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1 Introduction

Development and reduced cost of sensor technology have made it accessible to
the general public to utilize sensors as wearable performance devices [11, 2]. The
target audience is often people that need the motivation to reach fitness goals.
The FitBit, in particular, is a digital artifact [13] designed to help motivate
the user to keep moving every hour, or calculates their anaerobic threshold and
lets the user know how many minutes or hours they did of a cardio workout
[11, 1, 2, 18, 7].

Such devices are usually not marketed towards individuals who suffer from
chronic illnesses, mostly for the reason that they are not designed to be used as
diagnostic tools and future products might not surface because the consumer
needs are not properly understood. There are several chronic illnesses that
could potentially benefit from utilizing FitBit data and features in order to aid
in their disease management, myalgic encephalomyelitis (ME) might be one of
them [9, 19].

This is a heterogeneous group of people that share that they are easily ex-
hausted, experiences long-term fatigue which is not relieved by rest, and thus
pushing towards fitness goals might paradoxically make an ME sufferer weaker.
Despite this, the data and information the patient can receive and record via a
FitBit could also be of great help to their doctors to help describe, monitor, or
show proof of a physiological symptom they are experiencing. This exemplifies
that information from a wearable device can be utilized in novel ways. This is
both driven by intelligent consumers that would like to improve their life qual-
ity, and by manufacturers that make their sensors programmable by publishing
development tutorials and by providing different forms of APIs for developers.

Here, we will apply common research methods in Human-Computer inter-
action that are suitable for including ME sufferers into a user-centered design
approach, online diary, questionnaire, interview, and also do a literature review
on the FitBit [16]. A user-centered design approach means inviting them to give
their opinion at an early development stage. It is possible to view the FitBit
as a replacement product, or first iteration, where the user group would impact
on the development process through their opinions and use of it. Thus, we will
attempt to create and mold a product idea listening to the needs and wishes
of this group, by first both map and evaluate ME sufferers opinions on FitBit
features. We will also see what improvements can be made to the FitBit to
better suite ME sufferers needs.
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2 Background

2.1 FitBit

FitBit is one of several activity trackers on the personalized health market [11, 1,
2, 18, 7]. The tracker itself is a wireless-enabled wearable technology capable of
measuring both data related to the movement of the wearer, such as the number
of steps taken, but has also evolved so that it can record intrinsic values of the
wearer, such as pulse. This enables the Fitbit to provide features and services,
such as measuring the quality of sleep and steps climbed.

2.2 ME

Myalgic Encephalomyelitis (ME) was first introduced in 1956 and was in 1969
classified by world health organization as a neurological disease [9, 19]. Of-
ten ME is used in combination with or synonymously as CF, chronic fatigue
syndrome. The central nervous system and musculature are easily exhausted
with a sufferer experiencing flue like symptoms, loss av energy, and more se-
vere symptoms after activity [9, 19]. In addition, an ME sufferer will need a
longer restitution period after basic activity. Among other symptoms, we find
pain, reduced concentration ability and affected short-term memory, cognitive
impairment, coordination problems and several other symptoms [9, 19].

The hardship of the symptoms fluctuates so that an ME sufferer might in
periods seem very normal to the outside world, and at other times need complete
care by a caregiver. The cause of the disease is unknown, and doctors are often
not properly trained regarding ME diagnosis.

It is believed that misleading information about the illness and its treat-
ment remains a significant hurdle for progress in this field [22]. Some that are
diagnosed with CF may benefit from light training and diet changes, while ME
patients may experience a worsening of their condition with training. Then it is
paradoxical and dangerous that many doctors advise their patients, incorrectly,
to do walks in nature or other types of light training. The graded exercise ther-
apy (GET) and cognitive behavioral therapy have opinionated both the medical
community and also the patients [22]. With little known about ME, it creates a
need for personalized medicine and aids such as wearable sensors can be useful
for monitoring daily activity. For instance, the FitBit.

