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Abstract: Nowadays, methods are being searched in order to detect Parkinson’s dis-
ease at an early stage. This would aid faster diagnosis and a more objective assess-
ment of the severity of the condition. This paper focuses on examining whether typ-
ing differs between healthy people and people with varying degrees of Parkinson’s
disease. The analysis used publicly available data from the physionet.org database
[1], which contains results from 227 people over several experimental days. Data
from only 108 subjects were used, with a maximum of 3 days of use of the Tappy
application by one participant with at least 200 clicks considered. Computer key-
board typing parameters, such as button hold time, latency and flight time were
taken into account. Statistical analysis of the data obtained using non-paramet-
ric Kruskal-Wallis tests showed that there were no statistically significant differ-
ences (a < 0.05) between the study groups (healthy people and people with varying
degrees of Parkinson’s disease). However, the reason for this may be the small study
group and the lack of consideration of medications taken when matching to groups.
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8.1. Introduction

Parkinson’s disease is a degenerative and progressive disorder of the nervous system.
It occurs most commonly in people aged between 55 and 65 years, and the average
age of onset is 58 years. Men are more commonly affected [2]. The preclinical period
of the disease, in which typical symptoms, such as rest tremor or motor retardation
are not yet apparent, may last up to 10 years [3]. During this period, autonomic symp-
toms (cardiovascular, gastrointestinal, genitourinary, or thermoregulatory disor-
ders) are the most common [4]. By the time the visible symptoms of Parkinson’s dis-
ease are present, the atrophy of nerve cells in the black matter of the brain is already
significant at around 60%. The concentration of dopamine (an organic compound
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that plays a key role in the transmission of nerve impulses, responsible for the exe-
cution of human will-dependent movement) in the striatum is around 20-40% [5].
Parkinson’s patients have difficulty moving, dressing, eating or brushing their teeth.
Alternate movements and precision activities, such as buttoning buttons and screwing
in screws are difficult. They may have problems with washing themselves and comb-
ing their hair. In addition, their handwriting becomes less legible and letters smaller.
Activity itself is slower and the hand on the affected side is contracted [6].

An early detection of Parkinson’s disease is important, as dopamine deficien-
cies can be corrected with medication. This extends the patient’s period of function
and independence. Appropriately implemented treatment allows patients to main-
tain their current job without having to give up their career or suffer a significant
decrease in quality of life [7].

Various scales are used to determine the stage of the disease, e.g. Hoehn-Yahr
scale and UPDRS. They are not very objective, because they are based on the feelings
of the examiner and the patient, and thus they do not allow for an objective assess-
ment of the patient’s condition [6, 8].

Currently, there is ongoing research into methods for the early detection
of Parkinson’s disease. Among others, gait characteristics [9], handwriting [10] or com-
puter keyboarding [11, 12, 13] are used for this purpose. Skin tests [14] and retinal
thickness [15] are also performed. Parkinson’s disease may also be indicated by dis-
orders of the REM sleep phase [16].

The aim of this article is to investigate whether there is a relationship between
the way people type on a computer keyboard and the severity of Parkinson’s disease.
This would allow a more objective diagnosis to be made. No information on the sta-
tistical analysis of the data obtained in this study alone was found in the available
literature.

8.2. Materials

Publicly available data from the physionet.org database [1] were used to perform
the analysis. They concerned the typing characteristics of healthy people and people
with Parkinson’s disease at different stages of its progression [1, 11]. Data were col-
lected using the Tappy application, which was downloaded by people willing to take
part in the experiment. The whole process was preceded by the registration of these
people on a platform where information about the study was presented. People aged
50-80 could take part in the experiment. When registering, people indicated, among
other things, the stage of the disease, the side affected by the disease, whether they had
tremors and whether they were taking medication (if so, which). To ensure anonym-
ity, a random ten-character code was automatically assigned. The Tappy application
allowed for the time of pressing the corresponding keys to be read out. Respondents
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used their computers according to their needs - the application recorded movements
while searching websites, creating text documents, or writing emails [1, 11].

