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A b s t r a c t . Making use of the earlier designed computer tests assessing the hand dexterity, a study was 
performed in which the time of task completion was measured in a group of 88 mentally impaired children 
aged 7-15 and a group 86 of control children. Al l the children were also asked to take two types of 
psychological tests: Wechsler test subscales blocks and puzzles and Bender-Santucci test. Results of 
the computer tests discriminate these groups of children, indicating statistically significant differences 

1. INTRODUCTION 

Mental retardation refers to the group of psychic disturbances, manifested as lower than 

average intellectual skill and capability of social adaptation. The basic criterion of diagnosing 

mental impairment is the f lowing intelligence index (IQ) defined as the ratio of the age intel-

ligence to the calendar age multiplied by 100. The flowing intelligence, being biologically deter-

mined, is independent of cultural factors. Measurement of f lowing intelligence provides 

the information on potential abilities and allows an assessment of the chances of development of 

the individual at the optimum motivation and optimum environmental stimulation. 

Mental impairment is manifested in different way in different children so its proper recogni-

tion should be performed taking into account the four factors of the conception of development: 

- genetic factors determining the development of the central nervous system, 

- child activity, 

- the ef fect of environment, 

- the ef fect of upbringing. 

Diagnostics of mental retardation is difficult and demands careful distinction from environ-

mental neglect, dementia or psychosis. Mental impairment is characterised not only by lower than 

the control group point to a relatively high correlation between the computer test results and those of 

psychological tests. The sensitivity and specificity analysis is also presented to show that the computer tests 

fulf i l the criteria for a screening test. 

between the corresponding mean values. The values of the Pearson coefficient for 
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average level of cognitive, intellectual and performance processes but also emotional processes. 

Correct diagnosis should take into account individual, clinical and social indices. It is estimated 

that mental impairment appears in 1-2% of the population. Mild mental retardation is met in 90% 

cases. According to the Wechsler's scale, mild mental retardation is described by IQ index from 

50 to 69. 

Recently, computer tests checking manual performance have been developed [1, 2] in which 

the subjects are asked to execute 6 functional tests using the mouse. The pace and precision of 

task performance is recorded on a hard disk. The study on a sufficiently wide sample has been 

performed, which enabled a determination of age standards for school-age children, the tests have 

been also verified as to their test-retest reliability [3], 

The main aim of the study was the development of a method of computer-aided assessment 

of eye-hand coordination in children with mild mental retardation and checking the possibility 

of its prospective diagnostic applications. 

The hitherto used psychological methods allowing assessment of eye-hand coordination are 

time-consuming and demand the engagement of professional psychologists. The method proposed 

here is easy, friendly for children and possible to be administered by school medical staff. The 

results can be viewed on a computer monitor screen during the test performance. 

The subjects of the study were 174 children including a control group of 88 (43 boys and 45 

girls) of normal mental development. The group of children diagnosed with mild mental 

retardation (MMR) included special school pupils. The group comprised 86 children (43 boys and 

43 girls) aged 7-15. The subjects were selected from among volunteers and the study was 

performed under expressed parents' consent. 

Table I presents the age structure of the control group, where M stands for boys and F for 

girls. The mean age (mv) and standard deviation (SD) are also given. The children diagnosed with 

mental impairment were characterised with poorer than average mental abilities, impaired 

physical and social development. The latter characteristics are in general a consequence of their 

worse developmental conditions in the biological and social sense as a population. 

2. THE AIM OF THE STUDY 

3. MATERIAL AND THE METHOD 

Table I. The age and sex structure of the groups of subjects 
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In our MMR group, three types of impairment can be distinguished: biological, social and 

educational [4-6], As a result of relationships in the psychic structure and between psyche, or-

ganism and environment - the occurrence of some deficiencies, defects or functional dysfunctions 

implied certain negative consequences. The children were qualified to special schools on the basis 

of a thorough psychological examination at the Psychological-Pedagogical Unit. The intelligence 

quotient (IQ) determined by the Wechsler test was in the range 69-58. The data on the health 

status of the children were collected f rom the school medical documentation and f rom the rele-

vant paediatrician. The information on the family environment was obtained through a question-

naire study. 

