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4.1. Abstract

Standardized handwriting and drawing tasks provide objective measures of
important motor symptoms of Parkinson’s disease (PD) and allow distinguishing
PD patients from age-matched healthy controls. Such tasks could potentially be
useful in clinical settings for (early) diagnosis and monitoring purposes. The aim
of this study was to assess the reproducibility of a set of standardized graphical
tasks including age effects in healthy adults (20-75 years). Overall, movement
time and accuracy on circle, spiral and zigzag drawing tasks and a modified Fitts’
task showed good reproducibility (intraclass correlation coefficients>0.7).
Reproducibility was similar to the reproducibility of the Purdue pegboard task,
which is an already validated fine motor control task. Reproducibility was higher
in older participants (56-75 years) compared to younger participants (20-
55 years). To conclude, performance on this set of standardized graphical tasks
was reproducible in healthy adults, which is essential for future diagnostic and
monitoring use in patients.



4.2, Introduction

Despite the increased use of computers, the use of a pen for handwriting and
drawing is still an important skill in daily life that everyone is expected to master.
Holding a pen and performing handwriting and drawing is one of the most
complex fine motor functions of humansft], involving a cooperation between the
central nervous system (CNS) and the musculoskeletal system[2l. Therefore,
deficits in brain function or in the musculoskeletal system due to a disease, such
as Parkinson’s disease (PD)B! or trauma could cause deterioration in
handwriting and drawing ability!2]. Typically, handwriting and drawing becomes
smaller (bradykinesia) and slower (micrographia) due to PD3-8l. Even though
handwriting and drawing are complex functions, these graphical tasks entail
overlearnt skillsl®l. Therefore, once mastered, performance on such tasks is
expected to not considerably improve or deteriorate over time anymorel®.
Because of this expected stability in performance, graphical tasks are interesting
to study to gain more insight into the changes in motor control due to a
movement disorder, such as PD4610] to evaluate treatment effects(1.12] or to
study fine motor control in generall113-17]. Additionally, graphical tasks have
been investigated in several studies as an aid in the diagnostic process of PD, to
distinguish PD from healthy controls (HC)[57.1819, or PD from other movement
disordersl®l. Before such tasks can be used clinically for diagnosis or screening,
their characteristics and added value should be assessed[20l. According to Van
den Bruel et al.[20], several steps should be followed in this process. One of these
steps is to examine the reproducibility of the results, defined as the ability to
achieve the same test results on repeated testing[2%. Only one of the previously
mentioned studies examined reproducibility of handwriting tasks['7l. Two other
studies investigated the reproducibility of drawing and tapping tasks employing
a graphic tabletl21.22]. However, the scope of these previous studies was limited.
Mergl et al.l7] investigated reproducibility in young adults (n=21) only and their
measures focused on movement speed. Erasmus et al.l2ll only investigated
reproducibility of drawing precision between two consecutive days. Finally, Feys
etal.l?Zl focused on tremor measures and only investigated short-term test-retest
reliability for a spiral drawing task in MS patients with tremor. Therefore, the
goal of the present study was to investigate the reproducibility of a set of
standardized graphical tasks, executed with the same pen and tablet, with a one-
week interval in healthy participants of different ages. Additionally, in the
present study intraclass correlation coefficients (ICC) were used to determine
the reproducibility, instead of Pearson or Spearman correlations which were



used in the earlier studies. For the ICC, the data are centred and scaled using a
pooled mean and standard deviation, whereas for the Pearson or Spearman
correlation coefficient, each variable is centred and scaled by its own mean and
standard deviation. Because measurements on repeated testing are of the same
quantity and unit, the ICC is a better measure to examine reproducibility than the
Pearson or Spearman correlation coefficient. Furthermore, since some
movement disorders are typically diagnosed in specific age-groups - e.g., PD is
typically diagnosed in persons older than 60 years — in this study also the
influence of age on reproducibility of these tasks was examined.

In a previous studyls! we investigated whether a specific set of tracing
tasks could be used to distinguish PD patients from age-matched HC participants.
Performance on these tracing tasks was not significantly different between PD
patients and HC participants, however, this might be due to the very strict
Bonferroni correction which was used to correct for multiple comparisons.
Uncorrected, the movement time on the simple tracing tasks did show a
significant difference between PD patients and HC participants (p<0.01 for all
tasks). Therefore the reproducibility of some of these tracing tasks and
additional fine motor control tasks using a digital pen and tablet was investigated
for the present study in healthy adults of different ages. The additional fine motor
control tasks were added to the task-battery of our previous study, which only
included simple circle, line and spiral tracing tasks, to cover a larger range of
upper limb functions. The line drawing task was replaced by a zigzag tracing and
drawing task, because for the zigzag tasks movements must be made in different
directions, which require more complex movements of the fingers, wrist and
arm[ than the line tracing task. A modified Fitts’ task was also added to the set
of tasks. Fitts’ task is an extensively used task to study fine motor control of the
upper limb. Fitts(23] and others[2425] reported that when healthy participants
performed rapidly alternating movements of the upper limb, movement time
varied systematically with changes in movement amplitude and target width
(accuracy was held constant). This relationship is currently known as ‘Fitts’
law’(23]. Changes in this so-called speed-accuracy trade-off could reflect changes
in fine motor control of the upper limb and therefore Fitts’ task offers a useful
framework in which movement processes can be studied, both in general and at
clinical levell2¢l, For example, Sanes[27l and Rand et al.[28 showed that movement
time and inaccuracy of PD patients were larger compared to HC participants in a
modified Fitts’ task. Here, we explored which of these tasks showed the best
reproducibility.

