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The objective of this study was to differentiate the attention patterns associated with 
attention deficit disorder with or without hyperactivity using continuous performance 
test (CPT). The diagnoses were based on the DSM-III, III-R, and IV criteria and of the 39 
children who participated in the study, 14 had attention deficit disorder with hyperactivity 
(ADDH) and 11 had attention deficit disorder without hyperactivity (ADDWO), while 14 
normal children served as a control group. Attention patterns were examined according 
to the performance of subjects on the CPT and parental scores on the ADHD Rating 
Scale, the Child Attention Profile, and the Conners Rating Scale. CPT performances were 
assessed before and after administration of 10 mg methylphenidate. We found as 
hypothesized that the CPT differentiated between the ADDH and ADDWO groups. 
However, contrary to our expectations, the ADDH children made more omission errors 
than the ADDWO children; they also showed more hyperactivity and impulsiveness. The 
performance of both groups improved to an equal degree after the administration of 
methylphenidate. It is conluded that different subtypes of the attention deficit disorders 
are characterized by different attention profiles and that methylphenidate improves 
scores on test of continuous performance. 
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INTRODUCTION 

The clinical picture of attention deficit, excessive motor activity, and impulsiveness is a common finding 
among children referred to psychological clinics. Nevertheless, despite the extensive research in this area, 
both the diagnosis and the complexity of attention deficit disorder remain unclear. Some definitions of 
attention deficit disorder focus on hyperactivity as the central factor, and others, like that of the DSM-III, 
emphasize the attention deficit and impulsiveness.  

According to factor analyses, the symptoms of attention deficit disorder reflect two independent 
dimensions: (1) hyperactivity and impulsiveness, and (2) attention deficit, disorganization, and difficulty 
in completing tasks. On cluster analyses, these dimensions significantly matched the independent DSM-
III diagnoses of attention deficit disorder with hyperactivity (ADDH) and attention deficit disorder 
without hyperactivity (ADDWO)[1]. Furthermore, there is clinical evidence that many children referred 
to health services because of developmental problems, especially in academic and social fields, suffer 
from attention deficit but not from hyperactivity. This is supported by findings of significant differences 
not only in the main symptomatology of attention deficit disorder, but also in cognitive behavioral, 
emotional, and family patterns[2].  

Barkley[3,4] found that although the salient symptom of both types of attention deficit disorder is 
short attention span — as reported by teachers and mothers and as documented in clinical reports[2] — 
the specific attention difficulties vary. Children with ADDH show behavioral disorganization and 
disinhibition, i.e., difficulties in preserving attention, whereas children with ADDWO show lower 
cognition and inward-directed attention, i.e., difficulties in focusing attention[3,5,6]. ADDH children have 
been found to be nervous, unreliable, reckless, distractible, and easily fatigued, and to work in a 
disorganized manner, while ADDWO children are confused, dreamy, indifferent, lazy, and slow, and 
show poor motivation and difficulties in completing a task[4,7,8]. Patients with ADDWO performed 
worse than those with ADDH on the coding subtest of the Wechsler Intelligence Scale for Children - 
Revised. They also had poorer consistent recall of verbal material from memory, but fewer problems with 
behavior unrelated to the task when the task was long and alertness was needed[4]. In their examination 
of the hyperactivity-impulsiveness factor, Lahey et al.[1] reported that both attention deficit disorder 
groups showed more restlessness and frustration than normal children, but the symptoms of the children 
with ADDH were related directly to impulsiveness, and of the children with ADDWO, to disorganization. 
Thus, children with ADDH act before they think and often change activity, and children with ADDWO 
often lose things, need more mentoring, and seem more inattentive than children with ADDH. As for the 
hyperactivity factor, compared to children with ADDWO, children with ADDH are more hyperactive[2] 
and more talkative, and they have a greater tendency to engage in dangerous activity[9]. 

These differences in hyperactivity-impulsiveness between the attention deficit disorder subgroups 
point to a difference in their related behavioral-emotional profiles. Children with ADDH are aggressive 
and have behavioral problems, whereas children with ADDWO are shy and have anxiety problems[10]. 
The first group has been found to lack feelings of guilt, and the second suffers from depression[11]. 
Though children of both groups are rated as "less wanted" by their peers[12], ADDH children are less 
popular than ADDWO children[13]. Lahey and Carlson[10] also found that the pattern of undesirability is 
different between the groups: ADDH children are socially rejected whereas ADDWO children withdraw 
themselves from their peers. Both groups also show worse neurocognitive functioning than normal 
children[14], but ADDH children have more difficulty than ADDWO children in changing strategy 
according to the task[15], and they show more neurological abnormalities[14]. ADDH children have more 
problems with speech, whereas ADDWO children have more problems with language[2]. 