Only 5% of the children were diagnosed with anomalies in central nervous system, which 

could be related to mental retardation. Only in a few percent of cases the aetiology of this type 

of impairment can be established because usually it cannot be traced to a single etiological factor. 

A significant role in the aetiology of this type of impairment play the family factors, including 

genetic ones, and the environmental factors. It has been estimated that about 80% of cases of mild 

mental retardation appeared on the family-cultural background. Over 90% of cases of mild mental 

retardation occur in children from lower social strata and the correlation between the intelligence 

of the parents and the children is ~0.5, while in the cases of more severe mental retardation this 

correlation is close to 0. The level of the parents' education determines the possibilities of 

employment and the standard of living. In the population studied over 90% of parents had in-

complete elementary education, elementary education or vocational training. The level of un-

employment reached for fathers 20%, whereas for mothers almost 50%; 5% of fathers and 7% 

of mothers received health or social benefits. 

The children with mental impairment were also characterised by poorer physical development, 

and were usually smaller than their healthy peers. Other often met disorders were faulty posture 

(69%) and vision defects (25%). 

Prior to taking up computer tests the children were carefully instructed on the way of exe-

cution of particular tasks and were allowed to some trial tests in order to comprehend the action 

of the computer mouse. After the preliminary preparation the children were asked to perform 

the tests and each test was repeated three times. The following statistical analysis was made of 

the mean values from the three measurements. The tests were performed at random sequence in 

order to avoid the effect of selectivity of the samples. The children from the control group were 

asked to perform three tests with each hand and after one week the other three tests. The children 

with mental impairment were asked to perform all the tests with only the dominant hand on one 

occasion. 

The children were also examined by a paediatrician [7] following the protocol of balance 

examination of children aged 6 , 1 0 , 1 4 and 18, and of clinical examination - including the des-

cription of possible chronic diseases and assessment of physical development. 

In order to verify the indications of the computer test, the members of both groups were 

subjected to traditional psychological tests (Wechsler), and Bender in the version proposed by 
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Santucci [8-10], The Wechsler test is commonly used for assessment of the intelligence quotient 

in order to e.g. estimate the school maturity. The test is composed of two parts with and without 

the use of words. For the sake of comparison with the computer test results, two subscales 

allowing the assessment of eye-hand skills (blocks and puzzles) were used. The tests were not 

used for clinical assessment so it was not necessary to perform the whole test [8-11]. The Bender-

Santucci test involves copying certain figures and has been often used for assessment of eye-hand 

functions. 

4. RESULTS 

Statistical analysis was carried out using the program InStat made by GraphPad and Statistica 

by StatSoft. Earlier study has shown [1] that to ensure the normality of the distribution and 

uniformity of variation, the computer data should be transformed. That is why statistical analysis 

was performed here for natural logarithm of the real mean values of three measurements 

performed in the experiment. 

The first stage of statistical analysis was to verify the correlation between the computer test 

results and psychological tests results in the control group (Table II) and in the group of mentally 

impaired children (Table III). The first column of the tables presents the names of the tasks 

performed on a computer. The next column gives the Pearson coefficients (rP) calculated for 

the correlation between the results of the computer tests and the Wechsler test - blocks. The third 

column presents the p-values obtained in the test that verify if the Pearson coefficient is 

statistically significantly different from zero. The fourth column gives the Spearman correlation 

coefficients (rs). The next three columns present the results of the correlation with the subscale 

puzzles and the last three - with the Bender-Santucci test results. 

