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Abstract

:

Alzheimer’s disease is a type of dementia that affects many individuals, mainly in an older age group. Over time, it leads to other diseases that affect their autonomy and independence. The quality of food ingestion is a way to mitigate the disease and preserve the patient’s well-being, which substantially impacts their health. Many existing applications for food plan management focus on the prescription of food plans but do not provide feedback to the nutritionist on the real amount of ingested calories. It makes these applications inadequate for these diseases, where monitoring and control are most important. This paper proposed the design and development of a mobile application to monitor and control the food plans of Alzheimer’s patients, focused on informal caregivers and respective patients. It allows both the realistic visualization of the food plans and users to adjust their consumption and register extra meals and water consumption. The interface design process comprises a two-level approach: the user centered design methodology that accounts for users’ needs and requirements and the user experience questionnaire to measure user satisfaction. The results show that the interface is intuitive, visually appealing, and easy to use, adjusted for users that require a particular level of understanding regarding specific subjects.
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1. Introduction


Alzheimer’s disease is a neurodegenerative pathology and a type of dementia that causes, for example, the loss of nerve cells, and mainly affects older adults. The main symptoms associated with the disease are the irreversible global and progressive deterioration of cognitive functions, such as memory (which is the most predominant), language, and concentration. The initial manifestations reflect the sudden loss of memory, mainly with more recent information, the demonstration of apathy, and the effort needed to pay attention. At a more advanced stage, this memory loss accentuates. There is great spelling difficulty, urinary incontinence, and an emotional imbalance that can sometimes develop some form of aggression. Dependence usually arises at this stage. In a more precarious moment, the patient can no longer identify objects and people, even the closest ones. Their memory losses intensify significantly, and the physical and functional capacities are almost all lost [1,2]. Therefore, AD inhibits the person from performing daily activities such as cooking, driving, working and, in the most extreme cases, even moving, thus requiring external assistance through a caregiver.



AD and other types of dementia are projected to increase drastically with the aging of the population. Currently, Alzheimer’s disease affects over 5 million Americans, and it is estimated that this number will triple by 2050 [3,4]. Most individuals with neurodegenerative diseases are cared for at home by family members. A caregiver is a paid or unpaid individual who provides physical and psychological assistance and support to another with reduced abilities and autonomy. There is a typology differentiation within the concept of a caregiver, which varies from formal (FC) to informal (IC). The FC refers to someone prepared for the position, hired and paid to care for the person whose tasks are guided by health or family professionals. On the other hand, an IC is usually someone close to the person with Alzheimer’s, who may or may not be a family member. This person takes full-time responsibility for the well-being of the person taking care of the same in an unpaid way and without any contract [5,6].



The spectrum of informal care difficulties arises due to the enormous dependence of care on the caregiver. Exercising this role is a task with tribulation due to the need to guarantee the safety of others, affecting one’s relationships, professional life, intimacy, and even freedom [7]. One must refer to objective and subjective burdens to describe these negative consequences in IC. The objective refers to the difficulty caused by limitations or life changes imposed on the caregiver because of care needs, such as time reduction, financial expenses, physical exhaustion, tiredness and irritability, and relationship restrictions. On the other hand, objective overload relates to emotions resulting from the experience with care. This overload can result in physical and psychological problems with the need for medication and the consequent reduction of the immune system, thus causing problems associated with cardiovascular diseases or even depression [6,7,8].



ICs prefer to communicate through mobile applications. mHealth is not only more affordable than face-to-face and web-based interventions but is also more accessible for informal caregivers [9,10]. Several studies [11,12,13] have demonstrated the positive impact of apps on the self-management of chronic diseases. However, apps to improve the quality of life of IC are still few. Most focus on improving the health of the individual receiving care [14]. mHealth can make significant improvements in patients’ health. This is because of the possibility of connecting to a smartphone anywhere. mHealth delivers healthcare services, overcoming geographical, temporal, and even organizational barriers. Additionally, the size of a smartphone plays a crucial role because it fits into hands and pockets, so ICs can carry their smartphones at all times [15].



