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Abstract—Shape tracing tests for the detection and assessment
of hand movement disorders are predominantly performed man-
ually in the presence of a clinician. These procedures are therefore
labour intensive, expensive, and subjective. Digital tests have been
proposed to automate this assessment process, to answer the need
of affordable healthcare for all. A straightforward automation
solution is a conversion of the shape tracing tests from pen
and paper to a mobile device. This study implemements real-
time dynamic touch detection on a mid-range tablet for shape
tracing. The tracing app developed was tested on 20 movement
disorder patients and 10 control subjects. The results convey that
the interface allows for successful self-administration of the tests.
For all subjects, the accuracy was successfully preserved in the
real-time dynamic acquisition of the tracing process.

Index Terms—Tremor detection; shape tracing interface; real-
time dynamic trace acquisition.

I. INTRODUCTION

Dysfunctions in hand movements, such as tremor and rigid-
ity, severely hamper a person’s quality of life. These dysfunc-
tions are often the first symptoms of neurological movement
disorders, the most common of which are Parkinson’s disease,
Essential Tremor and Huntington’s disease [1]–[3]. A com-
mon screening and assessment of movement disorders is the
shape drawing test, which provides visual indications of the
symptoms involved. The subject has to trace the line of a pre-
defined object with a pen on paper whilst a clinician observes
the subject doing so. These assessments are predominantly
performed in medical facilities, as they necessitate the physical
presence of a clinician [4]. As a result, the administration of
these tests is costly, limited the accessibility to all, and their
interpretation is inherently qualitative and subjective [5].

The need for affordable healthcare and the fast evolution
of digital technologies led to automation of many medical
procedures. The use of digital data acquisition allows for a
calculation of velocity and acceleration signals and an ex-
traction of additional time and frequency-related features that
enhance the characterisation of the hand movement disorder.
Digital solutions were explored for quantitative and objective

monitoring and diagnosis of hand movement disorders in the
past two decades [6], [7]. These technologies and application
greatly vary in terms of usability, complexity, efficacy, and
accuracy. Electronic biosensor pens, wearable sensors on hand
and fingers, and touch-screen devices have been reviewed
[8]. In particular, solutions employing general purpose devices
such as laptops, tablets and smartphones, have been considered
[9], [10]. The apps developed for these media basically con-
vert the pen-and-paper shape drawing into fingertip or stylus
drawing. The digitised tests may require specialised and costly
equipment. Tablets and smartphone screens differ in both
display and data acquisition properties. Their accuracy may
differ and hinder standardisation of the assessment. If a single,
specific device is obligatory, the issues of affordability and
accessibility remain, which is undesirable. Another weakness
of proposed tablet apps is their usability: Uncomfortable and
complex interfaces are unsuitable for self-administration to
motor-impaired, sometimes elderly, users, which necessitates
the presence of a healthcare professional to instruct and watch
the user throughout the assessment [11]. The interpretation
of the results may similarly be flawed: The dynamic digital
data acquisition, compared to the static paper data has the
potential of incorporating time information, which enables to
quantify and interpret movement speed and acceleration. This
information should be properly interpreted to avoid bias due
to, e.g., natural slowness, age and computer skills. Both the
acquisition and analysis of time properties of these apps may
therefore be inaccurate. These properties may partially explain
the limited usage and minimal acceptance of these solutions
in hand movement disorders assessment.

This study proposes a new app to measure and characterise
the severity of hand movement disorders. The aim of the
design is to provide affordable assessment, to add real time
accurate information, and to increase interface usability. A
preliminary experiment on the three most common movement
disorders: Parkinson’s disease, Essential Tremor and Hunt-
ington’s disease is performed. Data analysis and diagnostic
accuracy performance, however, are not a focus of the paper.



II. METHODS

The application was developed on a ten-inch Lenovo Yoga
2 tablet, running the operating system Android (Google Inc.,
Mountain View, CA, USA), with 2GB RAM, 1920×1200
pixels resolution and a built-in kick stand. This mid-range
tablet provided a trade-off between cost-effectiveness versus
sufficient display properties and processing power. A 2GB
RAM is generally sufficient for animation required for user
interfaces of games and applications without any noticeable
delay. The resolution of this tablet allows for improved ac-
curacy when detecting the position of the user’s finger while
tracing the dot.

The software performs three core functions: user interface
graphics, including animation of a reference dot along different
shapes, detection of the user’s finger movement along the
screen, and storage of the collected data. The application was
programmed in the mobile application development framework
Apache Cordova (The Apache Software Foundation, Wake-
field, MA, USA) in the programming language JavaScript
(Ecma International, Genève, Switzerland), to support cross-
platform portability [12]. The application graphics included
five tracing shapes: a pulse, a straight horizontal line, a ramp,
a sine wave, and a spiral, shown in Figure 1a–e.

