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1. Introduction to the Screening Version
The T.O.V.A.s
The Tests of Variables of Attention are objective, standardized, and highly accurate continuous
performance tests (CPTs) that are used to assess attention and impulsivity. The T.O.V.A.® is the visual
version, and the T.O.V.A.-A. ® is the auditory version. They are non-language based, sufficiently long
(21.6 minutes) computerized tests that require no left-right discrimination or sequencing and have no
appreciable practice effects. Responses are recorded with a specially designed, highly accurate (± 1
ms) electronic microswitch.
T.O.V.A.s:
• assess attention in neuropsychological and neuropsychiatric evaluations
• screen for disorders of attention
• are components in the diagnosis of disorders of attention
• predict medication response
• help medical professionals titrate medication dosage
• monitor treatment over time.
There are two forms of the T.O.V.A.s: the screening and the clinical versions. Although the tests are
the same, the two different forms are used differently and produce different reports. The screening form
is used by non-healthcare professionals and school personnel to screen children, teenagers and adults
for possible attentional disorders to determine which cases to refer to a clinician for further assessment.
In contrast, the clinical form is used by a clinician as part of the clinical assessment and treatment
processes.

I. Terms and Concepts
A. "Off-task behavior" is a descriptive term with no specific etiologic or diagnostic implications. It is used
in this manual to indicate that the person is not engaged in the appropriate or assigned task when it is
reasonable to expect that they should be. They are not on-task for whatever reason or reasons that may
have nothing to do with attention disorders.
B. The term, "Attention Deficit Disorders" (ADD), is used to indicate that attention is disordered (that is,
abnormal or deviant from the norm). There are many different types of ADD, including but not limited to
ADHD.
C. "Attention-Deficit Hyperactivity Disorder" (ADHD) refers to a specific symptom-complex, as defined by
the current manual of diagnoses, DSM-IV.

II. Attention-Deficit Hyperactivity Disorder (ADHD), DSM IV
A. There are four sub-types of ADHD:
1. Predominantly Inattentive Type (314.00) - Must have six or more of the following symptoms: 1) Often
fails to give close attention to details or makes careless mistakes in schoolwork, work, etc.; 2) Often has
difficulty sustaining attention; 3) Often does not seem to listen to what is being said; 4) Often does not
follow through on instructions and fails to finish school work, chores, or work (but not oppositional and
not because of a failure to understand); 5) Often has difficulty organizing tasks and activities; 6) Often
avoids or strongly dislikes tasks requiring sustained mental effort; 7) Often loses things necessary for
tasks or activities; 8) Often easily distracted by extraneous stimuli; and 9) Often forgetful in daily
activities.
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2. Predominantly Hyperactive-Impulsive Type (314.01) - Must have four or more of the following
symptoms: 1) Often fidgets with hands or feet or squirms in seat; 2) Often leaves seat in classroom; 3)
Often runs about or climbs excessively (For teenagers and adults: may be limited to feelings of
restlessness); 4) Often has difficulty playing quietly; 5) Often blurts out answers to questions too soon;
6) Often has difficulty waiting in line or waiting for turn.
3. Combined Type (314.01) - Both inattentive and hyperactive/impulsive symptoms are present.
4. ADHD Not Otherwise Specified, NOS (314.9) – Criteria for above types not met, but performance is
affected by symptoms.
B. Requirements - To qualify for the diagnosis of ADHD, the following criteria must be met: 1) Onset of
symptoms no later than seven years of age; 2) Symptoms must be present in two or more situations; 3)
There must be clinically significant distress or impairment in social, academic, or occupational
functioning; 4) Condition can not be exclusively part of a Pervasive Developmental Disorder,
Schizophrenia, or other psychotic disorder, and is not better accounted for by a disorder of mood,
anxiety, dissociation, or personality.

III. Causes of Off-Task Behavior
The role of the screener is to determine whether there are sufficient off-task problems to warrant referral
for a clinical assessment. There are many different possible causes of off-task behavior, and all of them
can be confused with ADHD. It is the role of the clinician to determine which cause or causes are
important in a particular case and to design an appropriate treatment program. The different causes of
off-task behavior include:
A. Normal ("active alert" children)
B. General medical problems, including hypothyroidism and anemia
C. Medications that sedate or slow the brain, including anticonvulsants and tranquilizers
D. Toxic conditions and illness
E. Sensory deficits and hypersensitivities
F. Neurologic problems, including Traumatic Brain Injury (TBI) and sleep disorders
G. Family chaos and disorganization
H. Lack of school readiness, difficult learning style, and poor motivation
I. Stress
J. Intellectual impairment and precocity
K. Learning disabilities
L. Psychiatric conditions
M. Substance use, abuse, and withdrawal, including caffeine, tobacco, and alcohol
N. Behavior disorder, impulsivity, and oppositional/defiant
O. Disorders of attention (ADD), including ADHD
These causes are not mutually exclusive. 30% of individuals with ADD (including adults) have a learning
disability (and visa-versa), and between 40-65% of substance abusers have ADD. In addition, untreated
individuals with ADD usually develop low self-esteem and depression.

IV. Screening for ADD
The possibility of ADD should be considered with underachieving students and adults, whether or not
their behavior is disrupting or disrupted.
Screening procedures vary considerably, depending on the setting, but generally include:
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A. A history to determine whether the person has ADD behaviors like inattention, etc.
B. A behavior rating generally by the classroom teacher or a self-rating by an adult (and/or significant
other).
C. A visual T.O.V.A. and/or an auditory T.O.V.A.-A.

V. Diagnosis of ADD
A clinician decides which of the following components of a diagnostic workup for ADD to use: A. History,
B. Physical and screening neurological exam, C. Psychological/neuropsychological evaluations,
D. Evaluation of classroom/work place behavior and performance, E. Mental status examination/
personality assessment, F. Structured interviews, G. Behavior ratings, H. Self-ratings, I. Symptom
behavior check lists (DSM IV) , and J. Continuous performance tests (CPTs): T.O.V.A. and T.O.V.A.-A..
Note: A comprehensive work-up that includes all or most of the components above is not feasible or
cost-effective. Each clinician must decide which steps are needed and in what sequence.
The T.O.V.A.s do not make diagnoses. Instead, they are tests that measure certain aspects of
visual and auditory attention under very specific conditions. They measure attentional
characteristics that can be affected by any number of contributing factors.

VI. Neurophysiological basis of Attention Deficits
The assumption that there is a neurological basis to that attentional disorder called ADHD is supported
by many studies, including those with the T.O.V.A.s, that demonstrate a significant relationship between
the diagnosis of ADHD and abnormal attentional processes.

The figure on the right
illustrates the underlying
neurophysiological problem in
ADD, and illustrates the
usefulness of the T.O.V.A.s in
documenting response to
medication.

VII. The T.O.V.A.s
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Thus, we assume that ADHD, with or without hyperactivity, has a neurologically based attentional
disorder.
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schools, and clinicians. Only the T.O.V.A.s have been extensively normed and used.
The T.O.V.A. began as a large electronic rack with a tachistoscopic shutter in our first clinical study of
what was then called the Hyperkinetic Reaction of Childhood in 1966. It was nicknamed "Herman" by
one of the children. With an accuracy of ± 100 ms, the CPT results were significant and documented
the efficacy of a psychostimulant (dextroamphetamine) in comparison with a tranquilizer
(chlorpromazine) in the treatment of hyperkinetic children. It is noteworthy that the classroom behavior
rating (the Conners' Parent-Teacher Questionaire) was not useful in discriminating medication effects.
Perhaps the most important outcome of this initial study was the necessity to target inattention and
hyperactivity separately and to develop appropriate tools to measure each.
With the advent of the Apple IIe in the late 70's, the current design (with two test conditions, see below)
and the electronic microswitch were created and initially named the "MCA" (or Minnesota Computer
Assessment). However, a potential copyright conflict arose, and the MCA became the Test Of Variables
of Attention (T.O.V.A.) As the T.O.V.A., it was normed and used in a number of clinical trials before its
release in the mid-80's.
Since then, we have continued to upgrade the test by making it more user friendly, collecting additional
subjects to have year by year norms for children, and adding signal detection indices for a comparison
ADHD Score. The School Intervention Report and Version 7.0 with an improved scoring and
interpretation system were completed in 1996 when the T.O.V.A.-A., the auditory version, was released.
The latest version (7.3) was released early in 2007.
B. T.O.V.A. Variables
Fourth generation CPTs, like the T.O.V.A.s, accurately measure far more significant variables of both
auditory and visual information processing than the earlier CPTs. Length of the test (or subtest) makes
a big difference since some individuals with ADD can "rise to the occasion" and do well enough for a
short time. Different CPTs may label these variables somewhat differently, making comparisons difficult.
It is also true that even when variables have the same labels, the characteristics of the different CPTs
may be so different that they are actually measuring very different things. Of course, the variables also
have different values within a CPT when there are two or more test conditions such as infrequent and
frequent target presentation modes or when the interstimulus interval changes. In addition, we must
keep in mind that labeling something doesn't mean that the variable is actually measuring what we think
that it's measuring. The important CPT variables (all of which are in the T.O.V.A.s) are:
1. Response Time Standard Deviation is considered to be a measure of variability or inconsistency
and is the standard deviation of correct response times. Individuals with ADD are inconsistent- they can
perform within normal limits for a while, but they "lose it" much sooner than the non-impaired. As
parents frequently note, a child with ADD can focus and stay on task some times, particularly when the
task is very interesting and fast paced (like Saturday morning TV). Since this is the single most
important measure of the T.O.V.A. s (accounting for 80% of the variance), the timing measurements
must be very accurate; hence, the need for an electronic microswitch rather than rely on the significantly
less accurate mouse button or keyboard.
2. Correct Response Time is the processing time (in ms) that it takes to respond correctly to a target.
Counter-intuitively, individuals with ADD often have slower than normal response times, rather than
faster ones. This measure is one of the more important ones in the T.O.V.A., especially in the first (or
boring) half.
3. d' or Response Sensitivity (the ratio of hit rate to false alarm rate) is a measure derived from Signal
Detection Theory. It is considered to be a measure or performance decrement, the rate of deterioration
of performance over time. d' does help to distinguish non-impaired individuals from those with ADD.
4. Errors of Commission are considered to be a measure of impulsivity and/or disinhibition and
occur when the subject incorrectly responds to the non-target; that is, the subject pushes the button
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when they shouldn't have. In the T.O.V.A. s, commission errors are far more frequent in the second half
(high response mode) even in non-impaired individuals. Since excessive errors of commission affect the
other variables, they are also an important measure of test validity. Generally, excessive commission
errors decrease omission errors, shorten response times, and increase variability.
5. Errors of Omission are considered to be a measure of inattention and occur when the subject does
not respond to the designated target; that is, the subject omits pressing the button when a target
appears. Because the T.O.V.A.s cover a broad age span (4-80+), omissions in the visual (but not
auditory) version have a ceiling effect in adults. That is, the task is too easy for non-impaired adults who
make no omission errors. On the other hand, omission errors are a sensitive measure in children,
teenagers, and the elderly. Excessive omissions appear to indicate nonspecific neurological immaturity
or dysfunction.
6. Anticipatory Responses are a measure of guessing which stimulus is presented or of a different
game strategy in which the subject is trying to "kill" any stimulus as soon as possible. An anticipatory
response is any response to a stimulus (target or non-target) that occurs within the 150 ms of the
appearance of the stimulus (that is, before any one could distinguish target from non-target). Since
these responses are guesses (even if they happen to be correct guesses), they are not included in the
calculations of errors, response times, and variability. Since excessive anticipatory responses affect the
other variables, they are also an important measure of test validity. Generally, excessive anticipatory
responses decrease omission errors and commission errors, shorten response times, and increase
variability. As will be noted later, some individuals process information and respond so much faster that
they have excessive anticipatory responses but their responses are correct ones.
7. Post-Commission Response Time is the response time immediately following a commission error
(mistakenly impulsively pressing the button when a non-target appears). Clinical observations (but not
carefully conducted research) indicate the most people (including individuals with ADD and ADHD)
recognize when they make a commission error, and slow down for the next response. It is noteworthy
that a group of conduct disordered youngsters (without ADD) either did not slow down or actually
responded faster than their average response time. Thus, this may be a way to distinguish individuals
with ADD only from individuals with a conduct disorder only, but not the comorbid condition.
8. Multiple Responses are considered to be a reflection of neurological status. Excessive multiple
responses (>20/test) do not alter or invalidate the other variables, but they do appear to indicate
nonspecific neurological immaturity or dysfunction.
C. Significant T.O.V.A. Characteristics
1. Stimuli
a. Visual and auditory modes both need to be studied since there can be problems with auditory
and/or visual information processing. (Most CPTs are only visual.)
b. Non-language based stimuli minimize the potential confounding of the results by learning,
cultural effects, and co-existing learning disabilities.
c. Non-sequential or "go/no-go" design
1) The visual T.O.V.A. uses two geometric figures, one of which is the target and the
other is the non-target:
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Target

Non-Target

2) The auditory T.O.V.A.-A. uses two tones: the higher tone (middle G,
392.0 Hz) is the target, the lower note (middle C, 261.6 Hz) is the nontarget.
2. Practice vs novelty effects
The more complex CPTs can have significant practice effects, limiting their use as repeated
measures. In contrast, the T.O.V.A.s actually have a small novelty effect—there are nonsignificant commission error changes (increases) in the first half of the second test but not
thereafter. Thus, the T.O.V.A.s can be used as serial measures even in the same morning.
3. Norms
a. The number of subjects per cell - The T.O.V.A. and T.O.V.A.-A. were normed with 1664 and
2680 individuals, respectively. In contrast, most other CPTs have been introduced with grossly
inadequate or even no norms.
b. Sample characteristics - Unlike the T.O.V.A.s' very carefully selected controls with no comorbidity, other CPTs tend to have inadequately defined and mixed samples.
c. Controlled variables
1) Age - Since attentional variables significantly change from birth to the late teens, year
by year norms are necessary for accurate screening and diagnosis.
2) Gender - Since males and females generally have significantly different norms, it is
necessary to have samples of each in the norms.
3) IQ - IQ may co-vary with CPT performance and is an especially important screening
and diagnostic consideration since children with higher IQs may have "normal" T.O.V.A.s.
4) Test conditions - Time of day (mornings only for T.O.V.A. s), etc., are important
variables that can significantly affect performance on a CPT.
d. The norms for T.O.V.A. and T.O.V.A.-A. are presented in Appendices C & D.
D. Sensitivity and specificity
1. The sensitivity of a test is its ability to correctly identify true cases (or, for the T.O.V.A.s, to identify
ADHD); the higher the sensitivity, the fewer false negatives (missing cases of ADHD).
2. The specificity of a test is its ability to correctly identify normal individuals. The greater the specificity,
there are fewer false positives (incorrectly concluding that a normal person has ADHD).
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Classification By T.O.V.A. - Discriminant Analysis
Actual group