A food plan prescribed by an expert brings a more suitable quality of life to AD patients. A balanced diet adapted to the individual will benefit health and long-term well-being. The major problem is monitoring the ingestion of food and providing nutritional feedback for all patients—in most cases—through their IC. The major contribution of this paper is the idealization, design, and implementation of a mobile application to monitor and control food plans for patients with Alzheimer’s disease. It allows the registration of the food consumed and water intake (hydration), making it possible to exchange food with an equivalent, considering a plan given by a nutritionist accompanied by the individual or the respective caregiver. One of the significant challenges for idealizing this application is that the users are the patients themselves or the IC. It is necessary to consider their level of understanding regarding particular subjects and to develop an easily absorbed application that is usable for everyone, even the patients themselves.



The rest of this article is organized as follows. Section 2 presents the related work. Section 3 defines the problem and enumerates the requirements of a possible solution. Section 4 presents the system architecture, the ideation process, and the application features. Section 5 describes the scenarios in which the system will be tested and the results obtained. Finally, Section 6 presents the conclusions and limitations and provides insights into future work.




2. Related Work


Mobile applications have proliferated in society in recent years, allowing us to carry out tasks anywhere. They also can potentially improve the quality of life of AD patients and their IC [16]. In this context, they can be roughly classified into two major AD categories: applications for patients and caregivers. The first focuses on aspects related to daily living and activities for self-assessment. They can be decomposed into self-diagnosis [17], brain stimulation and training [18,19,20], movement and navigation [21,22], tips and reminders [23], and communication with family members. For AD caregivers (either FC or IC), there are still few apps that focus on improving the quality of life of an IC [14], and those that are available focus on the monitoring and caring of AD patients. These can be subdivided into tips for caring, monitoring, tracking, and caring for health [24,25,26,27,28,29].



Despite many applications being available for healthy eating and AD care, they do not account for the specificity of each AD patient. They do not provide real-time feedback on the consumption of each meal to the nutritionist. For general well-being and weight loss, hundreds of applications are available. In this section, we review those that present more features related to the research presented in this paper. MyFitnessPal [30,31] contains a large food dataset and provides a calorie counter for users to track their diet and exercise.



In a similar context, FatSecret [32] is a calorie counter application that allows users to track their nutrition, exercise, and weight. Moreover, it contains dietitian meal plans and user communication with tips and shared recipes. An interesting feature in both applications is the barcode scanner for image recognition to track foods from images. Lifesum [33] is also a calorie counter (in kilojoules, instead of standard units of calories) and food-tracking app that can be used to help lose, maintain, or gain weight. More than a weight loss application, it allows the creation of personalized plans—based on government recommendations—that accommodate the user’s body type, nutritional level, exercise habits, and dietary needs.



Similarly, MyPlate Calorie Counter [34] provides information about meals, recommendations, and recipes for meals. Fooducate [35] is a food plan consumption tracking app that provides information on the calories ingested. These calories are related to health and nutrition goals. It allows the integration with standard diets such as paleo, keto, and the Mediterranean diet [36]. Similarly, Lose It! [37,38] is an app that helps people achieve their health and weight loss goals by tracking meals and calories throughout the day. It provides healthy recipes, guides to exercises, and water intake registration. In the My Plate app [39], the food is divided into groups (fruits, vegetables, grains, protein foods, dairy) that are represented with a specific color. However, the user has to specify the goals of the nutrients to consume instead of these being defined by a nutritionist. These are some of the hundreds of applications with essentially the same scope of functionalities. In Table 1, their features are presented. Noticeably, none of them was designed for older persons, nor people with dementia.



Specifically for people with particular health concerns, ADDietCoach [42] is a mobile application built on an ontological knowledge base related to the AD patient profile, food, and nutrition. It assists informal caregivers of AD in diet planning, recommendation of food and nutrition, and education. My Diet Diary [40] is an app for users with diabetes and works as a digital diary for their food consumption, water intake, and physical activity. It follows in line with most developed applications. Although Fooducate [35] is not designed for people with health concerns, it possesses dietary recommendations for diabetes, high cholesterol, and heart conditions.



The work presented in this paper aimed at filling a gap in most of the previous applications/research by including the control of the prescribed food in the meals and providing real-time feedback to the nutritionist. Moreover, it presents a simple interface, focused on an appealing look and feel of IC interest.




3. Materials and Methods


3.1. Design-Based Approach


The design of applications for older adults has to meet one major requirement: user satisfaction. In this context, several approaches have been presented throughout the years that apply quality factors to achieve this goal. The user-centered design (UCD) consists of a methodology based on the user’s interaction with an application through the development process [43,44]. This process is composed of two stages: discover (identification of requirements) and design (definition of style and content). The design stage also subdivides into prototyping (GUI and functionality refinement) and evaluation (tests with users).



