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Abstract. Technologies to monitor patients are becoming widespread
and they are more convenient for patients and can potentially reduce
health care costs. Chronic pain is a pain that lasts more than 3 months
and negatively affects the welfare of patients. Pain is subjective, so the
only way to successfully evaluate it is to ask the patient, but it is usually
made during a visit to the doctor and not in a real scenario. There are
applications that allow people to self report pain episodes at any time,
but adherence rates for these applications are often low, some tools are
a burden and sometimes are not portable. The purpose of this article
is the understanding of the characteristics of technology that help the
adherence and adoption for the development of systems to self-report
pain. Therefore, we have implemented two technological solutions for the
self-report of pain: a mobile application and a wearable device, in order
to compare the solutions to measure the rate of user acceptance, and
also to get feedback about fundamental features of interfaces to report
pain levels. To evaluate the two solutions we conducted an ethnographic
study (interviews) with 12 people. The results showed that the wearable
device has a greater acceptance (76%) and a device for reporting pain
must be specific to this purpose, aesthetically pleasing to the user and
allow users to report their pain easily and at the right time. In other
words, applications to monitor pain should provide benefits to the user
and be available at any adequate time and place to improve the adoption
of these technologies.

1 Introduction

Patient monitoring is technology to manage, control and treat patients while col-
lecting information remotely [24]. These technologies are becoming widespread:
they are more convenient for patients and can potentially reduce health care
costs [17]. The information that is collected by these systems is sent to health-
care professionals, who receive a medical report in real-time and can improve
the patient’s diagnosis and treatment [1].

Chronic pain is pain that lasts more than 3-6 months and adversely affects
patients’ wellbeing [21]. Pain may also interfere with daily activities and affect
health, employment and life [19]. Pain is subjective, so the only way to evaluate
it successfully is to ask the patient [15], which is usually done during a doctor’s
appointment. There are several pain measurement scales [20] suited to different



types of patients. This work proposes remote monitoring for patients with pain,
in order to understand the patients’ pain levels during longer time periods. We
propose two types of interfaces for pain monitoring: a mobile application and a
wearable device. Our research questions are the following ones:

1. Which is more appropriate (has a higher rate of user acceptance) for moni-
toring pain: a wearable interface or a mobile application?

2. Which characteristics, or features, of the interface, are critical for users to
be able to report their pain levels?

This paper is organized as follows. First, we discuss related work, considering
self-report of pain and technologies to report pain. Then, we describe the design
and characteristics of our prototypes. Section 4 describes our methodology, then
section 5 describes the results and their discussion. Finally, section 6 presents
our conclusions and discusses possible avenues of future work.

2 Related work

This section presents the related work: first, we discuss how pain is reported.
Then, we review literature about self-reporting technologies and then we discuss
interfaces for the self-report of pain.

2.1 Pain measurement

Several scales, aimed at different target users, exist to report pain (Figure 1).
The visual analog scale (VAS) requires little training from patients [9]. However,
elderly people with cognitive impairment or mobility problems may have trouble
using it and it can not be administered over the phone [9]. The scale of faces
(WBS) is suitable for use by children and elderly people [13]. The numerical
scale (NRS) can deliver results graphically and verbally [28]. The NRS scales
and descriptive scale (VRS) are best suited for patients with dementia [10]. For
people who can not use one of these scales, for example pre-verbal children,
observation and opinion of their relatives or caregivers can be used [10].

Physicians usually use on of the previous scales to ask patients about their
pain during their appointment. This may be problematic, as pain is then evalu-
ated mainly during the clinic visit [5], and not in a real scenario. Additionally,
pain is usually registered on paper, which can cause information loss and diffi-
culties in analyzing and searching for data [26].

2.2 Technology for pain monitoring

A system for patients to report pain from anywhere, at any time, can be used to
monitor the evolution of pain levels [2]. Self-reporting can help patients become
more aware of the characteristics of their pain, e.g. its intensity, patterns, triggers
and location [22], and be more engaged in the self-management activity [16].



Fig. 1. Types of scales for measuring pain. Adapted from [8,20].

Several applications allow people to report episodes of pain at any time [11].
One mobile application displays a human figure and asks the user to indicate
the position, intensity and type of pain he/she feels [14,25]. Another application
also incorporates virtual reality [26]. Researchers have also proposed tangible
technology that allows users to easily record their pain [2].

These types of applications allow new avenues of patient-doctor interaction
[26] and patients feel confidence that their diagrams will be interpreted correctly,
while doctors consider the diagrams and text descriptions complete and relevant
[14].