Normals

UADD

Normals (n = 29)

90%*

10%

UADD (n = 29)

21%

79%**
Overall Correctly Identified

Actual group

Normals

ADHD

Normals (n = 73)

89%*

11%

ADHD (n = 73)

16%

84%**
Overall Correctly Identified

(* = specificity, ** = sensitivity)

84%

86%

(UADD = ADHD without hyperactivity)

The results, using Receiver Operator Characteristic analysis, a more conservative technique, are:
Sensitivity and Specificity of T.O.V.A.
Receiver Operator Characteristic Analysis
Sensitivity of 0.80

False negatives = 20%

Specificity of 0.80

False positives = 20%

Cut-off score of 1.8
Thus, there is an 80% chance that a T.O.V.A. (with no other information about the individual) is correct.
Of course, with additional relevant data (such as behavior ratings and history), the "hit" rate improves
significantly.
E. Test-Retest Reliability
Test-retest results for 33 randomly selected normal children, 40 children with ADHD, revealed no
significant differences (paired t-test) in T.O.V.A. variables. There was a non-significant tendency for
commission errors to increase (worsen) during the first half of the test from first test to second test but
not for subsequent tests.
F. T.O.V.A. formulas
The following formulas are used to calculate T.O.V.A. variables:
1. Errors of Omission (or Inattention) =

# Targets

1
36

Quarter
2
3
36
126

# Omissions* _____
# Targets - # Target A.R.**

X 100

|
Half |
Total
4 | 1
2____|___________
126
72
252
324

2. Errors of Commission (or Impulsivity/Disinhibition) = # Commissions* _____

X 100
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# Nontargets - # Nontarget A.R.**

# Nontargets

Quarter
1
2
126
126

3. Response Time (msecs) =

|
3
36

4
36

Half
| 1
252

|

Total
2____|_____
72
324

Raw Score* - Mean Score1
Standard Deviation1

4.Correct Response Time Standard Deviation (or Variability) = Raw Score* - Mean Score1
Standard Deviation1
* from protocol

** # Target or non target Anticipatory Responses from protocol

1from norms table

5. Calculating D Prime (d')
A. Obtain the Omission and Commission percentage from the quarter, half, or total for which you wish to
calculate D Prime (these can be found in the Results Table).
B. Calculate the Hit Rate and the False Alarm Rate:

 Omission Percentage 


100
 Commission Percentage 
False Alarm Rate =


100
Hit Rate = 1 −

• If the Hit Rate is exactly 0, then set the Hit Rate equal to 0.00001
• If the Hit Rate is exactly 1, then set the Hit Rate equal to 0.99999
• If the False Alarm Rate is exactly 0, then set the False Alarm Rate equal to 0.00001
• If the False Alarm Rate is exactly 1, then set the False Alarm Rate equal to 0.99999
C. Calculate the probabilities (called pHit Rate and pFalse Alarm Rate):
pHit Rate = 1 - (Hit Rate)
pFalse Alarm Rate = 1 - (False Alarm Rate)
• If the pHit Rate > 0.5, then subtract the pHit Rate from 1 - i.e., the new pHit Rate = 1 - (old pHit
Rate)
• If the pFalse Alarm Rate > 0.5, then subtract the pFalse Alarm Rate from 1 - i.e., the new pFalse
Alarm Rate = 1 - (old pFalse Alarm Rate)
D. Calculate the Z scores (called zHit Rate and zFalse Alarm Rate):
If you have access to a spread sheet or statistical program:
• zHit Rate = InverseDistributionFunction(pHit Rate)
• zFalse Alarm Rate = InverseDistributionFunction(pFalse Alarm Rate)
• Skip directly to Part 5
Otherwise (Ref 1),

 
1
Let T =  ln
  (pHit Rate )2









2.515517 + 0.802853 × T + 0.010328 × T 2

zHit Rate = T − 
2
3 
1
+
1.432788
×
T
+
0.189269
×
T
+
0.001308
×
T




Let T = 
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1

ln
2 
(
)
pFalse
Alarm
Rate

 



2.515517 + 0.802853 × T + 0.010328 × T 2


zFalse Alarm Rate = T − 
2
3 
+
×
+
×
+
×
1
1.432788
T
0.189269
T
0.001308
T


• If the pHit Rate was ≤ 0.5 , multiply the zHit Rate by -1
• If the pFalse Alarm Rate was ≤ 0.5, multiply the zFalse Alarm Rate by -1
E. Calculate D Prime:
D Prime = zFalse Alarm Rate - zHit Rate
(Ref 1: Approximation to the Inverse Normal Distribution Function. The Handbook of Mathematical
Functions, Abramowitz and Stegun, Section 26.2.23)

6. Standard Score = 100 - (Standard Deviation x 15)
If Std Dev is 1.1, Std Score is 83.5
If Std Dev is -1.1, Std Score is 116.5
7. T Score = 50 + (Standard Deviation x 10)
If Std Dev is 1.1, T Score is 61
8. If you manually calculate the results and compare them to the results from the T.O.V.A.
Interpretation Program, you may find some significant differences. The Interpretation Program
calculates to the fourth place beyond the decimal point and includes all the values in the quarter,
half or total that is being analyzed and compares those results to the norms. Thus, the half
values are not simply the average of the two quarters.
G. Construction of the T.O.V.A.s
The T.O.V.A.s consist of two subtests with an abrupt transition between them.
1. In the first half of the test (the "Infrequent" or vigilance mode), the target appears randomly
and infrequently with a target : nontarget ratio of 1:3.5 The person presses the button once in a
while during this quickly boring half. Easily bored ("low arousal") persons do poorly during this
half.
2. In the second half of the test (the "Frequent" or high response mode), the target appears
frequently with a target : nontarget ratio of 3.5:1. The person is usually pressing the button and
must inhibit the tendency to respond. Easily overstimulated ("high arousal") persons do poorly.
3. Length of each subtest- 10.8 minutes.
H. Administering the T.O.V.A.s
1. Training of both professionals and nonprofessionals to administer and monitor the test should
follow the general outline of the instructions and include the use of the T.O.V.A Rating Form for
recording observations that may be helpful to the clinician. In general, we want the subject to
balance speed and errors- to be as fast as they can be, yet to minimize errors.
2. T.O.V.A.s should be administered in the mornings to match norms and to minimize diurnal
variability which can significantly affect test performance. When comparing two tests it is
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especially important that they have been given at the same time of day (that is, both in the
morning or, if necessary, the afternoon.) If the T.O.V.A. is part of a battery of tests, it is
important to administer it first- before the subject is fatigued or bored. If both T.O.V.A.s are to be
administered, a sufficient time (more than 1.5 hours) should elapse between the tests to enable
the subject to rest up.
3. The norms were obtained with an observer present at all times in the room with the subject.
Research has shown that the observer's presence makes a significant difference even though
they are not interacting with the subject. Test performances by children and adults can be
significantly worse when the observer is not present.
4. When testing for the first time, the practice test should be given in its entirety. For subsequent
testing, 30-90 seconds of practice should be sufficient to remember the task.
5. Although prompting is helpful in the practice test, it is not used during the actual testing unless
necessary since prompting was not given for the norms.
6. The T.O.V.A Rating Form (Appendix B) can be used to record observations during testing.
This form is not copyrighted so that it can be duplicated and used as needed.
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2. Interpreting the Screening Report
I. IQ Considerations
IQ and CPT performance appear to co-vary. Although the research literature is not definitive, many
clinicians factor in IQ when interpreting T.O.V.A. performance. In general, a person with an above
average IQ would be expected to perform better than average on a CPT. Conversely, someone with a
lower than average IQ would be expected to perform less than average on a CPT.

II. T.O.V.A. Report
The report contains six forms and the optional School and Home Intervention Reports. (Note: remarks
specific for the case illustration [subject # 0020] are underlined.)
A. Cover page
1. A brief description of the T.O.V.A. is
given for those who have not used it
before.
2. A brief note is given to remind the
reader that there are false positives and
negatives, and that clinicians use more
than just the T.O.V.A. for diagnosis and
treatment.
3. The table of contents is given to
facilitate finding the necessary
information.
4. The following two statements will
appear:
This Screening Version of the T.O.V.A. is
not to be used for clinical evaluations or
treatment.
For a free referral to a T.O.V.A. clinician
in your area, please call 800-REF-TOVA.
5. There is an advisory note: T.O.V.A.
results are confidential. We recommend
use of a release of information form when
sharing T.O.V.A. results with others.
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B. Form 1, T.O.V.A. Interpretation
This interpretation compares the subject's
performance with the performances of normal
individuals of average IQ, matched for age
and gender. If the subject's performance is
significantly deviant from the norm, it means
that this person performed as though there
were an attention problem. They were
significantly off-task, impulsive, slow to
respond, and/or inconsistent (variable speed
of response), but there is no etiologic
specificity to this interpretation. A poor
performance could be the result of many very
different factors as noted in Section 1, III.
1.The top section contains the demographic
data, including name, birth date, age, gender,
subject #, session #, test date, test time, test
serial #, test version #, form #, and tester.
Note: only Test Forms #1 [IIFF] and #6 [IF]
are standardized.
2. The T.O.V.A. Interpretation statement will
be that:
The results are within normal limits.
or
Overall, this T.O.V.A. is suggestive of an
attention problem.
The test results (see Form 3) are (or are not)
within normal limits, and the ADHD Score (see Form 4) is (or is not) within normal limits.
The Screening Version is worded this way to avoid any diagnostic term or statement that could become
a liability problem for non-clinicians, non-health care professionals, and schools using the T.O.V.A.
For subject 0020, the ADHD Score could not be calculated because of invalid quarters.
3. The Additional Interpretation Notes section may contain additional notes.
4. The Validation Notes section notes whether any of the quarters were invalid and why.
For subject 0020, quarters 3 and 4 may be invalid due to ≥10% Anticipatory Error. As explained in C. 4.
below, quarter 3 is invalid and quarter 4 is valid. Thus, we do not include the variables in quarter 3 in our
interpretation of this protocol. Since quarter 3 is invalid, half 2 and the total are also invalid.
5. Occasionally, when one or more quarters are invalid, the remaining (valid) quarters may be within
normal limits. Thus, the protocol would be interpreted as within normal limits. When this happens, a
statement will be made that the invalid quarter(s) may have been the result of an attention problem, and
the interpretation should be viewed cautiously.
C. Form 3, T.O.V.A. Analyzed Data
1. The demographic data are presented first- name, birth date, age, gender, subject #, session #, test
date, test time, test serial #, test version #, form #, tester.
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2. The brief description of table that follows explains that the table contains the analyzed data, organized
by quarters, halves, and total results, using standard scores and standard deviations.
3. The following interpretation codes are used in this table:
Interpretation Codes
[ ] = invalid
! ! = excessive commission errors

* = significantly deviant result
b = borderline result

a. [ ] means that cell can not be assumed to be valid without checking Form 5.
Subject 0020 has brackets on all cells in
quarters 3 and 4. Thus, quarters 3 and 4 must
be interpreted cautiously. (See 4. c. below)
b. ! ! means that there were excessive
Commission Errors in that cell, and
that the other
variables can not
be considered valid although
Commissions are valid.
Subject 0020 has no excessive Commission
Errors.
c. * means that the results are valid and
significant (compatible with an attention
problem).
Subject 0020 has a number of cells with *,
indicating that the protocol is not within normal
limits and is compatible with an attention
problem.
d. b means that the results are valid and
borderline significant.
For subject 0020 there is one cell (commission
errors in quarter 1) with a b in the protocol.
4. The following are the Validity Measures:
a. Tests obtained after 1:00 pm
These tests are technically considered invalid because of possible diurnal effects on
attention. However, for a minority of individuals with different diurnal patterns,
afternoon testing would be valid.
b. User interrupts
The tester can interrupt the test and restart it at the same place should that be necessary.
However, the remainder of an interrupted test would be considered invalid since the
norms would not strictly apply.
c. Excessive Anticipatory Responses (≥10%/quarter)
These errors may invalidate all of the variables in that quarter since very rapid and
responses tend to decrease Omissions and Response Time and increase Commissions
and Variability.
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To determine whether a quarter with excessive anticipatory responses is invalid, review the Results
Table (Form 5).
In quarters 1 and 2, if the ratio of non targets to
targets is >3.5, the quarter is considered invalid.
(Conversely, if the ratio of non targets to targets
is <3.5, the quarter is considered valid.
In quarters 3 and 4, if the ratio of non targets to
targets is > 1:3.5, the quarter is considered
invalid. (Conversely, if the ratio of non targets to
targets is <1:3.5, the quarter is considered valid).
For subject 0020, the ratio of non targets to targets in
quarters 3 and 4 are 11:28 and 5:23, respectively.
Therefore, we consider quarter 3 invalid and do not
include the variables in our interpretation of the
protocol. However, quarter 4 is valid, and we include
the variables in our interpretation.
d. Excessive Commission Errors
These errors may invalidate the other
variables (but not Commissions) in that
quarter since the rapid and additional
responses tend to decrease Omissions
and Response Time and increase
Variability.
Excessive Commission Errors
T.O.V.A. (Visual)
Age
4-5 years old
6-12 years old
13+ years old