In the first stage, several separate meetings were arranged with the different stakeholders —three meetings with therapists and caregivers (four therapists and three caregivers) and three meetings with nutritionists (two nutritionists) to identify the major requirements of a food plan application, which are as follows:




	
The application should be intuitive and easy to use;



	
The application should map the real concept of what a meal is and use visual markers for better identification of components;



	
Make available a weekly list of meals provided by the nutritionist so that the caregiver or patient can plan and anticipate the meals for that week;



	
Provide a detailed view of each meal and use visual markers for each food;



	
Allow the change of food in a meal for an equivalent (with the same nutritional value);



	
Register the consumption of macro-nutrients, micro-nutrients, and water consumed in each meal of the food plan;



	
Provide the user with information on discrepancies between the defined nutrients and real consumption through statistics;



	
Push notifications for scheduled meals.








To acquire quantitative data, study participants were assigned several tasks to complete in the interface designed in Section 4.



The second stage focused on the system’s usability, and the users conducted tests. According to [45], four or five participants are enough to find 80% of usability problems. Based on the proposed methodology, it was essential to carry out evaluations to measure the impact on user satisfaction using two approaches: cognitive walkthrough [46,47] and user experience questionnaire (UEQ) [48]. For the first, the user receives a goal, searches in the interface, interacts with the interface, and provides feedback; in the second approach, applying the UEQ avoids extensive tests on the user interface that are time-consuming and involve costs [49]. UEQ combines attractiveness (users like or dislike the product), perspicuity (simple to become familiar with the product), dependability (the user perceives control over the interaction), efficiency (users perform their activities without exerting undue effort), novelty (uniqueness and innovation), and stimulation (fun and motivates the use of the product) measures, as well as a survey of 26 contradictory adjective pairs. The UEQ questionnaire contains a scale obtained from a benchmark that incorporates five quality levels: excellent (ranked in the top 10%), good (10–25%), above average (25–50%), below average (50–75%), and poor (<25%).



Moreover, to link the interface to the general tendency to model and learn by analogy, we used metaphors created with conceptual models to enable users to draw on their existing knowledge to act on a non-familiar domain [50], as presented in Section 5.




3.2. Participants and Tasks


A total of twenty participants were screened and recruited with the following inclusion criteria: (1) older adults that were IC; (2) do not have much proficiency in the use of mobile applications. Fourteen were women and six were men, aged between 60 and 70, with a mean age of 64.8 (  σ = 2.1  ).



From the requirements specified in Section 3.1, participants assumed the role of an IC caring for a person aged 78 years suffering from AD who must use a mobile app to register food and water consumption related to a prescribed food plan. Ten tasks were identified, as shown in Table 2.



The tasks were carried out offline, and no direct help was provided when participants encountered difficulties. After completing the task, they were asked to complete the UEQ questionnaire.




3.3. System Architecture


To support the interaction between AD patients/caregivers and the nutritionist, a framework based on the design of a mobile application focused on AD patients/caregivers to provide real-time data to the nutritionist was developed. The major focus was the user interface for the AD patient/caregiver. However, the system must inform the nutritionist of the discrepancies between the defined nutrients and real consumption. It will allow the adjustment of the food plan according to the effective consumption of nutrients. A detailed view of the framework is presented in Figure 1.



Generally, the system comprises three components: a web backend, a mobile frontend, and an offline API. The backend component is a critical part of the system since it allows the management of important elements [51]. The backend allows nutritionists to determine the physiological markers of AD patients and create food plans adjusted to the needs of each individual with a focus on nutrients. The nutritionist web application focuses on appointments and the food plan. The appointment refers to managing energy expenditure and its distribution throughout macro- and micro-nutrients. To support user monitoring between appointments, it presents historical data related to previous food plans, physical conditions (weight, body fat, visceral fat, fat-free mass, muscle mass, and body mass index), and other parameters for the control and analysis of user goals (bowel function, sleep quality, race, food preferences, lifestyle, clinical conditions, and water intake) [24]. It was developed as a Progressive Web Application (PWA) in LitElement [52].