To show that the new task-battery is able to serve its intended goal, it is
important to compare its performance to that of an existing test of fine motor



controll20], Therefore, the reproducibility on the tracing and drawing tasks and
the modified Fitts’ task was compared to the reproducibility of the Purdue
pegboard test, since both tests measure aspects of fine motor control. Over the
years, the Purdue pegboard test has been used in neuropsychological
assessments and rehabilitation contexts[?°l and has been shown to be reliablel2°-
31]

To summarize, the present study investigated the reproducibility of
several tracing tasks and a modified Fitts’ task. The reproducibility of these
graphical tasks was compared to the reproducibility of an independent measure
for manual dexterity, the Purdue pegboard task. Additionally, the influence of age
on all tasks was investigated.

4.3. Methods

4.3.1. Participants

Thirty-six healthy volunteers, recruited from the general population,
participated in this study. The participants were divided over three age-groups
of 12 participants each: 20-29 years (mean age 26.3, sd 2.5, 7 males), 30-
55 years (mean age 42.0, sd 6.4, 8 males) and 56-75 years (mean age 64.7, sd 6.2,
8 males). All participants signed informed consent and completed the tasks twice
with one week in between. Exclusion criteria were a history of epileptic seizures,
head injury, neurological or motor disorders, the use of medication affecting
movement, or a low (< 26) score on the Mini Mental State Examination (MMSE)).
The study protocol was approved by the Medical Ethical Committee of the
University Medical Center Groningen.

4.3.2. Experimental design

Participants were seated in front of a table in a comfortable position to write. A
digital tablet (ASUS Eee Slate EP121) and custom made digital pen were used.
The position of the pen-tip on the tablet during movement was recorded at a
sampling frequency of 200 Hz, using custom developed software. The pen had a
wired connection to the tablet. Participants performed eight tasks (see below)
with the digitizer pen on the tablet. Additionally, participants performed the
Purdue pegboard test. The examiner was seated behind an operator computer to
start and stop the recordings. The examiner also determined whether the
participants executed the tasks correctly. If a task was executed incorrectly, the
recording was stopped and restarted after re-instruction. An example of



incorrect task execution would be moving the pen in the wrong direction or

starting the task before recording was started.

4.3.3. Tasks

Each participant performed eight tasks in the same order to limit variability in

task results. Participants were instructed to start the task at a signal of the

examiner and to perform the tasks at a comfortable speed, allowing them to draw

as smoothly as individually possible. The participants traced geometric shapes;

a circle, a spiral and a zigzag figure (see Figure 4.1). Templates of these shapes

were shown on the tablet.

Circle tracing: In this task, participants had to continuously trace a circle
ten times in a clockwise direction starting from the 12 o’clock position (see
Figure 4.1).

Spiral tracing: In this task the participants traced a spiral (see Figure 4.1)
clockwise from inside to outside. Each participant performed ten
consecutive spiral tracing trials.

ZigZag tracing and drawing: In this task participants had to trace and
draw a zigzag figure (four repeats of a right up line followed by a right down
line, see Figure 4.1) from left to right and right to left without lifting the pen.
The task consisted of four different conditions and participants performed
ten consecutive zigzag drawing trials in each condition. In the first condition
(zigzag tracing) participants had to trace the zigzag figure template, which
was presented on the tablet. The second condition (zigzag copying)
consisted of drawing the zigzag figure with the zigzag figure template
provided on paper on the table above the tablet. In the third condition
(zigzag blinded) participants had to draw the zigzag figure with their eyes
closed and in the fourth condition (zigzag rotated) they had to draw the
zigzag figure vertically, while the zigzag figure template was presented
horizontally on paper on the table above the tablet.

Modified Fitts’ task: The next task was similar to Fitts’ original task and
adapted for use with the pen and tablet. Two targets, both filled circles,
were shown on an imaginary horizontal line in the middle of the tablet.
Participants were asked to touch the targets with the pen-tip alternately as
fast and as accurately as possible during 20 seconds. In eight subtasks the
difficulty of the tasks were altered by varying the distance between targets
and varying the diameter of the targets. The varying distances and
diameters were chosen according to the dimensions of the tablet. In the first
four subtasks (1 to 4), the distance between the centre of the targets was



kept constant at 7 cm, while the diameter of the targets was increased (0.7,
1.3,1.9, 2.5 cm). In another four subtasks (5 to 8), the distance between the
centre of the targets was kept constant at 20 cm, while the diameter of the
targets was increased (0.7, 1.3, 1.9, 2.5 cm).

