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Abstract: Because of the spread of smartphones, older adults enjoy the assistance of smartphones.
However, fewer mobile applications are designed for older adults. Smartphone user interface (UI)
serves as an external brain to capture information, and older adults may have memory complaints
that affect self-confidence and lead to memory decline. Non-declarative memory requires more
effort. Therefore, this study aims to design and evaluate a to-do list application to help older adults
encode, store, and retrieve non-declarative memory, such as tasks they plan to do. We recruited
15 participants (5 men and 10 women) aged 60 to 75 years old (SD = 5.32). They were asked to
complete nine usability tasks, and to answer a user experience questionnaire (UEQ) and a few
interview questions. Sixty percent of users completed with only one or two attempts (median = 2.80,
SD = 1.63). We found three usability issues and proposed an iteration plan. The application has
attractiveness, efficiency, dependability, stimulation, novelty, and good perspicuity for older adults.
The product was rated excellent except for perspicuity, which met the users” expectations. This
indicates that the user is satisfied with the application prototype. The results of this measurement
can be utilized as a benchmark for the next model for developing mobile to-do list applications on
user experience.

Keywords: user interface design; usability testing; UEQ; mobile application; to-do list; older adults

1. Introduction

Older adults report forgetting more frequently and employing memory strategies
more regularly. Many older adults have subjective memory complaints that could pre-
dict cognitive decline. These results indicated that older persons’ self-reported memory
problems might be more closely associated with low mood than with poor memory test
performance [1,2]. Moreover, subjective memory complaints may indicate dementia within
three years, mainly when objective indicators of memory decline are present [3]. However,
a longitudinal study in China’s rural areas showed that subjective memory complaint was
related to lower objective memory performance even after researcher-controlled depression
and demographic characteristics. Still, subjective memory complaints did not indicate a
quicker rate of cognitive decline or dementia throughout three years [4]. Neither depressive
symptoms nor well-being was significantly altered by any intervention [5,6]. In other
words, older adults with subjective memory complaints and depression are more likely
to indicate dementia in three years than older adults without depression. Therefore, this
study aims to overcome the memory complaints of older adults without depression.

To overcome the disadvantages of poor memories, two approaches are taken: restora-
tive and compensatory [7]. The restorative approach is the internal development that
focuses on maintaining abilities supported by teaching memory techniques to enhance new
learning or relearning [7]. Despite variances in training methodologies and participant
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samples, accumulating data suggest that healthy, non-dementia-afflicted senior citizens
can improve and preserve their memory skills. However, traditional methods have not
been as successful in proving training transfer, and trainer-led, group-based formats cannot
be widely disseminated [8]. Memory training and cognitive stimulation programs may
be made more accessible, affordable, and applicable using these innovative techniques,
such as information communication technology and high-quality video capture. However,
researchers found that training in expectation alteration appeared beneficial in influencing
subjective memory complaints. Conventional memory training more effectively influenced
objective memory [8]. However, when older adults hold negative stereotypes about ag-
ing, they may perform poorly on memory tests and training. Geraci and Miller (2013)
attempted to improve older adults” memory performance by providing them with task
experience to counteract their negative performance expectations [9]. Rebok and Balcerak
(1989) concluded that memory performance expectations and attributions might influence
mnemonic training outcomes [10]. However, self-efficacy and expectation would affect
the authenticity of memory test results. Therefore, some older adults do not have specific
memory deficits. They need a chance to improve self-efficacy and revise the expectation
of memory ability, not improve memory ability. The compensatory approach is external
memory aids to support cognitive function and overcome limitations [11]. Researchers
introduced the InBath memory aid system for bathroom-related daily care [12], and the
fiducial marker tracker (FMT) to check task performance [13]. The findings indicate that
assistive technology has the potential to help older adults to live safely and independently
in their own homes. The results suggest that a single successful prior task experience
can improve older adults’ memory. To do so, the user sets fiducial markers near items
photographed by the body-worn camera. However, Schryer and Ross (2013) demonstrated
the usefulness of external memory aids. They suggested that older adults may not utilize
them to their full potential [14]. As memory aids, we should consider the outdoor use
scenario, which contains more privacy concerns and requirements, such as the visible
device may refer to the memory problem. However, older adults want to make devices
more invisible.