2.3 Relevant Articles from the Course

Some of the articles from the course syllabus are relevant for this project, and
it is worth taking a look at how they have been influential. As stated else-
where, the FitBit can be seen as a digital artifact, which is a term taken from
[13]. Artifact, taken from archaeology, means an object formed by humans, and
same as the article we are exploring a digital one. The notion of an ecology
of artifacts could have been explored further in this project. Retrospectively,
features could have been grouped according to properties and values proposed
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by the article; emotional, experiential, functional, social, physical, interactive
and informational. This would add other dimensions to the feature evaluation
in addition to the coarse-grain good, neutral and bad.

It seems appropriate to view the FitBit as having a Janus face [5]. Placing
a Janus face on FitBit gives us the power to step back and challenge the claim
that technologies are designed and constructed to do only one particular thing.
Also, a piece of technology can be viewed as paradoxical, which applies to FitBit
since it is a fitness app and still used by those that should limit their activity.

One paper addresses the difficulties with how to share information between
healthcare recipients and providers [10]. This is relevant also for this project, as
some ME sufferers, like Bailey, are able to talk about her FitBit data with her
doctor. Then, it is important to create an application that minimizes the data
administration, both for the user and for the communication between the user
and a health professional. Also the methods, with a noted drop-out because of
ended pregnancy, was valuable to read about. The ME patients can participate
longer than pregnant participators but might experience drop-out periods be-
cause of incapacitating hardships. Several points mentioned as empowerment in
the article holds true to ME sufferers as well, they are used to personal respon-
sibility and many are actively pursuing knowledge of personalized medicine.

The article that contrasts and merges features of wearable computing and
ubiquitous computing has relevance in that it describes pros and cons of wear-
able computing [21]. The FitBit is also three parts, the tracker, the mobile and
the browser-accessible dashboard. Security is a concern both when information
is retained on the users wearable and when data is offloaded to a FitBit server.
The last article worth noting here is [15]. It is quite interesting to see the transi-
tion from a bias towards using research engineering and laboratory experiments
in the early review, and an increased use of field studies.
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3 Research Methods and Challenges

A user-centered design approach means inviting end-users, in this case, ME
sufferers, to give their opinion at an early development stage. Naturally, there
are some challenges in implementing the appropriate research methods both
addressing the research questions and also some challenges specific to the user-
group. Workshops and case-studies sometimes require been present at a location
at a specific time, which does not suite ME sufferers. Methods that allow them
to be at home or at a familiar location and in a stress-free environment are
the best. Thus, diaries, interviews and an online questionnaire were methods of
choice, which will be presented in the following.

3.1 Literature Review

A search on peer-reviewed articles in PubMed, which is a database that com-
prises more than 27 million citations for biomedical literature, life science jour-
nals, and online books [3] were done, with the search words ”FitBit” and ”Fit-
Bit” AND ”Myalgic Encephalomyelitis”. The former would return articles with
FitBit is a word in them, while the latter would return articles with both FitBit
and Myalgic Encephalomyelitis as words in them.

3.2 Online Diaries

A diary is a document created by an individual who maintains regular recordings
about events in their life, at the time that those events occur (chapter 6 [16]).
Naturally, this is a fitting approach here since it allows the users to make journal
entries at their own convenience, for instance at home. During the progression
of this project, it became clear that ME patients express their thoughts through
blogs and forums. Both of which are examples of unstructured diaries (chapter 6
[16]). Research subjects can be recruited to write a time-limited diary, and given
instructions on which events to record. Another alternative is to retrospectively
examine existing diaries for information that can be used to answer questions
imposed by the researcher. Here, the latter form was used. Two forms of online
diaries where included, online blogs and forums. A blog is recorded by one
individual, either on their own disease or on the behalf of a spouse, family or
close friend, while a forum is a centralized diary with many participants acting
as a ledger of comment. A diary also works more on the ME sufferers terms. For
instance, the diary keeper often has difficulties in traveling to attend interviews
and workshops, and since events and notes can be made at home it fit well
in the keepers daily life. The diary can be quite flexible regarding forms of
information, it can be records of activities, accompanied explanation to events
and personal reflections on events. The reviewed blogs and forums contained a
wealth of information not covered or addressed in peer-reviewed articles, and as
such provided complimentary findings. Almost all of the data was qualitative
content and therefore needed to be analyzed and interpreted. Quotes from two
blogs have been included here [6,8].

