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A comparative study of the reaction time and movement time of the horizontal hand 
movement for controls and others suffering from mental illness have been conducted. 

Measurements were taken in the time domain and analyzed using a personal computer 
programmed for this task. Subjects whether controls or patients were asked to draw a line 
of fixed length, through a prescribed horizontal track using the mouse or light pen. The 
reaction time and movement time were recorded for each subject, a ratio of movement time 
to reaction time is proposed as a new parameter for hand movement analysis.  Results of 
tests for controls and patients were compared and proved to be of diagnostic value. 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. Controls 
mean movement time was equal to 1.99s and 3.8s for males and females, respectively; while 
they were equal to 4.41s and 1.53s for male and female patients, respectively. Ratio of 
movement time to reaction time was equal to 0.93 and 0.72 for male and female controls, 
respectively; while they were equal to 0.60 and 0.21 for male and female patients 
respectively. Reaction time was lower for controls compared to that of patients; ratio of 
movement time to reaction time was higher for controls than for patients of the same 
gender. The improvement in ratio for male controls to male patients was found to be as high 
as 1.55: 1, and that for female controls to female patients was found to be as high as 3.42: 
1, which proved its dependence on state of health and gender. Low reaction time and high of 
ratio is an indication of accomplishing a task in a short period of time, an indication of good 
mental response and sound hand movement, hence good health. Parameters mention above 
were all increases with increasing age.  

لأ ددص     اسنتدد   لا يعت د  عىددل اس تسدد ا سزيدد د ا دع ج  اس عددة وا ددع  جردد  اسيد  اسب ددجي  و وجنددا  و بددج  وسدد  نظدد م    اعد 
، تدم  اسضدو ي يث طى   ع  ستص  ي هذا اسنظ م جسم صط أفزي بطوة  عيع بواسط  ته ا اسزىم  0 عزىي   و آصجيع  ص بيع  س يع س

اس عدة  ج ر ندا  ي د   توسدط ا دع   يدث 0ه  د  ت صصديذبديع اندذ ذو  ي د  ا دع اس جرد  واسدذ  تإسدل    س   نسب  ا ع ج  اس عدة
 ..21 ث و 21.5اسزدديم تسدد و   هددذ عىددل استددواسي بين دد  ر نددا  والإندد ث ث سىددذروج 2،55ث و  51.2تسدد و   س يع سددسسلأ ددص   ا

 س يع سدسا ث سىدذروج والإند ث 15.ث و 111.ا دع اس جرد  فرد ع يسد و    توسط، أ    استواسيسىذروج والإن ث اس ص بيع عزىي   عىل 
 .011أ دد  عددع اسنسددب  فر نددا تسدد و   استددواسي،ث سىددذروج والإندد ث اس صدد بيع عزىيدد   عىددل .12. وث  ..1.ويسدد و   عىددل استددواسي

سىددذروج والإند ث اس صدد بيع وعىيدذ فدد ع اسنسددب   .015و  01.0، بين دد  ر نددا تسد و   استدواسيعىددل  س يع سدساسىدذروج والإندد ث  0125و
ا ددع ج  اس عددة سلأ ددص    إسددلاس جردد   ا ددعو دد  اا ا ا نسددب   هددذا 0سلأ ددص   اس صدد بيع هدد هددي أعىددل  ن س يع سددسا   سلأ ددص

 1.5.سىدذروج بين د  ر ندا تسد و   . إسدل 122.استند ،  يث ر نا تسد و   ن د ز جن   ع تىك سلأ ص   اس ص بيع  ع  س يع سسا
 0سلإن ث . إسل
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1. Introduction 

 

Physical therapists use observation to 

evaluate the movement deficits of subjects 
with neurological and muscular impairments. 

Observation of this kind is used to generate 

hypothesis regarding impaired muscle activity 

due to central nervous system damage or 

mental disturbances, and in effect to form 

bases for clinical decision about treatment 

strategies as reported by [1]. Studies of this 

kind are moderately reliable [2].  Main reasons 
for using observational assessment are; ease 

of application, instrumented measurements 

are not appropriate after a neurological injury 

and the thought by therapists that they are 
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skilled for accurately assessing hand 

movement through observation [3].  

A study was conducted by [4] in which the 
results of an upper-limb positioning task 

performed by patient was 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. [5] found out that reaction times for 

patients were longer that for controls, which is 

confirmed in this study. In a previous work 

conducted by [6] hand movement was 

investigated for adults and was affected by age 
and gender. It was notices by [7] that the 

kinematics of pointing was affected by age. [8] 

found that hand movement is affected by 

repetitive use of peripheral devices. Health 

assessment based on hand movement is 

considered by [9], which is also supported by 
the work done by [10].  

