et al. [21] (Age: 28±7, females SenseCam D D D

Age: 35±17,males)

Table 2.2: Characteristics of image-assisted 24-hour dietary recall methods.



17

assisted dietary assessment methods with healthy adults. Four studies recruited healthy

adults [11, 32, 20, 27] and the maximum mean age was 35 years old among the studies [11,

32, 20, 44, 21]. One study had adults with intellectual and developmental disabilities [44],

but no studies recruited participants with any chronic diseases nor had participants aged 65

or older to evaluate the image-assisted dietary assessment methods. The sample sizes of prior

studies were small. Four studies had between 20 and 54 participants [32, 44, 26, 21] and two

studies had fewer than 20 participants [11, 20]. In regard to the approaches for capturing

images, three studies used passive image capture with wearable cameras [11, 20, 21], while

three studies used active image capture with a handheld digital camera [32], iPad [44], and

smartphone [26].

Image-DietDay 24-Hour Dietary Recall Method (Arab et al. [11])

The aim of this study [11] was to evaluate the acceptability and feasibility of a web-based,

self-administered, image-assisted 24-hour dietary recall method in 14 healthy adults. Each

participant was asked to wear a mobile telephone around his or her neck for a week. The

mobile phone captured images every 19 seconds during an eating event. The captured images

were then transmitted wirelessly to a server and were filtered to remove blurry, poorly ex-

posed, and unclear images. Further, Arab et al. created an application, ImageViewer, which

allowed the participants to view and remove the images of the food and beverages. Next,

each participant was asked to rate certain statements on the burden of wearing a mobile

phone and the experience of using the overall system, including the ImageViewer. It was

found that the image-assisted 24-hour dietary recall method overestimated energy intake by

7 percent, compared with the estimate of energy intake by the doubly labelled water tech-

nique [49]. There are some limitations to this study. First, wearing the mobile phone might

have altered the usual eating behaviors of the participants. Further, since 71 percent of the
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participants indicated that wearing the mobile phone was a burden, there might have been

other unexpected potential biases that affected the findings of this study. For instance, the

battery life of the phones was not enough to last an entire day. Additionally, the participants

indicated that they were concerned about wearing the phone in public.

Since healthy adults reported that images were beneficial in identifying food items in this

study, I hypothesize that images would be also beneficial for older adults with diabetes in

recalling food items during a 24-hour dietary recall interview. Also, as participants stated

that wearing a mobile device in public led to changing their eating behaviors, in my study,

participants will not be asked to wear any devices in order to capture images.

Food Photography-Assisted 24-Hour Dietary Recall Method (Lazarte et al. [32])

This study [32] aimed to examine the use of the handheld digital cameras for assisting the

24-hour dietary recall method. The validity of this method was evaluated among a sample of

43 healthy Bolivian women for a single 24-hour period. For validating the method, Lazarte

et al. compared the estimate of nutrient intake from the image-assisted 24-hour dietary

recall method with the estimate of nutrient intake from the Weighted Food Record (WFR)

method. To obtain the estimate of nutrient intake from the image-assisted 24-hour dietary

recall method, Lazarte et al. asked each participant to capture images of food and beverages

using a digital camera. Each participant was required to take two images per eating event:

one at a 90-degree angle and the other at a 45-degree angle. After completion of the testing

period, an interviewer conducted 24-hour dietary recall interviews with the participants. To

calculate the estimate of nutrient intake from the WFR method, Lazarte et al. visited each

participant’s home and weighed all the food items during the testing period. Lazarte et

al. demonstrated that the image-assisted dietary assessment method revealed acceptable

validity compared with the estimate of energy intake from WFR.
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Since this study was conducted in a free living condition to avoid the disruption of

the eating behavior, I also aim to focus on a free living condition. However, in practice,

participants in a study such as Lazarte et al. [32]) would need to take out the images from

their digital camera and transmit them to somewhere manually. Instead, in my study,

participants will be asked to use their smartphones to capture and transmit images of food

and beverages.

SenseCam-Assisted 24-Hour Dietary Recall Method (Gemming et al. [20])

The aim of this study [20] was to determine if using a wearable camera can enhance 24-hour

dietary recall in 10 healthy adults aged between 22 and 44 years. Each participant was asked

to wear a wearable camera, the SenseCam, for two full days in a home setting. After the

testing period, a dietitian conducted 24-hour dietary recall interviews with the participants

and recorded their dietary details. Both the dietitian and the participants then viewed the

images of food and beverages recorded by the SenseCam. The images revealed 17 additional

food items; thus, Gemming et al. demonstrated that the images of food items increased

the estimate of mean energy intake by 12.5%. Additionally, each participant was asked to

fill out a questionnaire in order to get feedback on the use of the images of food items.

The participants reported that the images helped them to recall unreported food items that

could be used to provide more accurate information. Some participants mentioned that

they felt uncomfortable using the wearable camera in public situations, such as riding a bus

or purchasing food items. In addition to these negative responses from the participants,

Gemming et al. found the following limitations: (1) the imaging frequency of the SenseCam

was not strong enough to capture images of all food items, and (2) the image quality by the

SenseCam was poor for conducting further analysis of the images.

In brief, this study demonstrated that viewing images of food items enabled healthy
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adults to identify unreported or misreported food items. Based on the findings of this study,

I hypothesize that older adults with diabetes may also be able to identify unreported or

misreported food items by viewing images of food items. Further, as this study used a 7-point

Likert scale survey asking for feedback about use of images, I used the same survey questions

for evaluating the satisfaction of an image-assisted dietary assessment in this dissertation.

However, this study showed that some questions in the survey were asking whether the

camera was a burden to wear because this study focused on evaluating a wearable camera.

Since a smartphone will be used in my study as an image-collection device, those questions

related to the use of a wearable camera will not be included in my study.

Tablet-Assisted 24-Hour Dietary Recall Method (Ptomey et al. [44])

The objective of this study [44] was to determine if the 24-hour dietary recall method, which

combines images of food and beverages, increases estimates of energy and macronutrient

intakes. This method was evaluated among a group of 23 adults with mild-to-moderate

intellectual and developmental disabilities. Each participant was asked to use an iPad 2

tablet to collect images of food and beverages for 24 hours. The next day, a dietitian

recorded the food items on the form each participant consumed after conducting a 24-hour

dietary recall interview with the participant. After the 24-hour dietary recall interview, both

the dietitian and the participant reviewed the collected images of food and beverages and

produced another form to correct any misreported or incorrect food items on the first form.

The dietitian then entered the food items on the two forms, the one produced before reviewing

images and the other recorded after reviewing images, separately into the Nutrition Data

System for Research system and noted the estimates of energy and macronutrient intakes of

the recorded food items from the system. Ptomey et al. found that the 24-hour dietary recall

interview with images of food and beverages in adults with intellectual and developmental
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disabilities improved the estimates of energy and macronutrient intakes.

This study demonstrated that all the participants completed the task of capturing images

of food items successfully without assistance, though participants were adults with intellec-

tual and developmental disabilities including limited cognitive abilities. This suggests that

older adults with diabetes with diminished cognitive functions may also be able to capture

images of food items without any support from their family members or caregivers. Neverthe-

less, this study did not evaluate the likelihood of the dietitians using the images to conduct

a dietary assessment in the future, even though they were also direct stakeholders during the

24-hour dietary recall interview. In my study, I will conduct an interview with both older

adults with diabetes and dietitians to evaluate the satisfaction of using the image-assisted

dietary assessment tool.

Smartphone-Assisted 24-Hour Dietary Recall Method (Hongu et al. [26])

The aim of this study [26] was to evaluate the usability of a smartphone food picture app

for assisting the 24-hour dietary recall method in 45 adults aged 19 to 28 years. The par-

ticipants were asked to capture images of each of their meals and snacks before and after

eating and send the images to the server for three weeks (six days per week). After that,

a nutritionist conducted a face-to-face interview using the 24- hour dietary recall method.

After the completion of the 24-hour dietary recall interview, both the nutritionist and the

participant reviewed the transmitted images of food items on a website installed on the

server. The participants were then asked to complete a questionnaire rating ease of use of

the app, estimating the average length of time spent recording food intake each day using

the app, and asking about the likelihood of the participant using the app to record food

intake in the future. Although all the participants, except for two, reported that the app

was easy to use, only half the participants responded that they would use the app daily to
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record food intake in the future. This response was due to some potential challenges, such

as forgetfulness or laziness with regard to taking images of food items. The participants also

stated that they would like to see additional information in the app, such as calories and

nutrients of consumed food intake.

First, this study showed that a smartphone application can be used as a device for

collecting images of food items, as well as accomplishing the following: digital imaging,

time stamps, location information, and note-taking to create a food record that includes

images. Because of such benefits of using a smartphone app, I will also focus on creating

a smartphone application for improving the accuracy of image-assisted dietary assessments.

This study also reported that some participants (healthy college students) would not use

the app in the future because they did not have any specific reason why they need to use

this, though the app itself was easy enough to use. However, my study will focus on the

population of older adults with diabetes who actually need to maintain healthy eating for

managing their personal health. Additionally, this study found that participants were not

able to record any images if they forgot to capture the images. I will incorporate those

findings from this study into creating a app (e.g., features that remind users to capture

images.)

Wearable Camera-Assisted 24-Hour Dietary Recall Method (Gemming et al. [21])

This study [21] aimed to determine whether wearable, camera-assisted 24-hour dietary recall

method helped to identify unreported food items among 40 adults (20 males whose average

age was 35 and 20 females whose average age was 28). To evaluate the validity of the

image-assisted dietary method, Gemming et al. first calculated the magnitudes of under-

reporting using a traditional 24-hour dietary recall method and an image-assisted dietary

assessment method. The magnitude was the difference between the estimates of energy intake
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and the estimates of total energy expenditure (TEE) over the estimates of TEE. Next, the

difference by the traditional method alone was compared to the difference from the image-

assisted method. Gemming et al. found that the image-assisted method reduced a greater

magnitude of under-reporting than the traditional dietary assessment method. This was

because viewing images enabled participants to recall unreported food items and identify

errors caused by misreporting that were not captured by the traditional method alone.

Since viewing the images enabled adults to identify unreported and misreported food

items, I hypothesize that older adults with diabetes may also be able to discover unreported

or misreported food items. This study evaluated the feasibility of the image-assisted dietary

method but not the satisfaction of participants. In my study, I evaluate both the feasibility

and satisfaction in using the dietary assessment with two types of direct stakeholders: older

adults with diabetes and dietitians. Also, this study showed that, in practice, people would

need to purchase a wearable camera to follow the Gemming method; however, in my study,

I focus on using the camera available in a smartphone that does not have to be purchased

separately.

2.5.2 Tasks Required for Image-Assisted Dietary Assessment Methods

After reviewing prior studies [11, 20, 21, 26, 32, 44], I identified three fundamental features

required for an image-assisted dietary assessment: 1) capturing images of food and beverages,

2) viewing images of food and beverages, and 3) transmitting images of food and beverages.

Table 2.2 shows the characteristics of image-assisted 24-hour dietary recall methods.

2.5.3 Gaps

Prior studies showed how image-assisted dietary assessment methods reduced errors in self-

reported data. In addition, prior studies validated the use of an image-assisted dietary as-
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sessment methods with general populations. Nevertheless, I found three gaps after reviewing

those studies.

1. No study evaluated the feasibility and usability of an image-assisted dietary assessment

with older adults with diabetes.

2. None of the studies evaluated the feasibility of image-assisted dietary assessment meth-

ods with dietitians, even though dietitians were essential stakeholders in the dietary

assessment process.

3. Little is known about the feasibility and usability of the image-assisted dietary assess-

ment methods using smartphone applications, although a smartphone is the device

that can perform all the three tasks required for image-assisted dietary assessments.

To addresses those gaps in the current literature around the use of tools to support MNT,

my overarching aim is to assess whether a smartphone application can improve the accuracy

of traditional dietary assessment methods among older adults with type 2 diabetes. I will

address in three inter-related aims that specifically drill down into each of the gaps.

2.6 Conclusion

The overall aim is to assess whether a smartphone application can improve the accuracy of

traditional dietary assessment methods among older adults with type 2 diabetes. Researchers

developed and validated dietary assessment methods using images of food items for improving

the accuracy of self-reporting of traditional methods. In this chapter, I presented background

information about this research and introduced prior studies that proposed methods for

improving the accuracy of image-assisted dietary assessments. After reviewing prior studies,

I identified tasks required for image-assisted dietary assessments and gaps of the prior studies.
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In the next chapter, I introduce FRADA that enables older adults with diabetes to

collect the images of their meals and snacks. The chapter then demonstrates the usability

of the application in older adults with diabetes in a lab-based setting. The findings of this

study will show that it is usable for older adults with diabetes to interact with FRADA

for accomplishing tasks of taking, reviewing, and transmitting images of food items for an

image-assisted dietary assessment.
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Chapter 3

USABILITY STUDY OF A FOOD RECORD APP FOR
DIETARY ASSESSMENTS (FRADA)

3.1 Introduction and Overview

The literature review from Chapter 2 identified studies that evaluated image-assisted 24-

hour dietary recall methods. As per Chapter 1, the overarching Aim is to assess whether a

food record app for dietary assessment (FRADA) can improve the accuracy of traditional

dietary assessment methods among older adults with type 2 diabetes. The goal of Aim

1 is to determine the usability of a smartphone application for improving the accuracy of

image-assisted dietary assessments with older adults with diabetes. The subaims of Aim 1

are:

• Aim 1.1: To create a smartphone application that enables older adults with diabetes

to collect images of food items

• Aim 1.2: To evaluate the usability of the smartphone application with older adults

with diabetes

After reviewing the studies, I found a gap that no study created a smartphone application

that addresses the needs of older adults. I also identified that no study evaluated the usability

of image-assisted dietary assessment methods with older adults with diabetes, while prior

studies evaluated it with general populations. Specifically, Aim 1 will address the gaps

identified in the literature.

I explored the following research questions for Aim 1: What is the usability of FRADA
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with older adults with diabetes? Would FRADA be usable for older adults with diabetes

performing the required tasks (i.e., capturing, viewing, and transmitting images) to collect

images of food items? Would it be easy for older adults with diabetes to follow the instruc-

tions, such as including all the food items in one single photograph and holding the phone at

a 45-degree angle when taking pictures of food items? Would older adults with diabetes want

to use FRADA in the future? What are the potential benefits of using FRADA for older

adults with diabetes? What are the concerns of older adults with diabetes when interacting

with FRADA? What are the potential target populations of FRADA?

To achieve Aim 1.1, I created FRADA, a smartphone application that enables older adults

with diabetes to collect images of food items and evaluated the usability of the application

with them. To develop FRADA, I used an Apache Cordova framework [5] through multiple

web frameworks, such as HTML and JavaScript. I used this framework because it offers a

set of APIs for implementing functions, such as capturing, viewing, and transmitting images

collected by a smartphone. Furthermore, the codes generated in Cordova can be embedded

to multiple platforms, such as Android and iOS. When designing interfaces of the application,

I applied the design requirements developed to evaluate the usability of smartphone apps for

promoting health and well-being of older adults [48] in order to address older adults’ special

needs (e.g., larger font sizes, increased contrast, and large buttons). To achieve Aim 1.2, I

evaluated the usability of the application by using surveys and interviews with older adults

with diabetes.

3.2 Development of FRADA

Aim 1.1 is to create FRADA that enables older adults with diabetes to collect images of

their meals and snacks. Since collected images will be reviewed by dietitians, I developed

two applications: one for older adults with diabetes to collect images of food items and the
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other for dietitians to view collected images.

3.2.1 Development of Client and Server Applications for Older Adults with Diabetes

The application for older adults with diabetes consists of two sub-applications, client and

server applications. The role of the client application is for older adults with diabetes to

transmit collected images of food items to a server from their smartphones. Therefore, this

application is embedded in their smartphones. On the other hand, I implemented another

sub-application on the server, which receive transmitted images of food items, store them,

and manage any request from the client side in the server. I used HTML and JavaScript

languages to develop the client application using Apache Cordova [5], while using a PHP

language [6] to implement the application on the server. In particular, I used the UW shared

Web Hosting server [7] and its storage to store the transmitted images of food and beverages

by smartphones. To reflect the special needs (e.g. large font sizes, big buttons, etc.) of

older adults, I used design principles [48] to design the user interface on the smartphone

application. I built the application using Apache Cordova [5], an open-source framework on

the Mac OS X 10.11 machine. To facilitate communication between smartphones and the

server, I used open source libraries provided by Apache Cordova [5]. Figure 3.1 illustrates the

screen shots of the user interface in smartphones when study participants capture, review,

and transmit images of food items.

3.2.2 Development of a Viewer Application for Dietitians

The purpose of this application is to enable dietitians to view images of food items transmit-

ted by smartphones of older adults with diabetes during 24-hour dietary recall interviews.

I used HTML and JavaScript languages in order to develop a web-based application. The

application was designed to perform two tasks: 1) gathering the images having stored at the
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Figure 3.1: Screen shots of the user interface in the smartphone application.

UW shared Web Hosting server [7], 2) displaying the images to both dietitians and older

adults with diabetes through devices (e.g., laptops, tablets, or smartphones) during 24-hour

dietary recall interviews. As Figure 3.2 illustrates, the application displays a series of images

transmitted by each older adult participant with diabetes. The date and time information

were added to the top of each image as metadata for the images. In particular, the appli-

cation allowed users to navigate the images taken more recently by scrolling down the page,

as the images were organized in chronological order.

3.3 Methods

Aim 1.2 is to evaluate the usability of FRADA developed in Aim 1.1 with older adults with

diabetes. In order to accomplish Aim 1.2, I recruited study participants (i.e., older adults

with diabetes) and used surveys and interviews as methods to collect responses from the

study participants.
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Figure 3.2: Screen shots of the user interface of the viewer application for reviewing images
of food items during 24-hour dietary recall interviews.
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Figure 3.3: Food items used for usability study.

3.3.1 Participants and Inclusion and Exclusion Criteria

As inclusion criteria, participants were required to 1) be between 65 and 84 years old, 2) be

diagnosed with type 2 diabetes or prediabetes for at least six months, 3) understand spoken

English, 4) have their own smartphones with cameras, 5) live in independent living facilities,

such retirement communities, retirement homes, senior centers, and senior housing, and 6)

have experience with smartphone usage for at least six months. However, I excluded any

participants who are legally blind or have severe auditory impairments to avoid any potential

sample biases that might influence the study. All procedures were approved by the University

of Washington Institutional Review Board.

As of 2015, only 27 percent of Americans 65 and older own a smartphone [1]. However,

since 54 percent of Americans aged between 50 and 64 are smartphone owners, I anticipate

that the population of older adults in the age group of 65 to 84 will increase. Further, among
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assisted-living residents aged 65 and older, only 16 percent of the residents were in the age

group of 65 to 84, which is less than 54 percent of the residents in age group of 85 years

or older [8]. This supports that people who aged between 65 and 84 might need less help

from their family members or caregivers than people in other age groups. Since I created an

application designed for people who live in independent living facilities, I focused on the age

group of 65 to 84.

3.3.2 Recruitment

To request recruitment of participants, I contacted senior centers, senior housing, and com-

munity centers located in the Greater Seattle Area, WA. I determined sites for recruitment as

soon as a manager at the sites confirms my request. Under the permission from a manager,

I posted recruitment flyers and arranged info-sessions at the confirmed sites.

I recruited twelve participants [51] from the three senior centers (i.e., Northshore Senior

Center, Lynnwood Senior Center, and Edmonds Senior Center), two senior housing (i.e.,

Providence Vincent House and Northaven Retirement Apartments), and one community

center (e.g., Center for Healthy Living), while two participants were recruited by my personal

network through a mailing list of the Greater Seattle Dietetic Association and in person.