Figures 8.1 and 8.2 show the assignment of keys to the hand they were pressed
with and time dependencies of individual parameters. Subjects were unaware of the key
assignment to a particular hand and used the keyboard the way they were comfort-
able with, which may have affected the recorded results [1, 11].

|:| Left hand keys captured |:| Right hand keys captured
All other keys were excluded from capture, except the Spacebar.

FIGURE 8.1. Assignment of keys to the hand the key was pressed with [11]
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FIGURE 8.2. Time dependencies of parameters describing the way of typing on a computer key-
board [11]

The database contains data from 227 individuals. The present study used data
collected from only 108 individuals. This limitation was due to the ability to cre-
ate groups clearly according to the severity of a participant’s disease and to assign
the results to the affected site accordingly. In addition, the analysis used data from only
the first three days of app use, in which the subjects made at least 200 clicks per hand.
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This decision was dictated by minimizing the risk of the results being dominated
by people who had been using the app for longer. A higher number of clicks allowed
for a more accurate representation of how people typed on a computer keyboard.

The group breakdown included people who clearly indicated the severity of the dis-
ease and the side affected during registration. Factors, such as gender or prescribed
medication, were not taken into account. The detailed characteristics of the individu-
als included in the analysis by group are presented in Table 8.1.

TABLE 8.1. Number of participants and sheets (one sheet consisted of the results obtained
by one participant on one survey day) used for the analysis

Sl SE BT Subjects with tremors
Healthy tremors Total
subjects | Mild | Medium | Mild | Medium
degree degree degree degree
Number of participants 38 10 13 27 20 108
Number of sheets 70 24 22 57 43 216

8.3. Method

Statistical analysis was performed to compare individual parameters according
to the severity of Parkinson’s disease, divided into groups with and without trem-
ors. First, it was examined whether the distributions obtained from the mean values
of the studied parameters obtained by the individuals were normal using the Shapiro-
Wilk test. It was assumed that a p value of less than 0.05 obtained in the test indicates
a distribution deviating from normal. The results showed that most of the distribu-
tions were deviating from normal, so further analyses were carried out using non-
parametric tests. The Kruskal-Wallis test was used to examine whether there were
statistically significant differences at a significance level of a<0.05.

8.4. Analysis of results

The results are shown in Table 8.2. It can be seen that statistically significant differ-
ences were found only for the time the key was held down with the hand affected
by the disease.

In order to check between which groups there were differences, a multiple compari-
son test was performed. Its results are shown in Table 8.3. However, this test indicated
that there were no statistically significant differences between the groups examined.
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TABLE 8.2. Results of the Kruskal-Wallis test for group comparisons

Results of the Kruskal-Wallis test
Non-affected side Affected side
Hold time 0.2516 0.0091
Latency 0.4384 0.5192
Flight time 0.205 0.2212

TABLE 8.3. Results of multiple comparisons test for button hold time for the affected
hand (Zdr - healthy person, LBD - person with mild Parkinson’s disease without tremors,
SBD - person with medium Parkinson'’s disease without tremors, LD - person with mild
Parkinson’s disease with tremors, CD - person with medium Parkinson’s disease with tremors)

Zdr LBD SBD LD cD
zdr 0.1785 1.0000 0.1662 0.1061
LBD 0.1785 0.2880 1.0000 1.0000
$BD 1.0000 0.2880 0.3620 0.3116
LD 0.1662 1.0000 0.3620 1.0000
cD 0.1061 1.0000 0.3116 1.0000

The degree of dependence between the groups is illustrated in the figures below
(Fig. 8.3-8.5).
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FIGURE 8.3. Plots of the mean duration of button hold time for the a) non-affected hand
b) affected hand (in the case of healthy people, the left and the right hand respectively)

It can be seen that the plots (Fig. 8.3) confirm the results of the Kruskal-Wallis
test — the frames overlap. Some differences occur in the case of the mean value, but
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these values are also similar. For the hold time of both hands the mean value is about
120 ms. Mild and medium condition people with tremors have a higher variability
of results than healthy and without tremors people.
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FIGURE 8.4. Plots of the mean duration of latency for the a) non-affected hand b) affected hand
(in the case of healthy people, the left and the right hand respectively)