e Purdue pegboard test: The Purdue pegboard test employs a board, pins,
collars and washers. The board contains two vertically oriented parallel
rows with 25 holes in each row and the pins, collars and washers are located
in reservoirs at the top of the board. Four subtests were performed. In the
first three subtests the participant was instructed to place as many pins as
possible in the holes within 30 seconds, first with the dominant hand, then
with the other hand and finally with both hands simultaneously. In the last
subtest (assembly) the participant used alternate hands to make as many
assemblies as possible within 60 seconds. An assembly consisted of a pin,
washer, collar and a second washer. In accordance with the instructions, the
participants were allowed to practice before each subtest(29].
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Figure 4.1. Templates and their dimensions for the tracing and drawing tasks: a circle, spiral
and zigzag figure.




4.3.4. Data analysis

The drawing and tracing tasks were analysed using custom made scripts in
Matlab 7.4.0 (R2007a). Since movement time (MT) was an important measure of
speed to distinguish PD patients from HC participantsls], in the present study we
also calculated mean MT per repetition for the circle, spiral and zigzag tracing
and drawing tasks. Additionally, we calculated the mean deviation (in mm) from
the template for the circle, spiral and zigzag tracing tasks (mean error) as a
measure of accuracy.

For Fitts’ task movement time (MT) and accuracy (Acc) were calculated
as well to investigate performance on the task. Movement time was determined
as the average time needed to move the pen from one target to the other. To
determine accuracy, first each touch was scored according to the distance
between the outline of the target and the touch location. The score ranged from
0-1, where a score of 1 was given to the touches inside the target and a score of
0 was given to the touches for which the distance to the outline of the target was
more than the radius of the target. The score of the remaining touches was
calculated by linear interpolation of the scores between 0 and 1 with distance.
Finally, accuracy was expressed as the total accuracy, by summing up the
accuracy scores of all touches.

Finally performance on the Purdue pegboard test was analysed. The
score on the first two subtests was equal to the number of pins inserted in the
holes within 30 seconds. The score on the third subtest equalled the number of
pairs of pins inserted in the holes and the assembly score equalled the sum of the
number of assembled parts. Also a sum-score was computed by adding the
scores obtained in the first three subtests (right hand + left hand + both
hands)[?9]. All measures were determined for the first and second measurement.

4.3.5. Statistical analysis

Reproducibility

Statistical analyses were conducted using SPSS 20.0.0.1. Since the goal was to
investigate the reproducibility of the tasks, the scores on the first and second
measurement day were compared for each task and subtask. The degree of
agreement between the two measurements for all tasks was determined by the
intraclass correlation coefficient (ICC) for the whole group as well as for each
age-group separately. In this study we used ICC(C,1) as defined by McGraw and
Wong32] (see Appendix 3 for the estimation of ICC(C,1)). The ICC was calculated
in Matlab 7.4.0 (R2007a) and ranges from 0 to 1. According to Andresen(33] an



ICC between 0 and 0.40 signifies poor reliability, between 0.40 and 0.74
moderate reliability and an ICC between 0.75 and 1.00 signifies excellent
reliability.

Differences between measurement days and age-groups
Before testing whether differences between measurement days and between

age-groups for all measures were significant, a Shapiro-Wilk test was used to test
whether the data was normally distributed. If normally distributed, a repeated
measures ANOVA with between subject factor ‘group’ (3 levels; younger, middle-
aged and older) and within subject factor ‘time’ (2 levels; measurement day 1
and day 2) was used to test whether differences between measurement days and
age-groups were significant. Otherwise, a Wilcoxon signed rank test was used to
test whether differences between the two measurement days were significant. If
the data of each of the three age-groups was normally distributed, a one-way
ANOVA was used to test whether significant differences between age-groups
were present, followed by a post-hoc Bonferroni to determine which groups
were significantly different from each other. Otherwise, a Kruskal-Wallis test
was used to test whether age-groups were significantly different, with post-hoc
Mann Whitney U tests to determine which groups differed significantly from
each other. Additionally, difference scores between the two days were calculated
for all measures. If the difference scores were normally distributed according to
the Shapiro-Wilk test, a one-way ANOVA was used, otherwise a Kruskal-Wallis
test was used to investigate whether the age-groups were significantly different
from each other. Post-hoc, Mann Whitney U tests were used to determine which
groups were significantly different from each other.

4.4, Results

All participants (n=36; mean age: 44.3; sd: 16.8; 23 male; 13 female) completed
each of the tracing and drawing tasks and the Purdue pegboard test twice with
exactly one week in between. The two measurements were performed at
approximately the same time, but at least within a range of three hours on both
days. For one participant the MT of the zigzag rotated task on day 1 was missing
because of technical problems, so this participant was excluded from further
analysis on this task.