3.3.3 Study Procedure

To address Aim 1.2, I wanted to evaluate the usability of FRADA with older adults with

diabetes via a lab-based usability session. In order to do this, I designed a test scenario

consisting of pre-test survey, post-task survey, and post-test interview (see Table 3.1). Before

each test, I prepared a smartphone (i.e., iPhone 6), a plate of food and beverages (see

Figure 3.3), and instructions (see Appendix A.2) for the smartphone application. After

that, I asked each study participant to fill out the pre-test questionnaire (i.e., demographics
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Participants Before the test During the test At the end of the test
Consent Perform three tasks:

capturing, viewing,
Older adults Pre-test and transmitting Interview
with diabetes survey (Appendix A.3) (Appendix A.5)

Instructions Survey (ASQ)
(Appendix A.2) (Appendix A.4)

Table 3.1: Study procedure for Aim 1.

questions) (see Appendix A.1) to get information about him or her, including age, gender,

education level, and years of experience using a smartphone. I then proceeded with the

lab-based usability session (see Table 3.1).

I provided each participant with instructions (see Appendix A.2) that include a list of

rules that he or she should keep in mind when interacting with the application. The rules

are as follows: 1) you should include all the food items in one single photograph; 2) to get

the best images, you should hold the phone at a 45-degree angle when taking pictures of

food and beverages.

During the test in the lab, I asked each participant to interact with the application in

order to accomplish the tasks (i.e., capturing, viewing, and transmitting images of food

items) (see Appendix A.3). Once the participant completed the tasks, I asked him or her

to fill out the post-task questionnaire using the After-Scenario Questionnaire (ASQ) (see

Appendix A.4), known as a valid and reliable scale for usability tests, to rate the satisfaction

of the ease of completing each task and the amount of time it took to complete each task by

using the smartphone application. The three statements of the ASQ, which uses a 7-point

rating scale, are described in Appendix A.4. After the participant completed the post-

task questionnaire, I conducted a post-test semi-structured interview with each participant.
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The topics of the interview questions contained the participant’s experience when he or she

uses the application to perform each task. All interviews were conducted in person. Each

interview lasted 20-30 minutes. All interviews were audio-recorded and transcribed.

3.4 Analysis

To analyze the responses from the ASQ, I summarized the numbers and percentages of ratings

and responses. Regarding the qualitative data from the interviews, I collected statements

from transcripts that described participants’ experiences. I then applied an open coding

method [43] to the statements as a single coder. After reviewing the statements repeatedly,

I highlighted quotes on first pass. I bold faced recurring concepts on second pass and labeled

the recurring concepts on third pass. The labeled concepts were then grouped into themes.

3.5 Findings

3.5.1 Participant Demographics

Participant demographics are illustrated in Table 3.2. 14 participants (11 female) took part

in the study . The average age of participants was 73.6 years old (SD 5.0, range 65-80).

Participants had a variety of highest degrees: Bachelor’s degree (5 participants), Master’s

(3), High school graduate (3), Professional degree (2), and others (1). Participants used

various mobile devices: Android (10 participants), iOS (3), and Amazon Fire (1).

3.5.2 Survey Results from Older Adults with Diabetes

Survey results revealed that participants were satisfied with the ease of completing the task

of photographing, reviewing, and sending the images of food and beverages. In addition,

they were satisfied with the amount of time it took to complete the task of photographing,

reviewing, and sending the images of food and beverages. The average scores for completing
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ID Gender Age Race/Ethnicity Education Number of Years Using a Smartphone
P1 Female 76 White/Caucasian Professional 2-3 years
P2 Female 80 White/Caucasian Master’s >3 years
P3 Male 79 White/Caucasian Bachelor’s <1 year
P4 Female 72 Asian/Pacific Islander High School >3 years
P5 Female 67 White/Caucasian Bachelor’s Not reported
P6 Female 65 White/Caucasian High School >3 years
P7 Male 74 White/Caucasian Professional 1-2 years
P8 Female 70 Asian/Pacific Islander Bachelor’s 2-3 years
P9 Female 76 White/Caucasian Master’s >3 years
P10 Female 67 White/Caucasian Bachelor’s >3 years
P11 Female 78 White/Caucasian Bachelor’s <1 year
P12 Female 70 White/Caucasian Others >3 years
P13 Male 79 White/Caucasian High School 1-2 years
P14 Female 77 White/Caucasian Master’s 1-2 years

Table 3.2: Participant demographics (P5 did not report the number of years using a smart-
phone).

Figure 3.4: The number of participants across devices.
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Figure 3.5: Scores for completing tasks of photographing, reviewing and sending food images.

the task of photographing, reviewing, and sending the images of food items were: 6.8 (SD

0.6), 6.9 (SD 0.3), and 6.9 (SD 0.3) out of 7 points, respectively (see Figure 3.5. In particular,

12 out of 14 participants reported 7 points for all the questions.

3.5.3 Interview Results from Older Adults with Diabetes

Usability of the Application

All the participants expressed that they were satisfied with efficiency when performing tasks

for taking, reviewing, and transmitting images of food and beverages. First, participants

stated that the application was quick and efficient to use. P9 stated, “... there’s only three

moves basically, you know. Take a new picture, take the picture, and send the picture. It’s

very efficient. I can’t think of any suggestions to make it better.” P4 was aware of the

simplicity of the process when taking and sending a picture of food items: “Well, probably

just take a picture and sending it to a dietitian in one step.”
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In addition, participants reported that the application was easy and simple to use to

perform the tasks. P6 stated, “A+, It’s very simple and very easy to use.” P14 stated, “So, I

think it’s very, very useful. I think it’s very worthwhile and excellent thing that you’ve come

up with. And, as with all things that are excellent, it’s simple.” Moreover, P12 expressed

the usability of the application by comparing with any other applications he had used: “Oh,

yeah, well, like I said, it’s so much easier than anything that I’ve tried. I’m looking forward

to seeing how you develop this app.” In particular, P1 and P11 reported that they did not

have any difficulty in interacting with the app. P1 stated, “No, I didn’t have any difficulty.”

P11 said, “It’s very easy to use. It’s very intuitive. I had no problem with it at all.”

In addition to the efficiency of using the application, participants mentioned that they

were satisfied with user interface on the application. For instance, the majority of the

participants liked large font size of the letters on the application. P2 said, “But, I did notice

that your app has large letters, so it’s easy to read. You don’t have that little, teeny letter

you have to look at.” P10 mentioned that the large print will help potential users of the

application: “It was very easy to use. And the large print, I think is very helpful to people

who have a hard time seeing. It was, it was easy. I, I – it was easy to do.” Similarly, P11

enjoyed using big buttons on the user interface: “... the app buttons, the big buttons, they

were very large, which for me, another guy can see that for an elderly person because in

texting with a phone I don’t have small enough fingers or touchy enough fingers to do it well,

but these buttons would make the app very easy to use for me...”

To sum up, it was efficient for study participants to perform tasks, such as capturing,

viewing, and transmitting images of food items by using FRADA. They also stated that it

was easy to interact with user interface of FRADA.
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Easy Instructions

Instructions of taking images of food items were: 1) including all the food items in one

single photograph, 2) holding the smartphone at a 45-degree angle when taking the images

of food items. Participants felt that it was easy to follow the instructions when performing

tasks for taking, reviewing, and transmitting the images of food items using the application.

P14 stated, “Probably A [grade] because it’s so clear. The instructions are clear. And the

instructions on being able to accomplish the task is very clear. I feel like I could accomplish

it with one request to do so.” P9 mentioned, “Oh, I think it’s great. It’s very easy to learn

and the instructions are good.” In brief, study participants felt that instructions of capturing

images of food items by using FRADA were simple and easy to follow.

Tablet as an Alternative Device

Although most participants were satisfied with the user interface of a smartphone, three

participants expressed their interest in using a tablet for performing the tasks of an image-

assisted dietary assessment method. P10 said, “I mean it’s bigger, you know, but it’s still

easy. It’s still easy to use. It’s as easy to use as my phone is.” P2 stated, “But, the tablet’s

bigger, but it still works. It would probably work the same.” P14 expressed her interest in

using the application on both her smartphone and tablet: “Well, the only change that I would

like to make is I have both an Android phone and an Android tablet. And my tablet, I would

hope that this app can be available on the tablet as well.”

Willingness to Use FRADA

Older adults with diabetes had various opinions about potential use of FRADA in the future.

In particular, this study showed that it is important for older adults with diabetes to be

aware of benefits of using FRADA to ask them to use FRADA continuously. Participants
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mentioned that they would be willing to return to this application on their own in the future.

P14 stated willingness to use the application by describing how she would use the application

potentially: “Sure, yes. I think it’s a great idea. And I think that I would have a folder for

it for the photographs that are specifically a meal that I actually ate. And I would also do

a before the meal, before I ate it, and then, after the meal in case I left items that I didn’t

ever eat. Like I’m taking it with the packaging on it. Now, I take it eaten, but I never ate

the apple. So, I show what would be left that actually was not consumed.” Similarly, P5

expressed interests, “Sure, especially, you know, if I had a nutritionist or doctor who wanted

me to send them pictures, I’d be happy to.” P10 mentioned potential opportunities of using

the application when going out for dinner: “I am interested in using the app when going out

for dinner.”

Some participants expressed that they would like to use the application if asked by health

providers. P1 said, “If it was available, and the dietitian was available, it would be a great

learning device and diagnostic device, for what you were eating, to how you could improve

your diet habits.” P4 stated, “I would use the app if dietitian asks me.” P3 stated that he

would wish to use the application if there are any known benefits of using the application: “I

– well, I would return it, if it was part of a health, ongoing health procedure that I wanted to

be involved with to, you know, to see that I was eating the right things, that’s all, because I

presume when this goes in you get feedback on it, saying this ice cream cone here may not be

a good idea. I don’t know.”

Nevertheless, P2 stated that they do not want to use the application in the future because

she was still satisfied with the process of writing down food items using a food diary: “I think

it’s easy to use. I personally probably wouldn’t use it because I don’t mind writing things

down.” Even though P2 does not want to use it in the future, she was satisfied with the

usability of the application: “It’s a very easy, it’s a really easy app to use because once you
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understand it and, as I said, it probably would work for some people. Not necessarily for me,

that’s all.”

To conclude, older adults with diabetes expressed a variety of opinions about possibility

of using FRADA in the future. The responses from them indicate that it might be significant

to inform benefits of using FRADA to older adults with diabetes for potential use of FRADA.

Potential Benefits of Using FRADA

Participants reported a variety of benefits of using the application. Most of the participants

stated that the application may facilitate interactions with health providers. P11 stated, “Ap-

parently this is going to send data to a dietitian and the dietitian then can give the person

using it feedback on what they might do to correct their diet to, I guess that’s what it is...

So it’s an ongoing relationship between the patient and the dietitian.” P10 said that the

images from the application may support the practice of dietitians: “... because sometimes

we don’t tell the dietitian everything, but this way she can see everything we ate... It would

be something that would be very helpful to people when, when discussing their, their eating

habits with a dietitian.” Similarly, P6 mentioned that health providers will benefit from the

images collected by the application: “... Because it’ll help people deal with their dietician and

their doctor at the same time. So that everybody can get together and see what you’re doing.”

P12 mentioned that dietitians will be able to provide service by using the collected images

of food items: “...And then it goes to the dietician, and the dietitian’s gonna be able to give

me information...” P1 also mentioned that the application will be beneficial to meeting with

a dietitian: “But if I – as I go through the day, if I just clicked a picture each time, I think

that would be valuable, so not only meeting with the dietitian, but just for my own...”

Further, participants stated that using the app will allow improving their personal health.

P9 said, “In helping somebody to decide how to change their diet for optimal health.” Similarly,



41

some participants expected improved health after using the application. P5 stated, “You

know, if they asked me to take pictures, if they were asking me to use the app, I think I’d

eat even better.” P14 said, “But this has a function that’s directly related to promoting my

health. So, that’s a clear, pragmatic use.”

Two participants mentioned that the application allowed keeping track of meals and

snacks efficiently. P9 stated, “This would be faster if I use that. Take a picture of what you

normally eat or what you just ate for your lunch and tell me if that’s a good example of

what you would have... In that case, I could do it and it would be very fast. Much faster

than seeing a handwritten or a computer-generated list of what they had.” P1 described the

process of taking pictures of food items by comparing with her existing practice of keeping

a food diary: “Like I said, keeping a food diary is just so boring, but if I could take a picture

several days in a row –– then I could just right all those things down, in my food diary.” In

particular, P9 mentioned that the images captured by the application provide information

describing the actual project: “Instead of serving size, then you see the product, the actual

product.”

In addition to direct benefits of using the application, P14 stated that the action of using

the application enabled him to learn taking pictures using his smartphone as an indirect

benefit: “Well, I like it because it gives me practice taking pictures with my smartphone

because I generally use a camera and not a smart phone. But here, I’d be doing it frequently.

So, I would have experience doing it. And I like that sort of side effect of the app that it’s

teaching me.”

The conclusions I came from the analysis above regarding the potential benefits of

FRADA are facilitating interaction with health providers, improving personal health, track-

ing meals and snacks, and a secondary finding of learning how to manipulate a smartphone.
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Potential Features to be Added to FRADA

Participants reported multiple features to be added to FRADA. P14 was eager to have the

option to store pictures taken by FRADA: “Well, I’d like the option to be, I don’t know if

it was there or not, I’m not sure because I was following instructions. I don’t know if the

option was there to save it, rather than send it to save it. And so, if there were an option of

saving file, something like that.”

Participants wanted to have a space to receive information from health providers, as

well as supply additional information to health providers. P3 and P12 wanted to view any

feedback on the images of food items from health providers. P12 stated: “Right, right, well,

what we’ve got now, but then having your app that you just have to snap the picture without

having to do the labels, just take your picture. And I’m not sure how you would do that with

the dietary feedback from the dietitian. I’m not sure how that would work, but it would make

it easy.” In particular, P3 emphasized the importance of getting a feedback from health

providers: “I mean if you don’t get any feedback the whole thing is worthless because if you

keep sending it in –”

While participants wanted to get feedback from dietitians, P2 wanted to provide dietitians

with additional information about the portion size of the food items. To supply accurate

information of food items, P2 stated, “...I think you’ve got about the right size of plate, but

I would definitely check that out....I don’t have that knowledge. I’m sure that being – this

is kind of a national brand to it, so they probably have a pretty good idea what’s in that

too.” Similarly, P10 was eager to supply additional information by leaving comments on the

images of food items. P10 stated, “And if there was maybe a place on the app where you

could put in a comment. . . . – a comment would be nice, I only ate half of this meal...”

From the analysis of responses from participants, I identified potential features to be

added to FRADA that would allow older adults with diabetes to store images captured by
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FRADA and to exchange messages with health providers.

Concerns of Older Adults

Participants expressed concerns toward use of the application. Most participants were con-

cerned about potential costs, such as scheduling a meeting with a dietitian and purchasing

the application, that might occur by using the application. P11 stated, “Right, right, yeah.

I mean, that, that, I can see that if that’s going to be a continuous thing it would have to

be almost, like, a doctor’s relationship where depending upon how much time the dietitian

spends on your particular diet.” P5 mentioned, “My only concern was how much would it

cost you to have to have a nutritionist or doctor look at it, see.” P1 was aware of how

expensive it is to invite dietitians although she uses the application: “Well, I just wondered

how you would get the dietitian involved. You know dietitians are expensive...” Also, P12

was concerned about the cost of the application itself. P12 said, “That’s huge. That’s huge.

We’re seniors. You know, we live on Social Security, so I don’t have a lot of money. Any of

the apps that I have are free.”

In addition, participants mentioned trust issues on the food images collected by the

application. For instance, P7 did not agree with that all the images tell the truth: “You don’t

know what’s in there (Cup) ... Vodka...” Similarly, P2 said, “You’re going to end up picking

your own favorite foods anyway. I mean, just like you have your favorite foods.” In addition

to the accuracy of the images of food items reported by patients, P7 was suspicious about

what patients would actually do while interacting with health providers: “A lot of patients

aren’t cooperative. Patients do what they want. When I prescribe drugs for a patient what

percentage of them do you think take the drugs like they’re supposed to? What percentage

of patients follow the instructions, for example with pharmacy, what percentage would you

guess?”
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Furthermore, participants were concerned about other issues, such as privacy issues,

learning how to use the application, and dietitians’ concerns. Regarding a privacy issue,

P2 stated, “Yes. And, truthfully, to me that would be eventually, for some people it’s going

to work, for me it’s invasion of my privacy... it’s just personal. That’s a personal thing”

Although P2 was concerned about the privacy issue, she still wanted to use the application

if needed: “I would probably share now and then. If I was really having a problem, I probably

would be more willing to share.” P7 was particularly concerned about whether other older

adults could use the application. P1 was worried about dietitians’ concerns. “The only thing

I might wonder about is if the dietitian would like to be able to see the ingredients on anything

instead of just looking at the title, especially if she wasn’t familiar with that particular item.”

To sum up, the analysis of responses from participants indicates several concerns of older

adults, such as potential financial cost, trust issues on images of food items, privacy issues,

learning how to use FRADA, and dietitians’ concerns when dietitians review images of food

items.

Potential Target Populations

Participants suggested that this application may benefit a variety of potential target popula-

tions. First of all, participants agreed with the statement that this application will support

patients with diabetes. P1 stated, “I would recommend it to people with diabetes. I don’t

know what other people would use for it, but people with diabetes, pre-diabetes, or...” Also,

P2 expressed her recommendation: “I would recommend that diabetes patients use this app.”

Participants mentioned that this application could be more beneficial to newly diagnosed

patients with diabetes. P11 stated, “... already a long time ago and then if the people who

recently were diagnosed, they might be more interested in ...” P2 also said, “I guess, it’s very

useful, as I say. I think for a new diabetic, it would be very useful. A person that’s been
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newly diagnosed with diabetes.”

Older adults reported that the potential target users might be individuals who are sen-

sitive to food intake in addition to patient with diabetes. P2 said, “Especially if they were,

again, I’m talking about new diabetics or people who are trying to, or even people who are

trying to lose weight and need to work with a dietitian.” P10 suggested that this application

could benefit people after surgery: “... so, people after surgery, they – because they need to

manage their diets and they need to talk with their nutritionists...”

3.6 Discussion

The primary goal of this Aim was to create FRADA, a smartphone application that enables

older adults with diabetes to collect images of their meals and snacks and determine the us-

ability of FRADA. To do this Aim, I evaluated the usability of the smartphone application in

older adults with diabetes through a lab-based usability session. By surveys and interviews,

this study revealed that participants were satisfied with usability of FRADA and its instruc-

tions by performing three tasks (i.e., taking, reviewing, and transmitting images of food

items) successfully. Even though responses from participants revealed their concerns when

interacting with FRADA, they indicated willingness to use FRADA based on their needs in

the future, as well as additional target populations who will benefit from use of FRADA.

Based on the findings of this study, there remain topics to discuss: Would other existing

or emerging modalities be appropriate for older adults with diabetes? How can we improve

instructions for better use of FRADA? What are preferences of older adults with diabetes

regarding a device, such as a smartphone and tablet computer? What are the needs of other

potential target users (e.g., high blood pressure and chronic kidney disease)? How can we re-

design FRADA to meet the needs of multiple stakeholders (e.g., family members, caregivers,

and friends)? How can we deal with potential financial costs in real-world settings?
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3.6.1 Appropriateness of Existing or Emerging Modalities for Older Adults with Diabetes

While this study focused on recording images of food items as logs, there still exist a variety of

modalities, such as wearable cameras, voice-recording, and sensor technologies that would be

appropriate for older adults with diabetes to record their meals and snacks. First, wearable

cameras may be appropriate for the older adult population. Since images are captured

automatically by wearable cameras [20, 21], older adults might not have to learn how to

manipulate the devices. Similarly, older adults do not have to follow the instructions (e.g.,

including all the food items in one single photograph, holding the phone at a 45-degree angle

when taking pictures of food items, and capturing images before and after eating events)

when collecting images of their meals and snacks. Instead, older adults would only need to

learn basic functions, such as how to turn on and off and how to charge the camera. Even

though wearable cameras may reduce burdens of older adults, users might still need to screen

collected images prior to analyzing the images. In particular, low-income older adults might

not want to use wearable cameras because they would need to purchase wearable devices as

additional devices.

