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ABSTRACT 
Background: Assisted ambient living interfaces are technologies designed to improve the quality of life for people 

who require assistance with daily activities. They are crucial for individuals to maintain their independence for as long as 
possible. To this end, these interfaces have to be user-friendly, intuitive, and accessible, even for those who are not tech-
savvy. Research in recent years indicates that people find it uncomfortable to wear invasive or large intrusive devices to 
monitor health status, and poor user interface design implies a lack of user engagement. Methods: This paper presents 
the design and implementation of non-intrusive mobile and smartwatch applications for detecting older adults when 
executing their routines. The solution uses an intuitive mobile application to set up beacons and incorporates biometric 
data acquired from the smartwatch to measure bio-signals correlated to the user’s location. User testing and interface 
evaluation are carried out using the User Experience Questionnaire (UEQ). Results: Six older adults participated in the 
evaluation of the interfaces. Results show that users found the interaction to be excellent in all the parameters of the UEQ 
in the evaluation of the mobile interface. For the smartwatch application, results vary from above average to excellent. 
Conclusions: The applications are intuitive and easy to use, and data obtained from integrating systems is essential to 
link information and provide feedback to the user. 
Keywords: mobile application; smartwatch application; beacon technology; user experience; human-computer interaction 

1. Introduction 
Now more than ever, the world continues to experience 

unprecedented significant changes driven by rising average life 
expectancy and declining quality of life at older ages. People living 
longer means that the number of older people is increasing globally. 
The living conditions of older people are an important indicator of their 
well-being. It should not be forgotten that these are related to culture 
and the country in which each person lives. The scenario where older 
people live alone or in institutions raises concerns about their lifestyle. 
They have more overall mortality risks than those living with their 
partner or family members. 

Older adults must be able to perform Activities of Daily Living 
(ADL) without assistance to live independently. ADL represents the 
elements that make up each person’s routine (e.g., eating, bathing, and 
mobility)[1]. The spatiotemporal distribution of ADL models has a 
behavior pattern, which can then identify behavioral anomalies if 
something occurs differently. People’s families and friends are 
interested in these anomalies because they express alerts to some 
conditions that may require their intervention. In this paper, we add a 
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knowledge layer based on design principles that allow older adults and their family members to autonomously 
install these systems at home without the associated technological burden. 

This work presents the design and implementation of a mobile solution to monitor daily living activities, 
using smartwatches to make it non-intrusive for older adults. Smartwatches can transmit data using 
communication interfaces (e.g., BLE or Wi-Fi). The data extracted from BLE signals are sent by beacon 
devices and collected with smartwatches. These BLE beacon devices will be in every room of the person’s 
home. Depending on each compartment’s area, one or more devices will be placed in the ceiling. Each room 
is correctly identified by the BLE beacon(s) installed to generate as much as possible a uniform signal. The 
data stored in the person’s smartwatch is sent to an API for data collection and processing. Therefore, this 
work’s main objective is to develop a user-friendly mobile and smartwatch application that implements a 
simple and easy solution to configure a pair beacon-smartwatch based on design rules for older adults. 

The remainder of this paper is organized as follows. Section 2 presents a review of interaction design, 
AAL systems, and applications. Section 3 presents a view of the high-level architecture that supports the 
ideation process and the application features implemented in Section 4. Section 5 presents the results obtained. 
Finally, Section 6 presents the major conclusions and hints of future work. 

2. Literature review 
This section reviews the state of the art in fundamental contexts related to the work presented in this paper: 

interaction design, AAL and representative applications available in the literature or in the market. 

Interaction design relates to how people interact with technology by creating user experiences[2]. These 
experiences must be understood by designers, developers, and creatives so that the focus of the design of 
interfaces is the user and not the system. To achieve a correct interface design, three contexts have to be taken 
into account: the User-Centered Design (UCD), User Experience (UX), and User Interfaces (UI). UCD is an 
interactive design process focused on users’ needs during the design process. It consists of several stages: 
understanding the context of use, specifying user requirements, designing solutions, and evaluating against 
requirements[3,4]. This process can involve both users and experts at different stages of the process that are not 
mutually exclusive in the design and evaluation. UCD offers several methods to involve the user in the design, 
such as questionnaires, interviews, observation, and testing, among others. UX relates to the perceptions of 
users regarding a product. They can be diverse, and the goal of the measurement of UX relates to usability 
components and the emotional impact on the user. A positive impact allows the user to accept the interface 
and is tolerant to faults, while a negative impact determines the interface not to be used. The interaction of 
users with applications occurs through the UI. It includes all the components that allow users to carry out tasks 
that cover the user requirements in the context of use. Moreover, to link the interface to the general tendency 
to model and learn by analogy, metaphors created with conceptual models are essential since they enable users 
to draw on their existing knowledge to act on a non-familiar domain[5]. 