Quarters 1 or 2
≥20%
≥10%
≥10%

Quarters 3 or 4
≥70%
≥60%
≥50%

Quarters 1 or 2
≥20%
≥10%
≥10%

Quarters 3 or 4
≥60%
≥60%
≥50%

T.O.V.A.-A. (Auditory)
Age
6-7 years old
8-12 years old
13+ years old

e. Excessive Omission Errors (≥ 90%/quarter) These errors invalidate the entire quarter since
there are too few responses to be a sufficient sample. Generally, it means that the subject stopped
responding or, less commonly, that the Microswitch malfunctioned.
f. If Response Times = 0 ms
If this occurs, it means that there were no recorded correct responses. That quarter would be considered
invalid.
Note: If any quarter is invalid, then the corresponding half and the total scores are also invalid.
6. Reading the Analysis Table
a. We first examine the totals for significant findings.
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For subject 0020, the totals are invalid since quarter 3 is invalid.
b. We then examine and compare halves to determine whether there are significant findings and
their implications.
1) Half 1 This is the more boring task, and the "under aroused" have difficulty maintaining
attention and control. If this half is deviant, one should consider increasing
toward-task stimulation, decreasing time on-task, introducing activity, etc.
2) Half 2
This is the active or high
response task, and the "over
stimulated" have difficulty. Of
course, everyone (normals
included) tends to be faster
and make many more
Commission Errors than in
half 1. If this half is deviant,
one should consider
decreasing distractions and
pace, etc.
3) If both half 1 and 2 are
significantly deviant –
If the person has difficulty with both
halves, one should consider interventions
for both conditions.
For Subject 0020, half 1 is deviant from the norm
with significantly high commissions and omissions.
Half 2 is invalid since quarter 3 is invalid.
c. We then compare quarters within and
across halves.
1) If there is a significant change
(worsening) within a half, we should consider the possibility of a short (5-6 minute)
attention span in that kind of task or possibly a 12-15 minute attention span overall if the
change is between quarters 3 and 4.
For Subject 0020, V, RT, d’, C, and O all worsen from quarter 1 to quarter 2. V, d’, C, and O become
significantly deviant in quarter 2. After analyzing anticipatory errors and determining that quarter 4 is
valid, we note that V, d’, C, and O are all significantly deviant in quarter 4.
2) If it appears that quarter 3 is worse than quarter 4, look for a change-of-set problem at
the beginning of quarter 3 by examining response by response option. This could be
indicative of excessive obsessive-compulsive traits or anxiety.
3) If quarter 1 is worse than quarter 2, it could be indicative of excessive anxiety.
4) Look for game (or test taking) strategy influences or changes
For some individuals being fast is more important than making fewer errors, and
visa-versa. Some persons will dramatically slow down to reduce errors in half 2
while others may speed up as if losing control.
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5) If there is an absence of an apparent test taking strategy
Sometimes the protocol looks disorganized with no discernable consistency or
pattern. It looks "crazy". It may reflect the presence of a significant mental illness
or the performance of a strategist who changes strategy frequently to "beat" the
test. It would be helpful to debrief the subject.
7. The Test Results are summarized below the results table.
N = normal
* = deviant from normal B = borderline

? = not interpretable

For subject 0020, all cells but quarter 1 are either deviant or invalid.
8. The ADHD Score is then presented.
For subject 0020, the ADHD Score is [-3.23], and there is a note that the ADHD Score must be
interpreted cautiously (since quarter 3 was invalid). If the ADHD Score was not invalidated, it would be
interpreted as indicative of an attention problem.
D. Form 2, T.O.V.A. Analysis
Graph
The analyzed data from Form 3 are
presented in graphs.
1. The top section contains the
demographic data.
2. The graph presents T.O.V.A.
results using standard scores and
percentiles for Response Time
Variability and Response Time, and
standard scores for Commissions
and Omissions. If the standard
score is below the horizontal axis, it
would not be displayed in the graph.
3. The "X" axis of the graph will be
changed (up or down) automatically
as necessary to allow sufficient
room.
4. The normal range for standard
score is 85-115, and any result
below 80 (indicated by the dotted
line) is considered significantly
deviant, assuming average
intelligence.
For Subject 0020, quarters 3 and 4,
half 2, and total are labeled invalid.
V, C, and O are significantly deviant
in quarter 2 and half 1.
5. The results of four tests can be
displayed side-by-side for comparisons of baseline (no medication) and on-medication tests, follow-up
tests with previous tests, etc.
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E. Form 4, T.O.V.A. Signal Detection Data
1. The first section contains the demographic
data.
2. D Prime (d’) is a measure of performance
deterioration over time.
3. The Graph of D Prime is printed with standard
scores and percentiles
As noted above, a standard score <80 is
considered deviant from the norm, assuming
average intelligence. If the standard score is
below the horizontal axis, it would not be
displayed on the graph.
For subject 0020, d’ is significantly deviant in
quarters 1, 2, and 4 and half 1 and invalid in
quarter 3, half 2, and total.
4. The TOVA ADHD Score is then explained as a
comparison of the subject’s performance with an
ADHD diagnosed group of individuals. Unlike the
Interpretation (Form 1) that compares the
subject’s performance to a group of non-ADHD
individuals by determining the degree of deviance
from the norm, the ADHD Score describes how
similar this subject’s performance is to a group
with ADHD.
5. The ADHD Score is determined as follows:
ADHD Score Formula
Z Score Response Time Half 1
+ D' Z ScoreHalf 2
+Z Score VariabilityTotal
ADHD Score
5. Z Score = [Raw Score- Mean (norm group)]/ std dev (norm group).
6. An ADHD Score -1.80 or less is not within normal limits. A score more than -1.80 is within
normal limits.
a. Less than -1.80 means -1.81 or a more negative number (like -1.89).
b. More than -1.80 means -1.79 or a more positive number (like -1.60 or 1.2).
For Subject 0020, the ADHD Score of -3.23 is more negative than -1.80 and is not within normal limits.
However, the ADHD Score is not valid since quarter 3, half 2 and total are invalid, making d’ (half 2) and
V (total) also invalid.
Note: An ADHD Score more positive than -1.80 (like -1.60 or 1.2) is considered inconclusive and
is not interpreted to mean that the subject does not have ADHD.
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If the Interpretation (Form 1) is not within normal limits (that is, is deviant from the norm), and ADHD
Score is not within normal limits, there is a high probability that the person has an attention problem.
If the Interpretation and the ADHD Score are within normal limits, there is a high probability that the
person does not have an attention problem.
If the Interpretation is that the performance was deviant from the norm, but the ADHD Score was not
significant, there is a high probability that the person has an attention problem.
Finally, if the Interpretation is that the performance was within normal limits, but the ADHD Score was
significant, there is a high probability that the T.O.V.A. Interpretation represents a false negative, and
that the person does have an
attention problem. There are many
reasons for a false negative result,
including high IQ or the presence of
an auditory rather than a visual
attention problem and visa versa.

F. Form 5, T.O.V.A. Information
and Results
This table contains the raw data,
medication information (if any), and
all of the validity measures.
1. The first section contains the
demographic data.
2. Test data- tester, test format (#1 is
the standard IIFF format for ages 6+;
#6 is the IF format for 4-5 year olds),
test version #, test serial #, ISI or
InterStimulus Interval (2 seconds),
(signal) On-Time (200 ms), (signal)
Off-time (300 ms), and anticipatory
response time (150 ms).
3. Medication data
The name of each medication,
dosage, and med-test interval (the
time between administering the
medication and testing) are recorded
for up to three medications.
a. Challenge medicine
Subject 0020 was not given a
challenge medication.
Leave blank if not conducting a challenge test. If not left blank, the
report will have medication notations on several pages even if the
recorded medication is "none".
b. Med #2 and #3 : Subject 0020 was not taking any medication.
Although these spaces are generally for a psychoactive medication
(that is, a medication that has an effect on the brain and on attention [and,
therefore, on the T.O.V.A.]), other medications, like antibiotics, can also be
entered here.
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A clinician will need to determine what effects the medication(s) may have had on the T.O.V.A.
results.
4. Weight and height are optional.
5. Results Table
The reported variables for each quarter, half and total are: Response Time Variability (ms),
Response Time (ms), d prime, Commissions (%,#), Omissions (%,#), Correct Responses (%,#),
Anticipatory Responses (%, # non targets and # targets), Multiple Responses (#), User Interrupts
(#), Hardware Errors, and Post-Commission Response Time (#).
6. The Interpretation Program checks each validity measure to determine whether the quarters, halves
and total are valid.
Validity Measures
Time of test
Test version
Omission %/quarter
Commission %/quarter
Response Time (ms)/quarter
Anticipatory Responses %/quarter
User Interrupt
Hardware Error

G. Response by Response Option.
1. This option allows the examination of each response throughout the test. It can be viewed on screen
or printed out as needed.
2. The four columns of information are:
a) Stimulus Type: Target (T) or non-target (NT)
b) Response Type: None, Correct Response (Corr Resp), Correct Non-Response (Corr Nresp),
Omission, Commission, Anticipatory Response (Anticip), and Post-Commission Response (Post Comm)
c) Response Time (ms)
d) Response Flags: Multiple Responses (M), User Interrupt (I), Button Hold Error (B)
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III. School Intervention Report
T.O.V.A. Interpretation Service
This is a "504" plan based on T.O.V.A. results and additional clinical information that the clinician and/or
school have.
A. Features
1. It can be personalized by adding the person's name to the appropriate space. The name will
then be used in several of the paragraphs. If no name is used, the paragraphs will be
constructed in a generic fashion.
2. The tester can choose (by typing an "X" in the appropriate box) and/or edit the paragraphs as
needed.
3. The tester can export the report to a word processing program for other changes.
B. There are five categories that the report addresses.
1. Increasing focus on tasks (decreasing distractibility).
2. Improving social skills and managing social deficits.
3. Increasing thinking before action and decreasing impulsivity.
4. Effective behavioral interventions.
5. Promoting consistency in school performance (decreasing variability).
C. Confidentiality- The School Intervention Report (and the T.O.V.A. Interpretation Report) are
confidential- a signed release is needed to send them to the school and other professionals.
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IV. Home Intervention Report - T.O.V.A. Interpretation Service
This is a home intervention report based on T.O.V.A. results that the subjects and/or parents can be given to assist
with attention behaviors.
A. Features
1. It can be personalized by adding the person's name in the appropriate space. The name will then be
used in several of the paragraphs. If no name is used, the paragraphs will be constructed in a generic
fashion.
2. The writer can choose (by typing an "X" in the appropriate box) and/or edit the paragraphs as needed.
3. The writer can export the Program to a word processing program for other changes.
4. There are many areas that the Program addresses.
B. Confidentiality- The Home Intervention Report (like the T.O.V.A. Interpretation Report) is confidential- a signed
release is needed to send them to the school and other professionals.

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Effects of family modeling
Enclosed homework areas
Posted Daily Schedule
Preemptive preparation for the morning
routine
Limiting choices
Planned movement during study periods
Plan attention-needed activities in the
morning
Making optimal use of medication
Task modification
Frequent monitoring/feedback
Eye contact
Single step instructions
Provide examples
Paraphrase
Stay there until it starts
Plan for transitions
Use of a timer
Avoid Spontaneity (when focused attention
is necessary)
Limit over-stimulation
Avoid fatigue
When/then statements
Hands on tasks
Pairing

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

One friend at a time
Pre-plan activities prior to visits
Social goal-setting in play groups
Encourage friendship development outside
of school
Detailed observations
Verbalize mental processing
Identify/rehearse/practice
Stop-Think-Talk-Do
Identify support people
Individualize
Frequent feedback
High stimulation reward
Point systems/reward menu
Response/cost
Charting/Punch cards
Verbal/Non-verbal encouragement
Redirection
Cues
Stop the flood
After-school medications
Variations in parenting style/temperament
Individual daily organization
Clean backpacks
Accompany oral with written directions
Monthly calendar with dates
Message Center
Posting of household rules
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The following pages illustrate a generic Home Intervention Report with all categories included.
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V. T.O.V.A. Protocols
Selected protocols are presented and reviewed to illustrate the T.O.V.A. s and their uses.
Protocol
006
004
007
008
002
020

Subject
High Omission Errors (adult)
Invalid quarters- Excessive Commission Errors
Invalid quarters- Excessive Anticipatory Responses
Adult ADD pattern
"Acquired" ADHD, secondary to a head injury
Neurological pattern- lapse seizures
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006

High Omission Errors (adult)

Protocol 006

38 year old female with clinical diagnosis of ADHD

ANALYSIS TABLE
1
Omission Errors
Standard Dev
Standard Score
Commission
Errors
Standard Dev
Standard Score
Response Time
Standard Dev
Standard Score
RT Variability
Standard Dev
Standard Score

%
%

ms
ms

3*
-2.8*
58*
1
0
100
448
-.05
99
124*
-2.0*
70*

QUARTER
2
3
0
2*
.17
>-4*
102
<40*
1
8%
-.05
-.46
99
93
460
-.1
98
53
.56
108

 = Invalid Quarter
!! = Excessive Commission Quarter

463
-.89
86
116*
-1.7*
73*

HALF

TOTAL

4

1

2

0
0
100
17*
-2.5*
61*

1*
>-4*
<40*
1
-.44
93

1*
>-4*
<40*
12*
-1.6*
76*

1
-.83
87
3
-.75
88

385
-.01
99
89
-.58
91

454
-.08
98
95b
-1.2b
81b

424
-.47
92
110*
-1.6*
76*

430
-.38
94
108b
-1.2b
81b

* = Significantly Deviant Result
b = Borderline Result

1. Significantly high omissions in both halves 1 and 2 and in quarters 1 and 3.
2. If there were only one error, it would not be clinically significant, and the analysis and interpretation
would disregard it.
3. Significantly high commissions in half 2 and quarter 4 and high variability in half 2 and in quarters 1
and 3.
4. Results are not within normal limits and warrant a referral to clinician.
5. Note that the deviant omission errors and variability occur in the same two quarters. It’s as though the
two were related. In fact, inspection of response by response option reveals that almost all of the
deviant variability scores were during and after two consecutive omission errors in quarters 1 and 3. We
will attribute the deviant variability to the cause of the omission errors - a possible neurological problem
such as narcolepsy or a seizure disorder that resulted in brief (2-4 sec) unconsciousness.
Problems in the beginning of the two halves may result from difficulty adjusting to the test situation at the
onset and when the test conditions changes without warning (between quarters 2 and 3 when infrequent
target mode switches to frequent target mode). In such cases, we might consider interference by
personality factors such as obsessive-compulsive traits and/or anxiety.
6. Subsequent evaluation revealed narcolepsy for which she was prescribed methylphenidate (the
treatment for her attention disorder as well).
7. The high commission errors in quarter 4 might be indicative of difficulty inhibiting responses after 5
minutes in a high response test situation. If so, we would consider suggesting that she alter her work
situation accordingly and reduce distractions.
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004
Protocol 004

Invalid quarters- Excessive Commission Errors

8 year old male with clinical diagnosis of ADHD

ANALYSIS TABLE
56*
>-4*
38*
6
-.45
93

QUARTER
2
3
58*
!9!
>-4*
!-.4!
<40*
!93!
8b
75*
-1.2b
-2.6*
81b
61*

4
!11!
!-.58!
!91!
86*
-2.3*
65*

57*
-4.9*
26*
7
-.86
87

2
!10!
!-.53!
!92!
81*
-2.5*
62*

!20!
!-1.5!
!78!
23*
-2.0*
70*

521
.02
100
172
-.92
86

749*
-2.4*
63*
429*
>-4*
<40*

!342!
!.98!
!114!
!193!
!-.39!
!88!