As we mentioned, most older adults may need to correct their expectations of memory
performance first and find another way to remember things successfully. The restorative
approach aims to improve memory ability directly. However, memory training can be
carried out according to the needs of the elderly, but it is not necessary. After all, mem-
ory training requires a lot of repetition and time commitment, and the transfer effect is
limited. Compared with memory training, or virtual coaching systems, we should merge
memory support through mobile application user interfaces (UI) in older adults’ lives, no
matter when. The compensatory approach concentrates on memory challenges in daily life.
However, it should overcome space limits that expand the scenario out of indoor activities.
Therefore, instead of using single approaches, this study combines restorative and compen-
satory strategies to build confidence in memory ability and reduce the influence on daily
activities regardless of time and place. Daily tasks could reflect the memory performance
of older adults. Moreover, we should help older adults to set the appropriate expectation
of memory ability and provide restorative memory training based on older adults’ needs.
Therefore, this study aims to design a mobile to-do list application to support older adults
in managing and remembering daily tasks and adjust the expectation of memory perfor-
mance. Furthermore, this study aims to evaluate whether the user experience of designed
prototypes of a mobile to-do list meets user needs. The findings identify the potential areas
for improvement, define the level of the user experience, and support further iteration to
test memory ability expectation and daily tasks reminding performance.

2. Related Work

Research outlines many devices or applications to support older adults, including
people with Alzheimer’s disease and Korsakoff syndrome, to overcome perceived memory
problems. We summarize the current works to help older adults (see Table 1). Most studies
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target older adults with memory problems or complaints because of diseases such as
Alzheimer’s, Korsakoff syndrome, and chronic illness. These diseases affect participants’
memory ability to remember the people’s names, faces, and things they have done [15,16].
Although these people are valuable to support, we should expand the user group by
considering older adults without memory decline. Normal aging older adults are more
independent than people with memory decline. However, they still need help under the
scenario. Memory has three stages: encoding, storage, and retrieval [17]. Memory problems
may begin as early as age 30 and, on average, deteriorate slowly but steadily [18]. For
example, older adults struggle to learn about smart TV and remember the new route [19].
Therefore, many digital design solutions aim to support older adults in recording stores
and remind activities they have done or need to do.

Considering the feature of digital devices, the devices are good at the store infor-
mation, including text, images, and video clips. If the device has adequate memory;, it
can store everything. It is challenging to distinguish the valuable information. Such as
the face of people they met and critical moments of daily activities [20]. Unintentional
capturing equals encoding information. It relies on the accuracy of the image recognition
algorithm. The algorithm defines the values of the image or video clip. Technologies such as
wearable cameras and mobile phones could help older adults capture helpful information.
Silva et al. (2018) argued that wearable cameras could elicit more than mere familiarity
with earlier stimuli and reinstall previous thoughts, feelings, and sensory information,
which help older adults to recall [21]. However, it may decrease the self-motivation to
memorize the information. The external brain should aim to support the brain rather than
replace it. In addition, wearable devices are extra devices in older adults” daily life, and
they may cause a sense of shame. Moreover, to ensure the ability improvement quality,
researchers propose a virtual coaching system to help people to execute medical advice
or rehabilitation suggestions and improve their self-efficacy by “give people the tools to
do something” or “coach” them to learn the skills they need [22]; for example, a virtual
coaching system to help people to lose weight and make it easier for them to do so. The
system would motivate and guide patients during therapy and help clinicians keep track of
how well the therapy is working [23]. However, it lacks merging memory support during
everyday activities. Therefore, we should use the technology or device and try to support
older adults in daily life, not replace the whole function.