The front end (also developed as a PWA) allows AD patients/caregivers to visualize the food plan and report food consumption, providing valuable information for the nutritionist. This component offers the following functionalities: meal import, weekly visualization of a food plan, view and consume meals, exchange, add or remove food, water consumption, and statistics. All the data are integrated into a MongoDB database [53], and the communication API places requests to the server, as shown in Figure A1 of Appendix A. These can be of type get, post, or put, related to the variables that have to be sent by URL. General information about food is stored in the local storage, while the remainder is stored in Redux [54].





4. Application Features


The proposed system’s major goal was to provide the IC or the patient with a tool to visualize a food plan prepared by a nutritionist. While the former used a mobile application to view the food plan, the nutritionist provided the food plan through a web application (which is out of the scope of this paper). Tasks in the interface have to be carried out intuitively by the users. In a broader view, this interaction allows the nutritionist to monitor the ingested nutrients prescribed in the food plan in real-time. It improves the quality of the information obtained and allows the adjustment of the food plan.



4.1. Mapping Real World Food Plans


Before designing the interface, it was essential to understand what the system is to its users instead of how the designers present it. This was carried out by creating conceptual models, namely by the definition of a system metaphor [55]. The principles beneath this approach relate to the definition of analogies with the real world; the definition and relation between concepts correctly mapped to the task domain supported by the system. Therefore, in the context of the work presented in this paper, it was crucial to understand what meal planning is for users.



Conceptually, meal planning includes types and amounts of food, incorporating dietary fiber, understanding proper serving sizes, management of eating out and special occasions, as well as incorporating favorite recipes. In real terms, meal planning relates to different food types in a dish. Meals are different throughout the day; the major understood types are breakfast, lunch, snack, and dinner. With this in mind, and considering knowledge acquired by users throughout their lives, a metaphor for the system is the Plate Model [56], as presented in Figure 2. It is a visual method of food representation through pictures, graphs, charts, and food replicas. The centerpiece is the dinner plate, which serves as a pie chart representing the proportions of food. The model also includes side dishes, beverages, and other meal courses. One of the critical elements in nutrition is learning appropriate food quantities. To this end, portion size is an essential aspect of the plate model. Each food must be visually represented in the correct size concerning the overall food distribution on the plate. Using the plate model allows users to understand the concept and carry out tasks in an interface as in real life.



The metaphor used in this context imposes two significant constraints: the creation of sections in the dish—where food is placed—and the visual representation of food so that users will understand the meal. For the first, as presented in Figure 3, the general idea is to create sections in the dish that contain food (considering the food plan prescribed by a nutritionist). The algorithm used to create the circular areas is presented in Section 4.2.1.



For the visual representation of food products, a list of 1307 products was considered. Given the effort required to create each item, they were separated into 77 categories representing several food products or groups. Similar categories were grouped into contexts (presented in Table A1 of Appendix B): drinks, common carbohydrates, milk derivatives, deserts and sweet food, proteins, fruits, vegetables, and other categories that do not fit in the previous. All the elements were created in the scope of this paper for an accurate representation of the food products.



Another important aspect is the percentage of food ingested from the dish. The real-time monitoring of a food plan depends on the feedback on the adequate ingestion of nutrients. It avoids misleading feedback on meal consumption. Therefore, it is critical to represent the percentage of consumed food, which is concordant with the common knowledge of users and the plate model, instead of looking at grams of consumption, which are much more challenging to measure. This way, visual markers were created, representing 200%, 150%, 100%, 75%, 50%, and 25% of each food in the prescribed meal, as shown in Table A2 of Appendix B.




4.2. Components


As presented in Section 3 and Section 3.3, several requirements have to be met so that the application can be used by both AP (at an early stage of AD) and IC/FC. Therefore, this section aims to provide a tool to control a nutritionist’s real consumption of a prescribed food plan and the development of several components. First, the core component of the application is the dynamic import and presentation of the meal consultation and the consumption of food in a meal. It comprises a meal tab, a detailed view of the food that composes the meal, and the plate presentation and the food on the plate, as presented in Figure 4.



Given that dehydration is common in people with diseases that cause dementia, water intake outside meals is a critical aspect to consider for patients and has to be taken into account in the interface design and implementation. In the following subsections, several features of the application are presented. Figure A2 of Appendix C presents a general view of the navigation scheme of the application depicted in this section.



4.2.1. Import Meal


In a food plan, the nutritionist defines the meal and it is delivered to the patient or its IC. Every imported meal is dynamic and can be composed of a combination of soup, main dish, water, and desert (Figure 5). Each element contains different food consumed (or not) by the AD patient. These data are stored in a structure containing Boolean values determining the element’s visibility in the dish tab.



