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Pain is usually measured through patient reports during doctor visits, but it requires regular evaluation under real-life conditions
to be resolved effectively. Over half of older adults suffer from pain. Chronic conditions such as this one may be monitored through
technology; however, elderly users require technology to be specifically designed for them, because many have cognitive and
physical limitations and lack digital skills. The purpose of this article is to study whether mobile or wearable devices are appropriate
to self-report pain levels and to find which body position is more appropriate for elderly people to wear a device to self-report pain.
We implemented three prototypes and conducted two phases of evaluation. We found that users preferred the wearable device
over the mobile application and that a wearable to self-report pain should be designed specifically for this purpose. Regarding the
placement of the wearable, we found that there was no preferred position overall, although the neck position received the most
positive feedback. We believe that the possibility of creating a wearable device that may be placed in different positions may be the
best solution to satisfy users’ individual preferences.

1. Introduction
Patient monitoring collects health information in real time
[1], which can help health professionals improve treatment
and diagnosis [2], while reducing health costs [3]. Chronic
pain is described as “ongoing or recurrent pain, lasting
beyond the usual course of acute illness or injury or more
than 3 to 6 months, and which adversely affects the individual’s well-being” [4]. Pain is frequent in the older population:
up to 53% of elderly adults report suffering from recent
pain [5]. Its treatment requires regular evaluation under reallife conditions in order to be resolved effectively [6]. Pain
usually is measured through patients’ self-reports only during
medical appointments [7], using pain scales such as the
Numerical Rating Scale or Verbal Rating Scale [8]. Pain is
usually registered on paper, which can cause information loss
and difficulties in analyzing and searching for data [9].

Users may be asked to report information remotely, for
example, through the experience-sampling method, which
asks participants to provide details about their current circumstances at certain intervals [10]. There have been several
studies to explore whether elderly people self-report accurate
information, with variable findings (e.g., [11, 12]). For patients
with pain, self-reporting is believed to help patients become
more aware of the characteristics of their pain, for example,
its intensity, patterns, triggers, and location [13] and be more
engaged in the self-management activity [14].
A wearable device is a “computer that is always with you, is
comfortable and easy to keep and use, and is as unobtrusive as
clothing” [15]. A wearable device must meet the following criteria: (1) the device is attached to the body and the user does
not need to hold it, (2) the user does not remove the device to
perform tasks or actions, and (3) the user must not separate
the device from the body to interact with it [16]. In addition,
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a wearable is on and working at all times [15]. Wearables can
assist in monitoring patients with chronic pain during their
daily routine, helping them better understand their illness
and detect complications [17]. However, there is evidence of
unequal access to technology, and, in some users, a lack of
digital skills may hinder the possibility of using electronic
devices for health monitoring [18]. The concept of wearability
is used to describe how the wearable device interacts with the
body [19] in terms of physical, emotional, and social comfort
[20]. Designers of wearable devices must have knowledge of
human physiology, since discomfort becomes evident when
clothing impedes or restricts movement or visibility [21].
The placement of the device is one of the key concepts of
wearability. The physiological, biomechanical, and comfort
consequences should be included when evaluating a wearable
device [16].
In this paper, we aim to explore the following research
question: are wearable interfaces appropriate devices for elderly
people to self-report their pain level?. To answer this question,
we divided our research into two phases: the first aimed at
understanding whether mobile devices or wearable devices
are more appropriate for self-reporting pain levels and the
second aimed at understanding which body position is more
appropriate for elderly people to wear a device to self-report
pain.
This paper is organized as follows. First, we discuss related
work, especially focusing on existing technologies to report
pain and studies on where wearable devices should be placed
on the body. Then, Sections 3 and 4 describe each phase of
the research, including the implemented prototypes, experiments, results, and discussion. Finally, Section 5 presents our
conclusions and discusses limitations and possible avenues of
future work.
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Several researchers have highlighted the importance of
creating wearable technology for elders, for example, proposing six relevant considerations: motor, vision, eyeglasses,
hearing, executive function, and memory [30]. Researchers
have evaluated the use of commercial wearables by elderly
adults (e.g., [31, 32]), finding them to be acceptable but
require training for use. Less mainstream wearables (e.g.,
head-mounted displays) have been more complex for elders
[33]. It is somewhat clear that established wearables such as
activity trackers, that require little interaction from users,
result in a better user experience than more experimental,
niche wearables or than wearables that require users to
interact with them.