After encoding and storage, we should consider the context of information retrieval.
As a memory aids application or device, these should support the information retrieval
that provides information when older adults need it. Without a previous setting or active
retrieval, it is hard to predict the time to present the information. Therefore, many devices
reduce the number of self-initiated processes to avoid missing events [24,25]. Older adults
or their caregivers could manage the processes in advance, such as setting a medication
calendar or allowing the caregiver to fix it remotely [26]. However, it is time-consuming to
search for specific information. In addition, considering the ability of older adults, they are
more independent. Many can manage most of the activities. Their children could support
them in completing the rest of the activities. However, they would forget to do the activities
at the best of times. Therefore, we could solve the challenge by figuring out the best time to
remind them so that they have more chances to complete the activities independently.

These solutions serve as external brains for older adults and aim to support their daily
activities of older adults. These designs fill the function of the prospective memory gap
between normal aging older adults and older adults with memory decline or complaints.
Therefore, we recommend the designed application should aim to support storage and
provide some clues of encoding and retrieval. With the help of the design, the older adult
could give accurate information, recall, and conduct tasks when needed.
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Table 1. Summary of existing memory aids for older adults.

Project

Author

Platform

User

Feature

Advantage

Disadvantage

SenseCam

FMT

MyWepp

SSA

Smartphone Calendar

Medisafe

(A.R. Silva et al., 2017)

(Lietal., 2019)

(Lloyd, Oudman,
Altgassen,
& Postma, 2019)

(McCarron et al., 2019)

(El Haj, Moustafa,
Gallouj, and
Allain, 2021)

(Chaudhry, 2016)

Wearable Cameras, PC

Wearable cameras,
cell phones

Smartwatch

Cell phones and
smartwatches

Smartphone

Smartphone

AD patients

Experience with
smartphones,
65+ years old

KS Patients

Dementia or mild
cognitive
impairment/self-
identified memory
problems

Patients with mild AD

Patients who require
long-term medication

Maximum collection of
images from everyday life
(moments/events that can
remain private), comments

on the images viewed

Automatically captures
images based on markers
near the tracking object set
by the user in life

Task reminders and clocks

Facial Recognition

Add events

Medication management,
medication reminders,
dosing reports

Allows users to recall memories
by automatically recording
past time

Record the critical points of
daily life and save a lot of
storage space on the device

Better at completing accurate
and timely PM tasks, allowing
caregivers to control remotely

Helps disaffected people
remember the names and
relationships of the people they
interact with

The reduced self-initiation
process results in fewer
missed events
Record and remind time to
take medication
Generate reminder reports
Simplify medication
administration details
Doctor Appointment Reminder

Requires medical staff assistance.
Regular reviews need large amounts
of storage space and computing power.
Potential privacy issues with
long-term wear.
Additional help is needed to install
the markers.

Adds the burden of carrying extra
devices to the user daily.
There is a lot of information and
searching and finding specific objects
is tricky.

Additional wearable devices are
uncomfortable to wear and require
some cognitive ability to learn to use
the management system
independently.

Complex registration and
login process.

Interaction in daily life is not natural.
Wearing additional assistive devices
tends to create a sense of stigma

Technical and experience limitations.

Lack of initiative to motivate users.
Difficult to adhere to.




Healthcare 2022, 10, 2068

50f 16

3. Materials and Methods
3.1. Design

This study was conducted in two stages of formative testing. According to the survey
by Virzi, four or five participants are enough to find 80% of usability problems [27]. Con-
sidering the different smartphone use levels, we recruited 15 participants. In the first stage,
we used a cognitive walkthrough based on cognitive theory. The cognitive walkthrough
consists of the following steps: receive a goal, search the interface, interact with the inter-
face, and provide feedback [28,29]. UEQ is a semantic difference scale aiming to achieve
a quick and direct user experience measurement. A data analytical approach was used
to ensure a practical relevance of the constructed scales, i.e., the scales were derived from
data concerning a bigger pool of items. Each scale describes a distinct quality aspect of an
interactive product [30]. The UEQ scale research team established an evaluation benchmark
based on data from many participants assessing 246 products using the UEQ scale, with
an average of 40.26 respondents per study. The benchmark consisted of five quality levels:
excellent (ranked in the top 10%), good (ranked in the 10-25%), above average (ranked in
the 25-50%), below average (ranked in the 50-75%), and poor (ranked in the bottom 25%).
We collected verbal feedback and research notes about failure interactions and summarized
the opportunities for further iteration. In the second stage, we combined task analysis and
the UEQ. We set several tasks for individual participants to complete predefined activities
to acquire quantitative data. In addition, we adopted the UEQ as an efficient and reliable
way to measure user experience [31].