Moreover, when a user consumes a dish (c.f. Section 4.2.3), this list provides feedback to the user on the meal consumed. To achieve that, the data structure containing the food in the dish is compared to the food consumed. A checkmark is added to the meal to represent its consumption when there is a complete match.



Another important feature is the food placement in the dish when the food plan is imported. The D3.js (Data-Driven Documents) [57] provides a set of libraries that allow data to bind to a Document Object Model (DOM). This paper implemented a variation of the Zoomable Circle Packing library [58], where a circle represents each node (meal). All children of that node (food in a meal) are positioned next to each other at that level, as presented in Figure 3 of Section 4.1. This library determines the size and minor circle spaces considering the amount of food to be ingested (in grams). It allows the correct representation of food for a natural and dynamic visualization of meals to the user, depicted in Figure 6.



Another important feature is the correct representation of food in a meal when the food plan is imported into the application. Visually, if a certain amount of prescribed food is low, then the visual representation of this food in the dish must be low (as in a normal dish). For example, if broccoli has a low percentage in the dish, its size has to be adjusted to be visually adequate. To implement relative amounts of food in the dish, the flow presented in Figure 7 was applied.



The logic is implemented in the following manner. First, it is important to consider that a food plan is composed of the amount of food (in grams) that must be consumed to reach the goal of nutrients for each day. Therefore, the amount of food is converted into the percentage of food occupied in a dish. Next, the percentage of food is converted into images representing that food, and a meal is visually generated. For example, if 100 g of a specific food is represented by one image, 200 g is represented by two images of that food.




4.2.2. Weekly View of Food Plan


The previous knowledge of a future meal is of major interest to users once they can plan and anticipate food ingestion. Considering that people tend to shop for food on a weekly basis, the interface design focused on presenting the food plan for a week. This allows users to view the nutrients required for ingestion and change some food that is of interest (as presented in Section 4.2.3). The weekly view of the food plan is presented in Figure 8.



For each day, the food plan is presented to the user as a general view of the meals to be consumed. Moreover, the user can add an extra meal by clicking the “+” button (see Figure 9 of Section 4.2.3). When a portion of food is consumed (food with a checkmark in Figure 8), the nutrients associated with the food are added to the overall nutrients that are to be consumed on a specific day. So far, the natural operation of viewing and the general consumption of a food plan was created in the interface and is presented in Section 4.2.1 and Section 4.2.2. The following sections focus on the design of the remaining four natural operations on food in a meal: partial consumption, exchange, add/remove, and water consumption.




4.2.3. Operations on Food and Meal


The concept associated with partial food consumption in a meal is very important for nutritionists since it determines the number of nutrients consumed according to a prescribed food plan. Therefore, if a user only consumes 80% of a particular food, it is important to provide such feedback to the nutritionist since this will provide a realistic view of the food plan consumption and infer the real amount of nutrients consumed. This is presented in the first row of Figure 10, where the user registers the consumption of only 90% of the defined amount of carrots.



The concept of food change in a meal is associated with the ability of the user to change food from the food plan (with an equivalent) related to the user’s food preferences and the availability of specific food. This allows users to adjust the food plan, maintaining the base nutrients that compose a meal (second row of Figure 10, where a soup is changed with another soup). To this end, the user interface was created considering that food equivalent to the same nutritional level can be exchanged with another food.



Finally, adding food to a meal is an option that has to be provided to users. Consuming food outside a prescribed food plan is not a desirable option since the plan is adjusted to nutrients for each user. However, adding this feature allows positive feedback to the nutritionist and implements a realistic view of ingested food (Figure 9). Moreover, it allows the nutritionist to adjust periods of food ingestion and types of meals by considering the user’s food ingestion habits.




4.2.4. Water Consumption


Water consumption is most important to individuals with Alzheimer’s due to the impact of a lack of hydration. Therefore, this element, presented in Figure 11, is represented in the meal interface and the menu tab. The design process is analogous to the mental, where the user has visual markers for water ingestion and different quantities of water. The information on each day’s hydration goal is present since it is a stimulus for reaching the goal and maintaining adequate hydration levels.




4.2.5. Macronutrients Statistics


Similar to hydration, daily statistics related to the ingestion of macronutrients are also available for consultation (Figure 12). More than a piece of information for consultation, these statistics also serve the purpose of goal-reaching either for the correct ingestion of macronutrients, materialized in calories, or the food that has most contributed to each category.