Family quarrels and a tendency to psychiatric disorders among mothers are more common in the 
ADDH group[2]. Relatives of ADDH children have a higher rate of attention deficit disorder and 
substance abuse than those of normal children, while relatives of ADDWO children have more anxiety 
and learning disorders. There are also differences in medical history. Early developmental evaluation 
shows ADDH children to be more active and stubborn, and ADDWO children to have low motor 
coordination[4]. In addition, ADDH appears to be a consistent disorder which often evolves into a 
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behavioral disorder, whereas ADDWO is unstable over long periods and frequently evolves into an 
emotional disorder[2]. Differences in response to medication are less clear. Cantwell and Baker[2] found 
no difference in the effect of Ritalin between the attention deficit disorder groups, though others[3,4] 
reported that ADDWO children react better to low doses of Ritalin and ADDH children react better to 
high doses. 

In summary, much of the literature points to distinct disorders of attention deficit, with the difference 
not limited to the demonstration of hyperactivity symptoms. A few empirical studies have been conducted 
on these differences, but they were limited by methodological problems: small number of subjects, lack of 
control of sex and age variables, and unreliable measurements based on evaluations of teachers and 
parents[10], which did not differentiate attention problems from other overt behavioral problems and 
placed too much stress on the identification of behavioral problems and hyperactivity[16]. The present 
study was prompted by the need for a reliable tool to better identify the differences between ADDH and 
ADDWO. The DSM-III-R and DSM-IV were released after we started our study, so the results were 
expanded to include the division of the study groups by these diagnostic categories as well.  

The Test of Variables of Attention (TOVA), a computerized continuous performance test, has been 
found to be effective in differentiating between children with attention deficit hyperactivity disorder 
(ADHD) (DSM-III-R definition) and normal children[16]. In this study, we examined the reliability of the 
TOVA in differentiating children with ADDH from children with ADDWO. We hypothesized that the 
TOVA would be susceptive to the formation of specific profiles of attention deficit according to the 
subcategories defined by the DSM-III. We assumed that attention variables loaded with impulsiveness 
and heterogenic reactions would be more characteristic of the difficulties of children with ADDH, and 
variables loaded with confusion and slowness would more accurately characterize children with 
ADDWO. For further confirmation, the outcome of the TOVA was matched with parental scores on the 
ADHD Rating Scale, Child Attention Profile (CAP), and Conners Rating Scale. We further hypothesized 
that the ADDH group would have lower overall scores than the ADDWO group on these questionnaires, 
with no intergroup differences in attention, but higher scores for hyperactivity-impulsiveness for the 
ADDH children. Finally, in light of the current debate on the influence of methylphenidate (Ritalin) on 
attention disorders, we retested the children after administration of the drug. We hypothesized that both 
groups would show improvement with methylphenidate, but the treatment would be more effective in the 
ADDH group.  

METHODS 

Subjects 

The study population included three groups of Israeli children matched for sex, age, socioeconomic 
status, and intelligence (normal range). The children with attention deficit were selected from among 36 
children referred to a university-affiliated hospital for attention and behavioral problems; 11 were 
excluded because of comorbidity of neurological, motor, hearing, or vision disorders, or mental 
retardation or psychosis. Of the remainder, 14 children (13 males, 1 female) had ADDH and 11 (9 males, 
2 females) had ADDWO. The third group consisted of 14 normal children (10 males, 4 females) recruited 
from the community. Mean ages of the groups were 10.5 years (range 6–12 years), 10.2 years (range 8–13 
years), and 11 years (range 9–13 years), respectively. 

Procedure 

The diagnoses of ADDH and ADDWO were made by senior child psychiatrists and based on the DSM-III 
criteria. However, we were able retrospectively to reclassify the children using the DMS-III-R and DSM-
IV. This yielded, for the DSM-III-R, 24 children with ADHD and for the DSM-IV, 11 children with 
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ADHD-inattentive type (ADHD-I), 4 with ADHD hyperactive-impulsive type (ADHD-H), and 10 with 
combined type (ADHD-CT). Trained technicians administered the TOVA individually during the 
morning hours. Parents were asked to complete three related questionnaires. On completing the TOVA, 
the children in the study groups were given 10 mg methylphenidate, after which half of them repeated the 
test. 