The animation of the moving dot was performed using
HTML-5 (Web Hypertext Application Technology Work-
ing Group, https://whatwg.org). This method allowed
movements to be triggered at regular intervals and produced a
smooth movement along the screen. Five speed options were
provided in a setting page, so that the animation speed could
be adjusted to a user’s motor capabilities and age.

The animation dot moved along curved or straight line
segments in a constant pace. The spiral shape presented a
challenge since a constant speed animation is required in
the animation motion for all shapes and segments. The dot
movement was therefore calculated by integration between
each pair of frames. A reduction of the computational com-
plexity involved in integration is needed in this type of
application, to afford as accurate a display as possible, since
excessive computation slows down the animation and thus
affects the speed. An approximation was made by making
each incremental step a percentage larger than the previous
step. The percentage was set using users’ perception trials,
incrementing the percentage and logging users’ perception
when observing the dot movement from the middle of the
spiral outwards. The subjects were asked to evaluate for each
chosen increment run, whether the speed appears constant
or varying. The choice revealed that constant speed motion
was observed by the human eye although in fact it increased
slightly over time.

The detection of touch presented the greatest challenge in
ensuring the reliability and consistency of the measurements.
The captured data points are time stamped and should corre-
spond to the animated reference dot timestamps. Touch detec-
tion functions are events that trigger a call-back whenever a
motion on the screen is detected, which then allows the capture

of positional data. The call-back was prone to delays due
to the computer resource allocation. An examination of this
property was performed using two software implementations:
the built-in Cordova function onTouch, and a native Android
function. Both implementations yielded that the triggering
of the call-backs occurred only when there was sufficient
processing power available. Therefore, the intervals between
the captured touch events were irregular. Comparing the results
of the two software and assessing the properties of the events
logs confirmed that the limiting factors is the hardware lim-
itations, prominently the screen refresh rate and the amount
of accessible RAM. The timing reliability problem needed,
therefore, to be resolved in the post processing stage. This data
processing stage included interpolation of the reference data
points, which occur at regular intervals, to form a continuous
step-wise smooth function, and a resampling of the acquired
data points to provide time-alignment with this reference data.

Another pitfall that may hamper the accurate data acqui-
sition needed for such applications is the data completeness
and accuracy, which pertains to database storage issues. The
acquired movement data produced of 5MB. A simple database
used in low-cost applications may produce occasional data
corruption errors when writing such large files. To prevent any
loss of data due to this problem a backup of the data is stored
temporarily in the device’s local storage. Data check needs to
be performed to ensure that the data are correctly stored in
the database, before the device local storage can be cleared. A
core part of the design of the application is the user interface.
This is an important aspect in any application used by people,
but as the prospective users of the current application may
suffer from motor disorders and may be elderly who are not
be comfortable with technology, usability is a crucial issue.
A second user of the system is a healthcare professional who
may use the application as a diagnostic aid. The interface for
this type of user should be very simple and clear, to enable
usage in a busy clinic setting.

The clinician interface consists of maximum of 2 screens.
The initial interface displays 3 buttons with the options: log-in
of an existing patient or add a new patient. A second screen
correspondingly displays a search for an existing patient or a
form for new user registration. Both options end in a setting
button to adjust the moving dot speed.

The patient interface was designed to be as intuitive as pos-
sible and required minimal reading of instructions. Figure 1f
shows a shape tracing screenshot: The reference dot moved
to guide the subjects in the shape tracing, and the instructions
explained that they should attempt to keep their fingertip on
this dot at any given time. Crosshairs added to the dot enabled
the subjects to deduce its centre when their fingertip covered
the dot. The green and red blocks indicated the start and end
of the required tracing. The reference dot started moving only
when a finger touch was detected in the green area. The system
moved to the next shape only after the tracing has reached
the red region. A restart button and option was provided to
reset each test. A shape tracing test could not be stopped
midway and a subject could not go back to previous shape



tests. This was to ensure that all tests were completed in a
short single sitting and that the data collected were consistent
across subjects.
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Fig. 1. Tracing shapes used in the application: pulse (a), straight line (b),
ramp (c), sine wave (d), spiral (e). The tracing follows a moving dot, starting
in the green rectangle and ending in the red rectangle (f).

The built-in kickstand of the tablet provided comfortable
screen angle and position to the subjects and was reliably
reproducible in repeating trials. The height of the table the
tablet was placed on and its distance from the subject needed
to be adjusted for each subject’s comfort.