The works on monitoring ADL of older adults focus mainly on long-term behavioral analysis[6] in the 
contexts of daily activities[7–12], abnormal behaviors[13–19], cognitive impairment[20–23], falls[24–28], indoor person 
positioning[29–31], and sleep quality[32]. Techniques can be broadly divided into video monitoring systems[33], 
Wi-Fi fingerprinting-based technologies[34], and on BLE fingerprinting-based technologies[35]. Research in 
recent years indicates that people find it uncomfortable to wear invasive or large intrusive devices to monitor 
health status[36]. Several AAL reviews have been presented to the community[37,38] and stated that poor UI 
design implies a lack of user engagement. Therefore, interfaces that can adapt to users[39] should be supported 
with UI design frameworks in order to reach the goal of independent living. 

Current applications in the context of AAL can be categorized in three categories: Daily Activities and 
Social Connectedness (DASC), Safety Enhancement (SA) and Health Monitoring (HM)[40]. This paper falls 
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into the scope of DASC, where many projects have been developed worldwide and are briefly described in 
this section. Assisted Cognition Environment (ACE)[41] uses artificial intelligence to support the daily life of 
older adults by sensing the surrounding and the person’s location to determine patterns of potential disorders. 
The AWARE smart home project[42] aims to establish communication between a patient and families by 
implementing RFID sensors and vision technologies to identify activities. CASAS[43] uses machine learning 
techniques to identify behavioral patterns of older adults using motion sensors. This was later improved[44] by 
introducing monitoring signals to describe the flow of the activities. Similarly, the I-Living project[45] focused 
on the communications between wireless sensors and a user interface to enhance the independence of older 
adults. In the scope of integrating smartphones and smartwatches, CAALYX[46] allows the extraction of more 
information from older adults in the context of a home monitoring system. SOPRANO[47] combines ontology-
based techniques and a service-oriented architecture that separates system aspects (sensors and actuators) from 
context information and system behavior. SAAPHO[48] allows older adults to maintain their independence 
through a mobile interface oriented toward active aging, healthcare and participation. 

3. Materials and methods 
This section presents the process of integrating the design of two applications in actual contexts of home 

setup. The mobile application for installing BLE beacon technology and the smartwatch configuration for 
beacon detection are presented. It presents a high-level architecture description and a detailed view of the 
components that make this system self-implemented, thus reducing the need for technological knowledge. 

3.1. Design-based approach 
Section 2 mentions that the UCD focuses on user needs during the design process. When referring to older 

adults, user satisfaction must meet one major requirement. In this paper, satisfaction is achieved by 
approaching the problem in two separate (but correlated) contexts: the first focuses on the identification of 
requirements, and the second, on the design of the application, composed of graphical interface design and 
evaluation of the design to meet the requirements. 

In the first stage, meetings with the participants were arranged to identify the major requirements, which 
are as follows: 
 Intuitive application and easy to use. 
 The system should be as autonomous as possible so that older adults are not pressured to use it. 
 The system provides information about their health status. 
 Report changes to previous patterns. 
 Know the status of the equipment so they feel that everything is working well. 

The second context relates to the design of the system and its evaluation. To this end, two approaches are 
considered: the cognitive walkthrough[49] and the User Experience Questionnaire (UEQ)[50]. First, the user 
receives a goal, interacts with the interface and provides feedback. Second, the UEQ combines attractiveness, 
perspicuity, dependability, efficiency, and stimulation in a set of 26 opposing adjective pairs. Moreover, the 
UEQ avoids extensive tests on the interface that are time-consuming and costly[51]. 