Next, a voice-recording strategy might work well to support the older adult population.

Similar to wearable devices, older adults do not have to follow the instructions, which are

required for collecting images of food items. Instead, they would just need to turn on the

video recorder when logging food intakes they consumed. Although a voice-recording strategy

may help older adults record food items and their portion size, there remain challenges older

adults might face when recording their voices. For instance, older adults would still need to

turn on their video recorders before eating events. Also, it might be difficult for older adults

to describe every single food item and its portion size accurately.

Lastly, sensor technologies (e.g., jaw motion sensor [47]) may be appropriate for older

adults. For example, by monitoring chewing, a jaw motion sensor can detect periods of food
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intake automatically while people consume food [47]. This might be particularly beneficial

to older adults because they do not have to perform any tasks to record food items and

their portion size during eating events. However, it is still questionable whether such sensor

technologies monitoring individuals’ eating behaviors might be socially acceptable for the

older population.

3.6.2 Instructions

Participants were required to follow two instructions when taking pictures of food items.

Although the instructions were based on the findings of the previous studies, this study

showed that there are still rooms to revise the instructions by reflecting the needs of health

providers. For example, dietitians might want to view the images taken at multiple angles

for better understanding of the food items and their portion sizes.

3.6.3 Device Preferences

This study showed found that some participants were interested in using the application on a

tablet device whose screen is larger than the screen of smartphones. Since this study focused

on evaluating the usability of the smartphone application, the findings of this study do not

tell if older adults with diabetes prefer a larger screen. Nonetheless, it would be valuable

to conduct additional experiments to determine the acceptability of other types of devices

(e.g., tablets, laptop, desktop, and smartwatches).

3.6.4 Target Users

I noticed that some participants did not want to use the smartphone application in the

future because they were already familiar with how to manage their diabetes. Instead, they

suggested that this application might benefit newly diagnosed patients with diabetes. This
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implies that researchers and designers might need to consider unique needs of patients with

other types of chronic diseases, such as high blood pressure and chronic kidney disease when

asking them to use technologies with mobile devices.

3.6.5 Understanding Multiple Stakeholders for Better Tool Design

This study focused on evaluating the usability of the application with a single population

of older adults with diabetes. As a result, I was able to identify potential features to be

added to the application based on the feedback from older adults with diabetes, as well

as benefits of using the application. Future work would need to incorporate the needs of

other stakeholders, such as dietitians, family members, friends, and caregivers when devising

features to be added to the application. Also, future studies could reveal the benefits of

multiple stakeholders who interact with older adults with diabetes, such as family members,

friends, and caregivers when using the application.

3.6.6 Cost-Sensitive Population

I noticed that most participants were sensitive to potential costs when using the applica-

tion. This might represent the characteristics of participants in this study because they were

mainly recruited at senior centers and senior apartments. There are more likely to be more

low-income older adults in those facilities than retirement communities requiring relatively

high living cost.

To sum up, I demonstrated multiple topics to discuss for better FRADA design. The topics

include appropriateness of existing or emerging modalities for older adults with diabetes,

what to address when updating instructions, device preferences of older adults, the needs

of other potential target users, how to incorporate the needs of multiple stakeholders into
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FRADA design, and how to deal with financial costs.

3.7 Contributions

The goal of Aim 1 was to create a smartphone application that enables older adults with

diabetes to collect images of food items and determine the usability of the application. I

achieved this goal via development of FRADA and lab-based usability sessions with older

adults with diabetes. Achieving this aim demonstrates three contributions. First, I created

FRADA for an image-assisted dietary assessment based on design requirements that reflect

the special considerations of older adults, while other applications used in previous studies

did not reflect such considerations. Therefore, designers, developers, and researchers could

use the findings of my study for creating smartphone applications targeting older adults with

diabetes. Second, I obtained structured feedback about the application from participants

through three types of questionnaires: pre-test, post-task, and post-test using surveys and

interviews. The findings through this strategy will expand knowledge about how to design

smartphone applications for an image-assisted dietary assessment in older adults. Finally,

I demonstrated potential opportunities of evaluating the feasibility and validity of FRADA

in a deployment study. Ultimately, the findings from Aim 1 could improve the accuracy

of a traditional dietary assessment method by reducing errors in self-reporting in real-life

settings.

3.8 Conclusion

The work presented in this chapter supports the overall Aim of assessing whether a food

record app for dietary assessments (FRADA) can improve the accuracy of traditional dietary

assessment methods among older adults with type 2 diabetes. Specifically, the focus of this

chapter is Aim 1 of developing FRADA that enables older adults with diabetes to collect

images of food items and evaluating the usability of FRADA with older adults with diabetes.
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Aim 1 fills gaps in knowledge from literature review by reflecting the needs of older adults

when developing FRADA and evaluating the usability of FRADA with older adults with

diabetes. The key findings of this study demonstrate that FRADA and its instructions

for capturing, viewing, and transmitting images of food items were usable for older adults

with diabetes. The findings also show that FRADA offers potential benefits to older adults

with diabetes, as well as other patients (e.g., newly diagnosed diabetes, high blood pressure,

and chronic kidney disease). In addition, by incorporating reported concerns of older adults

when interacting with FRADA from this study, the findings suggest implications for creating

technologies to support potential users of FRADA. In brief, Aim 1 study demonstrates not

only the usability of FRADA with older adults with diabetes in a lab-based setting, but it

also demonstrates potential opportunities using FRADA in real-life settings.

In the next chapter, I describe an evaluation of the feasibility of FRADA with multiple

stakeholders involving older adults with diabetes and dietitians. I will report the extent to

which the images of food items collected by older adults with diabetes using FRADA reduced

errors in self-reported data.
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Chapter 4

FEASIBILITY STUDY OF FRADA FOR AN IMAGE-ASSISTED
DIETARY ASSESSMENT

4.1 Introduction

In the preceding chapter, I demonstrated the development of FRADA for the image-assisted

dietary assessment. I then evaluated the usability of the application for older adults with

diabetes. The goal of Aim 1 was to create a smartphone application that enable older adults

with diabetes to collect images of food items and determine the usability of the smartphone

application with older adults with diabetes. One of the key results of Aim 1 was that

FRADA and its instructions were usable for older adults with diabetes. Participants were

satisfied with usability of FRADA. Next, FRADA offered potential benefits to older adults

with diabetes. older adults with diabetes reported that FRADA could be used to facilitate

interaction with their health providers, as well as to improve their personal health by tracking

their meals and snacks. In addition, the findings of Aim 1 showed that FRADA can be

potentially used by other patient populations (e.g., individuals with high blood pressure and

kidney chronic disease). Since FRADA was designed for collecting images of food items, it

is applicable to any individuals who would need tracking a history of their meals and snacks.

Last, Aim 1 revealed that tablet devices can be an alternative device to a smartphone for

older adults with diabetes. It was because tablet devices provide a large screen that makes

them easy to use FRADA.

The goal of Aim 2 is to determine the feasibility of FRADA for an image-assisted dietary

assessment with older adults with diabetes and dietitians. The literature review from Chapter
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2 revealed no study evaluated image-assisted dietary assessment methods in older adults, nor

in diabetes, nor did any studies focus on dietitians as well as patients.

The questions for Aim 2 are as follows: What is the feasibility of FRADA with older

adults with diabetes? Would the images of food items reduce errors in self-reporting during

a 24-hour dietary recall interview? How much would the 24-hour dietary recall using food

images reduce errors in self-reporting?

Having demonstrated the usability of the application, the goal of Aim 2 is to assess

whether FRADA is feasible for an image-assisted dietary assessment. I first describe the

methods used for collecting data (e.g., the images of food items and food list) in Section

4.2. Next, I explain the methods used for analyzing the collected data in Section 4.3. I then

present the findings of the study in Section 4.4 and discuss the limitations of this study in

Section 4.5. Finally, I conclude this chapter by summarizing the contributions of this work.

4.2 Methods

4.2.1 FRADA for the Study

Since FRADA described in Chapter 3 provides essential functions (i.e., capturing, viewing,

and sending images) for collecting images of food and its usability was demonstrated in the

previous chapter, I used FRADA as a tool for study participants to collect images of food

items to evaluate the feasibility of an image-assisted dietary assessment. The goal of doing

this was to examine whether FRADA is feasible for an image-assisted dietary assessment in

support of Aim 2.

4.2.2 Participants and Inclusion and Exclusion Criteria

The 24-hour dietary recall interview requires both a dietitian and patient. In this study,

I recruited both dietitians and older adults with diabetes to simulate the 24-hour dietary
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recall interview as part of a deployment study.

Dietitians

To participate in the study, participants were required to 1) understand spoken and written

English; 2) have a registered dietitian (RD) credential; 3) have experience with older adults

for at least three months. The last criteria was in order to avoid any potential sample

biases caused by study participants who were not familiar with interacting with older adults.

I excluded any participants who are legally blind or have severe auditory impairments to

avoid any potential sample biases that might influence the study.

Older Adults with Diabetes

To participate in the study, participants were required to 1) be between 65 and 84 years old,

2) be diagnosed with type 2 diabetes or prediabetes for at least six months, 3) understand

spoken English, 4) have their own smartphones with cameras, 5) live in independent living

facilities (e.g., retirement communities, retirement homes, senior centers, and senior housing),

and 6) have experience with smartphone usage for at least six months. I chose these criteria

to ensure that study participants could accomplish given tasks (i.e., capturing, viewing, and

transmitting images of food items) using FRADA on their smartphones. I excluded any

potential participants who are legally blind or have severe auditory impairments in order to

reduce any potential sample biases. As illustrated in Chapter 3, the University of Washington

Institutional Review Board approved all the study procedures.
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Recruitment

To recruit dietitians, I identified the Greater Seattle Dietetic Association (GSDA) ∗ after

contacting a dietitian working as a nutrition counsellor in Seattle because GSDA provides

people with networking opportunities with dietitians working in the Greater Seattle area.

Next, I attended events organized by GSDA and spoke with attendees to identify potential

participants. I then sent email messages to the dietitians who expressed interests in this

study. Also, I used a GSDA mailing list to disseminate study participation opportunities to

more potential participants.

To recruit older adults with diabetes, I invited each participant in the Aim 1 at the end

of the session. I then contacted each participant to schedule sessions for the Aim 2 study if

he/she expressed his/her interest.

Study Procedure

Older adults with diabetes took part in an orientation session and a field experiment in a

home setting on the first day (Day 1), and an interview on the second day (Day 2), while

dietitians only participated in the study on Day 2 (see Table 4.1). During the orientation ses-

sion on Day 1, I described the research plan to each participant (see Table 4.1) and installed

the application on their smartphones. I then provided each participant with instructions (see

Appendix A.8) that include a list of rules that the participant should keep in mind when

interacting with the application:

• Include all the food items in one single photograph

• Hold the phone at a 45-degree angle when taking pictures of food and beverages

• Capture images of food items before and after every single eating event

∗http://www.eatrightseattle.org
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Participant Experiment 24HR Interview Intervention 24HR Interview Evaluation
Groups (Day 1) (Day 2) (Day 2) (Day 2)

Dietitians Consent
Review Make notes

N/A Pre-test survey images of Post-test
food items Create a interview

Create a food list
food lists

Older Consent
adults
with Pre-test Recall food Review Recall food Post-test

diabetes survey items images of items survey and
food items interview

Perform three
tasks:

capturing
viewing,

and sending

Instructions

Table 4.1: Aim 2 and 3 study procedure.
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After the orientation session on Day 1, each participant was asked to perform the following

tasks in order specified for the next 24 hours for each meal and snack:

1. Launch the application on his/her own smartphone

2. Capture images of food items before each eating event

3. Have meal (e.g., breakfast, lunch, dinner, and/or snacks)

4. Capture images of food items after each eating event

5. Review the images they have captured

6. Send the images to a dietitian using the application

On Day 2, I invited both a dietitian and an older adult with diabetes to be interviewed.

I asked each dietitian participant to fill out the pre-test questionnaire (i.e., demographics

questions) (see Appendix A.6) to get information about him or her, including age, gender,

education level, and years of experience with older adults. I then asked the dietitian to

use the instructions (see Appendix A.7) and conduct a 24-hour dietary recall interview with

the older adult with diabetes. While the dietitian participated in a 24-hour dietary recall

interview, she was asked to fill out the food list form (see Figure 4.1). After completing their

initial 24-hour dietary recall interview, I gave the dietitian a tablet computer that allowed

her to navigate images of food and beverages transmitted by the older adult with diabetes.

While reviewing images using the tablet computer, the dietitian was asked to record any

food items that were not reported previously, reported incorrectly, and were not captured by

the smartphone on the right-hand side of the food list form using the following questions:

• Are there any other food items you did not report?

• Are there any food items you reported incorrectly?

• Are there any other food items you forgot to photograph?
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Figure 4.1: Food list form for dietitians to record the history of food intake of older adults
with diabetes.
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4.3 Analysis

4.3.1 Analysis of the Images of Food Items

I evaluated the feasibility of FRADA by analyzing the images collected by older adults with

diabetes. Using the collected images of food items, I examined how accurately older adults

with diabetes performed the task of capturing images of food items with the three criteria:

1) whether they included all the food items in one single photograph, 2) whether they held

the phone at a 45-degree angle when capturing images of food items, and 3) whether they

captured the images of food items before and after every single eating event.

First, I estimated the ratio of the number of the images including all the food items to

the total number of images (see Equation 4.1).

Ratio (All the Items) =
# of images including all the food items

total # of images
(4.1)

Second, I estimated the ratio of the number of the images taken at a 45-degree angle to

the total number of images (see Equation 4.2).

Ratio (45− degree Angle) =
# of images at a 45− degree angle

total # of images
(4.2)

Lastly, I estimated the ratio of the number of pairs of two images captured before and

after eating events to the total number of eating events recorded as at least one image (see

Equation 4.3).

Ratio (Pairs of Images) =
# of pairs of images captured before and after eating events

total # of eating events recorded as at least one image

(4.3)
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4.3.2 Analysis of the Food List

For Aim 2, in order to examine whether reviewing images of food items collected by FRADA

was feasible for an image-assisted dietary assessment, I analyzed the food list recorded by

dietitians using the two criteria: 1) whether the images of food items enabled older adults

with diabetes to recall events not reported previously, 2) whether the images of food items

enabled older adults with diabetes to correct events reported incorrectly, 3) whether older

adults with diabetes captured the images before and after their eating events.

First, I investigated if any eating events were reported additionally after older adults with

diabetes reviewed the images collected by themselves. If any eating events were reported

additionally, I estimated the ratio of the number of the eating events reported additionally

after reviewing images of food items to the total number of eating events (see Equation 4.4).

Ratio (Reported Additionally) =
# of eating events reported additionally

total # of eating events
(4.4)

Second, I examined if any eating events were corrected after older adults with diabetes

reviewed the images they had collected. If any eating events were corrected, I determined the

extent to which how many eating events were corrected by estimating the ratio of the number

of the eating events corrected after reviewing images of food items to the total number of

eating events (see Equation 4.5).

Ratio (Corrected) =
# of corrected eating events

total # of eating events
(4.5)

Third, I investigated if older adults with diabetes captured required images of every single

eating event during the field experiment. If they did not capture images of all the eating

events, I determined how many eating events were recorded as images by estimating the ratio



60

ID Gender Age Race/Ethnicity Education Period Working with Older Adults
DP1 Female 34 Asian/Pacific Islander Master’s 2-3 years
DP2 Female 29 White/Caucasian Master’s 1-2 years
DP3 Female 38 White/Caucasian Master’s >3 years

Table 4.2: Dietitian participant demographics.

of the number of eating events with the images captured before and after each eating event

to the total number of eating events (see Equation 4.6 and 4.7).

Ratio (Before Eating Events) =
# of eating events with images captured before the events

total # of eating events

(4.6)

Ratio (After Eating Events) =
# of eating events with images captured after the events

total # of eating events

(4.7)

4.4 Findings

4.4.1 Participant Demographics

Dietitian participant demographics are shown in Table 4.2. All the dietitian participants

were female and held a Master’s degree as a highest degree. The average age of dietitian par-

ticipants was 33.7 (SD 4.5, range 29-38). All the participants had at least 1-year experience

working with older adults.

Older adult participant demographics are illustrated in Table 4.3. Six female study

participants took part in this study. The average age of participants was 71.0 (SD 4.6, range

65-76). Participants had a variety of highest degrees: Bachelor’s degree (2 participants),

Professional degree (2), and High School graduate (2). Participants used various mobile

devices, including Android (3 participants), iOS (2), and Amazon Fire (1) devices.
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ID Gender Age Race/Ethnicity Education Period Having Smartphones
OP1 Female 67 White/Caucasian Professional Not reported
OP2 Female 72 Asian/Pacific Islander High School >3 years
OP3 Female 70 White/Caucasian Bachelor’s >3 years
OP4 Female 76 White/Caucasian Professional 2-3 years
OP5 Female 65 White/Caucasian Bachelor’s >3 years
OP6 Female 76 White/Caucasian High School >3 years

Table 4.3: Older adult participant demographics.

4.4.2 Ease of Use of Instructions for Capturing Images of Food Items

After reviewing images collected by older adults with diabetes (see Appendix A.9), this

study showed that older adults with diabetes tended to follow the instructions successfully:

including all the food items in one single photograph, holding the smartphone at a 45-

degree angle when taking images of food items, and capturing images before and after eating

events. Table 4.4 illustrates the ratio of the number of the images including all the food

items to the total number of images (see Equation 4.4). The average ratio was 97.7 (SD 5.7).

Table 4.5 illustrates the ratio of the number of the images taken at a 45-degree angle to the

total number of images (see Equation 4.5). The average ratio was 94.9 (SD 7.8). Similarly,

Table 4.6 reports the ratio of the pairs of images captured before and after eating events to

the total number of eating events where at least one image was taken (see Equation 4.3).

The average ratio was 71.0 (SD 37.2).

As the findings of Aim 1 supports that instructions were easy to use, the key finding of

Aim 2 is that instructions were feasible for older adults with diabetes to follow for the 24-hour

period in their home settings. This shows potential opportunities of using the instructions

for a longer period.
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ID # of Images # of Images Including Ratio (%)
All Food Items

OP1 36 31 86.11
OP2 7 7 100.0
OP3 15 15 100.0
OP4 20 20 100.0
OP5 5 5 100.0
OP6 10 10 100.0

Table 4.4: Ratio of the number of the images including all the food items to the total number
of images

ID # of Images # of Images Captured Ratio (%)
at a 45-degree Angle

OP1 36 29 80.6
OP2 7 7 100.0
OP3 15 15 100.0
OP4 20 19 95.0
OP5 5 5 100.0
OP6 10 10 100.0

Table 4.5: Ratio of the number of the images taken at a 45-degree angle to the total number
of images.