For the latency time, again the correctness of the Kruskal-Wallis test results can be
observed as the frames overlap. The average latency was about 300 ms for both hands.
The smallest variability of the results can be observed for people in the mild condi-
tion without tremors. The highest variability is observed for people in the medium
condition with tremors.
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FIGURE 8.5. Plots of the mean duration of flight time for the a) non-affected hand
b) affected hand (in the case of healthy people, the left and the right hand respectively)

A similar situation to that for latency occurs for the flight time, where the mean
value is around 200 ms, and in addition, a lower variability of the results can also be
observed for mild condition people with tremors.
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8.5. Discussion

Often, data from healthy people and people with Parkinson’s disease at different stages
of progression are used to create classifiers that automatically detect Parkinson’s dis-
ease and its severity.

This analysis showed that there were no significant differences between the results
obtained by healthy people and people with different stages of Parkinson’s disease
when typing on a computer keyboard. This is in contrast to the results obtained in [11],
which analysed data obtained from the same database as in the present study. However,
it only used results from healthy individuals and people with mild Parkinson’s disease
who were not taking medication to reduce symptoms of the condition. Differences may
be due to different criteria for selecting the study subgroup - in this study the effect
of medication on the results obtained by individual participants was not taken into
account.

However, the correctness of the analyses in the present study is indicated by studies
performed in [12]. Their main aim was to check the possibility of differentiating peo-
ple with tremors. Healthy people and people with medium Parkinson’s disease were
taken into account with and without tremors. Again, the database used for the anal-
yses in this paper was used, but expanded to include new consecutive study partic-
ipants not available at physionet.org. The results showed that the different groups
of people could be distinguished. However, it was noted that those taking levodopa-
containing medication achieve hand tremor much less than those not taking such
medication, comparable to that of healthy people. For this reason, an analysis of the fit
of individuals to each group was also performed using classifiers without taking into
account those taking levodopa. This analysis showed a better fit of the individuals
to the different groups. This confirms the significant influence of the medication taken
on the course of the disease.

In contrast to the results obtained in the present study, another study [13] also
indicated that it was possible to distinguish between healthy individuals and indi-
viduals at different stages of Parkinson’s disease. In this case, however, the location
of the computer mouse pointer during the click and the interaction with the computer
keyboard during the process of searching for keywords in an Internet search engine
were used. This study took into account different parameters than those described
so far — the time elapsed between the presentation of results to the user and the first
interaction event with the website; the average time elapsed between each two mouse
positions (mean dwell time); one of the automatically learned functions. The results
showed that it was possible to distinguish the actual diagnostic status of the subjects
on this basis. In this case, the effect of medication was not taken into account due
to the lack of such information about the users, but different parameters of computer
use were investigated than in the case of this article and the previously described work,
and in addition, the study groups were larger than in the present analysis.
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Summing up, the results of the study were heavily influenced by grouping with-
out taking into account the medication taken to reduce the symptoms of Parkinson’s
disease by individual participants, but taking this criterion into account would have
reduced the size of the groups.

In addition, individuals used the computer unsupervised and on an as-needed
basis. They were also unaware of the assignment of specific buttons to the left
or right hand, which may also have influenced the results — the possibility that
a button assigned to the right hand could be pressed by the left hand and vice versa
was not eliminated. There was also no information about the dominant hand.

8.6. Conclusions

In the paper the statistical analysis of computer typing of healthy subjects and subjects
with Parkinson’s disease has been made. The analysis shows that there are no statis-
tically significant differences between the results for each group for such parameters
as button hold time, latency and flight time when typing on a computer keyboard. This
makes it difficult to recognize whether the person studied is healthy or has Parkinson’s
disease and if so, to what degree. However, the reason for this may be a small study
group and the lack of consideration for medications taken when matching to groups.
Future research should take into account larger group sizes and eliminate the influ-
ence of medications on results, for example by selecting groups of people taking spe-
cific medications or conducting studies with people who do not take such medications.
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