3.2. Participants and tasks 
A total of six older adults were recruited with the following inclusion criteria: (1) do not have much 

proficiency in the use of mobile and smartwatch applications; (2) live alone or with their spouse. Four were 
men, and two were women, with a mean age of 72.3 (σ = 3.2). 

They were informed on the most critical aspects of the interface: the use of beacon devices (which were 
unfamiliar to them) to define locations in the house, the mobile application to configure beacons, and the 
smartwatch application to set up each user in the house. Since beacon technology was not known to users, it 
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was explained how a beacon could represent a location in a home. They were asked to participate in the tests 
in two stages. First, they were asked to provide information on icon recognition to determine if the icons are 
well understood in the mobile application. Next, they were asked to execute tasks in the interface that are 
presented in Table 1. 

Table 1. Task description. 

No. Task 

1 To setup a beacon, find the textbox in the mobile application to insert the smartwatch code to pair both devices. 

2 Find the code in the smartwatch to be inserted in the mobile application. 

3 Go to the mobile application to start to configure locations of beacons. 

4 Insert the code from the smartwatch in the mobile application. 

5 Select a beacon that is not yet configured. 

6 Add a beacon to a room. 

7 Configure all the remaining beacons. 

8 Check if the house is configured. 

9 Check yout average heartbeat. 

10 See your sleep quality. 

11 Check the battery charge of the beacon in the kitchen. 

No help was provided to the participants when difficulties were encountered. After completing the tasks, 
they were asked to fill out the UEQ. 

3.3. High-level architecture 
The high-level architecture description in Figure 1 provides a general view of integrating separate 

components resulting in the interaction interface. From the context scenario of installing physical components 
in a house and creating an immersive system, it is conceptually designed in two components: first, a mobile 
application allows the setup of the physical system. It maps the representation of the beacons in the application. 
Next, it is required to associate the user with the beacons. To this end, a smartwatch app is designed. 

 
Figure 1. High level view of the proposed architecture. 

In each of the systems (mobile and smartwatch), it is possible to identify different features related to a 
final goal: integrating components for data storage. Data gathering comprises acquiring the beacon’s location 
through the mobile app and identifying the user through the smartwatch widget. This later allows for gathering 
the most critical biometric data to measure the user’s vital signs. This stage generates data stored in a database. 
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Next, this data is processed to generate information related to patterns of use (which is not in the scope of this 
paper). 

The solution presented in this paper divides into two groups. The first corresponds to the installation and 
configuration of the devices, where the mobile application is used to associate the beacons with the person. 
The second corresponds to the collection of periodic data by the smartwatch regarding its passage through 
each compartment and the Beats Per Minute (BPM). In turn, it sends these to an API responsible for storing 
the data in the MongoDB[52] database. 

A beacon emits a series of information that another smart device can receive and interpret. It is through 
these outputs emitted by the beacon that the solution will be based, after carrying out the necessary calculations, 
on which beacon is closest to the user. Thus, the RSSI and TX are critical data for calculating the user’s 
proximity to the beacon. RSSI provides the signal strength varying from −50 to −100, and TX represents the 
transmitting power, which typically goes from −40 dBm to 4 dBm. The greater the transmitting power, the 
greater its range is. These considerations influence how the beacons will be installed and mounted in each 
compartment since the less interference in the signal, the better. Therefore, a beacon is placed in the center of 
the ceiling in each room (or more, due to the coverage area) since this is the best way to receive each beacon’s 
signal without interference with obstacles or walls. In Figure 2, it is possible to visualize the beacon’s location 
in each division. 

 
Figure 2. Example of placing BLE beacons in each room of a house. 

To make this solution usable, scalable, and with the potential to grow even further, it is essential to build 
a sufficiently autonomous system, as it needs little human intervention. In this sense, the only human 
intervention that this solution proposes is assembling and configuring the devices inside each user’s home. 

The UCD is based on using of metaphors for the general system and the association of beacons with 
smartwatches. First, the metaphor of the apartment/house is used for intuitive interactions with the setup of the 
system[53]. 

4. Mobile and smartwatch application features 
The proposed system’s primary goal is to provide a method for the correct setup of BLE beacons and data 

gathering from the user to create an integrated system of non-intrusive interaction. 