4.4.3 Reduced Errors in Self-Reporting

Identified Additional Eating Events

This study revealed that reviewing images of food items helped discovering missing or cor-

recting items. As shown in Table 4.7, four older adult participants with diabetes reported

additional food items after reviewing images of food items. The average ratio for older adults

with diabetes who reported additional food items was 26.9 (SD 9.2).
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ID # of Paired Images # of Eating Events Captured Ratio (%)
Before and After Eating Events

OP1 19 16 84.21
OP2 4 3 75.0
OP3 7 7 100.0
OP4 10 10 100.0
OP5 5 0 0
OP6 6 4 66.67

Table 4.6: Ratio of the pairs of images captured before and after eating events to the total
number of eating events where at least one image was taken.

ID # of Eating Events # of Eating Events Ratio (%)
Reported Additionally

OP1 34 12 35.29
OP2 22 7 31.82
OP3 15 4 26.67
OP4 31 9 29.03
OP5 11 0 0
OP6 26 3 11.54

Table 4.7: Ratio of the number of additional eating events to the total number of eating
events recorded as one image.



64

ID # of Eating Events # of Corrected Accuracy (%)
Eating Events

OP1 34 0 0
OP2 22 4 18.18
OP3 15 0 0
OP4 31 4 12.90
OP5 11 0 0
OP6 26 0 0

Table 4.8: Ratio of the number of corrected eating events to total number of eating events
after reviewing images of food items.

Corrected Information of Eating Events

This study showed that images of food items helped correcting incorrect information related

to the portion size of food items and time of eating events. First, the images enabled older

adults with diabetes to correct the portion size of a food item. For instance, while OP4

reported one piece of pineapple, the images revealed that she actually consumed two pieces

of pineapple. Similarly, while OP2 reported that she consumed one cup of rice, a dietitian

found that OP2 actually consumed a half cup of rice instead of one cup. Two older adult

participants with diabetes corrected the portion size of food items they consumed or eating

time after reviewing images of food items (see Table 4.8). The average ratio for older adults

with diabetes who corrected food items was 15.54 (SD 3.73). In particular, I noticed that the

image helping clarify similar type of food items. For example, while OP3 reported initially

that she drank water, the images enabled her to report tea instead of water. Similarly, while

she reported tea for her dinner, reviewing images revealed that OP3 actually drank water

instead of tea.

Furthermore, the images of food items enabled older adults with diabetes to correct the

time when they started consuming their meals or snacks, though they reported the food
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ID # of Eating Events # of Eating Events with Images Accuracy (%)
Captured Before Eating Events

OP1 34 27 79.41
OP2 22 22 100.00
OP3 15 15 100.00
OP4 31 31 100.00
OP5 11 4 36.36
OP6 26 26 100.00

Table 4.9: Ratio of the number of eating events with a pair of pictures captured before eating
events to the total number of eating events.

items and the portion size of the food items correctly. For instance, although OP3 reported

10AM as one of her eating events, the images of food items enabled older adult to change

the time from 10AM to 9AM. Similarly, OP5 changed time from 7:30AM to 6AM for one of

her eating events after reviewing images of food items.

Performance Capturing Images of Food Items Before and After Eating Events

This study demonstrated that older adults with diabetes accomplished capturing images of

their eating events before and after eating successfully. Table 4.9 illustrates the number of

images older adults with diabetes captured before their eating events. The average ratio was

85.96 (STD 25.66). Similarly, Table 4.10 illustrates the number of images older adults with

diabetes captured after their eating events. The average ratio was 71.55 (STD 35.73). The

findings of study illustrated in Table 4.9 and 4.10 revealed that older adults with diabetes

took at least one image of food items for more than 70 percent of their eating events. I dis-

covered that older adults with diabetes captured fewer images of food items after finishing

their meals and/or snacks than before they started eating.

To sum up, the key finding of Aim 2 is that reviewing images of food items collected by
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ID # of Eating Events # of Eating Events with Images Accuracy (%)
Captured After Eating Events

OP1 34 19 55.88
OP2 22 15 68.18
OP3 15 15 100.00
OP4 31 31 100.00
OP5 11 1 9.09
OP6 26 25 96.15

Table 4.10: Ratio of the number of eating events with a pair of pictures captured after eating
events to the total number of eating events.

FRADA was feasible for an image-assisted 24-hour dietary recall interview. First, reviewing

images of food items enabled older adults with diabetes to identify additional eating events

which were not reported. Table 4.7 demonstrates the ratio of the number of additional eating

events to the total number of eating events recorded as one image. Second, reviewing images

of food items enabled older adults with diabetes to correct incorrect information related to

portion size of food items and time of eating events. Table 4.8 illustrates the ratio of the

number of corrected eating events to total number of eating events after reviewing images of

food items. Lastly, older adults with diabetes accomplished capturing images of their eating

events before and after they have eating events successfully. Table 4.9 and 4.10 demonstrate

the ratio of the number of eating events with a pair of pictures captured before and after

eating events to the total number of eating events.

4.5 Discussion

I evaluated the feasibility of FRADA for image-assisted 24-hour dietary recall interviews with

pairs of dietitians and older adults with diabetes. Through field experiments and 24-hour

dietary recall interviews, this study revealed that older adult participants with diabetes per-

formed capturing images of food items successfully. Furthermore, I discovered that collected
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images of food items reduced errors in self-reporting. Reviewing images of food items not

only helped older adults with diabetes identify additional eating events which were not re-

ported previously, but it also allowed them to correct incorrect information related to portion

size of food items and time of eating events.

4.5.1 Sample Biases

This study has sample biases to generalize the findings of the study. First, I focused on

individuals who had previously interacted with FRADA by recruiting older adults with

diabetes who participated in the Aim 1 study. In addition, as shown in Table 4.3, five out

of six older adults with diabetes owned and had used their smartphones for at least 2 years.

Therefore, future work remains to examine the feasibility of this approach with multiple

populations, such as older adults with diabetes who have owned and used their smartphones

less than 2 years and/or patients with other chronic diseases (e.g., kidney chronic disease, high

blood pressure). For example, older adults who have less experience in smartphones might

need additional effort into learning how to manipulate smartphones to perform required tasks

(i.e., capturing, viewing, and transmitting images of food items) via FRADA.

4.5.2 Long-Term Deployment

This study focused on evaluating the feasibility of FRADA for an image-assisted 24-hour

dietary recall interview. During the experiment, older adults with diabetes used the appli-

cation from the time when they got up to when they went to bed. Though the assessment in

this study was only for 24 hours, this was still felt to be very relevant since 24-hour dietary

recall interviews are only 24 hours in duration. Nevertheless, little is still known about the

feasibility of the application for longer periods. For example, this study did not investigate

any long-term adherence issues, even though it is important to see how health of older adults
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with diabetes would change if they were to use FRADA for longer periods. In addition, this

study did not examine whether they would actually use it for longer periods, though par-

ticipants expressed their interests in using FRADA in the future. While older adults with

diabetes were able to perform tasks of collecting images of their meals and snacks successfully

given a 24-hour time frame, it might not be comfortable for them to perform the tasks in a

natural setting longitudinally. For instance, unexpected issues might occur more frequently

during a long-term deployment study. Below are example scenarios individuals might face

during the long-term deployment study:

• What would happen if there is no more battery?

• What would happen if older adults with diabetes need to travel?

• What if older adults with diabetes forgot to bring their smartphones when going out

for dinner?

As for future work, a long-term deployment study would be needed to evaluate the feasibility

of FRADA for longer periods.

4.5.3 Feasibility vs Validity

This study showed that it is feasible to use images of food items to identify missing food

items, which would ultimately lead to reducing errors in self-reporting. Although this study

showed the feasibility of using images of food items for 24-hour dietary recall interviews,

it is still questionable whether this method could be used in a clinical setting because the

proposed method using images of food items with older adults with diabetes still has not

been validated. Since the Aim 1 and Aim 2 studies showed that FRADA is usable and

feasible for older adults with diabetes, the application could be potentially used as a tool for

older adults to collect the images of their food and beverages. In order to use this approach
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in a clinical setting, future work remains to validate multiple dietary assessment methods,

such as food records, 24-hour dietary recall, and food frequency questionnaire, using images

of food items with older adults with diabetes.

4.5.4 Relevance to Recent Studies

The findings in Aim 2 presented that reviewing images of food items helped older adults with

diabetes identify unreported food items and correct food items reported incorrectly. They

are aligned with the conclusion of a recent review article [14] that image-assisted methods

can improve the accuracy of traditional dietary assessment methods. Nevertheless, none of

the studies reviewed in this article used a smartphone as a device for collecting images of

food items to improve the accuracy of image-assisted 24-hour dietary recall interviews, while

some [53, 16, 45] used smartphones as devices for collecting images of food items as part of

image-based dietary assessment methods.

4.6 Contributions

This study reveals that an image-assisted dietary assessment using FRADA with older adults

with diabetes is feasible, whereas no previous studies have evaluated the feasibility of an

image-assisted dietary assessment with older adults with diabetes. The findings of Aim

2 demonstrate the extent to which older adults with diabetes can follow instructions when

performing capturing, viewing and sending images of food items for an image-assisted dietary

assessment: including all the food items in one single photograph, holding a smartphone

phone at an angle when capturing images of food items, and capturing images of food items

before and after each eating event. In addition, this study presents the extent to which

older adults with diabetes can recall additional food items that were not reported, reported

incorrectly, or not photographed after reviewing images of food items. This shows that a
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smartphone-based image-assisted dietary assessment could be used as an enhanced dietary

assessment methods that would reduce errors, which occur with self-reporting tools. To

sum up, my study offers a proof of concept that it is feasible for older adults to use a

smartphone application to collect images of their meals and snacks for an image-assisted

dietary assessment.

4.7 Conclusion

This chapter demonstrates the feasibility of FRADA for an image-assisted dietary assessment.

The study reveals that FRADA for collecting images of food items is feasible for older adults

with diabetes. In addition, reviewing images collected by older adults with diabetes reduced

errors in self-reporting during the 24-hour dietary assessment with dietitians. The images

of food items not only enabled older adults to recall unreported food items, but they also

helped them correct food items reported incorrectly. The work illustrated in this chapter

supports the overarching aim of assessing whether FRADA can improve the accuracy of

traditional dietary assessment methods among older adults with type 2 diabetes. The focus

of this chapter is Aim 2 of investigating whether reviewing images of food items collected by

FRADA reduces errors in self-reporting of older adults with diabetes during 24-hour dietary

recall interviews. In brief, Aim 2 shows that using images of food items can improve the

accuracy of a traditional dietary assessment method when dietitians conduct 24-hour dietary

recall interviews with older adults with diabetes.

In the next chapter, I describe an evaluation of the satisfaction of older adults with

diabetes and dietitians’ experience with the images of food items during a 24-hour dietary

recall interview. I will illustrate the needs and barriers of older adults with diabetes when

collecting the images of food items in a home setting using FRADA. In addition, I will

describe dietitians’ perspectives including concerns and potential opportunities using images
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of food items collected by older adults with diabetes.
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Chapter 5

SATISFACTION OF STAKEHOLDERS WITH
IMAGE-ASSISTED 24-HOUR DIETARY RECALL INTERVIEWS

5.1 Introduction

In the preceding chapter, I evaluated the feasibility of an image-assisted dietary assessment

using FRADA with dietitians and older adults with diabetes. As per Chapter 1, the overall

Aim is to improve the accuracy of traditional dietary assessment methods among older

adults with type 2 diabetes. The goal of Aim 3 is to evaluate the satisfaction of stakeholders

(i.e., older adults with diabetes and dietitians) with FRADA and an image-assisted 24-hour

dietary recall interview. The subaims of Aim 3 are:

• Aim 3.1: To evaluate the satisfaction of older adults with diabetes with FRADA

• Aim 3.2: To evaluate the satisfaction of dietitians with an image-assisted 24-hour

dietary recall interview

The literature review from Chapter 2 revealed that none of the prior studies evaluated

the satisfaction of both patients and health providers with image-assisted dietary recall

assessment methods, even though health providers are also essential direct stakeholders for

the process of a dietary assessment.

The questions for Aim 3 are as follows: Would FRADA be usable for older adults with

diabetes to perform the required tasks (i.e., capturing, viewing, and transmitting images)

for collecting images of food items in real-world settings? Would it be easy for older adults

to follow the instructions (i.e., including all the food items in one single photograph, holding
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the phone at a 45-degree angle when taking pictures of food items, and capturing images of

food items before and after every single eating event)? What are the challenges older adults

with diabetes face when capturing images of food items in real-world settings? What are the

privacy issues of older adults with diabetes when sharing images of food items with other

people? What are the trust issues of older adults with diabetes when sharing the images

of food items with other people? Next, I explored the following questions to understand

the population of dietitians during a 24-hour dietary recall interview using images of food

items: What are the benefits of using images of food items during a 24-hour dietary recall

interview? What are the needs of dietitians when reviewing images of food items? What are

the potential use cases of FRADA for dietitians?

To achieve Aim 3.1 and 3.2, I present methods used for collecting qualitative data from

two groups of stakeholders (i.e., dietitians and older adults with diabetes) during the image-

assisted 24-hour dietary recall interview in Section 5.2. Next, I explain methods used for

analyzing collected qualitative data in Section 5.3. I then demonstrate the key findings of

Aim 3 in Section 5.4 and discuss the limitations and future work of this study in Section 5.5.

In the end, I conclude this chapter by summarizing the contributions of this work.

5.2 Methods

Using surveys and interviews, I determined the extent to which older adults with diabetes

are satisfied with FRADA for performing tasks (i.e., capturing, viewing, and transmitting

the images of food and beverages) required for an image-assisted dietary assessment. In

addition, I used interviews with dietitians to understand how dietitians interact with the

viewer application and how they interact with older adults with diabetes when reviewing

images of food items.



74

5.2.1 Participants and Recruitment

As the participants in Aim 2 were the same as the ones in Aim 3, I did not recruit additional

participants only for Aim 3.

5.2.2 Study Procedure

After running the experiment conducted in Aim 2, I carried out the following two sessions:

one session for conducting surveys and interviews with an older adult with diabetes and

the other session for conducting interviews with a dietitian. During the first session, I

asked each older adult with diabetes to respond to the questionnaires (see Appendices A.9

and A.10) to rate their satisfaction with the images of food items collected by FRADA. I

conducted interviews with the older adults with diabetes. The interview questions covered

three themes: 1) experience using the FRADA for collecting images of food items, 2) potential

uses of FRADA for different purposes, and 3) suggestions for improving FRADA. Sample

interview questions covering those themes are described in Appendix A.11. After completion

of the interview with older adults with diabetes, I conducted interview with dietitians. In

this study, one dietitian conducted 24-hour dietary recall interviews with two different older

adults with diabetes in my study. The interview questions covered multiple themes: 1)

experience of using images of food items for a 24-hour dietary recall interview, 2) potential

uses of the images of food items for a 24-hour dietary recall interview, and 3) suggestions

for improving an image-assisted 24-hour dietary recall method. Sample interview questions

covering those three themes are illustrated in Appendix A.12.

5.3 Analysis

Two types of data were collected through surveys and interviews: 1) responses to Likert-

type statements from surveys with older adult participants with diabetes, 2) audio-recorded
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qualitative feedback from the dietitians and older adults with diabetes. To analyze the survey

responses, I summarized the numbers by calculating the average scores for each question.

Regarding the qualitative data from the interviews, I collected statements from transcripts

that described participants’ experiences. I then applied an open coding method [43] to the

statements as a single coder. After reviewing the statements repeatedly, I highlighted quotes

on first pass. I bold faced recurring concepts on second pass and labeled the recurring

concepts on third pass. The labeled concepts were then grouped into themes.

5.4 Findings

5.4.1 Survey Results from Older Adults with Diabetes

The following seven statements were used to evaluate the satisfaction of an image-assisted

24-hour dietary recall with older adults with diabetes (see Appendix A.9 and A.10).

1. The images helped me to remember some foods I had forgotten about.

2. The images helped to remember extra details of how my foods were cooked, prepared,

or purchased.

3. The images helped me to remember the portion size of the foods I age.

4. The images helped me to verify the portion size of foods I age.

5. The images allowed me to provide more accurate information about the foods I age.

6. The application was easy to use.

7. I would like to use the application to record food intake in the future.

The average scores for the each question were: 7 (SD 0), 6.5 (SD 0.84), 6.67 (SD 0.82), 7

(SD 0), 7 (SD 0), 7 (SD 0), and 6.5 (SD 1.23) out of 7 points (see Figure 5.1). In particular,

the average scores for all the questions were above 6 points, which were between the level
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of “agree” and “strongly agree” described in the questionnaire in Appendices A.9 and A.10

. Survey results revealed that the images of food items were helpful for older adults with

diabetes to recall multiple things, food items they had forgotten about, extra details of

how their food items were cooked, prepared, and purchased, and the portion size of the

food items they consumed. In addition, the survey results showed that the images of food

items helped them not only verify the portion size of food items they consumed, but they also

enabled participants to offer more accurate information about the food items they consumed.

Furthermore, participants agreed that FRADA was easy to use when collecting images of

food items they consumed for the past 24 hours. They also expressed that they would like

to use the application to record their food intake in the future.

In brief, the key finding of surveys is that older adults with diabetes were satisfied with

reviewing images of food items collected by FRADA due to multiple benefits, such as recalling

additional eating events and verifying reported food items. This finding supports the results

of the feasibility study in Aim 2 that reviewing images of food items enabled older adults

with diabetes to identify additional food items which were not reported previously.

5.4.2 Interview Results from Older Adults with Diabetes

Usability of FRADA during the Deployment Study

Older adult participants were satisfied with FRADA when using it for 24 hours at home. OP3

said that it was easy for her to capture the images of her meals and snacks at home: “Yeah,

it was very easy for me. We don’t have a dining room or a table; we eat off of a coffee table.

And, with the children all around, it made me keep a clean spot on the coffee table to take the

picture.” OP2 mentioned that the process of capturing images of food items was easier than

writing them. “It’s easier. Much, much easier than writing down everything.” OP5 was also

satisfied with the user interface of FRADA: “Very easy to do and very easy to read...Very
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Figure 5.1: Average scores for each question illustrated in Appendix A.9 and A.10.

friendly and very informative and very helpful, too.” In addition, they reported that FRADA

worked functionally during the deployment study. OP5 stated, “It worked pretty well. It did.

It worked well. Took the pictures and submitted it to the dietitian and let me know that it was

submitting to the dietitian, so it was, it did very well yesterday.” Similarly, OP6 said, “it’s

pretty easy to do. Just take a picture and then wait and save it and send it to the dietitian.”

Satisfaction of Older Adults with Instructions

Older adult participants mentioned that the instructions were easy to follow. OP4 stated,

“I thought it was very easy and I think especially because of the way you presented how

to do it. You told me exactly how to do it. I think we went over that about three times,

didn’t we?” OP5 said, “Very easy. No problems at all.” In particular, OP4 mentioned that it

was very helpful to see how to hold FRADA for capturing images of food items prior to the

deployment study: “And then also you telling me and showing me exactly how to hold the
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camera at the 45-degree angle so I knew exactly how to do that and how to fit the pictures

in the frame. As a result, I didn’t have to take any of the pictures over again. I thought they

all turned out just fine.” Similarly, OP6 was satisfied with clear instructions: “But why I did

a good job I think is because you, your good instructions. I knew exactly what to expect

and I had planned for it.”