631b
-1.2b
81b
342*
>-4*
<40*

!361!
!.91!
!113!
!191!
!-.53!
!92!

!394!
!.86!
!112!
!232!
!-1.5!
!77!

1
Omission Errors
Standard Dev
Standard Score
Commission
Errors
Standard Dev
Standard Score
Response Time
Standard Dev
Standard Score
RT Variability
Standard Dev
Standard Score

%
%

ms
ms

 = Invalid Quarter
!! = Excessive Commission Quarter

!381!
!.76!
!111!
!187!
!.74!
!88!

HALF
1

TOTAL

* = Significantly Deviant Result
b = Borderline Result

1. Excessive commission errors (>60%) could invalidate all other variables in quarters 3 and 4.
2. We can use all commission scores but omissions, response time and variability from quarters 1 and 2
only.
3. Commissions in half 2 (and quarters 3 and 4) and O, RT, and V significantly deviant from norm in half
1.
4. Results are not within normal limits and warrant a referral to clinician.
5. RT, and V all worsen significantly (>.5 std dev or >7.5 std score) from quarter 1 to 2, suggesting a 5
minute attention span (or 5 minute ability to inhibit) during a boring task.
6. Intervention should take #5 into account by breaking up long, boring tasks.
7. The intervention should also take into account the excessive C in half 2 by reducing excessive
stimulation and distractions.
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007
Protocol 007

Invalid quarters- Excessive Anticipatory Responses
9 year old male with clinical diagnosis of ADHD

ANALYSIS TABLE
Omission Errors
Standard Dev
Standard Score
Commission
Errors
Standard Dev
Standard Score
Response Time
Standard Dev
Standard Score
RT Variability
Standard Dev
Standard Score
Anticipatory
Responses

%
%

ms
ms
%

1
[17]
[-1.1]
[83]
[22]
[-3.5]
[47]

QUARTER
2
3
!3!
[58]
!0!
[>-4]
!100!
[37]
20*
[40]
>-4*
[-.59]
<40*
[91]

[302]
[3.1]
[146]
[83]
[.93]
[113]
[12%]

!324!
!3!
!145!
!71!
!1.6!
!123!
4%

[954]
[>-4]
[<40]
[808]
[>-4]
[<40]
[35%]

 = Invalid Quarter
!! = Excessive Commission Quarter

HALF
1

TOTAL

4
[53]
[-4.1]
[39]
[41]
[-.02]
[99]

[9]
[-.55]
[91]
[21]
[>-4]
[<40]

2
[55]
[>-4]
[<40]
[41]
[-.31]
[95]

[40]
[-3.1]
[53]
[24]
[-2]
[69]

[1619]
[>-4]
[<40]
[618]
[>-4]
[<40]
[32%]

[315]
[3.2]
[147]
[77]
[1.5]
[122]
8%

[1294]
[>-4]
[<40]
[790]
[>-4]
[<40]
[33%]

[780]
[-3.7]
[44]
[738]
[>-4]
[<40]
[21%]

* = Significantly Deviant Result
b = Borderline Result

1. Excessive Anticipatory Responses (>10%/quarter) in quarters 1, 2, and 3 may invalidate all variables
in these quarters. The ratios of non targets to targets in these quarters invalidated them.
2. High Anticipatory Responses are generally seen in two cases: a) when the person has changed the
rules and wants “to kill “ the stimulus as quickly as possible, or b) in someone with ADHD. The observer
should ask the person about their “game plan”.
3. Excessive Commission Errors (>10%) in quarter 2 invalidate all other variable in that quarter.
4. This protocol is uninterpretable except for significant impulsitivity in quarter 2 which would be
compatible with a behavior problem and/or an attention problem. This finding would raise concerns
about impulse control after 5 minutes in a boring task.
5. We would be inclined to retest with special instruction rather than rely on a single valid quarter.
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008
Protocol 008

16 year old female with clinical diagnosis of ADHD

ANALYSIS TABLE
1
Omission Errors
Standard Dev
Standard Score
Commission
Errors
Standard Dev
Standard Score
Response Time
Standard Dev
Standard Score
RT Variability
Standard Dev
Standard Score

Adult ADHD pattern

%
%

ms
ms

0
.32
104
2
-.99
85
435
-.49
92
78
.02
100

QUARTER
2
3
6*
!4!
-2.7*
!-2.7!
60*
!59!
0
58*
.5
>-4*
107
<40*
449
-.46
93
72
-.03
99

 = Invalid Quarter
!! = Excessive Commission Quarter

!352!
!.22!
!103!
!116!
!-.92!
!86!

HALF
4

1

TOTAL
2

!2!
!-.76!
!88!
64*
>-4*
<40*

3
-.99
85
1
-.42
93

!3!
!-2.0!
!70!
61*
-4.1*
39*

!3!
!1.8!
!72!
14*
-3.6*
45*

!351!
!.27!
!104!
!96!
!.04!
!100!

442
-.49
92
76
.07
101

!352!
!.18!
!105!
!106!
!-.33!
!95!

!372!
!.13!
!101!
!107!
!-.35!
!94!

* = Significantly Deviant Result
b = Borderline Result

1. Excessive (>50%) commissions may invalidate the other variables in quarter 3 and 4.
2. Commission Errors are compatible with adult pattern attention deficit.
3. Omissions are significantly high in quarter 2. In addition, we’d expect Omissions to be decreased
when Commissions are excessive as in quarters 3 and 4. However, Omissions are still significantly high
in quarter 3 although technically invalid.
4. Note increase of Omissions from quarter 1 and quarter 2 that may be indicative of a 5 minute
attention span in a boring task.
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002

“Acquired“ ADHD, secondary to a head injury

Protocol 002
11 year old boy tested in 1988 as part of norming study. He was tested again in 1990, as part of a
neuropsychological assessment, six months after a serious auto accident and a long period of
unconsciousness. Since the accident, his behavior has deteriorated dramatically, and he now meets
criteria for ADHD.

Omissions
Standard Dev
Standard Score
Commissions
Standard Dev
Standard Score
Response Time
Standard Dev
Standard Score
RT Variability
Standard Dev
Standard Score

1988

1990

0
100

-1.8*
73*

.7
111

.3
105

.3
105

-1.7*
75*

-.1
99

-2.1*
69*

 = Invalid Quarter
!! = Excessive Commission Quarter

* = Significantly Deviant Result
b = Borderline Result

1. 1988 all variables are within normal limits.
2. 1990 - Omissions, Response Time, and Variability are all significantly deviant.
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020
Protocol 020

Neurological pattern- lapse seizures

10 year old male with clinical diagnosis of ADHD

ANALYSIS TABLE
Omission Errors
Standard Dev
Standard Score
Commission
Errors
Standard Dev
Standard Score
Response Time
Standard Dev
Standard Score
RT Variability
Standard Dev
Standard Score

QUARTER

HALF

TOTAL

%
-2.2*
66*

-3.6*
46*

-.77
88

>-4*
<40*

-3.1*
53*

-2.0*
70*

-2.3*
65*

.16
102

-2.6*
60*

.03
100

.8
112

-1.1
83

.43
106

-.09
98

-2.8*
58*

-3.3*
50*

-2.5*
62*

-2.9*
56*

-3.1*
53*

-2.8*
58*

-2.9*
55*

-.94
85

-2.7*
58*

-3.4*
48*

-3*
55*

-2.3*
65*

-3.2*
51*

-3.3*
50*

%

ms
ms

 = Invalid Quarter
!! = Excessive Commission Quarter

* = Significantly Deviant Result
b = Borderline Result

1. Total, halves and quarter scores significantly deviant from norms.
2. All variables worsen from quarter 1 to 2 suggesting a 5 minute attention span in boring task.
3. Response by response review revealed groupings of omissions.
4. Lapse seizures were subsequently diagnosed.
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VI. Appendices
A. Testing Instructions

B. T.O.V.A. Observer Rating Form
C. Visual Norms
Summary
Omissions
Commissions
Response Time
Variability
D Prime

D. Auditory Norms
Summary
Omissions
Commissions
Response Time
Variability
D Prime
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Appendix A.
TESTING INSTRUCTIONS
As with other assessment tools, it is important for the subject and the test user to have developed sufficient
interpersonal rapport prior to test administration to facilitate administration. Further, the computer and /or monitor
on which the test is being operated should be directly in front of the subject, at a comfortable position, easily seen by
the subject.
Lighting must not produce glare on the monitor. Seating and environment must be comfortable and
appropriate for the approximate half hour testing session.
Outside or environmental distractions, such as intercoms, telephones, and the like should be avoided during
the test administration. Headphones may be used instead of speakers or to minimize auditory distractions.
The T.O.V.A. was normed with test administrations performed in the morning, prior to 1 p.m., to avoid
diurnal variations. It was the first test administered to the norming subjects; however, test order use has not been
studied independently. The recommended testing procedure for sequential T.O.V.A. testing in the same day is that
there be at least 1 1/2 hours in between tests to minimize the effects of fatigue. If there is less than one hour
between tests, the second test is considered technically invalid, and it is recommend that it be repeated on a
different day.
Also, the norms were obtained with an observer present at all times during the testing. Even though the
observer (test administrator) was not interactive during the testing, the observer was physically present. We
recommend that the test administrator maintain physical presence throughout the testing. If behavioral cues are
needed to assist the subject in staying on task, please note the cues and frequency to add to the behavioral
information during the testing session.
Prompting is permitted during the practice test, but not during the actual testing (unless absolutely
necessary). This was the format used for the test normalization. Encouragement of cooperation may be helpful in
some younger subjects.
Please note interactions and frequencies to add to the behavioral information during the testing session. A
“T.O.V.A. Observer Behavior Rating Form” is provided in the appendices.
The test administrator should be familiar with the test administration instructions prior to the use of the test.
To properly utilize the interpreted T.O.V.A. test profile, the professional should be thoroughly familiar with the test
scores and their meaning. Knowledge of attentional processes, impulse control, cognitive processes, childhood
development, medical disorders, psychiatric disorders and neuropsychological functioning is essential to the
utilization of the test data.
Since the tests are not language dependent, instructions may be given in the subject’s native language.

Administration of the Test
Overview
The T.O.V.A. is the visual stimulus based CPT. The subjects are presented with visually presented targets
and nontargets. (See Figure 1, Chapter 1.) The subjects are instructed to press the microswitch as quickly as
possible after seeing the target stimulus. They are instructed to not press the switch (i.e., do nothing) when they
see the nontarget. The targets and nontargets are pre-designed to appear in two different conditions, stimulus
infrequent and stimulus frequent. Stimulus infrequent is defined by 36 targets and 126 nontargets per quarter in
quarters 1 and 2. Stimulus frequent is defined by 126 targets and 36 nontargets per quarter in quarters 3 and 4.
The test is internally timed to last for 21.6 minutes. Testing is usually scheduled for a half hour for a complete
session.
The T.O.V.A.-A. is the auditory stimulus based CPT. The subjects are presented with auditory targets and
nontargets. The auditory target sound is G above middle C, and the nontarget sound is middle C. Like the visual
stimulus based test, the test has two conditions, stimulus infrequent and stimulus frequent. The subjects are
instructed to press the microswitch as quickly as possible after they hear the target stimulus. They are instructed to
not press the switch (i.e., do nothing) when they hear the nontarget. The targets and nontargets are pre-designed to
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sound in two different conditions, stimulus infrequent and stimulus frequent. Stimulus infrequent is defined by 36
targets and 126 nontargets per quarter in quarters 1 and 2. Stimulus frequent is defined by 126 targets, 36
nontargets per quarter in quarters, 3 and 4. The test is internally timed to last for 21.6 minutes. Testing is usually
scheduled for a half hour for a complete session.
We recommend that the computer and monitor be turned on with the appropriate test program "booted up"
and tested prior to the subject entering the test room. The test examiner must enter the necessary demographic
information needed to run the test (See T.O.V.A. Clinical Manual for additional assistance).

INSTRUCTIONS FOR ADMINISTERING THE T.O.V.A.
Administration of Practice Test for the Visual T.O.V.A.
The visual T.O.V.A. and the auditory T.O.V.A.-A., both, offer practice tests to insure that the subject
understands the testing conditions and instructions. The subject is to be fast AND accurate so as not to sacrifice
speed for accuracy or vice versa.
Since a practice test (3 minutes) was administered before the T.O.V.A. and T.O.V.A.-A. norming data were
obtained, it is recommended that it be administered before testing a subject for the first time. A quick verification of
the practice summary data also ensures that the program is operating correctly before the subject starts a full
session.
Slowly read (or paraphrase) the following:
"This test measures your ability to pay attention. Two different kinds of squares will flash on this
computer screen. The squares will differ only in that one of them will have a small hole near the top
(indicate with a picture or use DISPLAY STIMULI on screen), and one will have the hole near the
bottom (indicate). We want you to press this button (indicate) every time you see the square with the
hole near the top (indicate). (Find out which hand they use for writing.) I want you to hold this button
in your writing hand with your thumb resting lightly on top, like this (indicate). Here... take the button.
Let up when you hear the click; don't hold the button down very long. Push it down only once for each
correct picture.
"Now we are going to flash the squares on the screen, and your job is to press the button AS FAST
AS YOU CAN every time you see a square with a hole near the top (indicate). But the trick is that you
are NOT to press the button when the hole is near the bottom (indicate). Remember to press the
button as fast as you can but only for the square with the hole near the top. The whole idea of this test
is for you to be as fast, but also as accurate as you can. Try not to make any mistakes. But, if you do
make a mistake...don't get upset, don't worry. Everyone can make a mistake on this test. Try and
press the button as fast as you can but only for the square with the hole in the top. Don't be too fast -take enough time to see which picture it is. Don't guess. Once you've pressed the button, let up.
Don't press it more than once when you see the correct signal. Any questions...?
"Now we are going to have a short practice. After I press the button, you are going to see a dot
appear in the middle of the screen. That's where the squares are going to appear. After the dot
appears, the numbers 3...2...1... are going to appear and then the first square will flash on the screen.
Remember, the whole idea is to be as fast AND accurate as you can be. Any questions...?"