4.1. Mobile application 
Many mobile applications are available in the market, mainly focused on health monitoring and assistive 

living. However, most of them are not adapted to support older adults’ needs and abilities[54]. The primary 
objective of this study is to design a smart home mobile application for older adults, considering that several 
guidelines are taken into consideration[55]. This section focuses on the design and implementation of the mobile 
application, developed for Android devices using the IDE Android Studio[56], using the Kotlin Programming 
language[57]. The design of the mobile application, was based on the Material Design[58] guideline system to 
create components, with support with Figma[59]. 
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4.1.1. Icons 
Older adults tend to have difficulties in the identification of new symbolization related to the digital era, 

and the evolution of technology[55]. The focus was to use simple images representing good metaphors of real 
contexts related to the older persons’ long-term memory. This allows the recognition of tasks instead of 
remembering a process. Moreover, to reduce the perceived burden, the reuse of elements was considered, 
allowing the creation of an interface with fewer icons. As a consequence, the correct interpretation of the icons 
increases. Six older adults were asked to provide information about their perception of icons related to the 
context of the project, as shown in Table 2. 

Table 2. User perception of the icons used in the mobile application. 

Intention Interpretation 

User 1 User 2 User 3 User 4 User 5 User 6 

1 beacons define 
places at home 

location of 
the beacon 

beacon beacon location of 
the beacon 

location of 
the beacon 

beacon 

2 user smartwatch watch watch watch watch watch watch 

3 search find find search search search find 

4 attention attention attention attention attention attention attention 

5 UUID smartwatch 
number 

connect 
smartwatch 

connect 
smartwatch 

connect 
smartwatch 

connect 
smartwatch 

connect 
smartwatch 

connect 
smartwatch 

6 MAC address of 
beacon 

chip computer 
chip 

computer chip - chip chip 

7 accept ok check check ok accept ok 

8 RSSI beacon 
signal 

signal signal signal Wi-Fi signal signal 

9 smartwatch 
connected with 
beacon 

all 
connected 

connection ok connected connected connected connected 

10 the smartwatch 
was not found 

smartwatch 
not ok 

something 
wrong with 
smartwatch 

problems with 
smartwatch 

error in 
smartwatch 

smartwatch 
error 

problems 
with 
smartwatch 

11 search did not 
produce results 

search error problems in 
search 

search error no results in 
search 

error in 
search 

search error 

12 smartwatch 
connected 

smartwatch 
connected 

smartwatch 
connected 

smartwatch 
connected 

smartwatch 
connected 

smartwatch 
connected 

smartwatch 
connected 

Results show that most icons are understood as they are intended to be. However, some aspects have to 
be taken into account. First, since beacon technology is unfamiliar to the user, their correct perception of the 
beacon icon is due to the previous explanation of its representation (one or more beacons are associated with 
a room in a house and represent that space). Secondly, as expected, the UUID smartwatch number and the 
MAC address of the beacon were challenging to understand. They are hardware-related icons, and their 
representation is not precise. To improve the perception, a label is added to the visual representation of the 
beacon, and a realistic location view is added to the element in the interface. After several tests with other 
icons, these were the ones that were more related to the representation of the component. All the other icons 
were well understood by users, with variations in perception, but in the same mental context. 

4.1.2. Ideation process 
The mobile application is designed to be interpreted as a step-by-step process. This allows older adults to 

focus on each stage without creating an over-burn in the perception of the complete system, thus minimizing 
efforts on working memory demand[60,61]. 
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Following the guidelines for the design of applications for older adults[55], several aspects were taken into 
account and are depicted in Table 3. For each guideline, the approach taken in the UI design is presented. 

Table 3. Guidelines used and interface design approach. 

No. Guideline Interface approach 

G1 Information or control must be consistent and should be in 
the same position on every page. 

The application repeats patterns of design whenever possible. 
The reuse of elements is applied. 

G2 Screen should have clean and white spaces to keep user’s 
attention. 

Adequate spacing between elements is considered with focus on 
elements. 

G3 Important information must be paced in the center of the 
screen to be immediately visible. 

In each step, the focus of the task is provided in the center of the 
screen. 

G4 Avoid scrolling. Long pages must be avoided; if necessary, 
split into multiple pages. 