Benefits of Using Images of Food Items for Older Adults

Recall Food Items Older Adults Did Not Reported. Most older adult participants

agreed that the images of food items were helpful for recalling food items when meeting

with a dietitian during 24-hour dietary recall interviews. OP3 stated that the images of food

items helped her recall and verify food items she reported during the 24-hour dietary recall

interviews: “Really good. And it helps with recall... because I can’t remember. And so, having

pictures of it, it completely verified – more than just guessing...Well, I thought it was nice to

have images because, as you observed, I had forgotten a couple items that I had eaten that

we had pictures of.” OP6 also shared her experience when meeting with a dietitian during

the study: “Same with the picture. I forgot something, but I did have it in my journal and

Megan notices it in the picture, so I looked back, yeah, I’d forgotten it to tell her.” Similar to

OP3 and OP6, OP5 reported that the images reminded her of food items she had consumed:

“Well, it kind of reminded me of what I had eaten. I had forgotten. It reminded me of what

I had.” In addition to reminding OP1 of the food items, she mentioned that the images of

food items made her aware of the portion size of food items she had consumed: “Because

of my memory. You know, I mean, I eat more than I think so I’ve seriously considered

continuing this practice already because I think it’s very beneficial to me...I’m just surprised

I ate so much, especially chocolate.” OP6 also stated that the images helped her estimate

the amount of food items she had consumed: “if they sent me a picture, I could evaluate
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what the amount was. If it’s a decent picture, you can pretty much tell how much it is.”

Leverage Images as an Alternative to Food Diary. Older adult participants were

satisfied with the efficiency of recording food intake using FRADA. OP1 stated, “Well, see,

I’ve been writing it all down and I’m kind of tired. I don’t know. I’d rather have the picture.

A picture’s worth a thousand words.” OP2 mentioned that it is easy and convenient to record

food items: “But when taking a picture, I don’t need to do all those things, just take a picture,

that’s all. So, it’s very easy, very convenient.” Similarly, OP6 indicated, “But now I would

use a picture. If anybody asked me again, I would ask for a picture of the meals that they

had for one day, because that’s a lot easier and faster than 24 hour recall.”

Help Diabetes Management and Health Behavior Change. Older adult partic-

ipants mentioned that reviewing images of food items will support diabetes management.

OP3 stated, “I think it will help me a lot with my diabetes management... This is where the

focus comes in. I’m going to pay attention to what I eat more. I know I had a dietitian set

up my needs on.” OP1 mentioned that the images would motivate her to change her health

behavior: “I think it would be good for me to go back and maybe make up pictures of these

that I can look at. And it really helps me to really be more motivated to measure how much

I’m eating to better count my calories and stuff. Therefore, I really want to lose some weight.

I’m really, really motivated now I think. And this is really a good spur on in that direction.”

Challenges Older Adults Face When Capturing Images of Food Items

Challenges in Different Environments. Older adult participants said that it is difficult

to capture images of food items given some environments, such as at night or at restau-

rants. OP2 mentioned her challenges when taking the images food items with insufficient

light: “especially on last meal. That was at night at nine or ten, something like that. It wasn’t

enough light. I turned on every light, but usually in a camera they don’t have enough light to
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take a picture. They need a flash.” In particular, OP4 addressed challenges she faced when

capturing images of her meal at a restaurant: “I thought it was kind of a nuisance having to

take the picture, especially in a restaurant. I had to move the other people’s plates away sort

of to get a good picture of my plate and then again take the empty plate. So, in a restaurant

it’s a little uncomfortable.” OP4 also mentioned that she needed to confirm that it is alright

to capture the images in public prior to performing the task: “I try never to use an iPhone in

a restaurant when people are around and here I had to be sure and focus this properly. But it

worked out fine and they were all very nice. And most of them had gone to the University of

Washington so they kind of understood what I was doing. They thought it was a good thing

to do.” Nevertheless, OP4 stated that she had to stop the conversation while capturing the

images, though she was sitting next to her family members at a restaurant: “But it kind of

had to stop the conversation. “I’ve got to take a picture now, guys.” You know, so we had to

stop.”

Challenges in Performing Required Tasks. Some older adult participants felt that

it was hard because they had to collect the images of all the eating events. Also, they were

not accustomed to performing the task the first time. OP1 stated that she seemed to put her

effort into performing tasks of collecting the images of her meals and snacks: “And I had a

full day. I was tired, but I did it.” OP2 mentioned that it was challenging for her to perform

the task of collecting the images of food items at the beginning of the study; however, it

became better to perform the task multiple times: “In the beginning, when you explain to me

and try to show me how to take a picture, everything in one frame, in the beginning, it was a

little bit hard, but just a couple times and it was okay.” Similarly, OP5 also raised that there

is possibility of educating older adults to use FRADA: “I told her about the app study that

you’re doing and she was interested, but she doesn’t really understand her phone that well,

so I’m not sure.”
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Potential Features of FRADA

Reminder. Older adult participants suggested that FRADA should have a feature for

reminding them capture images of food items. Two older adults stated that they forgot to

capture the images during the deployment study. OP5 stated, “No. I forgot to do them last

night.” OP6 also shared her experience about missing images: “I didn’t, it looks like I did not

take the picture of the last, the cookies and the milk. It looks like I didn’t take a picture of

that but I didn’t look to see. Like this one, there. I don’t think I took another one. I forgot to

take the one after I ate the cookies and milk. Obviously I didn’t take it. So, it wasn’t in there

so I figured I must have forgotten.” OP4 tried not to forget to capture images of food items

because it was part of the experiment: “I think it would be easy to do that. I was focused

on doing that all day. I thought, “Oh, I can’t forget to take a picture because I don’t want to

screw your thesis up.” Nevertheless, she suggested that a reminder feature would help her

perform the task of capturing images of food items in the future: “Remembering to do it, you

know. If you’re going to eat something, you can’t just grab something and eat it. Oh, I’ve

got to take a picture of it. And then you wanted a picture of the plate afterwards to prove I

ate it, I guess, or whatever.”

Support Diverse Populations. Older adult participants described potential challenges

when people with special needs (e.g., tremors, language barrier) interact with FRADA. OP4

stated that it would be a good idea to address the needs of older adults who have trouble

holding a mobile device: “I think people that have trouble holding the iPhone or like my

husband, he has essential tremors, he has diabetes, but he has a problem taking pictures with

his camera so he doesn’t take pictures simply because his hands shake. It takes him a long

time. He has to put his arms against something so that they don’t shake and the tremors

don’t obscure the picture.” Similarly, OP5 mentioned potential concerns of people speaking in

other languages (e.g., Spanish) when they interact with FRADA: “She’s, she speaks Spanish,
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so I’m not sure that she really understands what I’m trying to tell her.”

Use FRADA with Existing Tracking Applications. Older adult participants were

eager to use FRADA in combination with existing tracking applications (e.g., MyFitness-

Pal ∗). OP4 said, “MyFitnessPal for my diabetes management but I haven’t been doing what

I’m supposed to do. So, using this app in combination with the FitnessPal, I think it will

be really helpful as well because I can’t not remember what she said – how many grams of

protein or carbs or whatever, and how they need to be spaced out. So, this is going to help

me.” OP3 was also interested in using FRADA with MyFitnessPal: “Also, I’ve done it – kind

of like what we were talking about. When I was using MyFitnessPal, I would take a picture

and use it to go back and enter everything on MyFitnessPal. And where it would talk about

your lunch, and I’d say, “Okay. This is what I had for lunch” and I would enter it.”

Review Collected Images. This study showed that a feature for reviewing the collected

images could be added to the next version of FRADA based on users’ interest. OP2 was

interested in reviewing the image she has collected: “Yes, I think that’s a good idea, just

like taking a blood pressure measurement or sometimes they have a history, last history

of blood pressure numbers and it’s nice to look into what’s changing in the blood pressure

measurement. Just like that, dieting, it’s changing a little bit. Usually, people only eat what

they like so starting with taking all the instructions, following the instructions to cook or

eating those meals, probably four of five months later or a couple months later, they are

eating what they like. I think that’s a good idea to look into what they eat.” Nonetheless,

OP5 was not interested in reviewing images: “If it’s part of a study, I’ll look at them and

explain to you, but beyond that, I have no interest.”

∗http://www.myfitnesspal.com
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Potential Use of FRADA

Older adult participants expressed that they are willing to use FRADA in the long term.

OP3 and OP4 expressed that they are willing to capture images of food items frequently.

OP3 mentioned, “Normally, I would have gone maybe three times a week or more.” OP4

stated, “I will keep this in mind and I may well use this idea of taking pictures of food more

frequently.” On the other hand, other older adult participants stated that she would use

FRADA only if she was asked to use it by her health provider. OP6 stated, “If I were

working with somebody at – I belong to Kaiser – and if I were working with somebody at

Kaiser and they could also be plugged into the app, then yes, I would use it.” Similarly, OP2

said, “Yeah, just once or twice a month and reporting it to dietitians and when we meet, they

can suggest to me how I am eating or dieting.” OP3 wanted to use FRADA in the future

because FRADA is much easier to interact with: “And even if I don’t do MyFitnessPal, I

will do this – 100 percent. It’s so much easier than anything else.” OP4 was also positive

about use of FRADA in the future: “I think it will be very interesting if this becomes a real

app that people can use. And it will be interesting to see in the future if it’s something that

will be developed and available to people. If it works, it would be great.”

Nevertheless, OP6 did not want to use FRADA for now since she is satisfied with her

current approach for recording her food intake: OP6 stated, “But my method for journaling

has worked for me and so I wouldn’t be looking for another tool right now... Because the way

I journal, I have a visual memory of what I’ve eaten so I don’t really need the pictures. I

already know what I ate yesterday and I know what my blood sugar was today. Actually, it

was pretty good so what I ate yesterday translates with the amount of exercise I’m getting

and what my blood sugar is fasting and what it is during the day.”

Older adult participants said that they would want to use the collected images as a

memory aid when writing them down as their food diary. OP1 said, “I would like to go
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back and update ... they call it a diary, which I have been doing for years. I didn’t write

them down because I thought maybe I could go back and write them down. So, I would like

to do that.” Similarly, OP4 mentioned that she can potentially use the images collected by

FRADA when writing them down: “Yeah. I thought it was kind of neat to do and I was

thinking that I do want to keep a food diary and be more diligent about it. So, this would be

a good way for me to do that. I would just take a picture of my meal and I wouldn’t have to

worry about remembering it. I could just go through my pictures and write it all down...even

if you weren’t associated with a study like this, you could take the pictures and then in the

evening you could write down the food that you ate or the next day.”

Potential Target Populations

Older adult participants suggested multiple potential target users of FRADA. First, they

said that FRADA would be useful for people with special needs for nutrition. OP2 men-

tioned, “Any illness people live with. I think that’s a good idea because they need a diet. They

need specific diets to cope with the illness. I think that’s a good idea to have this kind of

thing, not only diabetes.” In addition, OP6 stated: “Well I do have people that contact me

every now and then for ideas and I have helped a number of family members and friends with

special needs for nutrition, and it would be very helpful for them...”

In addition, older adult participants mentioned that FRADA could help people who face

challenges in keeping their food diary. OP4 said, “Especially, it may be for people that are

trying to keep a food diary but are having trouble remembering to write it all down, they might

try this.” OP6 also mentioned that the approach using FRADA could be an alternative to

writing down food intake: “I think it’s a good tool, especially for people who don’t want to go

to the bother of writing it down and if they’re going to remember, they could either review

their pictures or just the act of putting it together, eating it and then taking another picture
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might imprint on their memory better what they’ve eaten then if they just ate something

randomly and not made a special note of what it was.”

Additionally, OP6 mentioned that FRADA could support people who have memory loss

that might bother 24-hour dietary recall interviews: “but sometimes drawing it out for some-

one else, they just can’t remember if they’re not used to doing it. So, a 24-hour recall for

some people does not work at all, so a picture definitely is a good idea.”

Privacy Issues by Sharing Images of Food Items

This study showed that older adult participants were not sensitive to any potential private

issues by sharing their images of food items with family members. OP4 said, “I wouldn’t mind

sharing them, but I don’t think he would be interested in seeing them. My kids don’t live at

home anymore. They have families of their own and I don’t think they would be interested

in seeing my pictures of the food that I ate. I think it’s a personal thing. I wouldn’t mind if

they wanted to see them.”

Taking Control While Reviewing the Food Images

Older adult participants did not have strong interest in leading the process of reviewing

images during 24-hour dietary recall interviews. OP5 said, “She was doing it, but I could

see what they were, yeah. I was comfortable doing that.” In particular, she mentioned that

it must be natural for her dietitian to take control: “She took control. That’s the way she

should though. She’s a dietitian....I was happy to let her do it.”

Trust Issues When Sharing Images of Food Items

OP5 stated that she did not want to share with other people food items she should not

consume: “Probably not. I want to look like I’m behaving myself. I don’t want anybody to
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know that I’m eating something I shouldn’t. That would be giving myself up.” She also

mentioned that she actually did not visit a fast food restaurant for that reason, though the

place might be one of the restaurants she prefers to visit. “I didn’t want to go to McDonald’s

and get a Big Mac. I figured that wouldn’t look good. It’s not good for the study. Even though

I love Big Mac’s, but I try not to eat them very often.”

5.4.3 Key Findings from Interviews with Older Adults with Diabetes

Overall, interviews with older adults with diabetes in Aim 3 revealed several key findings for

understanding the needs, preferences, and barriers of older adults with diabetes when they

interact with FRADA. First, FRADA was usable for older adults with diabetes when they

use it for 24 hours at a home setting. Similarly, the instructions for collecting images of food

items were easy for older adults with diabetes to follow during the deployment study. This

findings correspond to the results of Aim 1 where older adults with diabetes were satisfied

with FRADA and the instructions for performing tasks using FRADA in a lab-based setting.

Next, I identified potential benefits of using images of food items for older adults with

diabetes. For instance, reviewing images of food items helped older adults with diabetes

recall any food items they did not report previously. Also, efficiency of recording food intake

using FRADA enabled older adults with diabetes to consider collecting images of their meals

and snacks as an alternative method to keeping a food diary.

Nonetheless, I found challenges older adults with diabetes face when older adults with

diabetes capture images of food items. For instance, it was difficult for them to collect images

of food items using FRADA at night because light was not enough to capture. Another

example of the challenges includes issues when older adults with diabetes capture images of

food items at a restaurant because they need to ask other people sitting around them to

ensure that it is alright to capture images. Also, this study showed that some older adults
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with diabetes faced a challenge in using FRADA at the beginning of the study as they were

not familiar with how to manipulate it.

In addition, older adults with diabetes suggested potential features to be added to

FRADA. For instance, they were eager to have a feature for reminding them capture images

of food items as they forgot to capture the images during the deployment study. Also, they

suggested that FRADA could have additional features to support other populations, such

as people with hand tremors and language barriers, which were not reflected in the current

version of FRADA. In addition, I discovered that the future version of FRADA could be

used in combination with existing tracking applications including MyFitnessPal, as FRADA

may fill the gap existing tracking applications have.

Furthermore, this study showed that it is important to consider trust issues when asking

older adults with diabetes to share images of their meals and snacks through FRADA,

although they are willing to use FRADA in longer periods. For example, one participant

stated that she did not want to share with other people images of food items she should

avoid.

5.4.4 Interview Results from Dietitians

Challenges in Current Practice

Dietitians stated multiple challenges in their current practice when meeting with older adults.

First, dietitians expressed challenges they face when using food models to conduct 24-hour

dietary recall interviews with clients. DP1 mentioned, “sometimes I used food models to

help them to provide a little bit better amounts of foods they ate, but they just helped them

to provide more accurate amounts, but that doesn’t really help seniors to recall the products

what they had.” DP2 stated that “But still the food models are not able to show me the food

size or amount the patient ate contrary to images.”
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In addition, dietitians reported challenges when conducting 24-hour dietary recall inter-

views with older adults in their current practice. DP2 shared her experience when meeting

with older adults: “We always complain or notice that 24 hour recalls are very helpful for

each of us already conduct 24 hour recalls. When we meet patient especially for the first time,

we all use them, but we all complain of the limitations the fact that people forget, under or

overestimate. Especially older adults, YES.” She also raised the issue about older adults’

willingness to report correct food items: “So she or he wants to do presenting her informa-

tion in good way to impress.” Similarly, she mentioned, “... want to emphasize that you ate

vegetables cause you are expected that dietitians want you to eat the vegetables.” In partic-

ular, DP3 stated that people with Alzheimer’s disease might not able to report ingredients

they consumed correctly because they did not cook but were given food items prepared by

someone else: “So they don’t realize ingredients what’s in it because they just eat what they

were given but they don’t focus on that or difficult to remember.” Additionally, DP3 reported

challenges in estimating the portion size and nutrient content of food items when people had

gone out to eat.

Benefits of Using Images of Food Items

Dietitians mentioned several benefits of using images of food items when conducting 24-hour

dietary recall interviews with older adults with diabetes. First, they mentioned that the

images helped patients identify additional food items. DP3 stated, “I think that it’s really

helpful. We did find one thing that she had completely forgotten about even though she was

really detailed in her own journaling. And we talked through the 24-hour recall, but then

when we brought up the photo, we realized that she had forgotten something. So, that was

helpful.” This led dietitians to better estimate the portion size of food items older adults

with diabetes had consumed. DP2 stated the benefits of using the images based on her
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experience: “It would be great if every single dietitian access to the images when conducting

the food recall 24HR, because sometimes there might be some misunderstanding or patient

can either overestimate or underestimate what they eat. So I think it would be really helpful.”

Similarly, DP3 mentioned, “It’s also helpful from a sense of looking at portion sizes cause

sometimes it’s really hard for people to estimate how much...they don’t have a sense of what

is a cup? Or what’s half a cup? So, it’s nice to have images for that reason.” In addition,

dietitians mentioned that reviewing images of food item can enable older adults recall food

items they had not reported during the 24-hour dietary recall interview. DP1 said, “It is a

really good idea to use images to review older adults dietary history the day before because the

images really help older adults recall what they ate the day before...the picture really helped

them to recall what they had” Similarly DP2 stated, “Yeah, I think for example, patients forgot

to mention specific food or underestimated or overestimated the portion size by reviewing

images I could remind the patient that he or she had eaten something she didn’t mention.

Or that instead of two eggs, maybe patients ate eggs 3 eggs.” Furthermore, to identify more

specific information about eating events of patients, the images enabled DP2 to hold longer

conversation with patients: “...use the images to continue to conversation and make it more

detail, go deeper.”

Second, dietitians expressed that images of food items provide additional information to

understand the dietary patterns of patients. DP2 indicated that the images offered extra

information: “So I noticed that when I reviewed the images after the food recall, there was

lots of information that could have been helpful to know beforehand.” DP1 also agreed that

images can be additional source of information: “it’s like a supplemental information.” DP1

used such additional information from the images to confirm food items older adults with

diabetes reported. “because the images confirm, kinds of confirm what the seniors recorded.”

In particular, DP3 stated that the information from the images can be used to determine if
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patients went outside for dinner: “You can see the table cloth or with that client was out to

eat – you could see she was out to each. So, that was nice.” Similarly, DP1 mentioned that

reviewing images of food items helped her figure out dietary patterns of patients: “we can

see their dietary patterns: how often they eat out. How often they tend to cook at home. I

think that also may help.”

Third, dietitians stated that it was efficient to conduct 24-hour dietary recall interviews

using images of food items. DP3 said, “The pictures especially though compared to just

verbally describing. The pictures are quicker and they’re a little bit more – I don’t know –

it’s just easier to see and understand what they’re talking about.” Also, she mentioned the

efficiency of using the images when investigating the food items people had consumed: “Yeah.

I think that it’s very helpful. I think that it’s a useful tool. It’s an efficient tool to be able to

quickly see what people are eating and drinking.” In addition, she reported that the images

helped her estimate the portion size of food items people actually consumed: “the pre and

the post to see how much they actually did eat... I think that’s really helpful to see how much

they actually ate.”

Lastly, dietitians reported that images of food items may improve awareness of patients

for better eating health behaviors. DP3 mentioned, “I think it’s also just like any other

tracking device or tracking method, it’s really helpful for awareness because they then are

able to kind of be more conscious and think about how much, and what they’re having, and

when they’re having it... the biggest thing is probably the awareness because she was just so

focused on doing it...”