Measures 

The TOVA (Minnesota Computer Assessment)[16] is a computerized visual continuous performance test. 
The duration of the test is 22.5 min, and its completion does not require language or the ability to 
differentiate left from right. The effect of training is minor. The subject is seated facing a screen, and one 
of two visual stimuli is shown every 2 sec for 100 thousandth of a second: either a small square near the 
top edge of the screen or a small square near the bottom edge. The subject is instructed to press a bar as 
quickly as possible if the first stimulus is presented and to do nothing if the second is presented. Four 
main performance dimensions are measured: (1) omission error — not responding to the target stimulus 
(demonstrates attention deficit), (2) commission error — responding to the control stimulus (demonstrates 
impulsiveness), (3) response time — mean time to correct response to the target stimulus, and (4) 
complete response time variance — standard deviation of the mean time to correct responses to the target 
stimulus (demonstrates attention preservation). A t-score of 65 or more in one of these dimensions is 
considered pathological[16], and a deviation from the norm in even one dimension is enough for a 
diagnosis of attention deficit disorder. In addition, there are two minor dimensions: (1) anticipatory 
response — responding after less than 200 thousandths of a second after presentation of the stimulus, i.e., 
before it is possible to differentiate which stimulus is presented (demonstrates impulsiveness); and (2) 
postcommission response — slow time to a correct response after an incorrect one (demonstrates 
impulsiveness). 

The parents completed the Hebrew version of the following three questionnaires:  

• The Child Attention Profile (CAP)[17] evaluates the presence of an attention problem and/or 
hyperactivity. The questionnaire is based on the Child Behavior Checklist-Teacher Report 
Form[13] and includes 12 items rated on a scale of 0 to 2. A score above the norm indicates a 
clinical problem. In our study, parents were asked to refer to the previous week when completing 
the questionnaire.  

• The ADHD Rating Scale[4] evaluates the presence of ADHD symptoms in children. The 
questionnaire is based on the DSM-III-R criteria and includes 14 items rated on a four-point 
scale, which examine two factors: attention deficit-hyperactivity and impulsiveness-hyperactivity. 
A score of 1.5 deviations above the mean indicates a clinical problem in each factor. 

• The Conners Rating Scale for Parents and Teachers[18] includes 10 items rated on a four-point 
scale. The questionnaire is based on the Conners Teacher Rating Scale[19] which examines two 
factors: attention deficit and hyperactivity-aggressiveness. The test-retest reliability and internal 
consistency are high[18]. 

Data Analysis 

The data were analyzed with one-tailed MANOVA and Scheffe's pairwise analysis.  
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RESULTS 

TOVA — Initial Testing 

Table 1 presents the mean scores and standard deviations for the TOVA. Significant between-group 
differences in the four main (T) scores found by MANOVA were tested by ANOVA. To examine the 
differences in the pathological dimensions between the study groups, the same data analysis was 
conducted as for the main scores, with each dimension with a pathological score (65 points or more) 
assigned a value of 2, and each dimension with a normal score assigned a value of 1; the dimensions 
receiving a value of 2 were then summed. In addition, the mean of the four T scores was measured. 
Finally, we compared the groups for the main diagnosis of the TOVA, i.e., presence or absence of 
attention deficit disorder. 

TABLE 1 
Mean Scores and Standard Deviations of the TOVA According to Diagnostic Method 

  DSM-III DSM-III-R DSM-IV 

 Control ADDH ADDWO ADHD ADHD-I ADHD-H ADHD-CT 

 M SD M SD M SD M SD M SD M SD M SD 

Main score 
(T) 

              

Omission 
error 

48.5 3.5 57.9 14.6 56.1 18.2 57.5 16.2 58.6 18.05 35.9 6.3 56.8 17.3 

Commission 
error 

48.1 4.4 52.8 10.7 45.7 5.6 50.1 4.6 47.06 6.3 50.9 12.8 52.2 11.03 

Response 
time 

52.9 8.8 61.2 16.0 68.8 10.3 64.4 14.3 63.6 9.1 54.7 8.3 67.2 18.9 

Response 
time var. 

47.9 8.0 68.9 17.2 60.7 14.1 5.3 16.5 60.9 14.1 67.9 16.0 69.0 18.6 

Elaborated 
score 

              

Pathol. 
dimen. 

0.26 0.07 1.21 0.97 1.09 0.53 1.16 0.81 1.09 0.5 0.7 0.5 1.4 1.07 

Test 
diagnosis 

1.07 0.26 1.8 0.36 1.9 0.3 1.87 0.33 1.9 0.3 1.7 0.5 1.9 0.3 

Mean 
scores 

49.4 4.1 60.2 9.3 57.8 4.4 69.3 7.6 58.1 4.4 56.9 7.3 61.3 0.1 

CPTOT1 21.9 8.2 53.6 33.9 45.2 49.4 51.16 41.3 55.4 52.9 40.8 34.9 47.4 9.6 
Summed 

data 
              

Omission 
error 

2.7 3.8 20.8 21.1 12.36 15.7 17.6 19.2 19.4 20.9 12.1 15.1 16.4 19.6 

Commission 
error 

19.2 6.1 32.8 17.1 32.8 39.5 33.5 28.8 36.0 39.6 28.5 20.5 31.0 15.8 

Response 
time 

431.1 67.9 487.9 96.7 512.1 92.3 499.1 95.6 511.0 86.3 410.0 53.5 520.3 99.7 

Response 
time var. 