The application is designed on one page, without need for 
scrolling. 

G5 Hit targets must be big enough for the user. The size of the elements is adequate for the use of older adults. 
Fitts Law is applied and visual markers are used throughout the 
interface. 

G6 Place spaces between the targets to be clear and easy to find. Interaction targets are apart from the remaining elements and 
are easy to identify (using contrast). 

G7 Minimal and clear visual design. The UI design is focused on the recognition of the task. 
Irrelevant information is not designed. 

G8 Interaction simple and easy to use. Reduced number of interactions to complete the setup of the 
beacon. 

G9 Create contrast in colors and avoid using too many different 
and spark colors. 

Black and off-white colors are used. 

G10 Use a simple one-finger gesture on mobile interfaces (tap 
and swipe). 

95% of tasks use tap and 5% use swipe. 

G11 Reduce keyboard interaction. Use of predefined options placed in lists or in combobox. Only a 
smartwatch code has to be introduced. 

G12 Provide consistent elements and few possible choices. Reduced amount of icons to represent actions and reuse of 
elements whenever possible. 

G13 Allow users to focus attention in one task at a time. A step-by-step interface is designed. User focuses only in each 
part of the interaction. 

G14 Allow users to recover from errors. Context information is provided when something goes wrong. 

From the design approach for the application, key elements to consider are the use of contrast, the size of 
components, and the focus on sub-objectives to achieve a goal. Regarding the last, the application was designed 
in a step-by-step process: the first consists in searching for nearby beacons and pairing the smartwatch with 
the mobile application, as shown in Figure 3. This results in step two, related to the visualization of all the 
beacons detected. The next step consists in setting up each beacon in the place of the house where they are 
located. When all the beacons are set up, the configuration of the system finishes. 

At stage 1, the visual representation of elements used in the interface is most important since it will allow 
the user to recognize design patterns and create in-app associations. Figure 3 presents the welcome screen, the 
context of the task (setup smartwatch and beacon scan), and associated error messages focusing on the 
problem’s solution. Some of the guidelines followed are presented. However, all of the guidelines are being 
implemented. 

The application initiates the pairing between the customer’s smartwatch and the BLE beacons in each 
room to assemble and configure the devices. According to the documentation in MongoDB about ObjectId, 
there are two ways to generate a new ObjectId. The first one is with no argument, which causes the system to 
create a random but unique one. The second one has one argument and can be given an integer value or pass a 
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unique, twenty-four-character hexadecimal. Interestingly, each smartwatch contains a unique alphanumeric 
device identifier with a length greater than twenty-four digits, as shown in Figure 4). 

 
Figure 3. Interface design and application of guidelines. 

 
Figure 4. Extraction of the unique alphanumeric device identificer by pairing the smartwatch and the user. 
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For implementation purposes, twenty-four digits of this identifier can create the ObjectId in the database. 
With it, the association between the person and the beacons is created and defines a unique identifier that 
relates the smartwatch to the user. 

When the user starts the application, it checks whether the mobile device has hardware capabilities to 
scan nearby BLE beacon devices. If not, an error message informs that the configuration cannot start because 
the device does not meet the minimum requirements. If hardware capabilities are found, the user is asked to 
enter the code visible in the smartwatch widget. At this point, this code must have already been registered in 
the database by the smartwatch. A pre-communication strategy with the API was developed to automate this 
verification process so that it does not spend too many resources on the API side. This way, the application is 
prepared to check if the information that the user has entered meets specific requirements. After these internal 
checks, the application sends a GET request to the API with the identifier and some request properties, such 
as verification token, origin, device type, geographic zone, and time zone. If the API responds that it found 
this code in the database, it sends the application a positive response with code 200 and goes to the next screen. 
If something goes wrong, it sends a negative response with a code in the order of 400, showing a message that 
an error occurred. 

In stages 2 and 3, the beacons are set up. A listing of all nearby beacon devices is displayed on the second 
screen of Figure 5. In the scan process within the application, a timeout of 10 min was defined so that the 
mobile device stopped scanning after 10 min. The information of each beacon found is stored in a list with its 
unique identifier, MAC address, and RSSI. To speed up the process, the application updates the RSSI value 
shown to the user when an RSSI value different from the previous one is received when the beacon is already 
saved. It creates a visual effect so that the user also understands the change in the beacon. This functionality 
was designed to help, even more, the person responsible for the configuration and installation to realize which 
are the beacons, in real-time, that are more or less close to his mobile device. 