To sum up, dietitians reported that the images of food items collected by older adults with

diabetes made the image-assisted 24-hour dietary recall interviews accurate and efficient, as

the process of reviewing images met the needs of dietitians (e.g., understanding the dietary

patterns of patients). Also, they mentioned that the images of food items may encourage
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patients to have better health behaviors.

Viewer Application for Reviewing Food Images

Dietitians were satisfied with the usability of the application for viewing images FRADA

generated, information provided by the application, the quality of images when reviewing

them. First, dietitians reported that the viewer application was easy to interact with. DP1

said, “It was easy. All the pictures were there. So, I can Just scroll down.” DP3 stated, “I

used a tablet and it was. Not difficult because it didn’t require any particular computer skills

or something too advanced... So the fact that I was able to do it without even doing any kind

of rehearse out because you gave me the tablet and they just started.”

Second, dietitian participants liked date and time information because such information

was essential for dietitians when conducting dietary assessment with patients. DP1 men-

tioned, “I think actually the date and time is really helpful because especially for patients

with diabetics sometimes also it is very important. Obtain what time they eat food. So that

time tells me actually their diabetic patterns, too. For example, I can see interval between

breakfast, lunch, and dinner, or snacks. If patients had snacks just after the meal, I maybe

provide some advice that Why don’t you have some space between meals and snacks? That

would help her blood glucose management.” Similarly, DP2 said, “I really like the fact that

we have the date and time. I think date and time is really important.” In particular, DP3

was very interested in the possibility of accurate date and time information: “Well, I like the

date and the time. The time, especially because a lot of clients get the time wrong and – or

they’re just guessing. They’re kind of estimating. So, it’s nice to have the time in there as

long as it’s correct on their phone or in the app while they’re doing that.”

Third, they liked the images captured at a 45-degree angle because the approach allowed

them to identify any food items on dishes. DP1 stated, “I can see the whole food, all the food
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and I can see little space here. So I think the strategy was really helpful.” In particular, she

was positive about this strategy, as this can be an approach to make the images standardized.

For example, she mentioned, “... make all the pictures standardized for individuals. Also,

the meals. You had a really good strategic idea that make that Standardization.”

Fourth, they liked the process of reviewing images captured before and after each eating

event, as those two images offer additional information (e.g., portion size of leftover). DP2

stated, “I really liked the idea of taking a picture before and after. I liked it because you can

see how much patients ate, this is important because especially someone goes out and they

are given a very big portion of food they can choose all much to eat.” DP3 mentioned, “Well,

I think that this time around it was really nice to have the pre and the post. And to think

about having my patients capture that. So, I’ll probably actually do that in the future with

my own clientele, is ask them to do pre and post. Because I think that’s really helpful instead

of just estimating or instead of just having them tell me how much they actually ...”

Nevertheless, dietitians reported issues when reviewing images of food items. First, DP1

mentioned that some ingredients were not easy to detect from the images. “Some ingredi-

ents didn’t show in the image. Maybe that can be a still little limitation like example some

ingredients may be hided by other big ingredients, but we cannot see in the picture.” Next,

DP2 expressed that she would prefer the imaged located horizontally, while the images were

displayed vertically (see Figure 3.2). DP2 stated, “If they are placed side by side, I think it

would be easier to look at cause so that I have to here and go down. But if I want to look at

the before, I would go up again and p and down up and down.”

Potential Features of a Viewer Application

Dietitians wanted to obtain additional information that could potentially be used for better

dietary assessments. DP3 emphasized how important it is to understand the environment
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around patients: “So, it’s kind of nice to know, “Okay. Where is this from? And where are you

eating?” Cause that’s like a behavioral thing with food. Like are you eating on the run? Are

you eating at somebody’s house? Is it sitting in front of the TV?...Your environment affects

what you’re eating.” Dietitians were eager to obtain location information where patients

consumed food items because location information is a relevant factor. DP1 stated, “Maybe

location if there is location information, that would be helpful too. So that we can see whether

they may cook at home more or they may eat out more.” DP3 mentioned, “Maybe a location.

So, like home versus out to eat or being able to put in where they were at and where they were

eating to help them remember.” She was very interested in additional data when meeting

with patients with specific diseases (e.g., diabetes): “if the app is specifically for patients with

diabetes, I think it also would be also helpful in the future, it also could include some lab

results for example like a blood sugar. So we could see blood sugar before the meal, and then

blood sugar after the meal”

Furthermore, dietitians wanted to have additional information to estimate the portion

size of food items more accurately. DP1 was concerned about how to measure the size of

containers on the images: “Yea, for example, patients drink a cup of milk but I don’t know

how big the cup is. I don’t know the size of the cup. I don’t know. I cannot tell by the

picture.” DP3 shared her experience about how a reference object can be used: “to have

some reference objects. So, like – for example – the Chobani, I know what size that is. So

then, I can estimate the sizes of the glasses around it. But if that wasn’t there, it would be

hard to estimate” In addition, for better estimating the portion size, DP3 suggested that

dietitians use the images captured from the side rather by addressing the challenges when

using the images captured from the top: “Yeah. So, I think it’s easier to not see it top down,

but to see it form the side so you get a sense of depth...And not top down, ideally, it would be

from the side so you get that height in there...Versus a top angle. Yeah. Which most people
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I think tend to do that, but yeah. I have had a couple people kind of like the whole plate. And

then, when it’s top down like that it’s really hard to see ...”

Dietitians were eager to have clear information about the images of food items. While

the current application use military time to represent time information, DP2 wanted to see

a 12-hour clock format when representing time information (e.g., 9:00AM instead of 9:00): “I

don’t see here it’s AM or PM, so I would suggest either way you know, I am not sure that’s

what I grow up with. I think it is called military time here in the U.S. For example, 9PM

is 21 in my home country. So here I am not sure whether it is 9 in the morning or pm.”

Similarly, dietitians wanted to see a description of the images to avoid any confusion. DP3

stated, “if I didn’t have their description – seeing the images without the description could

sometimes be a little bit confusing.” In particular, DP3 expressed the value of descriptions

of the images when patients were physically not available: “Well, if I was going to get the

pictures without having the client present, then I would want a description...If the images

were going to be used without the client, it’d be nice to have a description of what it is.”

Dietitians wanted to be involved in the process of image-assisted 24-hour dietary recall

interviews actively. DP2 was interested in a feature for sending a reminder to older adults

to avoid any missing images: “As patients know that as she or he has to see me, I would

send the patients a reminder if it’s possible to send me the picture.” While DP2 wanted

to reduce any missing images before conducting 24-hour dietary recall interviews, DP1 was

eager to supply information about the images after 24-hour dietary recall interviews. “...the

area where I can type some comments. That would be helpful ... I may think too far, but

if I use it in my practice, I may leave some advice or I would say this snack was OK, but

this dinner may include this one, you may include this one. You may decrease something

advice.”

Dietitians wished to use applications without any technical skills but based on their
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preferences. DP2 stated, “Only problem is that I am not very high tech person. I am not

an expert in this area.” To overcome any potential challenges of using an application, DP3

suggested that an application should be easy to use: “Especially with people who aren’t quite

as tech savvy, just making it a little more user friendly in that regard would be helpful.” DP2

suggested that user interface of the application be customized for each individual user to

reflect his or her preference: “You can choose other views. Probably, I think the option to

choose could be better because for me it’s the same, but there might be other person who don’t

like this view probably I don’t know. So there was a possibility to change the view I think it

would be a plus”

Furthermore, dietitians were eager to organize the images collected by patients. In order

to clarify the source of each image, DP2 wanted to see the name of patients who collected

each image: “Maybe the name of patient also as an identifier. If I add collection of photos

in my computer, you know sometimes gets confusing, pictures get lost, you don’t know who

they belong to.”

Who to Control? Dietitians vs Older Adults

This study revealed that dietitians controlled the viewer application to review images col-

lected by FRADA during 24-hour dietary recall interviews. They mentioned that they did

not intend to control the process, but it happened naturally by their personal habits. DP1

stated that she had led the process of 24-hour dietary recall interviews to make the given time

with patients efficient: “I think it was just my habits. When I had limited time with patient

to assess their diet, actually we usually have very limited time. So, I had to use our time

effectively. So, I think I was not really patience with older adults. That’s why maybe I would

like to process more quickly. That’s why I just control it. And then just ask the questions.

Because if older adults control, it may take little longer time. So, I think it was my habit.”
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Although DP2 agreed that she did not intend to lead the process of reviewing images, she

expressed that she would like to involve patients in the process: “It happened naturally. That

was supposed to different? I think I was holding the tablet both times. Probably I would go

back I would involve patients more. It would be helpful to maybe I don’t recall how I was

holding the tablet, but I am sure that I was leading that part.” DP3 also led the process of

reviewing images in the situation where the tablet was located closer to her: “because it was

closer to me, and then I just ended up turning it to her and scrolling through.”

Although dietitians did not intend to control the process, they were aware of the benefits

of leading the process. DP2 mentioned the benefits of the process of reviewing images led by

dietitians: “Probably conversation would be longer. In that case, that would be more room for

the patient to comment to participate. I am thinking that case I will lead the conversation

cause I was thinking about duties for activities which was putting the check. But in real life,

I would love to involve the patient more.” DP3 also indicated the advantage of having the

control, though she was not concerned about who to lead the process: “I might have more

to talk about one picture than another. So, it’s kind of nice to be able to have that control

to slow down and ask more questions...I think it could be either. So, from a patient’s sense

it’s kind of nice because they’re still in control. But from a clinician sense, I might want

to pause longer.” Similarly, although DP2 expressed that it is better for her to lead the

process, she emphasized the importance of patient involvement during the process: “I still

think that I should be the person in control, but I think the person could be involved more.

And after reviewing every single picture, maybe there would be more time for conversation

and comment.”
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Dietitian-Patient Interaction

This study showed that dietitians wanted to involve their patients as stakeholders when

reviewing the images of food items. DP2 wanted to interact with patients during the review

process because she was eager to obtain specific information about eating events of patients:

“in real life, I would now exactly that kinds of diseases that this patient has. It would be really

important to me to involve the patient when reviewing the pictures. If the patient has diabetes

and she said that she didn’t eat rice, then in the picture, it looks like she adds four cups, I

would definitely love to share the tablet with the person and show her what I mean because I

really need to know specific information.” In addition, she mentioned how important it is to

make patients active during the process. DP2 stated, “I think it is important in general to

involve the patients in any kind of activity cause I don’t want them to get board or lose track

of what I am saying. So, I think what I did came natural but ideal would be also involve the

patient and make sure she sees stuffs.”

To facilitate interaction between dietitians and older adults with diabetes during the

process of reviewing the collected images, DP1 suggested a large screen as a tool: “I think

I would prefer a little bit bigger screen. Whatever device has bigger screen because then I

can see the reviewed pictures with older adults together. If I have a small phone, it is very

difficult to look at the pictures together. So, I would prefer whatever device has bigger screen.”

DP3 also expressed her preference in using a large screen because the screen will be shared

during the process of reviewing collected images: “And get to it that way, that’s what I would

prefer as clinician. So, that we’re looking at it together on a bigger...it would be easier to just

make it larger and see the whole thing versus having to scroll back and forth.” She addressed

that a large screen might make it easier for older adults to view the images together: “you

can make it larger for seniors, and to really see, and go through each one versus if you

had the little icons, and then you’d have to click, and open each icon.” She described her
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previous experience in practice when sharing the collected images with patients through a

bigger screen: “a lot of my clients track on their smartphones. But then I actually pull that

information up through the web on my computer because it’s a bigger screen. And then, we

can look at it together.”

Potential Benefits of Using Images of Food Items

In addition to the primary benefits of using images of food items described in Section 5.4.4,

this study revealed multiple potential benefits of using images of food items. This study

showed that the images can be used as materials for educating patients. DP2 introduced a

use scenario using the images to educate patients: “...if I saw a picture that would present

a meal that looks really balanced, really nice, I could use them without identifiers, show that

picture to another patient. Even if the patient is different age or different needs, to show a

picture of meal eaten to someone else...by showing them pictures of people who ate what I

mean. I can tell them this is what I mean. This is just an example, but this person ate the

meal. What could work for you do.” This scenario corresponded to her prior experience using

the images available in the Internet: “I google pictures of meals, and they show them what I

mean when I say something like half of the plates should be filled with vegetables, the amount

of fries shouldn’t be more than a fist.” DP1 was also interested in collecting the images of

meals to create materials for patient education: “pictures also can be used for collecting like

an example of good meals. I think it is a good resource. We can use the pictures to make

our handout. Just good resources for practitioners to make a handout or book. That would

be a good materials.” DP3 stated that the images could be used as intervention for health

behavior change, though the images were used as materials for dietary assessment in this

study: “That also could motivate patients to maybe modify their diet. So, we could see that

oh you had a lot of fruits in that meal or you had a lot of carbonates in that meal. No wonder
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why you had elevated blood sugar. That can be education tool for patients to encourage them

to monitor their diet.”

In addition, this study showed that collected images can be potentially used for future

studies of dietitians. DP1 particularly mentioned potential opportunities of analyzing the

images by integrating external data, such medical history of patients, to identify the correla-

tions between dietary patterns and chronic diseases: “I think that can be for future studies as

a dietitian. Maybe possible studies. For example, we have all the images from many differed

individuals. If we know their medical background, maybe we could do some study related to

dietary patterns or dietary pattern with their chronic disease. We can see the pattern between

what they eat and higher chance of these chronic disease. We could find some relationships

between dietary patterns and chronic disease. I think that could be a future study material.”

Complementarity between Interviews and Images

Although dietitians wished to see descriptions about the images as additional information,

they still considered the process of 24-hour dietary recall interviews to be valuable. DP3

mentioned that speaking with patients enabled her to identify information clarifying food

items in images: “Especially talking through it. It’s not easy if I just had the images without

the description of what it is. But yeah, talking with the patient, and having them point

things out, and talking about portions. That was very easy.” Similarly, DP2 stated that the

interview was helpful to identify food items not captured in images: “The interview could

complement information obtained by the pictures. So no problems if some pictures were not

taken.”
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Concerns of Dietitians when Using Images of Food Items

Dietitians reported multiple concerns when using images of food items. First, they were

concerned about whether older adults would be able to perform tasks required for image-

assisted 24-hour dietary assessment interview successfully. DP2 was worried about situations

where older adults forget to capture images of food items: “But I would imagine that people

make forget to do it. It happens... if the patient forgot to take the picture of the rice, I could

not comment on during the visit about the rice. So that would be still limitation the patient

should remember that they should take a picture.” DP3 was concerned about how successfully

older adults would be able to use a smartphone application to capture images of their meals

and snacks: “How easy it is to navigate that for the seniors cause this was very easy to just

look at all the pictures and talk through it.”

Second, dietitians were concerned about sharing collected images via phones, as they

would be considered as the private information of patients. DP2 stated, “From what I know,

as we are talking about information associated with patients, you are not supposed to have

pictures with your personal on your personal phone. I am not sure if I would be allowed

to review this picture from the phone unless the cell phone provided by hospital which is

unlikely.”

Lastly, this study showed that dietitians would need training sessions to get accustomed to

leveraging the images of food items during 24-hour dietary recall interviews. DP2 said, “Be-

cause I remember the first time I was reviewing images, I was also trying to speak with the

patient, so (I wanted to) make sure that all the images were there because I had to put the

cross or a tick to show in your paper in writing if something is missing, so, I needed to pay

attention to that. There was a speaking with the patient that so that’s why it took more time.

But I don’t think it was a problem for everything for your first time is slow, and then second

time you do it faster, and third time you are like wow you like it.”
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In brief, dietitians were concerned about multiple factors, such as whether older adults

could perform their tasks successfully, whether image collected by patient could be still

shared by their phones, and whether they could use the images in real-life settings.

Best Time to Review Images of Food Items

Dietitians preferred reviewing images prior to meeting with patients. DP1 mentioned, “I do

prefer to have images before I meet the patient so that I can review first so that I can have

some ideas about their dietary pattern even a little. When I meet the patient, I have better

ideas where to start or what to provide in terms of advices. So, it would be better to have the

images prior to maybe appointment time.” Also, DP2 expressed the same opinion that she

would prefer reviewing images in advance: “I think the day before or a few hours. It depends

some dietitians screen.”

In contrast, DP3 mentioned that it is still important to review images of food items with

patients together: “However, with picture you really do need to talk through it and discuss

what that is cause sometimes it’s really hard to just see and know is this collard greens?

Or is it spinach? Is it chicken? Is it pork? So, you really do need either that verbal or a

written description of what the food is along with the picture. So, from an efficiency sense,

it’s fastest to just do it together. Look at the picture together and have the patient walk

you through it.” Although she preferred reviewing images when meeting with patients, she

was eager to receive the images in advance to make the process of the dietary assessment

efficient: “it’d be nice to have that information ahead of time, and then be able to plug it in,

and do all the nutrient analysis to then have the feedback for the patient in the session...maybe

sending the pictures in advance before the visit could be again a plus because it could save

time.”
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Potential Target Populations

Dietitians suggested a variety of potential target populations. DP3 mentioned that using the

images would be helpful for people who are not going to journal or track anything: “Specifi-

cally, with clients who aren’t going to journal and are not going to use an app to track each

thing, each food item, and plug that in. I think it’s really helpful for them.” DP1 stated

that the dietary assessment using the images would benefit people who cannot meet with

dietitians in person: “If we had a comment box, actually, for the future, a dietitian I think

doesn’t have to be there. I think maybe more convenient for some situations. For example,

patients live far away, very difficult to access, came to the hospital or some limited accessibil-

ity. Then still they don’t need to come. I can just communicate with patient with this picture

and my advice. So, I think it would be also, can be used conveniently. We can break some

limitations.” Also, she suggested that this process would be valuable for people with other

chronic diseases: “I think it can be helpful for people with other chronic diseases that are.

Closely related influenced by their diet.” DP1 suggested that people with Asian backgrounds

would benefit highly through the dietary assessment using images of food items because the

images can be used to recall small but diverse ingredients included in Asian-style meals. DP1

stated, “I think personally people with more Asian background may would benefit from these

images because as long as I know that, Asian dishes usually had a lot of small ingredients.

For example, chopped garlic, chopped onion,... images really help them remember a little

ingredients like sesame seeds, but I realized that Western dishes are not as delicate as Asian

dishes, so maybe more benefits for people with some Asian culture, background.”

While other dietitians suggested potential target populations by using images as a memory-

aid material, DP2 mentioned that the images could be useful for communicating with people

whose first language is not English: “At the clinic where I work right now, I work with a lot of

patients who don’t speak English, and frequently almost every day, I use a phone interpreter.
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So Patients in front of me but interpret over the phone. But using this app which doesn’t

have any characters. I would. It would be really helpful because I could show to the patients

in front of me the images which don’t have any English characters or anything.”

Potential Benefits of Using Automated Image-Assisted Dietary Assessment Methods

Dietitians were enthusiastic about potential benefits of using automated image-assisted di-

etary assessment process because such a process can make dietitians focus on their primary

role of helping patients make changes: “Most RD’s would be happy to just have that done

and then we can focus more on what really matter is helping the client make changes.” In

addition, she was hoping that a manual process, such as plugging in all the data into the

system, will be diminished by a potential automated dietary assessment system: “If in the

app there was also a place to plug in the info and have it do an analysis. If they want to

take that to the next level... Also, the motivational interviewing. So, like helping people with

behavior change cause we don’t need to plug in all the data. I mean that’s – a computer could

do that, right?”