5



3.3 Interview

The interview was used both to validate the information from online diaries and
to address the question about new features (chapter 8 [16]). It was arranged to
be as free as possible so to enable the interviewee to freely express herself, at
the times appropriate to her and to facilitate the exchange of information not
anticipated by the interviewer. The interview was divided into three sections,
where the interviewee was free to jump between sections. In the first section,
the interviewer had control when first reading quotes found in online diaries and
asking about the interviewee opinion on these. This section would validate the
findings from online diaries. In the next section, the interviewee was asked to go
through a usual day and reflecting on the integration of FitBit in daily activity.
In the last section, the interviewee was asked to describe what new features she
would have liked.

3.4 Questionaire

A questionnaire was designed, but this work was discontinued and is left as an
attachment, see appendix A. Open-ended and closed-ended questions are dif-
ferent in that an open-ended question asks the respondent to formulate his/her
own answer, whereas a closed-ended question guides the respondent by the need
to pick a predefined answer from a given number of options.

A questionnaire consists of a number of questions that a respondee will
formulate answers to. Open-ended and closed-ended questions are different in
that an open-ended question asks the respondent to formulate his own answer,
whereas a closed-ended question has the respondent pick an answer from a given
number of options. Naturally, the first type gives the respondee the freedom to
answer the question, while the latter guides the respondee both in the question
formulation and response options. The response options for a closed-ended
question should also be exhaustive and mutually exclusive. The open-ended
questions usually require more processing because of the free formulation format.
This study would have benefited from a good mix of both types.

The open-ended questions would allow the respondee to put in own words
information that the designer of the questionnaire would probably not think of
at all. At the same time, a closed-end would also force the respondee to answer
on the questionnaire designers terms. Next, it was important to reach a large
set of representative users, and therefore the ME-foreningen was contacted so
to hopefully spread the questionnaire to its members. Also ensuring anonymity
was difficult. The final online version of the questionnaire was void of open-
end questions due to the fact that it would allow respondee to answer with
information that would make it possible to trace the identity of the responder.
This choice was made after a conversation with the NSD, Norsk Senter for
Forskningsdata.
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4 Findings

4.1 FitBit Usefulness

This project wanted to look at how useful FitBit is to ME sufferers. A digital
artifact that can be used for a practical purpose is seen as useful, and synonyms
include helpful, beneficial and functional. A combined examination of peer-
review articles, which mostly examines quantitative metrics, and information
from online diary, validated by a controlling interview, suggests that the FitBit
is useful for ME sufferers.

4.1.1 Online Diary

The online diaries seemed to better capture the meaning of usefulness than
the peer-reviewed article search. This is among other due to the fact that
opinions are not scrutinized in a peer-reviewed process. The statements and
written articles still have value, and could also be written by an ME sufferer or
a person of close contact. One blog post describes the FitBit as ”This useful
little gadget”, and writes about their own personal use of it [6]. Another blog
was also itself very informative together with some comments left by others [8].
As is captured in the quote below, accuracy on a fine grain level might not be
as important as other metrics such as consistency. The quotes below attests to
the usefulness of FitBit, mentioning its benefits of use.

The wonderful thing about the Fitbit tracker is that it provides ob-
jective information or relatively objective information. This is par-
ticularly welcome news in an illness that has no tracker of betterment
or improvement of therapy. Everything in ME/CFS is self-reported
- subjective reporting of the patient, usually via a form. This pe-
dometer device eliminates the uncertainty, bias, and confusion of
subjective reporting, at least in one category.

..I know a number of ME/CFS patients who use this device. All
attest to its benefits. One of them has used this device now for four
months. She puts it on and gives it no thought - except to program
it or recharge the battery

..But realizing that I could only take 600-800 steps a day was so
depressing that I stopped wearing it! Fitbit is a great idea and I will
definitely consider wearing one should I attempt treatment.