5. Evaluation


The findings of assessing the quantitative data acquired from the participants in the execution of the tasks identified in Table 2 with the app features are presented in this section. Results are based on the execution time for each task and the application of the UEQ.



Regarding the execution times for each task, Table 3 presents the average time (in seconds) that users took to complete the tasks. As expected, results show that tasks that change the original food plan for logging purposes manifest higher interaction costs. Each extra food added to the plan (lettuce or ice cream in the tasks, also presented in Figure 9) required 8.6 s of the user’s time. The most challenging UI tasks required manually searching for new food, since the keypress increases interaction costs. For example, exchanging food for an equivalent (3.6 s, also presented in Figure 10) reduces by more than half the time taken to execute the task (when compared to the 8.6 s adding extra food). The rationale is that to exchange food for an equivalent, a small list of equivalents is presented, while for adding an extra food, the user must search for food. Preference learning techniques based on customized food preferences can be a solution to help reduce the time required for logging extra food. The food search converts into a list of preferences, which will bring the execution times to the level of those of exchanging for an equivalent.



For the user to visualize a meal presented in the food plan required 3.5 s; this is related to the time taken to access the meal and the dish composition interaction (see Figure 4). Logging one meal by confirming the original food plan only required 1.2 s (accessing the meal tab and clicking on the consume button—last image of Figure 4). Given the similarity of the tasks that were designed considering the mental process of the user, several tasks have similar implementations. Water consumption outside the food plan (last image of Figure 11) required 2.3 s to complete the task.



Based on the UEQ scale benchmark, the product’s overall rating is excellent, as Table 4 and Figure 13 show. The highest mean score is efficiency, with a mean of 2.59 (  σ = 0.26  ), followed by novelty and attractiveness, with a mean of 2.48 (  σ = 0.20   and   σ = 0.40  , respectively). This suggests that the product is considered easy to use, unique and innovative, and users like interacting with it.



The scales of the UEQ can be grouped into pragmatic quality (perspicuity, efficiency, dependability) and hedonic quality (stimulation, originality). Pragmatic quality describes task-related quality aspects, and hedonic quality refers to the non-task-related quality aspects. Since attractiveness is defined as the overall impression of the software application, it is considered an individual dimension. In Table 5, the mean of the three pragmatic and hedonic quality aspects is calculated.



Considering that the pragmatic quality mean is 2.30, it is noted that users can perform their tasks with greater efficiency and effectiveness. The hedonic quality mean is 2.38, implying that users have a positive experience and are willing to use it frequently.




6. Conclusions


This paper presented the user interface design and implementation of a mobile application to allow real-time food plan management for Alzheimer’s patients through a design based on UCD and UEQ. Focused on UCD, the application should be simple to use to allow the execution of complex tasks such as exchanging food in a meal for an equivalent and to have a detailed view of a food plan. This was achieved using the Plate Model [56] for the interface metaphor. Once the representation of realistic images of food in a dish presented a problem, we created visual representations of contexts of products to represent 77 categories containing 1307 products. This allowed the plate design to be easily manipulated in three levels: food placement, amount of food, and exchange of food for equivalents. The dynamic placement of food on a plate was carried out using the Zoomable Circle Packing library [57], which relates the size of the visual marker to the amount of food prescribed in a food plan.



To validate the quality of the design and the user experience, the UEQ was used. Results show that the application obtained excellent results for the interaction of IC and intuitively covers the most complex tasks. The attractiveness and the perspicuity of the application unveil the good perception that the ICs have of the execution of tasks, thus reducing the burden associated with the use of such applications in the care of AD patients. Moreover, the interface provides an efficient approach to complex tasks that, together with a perceived novelty and stimulation, provides users with a sensation of natural interaction with the system. Therefore, the major conclusion is that the complexity of accurate food plan management can be simplified through interface design based on UCD. This, together with the ability to provide real-time data to the nutritionist, improves on existing available applications that mostly allow the general control of a food plan and do not account for the amount of ingested food from a defined meal. This work presents a few limitations. First, we focused on designing a system based on the Plate Model, where the mapping between real food plans and their management was the core focus. We did not intend to duplicate features present in other mobile applications (which are very important) but to validate the Plate Model approach. Therefore, to be more complete and consider the age group with health conditions, our application should also include the design and implementation of features such as games for mental stimulation, tips for food, recipes, exercises, and the ability to communicate with others.