Reproducibility
Mean MT and mean error for each of the tracing and drawing tasks are given in

Table 4.1 and 4.2 for the total group and for each of the age-groups. Agreement



between the first and second measurement for the total group was high for mean
MT on the circle, spiral and zigzag tasks (circle tracing: ICC=0.78; spiral tracing:
1CC=0.84; zigzag tracing: 1CC=0.93; zigzag copying: ICC=0.92; zigzag blinded:
ICC=0.91; zigzag rotated: 1CC=0.93). In general, mean MT decreased at the
second measurement day compared to the first. Agreement for the total group
between the first and second measurement for mean error was high for spiral
and zigzag tracing (ICC=0.87 and ICC=0.87) and moderate for circle tracing
(ICC=0.47).

The descriptive values for MT and Acc for the modified Fitts’ task are
shown in Tables 4.3 and 4.4, for the total group, as well as for each age-group
separately. In general, accuracy increased with an increase in target size and with
a decrease in distance between targets. On average, the time to move between
targets increased with an increase in distance between targets and decreased
with an increase in target size. Additionally, high accuracy was associated with
slower movements and vice versa. Agreement between the two measurement
days for time was moderate for subtask 1 (ICC=0.72) and high for the other
subtasks (all ICC>0.75, see Table 4.3). Agreement between the two measurement
days for accuracy was high for subtasks 3 and 7 (ICC=0.82 and ICC=0.80) and
moderate for subtask 1, 2, 4-6 and 8 (ICC=0.58, 1CC=0.73, ICC=0.74, 1CC=0.50,
ICC=0.71 and ICC=0.70, respectively, see Table 4.4).

Mean values for the scores on the Purdue pegboard task are shown in
Table 4.5. Agreement between the first and second measurement was high for
the sum-score (ICC=0.86) and the assembly score (ICC=0.91) (see Table 4.4). The
scores for the right hand resulted in an ICC of 0.56, for the left hand in an ICC of
0.80 and for both hands in an ICC of 0.78 (see Table 4.4). All five scores increased
slightly on the second measurement day compared to the first. Overall, ICC for
most of the measures increased with an increase in age.

Differences between measurement days and age-groups
For the MT on the tracing and drawing tasks a Wilcoxon signed rank test showed

a significant difference between measurement days (all p<0.05, see Table 4.1).
MT on all tracing tasks was significantly lower on day 2 compared to day 1. There
was a significant difference between the age-groups for some of the MT
measures on the tracing tasks (indicated in Table 4.1). Post-hoc tests showed
that the older group had significantly higher MT, compared to the younger and
middle-aged group (p<0.05).

For the mean error on the zigzag tracing task a repeated measures
ANOVA showed that mean error was significantly higher on the measurement
day 2 compared to day 1 (see Table 4.2). There was also a significant group effect,



for which the post-hoc tests showed that the middle-aged group had a
significantly higher mean error than the older group (p<0.05). No significant
interaction effect was found. The mean error on the spiral tracing task was also
significantly higher on day 2 compared to day 1 according to a Wilcoxon signed
rank test (p<0.05, see Table 4.2). No significant difference between the
measurement days was found for the mean error on the circle tracing task. There
were no significant differences between the groups for the mean error on the
circle and spiral tracing task.

For the movement time on subtasks 5, 6 and 7 of the modified Fitt’s task
a repeated measures ANOVA showed that the average time needed to move
between the targets was significantly lower on day 2 compared to day 1 (all
p<0.05, see Table 4.3). There was also a significant group effect and post-hoc
tests showed that the older group needed significantly more time to move
between targets compared to the younger and middle-aged group (p<0.05). No
significant interaction effect was found.

For the movement time on subtask 1,2,3 and 8 of the modified Fitts’ task,
a Wilcoxon signed rank test showed that movement time was significantly lower
on day 2 compared to day 1 (all p<0.05, see Table 4.3). For subtask 4 no
significant difference was found between the movement time on day 1 and day
2. For subtasks 1,2,3,4 and 8, the age-groups were significantly different
(indicated in Table 4.3) and post-hoc tests showed that the older group needed
significantly more time to move between the targets than the younger and
middle-aged groups (p<0.05).

For the total accuracy on subtasks 1,2,3,6,7 and 8 of the modified Fitts’
task, a repeated measures ANOVA showed that total accuracy was significantly
higher on day 2 compared to day 1 (see Table 4.4). For all subtasks, except
subtask 7 there was a significant difference between the groups. Post-hoc tests
showed that the older group was significantly less accurate than the younger and
middle-aged group for subtask 1, 4 and 5, for subtask 2 the middle-aged group
was significantly more accurate than both the younger and older group and for
subtask 3 and 8 the older group was significantly less accurate then the middle-
aged group (all p<0.05). There was no significant interaction effect.

For all the time and accuracy measures for both tracing and the modified
Fitts’ task the difference scores between day 1 and day 2 did not show significant
differences between the age-groups.

For the scores on the Purdue pegboard test a repeated measures ANOVA
showed that there was a main effect of time (p<0.05, see Table 4.5) for all scores,
except for the score with both hands. The scores on day 2 were significantly
higher compared to day 1. Also a main effect of group was found for almost all



scores, except for the score with the left hand. Post-hoc tests showed that the
older group scores significantly lower than the younger and middle-aged group
(p<0.05, see Table 4.5). There were no significant interaction effects.