Starting the Practice Test
Start the practice. The practice test lasts 3 minutes. Observe to be sure the subject is doing it correctly and
give prompts freely early in the practice test. Instruct again if necessary. Rerun practice if necessary until subject
understands.
Check practice results to ensure the proper recording and that the subject understands the task. If errors are
excessive, repeat the practice test with special instructions/reinforcement to be fast AND accurate.
Keep notes of observations of distractibility, attentiveness, mood, compliance, activity level, style of
performance, medications and dosages taken in last 12 hours, etc. A form is provided in the Appendices. These
observations provide behavioral information to go with the data provided in the TOVA report

Administering a Practice Test After the First Test
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In subsequent tests with the same subject, you may run partial practice tests to remind the subject of the task
and to reinforce the goals of speed AND accuracy. However, always look at the summary scores of the practice
test to ensure the test is recording correctly before continuing to the full test. The recommended testing procedure
for sequential T.O.V.A. testing in the same day is that there be at least 1 1/2 hours in between tests to minimize the
effects of fatigue.

Administering the T.O.V.A.
After practice is over, slowly read the following:
"OK, now we are going to do the test for about 20 minutes. Do the best job you can. Also, you should
know that your eyes are probably going to get a little tired. Even so, try and do the best job you can...
press the button as quickly as you can but only for the square with the hole in the top.
"I'll be staying here while you do the test, but I can't talk to you once the test starts. Do you have any
questions before we begin?
"Ready, here we go... start watching the screen." Start the test.
Observe and record if the subject is on task, and how the subject is reacting to the test. Do not prompt unless
absolutely necessary; i.e., only if results will be invalid without prompting. Record if prompted. A behavioral
observation form is provided in the Appendices.
Observe for multiple responses to stimuli. This can be done by paying attention to the sound of the microswitch.
While the test automatically records multiple responses, observation of the phenomenon for clinical correlation is
advised.
When testing is completed the data will be saved. You will be returned to the Homepage and ready for
scoring/interpreting.

INSTRUCTIONS FOR ADMINISTERING AUDITORY T.O.V.A.-A.
Administration of Practice Test for the T.O.V.A.-A.
Slowly read (or paraphrase) the following:
"This test measures your ability to pay attention. Two different kinds of notes will be heard. The notes
will differ only in that one of them will be higher in pitch (DEMONSTRATE TARGET NOTE) than the
other (DEMONSTRATE NONTARGET NOTE). I want you to press this button (indicate) every time
you hear this sound (DEMONSTRATE TARGET SOUND)." Find out which hand they use for writing.
Then continue: "I want you to hold this button in your writing hand with your thumb resting lightly on
top, like this (indicate). Here... take the button. Let up when you hear the click; don't hold the button
down very long. Push it down only once for each correct note.
"Now we are going to play the notes, and your job is to press the button AS FAST AS YOU CAN every
time you hear the high note (DEMONSTRATE). But the trick is that you are NOT to press the button
when the low note is heard (DEMONSTRATE). Remember to press the button as fast as you can but
only for the high note. The whole idea of this test is for you to be as fast, but also as accurate as you
can. Try not to make any mistakes. But, if you do make a mistake...don't get upset, don't worry.
Everyone can make a mistake on this test. Try and press the button as fast as you can but only for
the high note (DEMONSTRATE). Don't be too fast -- take enough time to hear which note it is. Don't
guess. Once you've pressed the button, let up. Don't press it more than once when you hear the
correct note. Any questions...?
"Now we are going to have a short practice. When I press a key on the computer, the notes will
begin. After I press the key, the numbers 3...2...1... are going to appear and then the first note will be
heard. Remember, the whole idea is to be as fast AND accurate as you can be. Any questions...?"

Starting the Practice Test
Start the practice. The practice test lasts 3 minutes. Observe to be sure the subject is doing it correctly and
use prompts freely early in the practice test. Instruct again if necessary. Rerun practice if necessary until subject
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demonstrates an understanding of the test instructions. If you wish, you can check practice results. If errors are
excessive, repeat practice after discussing the instructions with the subject.
Keep notes of observations of distractibility, attentiveness, mood, compliance, activity level, style of
performance, medications and dosages taken in last 12 hours, etc. A form is provided in the Appendices. These
observations provide behavioral information to go with the data provided in the TOVA report.

Administering a Practice Test After the First Test
The visual T.O.V.A. and the auditory T.O.V.A.-A., both, offer practice tests to insure that the subject
understands the testing conditions and instructions. The subject is to be fast AND accurate so as not to sacrifice
speed for accuracy or vice versa.
Since a practice test (3 minutes) was administered before the T.O.V.A. and T.O.V.A.-A. norming data were
obtained, it is recommended that it be administered before testing a subject for the first time. A quick verification of
the practice summary data also ensures that the program is operating correctly before the subject starts a full
session.

Administering the T.O.V.A.-A.
After practice is over (3 minutes), slowly read the following:
“OK, now we are going to do the test for about 20 minutes. Do the best job you can. Also, you should
know that you will probably get a little tired. Even so, try and do the best job you can... press the button
as quickly as you can but only for the high note.
"I'll be staying here while you do the test, but I can't talk to you once the test starts. Do you have any
questions before we begin?
"Ready, here we go... start listening " Start the test.
Observe and record if the subject is on task, and how the subject is reacting to the test. Do not prompt unless
absolutely necessary; i.e., only if results will be invalid without prompting. Record if prompted. A behavioral
observation form is provided in the Appendices.
Observe for multiple responses to stimuli. This can be done by paying attention to the sound of the microswitch.
While the test automatically records multiple responses, observation of the phenomenon for clinical correlation is
advised.
When testing is completed the data will be saved. You will be returned to the Homepage and ready for
scoring/interpreting.
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Appendix B.
T.O.V.A. Observer Rating Form
Subject’s name: _____________________ Date of test _________
Please rate the subject’s behavior for each quarter while taking the T.O.V.A., using a scale of 1
(not at all) to 5 (very much)
Quarter
1

2

(0-5.4’)

Distractible-in general
Visual
Auditory

12345
12345
12345

3

4

(10.8-16.2Ó)

12345
12345
12345

12345
12345
12345

12345
12345
12345

(Please check here if there were no auditory/visual distractions during test _____)
Overactive
Inattentive
Becomes frustrated
Uncooperative or oppositional
Changes hands
Tics (vocal or motor)
Staring, falls asleep
Tires, wears out
Complaining
Talking
Prompting needed
Not trying hard/doesn’t care
attitude

12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345

12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345

12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345

12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345
12345

How many hours did subject sleep last night?
Medications? (please list and record dosage and number of hours since last dose)
Please record substance use (and hours since last use):
How much per day in last 2 wks
Cigarettes?
Caffeinated beverages?
Alcohol?
Other?

How much today
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Appendix C.
Visual Norms - Summary
Years of Age
Age 4
Male (N=24)
Female (N=26)
Age 5
Male (N=66)
Female (N=80)
Age 6
Male (N=19)
Female (N=23)
Age 7
Male (N=61)
Female (N=61)
Age 8
Male (N=36)
Female (N=38)
Age 9
Male (N=57)
Female (N=55)
Age 10
Male (N=33)
Female (N=34)
Age 11
Male (N=55)
Female (N=60)
Age 12
Male (N=37)
Female (N=49)
Age 13
Male (N=66)
Female (N=69)
Age 14
Male (N=46)
Female (N=36)
Age 15
Male (N=61)
Female (N=58)

Omission Errors (%):
Inattention
[Mean ± SD]

Commission Errors (%):
Impulsivity
[Mean ± SD]

Response Time
(ms)
[Mean ± SD]

Variability
(SD, ms)
[Mean ± SD]

D PRIME: Hit Rate/
False Alarm Rate
[Mean ± SD]

28.81+20.51
33.38+21.06

17.34+12.54
10.75+7.46

783.42+87.71
826.69+104.27

330.08+65.98
325.46+91.67

1.68+0.69
1.86+0.84

14.17+11.90
14.95+12.92

10.27+6.92
6.91+7.05

723.69+147.40
767.90+126.78

262.94+63.33
260.4+55.69

2.59+0.65
2.93+0.98

8.95+7.80
8.87+9.77

10.37+6.85
6.78+4.16

604.32+120.24
667.00+74.27

236.95+54.41
248.04+38.79

2.96±0.94
3.10±0.70

6.54+7.55
4.00+4.30

10.97+8.47
6.89+5.02

558.70+108.12
608.28+99.87

223.15+54.93
215.87+47.89

3.19±1.04
3.84±1.20

2.17+2.94
1.87+2.46

8.61+5.23
6.61+4.28

487.19+86.14
544.34+79.54

176.92+47.66
192.79+37.89

4.22±1.24
4.31±1.19

4.35+14.22
1.07+1.50

9.39+6.52
6.53+4.17

458.56+80.75
498.80+71.53

161.74+43.81
164.82+38.17

4.25±1.44
4.71±1.23

2.45+6.87
.53+.90

7.70+3.20
5.65+4.23

402.15+58.04
438.47+74.24

137.39+39.30
138.32+38.78

4.60±1.29
5.39±1.41

1.93+7.28
.68+1.26

8.69+5.34
6.65+4.16

379.33+66.01
412.80+71.07

123.82+33.70
130.95+34.36

4.69±1.48
5.06±1.17

.68+1.15
.53+.92

6.34+3.82
4.59+4.16

389.92+73.81
410.29+80.96

125.05+37.09
122.33+40.89

4.97±1.15
5.34±1.26

.67+1.44
.55+1.39

4.93+3.93
3.81+2.85

379.74+60.77
379.71+56.85

108.35+33.71
103.09+29.61

5.16±1.22
5.14±1.14

.31+.47
.2710+.65

3.97+3.31
2.95+2.60

383.43+65.82
383.36+62.93

104.70+35.07
100.39+34.64

5.32±1.05
5.71±1.12

.69+1.31
.41+.82

3.64+2.82
3.45+3.39

361.15+53.54
374.41+61.85

96.59+27.34
90.93+22.71

5.25±1.19
5.63±1.42

1. Q1/Q2 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.794% (1 error / 126 stimuli).* 2. Q3/Q4 omissions : norming group
standard deviation values in this norming group were bounded at a minimum value of 0.794% (1 error / 126 stimuli).* 3. Q3/Q4 commissions: norming group standard deviation values in this
norming group were bounded at a minimum value of 2.778% (1 error / 36 stimuli).* 4. Q1/Q2 omissions: norming group standard deviation values in this norming group were bounded at a
minimum value of 2.778% (1 error / 36 stimuli).* 5. H1 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 1.389% 1 error / 72
stimuli).* 6. H2 omissions: norming group standard deviation values in this norming group were bounded at a minimum value of 1.389% 1 error / 72 stimuli).* 7. H2 commissions: norming
group standard deviation values in this norming group were bounded at a minimum value of 0.397% (1 error / 252 stimuli).* 8. H1 omissions: norming group standard deviation values in this
norming group were bounded at a minimum value of 0.397% (1 error / 252 stimuli).*
9. T commissions: norming group standard deviation values in this norming group were bounded at a
minimum value of 0.309% (1 error / 324 stimuli).* 10. T omissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.309% (1 error / 324
stimuli).*
*Omission and commission errors are not normally distributed. This makes a comparison to a norming group difficult, especially when some norming groups (e.g. adults) made no
omission/commission errors. Norming groups with no errors (which implies a zero in the norming standard deviation) causes a single error to distort distribution values such as z scores. Because
one omission or one commission error is not clinically relevant, the norming standard deviations have been bounded at a minimum of one error.
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Visual Norms - Summary
Age 16
Male (N=22)
Female (N=29)
Age 17
Male (N=18)
Female (N=18)
Age 18
Male (N=32)
Female (N=66)
Age 19
Male (N=25)
Female (N=54)
Age 20 - 29
Male (N=19)
Female (N=30)
Age 30 - 39
Male (N=4)
Female (N=22)
Age 40 - 49
Male (N=14)
Female (N=19)
Age 50 - 59
Male (N=8)
Female (N=16)
Age 60 - 69
Male (N=12)
Female (N=24)
Age 70 - 79
Male (N=12)
Female (N=39)
Age 80 and up
Male (N=8)
Female (N=23)

.77+1.42
.72+1.42

4.19+4.54
2.87+2.46

354.82+51.97
379.62+60.33

91.59+25.77
100.83+32.13

5.16±1.36
5.56±1.31

.2710+.30
.38+.75

2.79+3.11
2.21+2.26

377.89+45.92
376.72+48.55

95.94+27.72
89.56+20.04

5.63±1.51
5.88±1.08

.35+.42
.35+.80

3.86+3.04
3.21+2.87

373.94+64.20
402.44+60.60

89.84+29.15
86.58+23.18

5.18±1.04
5.49±1.08

.0710+.1810
.58+1.81

2.17+1.52
3.73+3.38

404.04+56.86
403.52+49.63

82.92+20.07
86.06+23.46

6.24±1.00
5.44±1.14

.37+.72
.55+1.21

4.81+3.48
2.29+2.66

383.58+52.36
421.07+71.26

83.53+20.86
88.63+29.06

5.30±1.08
5.89±1.25

.0010+.0110
.1410+.2510

1.62+1.05
1.77+1.56

355.25+72.94
369.77+53.53

64.00+12.83
81.36+24.57

6.49±0.36
6.05±0.96

.0210+.0810
.0610+.1310

2.76+1.80
1.88+2.01

331.93+31.25
405.32+66.85

66.14+11.60
81.89+21.06

6.29±0.84
6.21±0.85

.1910+.2810
10
10
.15 +.32

2.16+1.22
1.85+2.33

442.88+46.85
432.06+41.57

75.38+11.55
79.56+17.37

5.71±1.02
6.20±1.22

.1010+.2410
10
10
.22 +.31

1.95+2.22
2.69+2.53

447.17+35.92
442.75+57.71

86.50+22.93
81.67+16.73

6.19±0.91
5.76±1.23

1.47+2.22
.73+1.71

4.17+3.32
2.55+2.03

476.75+55.65
480.23+50.35

107.08+33.85
97.87+26.33

4.77±1.35
5.21±1.01

2.47+2.47
2.12+3.11

5.83+3.87
3.50+3.64

502.25+68.44
509.57+63.09

128.88+21.68
115.00+48.39

3.80±0.58
4.63±1.21

1. Q1/Q2 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.794% (1 error / 126 stimuli).* 2. Q3/Q4 omissions : norming group
standard deviation values in this norming group were bounded at a minimum value of 0.794% (1 error / 126 stimuli).* 3. Q3/Q4 commissions: norming group standard deviation values in this
norming group were bounded at a minimum value of 2.778% (1 error / 36 stimuli).* 4. Q1/Q2 omissions: norming group standard deviation values in this norming group were bounded at a
minimum value of 2.778% (1 error / 36 stimuli).* 5. H1 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 1.389% 1 error / 72
stimuli).* 6. H2 omissions: norming group standard deviation values in this norming group were bounded at a minimum value of 1.389% 1 error / 72 stimuli).* 7. H2 commissions: norming
group standard deviation values in this norming group were bounded at a minimum value of 0.397% (1 error / 252 stimuli).* 8. H1 omissions: norming group standard deviation values in this
norming group were bounded at a minimum value of 0.397% (1 error / 252 stimuli).*
9. T commissions: norming group standard deviation values in this norming group were bounded at a
minimum value of 0.309% (1 error / 324 stimuli).* 10. T omissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.309% (1 error / 324
stimuli).*
*Omission and commission errors are not normally distributed. This makes a comparison to a norming group difficult, especially when some norming groups (e.g. adults) made no
omission/commission errors. Norming groups with no errors (which implies a zero in the norming standard deviation) causes a single error to distort distribution values such as z scores. Because
one omission or one commission error is not clinically relevant, the norming standard deviations have been bounded at a minimum of one error.
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Visual Norms - Omissions (%)
Years of Age