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 [11] and [12].  

A computer measurements of latency was 

reported by [13] found that it was affected by 

state of health, age and gender, this study 

however builds on the previous work by taking 
into consideratio other parameters such as the 

reaction time, the movement time as well as 

the ratio of  (the movement time divided by the 

reaction time) which will be referred to 

hereafter as the (ratio), 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 tools for human health. 

 Further consideration of the ratio reveals 

that it is dependent on two components 
(parameters), first is the movement time and 

second is the reaction time, and not a single 

parameter, in that it takes into account both 

of the lag behind (reaction time) and the 

resulting duration of motion (movement 
times), which gives a net response hence a 

large ratio is that of short reaction time and 

vice versa, 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 [5]. 

This research however, postulates that the 

above mention parameters are affected by 
state of health, gender and age of the subject 

conducting the test. 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.  

As far as the collection of data was 

concerned the use of electrical transducers 

was avoided due to the presence of noise [14]. 
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 a mouse are used as 

given by [15], which suffices 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 as given by [16] is used to 

capture, measure, and analyse the data 

together with Microsoft office Excel for 

statistical analysis and presentation of the 
results. 

 

2. Method 

 
2.1. Participants 

 
Four participant groups took part in the 

experiment. The first group comprised 49 Male 

controls aged 14 to 67 years. The second 

group comprised 27 Female controls aged 5 to 

35 years. None of the participants reported 
any skeletomuscular hand or neurological 

problems [17]. The third group comprised 67 

Male patients aged 10 to 55 years. The fourth 

group comprised 39 Female patients aged 6 to 

42 years. Participants in all groups were 

required to have normal vision and to be able 
to move the hand freely in both flexion and 

extension. 

 
2.2. Equipment 

 
A personal computer, a table 72 cm high 

and a light pen or a mouse are used for 

conducting the test.  The light pen provided a 

measure of displacement in response to the 

lateral hand movement, and is connected to 
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the personal computer for the analysis of the 

signal and the presentation of the results. The 

table provided the horizontal datum at which 
the hand rests while performing the test, and 

keeps the arm at constant height, which 

eliminates the presence of possible vertical 

deviation that might degrade the results. The 

set up used by [18] 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 

reaction time, the movement time and the 

ratio (movement time to reaction time). The 
duration measured for each of these 

parameters was based on system timer set to 

count in ms via the software prepared. 

 
2.3. Procedure 

 
Participants were seated in front of the 

personal computer screen with their hand 

holding the light pen relaxed on the table, with 

clear emphases on its freedom to perform 

flexion-extension movement of the wrist joint. 
A stimulus is used to start the test, which is a 

line segment of 10cm long that appears on the 

screen in front of the participant for a period 

of 3s, and then disappears, which signal the 

start of the test and enables the timer. 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 end when the 
participants releases the light pen. 

Participants were given enough time to 

familiarize themselves with set up and the test 

procedure and if wanted to repeat the process 

many time until they become sure of 

performing it correctly. This in effect reduces 
measurement errors [19] and [20]. The 

direction of movement was from right to left, 

each test is repeated twice or three times and 

the average values are taken for improved 

accuracy. 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 

 

The computer records timings for the 
above parameters, in the form of an array for 

further analysis. Reaction time is the period 

elapsed from the disappearance of the sample 
line segment off the computer screen (Td) to 

the moment of the onset of hand movement 
i.e. start of trace (Ts) on the computer screen 

as shown in eq. (1), 
  

Reaction Time (s) = Ts – Td.     (1) 

 

Movement time is the period elapsed from 

the onset of hand movement, i.e. start of trace 
(Ts), to the time the light pen is released i.e. 
end of trace (Te) as shown in eq. (2), 

 
Movement Time (s) = Te – Ts.     (2) 

 

The total Time is the time elapsed from the 

disappearance of the sample line segment off 

the screen (signaling the start of test), to the 
time the hand stops moving i.e. end of trace 

and hence end of test), and is therefore equal 

to the sum of Reaction Time and Movement 

Time as shown in eq. (3), 

 
Total Time (s) = (Ts-Td) + (Te-Ts).    (3) 

 
      = Te-Td.       (4) 

 

The last parameter to be calculated is the 

ratio between the movement time and the 
reaction time, which is dimensionless as 

shown in eq. (5). 

 
Movement Time/Reaction Time=(Te-Ts)/(Ts-Td). 