In future work, we plan to explore the ability to remove the role of the nutritionist in two ways. First, by using Preference Learning [59,60], the system will learn from users’ food preferences, and the interaction related to the exchange of food will be reduced. It is expected that, as the system learns, food suggestions in the food plan will be more personalized rather than predefined diets. This will improve the quality of food ingestion by AD patients. Next, by including the PL model together with the value of calories to be ingested and a type of diet to be followed by an AD patient, the system will automatically generate a food plan based on the needs of macro-nutrients (see [61,62] for related approaches), adjusted in real-time from the ingestion of food in food plans.
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Figure A1. List of Server requests from the API. 
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Appendix B. Categories and Contexts of Food Products
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Table A1. Categories and contexts of food products.
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Fruits




	
Star fruit

	
Banana

	
Persimmon

	
Apple

	
Avocado

	
Cherry

	
Pomegranate

	
Peach

	
Strawberry
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Lemon

	
Fig

	
Raspberry

	
Pumpkin

	
Melon

	
Quince

	
Citrus

	
Grapes

	
Mango
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Papaya

	
Pineapple

	
Plum

	
Kiwi

	
Watermelon

	
Pear

	
Tomato
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Drinks

	




	
Water

	
Natural

Juices

	
Coffee

	
Wine

	
Beer

	
Carbonated

Drinks

	
Milk

	
Tea
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Deserts and sweet food

	




	
Pudding

	
Ice-cream

	
Cake

	
Chocolate

	
Cookie

	
Gelatin

	
Cream

	
Jam
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Vegetables

	




	
Artichoke

	
Peas

	
Turnip

	
Peeper

	
Salad

	
Cucumber

	
Radish

	
Asparagus

	




	
[image: Futureinternet 15 00168 i042]

	
[image: Futureinternet 15 00168 i043]

	
[image: Futureinternet 15 00168 i044]

	
[image: Futureinternet 15 00168 i045]

	
[image: Futureinternet 15 00168 i046]

	
[image: Futureinternet 15 00168 i047]

	
[image: Futureinternet 15 00168 i048]

	
[image: Futureinternet 15 00168 i049]

	




	
Carrot

	
Broccoli

	
Courgette

	
Garlic

	
Eggplant

	
Onion

	
Mushroom
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Proteins

	

	




	
Sausage

	
Salty meat

	
Poultry meat

	
Meat

	
Finger food

	
Egg

	
Fish
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Other categories

	

	

	




	
Dry fruits

	
Beans

	
Truffle

	
Soup

	
Cinnamon

	
Tofu
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Carbohydrates

	

	

	

	




	
Pasta

	
Rice

	
Cereals

	
Potato

	
Bread
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Milk derivatives

	

	

	

	

	

	




	
Yogurt

	
Cheese

	
Butter
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Table A2. Visual representations of food (pasta, meat, salad, and bread) to reflect the percentage the patient ingests.
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Appendix C. Navigation Scheme
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Figure A2. Example of the navigation scheme of the application. 
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Figure 1. System architecture. 






Figure 1. System architecture.
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Figure 2. Different representations of meals that map a real meal (depicted in the plate image presented in the first row). 
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Figure 3. Representation of the interface metaphor. Food is placed in a dish according to its proportions. 
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Figure 4. General view of a meal and food placement in a meal. 
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Figure 5. Meal import with different meal tabs depending on the prescribed food plan, and feedback on meal consumed using a visual marker. 
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Figure 6. View of meals dynamically created using the Zoomable Circle Packing library. 
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Figure 7. Logic associated with dish presentation. 
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Figure 8. Weekly view of the food plan and detailed view of meals. 
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Figure 9. Add food to a meal or outside the meal as an extra. 
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Figure 10. Exchange food from a meal and consumption indicators for the main dish in lunch and soup. 
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Figure 11. Consumption of water. 
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Figure 12. Statistics of consumption of macronutrients. 
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Figure 13. UEQ Benchmark graph for the developed application. 
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Table 1. Comparison of features of mobile applications for healthy eating and food plan management.






Table 1. Comparison of features of mobile applications for healthy eating and food plan management.


