Quarter
1

Age 4
Male (N=24)
Female (N=26)
Age 5
Male (N=66)
Female (N=80)
Age 6
Male (N=19)
Female (N=23)
Age 7
Male (N=61)
Female (N=61)
Age 8
Male (N=36)
Female (N=38)
Age 9
Male (N=57)
Female (N=55)
Age 10
Male (N=33)
Female (N=34)
Age 11
Male (N=55)
Female (N=60)
Age 12
Male (N=37)
Female (N=49)
Age 13
Male (N=66)
Female (N=69)
Age 14
Male (N=46)
Female (N=36)
Age 15
Male (N=61)
Female (N=58)

2

Half
3

4

1

Total
2

32.75+18.04
41.56+27.96

27.68+22.54
31.04+20.30

28.81+20.51
33.38+21.06

16.09+12.60
15.96+16.26

13.62+12.61
14.66+13.83

14.17+11.90
14.95+12.92

4.84+5.58
7.91+11.24

9.53+9.07
9.26+12.23

7.21+7.79
7.52+7.73

12.11+11.24
10.39+12.42

7.11+6.61
8.61+11.52

9.58+8.66
8.96+9.88

8.95+7.80
8.87+9.77

5.10+11.19
3.97+6.62

7.98+12.13
3.70+4.18

5.18+6.41
3.38+4.51

8.10+9.60
4.97+5.80

6.46+11.32
3.74+4.32

6.59+7.57
4.11+4.82

6.54+7.55
4.00+4.30

1.894+3.05
4
4
1.74 +2.34

2.724+4.05
4
2.34 +3.05

1.61+2.09
1.18+1.86

2.53+4.53
2.53+4.57

2.31+3.19
1.97+1.95

1.97+3.09
1.82+2.79

2.17+2.94
1.87+2.46

4.81+15.59
4
1.44 +3.70

3.51+13.29
4
4
1.33 +2.07

4.42+16.36
2
.76 +1.22

4.49+14.42
1.42+2.45

4.09+13.43
1.29+2.39

4.35+14.59
6
1.04 +1.60

4.35+14.22
1.07+1.50

3.42+8.06
.654+2.004

3.36+9.08
.764+2.10

3.12+12.52
.412+.782

1.30+2.08
.682+1.01

3.33+8.06
.71+1.71

2.18+7.00
.416+.786

2.45+6.87
.53+.90

1.754+7.18
1.134+3.15

2.55+8.17
1.024+2.05

2.04+10.61
.452+.87

1.85+4.43
.752+1.32

2.07+7.67
1.00+2.22

1.91+7.30
.526+1.036

1.93+7.28
.68+1.26

4
4
.53 +1.95
.614+1.394

.984+1.83
.834+1.614

.582+.88
.442+.85

.93+1.71
.572+1.49

.70+1.54
.72+1.27

.726+1.246
.506+1.036

.68+1.15
.53+.92

.684+1.974
.334+1.054

.764+1.484
.614+2.02

.562+1.43
.572+.92

.86+1.85
.632+2.26

.71+1.50
.47+1.43

.676+1.566
.566+1.416

.67+1.44
.55+1.39

.374+1.124
.084+.464

.364+.954
.164+.674

.322+.79
.412+1.03

.252+.532
.302+.772

.358+.73
.108+.368

.296+.536
.316+.826

.31+.47
.2710+.65

.474+1.764
.294+1.004

1.894+6.04
.584+1.144

.662+1.07
.362+.722

.392+1.24
.572+1.58

1.18+3.33
.42+.78

.536+1.026
.406+.976

.69+1.31
.41+.82

1. Q1/Q2 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.794% (1 error / 126 stimuli).* 2. Q3/Q4 omissions : norming group
standard deviation values in this norming group were bounded at a minimum value of 0.794% (1 error / 126 stimuli).* 3. Q3/Q4 commissions: norming group standard deviation values in this
norming group were bounded at a minimum value of 2.778% (1 error / 36 stimuli).* 4. Q1/Q2 omissions: norming group standard deviation values in this norming group were bounded at a
minimum value of 2.778% (1 error / 36 stimuli).* 5. H1 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 1.389% 1 error / 72
stimuli).* 6. H2 omissions: norming group standard deviation values in this norming group were bounded at a minimum value of 1.389% 1 error / 72 stimuli).* 7. H2 commissions: norming
group standard deviation values in this norming group were bounded at a minimum value of 0.397% (1 error / 252 stimuli).* 8. H1 omissions: norming group standard deviation values in this
norming group were bounded at a minimum value of 0.397% (1 error / 252 stimuli).*
9. T commissions: norming group standard deviation values in this norming group were bounded at a
minimum value of 0.309% (1 error / 324 stimuli).* 10. T omissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.309% (1 error / 324
stimuli).*
*Omission and commission errors are not normally distributed. This makes a comparison to a norming group difficult, especially when some norming groups (e.g. adults) made no
omission/commission errors. Norming groups with no errors (which implies a zero in the norming standard deviation) causes a single error to distort distribution values such as z scores. Because
one omission or one commission error is not clinically relevant, the norming standard deviations have been bounded at a minimum of one error.

44
Visual Norms - Omissions (%)
Age 16
Male (N=22)
Female (N=29)
Age 17
Male (N=18)
Female (N=18)
Age 18
Male (N=32)
Female (N=66)
Age 19
Male (N=25)
Female (N=54)
Age 20 - 29
Male (N=19)
Female (N=30)
Age 30 - 39
Male (N=4)
Female (N=22)
Age 40 - 49
Male (N=14)
Female (N=19)
Age 50 - 59
Male (N=8)
Female (N=16)
Age 60 - 69
Male (N=12)
Female (N=24)
Age 70 - 79
Male (N=12)
Female (N=39)
Age 80 and up
Male (N=8)
Female (N=23)

.634+1.194
4
.86 +2.98

.634+1.704
4
4
.77 +2.34

.762+1.26
2
.77 +1.64

.87+2.27
2
.63 +1.15

.63+1.11
.81+2.61

.816+1.69
6
6
.70 +1.27

.77+1.42
.72+1.42

.464+1.074
.624+1.524

.004+.004
.154+.654

.352+.492
.132+.302

.222+.462
.622+1.55

.238+.53
.39+.80

.296+.306
.376+.906

.2710+.30
.38+.75

.17 +.68
.214+.744

4

4

.17 +.68
.294+.994

4

.37 +.49
.312+.602

2

.42 +.75
.432+1.48

2

.17 +.59
.258+.69

.004+.014
.214+.734

4
4
.11 +.56
.624+1.844

2
2
.10 +.26
.542+2.05

2
2
.06 +.32
.712+2.47

.06 +.28
.41+1.16

.294+.884
.564+1.854

.29 +.88
.374+.964

4

.33 +.97
.262+.82

.004+.014
.254+.824

4
4
.00 +.01
.134+.594

2
2
.00 +.01
.112+.282

.004+.014
.004+.014

.00 +.01
.154+.644

4

.06 +.21
.132+.302

2

.00 +.01
.002+.012

2

.354+.984
4
4
.17 +.69

.354+.984
4
4
.00 +.01

.102+.282
2
2
.25 +.63

.004+.014
4
4
.35 +.94

.004+.014
4
4
.23 +.78

.234+.804
.214+.754
3.13+3.77
1.574+3.63

4

4

2

2

2

8

6

.35+.42
.35+.80

8

6
6
.08 +.20
.626+2.23

.46 +1.00
.87+2.14

.29 +.58
.46+1.17

.40 +.88
.576+1.346

.37+.72
.55+1.21

2
2
.00 +.01
.142+.312

.00 +.01
.198+.49

10
10
.00 +.01
.1410+.2510

2

8

6

.40 +.48
.376+.996

8

6

6

10

10

.07 +.18
.58+1.81

8

8

6
6
.00 +.01
.136+.236

.00 +.01
.078+.328

8

8

.03 +.11
.066+.156

6

.02 +.08
.0610+.1310

.202+.562
2
2
.10 +.40

.358+.64
8
8
.09 +.35

.156+.306
6
6
.17 +.35

.1910+.2810
10
.15 +.32

.202+.492
2
2
.33 +.66

.072+.232
2
2
.07 +.22

.008+.018
8
.29 +.71

.136+.316
6
6
.20 +.39

.1010+.2410
10
.22 +.31

1.164+2.504
1.214+2.694

1.19+1.81
.81+1.63

2.18+3.42
.652+2.20

.69+1.26
.71+1.52

1.69+2.56
.736+1.82

1.47+2.22
.73+1.71

3.47+4.39
1.214+2.344

2.58+1.93
1.83+3.11

1.88+2.61
2.83+5.82

3.30+3.92
1.39+2.78

2.23+2.15
2.33+3.73

2.47+2.47
2.12+3.11

4

2

2

6

10

10

1. Q1/Q2 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.794% (1 error / 126 stimuli).* 2. Q3/Q4 omissions : norming group
standard deviation values in this norming group were bounded at a minimum value of 0.794% (1 error / 126 stimuli).* 3. Q3/Q4 commissions: norming group standard deviation values in this
norming group were bounded at a minimum value of 2.778% (1 error / 36 stimuli).* 4. Q1/Q2 omissions: norming group standard deviation values in this norming group were bounded at a
minimum value of 2.778% (1 error / 36 stimuli).* 5. H1 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 1.389% 1 error / 72
stimuli).* 6. H2 omissions: norming group standard deviation values in this norming group were bounded at a minimum value of 1.389% 1 error / 72 stimuli).* 7. H2 commissions: norming
group standard deviation values in this norming group were bounded at a minimum value of 0.397% (1 error / 252 stimuli).* 8. H1 omissions: norming group standard deviation values in this
norming group were bounded at a minimum value of 0.397% (1 error / 252 stimuli).*
9. T commissions: norming group standard deviation values in this norming group were bounded at a
minimum value of 0.309% (1 error / 324 stimuli).* 10. T omissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.309% (1 error / 324
stimuli).*
*Omission and commission errors are not normally distributed. This makes a comparison to a norming group difficult, especially when some norming groups (e.g. adults) made no
omission/commission errors. Norming groups with no errors (which implies a zero in the norming standard deviation) causes a single error to distort distribution values such as z scores. Because
one omission or one commission error is not clinically relevant, the norming standard deviations have been bounded at a minimum of one error.

45
Visual Norms - Commissions (%)
Years of Age

Quarter
1

Age 4
Male (N=24)
Female (N=26)
Age 5
Male (N=66)
Female (N=80)
Age 6
Male (N=19)
Female (N=23)
Age 7
Male (N=61)
Female (N=61)
Age 8
Male (N=36)
Female (N=38)
Age 9
Male (N=57)
Female (N=55)
Age 10
Male (N=33)
Female (N=34)
Age 11
Male (N=55)
Female (N=60)
Age 12
Male (N=37)
Female (N=49)
Age 13
Male (N=66)
Female (N=69)
Age 14
Male (N=46)
Female (N=36)
Age 15
Male (N=61)
Female (N-58)

2

Half
3

4

1

Total
2

12.60+14.18
6.23+8.16

33.91+18.61
26.60+14.60

17.34+12.54
10.75+7.46

5.33+6.79
3.85+7.82

27.55+15.95
17.64+12.01

10.27+6.92
6.91+7.05

4.26+5.49
2.39+3.87

3.05+4.77
1.91+3.33

29.74+16.47
20.17+11.73

39.95+18.07
27.70+14.26

3.63+5.16
2.00+3.25

34.84+16.58
23.96+11.52

10.37+6.85
6.78+4.16

4.61+7.57
2.72+4.67

3.66+8.57
1.39+2.33

31.38+18.61
21.05+14.55

41.16+18.24
28.98+16.67

4.03+7.86
1.95+3.46

36.25+17.33
25.02+14.41

10.97+8.47
6.89+5.02

3.72+4.60
1.92+2.55

1.72+2.84
.82+1.61

24.81+12.98
23.00+16.39

35.42+17.19
29.34+15.26

2.58+3.74
5
1.34 +1.95

30.08+13.91
26.18+14.80

8.61+5.23
6.61+4.28

3.60+4.30
1.89+2.94

2.35+4.15
1.02+1.79

28.14+17.83
20.15+13.54

37.82+21.11
30.24+16.28

2.89+4.11
1.38+2.31

32.74+18.82
25.24+14.08

9.39+6.52
6.53+4.17

1.97+1.40
2.00+2.61

.88+1.11
.761+1.21

26.45+12.67
18.59+14.88

34.06+12.99
22.71+15.56

1.27+1.04
1.26+1.83

30.15+11.38
20.59+14.08

7.70+3.20
5.65+4.23

2.62+2.65
2.05+2.17

1.65+2.12
1.07+1.40

28.67+19.01
21.65+14.81

36.18+19.40
28.22+16.88

2.09+2.27
1.42+1.73

32.42+18.49
24.85+14.71

8.69+5.34
6.65+4.16

1.15+1.51
.83+1.10

.781+1.29
.561+.86

23.60+14.95
16.16+15.25

27.35+15.93
21.15+18.78

.915+1.285
.575+.895

25.50+14.01
18.70+16.50

6.34+3.82
4.59+4.16

1.57+2.16
.771+1.05

.761+.89
.541+.84

17.80+14.09
14.47+12.52

19.22+17.18
16.29+12.76

1.155+1.40
.645+.865

18.46+14.45
15.37+12.21

4.93+3.93
3.81+2.85

.78+1.08
.581+1.01

.681+.90
.371+.671

15.36+12.96
10.98+9.18

15.30+14.33
12.48+11.78

.725+.855
.465+.695

15.35+12.81
11.77+9.92

3.97+3.31
2.95+2.60

.721+1.23
.731+1.08

.451+.83
.241+.541

14.27+10.65
13.38+14.04

14.80+12.22
14.89+13.89

.565+.925
.455+.665

14.56+10.74
14.12+13.41

3.64+2.82
3.45+3.39

1. Q1/Q2 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.794% (1 error / 126 stimuli).* 2. Q3/Q4 omissions : norming group
standard deviation values in this norming group were bounded at a minimum value of 0.794% (1 error / 126 stimuli).* 3. Q3/Q4 commissions: norming group standard deviation values in this
norming group were bounded at a minimum value of 2.778% (1 error / 36 stimuli).* 4. Q1/Q2 omissions: norming group standard deviation values in this norming group were bounded at a
minimum value of 2.778% (1 error / 36 stimuli).* 5. H1 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 1.389% 1 error / 72
stimuli).* 6. H2 omissions: norming group standard deviation values in this norming group were bounded at a minimum value of 1.389% 1 error / 72 stimuli).* 7. H2 commissions: norming
group standard deviation values in this norming group were bounded at a minimum value of 0.397% (1 error / 252 stimuli).* 8. H1 omissions: norming group standard deviation values in this
norming group were bounded at a minimum value of 0.397% (1 error / 252 stimuli).*
9. T commissions: norming group standard deviation values in this norming group were bounded at a
minimum value of 0.309% (1 error / 324 stimuli).* 10. T omissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.309% (1 error / 324
stimuli).*
*Omission and commission errors are not normally distributed. This makes a comparison to a norming group difficult, especially when some norming groups (e.g. adults) made no
omission/commission errors. Norming groups with no errors (which implies a zero in the norming standard deviation) causes a single error to distort distribution values such as z scores. Because
one omission or one commission error is not clinically relevant, the norming standard deviations have been bounded at a minimum of one error.