 
Figure 5. Stage 2 and 3 of interaction. Beacon list and location setup. 
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Figure 6. Unique hexadecimal identifier extraction. 

4.2. Smartwatch application 
This section describes the creation of the intuitive smartwatch application to measure the patient’s 

heartbeat and be the device responsible for collecting the BLE signals from the beacons in each compartment 
and then sending them to the API to store for another system to handle them. 

4.2.1. Ideation process 
The design of smartwatch applications is a new trend associated with the ability they provide to measure 

vital signs, which is of significant interest to older adults. The guidelines for the design of Garmin devices are 
provided in the Connect IQ SDK development site. However, for older adults, and to the best of our knowledge, 
there are guidelines made available in the literature for smartwatch applications. Considering the size 
restrictions known on the screen of the typical smartwatch devices, we tried, as much as possible, to apply the 
general guidelines presented in the work of Johnson and Finn[55]. To this end, the smartwatch application was 
designed to reduce the number of interactions to as few as possible to complete each task. 

In the initial development process, considering that this work will use Garmin smartwatches, the best app 
types were analyzed, and according to the documentation, the most suitable app type is a widget. It consists of 
a min-app that can be launched from the home screen and provides glanceable access to information. Moreover, 
it is a lightweight app type for the device, easy to use for the older adult, and includes all the technologies 
required for this project, such as BLE, background, sensor, and communications. The application is developed 
using the Connect IQ SDK, supported in the Monkey C programming language. 

4.2.2. Design and development 
The key concept in the design and development of the application is the association of the person’s 

smartwatch with all the beacons installed inside the home. For this, when the application connects for the first 
time, it will fetch the unique identifier of the smartwatch with twenty-four hexadecimal digits and then send it 
to the API so that this code is created in the database. With this, it is possible to associate all beacons with that 
device. 

To ensure security, a code associated with the application allows the device’s configuration. This way, 
when the user introduces the 24-digit code, if it is correct, the application makes a GET request to the API with 
the identifier and some requests properties, such as verification token, origin, and device type, to receive the 
beacons information (UUID, MAC Address and location) to store it locally. After that, a message appears that 
the operation was successfully executed. An error message will appear on the smartwatch screen if the code is 
wrong or if something goes wrong during the configuration process. This entire configuration process is 
presented in Figure 7. 

After this configuration, the user can access different options within the application. The first screen 
welcomes the user and suggests an interaction with the smartwatch to access them. 
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Figure 7. Smartwatch flow. 

This interaction is to slide from right to left with a finger on the device’s screen. A menu with four options 
will appear when performing this interaction, illustrated in the second image of Figure 7. With the first option, 
the user can check the last time the application communicated with the API to update the daily data of which 
beacons he read during the day, illustrated in the top row of the figure. The second option makes it possible to 
see the last measure of BPM. The third option lets the person see which beacons are associated with the device 
and their respective information. The previous option focuses on the configuration and installation of the 
application, presented at the beginning of this section. 

5. Results 
This section presents findings from the execution of tasks identified in Table 1. These results are based 

on the execution time of each task and the application of the UEQ after task completion. 

Table 4 presents the average time (in seconds) for completing each task. As expected, results show that 
85% of the time spent in the execution of tasks is related to the mobile application, while 15% is related to the 
smartwatch. For the configuration of a house with four rooms, the total time to execute the tasks is 62.2 s, 
mainly focused on the mobile application, to reduce interactions with the smartwatch. The smartwatch is a 
prominent wearable for daily living, covering tasks presented in the interaction results of rows 9–12 of Table 
4. 

As expected, the keyboard interaction related to the registration of the 24-digit code to pair the smartwatch 
and the system is the most costly regarding the relative total time of task execution (approximately 51% of the 
total time). However, this interaction is impossible to remove from the system, given that the pairing between 
these devices requires this process to be executed. 