Adherence rates for these applications are often low [23], and some tools
are burdensome [16] and sometimes not portable. For these reasons, we believe
that understanding the characteristics of technology that help adherence and
adoption is crucial to develop systems that are useful for patients with pain.

3 Design of self-reporting interfaces

We implemented a wearable device and a mobile application to self-report pain.
Both of these technological solutions use a simple VRS scale with three levels of
intensity (Low, Medium and High). When the user feels pain during his/her daily
life, he/she may report pain intensity by using the application. This information
can be shared, e.g. sent to health professionals (see Figure 2).

3.1 PainApp: a mobile application to report pain

We implemented PainApp, a simple Android application that asks users about
their pain level and stores the information in a database. The information can
then be sent through email, bluetooth, social networks, etc (Figure 3). The ap-
plication was designed considering older adults as the target users, as they more
often suffer from pain. For this reason, we used considerations such as high color
contrast, simplicity, large font, tactile interaction and explicit messages [7, 12].



Fig. 2. Scheme for self-reported pain

3.2 B-pain: a wearable device to report pain

We implemented B-pain, a wearable device (worn on the body, e.g. embedded in
clothing or accessories [18]). B-pain was designed to be worn as a bracelet, and
it implements the same scale as the previous application: a VRS scale with three
levels of intensity (Low, Medium and High). B-pain was implemented using Lily-
Pad Arduino USB (electronic card based on the microcontroller Atmega32U4),
blue, yellow and red LEDs, conductive fabric to create buttons, thread and a
110mAh battery. Figure 4 shows some components of the bracelet and the com-
pleted prototype.

When a person feels pain during the day, he/she can report the intensity of
pain with the bracelet by pressing one of three buttons (green = low, yellow =
medium and red = high) and receive feedback through the LED light (see Figure
5).

4 Methodology

We used a qualitative methodology for data collection: we applied semi-structured
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:

– Questionnaire results regarding digital skills (based on DIGCOMP [6]).

– Results from a usability evaluation using SUS (System Usability Scale) [4].

– Questionnaire results regarding usability of the wearable device.

– Audio recordings from the interviews.



Fig. 3. Mobile app to self-report pain (painApp)

4.1 Participants

Our participants were 12 undergraduate students from different specialities (6
women and 6 men). The average age of participants was 26 with a standard
deviation of 5.4. All participants have above basic digital skills.

4.2 Assessment tools

– 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 [6].

– System usability scale (SUS) is a quick way to measure the overall usability
of the system [4]. In this scale, scores below 60 indicate poor usability, while
scores over 80 indicate very good usability [27].

4.3 Experiment

We performed semi-structured interviews with 12 participants in total during
May 2016. To avoid bias, half of the participants interacted with the mobile



Fig. 4. B-pain. Above: inside view, below: outside view.

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.

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).

3. The first interface was explained.

4. The participant was given time to interact with the first interface.

5. The researcher asked questions about the interface, using a predefined ques-
tion set to guide the discussion.

6. Steps 3-5 were repeated with the second interface

7. The researcher asked questions comparing the two interfaces.

8. Finally, participants completed the DIGCOMP test, SUS questionnaire and
user experience survey (see Figure 6).

4.4 Analysis

Interviews were recorded and transcribed. Subsequently, each interview was as-
signed a code (P1 to P12). We used thematic analysis to code and analyze the
data [3]. Some quotes from participants are provided in the results (translated
from Spanish).



Fig. 5. B-pain: (a) person uses the wearable on the wrist. (b) person indicates the
intensity of pain by pressing the button (red light for feedback).

5 Results

5.1 Which is more appropriate (has a higher rate of user
acceptance) for monitoring pain: a wearable interface or a
mobile application?

67% of participants found the wearable device (B-pain) was more simple, while
only 16.5% found the mobile application simpler (and 16.5% found that both
technologies are equally simple). P4:”the bracelet, because it’s easy and fast. If
I feel pain just I need to push a button, while with the cellphone I have to turn
it on, open the application, and then report pain”. 75% of participants believed
that the wearable device allows users to report pain at the right time, whereas
the mobile application does not, because the user is delayed by opening his/her
smartphone and finding the app.

When participants imagined suffering from some kind of chronic pain, 67%
indicated that they would prefer to use the wearable device. P1:“The wearable
device is easy to use, does not bother me and would not be difficult to use.”

Regarding the digital skills necessary to use each interface, 41.6% of partic-
ipants believed the mobile application requires some knowledge about how to
use a smartphone, while 33% believed the wearable device only requires a brief
initial explanation about how to use it.