2. Related Work

2.2. Technology for the Self-Report of Pain. A system for
patients to report pain from anywhere, at any time, can be
used to monitor the evolution of pain [6]. Several applications
allow people to report episodes of pain; for example, one
mobile application displays a human figure and asks the user
to indicate the position, intensity, and type of pain he/she
feels [34, 35] or a web application that uses a combination of
body diagrams and a Numerical Rating Scale, providing the
transfer of patient information to health professionals [36].
Researchers have proposed several novel interfaces to
self-report pain. A tangible device that allows users to easily
record their pain using a six-level scale found that these types
of pain-recording devices may decrease the pain experience
[6]. Wearables with interactive displays allow users to input
information [37]. For example, a wearable device to selfreport pain and emotional state found that it may help
users improve their self-knowledge [38]. These types of
applications allow new avenues of patient-doctor interaction
[9], but adherence rates are often low [39] because some are
burdensome [14], or not portable.

2.1. Technology and Interfaces for Elderly Adults. Aging is a
process that depends on genetics, lifestyle, health [23], and
gender, so the age in which a person is considered to be
elderly varies. In several areas of the world, people over 50 are
considered to be older adults [24], while the United Nations
considers those over 60 to be older adults [25]. For the
purposes of this study, and considering the cultural context of
our study (conducted in Santiago, Chile), we consider people
over 60 years of age and who are retired as elderly/older
adults.
Elderly users require technology to be specifically
designed for them, because many have cognitive and physical
limitations [26], as well as a lack of digital skills that limits
their ability to use electronic devices for disease monitoring
[18]. Specifically in Chile, a high percentage of older adults
have little experience with technology, almost 60% of 55to 65-year olds in Chile have no computer experience
whatsoever, while the average in OECD countries was 32%
[27]. Regarding wearable devices, elderly users fear this type
of technology may increase isolation and express concerns
about safety and high costs [28]. Most studies with wearables
and interaction have been conducted in countries in which
older adults have a higher rate of digital skills (and a previous
interest in technology is key in acceptance of wearables [29]),
so our particular context provides additional challenges.

2.3. Placement of Wearable Devices on Body. The placement
of wearable devices for elderly people is an important issue.
A wearable device must allow easy access and handling [40],
be discreet, ergonomic, and well affixed [17], and allow body
movement [21] and visibility [41]. Placement should be in
areas that are relatively the same size across adults (with a
large surface area) and with low movement when the body
is moving [19].
Regarding the best location of these devices in the
body, eight possible areas for the unobtrusive placement of
wearables have been identified, for example, collar area, rear
of the upper arm, waist and hips, thigh, and top of the foot
[19]. In the case of biomedical sensors and devices, they
have been placed on headbands, helmets, belts, shoes, socks,
bracelets, arm bands, and shirts [17]. Furthermore, large and
curvilinear areas can be used in skin interfaces, for example,
the back, the back of the hand, and the neck [42].
A recent study compared the placement of a wearable for
elders on the wrist, upper arm, and neck, finding that the
wrist was the best location (allowing the best viewing angle,
a greater willingness to exhibit the device, and less anxiety)
but that personal characteristics affected preferences [41].
Another study found that the wrist has the advantage that it
is positioned approximately in the same place and orientation
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Figure 1: (a) PainApp: mobile app. (b) B-pain: wearable device.

for all users [43]. Previous studies have not focused on where
to place devices when elderly people have to interact with the
device (through reporting information), which is the focus of
this work.

3. Phase I: Comparing Wearable Devices and
Mobile Applications
The first phase of this research focused on comparing two
prototypes (one mobile and one wearable) that allow elders
to self-report pain during their daily lives. A detailed account
of the implemented devices and the experiment conducted
in this phase can be found in [44]. Both of the devices use
a simple Verbal Rating Scale with three levels of intensity
(Low, Medium, and High). The two prototypes are described
as follows:
(i) PainApp: it is a simple Android application that asks
users about their pain level and stores the information in a database. The information can then be
shared through email, Bluetooth, or social networks
(Figure 1(a)).
(ii) B-pain: it is a bracelet-shaped wearable device, implemented using LilyPad Arduino. Pain is reported by
pressing one of three buttons (green = low; yellow =
medium; red = high). The device provides feedback
through a LED light (Figure 1(b)).
3.1. Materials, Methods, and Participants. The evaluation was
done during May 2016. The participants were 12 undergraduate students (6 women and 6 men). The average age of participants was 26 (standard deviation = 5.4). All participants
had above basic digital skills. We applied semistructured
interviews (each interview lasted about 15 minutes). To
evaluate the solutions the participants interacted with the
mobile application and wearable device and then we collected
four types of information:

(i) DIGCOMP: DIGCOMP is a standardized instrument
to measure digital competences, where users are categorized into one of four possible groups, according to
their digital skill levels: none, low, basic, or above basic
[45].
(ii) System usability scale (SUS): SUS is a quick way to
measure the overall usability of the system [46]. In
this scale, scores below 60 indicate poor usability,
while scores over 80 indicate very good usability [47].
(iii) Usability questionnaire: a questionnaire regarding
usability of the wearable device.
(iv) Interview data: interviews were recorded (audio)
and transcribed. Subsequently, each interviewee was
assigned a code (P1 to P12).
3.2. Experiment. To avoid bias, half of the participants
interacted with the mobile application first and the wearable
device second, and the other half performed the opposite
process. Each interview had the following structure:
(1) One researcher gave a brief introduction about the
study and its purpose (5 minutes).
(2) The participant read a scenario describing a person
with pain (a college student who after a car accident
is suffering from chronic back pain) (5 minutes).
(3) The first interface was explained (3 minutes).
(4) The participant was given time to interact with the
first interface (3 minutes).
(5) The researcher asked questions about the interface,
using a predefined question set to guide the discussion (8 minutes).
(6) Steps (3)–(5) were repeated with the second interface
(14 minutes).
(7) The researcher asked questions comparing the two
interfaces (5 minutes).

4

Mobile Information Systems
(8) Finally, participants completed the DIGCOMP, SUS,
and user experience questionnaires (8 minutes).

3.3. Results. The interview data was transcribed, and thematic analysis was used for codification and analysis [48].
Some quotes from participants are provided in the results
(translated from Spanish). We aimed to answer two questions:
(1) which is more appropriate (has a higher rate of user
acceptance) for monitoring pain: a wearable interface or a
mobile application? And (2) which characteristics, or features,
of the wearable interface, are critical for users to be able to
report their pain levels?.
Regarding simplicity, 67% of participants found the wearable device (B-pain) was simpler, while only 16.5% found
the mobile application simpler (and 16.5% found that both
technologies are equally simple). P4 said the following: “the
bracelet, because it’s easy and fast. If I feel pain I just need
to push a button, while with the cellphone I have to turn it
on, open the application, and then report pain.” The wearable
device was found by 75% of users to report pain at the right
time, whereas in the mobile application the user was delayed
by opening his/her phone and finding the app. Regarding
the digital skills necessary to use each interface, 41.6% of
participants believed the mobile application required some
knowledge about how to use a smartphone, while 33%
believed the wearable device only required a brief initial
explanation about how to use it.
The key features of the wearable interface that are needed
for users to be able to report their pain are the following ones:
(i) Low cognitive load: a device should require a low
cognitive load and be simple to understand. For
instance, B-pain has only one functionality. One user
did mention that this device might not work for
colorblind users, so it is important to complement
the interface with, for example, words or textures that
can help users with disabilities or other conditions use
them.
(ii) Anytime/anywhere availability: a device to self-report
pain should be easily available at all times, facilitating access to self-report. We call this anytimeanywhere availability “when you need it, you have it”
(WYNIYHI).
(iii) Materials: it is important to consider the type of
material with which the wearable device is designed.
Materials can cause problems for users, for example,
allergies.
(iv) Pain intensity and feedback: users should have the
possibility of reporting several pain intensity levels
(e.g., a 10-point numerical scale), but without making
the design more complex. The feedback to the user
should be clear and at the right time, so that the user is
aware that the actions have been properly completed.
3.4. Discussion. Overall, this study found that both mobile
and wearable applications may be appropriate for users to
self-report pain, depending on the users and their context.
For instance, in some situations, a wearable device may