4.1.2 Peer-reviewed Articles

A search was made in a large body of peer-reviewed articles, with ”FitBit” re-
turning 231 articles. None of the articles contained both ”FitBit” and ”Myalgic
Encephalomyelitis” as words. The latter suggests that ME patients have so
far not been included as a user-group in many or any medical research study
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involving the FitBit. Thus, these articles are either including healthy subjects
or subjects with other diseases and illnesses, such as obesity. The results might
still be transferable and relevant to ME sufferers. Studies on wearable devices
in general or FitBit in particular often focus on quantitative metrics such as the
accuracy or consistency, for instance, [23, 17, 14, 12, 24]. One study showed
that the FitBit pedometer counts a lot of false positives [20]. It is difficult to
draw a clear conclusion from the articles overall, as the FitBit performs quite
well in some studies and not so good in others. It is at least shown to have
benefit for several disease management, and therefore this might be the case for
ME as well.

4.2 Features

A feature can be stated to be a typical quality or an important part of a digital
artifact. In the case of the FitBit, the digital artifact includes a tracker, which
again is made of different sensors, and a mobile phone as the hardware com-
ponents, and supportive software suites such as the mobile app, online forum
groups, and dashboard. Typical qualities and services that these provide are
called features. A feature can thus be defined through an interaction between
different hardware and software elements. The project was free to define and
describe features, but those features used in the marketing of the FitBit would
be those the user or consumer would already be familiar with, have a history
with and knowledge of. In the following, we will attempt to categorize and map
different features into bad, neutral or good, which would subsequently aid a
development of a future app targeting ME sufferers.

4.2.1 Feature Categorizing

In the following, we will attempt to categorize and map different features into
bad, neutral or good, which would subsequently aid a development of a future
app targeting ME sufferers. The most valuable source of information was com-
ments left behind in an online blog post and the interview. The interviewee
turned off sound alarms so this feature is viewed as a negative one, while vi-
bration was neutral or good. It was difficult to find negative statements on the
sleep tracking, and one comment suggested that this function was very valuable
to the user. The sleep tracking is then labeled as a good feature, which also was
supported by the interview. The pedometer functionality is viewed as a positive
by some, including the interviewee, while negative by another. Here, we should
note that a parent saw it as a positive, and might not be able to accurately
evaluate potential depressive notions in their child. The (assumed) adult attest
to the negative feeling of not been able to accomplish a greater number of steps.
The pedometer feature is labeled as a neutral feature, while any feature that
draws attention towards daily step count, such as vibrations when you reach
10000 steps, demand to do 250 steps per hours are negative.

..The FitBit purports to be accurate. To me, accuracy is less impor-
tant than consistency. In my case, I pay less attention to the daily
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steps and more attention to the monthly steps. The program for
the Fitbit graphs movements in daily, weekly, monthly and yearly
category

..Pedometer + heart rate monitor have been my saving graces. I
use the Fitbit too and also love love love it’s sleep tracking func-
tion (wearing it on your wrist to track how much you move around
while sleeping). Part of the problem with CFS is unrefreshing sleep
and this helps track that too. My sleep has improved from 40% to
60% efficiency at one point and this matched feelings of minor im-
provements in wellness so it was nice to see an objective measure of
that.

..some of us are terrible at describing what happens to us during a
typical day. A device would be a great way to relay information to
our health care providers with less left for interpretation “Y”

Hi, my 22 year old son, with ME diagnosis has been wearing a pe-
dometer daily for 3-4 years now. This was the only way we could
think of, that could measure any improvement when all lab analyses
were normal. The first year the mean number of steps per day was
less than 1000. Now the number is 4500 per day (mean for the last
month). Improvement has come with antibiotic treatment for Lyme
disease (seronegative), but the point is that this device is providing
a kind of objective picture of improvement. Probably will the Fitbit
be better, but also this little cheap thing we use does the job.

4.2.2 Novel Features

During the interview, several suggestions on new features were made. Some of
them were not connected to sensors or enabled through FitBit hardware, but
more on diary features were the user could log food and medical treatments.
This would require that the user, or someone acting on their behalf, such as a
spouse or parents input information. The interview would also suggest features
that synchronize information, for instance, sleep tracking with food and eating
pattern changes and medical treatments. This might make it easier to identify
or highlight improvements due to pattern changes.
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5 Conclusion and Future Work

This work found the support of the FitBit as a digital companion for ME suffer-
ers in their daily life. Regarding further improvements, from the interview, there
were several smaller discoveries such as sound alerts should rather be vibration-
based. Then it might be that moving the daily metrics (fine-grain) into a more
coarse-grain weekly or monthly metrics would include more users.

