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Abstract. Parkinson’s Disease (PD) is a progressive chronic disorder with a high
misdiagnosis rate. Because finger-tapping tasks correlate with its fine-motor
symptoms, they could be used to help diagnose and assess PD. We first designed
and developed an Android application to perform finger-tapping tasks without
trained supervision, which is not always feasible for patients. Then, we conducted a
preliminary user evaluation in Australia with six patients clinically diagnosed with
PD and sixteen controls without PD. The application could be used in research and
healthcare for regular symptom and progression assessment and feedback.
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1. Introduction

Parkinson’s Disease (PD) is an irreversible, chronic, and progressive disorder, estimated
to affect about ten million people worldwide [1]. After PD symptoms emerge, they begin
to affect patients’ movement and feelings of motivation and reward [2,3]. Motor
symptoms of PD include tremor or shaking, which usually begins in one arm or hand,
muscle rigidity or stiffness, and slowness, also referred to as bradykinesia [4]. However,
signs and symptoms of PD are unique to each person and the treatment should, ideally,
be tailored to each person’s individual needs [5]. A recent survey of 492 people with PD
found most believed self-monitoring would improve their understanding of PD, well-
being, ability to cope, and communication with their health-care team [6].

The overlap of PD symptoms with other neurological disorders leads to difficulties,
delays, and errors in diagnosis, negatively impacting patients [7,8]. A recent study of
1775 patients’ experiences of PD diagnosis identified the importance of early diagnosis
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and found misdiagnosis occurred at first consultation for 15% of participants [9]. This
fallibility of clinical diagnosis is recognized and requires periodic diagnosis reviews [5].

Tracking performance in finger-tapping tasks over time provides an alternative or
additional measure to gold standard tests for diagnosing PD and tracking its progression.
These tests are at present dependent on trained specialists’ time to assess each subject’s
performance in motor (and non-motor) tasks [4,10,11,12]. Clinical finger-tapping tasks
commonly involve using two fingers of the dominant hand to alternately tap two
stationary points for about 30 seconds as a quantitative assessment of bradykinesia,
because people with PD tend to have slower, less rhythmic finger taps than controls [13].
In other words, finger tapping performance correlates with the fine motor symptoms of
PD [4].

This study reports a preliminary evaluation of an Android application designed to
track the progression of PD and inform medical management. The application was
developed to record data from repetitive finger-tapping tasks. The underlying research
hypothesis was that frequently assessing activities like finger tapping — using a user-
centered smartphone-based tool for data collection — could contribute to the body of
knowledge about PD and benefit people with PD.

2. Methods

The evaluation was methodologically founded on design theories [14,15], which target
technology users’ requirements in a principled way from day one. It was implemented in
cycles of rapid prototyping with o/p testing [16] to improve users’ experience of the
application, with ease of understanding and use as our main design principles [17].

Participants were recruited using social media, flyers, and email. Anyone above the
age of 18 years residing in Australia and regularly using a smartphone was eligible to
participate. Each participant was interviewed individually and asked to perform a 30-
second finger-tapping task three times. Interaction involved tapping two circles on the
screen with the first two fingers of the dominant hand. Participants completed a
questionnaire about the App, which included rating its user interface in terms of
simplicity and responsiveness. They were also invited to provide narrative feedback via
audio-recorded interviews.

Ethical approval (Protocol 2017/940) was obtained from the ANU Human Research
Ethics Committee. Each study participant provided written informed consent.

3. Results

Twenty-two people participated in the study (16 controls without PD and 6 people with
PD). Their average age was 44 and gender distribution balanced. Most people with PD
reported multiple medications. All but one ambidextrous participant were right-handed.

Participants with PD tapped more outside the circles than those in the control group
(Table 1, Figure 1). Typically, the left circle had more taps than the right, and most
participants began tapping from the left circle. The maximum number of outside taps
was recorded as 12 (by a 82-year-old male participant with PD) while the minimum
number of outside taps was 0 (by most of the controls).
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Table 1. Comprarson of taps between the controls and people with Parkinson’s Disease using a range of
measures of total taps.