5.4.5 Key Findings from Interviews with Dietitians

The overall key findings related to the interview results from dietitians were satisfaction of

dietitians with the process of an image-assisted dietary assessment, benefits of reviewing im-

ages of food items, concerns of dietitians when reviewing images of food items, and potential

features to be added to FRADA that would meet dietitians’ needs. First, this study showed

that the process of reviewing images of food items collected by FRADA met the needs of

dietitians. For instance, they reported that they were able to conduct more accurate and

efficient 24-hour dietary recall interviews with older adults with diabetes by reviewing the

images, which would ultimately improve the accuracy of a traditional dietary assessment
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method.

Second, the interview study revealed that potential opportunities of using images of food

items for dietitians. For example, dietitians stated that the images of food items can be used

as materials for educating patients. One of the proposed use scenario was to ask patients

to review images of food items collected by other patients, as this strategy allows patients

to prepare better meals. Also, one dietitian mentioned that such collected images would be

useful for any potential future studies of dietitians, such as investigating the diet patterns of

patients.

Third, I discovered that dietitians have concerns when using images of food items col-

lected by older adults with diabetes. One of the concerns was that they were worried about

reliability of the images collected by older adults. For instance, they had concerns about

how successfully older adults would be able to use FRADA to collect images of their meals

and snacks.

Lastly, one key finding in the interview study is that dietitians were highly motivated

about improving accuracy of dietary assessments. For example, potential features proposed

by dietitians were to obtain more accurate information for better dietary assessments. Dieti-

tians were eager to see information about locations where patients had meals and snacks so

that they may have better ideas to understand the environment around patients. In addition,

to obtain more accurate information from patients, dietitians were interested in sending a

reminder to older adults to avoid any missing information.

5.5 Discussion

5.5.1 Biases by Study Design

This study has potential biases related to generalizing the findings. For instance, it is possible

that this application and process would require dietitians to put more effort into the meeting



105

with older adults. In this study, each dietitian conducted 24-hour dietary recall interviews

with two different older adults. Dietitians with more extensive use of the system may become

more familiar with the process of reviewing images of food items. DP2 actually spent more

time with an older adult because she was not familiar with the process of reviewing images

with the older adult participant, though she was aware of the study procedure.

In addition, this study did not evaluate the performance of each dietitian after performing

their tasks of conducting 24-hour dietary recall interviews. According to eligibility criteria,

all the dietitian participants held a Master’s degree with a RD credential and had previous

experience with older adults for more than at least 12 months. Although such eligibility

criteria enabled me to collect reliable data from older adult participants, the differences in

abilities in conducting 24-hour dietary recall interviews among dietitians were not measured

in this study.

5.5.2 Methods for Understanding Perceptions of Older Adults with Diabetes

Overall, I used extensive assessment methods to understand perceptions of older adults with

diabetes when they interact with FRADA. To evaluate usability of FRADA with older adults

with diabetes in Aim 1, I assessed their report on what they liked or did not like about the

use of FRADA through surveys and interviews (see Appendix A.4 and A.5) in a lab-based

setting. In Aim 2, I evaluated the feasibility of FRADA by counting the number of images

collected by FRADA in a natural setting: 1) the number of images containing all the food

items in a one single photograph, 2) the number of images taken at a 45-degree angle, and 3)

the number of before and after images they took (see Equation 4.1, 4.2, and 4.3 and Appendix

B). Aligned with those two previous experiments, Aim 3 focused on understanding needs and

challenges older adults with diabetes may have experienced when interacting with FRADA

in a natural setting through surveys and interviews (see Appendix A.9, A.10, and A.11). For
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future work, it would be worthwhile to see how quickly older adults with diabetes accomplish

all the required tasks (i.e., capturing, viewing, and transmitting images of food items) using

FRADA. The results of such experiment may confirm the efficiency of using FRADA as part

of findings of surveys and interviews from Aim 3.

5.5.3 Disparities between Dietitians and Older Adults

Through interview studies with two different groups of stakeholders, this study showed that

there exist disparities between dietitians and older adults.

Dietitians’ Concerns vs Older Adults’ Abilities

First, while dietitians were concerned about the ability of older adults in performing the

task of collecting the images of their meals and snacks, two studies (i.e., lab-based usability

study and deployment study) with older adults revealed that FRADA was easy enough to

interact with. Little is known about how much dietitians might trust the quality of the

images collected by older adults.

Second, dietitians and older adults had different perspectives about the images of food

items. Since dietitian participants considered the images as private patient information, they

had concerns about using their personal devices to access to the images. However, older adult

participants were not sensitive to sharing their images with other people.

Lastly, both dietitians and older adults agreed that they need training sessions to familiar

with the process of 24-hour dietary recall interviews using images of food items. However,

while dietitian participants wished for training sessions about how to review the collected

images during the 24-hour dietary recall interviews, older adult participants were interested

in learning how to manipulate FRADA to capture images of food items rather than how to

interact with the collected images during the 24-hour dietary recall interviews.
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Who to Control a Viewer Application

Although all the dietitian participants led the process of reviewing images of food items,

they were eager to involve patients in the process. For example, they were willing to ask

patients to navigate images, though they still wanted to take control to make the process

efficient given the situations (e.g., limited time assigned to each patient). While dietitians

wanted to encourage older adults to participate in the process, the interview study revealed

that older adults tended to depend on the instructions from dietitians.

Potential Target Users of FRADA

Both dietitians and older adults mentioned that potential target users could be those people

who are not good at journaling or tracking their diets. In other words, FRADA was consid-

ered as a tool to support recording food intake by both dietitians and older adults. While

older adults considered people with chronic diseases, which are relatively common to older

adults, as potential target users of FRADA, dietitian participants suggested populations with

different types of needs, such as people who have language barriers and people who consume

small but diverse ingredients.

5.5.4 FRADA as an Intervention Tool

The findings of this study demonstrated that FRADA was used as a valuable tool to support

an image-assisted 24-hour dietary recall interview. While the findings showed potential op-

portunities of leveraging the images of food items for improving the accuracy of a traditional

dietary assessment method, both dietitian and older adult participants expressed that there

is potential to use FRADA as an intervention tool. For example, dietitian participants stated

that the images of food items may potentially increase awareness of patients for better eating

habits. Older adult participants reported that the images of food items enable them to think
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what to eat next.

5.6 Contributions

To my knowledge, this study is the first attempt to evaluate the satisfaction of both health

providers (i.e., dietitians) and patients (i.e., older adults with diabetes) with a smartphone

application for improving the accuracy of image-assisted dietary assessments. The findings

from Aim 3 suggest design implications for potential useful features to be added to FRADA.

Ultimately, both health providers and patients using FRADA will be able to collect a variety

of types of data (e.g., text, voice, and biological signals) that represent patients’ blood

pressure and physical activity patterns. Further, the qualitative feedback from participants

offers insights in designing and developing image-assisted dietary assessment methods that

address the needs of both dietitians and older adults. This finding may allow designers and

researchers to incorporate such insights into tool design to support multiple stakeholders

involved in the dietary assessment process. To conclude, this study is the first attempt

to understand the satisfaction of both health providers and patients with a smartphone

application for improving the accuracy of image-assisted dietary assessments.

5.7 Conclusion

The findings of the deployment study in Aim 3 provide an evidence that both dietitians

and older adults are satisfied with the process of an image-assisted 24-hour dietary recall

interview including the process of collecting the images of food items at reviewing images

via a viewer application in real-life settings. Using FRADA not only enabled older adult

participants to track their diets easily, but it also allowed them to use the collected images

for health behavior change. In addition, the process of reviewing images during the 24-

hour dietary recall interviews between dietitians and older adults facilitated interactions

between those two stakeholders. Therefore, the findings in Chapter 5 suggest that there is
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potential to design and develop technologies leveraging the images of food items for better

dietary assessments. Furthermore, the findings revealed that each stakeholder has different

perspectives that would potentially need to be incorporated into tool design to support both

stakeholders.

To sum up, the deployment study using FRADA shows that dietitians are able to conduct

image-assisted 24-hour dietary recall interviews with older adults. That is, the findings of

Aim 3 show that both older adults with diabetes and dietitians are satisfied with the process

of using images of food items collected by FRADA, while no previous studies evaluated the

satisfaction of those stakeholders when using images of food items. I conducted surveys and

interviews with two groups of stakeholders (i.e., dietitians and older adults) as part of this

deployment study based on the findings of the lab-based usability study with older adults

with diabetes in Chapter 3. In Chapter 4, I demonstrated that older adults with diabetes

can use FRADA to capture images of their meals and snacks. Also, the images of food

items were used for improving the accuracy of a traditional dietary assessment method. The

work presented in this chapter supports the overall Aim of assessing whether FRADA can

improve the accuracy of traditional dietary assessment methods among older adults with type

2 diabetes. This chapter focuses on Aim 3 of evaluating the satisfaction of older adults with

diabetes with FRADA and dietitians with image-assisted 24-hour dietary recall interviews.

In the final chapter of this dissertation, I will highlight major findings from the three

aims. Next, I will present contributions and discuss limitations of this study. In the end,

I will propose future work that could potentially contribute to the fields of Biomedical and

Health Informatics and Nutritional Sciences.
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Chapter 6

CONCLUSION

6.1 Summary

Each subsection summarizes each aim I pursued in order to answer my research questions.

6.1.1 Aim 1: Usability Study of a Food Record App for Dietary Assessments (FRADA)

In the context of the overall Aim of assessing whether FRADA can improve the accuracy of

traditional dietary assessment methods, the focus of Aim 1 was to create a smartphone ap-

plication that enables older adults with diabetes to collect images of their meals and snacks

and determine the usability of the application with older adults with diabetes. This aim ad-

dressed the gap in our knowledge that no study evaluated the usability of an image-assisted

dietary assessment method with older adults with diabetes. Based on the gap, I explored

the answers to following research questions: What is the usability of FRADA with older

adults with diabetes? Would FRADA be usable for older adults with diabetes performing

the required tasks (i.e., capturing, viewing, and transmitting images) to collect images of

food items? Would it be easy for older adults with diabetes to follow the instructions, such as

including all the food items in one single photograph and holding the phone at a 45-degree

angle when taking pictures of food items? Would older adults with diabetes want to use

FRADA in the future? What are the potential benefits of using FRADA for older adults

with diabetes? What are the concerns of older adults with diabetes when interacting with

FRADA? What are the potential target populations of FRADA?

Chapter 3 described the development of FRADA for older adults with diabetes to col-
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lect images of food items and presents a usability study of FRADA with older adults with

diabetes in a lab-based setting. When developing FRADA, I used design requirements that

reflect the special considerations of older adults, while other applications used in previous

studies did not reflect those considerations. I got structured feedback about FRADA from

older adult participants with diabetes through three types of questionnaires: pre-test, post-

task, and post-test using surveys and interviews (see Table 3.1). The key finding of Aim

1 is that participants using FRADA were satisfied with the ease of completing the task

of photographing, reviewing, and sending the images of food and beverages. The major-

ity of participants were not only satisfied with efficiency when performing tasks for taking,

reviewing, and transmitting images of food and beverages, but they also felt that it was

easy to follow the instructions when performing the tasks by using FRADA. In addition,

I identified multiple perceived benefits of using FRADA, such as facilitating interactions

among health providers and improving users’ personal health by tracking meals and snacks

efficiently. Nonetheless, older adults with diabetes were concerned about financial costs that

might occur potentially when scheduling a meeting with a dietitian and purchasing FRADA.

These findings address the gap in knowledge from literature review by reflecting the needs

of older adults when developing FRADA and evaluate the usability of FRADA with older

adults with diabetes.

In summary, it was easy and efficient for older adults with diabetes to use FRADA for

collecting images of food items. There still remain questions to answer for future work:

What are the needs and barriers of indirect stakeholders (e.g., family members, friends, and

caregivers) of older adults with diabetes during the process of the image-assisted dietary

assessment? What are the design principles for redesigning FRADA to address their needs?

What is the usability of redesigned FRADA with multiple stakeholders of older adults with

diabetes?
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6.1.2 Aim 2: Feasibility Study of FRADA for an Image-Assisted Dietary Assessment

In the context of the overarching aim of assessing whether FRADA can improve the accuracy

of traditional dietary assessment methods, Aim 2 focused on examining whether FRADA is

feasible for an image-assisted dietary assessment. This aim addressed the gap in knowledge

from literature review that none of the prior studies evaluated the feasibility of a smartphone

application for improving the accuracy of image-assisted dietary assessments. The research

questions based on the gap were: What is the feasibility of FRADA for image-assisted dietary

assessments with older adults with diabetes? Would the images of food items reduce errors

in self-reporting during a 24-hour dietary recall interview? How much would the 24-hour

dietary recall using food images reduce errors in self-reporting?

Chapter 4 evaluated the feasibility of an image-assisted dietary assessment using FRADA

through a deployment study with both two direct stakeholders: older adults with diabetes

and dietitians. To evaluate the feasibility, I used the images collected by older adults with

diabetes to determine the extent to which eligible images (i.e., all food items per eating

event are in one single photograph) are collected. By comparing the food items recorded

before viewing the images to ones recorded after viewing the images, I determined the extent

to which viewing the images of food items help older adults with diabetes to recall any

unreported, misreported, and forgotten food items to photograph. The primary finding of

this aim is that use of images of food items collected by older adults with diabetes reduced

errors in self-reporting. Reviewing images of food items helped dietitians identify missing

information, such as portion size of food items and time of eating events. In addition, this

study revealed that older adults with diabetes can capture images of their eating events

before and after they eat.

To sum up, the findings from Aim 2 demonstrated that reviewing images of food items

improved the accuracy of the 24-hour dietary recall interview, while no prior studies showed
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whether it is acceptable for dietitians to use the image-assisted dietary assessment with older

adults with diabetes. The findings from Aim 2 raised new questions: What is the validity

of FRADA for image-assisted dietary assessments with older adults with diabetes? What

would be potential features to be added to FRADA to support older adults with diabetes?

Would the added features be usable, efficient, and effective for older adults with diabetes to

perform tasks of capturing, viewing, and transmitting images of their meals and snacks in

their real-life settings?

6.1.3 Aim 3: Satisfaction of Stakeholders with Image-Assisted 24-Hour Dietary Recall In-

terviews

In the context of the overall Aim of assessing whether FRADA can improve the accuracy of

traditional dietary assessment methods, the focus of Aim 3 was to evaluate satisfaction of

older adults with diabetes with FRADA and dietitians with image-assisted 24-hour dietary

recall interviews. This aim addressed the gap in our knowledge that none of the previous

studies evaluated the satisfaction of dietitians with image-assisted dietary assessment meth-

ods. The research questions related to Aim 3 are as follows: Would FRADA be usable

for older adults with diabetes to perform the required tasks (i.e., capturing, viewing, and

transmitting images) for collecting images of food items in real-world settings? Would it be

easy for older adults to follow the instructions (i.e., including all the food items in one single

photograph, holding the phone at a 45-degree angle when taking pictures of food items, and

capturing images of food items before and after every single eating event)? What are the

challenges older adults with diabetes face when capturing images of food items in real-world

settings? What are the privacy issues of older adults with diabetes when sharing images of

food items with other people? What are the trust issues of older adults with diabetes when

sharing the images of food items with other people? Next, I explored the following questions
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to understand the population of dietitians during a 24-hour dietary recall interview using

images of food items: What are the benefits of using images of food items during the 24-hour

dietary recall interview? What are the needs of dietitians when reviewing images of food

items? What are the potential use cases of FRADA for dietitians?

Chapter 5 demonstrated the satisfaction of two stakeholders, older adults with diabetes

and dietitians, when dietitians conduct 24-hour dietary recall interviews using images of food

items collected by older adults with diabetes. Using surveys and interviews, I determined the

extent to which older adults with diabetes are satisfied with FRADA for capturing, viewing,

and transmitting images of food items required for an image-assisted dietary assessment.

Moreover, as described in Table 4.1, I used interviews with dietitians to understand how

dietitians interact with the application for viewing the images collected by older adults with

diabetes. Also, by analyzing the interview data, I discovered how dietitians interact with

older adults with diabetes when reviewing images of food items. One of the key findings of

Aim 3 is that both older adults with diabetes and dietitians were satisfied with the 24-hour

dietary recall interview using images of food items. In particular, this study revealed that

both stakeholders reported perceived benefits of reviewing images of food items for better

dietary assessments. Nevertheless, this study showed that there remain different opinions

between older adults and dietitians. For example, while older adults were capable of per-

forming the task of collecting the images of food items, dietitians were still worried about

whether older adults can perform the task successfully.

In brief, the findings from Aim 3 demonstrated benefits of using images of food items

when dietitians conduct 24-hour dietary recall interviews with older adults with diabetes.

There remain questions raised for future work: How can we redesign FRADA to address

the needs of potential target users with cognitive and physical disabilities (e.g., Alzheimer’s

disease and hand tremors) or users with language barriers (e.g., people speaking in Span-
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ish)? What are the design principles to redesign user interface of a viewer application for

dietitians? What are the long-term effects of using FRADA in real-life settings?

6.2 Limitations

There are five limitations of this study that will need to be addressed in future work. The

first limitation is that the study sample was not representative of the target population

(i.e., older adults with diabetes). This is because this study only focuses on older adults

with diabetes who have prior experience with their smartphones; some older adults with

diabetes do not own smartphones. Further, study participants (i.e., dietitians and older

adults with diabetes) were recruited only in the Washington State in the U.S. This study

has sample biases to generalize the findings of the study. First, I focused on individuals who

have interacted with the smartphone application by recruiting older adults with diabetes

who participated in the Aim 1 study. In addition, as shown in Table 4.3, five out of six older

adults with diabetes have owned and used their smartphones for at least 2 years.

The second limitation of the study is that long-term effects from the deployment were

not evaluated. While the feasibility of FRADA was evaluated for a 24-hour dietary recall

interview, it is still questionable whether older adults with diabetes will be able to use

FRADA for collecting images of their meals and snacks for a longer period due to unexpected

issues. For instance, users might need to stop using FRADA due to lack of battery of their

smartphone. Similarly, they might not able to use FRADA without the Internet connection,

as the current version of FRADA asks users to transmit images of food items right after being

taken. older adults with diabetes might forget to bring their smartphones when traveling.

Another potential issue is whether older adults with diabetes would still be able to follow

the instructions in real-world settings. In this study, participants were required to follow

instructions when capturing images of food items for 24 hours in their home settings. This
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study revealed that older adults with diabetes accomplished the required tasks successfully

by following the instructions. The findings of Aim 1 and Aim 3 support that the instructions

were easy to use for the 24-hour period. Nevertheless, older adults with diabetes might need

additional motivations if they would need to follow the instructions for a longer period.

The third limitation of this study is that special considerations of older adults with

diabetes with cognitive or physical disabilities (e.g., dementia and vision problem) were not

addressed when I developed FRADA, though it is known that older adults with diabetes are

twice as much likely to develop dementia than older adults without diabetes [29]. In addition,

FRADA may not reflect the needs of older adults who have trouble holding a mobile device,

as user interface of FRADA was based on the design guideline [48] that addresses the needs

of a general population of older adults rather than addressing the needs of people who have

any diseases (e.g., Parkinson’s disease).

The fourth limitation of this study is that the process of the dietary assessment using

FRADA was not validated with traditional validated dietary assessment methods, such as

food records and 24-hour dietary recall, though this study showed that FRADA can be

potentially used for better image-assisted dietary assessment with older adults with diabetes.

In this study, I focused on investigating whether FRADA can be used in a real-life setting

through a deployment study with both patients and health providers. For example, the

findings of aim 2 revealed that reviewing images of food items helped identifying food items

that were not reported or reported incorrectly when dietitians conducted 24-hour dietary

recall interviews with older adults with diabetes.

The last limitation of this study is that there might be potential biases of having only

one coder in qualitative data analysis. To analyze qualitative data from interviews in Aim 1

and Aim 3, I applied an open coding method [43] to collected statements from transcripts,

identified recurring concepts, and grouped them into themes as a single coder. Nonetheless,
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it is still possible for the single coder to only accept themes from his/her own perspectives

but refuse themes from other perspectives.