Twenty patients with movement disorders and ten age-
matched control participants were recruited to test the app.
Nine Parkinson’s disease patients, six Essential Tremor pa-
tients and five Huntington’s disease patients. The age range
was from 34 to 85. Informed consent was obtained from all
subjects and their data were anonymised as per the approved
ethical clearance requirements. Following an experimenter
input in the clinician’s user interface screens, the users were
instructed by the application and traced the shapes using their
index finger, trying to keep up with the dot that moves along
the shape. A maximal speed for the dot motion was set for all
users, to examine the usability at highest difficulty level.

Another measure to ensure data collection reliability, the
first shape, a pulse, was repeated at the end of the test.
This enabled data normalisation, which is necessary as users
typically get more accustomed to the system the longer they
use it. The use of the same graph for the first and last test
allows this factor to be taken into consideration.

The focus of this preliminary study was not the diagnostic
capability of the app, but rather on its usability features. The
performance measures were as follows: Data completeness
was assessed based on the amount of data lost, in percentage.

Statistical analysis of the touch sampling intervals before and
after the data alignment compensation was performed.

III. RESULTS

All patients and control subjects were able to complete
all the tests and none reported having difficulty. The full
experiment session took under 15 minutes for each of the
subjects. Three patients needed to restart a shape tracing test
once or twice. No subject required more than three trials of a
test.

No data were lost throughout any of the tests.
The touch detection data yielded that the range of time

intervals between captured samples in the acquired data before
correction was 0.17 seconds, with an average of 0.024 seconds
and a standard deviation of 0.013 seconds. Post processing
was successful in mitigating this issue and aligning the data
and reference. An example of the corrected touch data and
its reference is shown in Figure 2a. The graph depicts the x-
axis of the spatial position of a pulse tracing as a function
of time. The reference dot position in red and the user’s
tracing in blue. The two graphs do not overlap exactly due
to a delay introduced by the patient’s response time and not
due to misalignment of the data. This delay was reduced as
subjects proceeded in the tests, which imply that they got used
to the speed of the moving dot and manage to track it more
closely. The last shape tracing of an identical pulse confirmed
this assumption. Figure 2a displays a performance of a control
subject, whereas Figure 2b-d display respective examples of
tracing tests of a pulse signal of a Parkinson’s disease patient,
an Essential Tremor patient and a Huntington’s disease patient.
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Fig. 2. Time-aligned data. The subject data are represented in blue and the
reference dot trajectory in red. The horizontal axis is the absolute time of
measurement and the vertical axis is the x-coordinate of the path drawn in
pixels. Examples from a control subject (a), a Parkinson’s patient (b), an
Essential Tremor patient (c), and a Huntington’s patient (d).



IV. DISCUSSION AND CONCLUSIONS

The conversion of pen-and-paper shape-drawing assessment
to a tablet app is an intricate process. Affordability, usability
and accuracy related pitfalls need to be carefully studied and
avoided. In this study we addressed some of these pitfalls
in the design of a new tablet app and studied this design
on twenty movement disorders patients and ten controls. All
users were able to complete the assessment introduced by the
app, without assistance from the experimenters and health-
care professions. This result corroborates previous studies
performed on patients with cognitive impairments, where a
patient-centred design made the assessment software usable
for these patients and elderly controls [13], [14]. The increased
interface usability in the current study may make the full time
presence of the clinician during testing superfluous.

The real-time control feature of forcing the shape tracing
pace by the moving dot could enhance accuracy by reducing
bias of natural, non-movement disorder-related differences
between subjects. A thorough examination was performed
on the irregularity of the timing accuracy of touch screen
events. These timing inaccuracies may severely hamper data
reliability. The issues that stemmed from hardware limitations
could be present in any tablet and need to be both assessed and
corrected. Our examination demonstrated that these hardware
issues cannot be resolved by the event acquisition software
and were corrected in a post-acquisition stage. The dynamic
trait of the app’ interface brought to light another issue in
the implementation of constant control pace to the guiding
animation. The issue was specific to the spiral shape, which
is one of the most popular shape in the traditional pen and
paper as well as in their computerised versions. The proposed
solution implemented a low-complexity adaptation to offer this
constant pace capability.

This study was conducted using a mid-range tablet. The fast
progress in tablets may be able to implement today’s mid-
range tablet properties into low-range device in a year or two,
which will make these devices accessible to an even wider
audience. cite This paper focusses on the assessment app’s data
acquisition. The accuracy issues will be further explored in a
comprehensive analysis study of the acquired data, to examine
the effect of the enhanced accuracy on the classification of
movement disorders and their severity. This future study will
contain a larger cohort of patients from the different types of
movement disorders diseases and will collect a comprehensive
clinical data on the patients.

The components of the app are similar to most tablet apps:
user interface, data acquisition and storage. Since this special
app is used in medical settings and the data were to be
used for medical purposes, considerations that are sometimes
overlooked need to be examined. A better quality in user
interaction and data storage could benefit other, non-medical
apps as well.
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