3.2. Participants

A total of 60 participants were recruited through paper and online questionnaires
and WeChat groups of the Geriatric psychology laboratory of Beijing Normal University,
and 15 older adults were screened by basic information literacy to meet the criteria. The
inclusion criteria were (1) older adults aged 60 or above; and (2) have proficiency with
smartphones that master at least one digital application. The final sample consisted of
15 participants. Five were men, and ten were women, aged between 60 and 75 years, with
amean age of 65.9 (SD = 5.32). All participants had an education level of junior high school
or higher. Among them, middle school education accounted for 20%, high school education
accounted for 60%, and college education accounted for 20%.

3.3. Materials
3.3.1. Main Software Structure

The product has two entrances. One is a regular software entrance where participants
can enter the main body of the application by downloading; the other is a widget attached
to the software, a shortcut of the application, which displays the reminder content in a
conspicuous position on the mobile phone desktop. As Figure 1 shows, the product has
three levels.

Voice Record

Record
Photo Record
N . Widget
App entrance Information Alert Memory List e
Pending Review Memory Exercise

Virtual Pet

Figure 1. The information structure.
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The essential memory list is used as the product’s home page, exposing critical infor-
mation, and reducing the path for users to complete the primary behaviour. First, on the
main page, the user chooses the way to record data, and the result is displayed on the main
page in the form of pictures or texts. The information reminder and to-do review portal are
in the page’s upper right corner. After entering the to-do review page, the page enters the
second level, which mainly focuses on completing today’s tasks and provides users with
other additional function portals, such as a memory competition and achievement system.
Older adults could use the application when they have a new task to remember, no matter
where or when.

3.3.2. Main Features and Interactions

The design goal of this product is to help older adults quickly record and timely
remind the trivial life. Specifically, as Figure 2 shows, it includes recording various forms of
information anytime, anywhere, timely reminders, and a memory review training system
that is highly related to life.

Application Icons

The Application Icons allow older adults to check to-do items at any time, thus users
can intuitively see unfinished to-do items without entering the application.

Home Page

The home page displays a page of the memory list and the entrance of the new mission
input feature. The initial interface guides older adults to enter the new mission through
active dialogue. Older adults have two forms of input photography and voice. In addition,
in the upper right corner of the interface, we designed a dual-function button for reminder
and loop broadcast, as well as an entrance to enter the to-do progress. This is different from
the 16 pt grid with the left and right distance in the standard Apple iOS specification. We
adopted the grid method with the left and right spacing of 20 pt, which can narrow the
user’s browsing field of view, so they can focus more on the current display content, and
use the single-column card flow of the large-picture layout. The design scheme adopts the
single-column card flow form of the large-picture layout. This arrangement consumes the
vertical space of the mobile terminal screen. At the same time, it can also help users filter
tedious information and only focus on 1-2 contents on one screen.

Photo Identification Input

The older adults take pictures to record to-do items, which can improve the efficiency
of information entry and, at the same time, ensure the correct rate of information execution
of specific tasks, such as purchasing a particular product of a specific brand. After the
user points the camera at the item, it automatically retrieves the photographed object and
generates a smart tag through image recognition technology. Suppose multiple tags are
clicked to take a photo and automatically enter the selection behaviour page. In this case,
the feature can quickly generate tasks based on behaviour, object, and time, minimizing
the need for input cost. There is a high probability that there is no need to shoot multiple
objects continuously, which weakens the secondary shooting.