(5) 

 
Test session lasted approximately 10 

minutes including the trial period. Above 

parameters were calculated for every partici-

pant using the above formulas, and the 

results of each group were plotted as a 

function of state of health, gender and age, in 
order to check for the validity of the assump-

tion made earlier in the introduction of the 

possibility of the dependence of each of the 

parameters (reaction time, movement time and 

their ratio) on state of health, age and gender. 
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3. Results and discussion 

 
The mean values of the tests parameters 

for the participants are given in figs. 1 through 

8. 

Mean Reaction time was equal to 2.15 s 

(SD = 1.96 s). Mean movement time was equal 

to 1.99 s (SD = 1.36 s). It can be seen from the 
figure that reaction time values are close to 

the movement time values, they differ by only 

8% from each other, both values are small 

except for control aged 76 years whose 

reaction time was 12 s, which was due to old 
age, the same was noticed for controls aged 

34,42 and 52 years. In general both reaction 

time and movement time seem to increase 

with age to different degrees. Correlation 

factor of reaction time with age was 0.48 while 

that for movement time with age was 0.09, 
which ascertain the dependence of these two 

parameters on age. 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 
 
 

Fig. 1. Male controls (reaction time and movement time) as a function of age. 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 
 
 
 

 
Fig. 2. Male controls (movement time to reaction time) as a function of age. 

Mean value of movement to reaction time 

was equal to 0.93 (SD = 0.69). This figure 

shows that the magnitude of the Ratio of 

(movement time to reaction time) fluctuating 
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in the range 0.1 to 3.9. Eliminating the two 

extreme values of 3.2 and 3.9 makes the mean 

value close to mid rang of the data. Ratio is 
less than 1, which indicates that the reaction 

time is greater than the movement time of the 

hand trajectory. It might be said that if the 

line traced by the participant is stretched then 

the movement time would be increased to 

exceed that of the reaction time elapsed, and 
hence the ratio will be greater than 1, this is 

actually possible but, as the line to be traced 

should be of fixed length and all participants 

are asked to reproduce it without modification 

to its length then the results are considered as 
standardized and values obtained are 

assumed true for this test under this 

condition. Correlation factor of the Ratio with 

age was equal to 0.17, which indicates slight 

dependency. 

Mean Reaction time was equal to 5.28 s 
(SD = 3.67 s). Mean movement time was equal 

to 3.8 s (SD = 5.7 s). It can be seen from the 

figure that reaction time values are close to 

the movement time values apart from that 

noticed for certain cases such as participants 
aged 5, 21, 25 and 35 years.  Control aged 35 

years had a sharp increase of movement time. 

Both reaction time and movement time seem 

to increase with age to different degrees. 
Correlation factor of reaction time with age 

was 0.12 while that for movement time with 

age was 0.28, which ascertain the dependence 

of these two parameters on age. From Figs. 1 

and 3 shown above it was noticed that the 

mean values of the reaction time for female 
controls is more double that for male controls, 

while the movement time for female controls 

was slightly less than double that for male 

controls. 

Mean value of movement to reaction time 
was equal to 0.72 (SD = 1.55). This figure 

shows that the mean values of the Ratio were 

fluctuating in the range 0.1 to 4.4. Mean ratio 

was less than 1, which indicated that the 

reaction time is greater than the movement 

time of the hand trajectory. Correlation factor 
of Ratio of (movement time to reaction time) 

with age was 0.19, which indicates slight 

dependency. From Figs. 2 and 4 shown above 

it is noticed that the mean ratio for female 

controls was 77% of that for male controls.          

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 
Fig. 3. Female controls (reaction time and movement time) as a function of age. 
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Fig. 4. Female controls (movement time to reaction time) as a function of age. 

 

Mean Reaction time was equal to 7.32 s 

(SD = 4.48 s). Mean movement time was equal 
to 4.41 s (SD = 4.15 s). The mean reaction 

time was far higher than that for the 

movement time, 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 

[15] 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. Both 
reaction time and movement did not seem to 

vary with increasing age. Correlation factor of 

reaction time with age was equal to 0.03 while 

that for movement time with age was equal to 

0.06, which ascertain the independence of 
these two parameters on age. 

Mean value of movement to reaction time 

was equal to 0.6 (SD = 0.86). This figure 

shows that the magnitude of the Ratio is 

fluctuating in the range 0.1 to 5.8, which is 

more than that measured for other groups. 
Mean ratio was less than 1, which indicated 

that the reaction time is greater than the 

movement time of the hand trajectory and 

hence poor tracking. Correlation factor of 

Ratio with age was 0.16, which indicates 
slight dependency. From figs. 2 and 6 shown 

above it is noticed that the mean ratio for male 

controls was 55% better than that for male 

patients. 