Controls People with Parkinson’s Disease
Average (Standard Deviation) 114.8 (80.4) 60.0 (27.5)
Minimum (Maximum) 21 (85) 41 (242)
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Figure 1. The total number of taps for controls (CTR) compared to people with Parkinson’s Disease (PD).
Means are shown by black horizontal bars. Individual scores are represented by black circles, slightly jittered
for clarity; colored areas represent 95% highest density intervals, calculated using R’s Bayesian Estimation
Supersedes the T-Test package, and vertical bars represent the 10th and 90th quantiles. Thin grey lines show
the full densities for each group.

The application (Multimedia Appendix, Demonstration Video, and Code Release
under the MIT license) was perceived as easy to use and participants could navigate
between pages without any issues. They appreciated its simple yet effective design
(ratings up to 9/10 and on average, 7/10 for its user interface) and were satisfied with the
instructions. 20 participants (90%) had never used such an application before. Hence,
some participants experienced difficulties in using the smartphone in general. Nobody
experienced particular issues regarding the application. 15 participants (70%) said that
they would use the application again.

However, opinions were mixed about receiving visual feedback from the application.
Some participants found warning messages or change in background color distracting.
They recommended changing the color of the word TAP within the circles rather than
the background. Some participants also found circles too far from each other.

Participants with PD had some hesitation in initiation of movement, which meant
that fewer taps occurred at the start of the task than later. Some of them also had
difficulties in regulating how softly or hard they tapped, lifting their fingers from the
screen after tapping, or moving their fingers between the two circles in between the taps.
Finally, their tapping speed typically decelerated, whereas controls tapped steadily.

Regardless of these experiences of having some difficulty with finger tapping,
participants with PD perceived the application as an opportunity to contribute to research.
One participant with PD was intrigued by the finger-tapping task itself and discussed
how their first difficulty experienced before the PD diagnosis was in using a
computer mouse.
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4. Discussion

Participants in this usability study provided valuable comments and criticisms that
informed enhancement of the application in all aspects, especially the user interface. The
beta version specifies the two fingers to use for tapping in the instructions in order to
reduce confusion and rule out any differences that might result from using different
fingers.

Secure login and offline access need to be resolved to protect the privacy of the
stored data and enhance its quality. Login can be added to the application to create a
profile for the user, which they can securely access. This can be assisted by asking the
user to sign a consent form before they begin performing the tasks; allowing researchers
to have access to their data. The application currently requires a continuous connection
to the Internet to store results in the cloud; without it, the task does not complete
successfully. To recover from this error experienced by some participants, in future
versions a warning will be displayed to the user and the results stored locally until the
connection is re-established, when the data will be uploaded to a server.

Despite its simple and intuitive design, the application still has some significant
obstacles. The main limitations are the lack of comparison of data collected by the
application to data collected in more controlled clinical settings [18]. The tasks
performed without supervision are typically less accurate than clinic-based tests; this is
primarily due to users having no guidance on how to perform the tasks [7,19]. To
improve this, clinical testing of the application needs to be carried out, with the aim of
ensuring that the data collected is comparable to clinical assessments. A blinded
comparison of supervised and unsupervised data collection sessions will support this.

Future clinical testing will also serve educational purposes, alleviating issues related
to resistance and usability problems, which might occur on patients’ first-time use of the
application. This would reinforce bringing the clinician and patient closer. A means to
assist users with answering demographic questions could be to incorporate speech
recognition in the application. This would greatly benefit patients, as they then would
not have to type responses, which could be difficult for those with tremor symptoms.
Looking forward, as finger-tapping tasks are commonly used in neuroimaging studies
[20], the context of the application does not need to be limited to PD, but can be applied
to quantitative assessment in other neurodegenerative diseases [21,22].

5. Conclusions

This user study with 22 participants has indicated that our finger-tapping application
provides them with a usable and feasible means for tracking their disease symptoms and
progress. Because finger-tapping tasks have been shown to correlate with fine-motor
symptoms of PD, they are a useful as a supplementary tool to assist clinicians in the
diagnosis and ongoing assessment of PD. The application has the potential to enable
convenient and affordable data gathering that may reveal new information about PD to
patients and their families, clinicians, and scientists, and to subsequently
inform treatment.
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