Table 4.1. Statistic measures for the movement time (MT) on the tracing tasks. Intraclass correlation
coefficients (ICC) and mean movement time per repetition were displayed for the whole group as well
as for the three groups separately. Also the results of the Wilcoxon signed rank tests are shown in this
table.

MT(s) Day 1 MT(s) Day 2
(Mean(sd)) (Mean(sd)) ICC Z-value p-value
Circle Tracing
Group | (20-29 years) 3.6(1.3) 2.3(0.8) 0.34
Group Il (30-55 years) 3.1(1.2) 2.3(1.1) 0.90
Group Il (56-75 years) 4.5 (2.6) 3.1(1.8)2 0.81
Total 3.2 (2.0 2.5(1.5)2 0.78 -4.07 0.00
Spiral tracing
Group | (2029 years) 7.4(1.9) 6.0 (1.2) 0.57
Group Il (30-55 years) 7.5(2.4) 5.9 (1.7) 0.80
Group Il (56-75 years) 8.8 (3.6)? 9.1(4.4) 0.83
Total 7.9(3.1) 6.6 (2.5)2b 0.84 -4.15 0.00
ZigZag tracing
Group | (20-29 years) 7.4 (1.6) 6.3 (1.5)2 0.72
Group Il (30-55 years) 7.5(2.4) 5.9(1.3) 0.84
Group Il (56-75 years) 10.2 (6.5)2 8.6 (6.5)2 0.94
Total 7.6 (3.7)2 6.3 (2.8)2 0.93 -4.12 0.00
ZigZag copying
Group | (20-29 years) 6.4 (0.9) 5.5(1.7)2 0.52
Group Il (30-55 years) 6.4 (1.4) 5.5(1.0) 0.89
Group Il (56-75 years) 8.4 (6.9)2 7.0(5.1)2 0.92
Total 6.6 (2.2)2¢ 5.6 (1.9)2¢ 0.92 -4.60 0.00
ZigZag blinded
Group | (2029 years) 6.3 (0.8) 5.7 (1.1)2 0.37
Group Il (30-55 years) 6.1(1.2) 5.6 (0.8) 0.84
Group Il (56-75 years) 9.4 (3.8) 8.1(3.6) 0.94
Total 6.6 (2.0)20 5.8 (1.6)2 0.91 -4.04 0.00
ZigZag rotated
Group | (20-29 years) 5.9(0.8) 5.3(0.9) 0.61
Group Il (30-55 years) 6.1(1.1) 5.4(0.7) 0.76
Group Il (56-75 years) 9.4 (3.2) 7.9(3.1) 0.95
Total 6.7 (1.9)2b 5.6 (1.4)2b 0.93 -4.50 0.00

a) Median(iqr) values are displayed; b) Significantly different between the groups according to a one-way ANOVA
analysis (p<0.05); c) These measures were significantly different between the groups according to a Kruskall Wallis
test (p<0.05); sd=standard deviation; igr=interquartile range; Z=Wilcoxon signed rank test for differences between
measurement days.



Table 4.2. Statistic measures for the mean error on the tracing tasks. Intraclass correlation coefficients
(ICC) and mean error (mean deviation (mm) from template per repetition) are displayed for the whole
group as well as for the three groups separately. Also the results of the statistical analysis for differences

between measurement days and between groups are shown.

Error(mm) Day 1 Error(mm) Day 2 Test
(Mean(sd)) (Mean(sd)) ICC statistic p-value
Circle tracing
Group | (2029 years) 2.11(0.39)2 2.10 (1.29)2 0.27
Group Il (30-55 years) 2.31(0.61) 2.24 (1.39)2 0.56
Group Il (56-75 years) 1.97 (1.83) 2.08 (1.33)° 0.65
Total 2.11 (0.84) 2.12 (1.38)° 0.47 -1.05b 0.29
Spiral tracing
Group | (20-29 years) 2.41(0.17)2 2.49 (0.39)2 0.75
Group Il (30-55 years) 2.47 (0.54) 2.62 (0.61) 0.87
Group Il (56-75 years) 2.58 (0.73) 2.69 (0.91) 0.92
Total 2.41(0.41)? 2.49 (0.63)2 0.87 -2.29b 0.02
ZigZag tracing
Group | (20-29 years) 2.08 (0.41) 2.36 (0.54) 0.68
Group Il (30-55 years) 2.44 (0.84) 2.78 (0.77) 0.96
Group Il (56-75 years) 1.81 (0.65) 2.01(0.83) 0.79
Total 2.11 (0.69)¢ 2.38(0.77)¢ 0.87 18.69¢ 0.00

a) Median(igr) values are displayed; b) The Z-values as a result of the Wilcoxon signed rank test for differences between
measurement days; c) The F-value as a result of the main effect of time of the repeated measures ANOVA,; d. The age-
groups were significantly different according to a repeated measures ANOVA (p<0.05).