Mean Reaction time was equal to 7.33 s 

(SD = 3.23 s) and was the highest of all 

groups. Mean movement time was equal to 

1.53 s (SD = 1.14s) and was lowest least of all 
groups. Hand traces performed were badly 

affected with vertical deviations.  The reaction 

time is far higher than the movement time, 

which indicates that the participant is 

delaying the action of moving the hand; this is 
a sign of mental retardation [21]. Both 

reaction time and movement increased with 

increasing age. Correlation factor of reaction 

time with age was equal to 0.12 while that for 

movement time with age was equal to 0.05. It 

was found that mean reaction time was 75% 
slower than that measured for male controls. 

Mean value of Ratio was equal to 0.21 (SD 

= 0.35). This figure shows that the magnitude 

of the Ratio is fluctuating in the range 0.1 to 

2.65, if the extreme value of 2.65 is eliminated 
then the range is reduced to 0.1 to 0.8, and 

hence the mean value become closer to mid 

range of the data. Results were consistent 

with those reported by [22], who suggested 

that the central nervous system is responsible 

for the operation of an internal model in 
planning movement of hand. This value of 

Ratio is the least to be measured amongst all 

groups. Ratio was dependent on age as the 

correlation factor was equal to 0.23. From figs. 

2, 4, 6 and 8 it can be said that female 
patients had the poorest performance, since 

their reaction time was slow and their 

movement time was fast which resulted in this 

value of low ratio. 
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Fig. 5. Male patients (reaction time and movement time) as a function of age. 

 

 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 

Fig. 6. Male patients (movement time to reaction time) as a function of age. 

 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

Fig. 7. Female patients (reaction time and movement time) as a function of age. 
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Fig. 8. Female patients (movement time to reaction time) as a function of age. 

 

This figure shows that male controls 

reaction time was 30% of that for male 

patients, while movement time was 45% of 
that for male patients and ratio of movement 

to reaction time was 155% of that for male 

patients. 

The reduced value of reaction time for 

controls proved that they can respond with a 

high degree of alertness, concentration and 
(vision and hand coordination), compared to 

male patients whose reaction time was slow 

which suggests lack of concentration and poor 

vision hand coordination, as reported by [23]. 

The high magnitude of the ratio for 
controls compared to that for patients is of 

great importance because, first it proved that 

it is dependent on state of health, and second 

because of its dependence on both of the 

reaction time and the movement time, and not 

on one of them separately, so that if one is 
affected by any of the previously mentioned 

factors (health, age or gender) then the other 

is also affected and hence the net value is 

mathematically more sensible since it takes 

the mean. 
This figure shows that female controls 

reaction time was 72% of that for female 

patients, while movement time was 240% of 

that for female patients and ratio of movement 

to reaction time was 340% of that for female 

patients. The lower reaction time of controls 
compared to patients agreed with previous 

findings, but movement time was shorter for 

patients, this is due to cerebellar diseases, 

and inaccuracy of the ballistic movement as 
being reported by [21]. The high magnitude of 

the ratio for controls compared to that for 

patients proved its dependency on state of 

health. 

This figure compares the mean values of 

the different parameters considered in the 
study. 

Certain point can be seen from the results 

shown such as: Male controls have the lowest 

reaction time, followed by female controls, and 

then came male patient and finally female 
patients. Similar behaviour was noticed with 

movement time is investigated, except that the 

value of the female patients were lower than 

that for all other groups for no obvious reason 

up to our knowledge, even though their ratios 

were still consistent with those of other 
groups, that is male controls had the highest 

values then came female controls, then male 

patients and finally came female patients.  

Reaction time, movement time and ratio 

were all increased with increasing age of the 
participants, as proved by the correlation 

factors shown below in table 1.  

Ratios of movement time to reaction time 

were higher for males than those for females, 

therefore it can be said that ratio is dependent 

on gender. 
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Fig. 9. Mean values of (reaction time, movement time and movement time / reaction time) as a function of state of health. 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

Fig.10. Mean values of (reaction time, movement time and movement time / reaction time) as a function of state of health. 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 
 
 

Fig. 11. Mean values of (reaction time, movement time and movement time/ reaction time) as a function of state of health. 
Table 1 A comparison of the correlation factors for reaction time 

with age, movement time with age and (movement time / 
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reaction time) with age, as a function of state of health 
and gender.  