117.1 34.2 208.5 72.2 184.5 42.7 198.7 62.3 196.3 52.2 185.0 63.5 205.0 74.1 

Postcom. 
time 

458.9 100.6 526.8 134.7 522.6 71.5 461.9 97.6 515.6 68.8 418.0 98.4 578.0 122.9 

Postcom. 
var. 

123.5 51.2 229.5 107.0 187.4 121.5 125.6 50.1 204.1 120.8 184.0 36.5 227.9 129.5 

TOVA = Test of Variables of Attention; ADDH = attention deficit disorder with hyperactivity; ADDWO = attention deficit disorder without hyperactivity; ADHD = 
attention deficit hyperactivity disorder; I = inattentive type; H = hyperactive-impulsive type; CT = combined type; CPTOT1 = sum of omission and commission errors; 
Pathol. dimen. = pathological dimensions; Postcom. = postcommission; var. = variance. 

We found that the number of pathological dimensions, the test diagnosis, and the mean T score 
significantly differentiated the control group from the study groups. Nonsignificant differences were 
found between the two study groups.  
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Omission Errors  

The ADDH group received the highest score, followed by the ADDWO and the control groups, but the 
differences were not significant. Division of the patients by the DSM-III-R criteria yielded a significant 
difference between the ADHD group and the controls (DSM-III-R) (F = 4.32, p < 0.05). When the 
patients were reclassified according to the DSM-IV criteria, the order of scoring was: ADHD-I, ADHD-
CT, ADHD-H, and controls; none of these differences was significant. 

Regarding total number of errors, the ADDH group scored significantly higher than the control group 
and the controls (p < 0.02). Significance was also reached between the ADHD group (DSM-III-R) and the 
controls (p < 0.01). Division of the test showed that the ADDH group made significantly more errors than 
the controls in the first half of the test (F = 4.6, p < 0.02) and the ADHD group did so in both halves (p < 
0.01 and p < 0.01, respectively). Analysis of the omission error score for pathology yielded a significant 
difference only according to the DSM-III-R diagnostic criteria (F = 4.52, p < 0.05). 

Commission Errors  

The ADDH group had significantly higher scores than the ADDWO group (F = 2.95, p < 0.05). The 
ADHD group also scored higher than the control group. When DSM-IV categories were used, the 
ADHD-CT group scored highest, followed by the ADHD-H group, the control group, and the ADHD-I 
group; none of these differences was significant.  

The number of errors made significantly differentiated the ADDH group from the control group (F = 
2.54, p < 0.05), and the ADHD group from the control group (F = 5.33, p < 0.02). Analysis of the 
dimensions with pathological scores yielded no significant between-group differences. The sum of the 
omission and commission errors (CPTOT1) was significantly higher for the ADDH and ADHD groups 
than for the control group (F = 3.28, p < 0.05 and F = 7.34, p < 0.01, respectively). The mean T score 
derived from both errors (CPTOT2) was significant only when the DSM-III-R criteria were used (F = 
4.11, p < 0.02). 

Response Time 

The T score differentiated between the study groups and the control group irrespective of which DSM 
criteria were used to make the diagnosis. Although the response time of the ADDWO group was higher 
than that of the ADDH group, differences were significant only in comparison to the control group (F = 
5.18, p < 0.01). The difference between the ADDH group and controls was also significant (F = 6.29, p < 
0.02). Findings according to the DSM-IV were as follows (high to low): ADHD-CT, ADHD-I, ADHD-H, 
controls; findings were significant only for the ADHD-CT group vs. the control group (F = 3.68, p < 
0.05). 

Regarding general response time (summed data), significant differences were found between each of 
the DSM-III groups and the controls (p < 0.01 for ADHD and p < 0.05 for ADDWO). There was also a 
significant difference between the ADHD-CT group (DSM-IV) and the control group (F = 3.94, p < 
0.02). Division of the test yielded significant differences between the ADDWO and control groups for the 
second half (F = 3.18, p < 0.05), the ADDH-CT and ADDH-H groups and the control group for the first 
half (F = 3.24, p < 0.05), and the ADDH-CT group and the control group for the second half (p < 0.05). 
The response time of the ADHD group was significantly lower than that of the control group in both 
halves (p < 0.05 and p < 0.05). The dimensions with pathological scores differentiated only between the 
ADDWO group and the control group (F = 5.18, p < 0.01). According to the DSM-III-R criteria, the 
pathological score significantly differentiated between the ADHD group and the control group (F = 4.69, 
p < 0.05). The ADHD-I group showed significantly greater pathology than both the control and the 
ADHD-H groups (F = 5.25, p < 0.01).  
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Response Time Variance 