Table 4.3. Statistical results for time on the modified Fitts task. Intraclass correlation coefficients (ICC)
and average time needed to move from one target to the other (time(s)) were calculated for the whole
group as well as for the three groups separately.

Time(s) Day 1 Time(s) Day 2
(Mean(sd)) (Mean(sd)) ICC Test-statistic  P-value

Condition 1

Group | (20-29 years) 0.39 (0.07) 0.35 (0.07) 0.11

Group Il (30-55 years) 0.36 (0.06) 0.32 (0.06) 0.32

Group Il (56-75 years) 0.51 (0.14) 0.44 (0.13) 0.83

Total 0.40 (0.13)2¢ 0.37(0.10)® 0.72 -3.03b 0.00
Condition 2

Group | (20-29 years) 0.32 (0.06) 0.30 (0.05) 0.23

Group Il (30-55 years) 0.29 (0.05) 0.26 (0.04) 0.62

Group Il (56-75 years) 0.42 (0.11) 0.38 (0.10) 0.88

Total 0.32 (0.11)2¢ 0.29 (0.09)2¢ 0.81 -3.10°b 0.00
Condition 3

Group | (20-29 years) 0.27 (0.03) 0.26 (0.04) 0.29

Group Il (30-55 years) 0.24 (0.05)2 0.21 (0.04)2 0.72

Group Il (56-75 years) 0.35 (0.10) 0.32 (0.09) 0.89

Total 0.26 (0.08)2f 0.25 (0.07)2f 0.87 -3.1b 0.00
Condition 4

Group | (20-29 years) 0.24 (0.02) 0.23 (0.03) 0.49

Group Il (30-55 years) 0.22 (0.02) 0.21 (0.03) 0.69

Group Il (56-75 years) 0.30 (0.08) 0.30 (0.07 0.77

Total 0.24 (0.05)2e 0.23 (0.05)2e 0.83 -1.26° 0.21
Condition 5

Group | (20-29 years) 0.54 (0.08) 0.54 (0.09) 0.44

Group Il (30-55 years) 0.54 (0.11) 0.49 (0.11) 0.76

Group Il (56-75 years) 0.68 (0.12) 0.61 (0.17) 0.87

Total 0.59 (0.12)4 0.55(0.13)¢ 0.79 13.36¢ 0.00
Condition 6

Group | (20-29 years) 0.49 (0.05) 0.46 (0.07) 0.51

Group Il (30-55 years) 0.47 (0.09) 0.43 (0.10) 0.70

Group Il (56-75 years) 0.58 (0.10) 0.53 (0.15) 0.84

Total 0.51 (0.09)¢ 0.47 (0.12)¢ 0.80 10.24¢ 0.00
Condition 7

Group | (20-29 years) 0.43 (0.05) 0.39 (0.06) 0.57

Group Il (30-55 years) 0.40 (0.06) 0.37 (0.08) 0.74

Group Il (56-75 years) 0.51 (0.09) 0.45 (0.13) 0.86

Total 0.44 (0.08)¢ 0.40 (0.10)¢ 0.83 8.14¢ 0.01
Condition 8

Group | (2029 years) 0.37 (0.05) 0.35 (0.05) 0.56

Group Il (30-55 years) 0.36 (0.05) 0.33 (0.06) 0.68

Group Il (56-75 years) 0.46 (0.17)° 0.42 (0.10) 0.88

Total 0.38 (0.09)2f 0.34 (0.12)2e 0.84 -3.41b 0.00

a) Median(igr) values are displayed; b) Z-values as a result of the Wilcoxon signed rank test for differences between
measurement days; c) F-values as a result of the main effect of time of the repeated measures ANOVA; d) The age-
groups were significantly different according to a repeated measures ANOVA (p<0.05); e) The age-groups were
significantly different according to a one-way ANOVA (p<0.05); f) The age-groups were significantly different according
to a Kruskall Wallis test (p<0.05). sd=standard deviation; igr=interquartile range.



Table 4.4. Statistical results for the accuracy measure of the modified Fitts’ task. Intraclass correlation
coefficients (ICC) and total accuracy (Acc; sum of the accuracy scores of all touches) were calculated for
the whole group as well as for the three groups separately.