Voice Input

The user records to-do items by voice input. The product automatically recognizes the
semantics and displays relevant pictures through the semantics. We designed the dialogue
to wait for the other party’s input while adding pre-judgment: when to provide more
information, identify additional information from the user, and generate associations with
the user’s past. The voice input keeps the conversation moving. At the same time, potential
errors are identified and re-interrogated based on more information in the dialogue. By
recognizing the user’s voice input information, the content of the dialogue is identified and
highlighted. At the same time, to allow more users with difficulty in text recognition to use
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the product better, the association picture function has been added to confirm their voice
input through pictures. These questions and the images come from the presets in advance.
When the user has used it for a long time, the photos come from the past shooting records
of the older adults.

| BH-RAGHTIDT-EREY Q IITFRETRANED
mama -

ABTAREFETRE- !
» FRIANASR - «Insulin at 3 p.m.
B . 0 everyda
. A - Tomorrow, Saturday

@ WXGEWLIRIE -

Desktop Widget Home Page
Memory List ver
ZAZAE * = RAZAE @ =
L] ﬂfl!'lhlﬂ‘l“- L] ﬂf‘!')t!tﬂkl-
& [

Tomorrow, 11l buy L
rice vinegar for my

ongmen +

d
oice Recording
[EL 3 @V 1Y

Message reception and voice
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- v
x ® o
ay's Pe - SE/RNHE
mple - ERRM2TH, M
! —— 3

REETATHAL?
Incomplete “ana
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TAK “ Buyric

.ena

Daily Review
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Photo Identification Input Achievement System

Figure 2. The main features and interactions.
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Message Reception and Voice Broadcast

The reminder icon in the header navigation carries different functions in different
scenarios. When there is no message, older adults can click to trigger the voice broadcast
of the to-do list. When the family collaboration message appears, they click the message
bubble to enter the message. At the same time, family members can also enter the to-do
items that the older adult needs to do through synchronization and collaboration, record
them directly in the list, and present them as a single-column card.

Daily Review

Today’s to-do review can query the day’s tasks and present the completion status
in a visual form. The completed tasks are greyed out for easy focus and review. When
a certain number of tasks are completed within a unit of time, the system automatically
triggers the competition mechanism. Users can compete online with users who have had
similar tasks in the design and perform retrospective training through recall to improve
their prospective memory.

Achievement System

After completing a certain number of tasks, the achievement system is triggered, and
the corresponding medals are obtained. The product provides a virtual pet companion
function, and rewards are accepted according to the degree of achievement completion.
The achievement system motivates users to stick to the product and conduct memory
review training.

Task

According to main features and interactions, we set up 9 tasks, as shown in Table 2.
After completing the task, we asked the participants about their feelings, confusion, and

preferred approach.

Table 2. The task List.

No. Task Process Interviews
Remind yourself to ]?uy nOIl—lOd,l’ZE!d Successfully entered and
1 salt and soy sauce this afternoon” by .
. . set reminders.
voice recording.
Remind yourself to “take insulin ) )
2 every day at 3 pm” by Enter error, re-enter. What do you think of the virtual pet
voice recording. feature? Why?
d 1o b What is your preferred way of sorting
bReIIEn yourse‘l tO' remerfn er to Successfuuy entered and tasks? (Time-division? Do they
3 uy Longmen rlcle,z vinegar for your set reminders. complete tasks last? Time-division?
partner tomorrow” by taking photos. Have completed tasks not shown?
Dealing with the completed tasks (Another arrangement?)
1. go to the supermaljket this Check the list of What kind of message display do you
4 afternoon to buy low sodium salt and leted . prefer? (Show details? Text only?
steamed fish and soy sauce completed memoties. Show thumbnails? Other
2. take medicine at 5 pm display methods?)
View reminders sent by your son and  View notifications and one-click How do you prefer to view nessage
5 . alerts? (All tucked away and viewed
add them as new tasks. settings. ) .
in one place? Show all family
6 Perform memory review exercises. Memory PK feature. members’ avatars?)
7 Please feed your pet. Check your pet’s status.
8 Edit the memory list. Complete the edit and save.
9 View reminders 2. Successfully view reminders 2.
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The task was in an offline format, requiring participants to make an audible report
during the manipulation process to facilitate an understanding of the motivation behind
participants” behaviour. No direct help was provided when participants encountered
difficulties, but prompts were used to guide participants’ thinking to complete the task.
All participants tried the prototype in a simulated scenario to complete the test task.
After completing the task, the participants were interviewed in a structured manner to
understand their true feelings about the product. After completing the task, all participants
filled out UEQ scales based on their real-life experiences, recording the strengths and
weaknesses of the product for further optimization and iteration.