The T score was significantly higher for the ADDH group than for the control group, though a 
nonsignificant difference was noted between the two disordered DSM-III groups. The ADHD group 
scored significantly higher than the control group (F = 12.18, p < 0.002). According to the DSM-IV 
criteria, the ADHD-CT and ADHD-H groups scored significantly higher than the controls (F = 5.3, p < 
0.01). Regarding mean response time variance, the ADHD group (DSM-III-R) and ADHD-CT group 
(DSM-IV) scored significantly higher than the controls in both total score (F = 6.7, p < 0.001) and second 
half of the test (F = 6.28, p < 0.01). Analysis of the score deviation from the norm yielded a significant 
difference between the ADDH group and the controls (F = 5.5, p < 0.01), between the ADHD-H group 
and both the ADHD-I and control groups (DSM-IV), and the ADHD-CT group and the control group (F = 
5.29, p < 0.01). The ADHD group had significantly greater pathology than the control group (F = 12.04, p 
> 0.002).  

Postcommission Response 

To measure this variable, we evaluated the response time after commission errors and the variance in the 
response time. The response time variance was significantly smaller for the ADDH group compared to the 
control group (F = 4.25, p < 0.05) and for the ADHD-CT group compared to the ADHD-H group (F = 
3.8, p < 0.05) (but not to controls). The variance was significantly larger for the ADHD-H group than for 
the control group (F =4.25, p < 0.05).  

Anticipatory Response 

This did not distinguish between the groups by any of the diagnostic criteria. 

Effect of Methylphenidate 

The analysis of variance of the retest scores included the main scores, elaborated scores, and other data 
derived from the TOVA. As shown in Table 2, methylphenidate significantly improved retest 
performance, but no significant difference was found between the disordered groups (DSM-III only).  

Parental Questionnaires  

All three questionnaires were found to be valid for our population: CAP–Cronbach's alpha = 0.92, 
Spearman-Brown split test = 0.97; ADHD Rating Scale–Cronbach’s alpha = 0.95, Spearman-Brown = 
0.96; Conners Scale–Cronbachs’ alpha = 0.90, Spearman-Brown = 0.87. Correlation analysis between the 
questionnaire scores and the diagnoses according to the DSM-III, -III-R, and -IV yielded several findings. 

CAP 

Two measures were analyzed: sum of general answers and sum of answers by attention and hyperactivity 
factors. The general diagnosis significantly correlated with the DSM-III (r = 0.37, p < 0.05), the DSM-III-
R (r = 0.57, p < 0.01), and the DSM-IV (r = 0.57, p < 0.01), and the factor diagnosis significantly 
correlated with the DSM-III (r = 0.55, p < 0.01) and DSM-III-R (r = 0.56, p < 0.01). 
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TABLE 2 
Mean Scores and Standard Deviations of TOVA Before and After  

Methylphenidate (MPH) 

 Before MPH After MPH Significance 

 M SD M SD F p 

Main score       
Omission error 57.4 16.2 47.5 8.7 7.35 0.02 
Commission error 49.9 9.5 46.08 11.9 N.S.  
Reaction time 64.79 14.3 58.1 15.3 8.68 0.007 
Reaction time variance 64.6 16.2 50.2 12.2 15.67 0.001 
Elaborated score       
Test diagnosis 1.88 0.3 1.4 0.5 19.76 0.001 
Pathological dimensions 1.16 0.8 0.4 0.6 19.01 0.001 
Mean score 59.2 7.6 50.4 7.5 19.76 0.001 
CPTOT1 49.8 41.0 27.5 26.4 7.5 0.02 
CPTOT2 53.7 10.7 46.8 8.3 7.6 0.02 
Summed data       
Omission error 17.8 19.04 6.6 9.5 11.5 0.002 
Commission error 32.8 28.4 20.9 19.6 N.S.  
Reaction time 498.5 93.6 474.5 111.0 N.S.  
Reaction time variance 198.0 61.1 138.1 54.3 12.9 0.001 

 

ADHD Rating Scale 

Three measures were analyzed: sum of answers, summing of answers by impulsiveness and attention 
factors, and sum of symptoms. The answer sum diagnosis significantly correlated with the DSM-III-R (r 
= 0.51, p < 0.05) and DSM-IV (r = 0.60, p < 0.01), and the symptom sum diagnosis with the DSM-III (r = 
0.48, p < 0.01), DSM-III-R (r = 0.78, p < 0.01), and DSM-IV (r = 0.79, p < 0.01). The factor diagnosis 
significantly correlated with the DSM-III-R (r = 0.49, p < 0.05) and DSM-IV (r = 0.65, p < 0.91). 

Conners Scale  

A significant correlation was found between the sum of answers diagnosis (>15 considered pathological) 
and the DSM-III-R (r = 0.57, p < 0.01) and DSM-IV (r = 0.57, p < 0.01). 

