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Abstract:

Subjects were asked to draw a line of fixed length, through a prescribed horizontal track
using the light pen which is a computer interface (similar in action to the mouse), which
is connected to the personal computer and programmed to capture the deviations of  the
hand movement and measure its latency. The ratio of the horizontal deviations to the
vertical deviations is termed as skew ratio. The latency (reaction time) was measured
and skew ratio was calculated for each subject. Males and females subjects were
examined. A comparative study of the effect of reaction time (latency) on skew ratio of
the horizontal hand movement for controls and others suffering from mental illness have
been conducted.
Controls mean reaction time was equal to 2.15s and 5.28s for males and females,
respectively; while they were equal to 7.32s and 7.33s for male and female patients,
respectively. Reaction time was lower for controls compared to that of patients; which
ascertain its dependence on state of health and gender. Controls mean skew ratio was
equal to 36.5 for males and equal to 27.6 for females, while this ratio was equal to 4.9
for abnormal males and was equal to 3.8 for abnormal females respectively. A high
value of skew ratio and a small value of reaction time are indicators of sound hand
movement and hence good health while low values are indicators of poor hand
movement and hence poor health. When gender was considered the skew ratio for
normal males to normal females was found to be as high as 1.32:1, while that for
abnormal males to females was found to be as high as 1.29: 1 which ascertain its
dependence on gender. No relationship was noticed between Skew ratio and Reaction
time.
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1. Introduction:

Therapists use observation to evaluate the movement deficits of subjects with
neurological and muscular diseases. Observation of this kind is used to generate
hypothesis regarding impaired muscle activity due to mental disturbances, and in effect
to form bases for clinical decision about treatment. Studies of this kind are moderately
reliable [1].  A study was conducted by [2] in which the results of an upper-limb
positioning task performed by patient were compared to those obtained from control
participants. Patients tended to undershoot the target to a greater extent than control
participants did, this finding suggests abnormality in the sensory input. [3] Found out
that reaction times for patients were longer than that for controls, which is confirmed in
this study. In a previous work conducted by [4] hand movement was investigated for
adults and was affected by age and gender. It was notices by [5] that the kinematics of
pointing was affected by age. Health assessment based on hand movement is considered
by [6], which is also supported by the work done by [7]. Hand movement is always
accompanied with certain amount of time delay which can be defined as the reaction
time of the hand or the subject response to a certain stimulus; this can vary with the
speed of the hand movement as reported by [8] and [9]. A computer measurement of
latency (reaction time) was reported by [10] who found that it was affected by state of
health, age and gender, Motion of the hand is always accompanied with certain amount
of skew which can be defined as a type of bias or tilt in movement, this skew can be
measured as an angle or an inclination. Path curvature and position of maximum
deviation (angle) from straightness were lower for downward than for upward
movements, angle measured was also found to vary with the speed of the hand
movement, in addition, the position of maximum deviation from straightness became
progressively higher with increase in duration for both upward and downward
movements and is a function of speeds. This study however builds on a previous work
by taking into consideration other parameters such as the skew ratio and its dependence
on latency in an attempt to give a quantitative measure of the effect of state of health
age and gender on hand movement, and to check if such parameters can be used as a
diagnostic tool for human health. It is known that a large reaction time is that caused by
mental retardation due to poor attention and poor hand brain coordination and hence
mental retardation [11]. This research however, postulates that the above mention
parameters reaction time and skew are affected by state of health, gender and age of the
subject conducting the test and also inspect the relationship between them. If this
assumption is made valid then the above parameters can be considered as an important
tool for the assessment of the state of health based on hand kinematics, and for
diagnosing certain diseases such as mental illness and hand tremor especially for people
suffering from multiple scleroses. As far as the collection of data was concerned the use
of electrical transducers was avoided due to the presence of noise [12]. Cinematography
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of electrical transducers was avoided due to the presence of noise [12]. Cinematography
is also avoided due to the time latency induced between shots, which are known to
reduce the accuracy of the test. In contrast a light pen and the personal computer are
used to capture the signal and they suffice for this type of work. The light pen output
depends totally on the agent moving it, which is the hand in this case; Visual Basic 6 is
used as the programming language [13].

2. Method:

2.1. Participants:

Four participant groups took part in this research. The first group comprised 50 Male
controls aged 14 to 67 years. The second group comprised 27 Female controls aged 5 to
49 years. None of the participants reported any skeletomuscular hand or neurological
problems [14]. The third group comprised 58 Male patients aged 10 to 55 years. The
fourth group comprised 43 Female patients aged 6 to 42 years. Participants in all groups
were required to have normal vision. Controls were required to be able to move the
hand freely in both flexion and extension.