3.3.3. Variables and Measuring Instruments

As we describe in detail below, the evaluation protocol consists of two parts, namely
user information (i.e., collected before the task) and evaluation of task-related information
(i.e., performance and users’ opinions). Before conducting usability testing, we collected
user profile data. They included demographic data, such as gender and education level. In
addition, we assessed users’ information literacy in terms of smartphone usage.

Absolute values determine the success rate: 0 means unsuccessful completion of the
task); 1 means successful completion of the task; and 2 means some problems with the
task. According to the rules, the experimenter was not allowed to help the participants
with the task. However, participants could be given reminders, and they could recall the
incarnation’s help, which counted as a new attempt. Any help was annotated. The number
of attempts was recorded on the basis that the experimenter had to show the participant
how to complete the task.

Most usability scales in Mobile health app testing are designed for expert users, not
end-users, such as older adults and caregivers [32]. Compared with typical questions
of measuring user experience, UEQ can be answered with relatively low effort, and it
offers a convenient way to measure iterations continuously [33]. Therefore, we adopted
UEQ, which was suitable for older adults. UEQ evaluates the attractiveness of the product
and includes goal-directed quality (i.e., perspicuity, efficiency, dependability) and not
goal-directed quality (i.e., stimulation, novelty).

3.3.4. Procedure

Participants were recruited using an online questionnaire, of which 15 met the inclu-
sion criteria and signed a data and records confidentiality agreement. The confidentiality
and anonymity of the participants’ data were guaranteed. The experimental session in-
cluded a usability test in which the experimenter brought all necessary equipment for
the study to the experimental site, and participants arrived at the experimental site at the
agreed-upon time. First, the experimenter introduced the task and conducted a pre-test
assessment protocol (e.g., demographic information and information literacy). After com-
pleting the questionnaire, the experimenter explained the task to the participants, showing
them the task description through a PowerPoint.

During the test, participants were asked to make an audible report during the manip-
ulation to understand the motivation behind participants” behaviour. When participants
encountered difficulties, instead of providing direct help, they were guided to think about
the task by employing prompts. The experimenter encouraged users to complete the
task autonomously without giving additional instructions. Success meant the user could
complete the task without the experimenter’s help. Attempts were recorded as a failure if
any kind of help was needed to complete the task.

For some core interactions, different options were provided for participants to compare
and choose from, and participants were asked about their interaction preferences and
attitudes toward features. We also asked participants to explain the reasons for their
preferences. To obtain reliable data on task performance, we videotaped these sessions.
After each task was completed, we conducted structured interviews with participants,
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asking them about any difficulties or doubts they encountered and how they felt during
the task. The sessions were videotaped to obtain reliable data on task performance.

4. Results
4.1. Main Usability Findings
4.1.1. Finding 1: New Information Reminder Iteration

A significant problem was the size of the new message display window. Participants
could not discover the message display window, which resulted in participants not noticing
new message alerts. Another observed usability issue was that participants wanted to
display the avatar and name of the message sender when prompted with a new message,
so they would know who sent the message on time. To address these issues, as Figure 3
shows, we added names to the avatars so they would see the message sender on time. We
expanded the new message alert area, made the small display area more prominent, and
added a flashing alert feature.