Differences in Scores between the Groups 

Finally, MANOVA was conducted to examine differences in scores between the groups. When 
differences were significant, ANOVA was performed with language tests to determine the direction of the 
difference (see Table 3). 
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TABLE 3 
Mean Scores and Standard Deviations on the Questionnaire According to Diagnostic Methods 

  DSM-III DSM-III-R DSM-IV 

 Control ADDH ADDWO ADHD ADHD-I ADHD-H ADHD-CT 

 M SD M SD M SD M SD M SD M SD M SD 

CAP               
Answer sum 3.07 4.36 16.9 2.9 13.4 5.1 15.8 3.9 13.4 5.1 17.2 0.9 16.8 3.4 
Attention sum 2.1 2.84 9.8 1.9 9.8 3.5 10.0 2.5 9.5 3.3 9.2 1.5 10.4 2.3 
Hyperactivity 

sum 
1.0 1.73 7.07 1.9 3.6 2.3 5.8 2.4 3.9 2.6 8.0 0.8 6.4 2.1 

ADHD Rating 
Scale 

              

Answer sum 4.2 5.3 27.8 6.6 21.1 7.9 25.5 7.4 21.0 7.9 26.5 4.7 28.4 7.3 
Attention sum 2.8 3.6 17.4 4.5 14.8 5.9 16.7 5.1 14.2 5.7 16.2 2.2 18.5 5.3 
Impulsiveness 

sum 
2.3 3.01 16.0 3.8 9.8 4.1 13.7 4.7 10.2 4.3 16.5 3.6 15.4 4.4 

Symptom sum 0.6 1.44 10.4 2.8 6.7 4.1 9.1 3.5 6.6 4.1 10.0 2.8 10.6 2.9 
Conner Scale               
Answer sum 3.6 4.3 16.8 4.9 12.5 5.1 13.4 5.2 12.3 5.6 19.2 21.8 16.0 5.2 

ADDH = attention deficit disorder with hyperactivity; ADDWO = attention deficit disorder without hyperactivity; ADHD 
= attention deficit hyperactivity disorder; I = inattentive type; H = hyperactive-impulsive type; CT = combined type. 

CAP 

Significantly higher answer sum scores were noted for the ADDWO and ADDH groups compared to 
controls; the scores of the ADDH group were also significantly higher than those of the ADDWO group. 
This was also true for the DSM-IV disordered groups compared to the controls (F = 25.7, p < 0.00001). 
The DSM-III and DSM-IV disordered groups had significantly higher scores than controls for the factor 
sum and a significantly lower score than the ADDH group in hyperactivity (F = 32.44, p < 0.00001). The 
ADHD-I group and the control group scored significantly lower than the ADHD-H group and the ADHD-
CT group (F = 18.32, p < 0.00001) in the hyperactivity factor sum. 

ADHD Rating Scale 

Significantly higher scores for the sum of the answers were noted for both the ADDWO and the ADDH 
groups compared to controls (F = 44.8, p < 0.00001). Furthermore, the ADDH group scored significantly 
higher than the ADDWO group. For the DSM-IV categories, the disordered groups score significantly 
higher than controls, with the ADHD-CT patients scoring significantly higher than the ADHD-I patients 
(F = 29.6, p < 0.00001). Regarding the factor sum score, both the DSM-III and DSM-IV disordered 
groups scored significantly higher than the control group in attention (F = 34.63, p < 0.00001 and F = 
24.8, p < 0.00001) and the ADDWO group scored significantly higher than the control group, and 
significantly lower than the ADDH group on impulsiveness (F = 48.18, p < 0.00001). All DSM-IV 
disordered groups scored significantly higher than the controls, with the ADHD-H and ADHD-CT 
children showing a significantly higher score than the ADHD-I children (F = 27.4, p < 0.00001). Finally, 
the ADDWO group had significantly more symptoms than the controls and significantly fewer symptoms 
than the ADDH group (F = 37.2, p < 0.0001). All DSM-IV disordered groups had significantly more 
symptoms than the control group. In addition, the ADHD-I group had significantly fewer symptoms than 
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the other two disordered groups (F = 25.23, p < 0.00001). For all three measures, the ADHD group scored 
significantly higher than the control group. 

Conners Scale 

Scores were significantly higher for the DSM-III disordered groups than the control group, and for the 
ADDH group than the ADDWO group (F = 24.5, p < 0.0001). The ADHD group was evaluated as being 
significantly more disordered than the control group (F = 50.2, p < 0.00001). Division of the patients 
according to the DSM-IV criteria yielded significantly higher scores for the disordered groups compared 
to the control group and for the ADHD-H group compared to the ADHD-I group (F = 17.51, p < 
0.00001). 