6.3 Contributions

The findings of this study contribute to multiple domains. Despite the limitations of the

study, it informs researchers about methods for creating smartphone applications for an

image-assisted dietary assessment where special considerations of older adults with diabetes

are addressed. The findings expand knowledge about how to design smartphone applica-

tions for improving the accuracy of an image-assisted dietary assessment in older adults.

This study demonstrates the feasibility of a smartphone application for older adults with di-

abetes in practice (e.g., 24-hour dietary recall). For example, reviewing images of food items

enabled older adults with diabetes to recall additional food items which were not reported

previously. The findings from this dissertation shows that a smartphone-based image-assisted

dietary assessment could be used for older adults as an enhanced dietary assessment meth-

ods that would reduce errors, which occur with self-reporting tools. Also, by evaluating the

satisfaction of both older adults with diabetes and dietitians, this study provides researchers

with design considerations for creating smartphone applications for an image-assisted dietary

assessment. Such design considerations could be incorporated into tool design to support

multiple stakeholders including indirect stakeholders (e.g., family members, caregivers, and

friends of older adults with diabetes).

This research is innovative in two aspects. To my knowledge, this is the first attempt to

understand users’ needs using surveys and interviews involving multiple direct stakeholders

including both health providers (i.e., dietitians) and patients (i.e., older adults with dia-

betes) to create smartphone applications for improving the accuracy of a traditional dietary

assessment methods in Nutritional Sciences. While such an approach has been applied and
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validated in other domains (e.g., Computer Science, Interaction Design, and Informatics),

to my knowledge, few studies using UCD approaches in Nutritional Sciences have been con-

ducted. Nobody has addressed the needs of multiple stakeholders (i.e., health providers and

patients) in creating tools for dietary assessments. This shows that UCD approaches [10]

can make existing validated dietary assessment methods usable for both health providers and

patients in practice. Also, it demonstrates potential opportunities that UCD approaches can

be applied to unexplored areas, such as designing other types of tools in Nutritional Sciences.

6.4 Future Research

Based on the key findings of this research and the identified limitations, I have identified

five future areas of research. First, while this study focused on evaluating the usability

and feasibility of FRADA with two direct stakeholders (i.e., older adults with diabetes and

dietitians) to identify potential features of FRADA, further work still remains to identify

the needs of indirect stakeholders, such as family members, friends, and caregivers, and

incorporate them when enhancing FRADA.

Second, further work also remains to evaluate the validity of an image-assisted dietary

assessment using FRADA with older adults with diabetes. While I evaluated the usability

and feasibility of the dietary assessment using FRADA with older adults with diabetes, the

method was not validated traditional dietary assessment methods (e.g., food records, 24-hour

dietary recall interviews). By validating an image-assisted dietary assessment method using

FRADA, I can determine if the method is clinically meaningful.

Third, FRADA could be enhanced by addressing the discovered needs of study partici-

pants. This study revealed user needs and demonstrated multiple potential features to be

added to FRADA. One of the potential features was a reminder function that may enable

older adults with diabetes to capture images of food items wherever they are. The analysis
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of Aim 2 actually showed that some images were not transmitted to dietitians. The reminder

function may enable older adults with diabetes to continue to collect images of food items.

Fourth, since there exist multiple potential target users of FRADA, it is important to

identify the special needs of each potential population. For instance, people with hand

tremors would need a feature that makes blurred images clear. In addition, people speaking

in Spanish might need instructions for using FRADA written in Spanish. In brief, such

identified needs could be used for developing future versions of FRADA.

Lastly, future work remains to analyze qualitative data from interviews in Aim 1 and

Aim 3 with additional coders to avoid any potential biases (e.g., accepting themes from a

single coder’s perspectives). By doing so with multiple coders, inter-rater reliability could

be addressed to assess the reliability of coding.

To sum up, there are multiple potential studies that would enhance the features of

FRADA with older adults to improve the accuracy of image-assisted dietary assessment

methods.
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Appendix A

STUDY MATERIALS

A.1 Demographics Questions

Please respond to the questions.

1. How old are you? ____

2. What is your gender?

__ Female

__ Male

__ Prefer not to respond

3. What is your race/ethnicity?

__ African American/Black

__ Asian/Pacific Islander

__ Hispanic/Latino

__ Multiracial

__ Native American/American Indian

__ White/Caucasian

__ Other ( )

__ Prefer not to respond

4. What is the highest degree or level of school you have completed?

If currently enrolled, highest degree received.

__ No schooling completed

__ High school graduate - high school diploma or the equivalent (e.g., GED)
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__ Bachelor’s degree (e.g., BA, AB, BS)

__ Master’s degree (e.g., MA, MS, MEng, MEd, MSW, MBA)

__ Professional degree (e.g., MD, DDS, DVM, LLB, JD)

__ Doctorate degree (e.g., PhD, EdD)

__ Other ( )

5. How long have you used a smartphone?

__ Less than 6 months

__ 6 months to 11 months

__ 12 months to 17 months

__ 18 months to 23 months

__ 24 months to 29 months

__ 30 months to 35 months

__ 36 months to above

6. What type of smartphone do you have?

__ Android

__ iPhone

__ Window Mobile

__ Other ( )

A.2 Instructions

1. You should include all the food items in one single photograph.

2. In order to get the best images, you should hold the smartphone at a 45-degree angle

when taking pictures of food and beverages.
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A.3 Scenario

You have an appointment with your dietitian tomorrow to assess your diet. The dietitian

wants to get the smartphone images of the food and beverages that you have consumed before

the appointment for your dietary assessment. Now, you need to accomplish the following

three tasks using your smartphone:

1. Capture an image of all the food and beverages served for your lunch.

2. Review the captured image to make sure the image complies with the pre-defined

instructions.

3. Send your reviewed smartphone image of your lunch food and beverages to your

dietitian.

A.4 After-Scenario Questionnaire (ASQ) [33] for Older Adults with Diabetes

Questions

Please respond to the following questions.

1. Please mark Dafter photographing the images.

“I am satisfied with the ease of completing the task of photographing images of food and

beverages.”

Strongly disagree O O O O O O O Strongly agree

“I am satisfied with the amount of time it took to complete the task of photographing

images of food and beverages.”

Strongly disagree O O O O O O O Strongly agree

2. Please mark Dafter reviewing images.

“I am satisfied with the ease of completing the task of reviewing images of food and
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beverages.”

Strongly disagree O O O O O O O Strongly agree

“I am satisfied with the amount of time it took to complete the task of reviewing

images of food and beverages.”

Strongly disagree O O O O O O O Strongly agree

3. Please mark Dafter sending the images to your dietitian.

“I am satisfied with the ease of completing the task of sending images of food and

beverages.”

Strongly disagree O O O O O O O Strongly agree

“I am satisfied with the amount of time it took to complete the task of sending

images of food and beverages.”

Strongly disagree O O O O O O O Strongly agree

4. Please share any comments, suggestions or thoughts that you have about the

tasks.

A.5 Sample Post-Test Semi-Structured Interview Questions for Older Adults
with Diabetes in Aim 1

• What are your overall impressions of the smartphone app?

• If you had to give the smartphone application a grade, from A to F, where A was

exemplary and F was failing, what grade would you give it, and why?

• Name three words or characteristics that describe this smartphone app.
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• What are the three things you like best about the smartphone app?

• What are the three things you like least about the smartphone app?

• If you could make one significant change to this smartphone app, what change would

you make?

• Would you return to this smartphone application on your own in the future? Why/why

not?

• What would entice you to return?

• Are there materials you would like to see added to the smartphone app? Which ones?

• Would you recommend this smartphone application to a colleague? To a friend?

• Do you have any other questions or comments about the smartphone application or

your experiences with it?
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A.6 Demographics Questions for Dietitian Participants

Please respond to the questions.

1. How old are you? ____

2. What is your gender?

__ Female

__ Male

__ Prefer not to respond

3. What is your race/ethnicity?

__ African American/Black

__ Asian/Pacific Islander

__ Hispanic/Latino

__ Multiracial

__ Native American/American Indian

__ White/Caucasian

__ Other ( )

__ Prefer not to respond

4. What is the highest degree or level of school you have completed?

If currently enrolled, highest degree received.

__ No schooling completed

__ High school graduate - high school diploma or the equivalent (e.g., GED)

__ Bachelor’s degree (e.g., BA, AB, BS)

__ Master’s degree (e.g., MA, MS, MEng, MEd, MSW, MBA)

__ Professional degree (e.g., MD, DDS, DVM, LLB, JD)

__ Doctorate degree (e.g., PhD, EdD)

__ Other ( )
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5. How long have you worked with older adults?

__ Less than 3 months

__ 3 months to 11 months

__ 12 months to 23 months

__ 24 months to 35 months

__ 36 months to above
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A.7 Instructions for Dietitians

[Study	2&3	–	RD]	

Instructions 
 
Roles 

• Conduct 24-hour dietary recall interview with diabetic older adults 
• Review images of food items with diabetic older adults 
• Create foods lists before and after reviewing images of food items 

 
 
Dietary recall questions while reviewing images of food items 

• Are there any food items you did not report? 
• Are there any food items you reported incorrectly? 
• Are there any food items you forgot to photograph? 

 
 
Procedure 
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A.8 Instructions for Older Adults with Diabetes
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A.9 Participant Evaluation of Image-Assisted 24-Hour Dietary Recall Inter-
views [20] for Older Adults with Diabetes

Questions

Please mark Dto respond to the following questions.

“The images helped me to remember some foods I had forgotten about.”

Strongly disagree O O O O O O O Strongly agree

“The images helped me to remember extra details of how my foods were cooked, pre-

pared, or purchased.”

Strongly disagree O O O O O O O Strongly agree

“The images helped me to remember the portion size of the foods I ate.”

Strongly disagree O O O O O O O Strongly agree

“The images helped me to verify the portion size of foods I ate.”

Strongly disagree O O O O O O O Strongly agree

“The images allowed me to provide more accurate information about the foods I ate.”

Strongly disagree O O O O O O O Strongly agree

A.10 Participant Evaluation: Ease of Use and Potential Uses of the Smartphone
Application for Image-Assisted 24-Hour Dietary Recall Interviews [26] for
Older Adults with Diabetes

Questions

Please mark Dto respond to the following questions.
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“The application was easy to use.”

Strongly disagree O O O O O O O Strongly agree

“I would like to use the application to record food intake in the future.”

Strongly disagree O O O O O O O Strongly agree

A.11 Sample Post-Test Semi-Structured Interview Questions for Older Adults
with Diabetes in Aim 3

• We reviewed the images when meeting with dietitians. What are your overall impres-

sions of using images of food items?

• Was it useful to review the images? Why/why not?

• What would you like to do using images of food items you collected?

• Any comments on this.

• What are your overall impressions of the smartphone app?

• Your task was to take images of every single meal and snack for the last 24 hours

yesterday. Did you complete it successfully?

• What were the challenges in completing the tasks?

• How easy was it to follow the rules? (e.g., including all the food items in one single

photograph, take 45-degree angle). Did you follow them?

• How easy was it to accomplish the tasks? (i.e., capturing, viewing, and transmitting).

• What are existing phone habits?

• What did you think after just one day?

• Is this something you could see yourself using long-term?
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• Would you return to this smartphone application on your own in the future? Why/why

not?

• What would entice you to return?

• Are there materials you would like to see added to the smartphone app? Which ones?

• Would you recommend this smartphone application to a colleague? To a friend?

• Do you have any other questions or comments about the smartphone application or

your experiences with it?

A.12 Sample Post-Test Semi-Structured Interview Questions for Dietitians in
Aim 3

Overall

• Have you conducted a 24-hour dietary recall interview with a patient using images of

food items before?

• You reviewed the images when meeting with older adults. What are your overall

impressions of using images of food items?

• Tell me about your experience when you reviewed the images of food and beverages

collected by older adults with diabetes.

• Was it useful to review the images? Why/why not?

• Your task was to conduct a 24-hour dietary recall interview with an older adult. Do

you think you accomplished the task successfully? Why/why not?

• Your task was to conduct a 24-hour dietary recall interview using images of food items

with an older adult. Do you think you accomplished the task successfully? Why/why

not?
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Receiving images

• In this study, you received the images of food items during the 24HR. In real-life

scenarios, when would you like to receive and review the images? Why/why not?

Reviewing images

• How easy was it to review images of food items with older adults with diabetes?

• What are the challenges in reviewing images of food items?

• I noticed that you navigated all the photos on the tablet, but was it what you intended

to? If not, who do you think the right person to control the device to explore photos?

Presentation of images

• (By showing images), what do you think about information presented on the screen?

• Currently time and images are available, but what else would you be interested in?

• Do you have any thoughts about how to organize the images? Sorted by time?

Summary

• If you could make one significant change to this process using the images, what change

would you make?

• What else would you like to do using images of food and beverages for a 24-hour dietary

recall interview?

• What other functions/features would you wish to use in the next image-assisted 24-hour

dietary recall interview?

• Would you recommend this process to your colleagues?
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• Would you like to recommend a 24-hour dietary recall interview using images of food

items? Why/why not?

• Do you have any other questions or comments about the smartphone application or

your experiences with it?
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Appendix B

IMAGES COLLECTED BY OLDER ADULTS WITH DIABETES
IN AIM 2

B.1 Images Collected by OP1

Event ID Image Timestamp All in One Image? Taken at an Angle?

1
07:47:25 Yes Yes

07:51:38 Yes Yes

2
08:28:51 Yes Yes

09:30:51 Yes Yes

3
09:31:40 No Yes

11:17:45 No No

Continued on next page
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Table B.1 – continued from previous page

Event ID Image Timestamp All in One Image? Taken at an Angle?

4
12:28:57 Yes Yes

13:29:38 Yes Yes

5
12:54:31 Yes Yes

13:28:45 Yes Yes

6
12:55:18 Yes Yes

N/A N/A N/A

7
13:24:29 Yes Yes

13:28:45 Yes Yes

8
14:09:59 Yes Yes

Continued on next page
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Table B.1 – continued from previous page

Event ID Image Timestamp All in One Image? Taken at an Angle?

14:10:20 Yes Yes

9
14:16:37 Yes No

14:17:21 Yes Yes

10
14:17:55 Yes No

14:18:52 Yes Yes

11
15:35:49 Yes Yes

16:09:15 No No

12
17:25:09 Yes Yes

18:12:21 Yes No

Continued on next page



143

Table B.1 – continued from previous page

Event ID Image Timestamp All in One Image? Taken at an Angle?

13
17:29:46 Yes Yes

17:45:19 Yes Yes

14
18:12:54 Yes Yes

18:57:43 No No

15
19:15:37 Yes Yes

19:18:36 No No

16
19:29:02 Yes No

N/A 07:51:38 Yes Yes

17
19:59:17 Yes No

Continued on next page
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Table B.1 – continued from previous page

Event ID Image Timestamp All in One Image? Taken at an Angle?

20:09:57 Yes No

18
22:36:36 Yes No

22:38:23 Yes No

19
22:37:18 Yes Yes

N/A N/A N/A

B.2 Images Collected by OP2

Event ID Image Timestamp All in One Image? Taken at an Angle?

1
07:47:10 Yes Yes

08:00:09 Yes Yes

Continued on next page
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Table B.2 – continued from previous page

Event ID Image Timestamp All in One Image? Taken at an Angle?

2
13:45:12 Yes Yes

14:30:45 Yes Yes

3
18:46:01 Yes Yes

18:49:22 Yes Yes

4
23:46:25 Yes Yes

N/A N/A N/A

B.3 Images Collected by OP3

Event ID Image Timestamp All in One Image? With an angle?

1
09:09:24 Yes Yes

Continued on next page
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Table B.3 – continued from previous page

Event ID Image Timestamp All in One Image? Taken at an Angle?

09:30:17 Yes Yes

2
11:27:44 Yes Yes

11:33:36 Yes Yes

3
11:53:55 Yes Yes

11:54:42 Yes Yes

4
12:24:11 Yes Yes

12:30:18 Yes Yes

5
13:38:07 Yes Yes

14:17:29 Yes Yes

Continued on next page
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Table B.3 – continued from previous page

Event ID Image Timestamp All in One Image? Taken at an Angle?

6
17:26:31 Yes Yes

17:42:21 Yes Yes

7
17:26:31 Yes Yes

17:42:21 Yes Yes

B.4 Images Collected by OP4

Event ID Image Timestamp All in One Image? Taken at an Angle?

1
10:48:42 Yes Yes

11:44:55 Yes Yes

2
10:57:42 Yes Yes

Continued on next page
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Table B.4 – continued from previous page

Event ID Image Timestamp All in One Image? Taken at an Angle?

10:59:47 Yes Yes

3
11:01:18 Yes Yes

11:03:35 Yes Yes

4
11:05:18 Yes Yes

11:35:51 Yes Yes

5
11:11:29 Yes Yes

11:40:30 Yes Yes

6
13:12:51 Yes Yes

13:22:51 Yes Yes

Continued on next page
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Table B.4 – continued from previous page

Event ID Image Timestamp All in One Image? Taken at an Angle?

7
13:49:25 Yes Yes

17:48:25 Yes Yes

8
15:09:04 Yes No

15:24:34 Yes Yes

9
18:45:01 Yes Yes

19:24:29 Yes Yes

10
19:32:11 Yes Yes

11:35:51 Yes Yes
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B.5 Images Collected by OP5

Event ID Image Timestamp All in One Image? Taken at an Angle?

1
10:48:42 Yes Yes

N/A N/A N/A

2
10:57:42 Yes Yes

N/A N/A N/A

3
11:01:18 Yes Yes

N/A N/A N/A

4
N/A N/A N/A

11:35:51 Yes Yes

5
11:11:29 Yes Yes

Continued on next page
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Table B.5 – continued from previous page

Event ID Image Timestamp All in One Image? Taken at an Angle?

N/A N/A N/A

B.6 Images Collected by OP6

Event ID Image Timestamp All in One Image? Taken at an Angle?

1
10:56:00 Yes Yes

10:56:58 Yes Yes

2
10:57:42 Yes Yes

10:56:58 Yes Yes

3
11:11:29 Yes Yes

N/A N/A N/A

Continued on next page
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Table B.6 – continued from previous page

Event ID Image Timestamp All in One Image? Taken at an Angle?

4
11:11:29 Yes Yes

11:35:51 Yes Yes

5
11:11:29 Yes Yes

11:35:51 Yes Yes

6
11:11:29 Yes Yes

N/A N/A N/A



153

Appendix C

OTHER MATERIAL

C.1 Goals of Nutrition Therapy that Applies to Adults with Diabetes [17]

1. To promote and support healthful eating patterns, emphasizing a variety of nutrient-dense

foods in appropriate portion sizes, in order to improve overall health and specifically to:

• Attain individualized glycemic, blood pressure, and lipid goals. General recommended

goals from the ADA for these markers are as follows:

– A1C <7%.

– Blood pressure <140/80 mmHg.

– LDL cholesterol < 100 mg/dL; triglycerides <150 mg/dL; HDL cholesterol >40

mg/dL for men; HDL cholesterol >50 mg/dL for women.

• Achieve and maintain body weight goals.

• Delay or prevent complications of diabetes.

2. To address individual nutrition needs based on personal and cultural preferences, health

literacy and numeracy, access to healthful food choices, willingness and ability to make

behavioral changes, as well as barriers to change.

3. To maintain the pleasure of eating by providing positive messages about food choices

while limiting food choices only when indicated by scientific evidence.

4. To provide the individual with diabetes with practical tools for day-to-day meal planning

rather than focusing on individual macronutrients, micronutrients, or single foods.
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