interfere with clothing conventions, and a mobile application
(installed in a phone that the user would be carrying anyway)
would be more appropriate. As evidence that pain-reporting
applications are appropriate, a previous study found 25 diary
or journal-type applications relating to pain, in which users
could register their pain levels and optionally share data with
health professionals and researchers [49]. However, in the
current study, the wearable device was more widely accepted
for monitoring pain than the mobile device.
As in previous studies, for example [50, 51], the fact
that the wearable device had a clear purpose affected its
acceptance. Although a wearable device to report pain would
mean carrying an additional device, the surveyed users did
not feel this was a limitation. The participants liked the immediate accessibility and limited functionality of the wearable
device. One possible explanation is that users perceive mobile
phones as a tool of social communication, while wearables are
perceived as well-being devices [51].
The acceptance of a wearable device is affected by several
social factors [52], among them perception of ease of use and
mobility. Regarding ease of use, if a wearable device aimed
at healthcare/well-being is perceived to be complicated, this
could generate anxiety because a user might think that a
mistake could be harmful to their health [52]. In the case of Bpain, the device is extremely simple and intuitive, serving only
one function and with limited user interaction, which results
in high ease of use. This ease of use has been found to give
the user a feeling of control over the device [53]. Regarding
mobility, although cellphones are highly personal and usually
close to their user, B-pain is a bracelet, so it can also be carried
anywhere easily. Since B-pain is worn on the wrist, similar to
a watch or bracelet, it does not impede movement [19].
Previous research has found that portable devices should
be lightweight, durable, and comfortable and with good
appearance [51]; this was also evident in our study, as people
were very emphatic in the importance of improving materials
and aesthetics. Another aspect to consider in the appearance
of wearable devices is the surrounding context and culture in
which they are used, for example, the material, colors, and
type of clothing may vary depending on the activity [21], so
a wearable should be able to adapt to different contexts. The
participants in our experiment mentioned that they would
use both the wearable and the mobile application, since the
phone may be more convenient for social situations, because
it does not interfere aesthetically with the user’s clothing.
This work found a trade-off between the usability of the
wearable and the difficulty in replicating and maintaining it,
since the mobile application is easily replicable and easily
disseminated, while the portable device, although easier to
use and requiring a lower cognitive load, requires hardware
and must be built.
This phase of evaluation has several limitations that we
would like to acknowledge. First, the participants were all
students, so the digital skills and context are different from
elders, and it is not possible to ascertain whether the results
would have been the same if elders had been interviewed. The
context of this study was a higher-education institution in
Santiago, Chile, which could also account for cultural factors.
Second, the participants did not use the device/application
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Figure 2: (a) Model A (7 × 5 cm). (b) Model B (6 × 9 cm).

during their daily life, rather they evaluated the interfaces
after a brief period of interaction. Third, the participants
were not users with pain, rather they were asked to imagine
a context in which they were suffering from chronic pain
and had to report it. Fourth, the size of the study was small,
so we mainly focused on qualitative data. Although all of
these limitations threaten the generalizability of our study, we
found this first phase provided valuable insights, identifying
concerns about how to design a wearable device that may
allow elders to self-report pain, and we believe this is an
important step before interviewing the actual targets of the
device (elderly users).

4. Phase II: RepWear (A Wearable to
Self-Report Pain)
Phase I found that a wearable device for self-report of pain
is preferable over a mobile application, due to its simplicity,
limited functionality, and greater accessibility. Therefore,
since our goal was to design a device to self-report pain for
elderly users, we set out to design a new prototype that could
be used and tested by elderly users. In this phase, the focus
was on the placement of a wearable device for elderly people
to self-report their pain levels.
The design of this wearable device was based on several
guiding principles: first, interfaces for elders should be simple
and not use excessive instructions [54]. Second, the design
should be based on a familiar concept to older adults [55]. For
these reasons, and based on the previous study, we developed
a simple, easy to use, intuitive prototype that requires little
cognitive effort.
The wearable device we designed, called RepWear, allows
self-reporting of pain by using two buttons: one allows
navigating the intensity of pain from 0 to 10, and the
other one stores the selected value. In addition, a display
shows the values of pain intensity and the device has an
on/off switch. Two nonfunctional prototypes were created in
order to understand people’s perceptions about the preferred
physical characteristics of such a device. Figure 2 shows two
models that were made with modeling material and plastic
3D-printed pieces to simulate Arduino boards and buttons.
We showed the prototypes to 10 adult participants (8 women,

2 men, average age: 37.2, SD: 19.98) and asked them to fill out
a SUS questionnaire and participate in a brief interview. Nine
out of 10 participants preferred Model A to Model B, stating
that “this one is smaller, if it’s big it scares me, simpler is better
for an old man [like me]. . ..” The results also showed a greater
acceptability of Model A, since it received a SUS score of 90,
while Model B had a score of 77. The participants gave reasons
for their selection such as the location of the buttons, the
position of the switch, and the size, while recommending that
(1) the buttons must have different colors, while keeping the
icons and (2) the shape should be more curved. Finally, the
participants mentioned that the positions where the device
could be placed on the body were wrist, neck, waist or belt,
arm, and pants pocket or/and shirt pocket.
Therefore, based on the previous results, a new, functional
prototype was designed, incorporating a Numerical Rating
Scale (0 to 10), anytime/anywhere availability, softer material,
feedback through sound and touch, and a curved shape with
colored buttons. The device was implemented using a LilyPad
Arduino Main Board (electronic card based on ATmega168V)
and a Lithium Ion Battery, 1 Ah. A Real-Time Clock (RTC)
(DS1307) was used to record the time and date when the
user self-reports pain intensity. The device incorporated two
buttons: a red one to allow users to save pain intensity and
a green one to allow users to select a pain intensity. The
user may see the reported number on the display (Grove,
4-Digit Display module). When users self-report pain, they
receive feedback because the button is mechanical and clicks.
Figure 3 shows a user self-reporting pain. The information
(time and date, pain intensity) is saved in a microSD card. A
miniature DPDT slide switch may be used to turn the device
on or off.
4.1. Materials, Methods, and Participants. The evaluation was
done during June and July 2017. The participants were 18
elderly people (13 women and 5 men). The participants were
all older adults, ranging in age from 60 to 93 (average:
69.3, SD: 9.36). They did not have any mental disabilities.
Table 1 describes each study participant. Participants with
None digital skills mentioned that they only use the phone to
call and/or send messages. In addition, two of the participants
(P4 and P5) walk with support: one with a walker and the
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Table 1: Description of study participants.