Correlation between TOVA and Questionnaire Scores 

Omission Error 

No significant positive correlation was found between the TOVA T scores and the questionnaire scores, 
although there was a correlation between the sum of omission errors and all the evaluation questionnaire 
scores and between the sum of omission errors and both the answer sum and attention factor scores of the 
CAP. 

Commission Error 

There was no correlation between the TOVA T scores or the sum of errors score with the questionnaire 
scores.  

Reaction Time 

The T score significantly and positively correlated with the answer sum score of the evaluation 
questionnaire and with the attention factor score of the evaluation questionnaire and of the CAP. The total 
reaction time also correlated significantly and positively with all the evaluation questionnaire scores, and 
with the attention factor of the CAP. 

The T score and sum of reaction time variance correlated significantly and positively with all three 
questionnaire scores. The mean T score correlated significantly and positively with all the questionnaire 
scores. The pathological dimensions score correlated significantly and positively with all the 
questionnaire scores. The CPTOT1 score correlated significantly and positively with the attention factor 
of the CAP. 

DISCUSSION 

This study attempted to identify empirically the attention patterns of children with ADDH and ADDWO 
using the TOVA. Although the literature discusses the major differences between these groups, the 
differentiation of their attention patterns has not been extensively evaluated. The present report supports 
the notion that attention deficit disorder is a two-dimensional entity. The ADDH patients were more 
impulsive than the ADDWO group and had more difficulties concentrating and focusing, while the 
ADDWO group was slower and had more difficulties maintaining attention. The ADDH group also 
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scored lower on CAP and Conners Scale than the ADDWO group, and a significant correlation was found 
between the questionnaires and the TOVA scores. The TOVA was susceptive to the improvement in 
performance with methylphenidate.  

Our findings are in accordance with earlier studies indicating that the TOVA distinguishes between 
normal children and children with ADDH[16]. The ADDH group received significantly higher scores 
than the controls in three of the four main TOVA variables: omission error, response time, and response 
time variance. Yet, when the comparison was extended to the DSM-III and DSM-IV criteria, significant 
differences were found only for response time and response time variance. Contrary to our hypothesis, the 
commission error score did not differentiate between normal and disordered children by any of the 
diagnostic methods. Indeed, the ADDWO children performed better than the control group on this 
measure. In addition, when the overall pattern of responses was considered, significant differences were 
found between the control and the disordered children independent of the diagnostic method. The 
difference was less salient when the DSM-III and DSM-IV groups were evaluated separately. A possible 
explanation for this finding is that the perception of attention deficit disorder as multidimensional leads to 
a tendency to include more children in the disordered group[20,21]. In the present study, secondary 
diagnoses were performed for the disordered DSM-IV groups, but not for the control group. Therefore, 
some of the children considered normal might have been diagnosed differently had the DSM-IV been 
applied[1]. These findings highlight the ability of the TOVA to demonstrate normal performance as 
distinct from an attention disorder. Thus, the conclusion reached with the TOVA is of high diagnostic 
value. 

The sensitivity of the TOVA is even more impressive when the subcategories of attention deficit 
disorder are considered. Diagnosis according to the DSM-III showed a difference in the attention profile 
between the ADDH and the ADDWO groups. For the attention-maintaining features, our expectation that 
the ADDH group would have fewer failed responses to the target stimulus than the ADDWO group 
(omission error) was proved wrong. This finding, though not significant, has been reported[4] and 
Lovenjoy and Rasmussen[22] suggested that omission error is a characteristic of poor concentration, not 
of attention preservation. Thus, it is possible that in the laboratory, the ability to concentrate is more 
affected by the motor restlessness of the ADDH children than by the confusion of the ADDWO children. 
Our expectation that the time to correct response would be slower for the ADDWO than for the ADDH 
group was indeed confirmed, but the difference was not significant. This finding supports the earlier 
characterization of ADDWO children as slow and dreamy with a slow cognitive rate[4]. Likewise, our 
hypothesis that the response time variance would be higher in the ADDH than in the ADDWO group was 
proven correct, but again the difference was not significant. This finding corresponds to the notion that 
children with ADDH exhibit less stability in attention preservation and in ways of perceiving information. 
Lack of attention stability emerges from the heterogenic reactions that characterize this group[8,11]. 

The findings for the impulsiveness feature also only partly agreed with our hypothesis. Children with 
ADDH are described as more impulsive than children with ADDWO[1,2,23]. The impulsiveness of the 
former group is related to their acting before thinking, while that of the latter is related to their difficulties 
in completing a task[1]. Therefore, we expected the ADDH group to perform more commission errors 
(respond wrongly to the target stimulus) than the ADDWO group. This finding was significant only for T 
scores, though other scores also distinguished these groups. The ADDH group also performed worse on 
the postcommission response measure than the ADDWO group, but the difference was significant only 
for reaction time variance. With regard to the second impulsiveness feature, anticipatory response 
(response before the stimulus appears), no differences were found between the groups, as we assumed. 
These results agree with other studies[16]. 