However, users not only found differences between both prototypes; they also
believed the two prototypes could complement each other in different situations.
P8: “Maybe the bracelet and the app should be linked, and instead of mailing the
data it could be sent to the app...”. For example, the bracelet could be easier
to use in some situations (e.g. driving) while the mobile application would be
more appropriate in others (e.g. gala dinner). P6: “I have the phone nearby but



Fig. 6. Evaluation of prototypes.

wouldn’t use it in the kitchen or car, while in the car it is easier to press the
button and in other cases I would use my cellphone”.

5.2 Which characteristics, or features, of the wearable interface,
are critical for users to be able to report their pain levels?

The B-pain device had a SUS score of 87, which represents good usability. Table
1 displays the average score (in a 5-point Likert scale) for each of the questions
in the user experience questionnaire given at the end of the experiment. Most
questions have very good scores, and the issues of “comfortable to use” and
“response time is slow,” have a greater dispersion. We also analyzed the semi-
structured interviews, usability and results using thematic analysis, and present
our insights below.

Low cognitive load B-pain requires a low cognitive load from the users. The
device is simple to understand as it resembles a traffic light and it only has one
functionality. P12: “I liked the colors, they are traffic light colors, and everyone
is familiar with them.”. One user did mention that this device might not work
for colorblind users, so it is important to complement the interface with, e.g.
words or textures, that can help users with disabilities or other conditions use
them.



Table 1. Results of user experience questions for B-pain device

Statement a Average Standard deviation

1. The bracelet is comfortable to use 4,00 1,00
2. The bracelet is heavy to carry 1,08 0,28
3. Bracelet elements are messy 1,17 0,37
4. Response time is slow 2,00 1,22
5. The bracelet is intuitive to use 4,58 0,86

a Scale: 1 (strongly disagree) to 5 (strongly agree) for each question.

Anytime/anywhere availability The bracelet is easily available at all times
facilitating access to self-report. We call this anytime-anywhere availability “when
you need it, you have it” (WYNIYHI).. P1: “you are always carrying it, while
you may have left your cellphone far away and not have it on hand to report
pain at that exact moment”.

Materials It is important to consider the type of material with which the
wearable device is designed. Materials can cause problems for users, e.g. allergies.
We found the current material of the prototype (felt) is not appropriate, and
that future versions must consider the aesthetics and functionality of the bracelet
materials. P3: “I’d be scared to drop it in the water... I don’t know what it’s made
of or whether it would give me allergies or something like that... and if you want
to go to a party this could be aesthetically unpleasant.”

The feedback given to the user should be clear and at the right time, so
that the user is aware that the actions have been properly completed. P6: “It is
difficult to use outside because the light is too small to know whether it is working
or not”.

Self-reflection Reporting pain through a device is useful not only to share
information with medical personnel, but also for users to be able to reflect on
their own pain. P2: “I like that it makes me aware of pain ... and I can have an
answer, it is received by a doctor or a group of persons with pain and I can feel
understood or that someone knows about this pain.”

5.3 Oversimplification of pain

The three buttons to self-report of pain in the wearable device are simple to
understand by users, however, they do not take into account intermediate levels
of pain. To improve the adoption, it is necessary to give users a greater choice
of pain intensity levels, but without making the design more complex. P2: “It
may be missing more options, pain is not only physical it can also be emotional,
spiritual and there are many types of pain, this only involves a general concept
of pain.”



6 Conclusions

This paper presented a comparative study of two prototypes that allow users to
self-report pain during their daily lives, allowing medical workers to monitor their
pain: (1) a simple mobile application and (2) a bracelet. Both prototypes use a
simple 3-level pain scale (low, medium, or high). We evaluated our prototypes
with 12 participants, who were more favorable towards the wearable device.

We believe it is important that a device for reporting pain must be dedicated,
aesthetically pleasing to the user, and allow users to report their pain easily and
at the right time.

Our proposal and preliminary evaluation present some limitations that we
would like to acknowledge. Firstly, the participants were all people without pain
and all of them undergraduate students with above basic digital skills. It is
possible that they are more open to trying new technology and positive towards
novel interfaces such as wearables. Secondly, these prototypes were tested during
a short period of time. Longer evaluation is need to truly assess adoption and
usability. Nevertheless, the evaluation was a first step to identify concerns about
the design of a wearable device to report pain before evaluating with patients
that suffer chronic pain.

The next steps in this research are to create a second version of the bracelet
prototype that can be tested for a longer period of time by patients suffering
from pain. We will also improve B-pain by performing interviews and co-design
sessions with patients who suffer chronic pain, therapists and clinical teams who
work with patients with chronic pain.
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