It was further suggested among other to create or integrate a diary for med-
ical treatments. This might advocate the fact that we next should review the
ecology of digital diaries that ME sufferers can use or might find useful, and see
how they now can be integrated with a FitBit app. Then, it would be nice to
integrate those wished for diary features in a future app for ME sufferers.

A future development area would also be to integrate correlations between
signal types on a dashboard, for instance in the interview we discovered that
the user manually correlated sleeping patterns with pedometer performance the
subsequent day. This could be made more automatic, and potentially aid those
less familiar with technology.
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7 Appendix A:Questionnaire

7.1 Review of Online Survey Platforms

It is not a major finding, but an evaluation of the survey platforms was con-
ducted as part of this project. Three open online survey platforms were eval-
uated before implementing the online questionnaire; surveyMonkey [4], google
forms and nettskjema. These were evaluated based on rapid prototype devel-
opment, easy dissemination to responders, and the ability to export raw data
free of charge. SurveyMonkey had a good user base and provide tools for rapid
prototype development, but the free version was limited to ten questions and it
was prohibited to export data freely.

Figure 1: Questionnaire. The questionnaire is opened in the Chrome browser
and shows the URL (top left). It also shows that the language is Norwegian,
the anonymization clause presented to the responder as well as three types of
user interactions. It is temporarily available at folk.uio.no/stiasjol
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8 Appendix B: Interview

Questions in the interview were asked as an open-ended question so that the
respondent could formulate own answers. The open-ended questions usually
require more processing because of the free formulation format, and it takes
practice to correctly write down a transcript that is keeping the integrity of
what has been said and the context of it. The questions asked during the
interview sessions are listed below together with answers. An interview was
conducted on 15th and 16th of November with Bailey Farstad taking around 1
hour each time. The intention of the interview was to have as free of a dialogue
and information exchange as possible but was guided by the questions.

a. What is your ME diagnosis?

I am diagnosed according to the Canadian consensus criterium in 2011,
but do not remember exact code in Norway.

b. Which FitBit do you use?

FitBit Charge HR

c. How long have you used FitBit?

I started to use the FitBit in April 2015.

d. What is your opinion on the quote I just read (asked for all
quotes mentioned in Findings)?

After reading the first quote, she agreed with the statement and saw value
in focusing on weekly or monthly data instead of daily. The Fitbit, in
her eyes, is inaccurate and can be fouled to count vegetable cutting, with
rapid hand movements as her walking around. On the other side, she
also during the interview proclaimed I like data, and she liked to explore
progression comparing herself now against how she was six months ago.
She liked to look at single days, be it a bad day or good day. She suddenly
uttered what I use the FitBit for is to look at the correlation between bad
sleep and/or elevate heart rate one day and the pedometer next day. She
believed that the data revealed a pattern with correlation, where bad sleep
resulted in a reduced step count the next days.

e. Would you say that FitBit is useful for you in your daily life?

yes, It is both useful for me as a travel companion, and I also talk with
my doctor about my FitBit data. Sometimes I come to the doctor in a
wheelchair, looking normal, and he gets surprised by the wheelchair. After
showing him my FitBit data, he understands my recent sleeping pattern
and difficulties a bit better.

f. Have you modified the FitBit for your use?

yes, I have turned off all features related to exercise motivation. Sound
alarms are turned off as they are noisy, and substituted with vibration
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instead. I set a maximum number of steps limit so not to push myself too
far. Sometimes my husband also checks my FitBit to limit myself if we
are outside walking.

g. Not thinking specifically on FitBit, what types of features in a
tracker, defining a tracker as three components, would be useful
for you?

There are several things that would be useful, but now I see that it would
be useful to log in a diary medication use (start and end) and also input
what I eat. My doctor prescribes several types of medication that may
have effects, and it would be nice to log them and potentially correlate
use with sleep and heart rate patterns.

h. Thinking specifically on FitBit, what types of features would be
useful for you?

It depends on how much it is possible to get sensor information, but ME
patients often have a metabolic disorder so the FitBit makes a wrong
estimate on how many calories are burned. It would be nice to explore
the O2 turnover.

8.1 Consent
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