Memory List ., Memory List
9:41 il T -
BIZiER ¢ =
9%, W& ~—— Today, Friday SR | 20220610 BE +~—— Today | 2022.06.10 Friday
¥ TFIRITHSHE - = Insulin at 3 p.m 4 TFIRITRSR
B +15:00 everyday b
WX, BX «—— Tomorrow, Saturday WX | 202206M @A +—— Tomorrow | 2022.06.11 Saturday
@ BARAEMELTRITKE . - Tomorrow, I'l buy (] Q?W}Litﬂﬂﬁﬁ . * Buy Longmen ncef
i Longmen rice vinegar @ vinegar for my wife
for my wife
ere - Compeleted Go to the supermarket to ©BRas;m - Compeleted This afternoon to the
buy low sodium salt and supermarket to buy low
@ SLTFFEERRENRA steamed fish soy sauce sodium salt and steamed
memd - * this afternoon fish soy sauce
Photoggephicacord Fhotographlc rec.ordr 7
1 | t Voice Recording Voice Recording

Before After

Figure 3. The new information reminder iteration.

4.1.2. Finding 2: Attitude toward Achievement System

The primary usability findings were related to the participants” cognitive states and
preferences. In the first iteration of usability, most participants indicated that they did
not like to compare themselves to others in the PK feature and preferred to focus on their
memory. They felt that comparing with others did not have any practical use-value for
themselves. Therefore, as Figure 4 shows, we changed the original achievement system of
comparing with others to comparing with themselves so that the participants could better
focus on their memory condition.

4.1.3. Finding 3: Task Sorting Rules

One of the usability issues found through observation is the ordering of the to-do list.
Many older participants seemed a bit confused when faced with several to-do lists. They
did not know which one to perform first and which was more important. At the same time,
faced with some completed matters, the participants sometimes wonder whether they have
achieved. Therefore, as Figure 5 shows, we iterated the task ordering of the to-do list. All
the to-do lists were sorted by time while highlighting important and urgent events, with
completed things at the end.
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Figure 5. The to-do lists.

4.2. Quantitative Results

The number of attempts to complete the task varied across participants (range 1 to
6). The number of attempts to complete the task varied across participants (range 1 to 6).
For comparison, 60% of users completed with only one or two attempts (median = 2.80,
SD = 1.63). Comparing the total number of attempts during the study period, we observed
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that the first two tasks of the study had a lower number of attempts because of the similarity
to the way participants interact with WeChat in their daily use.

Based on UEQ scale benchmark from research team, as Table 3 shows, the product’s
overall rating is very high, according to the results of the UEQ scale. In their comprehensive
evaluation of the product, participants repeatedly mentioned that the product was helpful,
meaningful, and needed in real life. However, it was a little challenging to use in some
places for the first time, but they could use it well with practice, and they thought the
product could improve their memory level. As can be seen from Table 3, the highest mean
score was attractiveness with a mean of 2.28 (SD = 0.84), followed by novelty with a mean
of 2.10 (SD = 0.90). The ratings were at an excellent level compared to the standard pool,
and the subjects considered the product attractive and creative. Most of them expressed a
positive attitude toward the product’s effectiveness and were willing to try it. Except for
clarity, all other dimensions were in the excellent rank compared to the standard library,
mainly due to the lack of experience in using the product for the first time, which led to not
understanding the meaning of the page. Figure 6 shows that the success rate of participants
in completing the task was recorded during the test.

Table 3. The UEQ Result.

Dimension Mean Variance Rating
Attractiveness 2.28 0.84 Excellent
Perspicuity 1.78 1.08 Good
Efficiency 2.10 0.90 Excellent
Dependability 1.87 1.23 Excellent
Stimulation 2.05 1.04 Excellent
Novelty 1.95 1.30 Excellent
100%
90%
80%
70%
60%
50% M No Problem
40% B Some Problem
M Failure/Quit
30%
20%
10%
0%
A 2V > Dy o) © A > )
N P N Y oF
P B B & P &

Figure 6. Task success rate.

The completion rates for all tasks were more than 60%, indicating that the task rule
descriptions were easy to understand. Task 7 and Task 8 had an incomplete rate higher
than 25%, indicating significant problems in the tasks. In Task 7, the main problem of
the participants was that they could not find the entrance of the feature and needed more
conspicuous access to the feature. In Task 8, editing the memory list, the older adults were
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unfamiliar with the editing format. They lacked the corresponding experience, making it
difficult to understand the meaning expressed on the page.