2.2. Equipments:

A personal computer, a Table 72cm high and a light pen are used for conducting the
test.  The light pen is a computer interface devices similar in action to the mouse but the
difference is that the light pen is held between the tips of the thump at one end and the
fourth finger at the other end provides a measure of displacement in response to the
lateral hand movement, and is connected to the personal computer through the USB
port.
The table provides the horizontal datum for the hand to rests while performing the test
and keeps the hand at constant height which eliminates extra parameters that might
degrade the results of the experiment. The set up used by [15] for the measurements of
hand latency is used again in this study, with a slight modification made to the software
prepared, to count for the calculations of the newly proposed parameters such as the
skew ratio.

2.3. Procedure:
Participants were shown how to hold the light pen while seated comfortably in front of a
personal computer screen with the hand resting at the surface of the flat table and asked
to move the hand holding the light pen horizontally many time to get accustomed to the
test, in an effort to reduce measurement errors [16]. They were also instructed to keep
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their hand steady while moving it and move it carefully to produce a straight horizontal
trajectory.
A stimulus is used to start the test, which is a line segment that appears on the screen in
front of the participant for a short period, and then disappears, which signals the start of
the test.
The participant is asked to responds to the stimulus by moving the hand holding the
light pen horizontally to match that of the line segment just disappeared, in effect a line
is traced on the screen which resembles the hand movement, the test ends when the
participant releases the light pen. The direction of movement was from right to left.
The hand movement, which is a reflection of the light pen motion, produces a positional
signal, which in turn is transformed into a digital signal suitable for the computer to
work on.

2.4. Analysis:

Reaction time is the period elapsed from the disappearance of the sample line segment
off the computer screen Tsoff to the moment of the onset of hand movement i.e. start of
trace Tton (on the computer screen) as shown in equation 1 :

Reaction Time (ms) = Tton – Tsoff                                                                                (1)
Coordinates of the position of the light pen are recorded by the computer as the true
position of the hand in the form of an array of x and y values for further analysis.
In all cases and for all subjects the hand movement had an either positive or negative tilt
(skew); consequently this skew of the hand is recorded as well as the lateral movement.
Skew ratio as defined by equation 2 below is measured as a function of reaction time
(latency), state of health, age and gender of the subject.
Assuming the starting coordinates of the hand are x(i) and y(i) where x represents the
horizontal coordinate and y represents the vertical coordinate, the index (i) represents a
point in the line through which the hand moves and at the end includes all points
representing the full motion, therefore; the net horizontal to vertical displacement is
given by equation 2:

Skew Ratio=Σx (i)/ Σy (i)                                                                                               (2)
Σx (i) and Σy (i) are horizontal and vertical tilt
For i = 1, 2, 3 to n. where n is an integer represents the last point in the hand trajectory.
Skew ratios and latency are calculated for every subject using the above formulas in
order to check for the validity of any relationship between skew ratio and latency and its
possible dependence on state of health, age and gender.
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This figure shows that skew ratio is not dependent on reaction time at all ages.

3. Results and Discussion:

Normal Males Skew Ratio and Reaction Time as a function of Age
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Figure(1): Male controls Reaction Time and Skew Ratio as a function of Age.

Mean Reaction time was equal to 2.15s (SD = 1.96 s). In general reaction time seems to
increase with age to different degrees. Correlation factor of reaction time with age was
0.48 which ascertain the dependence of these parameters on age.
Mean Skew Ratio was equal to 36.5 (SD = 19.6). Skew Ratio measured fluctuates
independent of age, the correlation factor calculated between Skew Ratio and Age for
this group was equal to 0.09, which proves the slight dependence of skew ratio on age.

Normal Males Skew Ratio as a function of Reaction Time at an increasing
Age
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Figure(2): Male controls Skew Ratio as a function of Reaction Time at an increasing
Age.
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Normal Females Skew Ratio and Reaction Time as a function of Age
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Figure(3): Female Controls Reaction Time and Skew Ratio as a function of Age.

Mean Reaction time was equal to 5.28s (SD = 3.67 s). Both reaction time and Skew
Ratio are not affected by age. Correlation factor of reaction time with age was 0.12.
From Figures 1 and 3 shown above it was noticed that the mean values of the reaction
time for female controls is more than double that for male controls.
Mean Skew Ratio was equal to 27.6 (SD = 13.2). Skew Ratio measured fluctuates
independent of age, the correlation factor calculated between Skew Ratio and Age for
this group was equal to 0.008, which proves the independency between the two
parameters.

Normal Females Skew Ratio as a function of Reaction Time at an
increasing Age
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Figure(4): Female controls Skew Ratio as a function of Reaction Time at an
increasing Age.