P
P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16
P17
P18

Age
60
82
93
73
80
70
65
60
62
76
79
60
60
62
65
72
68
60

Gender
F
F
M
M
F
F
F
F
M
F
M
M
F
F
F
F
F
F

Occupation
Housewife
Housewife
Mechanic
Teacher
Housewife
Teacher
Paramedic
Therapist
Grocer
Housewife
Building
Teacher
Secretary
Housewife
Housewife
Secretary
Housewife
Housewife

Educational level
High school
High school
Primary
Master
Primary
University
Technical
Technical
High school
High school
None
University
Technical
High school
School
Technical
School
High School

Digital skills
None
None
None
Above basic
None
Basic
Basic
Above basic
Basic
None
None
Basic
Basic
None
None
None
None
None

(a)

(b)

Location of residence
Own house
Nursing home
Nursing home
Nursing home
Nursing home
Own house
Own house
Own house
Own house
Own house
Own house
Own house
Own house
Own house
Own house
Own house
Own house
Own house

Bedridden
∙
∙

Pain location
Knee
Back
Prostate
Hands and legs
Legs
Back
Back
Back
Back
Hip
Neck
Back
Back and foot
Back and foot
Breast
Back and stomach
Column and knee
Neck and hand

(c)

Figure 3: (a) RepWear prototype (6 × 6.3 cm). (b) Self-report pain from the device on the wrist. (c) Extracted from the strap to self-report.

other with the help of another person. Two participants (P2
and P3) were bedridden.
To evaluate the placement of the device, the participants
interacted with the device and placed it in 4 different body
positions: wrist, waist, neck, and arm. The following four
types of information were collected:
(i) DIGCOMP: DIGCOMP is digital skills questionnaire
(see Section 3.1).
(ii) Wearable satisfaction questionnaire: we created a 7point Likert scale questionnaire based on the findings
of a previous study on placement of wearables for
elderly people [41]. We created one question for each
of the following issues: willingness to show the wearable device, anxiety, oddness, fear of others’ negative
reaction, comfort, readability of the device screen, and
unobtrusiveness for daily activities.

(iii) AttrakDiff questionnaire: AttrakDiff is a questionnaire used to understand how users personally rate
the usability and design of an interactive product.
AttrakDiff has four dimensions: pragmatic quality,
which is the ease with which the user can complete
the task, hedonic quality-identity (HQ-I), which is
the message that is communicated to others while
the product is being used, hedonic quality-stimulation
(HQ-S), which represents whether the development of
user skills is encouraged, and attraction, or the overall
charm of the product. Answers are on a scale of −3 to
3 (0 represents neutrality) [22, 56].
(iv) Interview data: each interview was recorded (audio),
transcribed, and assigned a code (P1 to P18).
4.2. Experiment. To understand the perceptions of older
adults about the placement of a wearable device to self-report
pain, we chose 4 body parts to investigate: the wrist, arm,
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Arm

Waist

Neck

Figure 4: Use of RepWear while doing activities of daily living in the four body positions: wrist, arm, waist, and neck, respectively.

waist, and neck. The experiment had a duration of between
60 and 75 minutes per participant. The activities carried out
were the following ones:
(i) The researcher explained the purpose of the investigation and answered questions about it, and then the
participant signed the informed consent form (10 to
15 minutes).
(ii) The participant was asked basic information such
as age, profession, education level, and pain location. They completed the DIGCOMP questionnaire
regarding digital skills (5 minutes).
(iii) The participant used the device to self-report pain at
each position of the body for 6 minutes (24 minutes
for all four positions), while they performed their
everyday routines and tasks (this process is shown in
Figure 4). The researcher observed and took notes.
Participants were asked to self-report pain once for
each position, either directly from the device or by
removing it from its strap and then returning it to the
strap (see Figures 3(b) and 3(c)).
(iv) After completing each position, the participant
answered the wearable satisfaction questionnaire.
(v) After completing all the positions, the researcher
conducted a semistructured interview to collect information from participants about the preferences of the
body positions to carry the device (ranking) and their
perception about the device (5 to 10 minutes).
(vi) Finally, the participant completed the AttrakDiff
questionnaire about RepWear (10 to 15 minutes).
4.3. Results
4.3.1. Body Placement Results. Participants were asked to
rank their preferred placements for the device. One of the
participants chose not to provide a ranking, as he/she felt
all the positions were approximately the same. The ranking
data was analyzed using the Shapiro-Wilk test, obtaining that
the distribution is not normal (𝛼 = 0.05). Then, the KruskalWallis test was applied (𝑛 = 17), with the result that the