46
Visual Norms - Commissions (%)
Age 16
Male (N=22)
Female (N=29)
Age 17
Male (N=18)
Female (N=18)
Age 18
Male (N=32)
Female (N=66)
Age 19
Male (N=25)
Female (N=54)
Age 20 - 29
Male (N=19)
Female (N=30)
Age 30 - 39
Male (N=4)
Female (N=22)
Age 40 - 49
Male (N=14)
Female (N=19)
Age 50 - 59
Male (N=8)
Female (N=16)
Age 60 - 69
Male (N=12)
Female (N=24)
Age 70 - 79
Male (N=12)
Female (N=39)
Age 80 and up
Male (N=8)
Female (N=23)

1.19+1.76
1
.57 +.95

.611+.88
1
1
.36 +.62

15.15+15.78
9.87+9.32

16.29+18.47
12.74+10.69

.905+1.245
5
5
.47 +.75

15.72+16.58
11.30+9.24

4.19+4.54
2.87+2.46

.711+1.36
.621+1.00

.261+.541
.311+.481

9.72+12.14
6.48+7.13

12.04+13.10
10.19+10.74

.495+.905
.465+.645

10.88+12.17
8.33+8.52

2.79+3.11
2.21+2.26

14.41+13.00
12.16+12.50

16.84+15.18
13.43+12.82

.62 +.64
.465+.615

5

15.19+12.54
12.82+12.15

3.86+3.04
3.21+2.87

8.78+6.36
14.63+13.38

2.17+1.52
3.73+3.38

1

1

1

5

.55 +.74
.481+.681

.69 +1.14
.441+.79

.411+.611
.711+1.05

.16 +.32
.511+.93

1

8.33+5.50
14.40+14.72

9.22+8.44
14.87+13.49

5
5
.29 +.31
.615+.855

.751+.721
.371+.741

.75 +.93
.401+.93

18.71+13.70
9.26+10.43

19.30+16.16
8.70+11.60

.75 +.66
.385+.625

19.01+14.22
8.98+10.58

4.81+3.48
2.29+2.66

.001+.011
.141+.311

1
1
.20 +.40
.611+1.75

6.94+4.81
5.18+5.24

6.94+5.78
8.08+7.90

5
5
.10 +.20
.385+.875

6.94+4.39
6.63+5.84

1.62+1.05
1.77+1.56

.511+.591
.84+1.82

.28 +.39
.671+1.80

1

9.33+7.11
6.14+4.95

12.70+9.42
5.56+4.44

.40 +.35
.755+1.78

11.01+7.32
5.85+4.28

2.76+1.80
1.88+2.01

.601+.92
1
.74 +1.80

.301+.411
1
1
.20 +.54

6.25+5.51
5.73+6.21

10.07+6.95
7.64+8.70

.455+.395
5
5
.47 +1.12

8.16+5.11
6.68+6.96

2.16+1.22
1.85+2.33

.601+.96
1
.63 +.84

.261+.521
1
1
.33 +.57

7.41+10.14
10.30+10.05

7.18+7.05
10.53+11.38

.435+.605
5
5
.48 +.63

7.29+8.27
10.42+10.13

1.95+2.22
2.69+2.53

1.46+2.03
1.00+1.24

1.26+1.71
.491+.721

13.89+9.02
9.54+7.69

14.12+10.01
8.19+7.73

1.365+1.75
.745+.845

14.00+8.95
8.87+7.05

4.17+3.32
2.55+2.03

.99+.92
1.62+2.71

1.49+1.56
.761+1.45

20.83+12.60
10.75+11.70

22.92+17.43
12.44+10.36

1.245+.945
1.195+2.03

21.88+14.71
11.59+10.37

5.83+3.87
3.50+3.64

1

1

1

5

5

5

5

1. Q1/Q2 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.794% (1 error / 126 stimuli).* 2. Q3/Q4 omissions : norming group
standard deviation values in this norming group were bounded at a minimum value of 0.794% (1 error / 126 stimuli).* 3. Q3/Q4 commissions: norming group standard deviation values in this
norming group were bounded at a minimum value of 2.778% (1 error / 36 stimuli).* 4. Q1/Q2 omissions: norming group standard deviation values in this norming group were bounded at a
minimum value of 2.778% (1 error / 36 stimuli).* 5. H1 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 1.389% 1 error / 72
stimuli).* 6. H2 omissions: norming group standard deviation values in this norming group were bounded at a minimum value of 1.389% 1 error / 72 stimuli).* 7. H2 commissions: norming
group standard deviation values in this norming group were bounded at a minimum value of 0.397% (1 error / 252 stimuli).* 8. H1 omissions: norming group standard deviation values in this
norming group were bounded at a minimum value of 0.397% (1 error / 252 stimuli).* 9. T commissions: norming group standard deviation values in this norming group were bounded at a
minimum value of 0.309% (1 error / 324 stimuli).* 10. T omissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.309% (1 error / 324
stimuli).*
*Omission and commission errors are not normally distributed. This makes a comparison to a norming group difficult, especially when some norming groups (e.g. adults) made no
omission/commission errors. Norming groups with no errors (which implies a zero in the norming standard deviation) causes a single error to distort distribution values such as z scores. Because
one omission or one commission error is not clinically relevant, the norming standard deviations have been bounded at a minimum of one error.

47
Visual Norms - Response Time (ms)
Years of Age

Quarter
1

Age 4
Male (N=24)
Female (N=26)
Age 5
Male (N=66)
Female (N=80)
Age 6
Male (N=19)
Female (N=23)
Age 7
Male (N=61)
Female (N=61)
Age 8
Male (N=36)
Female (N=38)
Age 9
Male (N=57)
Female (N=55)
Age 10
Male (N=33)
Female (N=34)
Age 11
Male (N=55)
Female (N=60)
Age 12
Male (N=37)
Female (N=49)
Age 13
Male (N=66)
Female (N=69)
Age 14
Male (N=46)
Female (N=36)
Age 15
Male (N=61)
Female (N-58)

2

Half
3

4

1

Total
2

896.79+114.19
911.85+150.15

725.42+74.63
801.38+102.03

783.42+87.71
826.69+104.27

805.88+158.20
834.94+134.51

699.76+149.94
748.91+131.64

723.69+147.40
767.90+126.78

642.53+111.13
706.17+94.35

696.37+144.04
764.48+114.98

584.63+123.85
648.22+79.10

586.11+121.16
648.09+83.97

669.05+121.66
735.13+96.26

585.11+120.83
647.74+78.43

604.32+120.24
667.00+74.27

609.13+103.16
655.16+102.72

652.57+123.35
691.89+105.57

543.30+116.95
591.02+103.20

534.39+112.93
587.25+113.71

630.62+108.85
673.51+99.51

538.87+110.85
589.25+106.33

558.70+108.12
608.28+99.87

530.44+75.32
589.03+83.95

566.61+87.97
615.39+90.16

475.36+90.45
522.34+90.57

463.39+101.67
533.74+89.86

548.61+77.61
602.50+80.48

469.42+92.25
527.95+86.62

487.19+86.14
544.34+79.54

512.70+73.40
552.42+77.01

547.75+79.09
583.89+79.39

439.81.+85.77
476.69+72.17

433.86+97.86
481.64+86.88

530.37+73.67
568.25+73.36

437.67+88.09
478.96+76.25

458.56+80.75
498.80+71.53

440.91+59.25
488.21+67.69

476.58+63.75
506.62+83.11

385.67+61.71
424.06+74.68

387.18+69.62
419.53+90.49

458.82+57.90
497.38+73.11

386.15+61.48
421.74+78.61

402.15+58.04
438.47+74.24

424.82+57.55
458.60+62.94

452.64+68.79
486.07+73.95

365.25+69.53
401.58+77.84

358.25+76.57
389.98+77.60

439.45+61.47
472.75+66.69

362.15+71.52
395.82+75.66

379.33+66.01
412.80+71.07

432.86+63.18
463.90+78.84

442.76+81.61
467.73+77.58

382.84+80.15
394.33+81.08

368.97+81.40
395.39+94.64

437.81+69.14
465.82+75.85

376.14+78.21
394.96+85.47

389.92+73.81
410.29+80.96

412.23+57.49
420.65+62.87

433.98+74.54
445.68+72.40

368.89+65.22
365.54+58.18

365.70+66.32
363.35+61.97

423.15+62.50
433.17+65.30

367.41+62.90
364.43+58.42

379.74+60.77
379.71+56.85

403.48+58.24
424.97+69.54

426.83+76.63
442.58+72.56

371.15+64.68
371.42+67.33

378.04+80.91
366.94+62.95

415.15+64.36
433.58+69.89

374.67+69.30
369.28+63.24

383.43+65.82
383.36+62.93

390.61+56.57
412.38+56.93

414.74+70.48
423.31+61.71

345.66+53.17
363.34+66.87

353.41+64.31
360.84+66.66

402.36+60.35
417.91+57.80

349.51+56.41
362.09+65.38

361.15+53.54
374.41+61.85

48
Visual Norms - Response Time (ms)
Age 16
Male (N=22)
Female (N=29)
Age 17
Male (N=18)
Female (N=18)
Age 18
Male (N=32)
Female (N=66)
Age 19
Male (N=25)
Female (N=54)
Age 20 - 29
Male (N=19)
Female (N=30)
Age 30 - 39
Male (N=4)
Female (N=22)
Age 40 - 49
Male (N=14)
Female (N=19)
Age 50 - 59
Male (N=8)
Female (N=16)
Age 60 - 69
Male (N=12)
Female (N=24)
Age 70 - 79
Male (N=12)
Female (N=39)
Age 80 and up
Male (N=8)
Female (N=23)

391.64+48.46
410.17+51.56

406.18+59.30
430.69+53.35

346.32+56.84
364.79+68.77

338.86+58.50
371.69+71.75

398.82+51.18
420.10+50.90

342.45+55.47
368.28+68.50

354.82+51.97
379.62+60.33

426.44+45.92
411.89+44.03

434.61+48.61
418.56+45.98

364.78+54.52
366.94+52.43

360.83+52.52
365.00+56.89

430.50+46.46
415.06+43.63

362.94+51.90
365.83+52.75

377.89+45.92
376.72+48.55

406.91+68.20
431.68+53.86

423.16+73.43
445.55+66.97

363.50+65.88
392.74+65.02

361.81+72.04
393.11+66.39

415.31+69.38
438.06+59.57

362.91+66.95
392.53+63.94

373.94+64.20
402.44+60.60

438.04+55.96
422.54+41.50

441.12+50.34
444.63+60.57

394.96+59.55
393.13+47.43

391.88+66.82
397.33+62.98

439.12+50.06
433.22+49.89

393.36+60.80
394.69+54.13

404.04+56.86
403.52+49.63

414.68+47.36
445.50+59.80

428.37+62.11
470.63+77.15

377.21+51.14
409.90+74.12

370.63+59.22
411.07+81.33

420.58+55.47
457.80+65.80

372.79+54.80
410.50+74.80

383.58+52.36
421.07+71.26

386.00+62.90
401.59+52.29

388.00+69.02
413.36+64.35

341.50+77.52
364.64+57.13

351.00+77.19
357.55+65.78

386.75+65.76
405.91+57.01

346.00+76.62
365.09+66.59

355.25+72.94
369.77+53.53

360.71+37.63
443.89+85.19

367.43+41.36
452.32+78.17

327.79+34.25
401.16+68.60

318.57+32.18
385.26+64.33

364.00+38.72
448.16+80.71

323.29+32.20
393.11+65.32

331.93+31.25
405.32+66.85

452.75+49.90
472.88+46.75

477.38+65.23
480.81+60.94

432.50+48.77
428.00+49.93

439.88+45.03
410.19+39.62

465.25+57.18
476.81+52.21

436.13+45.45
419.06+42.10

442.88+46.85
432.06+41.57

450.67+44.15
466.17+47.06

474.75+33.90
478.83+48.21

432.25+36.86
438.50+66.75

452.17+59.43
430.08+62.23

471.08+51.46
472.54+45.39

442.83+40.29
434.33+62.87

447.17+35.92
442.75+57.71

493.00+54.26
500.10+56.73

501.08+53.03
519.28+69.56

456.83+52.80
475.05+57.90

485.25+72.08
468.56+54.06

496.92+52.95
510.03+61.43

470.75+59.38
471.72+51.73

476.75+55.65
480.23+50.35

541.25+31.30
522.17+51.18

540.13+37.49
532.30+61.40

487.75+75.53
494.74+70.13

495.00+88.28
515.22+77.57

540.13+31.76
527.26+55.54

491.38+80.46
504.87+70.71

502.25+68.44
509.57+63.09

49
Visual Norms - Variability (ms)
Years of Age

Quarter
1

Age 4
Male (N=24)
Female (N=26)
Age 5
Male (N=66)
Female (N=80)
Age 6
Male (N=19)
Female (N=23)
Age 7
Male (N=61)
Female (N=61)
Age 8
Male (N=36)
Female (N=38)
Age 9
Male (N=57)
Female (N=55)
Age 10
Male (N=33)
Female (N=34)
Age 11
Male (N=55)
Female (N=60)
Age 12
Male (N=37)
Female (N=49)
Age 13
Male (N=66)
Female (N=69)
Age 14
Male (N=46)
Female (N=36)
Age 15
Male (N=61)
Female (N-58)