 
Group 

 

Correlation 

factor of  
Reaction time 
with age 

Correlation 

factor of  
movement 
time with 

age 

  Correlation  

  factor of  
  ratio with  
  age 

Male 
controls 

0.48 0.09   0.17 

Male 

patients 

0.03 0.06   0.16 

Female 
controls 

0.12 0.28   0.19 

Female 

patients 

0.12 0.05   0.23 

 

Some of these parameters have not been 

investigated before this study such as the 

ratio of movement time to reaction time, 
therefore; it might be appropriate to refer to 

the closest possible related studies such as 

the work done on latency of hand movement. 

[24] 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 [22] where the central 

nervous system was found to plan movement 

of 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. 

 

4. Conclusions 

 
Male controls have the lowest reaction 

time, followed by female controls, and then 

came patient males and finally patient 

females. Similar behaviour is noticed when 

movement time was investigated, except that 

the value of the female patients were lower 
than that for all other groups for no obvious 

reason up to our knowledge, even though their 

ratios were still consistent with those of other 

groups, that is male controls had the highest 

values then came female controls, then male 
patients and finally came female patients. 

Reaction time, movement time and ratio were 

all increased with increasing age of the 

participants, as proved by the correlation 

factors calculated. Ratios of movement time to 
reaction time were higher for males than those 

for females, therefore it can be said that ratio 

is dependent on gender. Results proved that 

mental retardation worsen hand movement, 

and hence the low values obtained for ratios. 

The three parameters investigated proved to 
be useful for the diagnoses of the state of 

health. Outcome of this work fulfilled the 

postulate made earlier in the introduction that 

hand movement is affected by state of health, 

gender and age of the participant. System 
prepared for this work (Personal computer, 

Software, Light pen and mouse) was sufficient 

for the intended purpose, in addition to its fast 

response, ease of use and data manipulation 

and presentation.  
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Appendix  

 
Option Base 0, 

Private Sub Form_MouseDown(Button As 

Integer, Shift As Integer, X As Single, Y As 

Single), 

Timer1.Enabled = True :ti(z) = Label6.Caption 
End Sub, 

Private Sub Form_MouseMove(Button As 

Integer, Shift As Integer, X As Single, Y As 

Single), 

If Button = 2 Then :tiD(tp) = Label6.Caption, 

End If, 
nu = nu + 1:Tmlat = (tiD(1) - tistart), 

Text2.Text = Tmlat / 100:Text2.Enabled = 

False, 

End Sub, 

Private Sub Form_Mouseup(Button As Integer, 
Shift As Integer, X As Single, Y As Single), 

ti(z) = Label6.Caption:tiD(tp) = Label6.Caption, 

Timer1.Enabled = False:Tme(z) = (ti(z) - ti(z)) / 

100, 

MOtTi = Tme(z):z = z + 1:movti = 0, 
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For pn = 0 To tp:movti = tiD(pn) - tiD(1), 

Next:movti2 = movti / 100, 

Print movti2:End Sub, 
Private Sub mnuAnalysis_Click(), 

For pn = 0 To tp:tiV(pn) = (tiD(pn + 1) - 

tiD(pn)), 

tiV(pn) = FormatNumber(tiV(pn), 4) / 100, 

If tiV(pn) = 0 Then:tiV(pn) = tiV(pn) + 0.001, 

tiV(pn + 1) = tiV(pn) + 0.002:End If, 
Combo1.AddItem tiV(pn):Next, 

Visible = False:Call Cls:End Sub, 

Private Sub mnuTime_Click(), 

For pn = 0 To tp, 

tiV(pn) = (tiD(pn + 1) - tiD(pn)), 
tiV(pn) = FormatNumber(tiV(pn), 4) / 100, 

If tiV(pn) = 0 Then, 

tiV(pn) = tiV(pn) + 0.01, 

tiV(pn + 1) = tiV(pn) + 0.02, 

End If, 

Next:End Sub:Private Sub mnuTime(), 
On Error GoTo divideByZeroHandler, 

Call Cls;Print " Motion is represented in:   "; tt; 

"  Points", 

Print " Latency in seconds is:      "; Tmlatency 

/ 100, 
Print " Time of motion in Seconds is:        "; 

For co1 = 0 To z – 1: Tme(co1) = 

FormatNumber(Tme(co1), 3), 

Print Tme(co1):Next, 

Print movtim2:motionT = movtim2 + 

Tmlatency / 100, and 
Exit Sub, 

divideByZeroHandler: 

Label1.Caption = "Attempted divide by zero" 

Exit Sub:inputhandler: 

Label1.Caption = "Attempted divide by zero" 
End Sub 
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