ranking of positions (neck, arm, waist, and wrist) did not
have a statistically significant difference overall. However, we
analyzed the qualitative responses in depth to understand
the user experience with each possible body position. Next,
we provide the analysis of each position. Quotes from the
interviews are provided, translated from Spanish.
(i) Neck: the neck position was comfortable and loose for
the participants “because. . . let’s see, it did not bother
me at all, really at all. It’s like wearing a necklace: more
comfortable, friendlier”. Also, the readability of the
screen was good: “it’s comfortable, it’s not bothersome,
because from here I can see [the pain scale].”
(ii) Wrist: responses about this position were polarized.
Some felt that wearing the device on the wrist interfered with their activities: “it is closer to the hand with
which I do things. . . it could bother me when grabbing
things or separating [papers]. It would disturb me
more”, or were worried about it falling or becoming
damaged “it may inconvenience me more, because of
where it is placed, I could hit it on something”, “it is
uncomfortable because we are moving our hands at
all times and it may fall. I can do things but it may
fall. That’s the danger I see.” Other participants gave
positive comments to the position of the wrist as being
adequate to see the pain scale: “it’s more comfortable
to manipulate the device and look at it [the pain scale]”
and for comfort “. . .more comfortable to move. . . for
mobility.”
(iii) Arm: this position had very few comments from the
participants. People who ranked it first thought that it
was comfortable and those who ranked it last thought
the opposite: “because of my usual activities, it would
be uncomfortable: to throw a ball, to jump. . .”. Users
also thought they would have mobility problems “it’s
more uncomfortable. . . it would not allow me to move”.
(iv) Waist: the waist was the position that had the most
negative comments. Participants emphasized that
readability is low, since in this position the device
could be covered by clothes: “I always wear something
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6
5
4
3
2
1

3
2
1

Neck
Arm

Fear of negative
reactions

Comfortable

Screen
readability

Oddness

Willingness
to be seen

Anxiety

Unobtrusiveness
for activities

0

Wrist
Waist

Figure 5: The average satisfaction degree in four parts of the body
(units = points, 1 (strongly disagree) to 7 (strongly agree)).

that covers my waist. Even though I am thin I feel
more secure with my waist hidden from view and
compressed.” Another participant indicated that the
waist position did not adjust to heavier shapes: “I am
bigger and fat.” However, three people mentioned that
the waist is comfortable to report the pain and that the
device will be in less danger: “I can put it in the front
and it will be more protected, I’ll take better care of it.”
The results from the wearable satisfaction questionnaire
(Figure 5) for each position of the body regarding unobtrusiveness, anxiety, willingness to be seen, oddness, screen
readability, comfort, and fear of negative reactions show that
participants mostly gave similar scores to each position and
that the results were positive. For example, users felt that the
device was unobtrusive (average score: 6.29) and caused low
anxiety (average score: 1.93), they were willing to be seen
(average score: 5.83), and it was more or less odd (average
score: 3.64), readable (average score: 6.03), and comfortable
(average score: 5.46) and did not cause much fear of negative
reactions (average score: 2.40).
These responses were analyzed using the Shapiro-Wilk
test (𝛼 = 0.05), finding that the responses did not follow
a normal distribution. Then, the Kruskal-Wallis test was
performed (𝑛 = 18, 𝛼 = 0.05), finding that the only statistically
significant difference was the readability of the device (𝑝
value: 0.0358). Then, we applied the Mann–Whitney test,
finding that the neck and wrist had significantly higher scores
than the waist for readability (𝑝 values: 0.0227 and 0.004).
We discuss each of the items as follows:
(i) Willingness to show the wearable device: participants
said that they would show the device in public only
if it was absolutely necessary: “I would use it only if
I felt a lot of pain.” One participant mentioned that
wearing the device on the waist may help the device
be unnoticed.
(ii) Fear of others’ negative reaction: all the participants
felt little fear of the reaction of others when carrying
the device: “at this age I don’t care what others think
of me, I am too old for that [laughing].” Also, three