Abnormal Males Skew Ratio and Reaction Time at an increasing Age
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Figure(5): Abnormal Males Skew Ratio and Reaction Time at an increasing Age.
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Mean Reaction time was equal to 7.32s (SD = 4.48 s). The mean reaction time was far
higher than that for normal subjects, which indicates that the participant is delaying the
action of moving the hand; this is the result of mental retardation. In a previous study
conducted by [17] it was reported that quick movement of the hand can lead to deviation
in the upward or the downward direction, which are considered as error in the
movement, such deviation are also features of disability. Reaction time did not seem to
vary with increasing age. Correlation factor of reaction time with age was equal to 0.03.
Mean Skew Ratio was equal to 4.9 (SD = 2.6). Skew Ratio measured fluctuates but with
decreasing value as age increased, the correlation factor calculated between Skew Ratio
and Age for this group was equal to –0.36, which suggests that the skew ratio is reduced
with increased age as can be seen from the right hand side of the figure.

This figure shows that skew ratio is independent of reaction time, and especially at
increased age.

Abnormal Males Skew Ratio as a function of Reaction Time at an
increasing Age
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Figure(6): Abnormal Males Skew Ratio as a function of Reaction Time at an increasing
Age.

This figure shows that skew ratio is not dependent on reaction time at all ages. Large
fluctuation is noticed which is more than that measured for other groups.

Abnormal Females Skew Ratio and Reaction Time at an increasing Age
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Figure(7): Abnormal Females Skew Ratio and Reaction Time at an increasing Age.

Mean Reaction time was equal to 7.33s (SD = 3.23 s) and was the highest of all groups.
Hand traces performed were badly affected with vertical deviations this is a sign of
mental retardation [18]. Correlation factor of reaction time with age was equal to 0.12.

Mean Skew Ratio was 3.8 (SD = 2.3). Skew Ratio measured fluctuates with age of the
subjects, the correlation factor calculated between Skew Ratios and Age for this group
was equal to –0.13, which indicates slight reduction of skew ratio with increased age.

Abnormal Females Skew Ratio as a function of Reaction Time at an
increasing Age
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Figure(8): Abnormal Females Skew Ratio as a function of Reaction Time at an
increasing Age.

This figure shows that skew ratio is not dependent on reaction time at all ages. Large
fluctuation is noticed which is more than that measured for control group.

Correlating Skew Ratio and Reaction Time
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Figure(9): Correlating Skew Ratio and Reaction Time as a function of state of health
and gender.

Small values of correlation factor are noticed for all groups which prove that the two
parameters are independent of each other.
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Mean Values of Skew Ratio and Reaction Time
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Figure(10): Mean Values of Skew Ratio and Reaction Time.

This figure is of great importance since it clearly emphasizes six main points:
1- Skew Ratio is high for normal subjects and low for abnormal subjects.
2- Normal males average skew ratios are approximately 7.45 times those calculated for

abnormal males, and normal females average values are approximately 7.26 times
those for abnormal females

3- Points 1 and 2 above justify the role of skew ratio as a diagnostic tool for the
assessment of the state of health.

4-  Skew Ratio is dependent on gender, since normal males average values are
approximately 1.32 times that of normal female subjects, and abnormal males
average values are approximately 1.29 times that of abnormal female subjects.

5- Controls have the lowest reaction time, followed by patients; this is of diagnostic
value too.

6- Skew ratio is independent of reaction time.
These parameters (skew ratio and reaction time) have not been investigated in this sense
before; it might be appropriate to refer to the closest possible related studies such as the
work done on latency of hand movement. [19] considered latency as a function of age
and state of health and reported its dependency on both of them, it can be said that the
results are consistent with the results of that work. Results are also consistent with those
reported by [20] where the central nervous system was found to plan the movement of
the hand. The model therefore is dependent on a combination of sensory and predictive
processes, and measurements based on those may be impaired by poor state of health,
gender and old age. Mentally retarded subjects and elderly subjects maintained low
values of ratios, which
are the result of poor hand mind coordination and other factors mentioned in the study.
[21] considered vertical deviation as a function of age for normal subjects and reported
dependency of deviation on age, it can be said that the results are to a small degree
consistent with that work but the difference is due to the nature of the parameters used,
since in that study a one dimensional analysis was used, while in this study two
dimensional approach was adapted which fully represents the natural hand movement.
Results are more consistent with those reported by [22] where the central nervous
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system was found to operate an internal model in planning movement of hand. With an
intended hand movement the model predicts the
associated deviation, such deviation depends on sensory updating about the
current state of mind [23].

The same effect is noticed with the skew ratio. It can be said that the results are
consistent with the results of others work. Mentally retarded subjects and elderly
subjects maintained high values which are the result of poor hand mind coordination.

4. Conclusions:
Skew ratio and reaction time were independent of each other.
Mental retardation worsens the two parameters of the hand movement.
Skew ratio as a function of reaction time is not affected by age or gender.
System and Software prepared for this work were sufficient for the intended study.
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