Acc Day 1 (Mean(sd))  Acc Day 2 (Mean(sd)) ICC F(1,33)®> p-value

Condition 1

Group | (20-29 years) 46.0 (6.0) 50.7 (6.4) 0.00

Group Il (30-55 years) 48.2 (7.1) 54.8 (8.9) 0.62

Group Il (56-75 years) 39.0 (8.5) 39.0 (14.1)2 0.69

Total 44.4 (8.1)¢ 49.5(9.5)¢ 0.57 13.49 0.00
Condition 2

Group | (20-29 years) 59.4 (9.5) 60.6 (9.9) 0.10

Group Il (30-55 years) 69.4 (11.7) 75.8 (10.1) 0.51

Group Il (56-75 years) 49.3 (11.4) 55.0 (14.8) 0.86

Total 59.4 (13.5)¢ 64.8 (14.4)¢ 073 934 0.00
Condition 3

Group | (2029 years) 73.0(9.2) 77.4 (12.2) 0.20

Group Il (30-55 years) 83.4 (12.3) 90.0 (10.1) 0.77

Group Il (56-75 years) 60.2 (16.8) 65.9 (17.3) 0.90

Total 72.2(16.0)¢ 77.7 (16.5)¢ 0.82 10.72 0.00
Condition 4

Group | (20-29 years) 83.3(7.8) 87.6 (9.5) 0.33

Group Il (30-55 years) 91.9 (9.6) 95.4 (12.0) 0.55

Group Il (56-75 years) 70.3 (17.3) 70.0 (15.1) 0.67

Total 81.8 (14.9)¢ 84.3 (16.1)¢ 0.74  1.79 0.19
Condition 5

Group | (2029 years) 32.2(2.6) 32.4 (3.8) 0.39

Group Il (30-55 years) 32.1(4.4) 33.9(4.9) 0.60

Group Il (56-75 years) 28.0(3.8) 28.8 (5.9) 0.21

Total 30.8 (4.1)¢ 31.7 (5.3)¢ 0.50  1.38 0.25
Condition 6

Group | (20-29 years) 40.5 (3.9) 41.5 (4.0) 0.55

Group Il (30-55 years) 41.2 (6.7) 42.5(6.1) 0.48

Group Il (56-75 years) 35.0(5.9) 37.9(8.4) 0.86

Total 38.9(6.1)¢ 40.7 (6.6) ¢ 0.71 4.66 0.04
Condition 7

Group | (2029 years) 47.1(4.7) 49.2 (5.8)2 0.63

Group Il (30-55 years) 49.3 (7.4) 50.7 (7.1) 0.69

Group Il (56-75 years) 41.1(7.8) 45.6 (10.8) 0.90

Total 45.8(7.5) 49.0 (8.8) 0.80  13.42 0.00
Condition 8

Group | (20-29 years) 54.2 (6.9) 58.3 (8.4) 0.58

Group Il (30-55 years) 56.0 (6.5) 60.8 (9.6) 0.38

Group Il (56-75 years) 44.4 (18.5)? 48.4 (9.2) 0.79

Total 52.2 (8.9)¢ 55.8 (10.4)¢ 0.70  8.05 0.00

a) Median (igr) are displayed; b) F-values as a result of the main effect of time of the repeated measures ANOVA; c) The
age-groups were significantly different according to a repeated measures ANOVA (p<0.05). sd=standard deviation;
igr=interquartile range.



Table 4.5. Descriptive and statistic measures for the scores of the Purdue Pegboard task. Intraclass correlation coefficients (ICC) and mean and standard deviation
(sd) of the scores are displayed for the whole group as well as for the three groups separately. Also the results of the repeated measures ANOVA are shown in this

table, which indicate whether significant differences were present between the two measurement days and between the three groups.

Right hand score? Left hand score? Both hands score? Sum-score® Assembly score¢
Day1
Group | (20-29 years) 14.9 (1.8) 13.2(1.0) 11.2 (1.0) 39.3(3.0) 37.7 (4.4)
Group Il (30-55 years) 14.4(2.0) 13.9(2.1) 11.6 (2.2) 39.9 (5.6) 34.3(8.4)
Group lll (56-75 years) 13.7(1.3) 12.8(1.3) 9.8 (1.3) 36.3(2.6) 29.2 (4.0)
Total 14.3 (1.8) 13.3(1.6) 10.9(1.7) 38.5(4.2) 33.7(6.8)
Day 2
Group | (20-29 years) 15.9(1.2) 13.9(1.1) 11.7 (0.9) 41.5(2.7) 39.4 (4.1)
Group Il (30-55 years) 15.1(1.9) 14.9(1.9) 11.5(2.2) 41.5 (5.6) 34.9(7.2)
Group lll (56-75 years) 14.5 (1.4) 13.5(1.7) 10.3 (1.3) 38.3(3.5) 29.8 (4.8)
Total 15.2 (1.6) 14.1(1.7) 11.1(1.6) 40.4 (4.3) 34.7 (6.7)
ICC
Group | (20-29 years) 0.27 0.58 0.43 0.59 0.73
Group Il (30-55 years) 0.81 0.93 0.88 0.93 0.94
Group Il (56-75 years) 0.19 0.59 0.59 0.76 0.80
Total 0.56 0.80 0.78 0.86 0.91

Repeated Measures ANOVA

Main effect of Time
Main effect of Group
Group 1vs 2

Group 1vs 3

Group 2vs 3

F(1,32)=9.027; p=0.005
F(2,32)=9.167; p=0.001
p=1.000
p=0.001
p=0.009

F(1,32)=18.758; p=0.000
F(2,32)=1.137; p=0.333

F(1,32)=1.978; p=0.169
F(2,32)=8.013; p=0.002
p=1.000
p=0.003
p=0.007

F(1,32)=22.995; p=0.000
F(2,32)=6.753; p=0.004
p=1.000

p=0.005

p=0.018

F(1,32)=8.349; p=0.007
F(2,32)=7.883); p=0.002
p=1.000
p=0.003
p=0.009

a) Number of pins inserted in the holes with the right hand; left hand and both hands simultaneously; b) Sum-score=Right hand score + Left hand score + Both hands score; c) Assembly
score=Number of assembled pins, collars and washers.