Table II. The Pearson (rP) and Spearman (rS) correlation coefficient values of the correlation 
between the psychological tests and computer tests in the control group and p-value 

of the test for statistical significance of the Pearson coefficient being different from zero 
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Table III. The Pearson (rP) and Spearman (rS) correlation coefficients between the results 

of the psychological tests and computer tests in the group of mentally impaired children, 

and the p-value of the test checking if the Pearson coefficient 

is statistically significantly different from zero 

Analysis of the data for the control group has shown a strong correlation between the raw 

results of the psychological tests and the computer tests (p-value < 0.0001). Only the correlation 

between the test Centres and the psychological tests was intermediate (rP = 0.40 for Wechsler -

blocks, rP = 0.35 for Wechsler - puzzles and rP = 0.44 for Bender-Santucci test). The strongest 

correlation with the results of all the three psychological tests was found for the results of the test 

Board (the Pearson correlation coefficient varied from 0.52 to 0.57). The Spearman coefficient 

value for all manual manipulations is for the Wechsler test - blocks 0.48 < rS < 0.63, for 

the Wechsler test - puzzles 0.37 < r s < 0.53 and for the Bender-Santucci test 0.44 < r S < 0.60, 

which also indicates a statistically significant correlation among the results. As follows f rom 

the data in Table III, the correlation between the results of psychological tests for MMR children 

and the logarithms of the mean times of computer tests performance was weaker. The highest 

correlation was found for the tests Blocks and Board with rP taking values 0.51-0.60 and 0.43-

0.51, respectively. The correlation between the logarithms of times of the Circle test performance 

and the results of Wechsler-puzzle test and Bender-Santucci test was poor and statistically 

insignificant. The Pearson coefficient was 0.2048 for the level of significance 0.0633 and 0.1326 

for the level of significance 0.2321. No statistically significant correlations (p-value > 0.05) were 

found for the computer test Centres (0.04 < r P < 0.13). Statistical significance of the differences 

in the computer test results between the MMR children and those from the control group was also 

checked. The groups studied were divided into three subgroups according to age: 7-8, 9-11 and 

12-15. The number of mild mentally impaired children age 7-8 was too small so that for 

this group the calculations were abandoned. The results are presented in Table IV. 
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Table IV. Logarithms of mean times of computer test completion and mean times of computer test 

completion for the dominant hand, p-values of t-Student test checking the statistical significance 

between the results for children in the age groups 9-11 and 12-15 

The first column of Table IV gives the names of the tests. The second and fourth columns 

present the logarithms of the mean times of computer tests completion for the age group 9-11 for 

M M R and control group children. The third and fifth columns contain the times of tests com-

pletion in seconds. The next four columns give the corresponding data for the age group 12-15. 

The last column includes the p-values of the t-Student test. Prior to statistical analysis the results 

obtained for the control group were compared with the standards given in Table II of [1]. On 

average, the children from the control group completed the tests in shorter time, however within 

the upper limit of the normative data. 

Our important result is that the difference in the task completion time obtained for M M R 

children and for those from the control group is statistically significant for both age groups 

(Table IV). The p-value of the t-Student test was much lower than the level of significance 

(p < 0.0001). In most cases MMR children performed the tests in twice longer times than the 

children from the control group. This study shows that computer tests can discriminate between 

children with normal and retarded development and implies the construct validity of our tests. 

Table V presents the results of a detailed correlation analysis between the psychological tests. 

It was performed on the basis of the data obtained for the MMR children and the control group. 

The first column specifies the tests between which the correlation is studied. The second column 

includes the Pearson coefficients (rP) calculated for the control group, the third one comprises 

the p-value checking the statistical significance of rP being different from zero, and the fourth one 

gives the Spearman con-elation coefficients (rS). The last three columns present the corresponding 

data for MMR children. 

From Table V it follows that a strong and statistically significant positive correlation was 

obtained between the results of the psychological tests (p-value < 0.0001). The Pearson 

coefficient was 0.74 < rP < 0.83 for the control group and 0.71 < r P < 0.75 for the MMR children. 