As mentioned, the UEQ is used to measure satisfaction parameters and is applied after user interface 
testing. The measured scale means are set concerning existing values from a benchmark data set. This data set 
contains data from 18483 persons from 401 studies concerning different types of products. The comparison of 
the results for the evaluated product with the data in the benchmark allows conclusions about the relative 
quality of the evaluated product compared to other products. To obtain the overall rating of applications, users 
were asked to fill out two forms: one related to the mobile application and the other related to the smartwatch. 
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Based on the UEQ scale benchmark, the mobile app’s overall rating is excellent, and the smartwatch app varies 
from above average to excellent, as shown in Table 5, Figures 8 and 9. 

Table 4. Interaction results. 

No. Relates to Task Average time (seconds) 

1 Mobile app To setup a beacon, find the textbox in the mobile application to insert the 
smartwatch code to pair both devices. 

1.1 

2 Smartwatch Find the code in the smartwatch to be inserted in the mobile application. 2.8 

3 Mobile app Go to the mobile application to start to configure locations of beacons. 1.0 

4 Mobile app Insert the code from the smartwatch in the mobile application. 36.0 

5 Mobile app Select a beacon that is not yet configured. 1.5 

6 Mobile app Add a beacon to a room. 3.6 

7 Mobile app Configure all the remaining beacons (setting up 4 beacons). 15.3 

8 Mobile app Check if the house is fully configured. 1.3 

9 Smartwatch Check your average heartbeat. 1.4 

10 Smartwatch See how much time you have spent in the kitchen. 2.1 

11 Smartwatch See your sleep quality. 2.4 

12 Smartwatch Check the battery charge of the beacon in the kitchen. 2.2 

Table 5. UEQ results for the overall rating of mobile and smartwatch applications. 

Mean Comparison to benchmark Interpretation of results 

Scale Mobile app Smartwatch Mobile app Smartwatch Mobile app Smartwatch 

Attractiveness 2.41 1.40 Excellent Above average Range of 10% best 25% better, 50% worse 

Transparency 2.30 2.02 Excellent Excellent Range of 10% best Range of 10% best 

Efficiency 2.40 2.22 Excellent Excellent Range of 10% best Range of 10% best 

Control 2.00 1.90 Excellent Excellent Range of 10% best Range of 10% best 

Stimulation 1.97 1.50 Excellent Good Range of 10% best 10% better, 75% worse 

Innovation 2.20 1.30 Excellent Good Range of 10% best 10% better, 75% worse 

 
Figure 8. UEQ benchmark graph for the mobile application. 
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Figure 9. UEQ benchmark graph for the smartwatch application. 

The evaluation differences can be easily explained. First, the design of smartwatch applications is 
complex since size restrictions associated with the hardware are a natural constraint when designing for older 
adults. Moreover, the Garmin guidelines and restrictions in the design for the Garmin Vivoactive 4 do not 
leave much margin for improvement. The optimal contrast and the size of elements in the application are not 
easy to obtain. However, it is essential to consider that the selected users did not have much proficiency in 
using mobile and smartwatch applications. If the excellent overall rating for the mobile app is not surprising, 
the interaction results with the smartwatch application are positively interpreted. Thereof, using the smartwatch 
application will improve the perception of the smartwatch system. 

6. Conclusions 
This paper presents the design of mobile and smartwatch applications for AAL systems. The goal is to 

set up an integrated environment where older adults can be autonomous in the configuration of the system, on 
their location, and also acquire biometric data. Considering that older adults tend to have difficulties in the 
identification of new symbolization related to the digital era, and the evolution of technology[55], a set of design 
guidelines were applied to the design of the mobile application, which was also mapped to the smartwatch 
application. 

To validate the quality of the design, the UEQ was applied to both interfaces. Results show that users 
found the interaction to be excellent in all the parameters of the UEQ in the evaluation of the mobile interface. 
For the smartwatch application, results vary from above average to excellent. The lack of guidelines for the 
design of smartwatch applications for older adults leaves room for improvement as long as the UI smartwatch 
technologies allow the application of such guidelines. 

Future work will follow two directions. First, at the level of interface design, guidelines for the design of 
smartwatch applications for older adults have to be developed, given the size restrictions of the devices. Next, 
the data gathered from the integrated system has to be analysed using statistical formulas and methods to detect 
patterns and outliers, using interpretability and explainability. 
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