−1
−2
−3
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HQ-I

HQ-S
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Figure 6: Average values for pragmatic quality (PQ), hedonic
quality-identification (HQ-I), hedonic quality-stimulation (HQ-S),
and attractiveness (ATT) (results from [22]).

participants commented that they would fear that the
device could be stolen.
(iii) Readability of the device screen: the positions that offer
a better view of the pain scale are the wrist and neck
with a score of 6.89 and 6.78, respectively. This is
because in those positions people can self-report pain
without removing the device from the strap, whereas
in the arm (5.33) and the waist (5.11) the majority
of the participants (13 people) chose to remove the
device from strap to (1) have a better view of the scale
and (2) be able to handle the button.
(iv) Anxiety: the reported scores for anxiety were very low;
that is, the participants did not feel anxious when
using the device.
(v) Oddness: participants did not feel odd when using the
device, rather they felt that others might: “people could
feel strange when they see a device like this. . ..” The
participants felt that wearing the device on the wrist
was not odd because of the similarity of the device
with a wristwatch: “for me, it’s like wearing a watch,
for that reason I liked it more, because I am used to it.”
(vi) Comfortable: the majority of the participants were
comfortable using the device in the 4 parts of the
body; however, the neck (5.78) and the wrist (5.67)
received the highest scores, “I feel I can wear it
comfortably and securely.”
(vii) Unobtrusiveness for daily activities: participants used
the device to perform their daily activities to determine which position was most suitable for that
purpose. The results showed that when the device
was placed on the wrist (6.50), there were fewer
interruptions or discomfort.
4.3.2. User Experience Results. User experience (UX) is
defined as a “person’s perceptions and responses resulting
from the use and/or anticipated use of a product, system or
service” [57], including aspects of product use, reflections of
interactions, user expectations, and feelings [58]. User experience was measured through the AttrakDiff questionnaire
(Figure 6). RepWear was found to have a high pragmatic
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One participant thought that the buttons were too sensitive and suggested improvements: “the numbers, when I push
it’s too sensitive, it changes way too fast.” Another participant
would like the device to be more firmly attached to the body:
“it should be fixed to a spot, because it’s not secure. . . maybe a
strap would make it more secure. This could fall.” Participants
also commented on the device material and color, with some
suggesting different colors or using plastic material.

3

Hedonic quality (HQ)

Too self-oriented

Self-oriented

Desired

Neutral

Task-oriented

Too task-

Superfluous

oriented

−3
−3

Pragmatic quality (PQ)

3

Figure 7: Portfolio with average values of the dimensions PQ and
HQ and the respective confidence rectangle (results from [22]).

quality (PQ = 1.37), which means users can do the task of
self-reporting pain. Nevertheless, hedonic quality was low
(HQ = 0.99) leaving the device in between the task-oriented
and desired categories (Figure 7). The confidence levels were
0.46 for PQ and 0.48 for HQ, which means that answers
were a little scattered. The attractiveness dimension (ATT)
had a score of 1.75, which means that participants had a
positive assessment of the appeal of the device. The score for
hedonic quality-identification (HQ-I), or “how others can see
the product,” was 1.19. The hedonic quality-stimulation (HQS) score was the lowest (0.79), meaning that RepWear was
not perceived as a device that helps to develop personal skills
and improve knowledge. Figure 8 shows that the word pairs
undemanding-challenging and cautious-bold, pertaining to
the HQ-S, had scores below 0.
During the interviews, participants were asked their
opinions about the device. They mentioned that RepWear
was easy to use, handy, and useful: “I found it was novel,
and good in the sense that one can have it on all day to mark
pain intensity and the time it happened.” Also, they thought
the pain scale was appropriate: “it’s good that it asks me on
a scale from 0 to 10. . . it’s much better.” Another participant
mentioned that the colors on the buttons reminded her how
to use the device: “. . . I liked the colors from these two little
things, it’s like calling on the phone.”
Regarding the aspects of RepWear that participants did
not like, four mentioned that they would prefer a thinner,
lighter device: “it protrudes too much, it should be smaller,
more adaptable to the body.” Nine participants said there was
nothing that they did not like about the device. Additionally,
one participant expressed that he did not like the device at all
because it was not useful.