High values of the Spearman coefficient also prove a strong correlation. 
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Table V. The Pearson (rP) and Spearman (rS) coefficient values characterising the correlation 

between the results of Wechsler tests (puzzles, blocks) and Bender-Santucci tests for the children 

with mild mental retardation and the control group, p-values of the t-Student test checking 

the significance of the Pearson coefficient being different from zero 

In our study we would like to check if the computer tests could be used to asses the eye-hand 

coordination, referring to the criterion-related model. The corresponding Pearson coefficients, 

showing the strength of the correlation with the psychological eye-hand coordination tests, are 

collected in Table III. It is important that the correlations are statistically significant, but the pro-

per measure of the criterion validity is the determination coefficient r2
P. The determination 

coefficient (r2
P) shows how much variability of computer test results is caused by changes in 

the hand-eye coordination. For our tests the determination coefficients range between 0.16 and 

0.32. There is no sharp commonly accepted value as the lower bound. If we assumed rP = 0.5 (as 

is often the case and gives r2
P = 0.25), then only 3 of our tests would fulfil the condition for the 

criterion-related validity. However, lowering the barrier to rP = 0.45, which corresponds to 

r2
P = 0.20, all our tests are criterion valid with only one exception for Centres. We can now 

compare these results with the corresponding inter-correlations for the psychological tests given 

in Table V. We find only in one case r2
P = 0.69, whereas in the remaining cases 

Having checked that the computer tests display the criterion validity with respect to the psy-

chological test of the eye-hand coordination at least on the moderate level, we can discuss if they 

can be applied for screening purposes. We have adopted the following procedure. 

Performing the traditional tests utilized in Psycho-Pedagogical Clinics (Wechsler-subtest 

blocks and puzzles, Bender-Santucci test and some extra examination - if necessary), the school 

psychologists were also asked to assess if visual-motor (hand-eye) coordination of a given child 

was normal or abnormal. Then the diagnostic validity of the computer tests was checked by 

sensitivity and specificity [12-14] examination. The sensitivity means a ratio of a number of 

subjects with a positive computer test result to all those with abnormal behaviour. Specificity has 

been defined as a ratio of number of subjects with negative test results to those whose visual-

motor coordination in the traditional psychological tests is normal. 

Those two characteristics of a test (sensitivity and specificity) depend on criteria for test norm 

selected. The highly sensitive test is also characterized by low specificity and vice versa. If 

the norm means the result contained within ±1 standard deviation, then sensitivity of respective 

computer tests is f rom 24.4 to 54.8% (see Table VI). 



Table VI. The values of sensitivity and specificity calculated for five different values of norm's width 
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Detailed sensitivity and specificity analysis for the corresponding tests with respect to varied 

fraction of the standard deviation, is given in Table VI. The first column of Table VI presents 

the test 's names. The second and third contains the values of sensitivity and specificity for the 

norm calculated using formula In t ± 1/3 of the standard deviation (SD) . Next columns give the 

sensitivity's and specificity's values calculated respectively for 1/2, 3/4, 1, and 2 of standard 

deviation. The values of norms were determined using the standards previously published [1]. 

The selection of cut-off values for screening tests is difficult. However, taking into account 

that the test is meant for monitoring as well as that it could used in schools for mentally retarded 

whereby high specificity is required, we suggest taking 3/4 of standard deviation as norm for fur-

ther use. Depending on the task, the values of sensitivity vary then f rom 39 to 63%, whereas 

the corresponding specificity values reach the level f rom 65 to 84%. 

5. CONCLUSIONS 

The results of all computer tests in the group of mild mentally retarded children are statisti-

cally significantly different from those obtained in the control group. 

Apart f rom one case, the task-completion time of the computer tests is highly correlated with 

the results of the psychological tests, yielding moderate criterion-related validity for the asses-

sment of the eye - hand coordination. 

The proposed computer tests might be applied as simple screening tests for checking the eye-

hand coordination, selecting as a cut-off the corresponding mean value ± 3/4 SD. 
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