4.5. Discussion

The aim of this study was to investigate the reproducibility of a set of
standardized graphical tasks using a digital pen and tablet. Overall, the
performance measures derived for the tasks showed moderate to excellent test-
retest reliability. Additionally, this study showed that in general test-retest
reliability increased with age.

We showed that reproducibility on this set of graphical tasks, which
measures aspects of fine motor control, was similar to the reproducibility of an
already validated fine motor control task, the Purdue pegboard test. This
suggests that the set of graphical tasks studied here provides a reliable method
to measure aspects of fine motor control. Mean MT and mean error per repetition
for the tracing tasks were well reproducible, in line with previous studies which
alsoreported high test-retest reliability for MT on a circle drawing task and some
handwriting tasks[”l and mean drawing error on a tracing task[21], although
Pearson or Spearman correlation coefficients were used in those studies to
assess reproducibility(l7l. In our study, participants were significantly faster on
the second measurement day compared to the first, which suggests a learning
effect. According to Longstaff and Heath!®! handwriting and drawing are
overlearnt skills and are not expected to considerably improve or deteriorate
over time. However, a possible learning effect could be stronger in simple tasks
compared to more complex tasks. It is, for example, easier to increase speed on
a simple circle tracing task than on a spiral tracing task, as the spiral tracing task
requires more accuracy. In the present study, the most complex tracing and
drawing task - the zigzag task - indeed showed better reproducibility than the
simpler circle and spiral tracing tasks. This confirms that there is a smaller
learning effect for the zigzag task. In addition, the mean error for the spiral and
zigzag tracing tasks showed higher reproducibility than the mean error for the
circle tracing task. Similar results were found for the Purdue pegboard test, for
which reproducibility was also better on the complex task than on the simple
tasks. This finding suggests that complex tasks are more reliable than simple
tasks to assess fine motor control, since learning effects between two
measurements are smaller.

We showed that reproducibility for movement time on a modified Fitts’
task was good for all subtasks, and reproducibility was moderate to good for the
accuracy measure for all subtasks. Movement time seems more reliable than
accuracy as a measure of performance on a modified Fitts’ task. However,
accuracy was least reproducible for the most complex subtasks of the modified



Fitts’ task, which indicates that these subtasks might be too difficult and could be
removed from the task-battery.

Movement time on all tasks increased with age, consistent with previous
studies(1734]. However, the results of the older group were generally more
reproducible than the results of the other two groups, which suggests that
performance (in terms of speed) in the older group is more stable over time. An
explanation may be that older adults payed more attention to performing the
tasks correctly while the younger and middle-aged groups were more focused on
finishing the tasks quickly, which may cause a larger learning effect in the latter
groups. High reproducibility of the speed at which fine motor control tasks are
executed in the older group indicates that these tasks might be particularly
suited for application in movement disorders such as PD, which is typically
diagnosed in people older than 60 years, but less suited in movement disorders
which are diagnosed at very young or across all ages. On the contrary, mean error
for the spiral and zigzag tracing tasks were highly reproducible and did not
significantly differ between age-groups, suggesting that drawing error might be
more suited for diagnostic or monitoring applications in movement disorders
that occur across all ages.

Graphical tasks have previously been proposed as an aid in the
diagnostic work-up of movement disorders, since differences in performance on
these tasks have been found between patients with movement disorders and
healthy controlsl4-71018191 and between patients with different movement
disorders!®l. However, none of these studies included reproducibility testing,
which is a necessary step before introducing a test in clinical practicel20l. In the
present study we showed high reproducibility of a set of graphical tasks executed
with the same pen and tablet, and for the tracing tasks we have already shown
differences between PD patients and HC participantslSl. Further testing of the set
of graphical tasks used in the present study is still needed with additional
analysis, to show that PD patients can be distinguished from patients with other
movement disorders, such as essential tremor. To investigate whether these
graphical tasks are suitable to evaluate treatment effects, the measurements
should be repeated with additional analysis in patients before and after being
treated with medication or other therapies. Additionally, performance on such
graphical tasks should be validated against current gold standards in movement
disorders, such as the Unified Parkinson’s Disease Rating Scale (UPDRS).



4.6. Conclusions

To conclude, this study shows that a set of graphical tasks, which measure fine
motor control, has high reproducibility and that reproducibility is similar to the
reproducibility of another fine motor control task, the Purdue pegboard task. We
propose that more complex tasks, such as zigzag drawing and Fitts’ task are more
suitable for clinical testing, because such tasks are more reliable than simple
tasks. The time and accuracy measure of the Fitts’ task seem to be specifically
useful for testing in movement disorders which are common in older age-groups,
such as PD, since these measures showed superior reliability in the older group
compared to the younger and middle-aged group.
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