4.4. Discussion. Our results suggest that the neck may be
the best position for a wearable to self-report pain, since it
generally had good scores in all of the wearable questionnaire
items (especially regarding anxiety, fear of negative reactions,
screen readability, and comfort). These results differ from
previous results that suggested that a neck wearable device
would be annoying and uncomfortable [41]. This may be
because of cultural reasons or because RepWear required selfreport, so this potential interaction may affect how users
perceive the device. Further study is needed to examine these
discrepancies and understand the reasons behind them.
Our device, although designed as a wearable, did not
completely fulfill one of the criteria for wearables, that is,
that the device does not need to be separated from the body
for interaction. When the device was worn in the waist and
arms, the participants chose to remove it to manipulate it,
changing the device from a wearable to a portable device. This
allows us to identify that placement is key: the position of the
device at the body has an impact into facilitating or hindering
visualization and self-report.
The AttrakDiff questionnaire measures hedonic qualities
such as stimulation and innovation. In the case of an interface
designed for elderly users with low digital skills, we wanted
to create an interface that was not intimidating. In this sense,
the low HQ-S results may be interpreted in a positive light,
since they are related to adjectives such as undemanding and
cautious, showing that the users did not feel threatened or
challenged by the device. We believe adding buttons that
clicked mechanically was partially the cause of this result.
Previous studies have found that elders feel computer anxiety
[59] about damaging a technological device while using it,
anxiety about “doing something wrong.” For example, elderly
users are anxious when moving a computer mouse [60].
However, in our study, even elders with no digital skills did
not feel anxious, except when using the device on the wrist,
which they felt could damage the device (e.g., when washing
dishes).
It is important to mention that the evaluated device was
a prototype, lacking the more polished look and feel of a
finished product, as well as being bulkier. These characteristics of the prototype could influence the perception of
the participants when trying on the device. Generally, when
designing devices such as this one, the thickness of the device
should be minimized, allowing greater safety and comfort
[19]. Our prototype had a thickness of 2.5 cm, which may
cause some discomfort in the participant if it is worn on
certain parts of the body such as the wrist. Also, elders tend
to prefer a compact device for portability [41] and movement
[52]. In this regard, the RepWear prototype still has room
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Figure 8: The mean values of the word pairs of hedonic quality-stimulation (HQ-S) (diagram from [22]).

for improvement and size, thickness, and weight should be
further decreased.
In this phase the participants were elderly adults, which
allows for some comparison with the first phase of our
research. We found that the elderly users were less concerned
with aesthetics; they did not find the device overly odd nor
feared negative reactions, and they did not comment extensively on materials nor matching clothing as the participants
in the first phase. Rather, the elderly participants mainly
focused on the functionality and comfort of the device,
especially in regard to being able to carry out their activities
normally. The literature has also found perceived utility to be
of great importance for elders, since they will use a system if
they consider it to be useful and reliable and provide benefits
to their independence [52]. In our study, only one participant
(out of 18) did not find the device to be useful. Finally, the
cost of a device can influence that user to use it, and an
important challenge is for technology to be of low-cost [61].
Our device is of low-cost, using simple components (and
would be extremely low-cost if it was mass-produced).
We would like to acknowledge the study limitations for
this phase. First, the number of participants in the study
was small, because of the difficulty in recruiting elderly
participants, since we only chose to interview those without
cognitive impairments, and the extensive questionnaires we
used caused the participants some cognitive overloading,
causing them to become tired. This may suggest the need
for using questionnaires that are especially designed for the
elderly, in order to improve their willingness to participate.
Second, the study was conducted in Santiago, Chile, and
cultural characteristics may make its results not generalizable
to a broader region.

aesthetically pleasing, and allow users to report easily and at
the right time. Second, we found that although participants
had individual preferences for the placement of the wearable
device, there was no preferred position overall. The neck
position received the most positive feedback, because it
produced less anxiety, there was no fear of the reaction of
other people, and it was comfortable and had a good view
of the screen. We believe that the possibility of creating a
wearable device that may be placed in different positions may
be the best solution to satisfy users’ individual preferences.
We would like to acknowledge some of the study limitations. First, the study should be expanded to include a
higher number of participants, although there are several
challenges in recruiting older participants without cognitive
impairment, and extensive questionnaires were found to
cause some cognitive overloading. Second, the first phase of
the study used student participants (due to the difficulties in
recruiting elderly people), and these results may therefore not
completely be applicable to the elderly. Third, the study was
conducted in Santiago, Chile, and cultural characteristics may
not make the results generalizable to a broader region.
As future work, we will analyze how to improve certain
physical aspects of the device (e.g., decreasing size and
thickness), in order to make the device more comfortable
and versatile. We will also work on recruiting additional
participants to explore in more depth the reasons behind their
placement preferences.
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5. Conclusion and Future Work
The goal of this research was to explore the best way for older
adults to report pain. To achieve this goal, we divided our
research into two phases: (1) finding out whether a mobile or
wearable interface would be more appropriate and (2) finding
where to place the wearable device.
First, we found that users preferred the wearable device
over the mobile application and that a wearable to self-report
pain should be designed specifically for this purpose, be
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