	
	MyFitnessPal

[30,31]
	MyPlate

Calorie

Counter [34]
	Fooducate

[35]
	FatSecret

[32]
	Start Simple

with

My Plate [39]
	My Diet

Diary [40]
	GetFit

[41]
	Lose It!

[37,38]
	ADDietCoach

[42]
	Lifesum

[33]





	Meal plan tracking
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	✓



	Intended for the older age group
	
	
	
	
	
	
	
	
	✓
	



	Designed for people with health concerns
	
	
	✓
	
	
	✓
	
	
	✓
	



	Records water consumption
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓
	✓



	Records food/nutrients ingested
	✓
	✓
	✓
	✓
	✓
	
	✓
	✓
	✓
	✓



	Control amounts of food/nutrients
	✓
	
	✓
	✓
	✓
	
	
	
	
	



	Meal listing
	✓
	✓
	✓
	✓
	
	✓
	✓
	
	✓
	✓



	Provides statistics
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓



	Meal consultation
	✓
	✓
	✓
	✓
	
	✓
	
	✓
	✓
	✓



	Allows food exchange for equivalents
	
	
	
	
	
	
	
	
	
	



	Allows to add food
	✓
	✓
	✓
	✓
	✓
	
	✓
	✓
	
	✓



	Interface design quality
	↗
	↗
	↑
	↑
	↘
	↓
	↗
	↑
	↓
	↑



	Real time nutritionist feedback
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Table 2. Task description.






Table 2. Task description.





	No.
	Task
	Process





	1
	Register the consumption of 130 mL of water

outside the food plan
	Grab a cup of water, fill it with the amount



	2
	For lunch, check which food will be consumed,

of the prescribed food plan from the nutritionist
	Identify a meal in a list and see the food that

it contains



	3
	Exchange the food corn in the lunch for another equivalent
	In the preparation of food, an ingredient is

missing. It needs to be exchanged



	4
	Remove broccoli from the meal
	Lunch contains broccoli, which are not of the

interest of the patient. They are to be removed



	5
	Add lettuce to a meal
	The patient loves lettuce. It must be added to

the dish.



	6
	Register the consumption of the lunch
	Check the dish to identify the amount of food

consumed



	7
	Reduce the amount of food in a dish to 50%
	A prescribed food was not completely ingested



	8
	Add an ice cream as an extra meal
	The patient really wants an ice cream. Give it

to him



	9
	The food plan for the day is complete. See if all the

macronutrients were ingested
	Ingestion of all (or parts) of food from the meals



	10
	Check the lunch in two days
	In the prescribed food plan, see the food that

composes the lunch
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Table 3. Interaction results.
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	No.
	Task
	Average Time (Seconds)





	1
	Register the consumption of 130 mL of water outside the food plan
	2.3



	2
	For lunch, check which food will be consumed, of the prescribed food plan from the nutritionist
	3.5



	3
	Exchange the food corn in the lunch for another equivalent
	3.6



	4
	Remove broccoli from the meal
	3.6



	5
	Add lettuce to a meal
	8.6



	6
	Register the consumption of the lunch
	1.2



	7
	Reduce the amount of food in a dish to 50%
	4.8



	8
	Add an ice cream as an extra meal
	8.6



	9
	The food plan for the day is complete. See if all the macronutrients were ingested
	1.2



	10
	Check the lunch in two days
	2.3
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Table 4. UEQ results for the overall rating.
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Confidence Intervals (p = 0.05) per Scale

	






	
Scale

	
Mean

	
Std. Dev.

	
Confidence

	
Confidence Interval

	
Rating




	
Attractiveness

	
2.48

	
0.20

	
0.10

	
2.38

	
2.58

	
Excellent




	
Perspicuity

	
2.13

	
0.42

	
0.20

	
1.92

	
2.33

	
Excellent




	
Efficiency

	
2.59

	
0.26

	
0.13

	
2.47

	
2.72

	
Excellent




	
Dependability

	
2.19

	
0.25

	
0.12

	
2.07

	
2.31

	
Excellent




	
Stimulation

	
2.27

	
0.45

	
0.22

	
2.04

	
2.49

	
Excellent




	
Novelty

	
2.48

	
0.40

	
0.20

	
2.29

	
2.68

	
Excellent
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Table 5. UEQ quality dimensions (mean values).
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Pragmatic and Hedonic Quality






	
Attractiveness

	
2.48




	
Pragmatic Quality

	
2.30




	
Hedonic Quality

	
2.38
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