Similar results were noted when the subjects were diagnosed according to the DSM-IV criteria. 
Children with the predominantly inattentive type (ADHD-I) showed difficulties related to the attention 
features of the TOVA: they made more omission errors and showed slower reaction times than children 
with the combined type (ADHD-CT) and the predominantly hyperactive-impulsive type (ADHD-H). The 
ADHD-H group showed difficulties related to the hyperactivity and impulsiveness features: they made 
more commission errors and showed greater deviation in reaction time variance than the ADHD-I group. 
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Finally, the ADHD-CT group made more omission errors and showed greater deviation in reaction time 
variance and slower reaction time than the ADHD-H group. These findings agree with our hypothesis and 
support the claim that children with the combined type of ADHD are the most severely disordered[20]. 

Other measures used in this study were the ADHD Rating Scale, the Conners Rating Scale, and the 
CAP, completed by parents. The validity of these questionnaires in distinguishing between normal 
children and children with attention deficit disorders has already been confirmed[10]. The present study 
showed that they are valid for use in the Israeli population. Furthermore, the questionnaires, like the 
TOVA, also differentiate between the attention deficit disorder groups, with the ADDWO group receiving 
lower scores than the ADDH group. More specifically, on the ADHD Rating Scale, although the attention 
factor did not distinguish the two groups, the impulsiveness factor was significantly higher for the ADDH 
patients, and on the CAP, significant differences were found for the hyperactivity factor, with the ADDH 
group scoring higher. Corresponding results were noted when the subjects were diagnosed by the DSM-
IV: the ADHD-I group tended to receive lower scores than the ADHD-H and the ADHD-CT groups. 
More specifically, the ADHD-I group achieved significantly lower scores than the other two groups in the 
hyperactivity and impulsiveness factors. Again, the attention factor did not distinguish the groups, 
although the ADHD-H patients scored relatively higher on the attention factor of the CAP. It seems that 
this factor is also loaded with hyperactivity[4]. These findings show the power of the CAP and the ADHD 
Rating Scale differentiating between subcategories of attention deficit disorder and identifying the 
presence of hyperactivity and impulsiveness symptoms, thereby contributing to the clinical picture 
formed by the more widespread Conners scale. Nevertheless, the ability of these questionnaires to identify 
attention features is poor compared to the TOVA. 

Several factors have been suggested to identify the 75% of children with attention deficit disorder 
who respond well to stimulant medication[4,24]. Approximately 3% of all children with attention deficit 
disorder do not respond to any kind of medication[4]. Our study demonstrates that the TOVA can screen 
for responsiveness. Furthermore, as hypothesized on the basis of previous research[16], after taking 
methylphenidate the disordered groups showed significantly improved performance on the TOVA in 
almost all the factors examined. Contrary to our hypothesis, however, there were no differences in 
improvement among the subgroups. It is possible that the use of different doses among the various studies 
may have led to different results[4]. Finally, it is important to emphasize that these findings do not 
necessarily demonstrate that methylphenidate has positive effects on the disturbed everyday behavior of 
the subjects. Additional research is warranted to examine the relationship between improvement in 
performance on the TOVA and improvement of overt everyday behavior of children with attention deficit 
disorder. 

This study is limited mainly by its focus on the subcategories of attention deficit disorder defined by 
the DSM-III, because the DSM-III-R and DSM-IV were published only after the study was already 
underway. Since most of the differentiated patterns found here were not significant, more extensive 
research is recommended. Nevertheless, the patterns match the basic accepted subcategories of attention 
deficit disorder. In addition, studies comparing the DSM-III and DSM-IV diagnoses have shown that the 
diagnosis of ADHD-I is similar to ADDWO and the diagnosis of ADHD-CT is similar to ADDH[20,21]. 

CONCLUSIONS 

Attention deficit disorder is one of the most common disorders of childhood, affecting 3% of the 
population[3]. Nonetheless, its diagnosis and treatment remain unclear. Our study showed that the TOVA 
can be applied as a valid, objective measure of the different attention profiles of subgroups of children 
with attention deficit disorder. This finding is of major importance to the specific clinical evaluation and 
treatment of affected individuals. It also waylays one of the primary concerns of parents, that is, the 
subjective nature of teachers' evaluations[23]. In addition, our findings demonstrate the effectiveness of 
methylphenidate and thereby emphasize the underlying biological mechanism of attention deficit 
disorder. Thus, use of the TOVA might encourage parents to both accept the diagnosis and favor medical 
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treatment. As for the ability of the TOVA to predict responsiveness to treatment, further studies are 
needed to examine the correlation between improvement in performance on the TOVA and improvement 
in everyday behavior.  
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