5. Discussion

According to the scores, the product was rated as excellent except for perspicuity,
which met the users’ expectations. According to the question descriptions and the scale
scores, the participants thought the product design was evident at a glance but not easy to
understand, challenging to learn, and somewhat complicated. The reasons for this were
that some of the product’s features were not transferable to the participants because they
had no previous experience with the product and required some practice and adaptation
time. Older adults have different interaction preferences than younger groups because of
aging barriers [34]. The older adults” acceptance of interaction is related to their previous
experience. Participants have a higher success rate on voice input than we expected.
Because the interaction of the voice input feature is similar to WeChat: a long press of the
button for voice input, this phenomenon is also related to the popularity of WeChat in
China [35].

Moreover, the desktop Widget is a new concept for older adults. Older adults hold a
positive attitude toward the widget. However, most of them have never used it before. We
need to test the performance of the interaction. To reduce the information space occupied
by the home page, the reminder icon button in the header navigation is set in the form of a
double function button, i.e., the icon carries different functions in different scenarios. When
there is no message, you can trigger the voice broadcast of the to-do content by clicking on
it. When the family collaboration message appears, the message is recorded into the to-do
list by clicking on the message bubble. Although the interface design criteria emphasize
consistency [36], considering the limited information older adults can process, different
information share the same location. Older adults may feel confused with the same location
of two different information. However, they could not perceive the inconsistency between
the same location and two types of information. Therefore, we should further investigate
how older adults interact with dual functions when they get familiar with the product.
Therefore, to further explore the interaction modes suitable for the older adults, we should
also consider the differences in learning costs of various interaction modes after excluding
the influence of previous experience and investigate whether older adults could customize
the desktop of the mobile phone.

The participants reported that grocery shopping is widespread by using a product
scenario. If they only buy one thing, they prefer to carry the sample, such as an empty
bottle. We should focus on the products that are hard to maintain or easy to lose, such
as many medicine bottles and necessary receipts. In addition, except for daily tasks, we
should focus more on non-declarative memory techniques that older adults can master after
practicing [37]. Older adults could find it difficult when they memorize the sequencing
tasks. Therefore, the memory of the action to use the application is easier for them. They
can decide when to use the product from cues from the external brain, save the latest
medication prescription, or a new recipe.

Older adults have a positive attitude toward comparing with previous cognitive
testing results and are unwilling to compare with others. Older adults recognize the
necessity of screening for diseases such as Alzheimer’s [38]. In addition, they focus more
on effectiveness and usefulness. Older adults said, an “achievement system is cute but not
useful”. Kappen et al. (2016) found that gamification elements such as leaderboard and
achievement systems may not be suitable for older adults [39]. They suggested letting older
adults reward each other. However, we did not identify the reason behind the attitude.
We could not determine a better plan. Older adults may want to save energy for more
important activities, or they may be afraid of failure. Therefore, we prefer to present
self-growth charts and provide regular cognitive tests. In the future, we will consider
techniques for learning memory to help older adults reduce memory burden and save
energy in learning other techniques more easily [40-42].
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6. Conclusions

This paper presents the UI design and UEQ evaluation of external memory aids for
older adults. The application has excellent attractiveness, efficiency, dependability, stimula-
tion, novelty, and good perspicuity for older adults. Acting as an external brain of older
adults, it follows the encoding, storage, and retrieval stages. The encoding stage provides
potential options and information categories to stimulate older adults to specify the task.
At the storage stage, the task ranks by the time, and shows the most urgent tasks on the top
of the task list. At the retrieval stage, the product give reminders to older adults that are
activated by the time or location. In the future, we plan to iterate the product with a note
feature that supports saving important information. In addition, when designing digital
products for older adults, we should consider their previous technology usage and encour-
age their motivation to use products by tracking their performance. Though the developed
application had limited functions, it is an example of a digital application proposing a
productive application for older adults. However, the designed application is a mock-up
that requires further effectiveness validation [43-45]. We plan to iterate, implement, and
test UI designs with a functional demo that supports effectiveness evaluation.
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