2

Half
3

4

1

Total
2

280.88+69.79
254.42+88.97

334.29+73.84
331.81+100.49

330.08+65.98
325.46+91.67

228.68+63.68
217.40+69.44

263.20+74.57
264.23+62.44

262.94+63.33
260.4+55.69

170.58+48.78
192.74+64.03

212.37+79.58
212.09+66.69

221.26+53.09
239.13+48.97

261.05+71.52
258.52+46.37

198.84+60.20
210.74+56.80

242.32+58.90
250.70+40.60

236.95+54.41
248.04+38.79

168.75+52.74
166.95+46.95

184.26+67.28
175.38+50.43

212.59+61.39
203.90+56.53

236.33+69.74
230.02+66.30

181.72+54.83
176.69+40.63

227.54+59.96
218.79+55.08

223.15+54.93
215.87+47.89

145.75+55.27
149.21+47.83

151.61+47.17
156.08+46.52

162.11+53.94
173.76+45.25

185.17+55.85
207.53+52.04

154.28+43.82
160.18+34.54

176.47+52.58
193.92+43.81

176.92+47.66
192.79+37.89

127.07+48.50
126.65+41.17

135.88+44.90
133.40+45.24

146.65+48.46
149.27+41.65

164.93+54.82
172.22+52.65

135.70+40.64
135.22+37.11

158.58+48.76
163.60+43.55

161.74+43.81
164.82+38.17

107.09+34.15
122.00+40.99

116.06+36.90
114.26+38.44

122.33+39.41
127.09+41.47

142.85+57.76
135.59+50.41

116.27+30.08
122.79+31.66

135.61+46.21
134.38+44.50

137.39+39.30
138.32+38.78

101.89+34.33
108.77+32.18

105.98+40.43
114.98+38.61

110.96+34.47
118.47+37.96

124.36+47.27
131.40+45.66

107.33+34.19
114.83+32.65

119.35+38.34
127.37+38.73

123.82+33.70
130.95+34.36

103.92+39.45
111.14+52.75

110.97+50.52
100.39+39.25

114.22+40.87
110.14+43.82

124.35+45.16
120.76+45.96

110.57+43.21
109.10+42.76

121.84+40.93
117.73+44.21

125.05+37.09
122.33+40.89

89.41+31.40
79.70+29.14

93.86+38.91
92.32+36.08

100.21+35.21
94.19+32.66

107.61+40.91
100.22+32.75

95.39+34.64
89.67+30.47

106.33+36.42
98.83+31.10

108.35+33.71
103.09+29.61

79.89+23.84
79.89+32.68

81.41+27.27
78.92+22.62

99.28+37.30
94.81+39.52

105.70+41.70
97.97+42.41

84.39+25.94
81.72+25.34

105.39+39.15
98.39+39.25

104.70+35.07
100.39+34.64

74.41+26.99
70.71+19.69

82.16+35.97
72.95+21.10

88.75+27.82
86.43+28.68

94.89+31.94
88.88+28.50

82.31+30.53
73.79+18.56

93.89+28.53
89.28+26.59

96.59+27.34
90.93+22.71

50
Visual Norms - Variability (ms)
Age 16
Male (N=22)
Female (N=29)
Age 17
Male (N=18)
Female (N=18)
Age 18
Male (N=32)
Female (N=66)
Age 19
Male (N=25)
Female (N=54)
Age 20 - 29
Male (N=19)
Female (N=30)
Age 30 - 39
Male (N=4)
Female (N=22)
Age 40 - 49
Male (N=14)
Female (N=19)
Age 50 - 59
Male (N=8)
Female (N=16)
Age 60 - 69
Male (N=12)
Female (N=24)
Age 70 - 79
Male (N=12)
Female (N=39)
Age 80 and up
Male (N=8)
Female (N=23)

70.00+21.72
81.28+26.84

81.77+38.97
76.10+22.98

82.55+24.27
90.72+33.58

89.18+37.82
101.38+45.17

79.27+27.89
81.14+22.41

88.23+28.70
98.41+37.46

91.59+25.77
100.83+32.13

87.17+47.37
74.72+28.62

83.33+47.36
63.78+17.93

84.78+22.72
83.33+22.85

91.56+25.83
89.44+32.48

86.78+45.63
71.11+21.48

89.50+22.28
88.61+24.59

95.94+27.72
89.56+20.04

77.28+36.32
64.74+18.93

74.09+39.22
69.11+19.52

80.09+29.40
81.03+28.34

86.75+34.28
84.92+27.06

78.13+35.75
70.08+17.14

86.16+30.31
85.24+26.68

89.84+29.15
86.58+23.18

68.68+16.74
62.50+15.59

69.48+34.41
66.37+27.91

74.64+20.52
80.56+20.11

79.36+28.48
87.74+33.39

72.52+25.00
67.70+21.42

79.88+23.27
85.93+26.30

82.92+20.07
86.06+23.46

64.79+26.78
64.60+20.77

70.58+20.78
74.10+33.94

78.79+17.20
81.20+28.39

80.84+29.13
87.73+39.15

69.84+22.77
74.13+28.14

81.11+22.02
86.93+33.09

83.53+20.86
88.63+29.06

48.75+9.00
67.32+30.38

50.00+14.09
63.27+25.75

63.00+15.64
76.68+24.25

61.25+11.76
75.45+24.15

49.50+11.09
69.41+25.96

63.00+12.96
80.32+26.37

64.00+12.83
81.36+24.57

52.86+12.46
69.21+27.82

52.50+10.76
63.95+19.45

64.07+14.37
79.37+20.50

64.14+15.40
75.74+22.28

54.14+7.59
69.11+20.59

65.21+11.97
79.37+19.83

66.14+11.60
81.89+21.06

62.00+19.68
68.06+26.07

60.50+24.73
67.88+27.30

70.13+8.89
76.75+20.55

79.00+15.66
67.56+17.13

63.38+21.31
70.81+23.40

75.88+10.48
74.69+17.88

75.38+11.55
79.56+17.37

83.17+36.61
66.13+20.95

75.00+28.87
69.88+21.84

77.08+19.77
76.29+15.59

82.00+21.80
80.08+26.82

82.50+29.77
70.54+18.55

84.42+25.19
80.00+20.06

86.50+22.93
81.67+16.73

86.92+31.18
83.64+34.23

77.08+26.62
77.69+28.94

94.33+31.02
99.26+34.41

117.92+48.92
91.54+27.30

83.50+26.79
84.46+27.45

110.33+38.62
97.15+26.78

107.08+33.85
97.87+26.33

114.38+32.15
84.83+27.75

102.13+16.56
78.57+25.77

124.75+35.62
108.52+50.81

128.75+29.24
123.52+63.45

110.75+17.52
83.30+24.68

128.38+29.51
118.78+55.67

128.88+21.68
115.00+48.39

51
Visual Norms - D Prime (Perceptual Sensitivity)
Years of Age

Quarter
1

Age 4
Male (N=24)
Female (N=26)
Age 5
Male (N=66)
Female (N=80)
Age 6
Male (N=19)
Female (N=23)
Age 7
Male (N=61)
Female (N=61)
Age 8
Male (N=36)
Female (N=38)
Age 9
Male (N=57)
Female (N=55)
Age 10
Male (N=33)
Female (N=34)
Age 11
Male (N=55)
Female (N=60)
Age 12
Male (N=37)
Female (N=49)
Age 13
Male (N=66)
Female (N=69)
Age 14
Male (N=46)
Female (N=36)
Age 15
Male (N=61)
Female (N-58)

2

Half
3

4

1

Total
2

1.99+1.07
2.25+1.64

1.18+0.63
1.38+0.86

1.68+0.69
1.86+0.84

3.18+1.15
3.78+1.67

1.99+0.86
2.40+1.05

2.59+0.65
2.93+0.98

5.05±1.68
4.31±1.39

4.70±2.24
4.85±1.90

2.37±0.96
2.91±1.34

1.74±1.03
2.22±0.95

4.45±1.79
4.62±1.56

2.02±0.97
2.40±0.91

2.96±0.94
3.10±0.70

4.77±1.59
5.40±1.74

4.59±1.89
5.77±1.95

2.77±1.43
3.53±1.40

2.18±1.44
2.84±1.34

4.44±1.62
5.31±1.82

2.37±1.20
3.06±1.31

3.19±1.04
3.84±1.20

5.47±1.66
5.98±1.55

5.94±1.99
6.41±1.85

3.78±1.28
4.14±1.30

3.43±1.44
3.65±1.33

5.41±1.79
5.64±1.66

3.64±1.36
3.74±1.29

4.22±1.24
4.31±1.19

5.52±1.86
6.36±1.67

6.06±1.85
6.43±1.50

3.79±1.48
4.35±1.31

3.27±1.58
3.84±1.45

5.49±1.75
6.05±1.64

3.54±1.46
4.01±1.33

4.25±1.44
4.71±1.23

5.66±1.59
6.63±1.21

6.70±1.72
7.21±1.72

4.07±1.21
4.88±1.35

3.74±1.30
4.34±1.43

5.86±1.65
6.73±1.51

3.83±1.31
4.65±1.32

4.60±1.29
5.39±1.41

6.21±1.56
6.34±1.42

6.30±2.04
6.79±1.72

4.15±1.48
4.61±1.20

3.67±1.62
4.09±1.30

6.01±1.88
6.43±1.49

3.84±1.57
4.43±1.17

4.69±1.48
5.06±1.17

7.04+1.46
7.09±1.50

6.96±1.71
7.18±1.42

4.35±1.44
4.93±1.39

4.26±1.49
4.84±1.50

6.62±1.47
7.04±1.51

4.22±1.41
4.64±1.29

4.97±1.15
5.34±1.26

6.60±1.53
7.30±1.38

6.92±1.64
7.39±1.35

4.82±1.45
4.80±1.58

4.72±1.66
4.89±1.45

6.31±1.53
6.98±1.40

4.61±1.43
4.53±1.33

5.16±1.22
5.14±1.14

7.24±1.06
7.72±1.04

7.19±1.37
7.75±1.13

5.08±1.17
5.29±1.48

5.17±1.39
5.47±1.64

6.77±1.20
7.45±1.07

4.83±1.14
5.06±1.26

5.32±1.05
5.71±1.12

7.41±1.47
7.31±1.36

7.34±1.53
7.66±1.36

4.84±1.64
5.20±1.58

5.08±1.38
5.23±1.88

6.92±1.55
7.10±1.44

4.68±1.32
5.10±1.58

5.25±1.19
5.63±1.42

52
Visual Norms - D Prime (Perceptual Sensitivity)
Age 16
Male (N=22)
Female (N=29)
Age 17
Male (N=18)
Female (N=18)
Age 18
Male (N=32)
Female (N=66)
Age 19
Male (N=25)
Female (N=54)
Age 20 - 29
Male (N=19)
Female (N=30)
Age 30 - 39
Male (N=4)
Female (N=22)
Age 40 - 49
Male (N=14)
Female (N=19)
Age 50 - 59
Male (N=8)
Female (N=16)
Age 60 - 69
Male (N=12)
Female (N=24)
Age 70 - 79
Male (N=12)
Female (N=39)
Age 80 and up
Male (N=8)
Female (N=23)

6.82±1.87
7.41±1.48

7.27±1.47
7.56±1.52

4.85±1.88
5.28±1.53

5.04±1.81
5.03±1.62

6.59±1.80
7.27±1.49

4.58±1.53
4.88±1.38

5.16±1.36
5.56±1.31

7.33±1.51
7.23±1.51

8.09±0.85
7.77±0.99

5.47±1.97
6.07±1.55

5.81±2.09
5.46±1.68

7.36±1.32
7.05±1.27

5.00±1.74
5.60±1.57

5.63±1.51
5.88±1.08

7.46±1.03
7.55±1.22

7.24±1.16
7.60±1.23

4.76±1.36
5.14±1.37

4.98±1.79
5.26±1.33

6.93±0.98
7.20±1.26

4.48±1.17
4.92±1.20

5.18±1.04
5.49±1.08

7.82±0.97
7.29±1.16

8.07±1.04
7.45±1.37

5.77±1.08
5.22±1.52

5.90±1.19
5.13±1.52

7.56±1.03
6.98±1.28

5.64±1.17
4.88±1.36

6.24±1.00
5.44±1.14

7.03±1.42
7.78±1.29

7.21±1.28
7.63±1.44

4.94±1.14
5.85±1.50

4.88±1.28
5.75±1.82

6.77±1.36
7.30±1.35

4.75±1.15
5.50±1.51

5.30±1.08
5.89±1.25

8.53±0.01
7.98±1.13

8.07±0.93
7.92±1.30

5.81±0.34
6.30±1.42

6.35±1.47
5.66±1.25

8.13±0.81
7.58±1.47

5.84±0.44
5.55±0.94

6.49±0.36
6.05±0.96

7.57±1.00
7.58±1.06

7.87±0.92
7.67+1.27

6.01±1.47
5.82±0.92

5.67±0.92
6.37±1.17

7.32±0.81
7.29±1.10

5.64±1.04
5.77±0.87

6.29±0.84
6.21±0.85

7.45±1.70
7.71±1.11

7.54±1.07
8.27±0.72

6.19±1.05
6.10±1.76

5.38±1.03
6.25±1.53

6.73±1.52
7.79±1.01

5.32±0.94
5.61±1.38

5.71±1.02
6.20±1.22

7.69±1.05
7.25±1.35

8.04±0.88
7.76±1.36

6.09±1.76
5.54±1.44

5.89±1.18
5.71±1.17

7.62±0.97
7.13±1.42

5.75±1.30
5.40±1.27

6.19±0.91
5.76±1.23

7.19±1.57
7.17±1.29

6.64±1.89
7.03±1.54

4.54±1.79
4.92±1.35

4.53±1.58
5.64±1.46

6.43±1.85
6.55±1.42

4.17±1.46
4.78±1.13

4.77±1.35
5.21±1.01

5.62±2.06
6.51±1.51

5.56±1.64
7.04±1.92

2.94±0.62
4.75±1.68

4.02±2.07
4.22±1.74

5.13±1.66
6.32±1.72

3.04±0.71
4.05±1.35

3.80±0.58
4.63±1.21
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Appendix D.
Auditory Norms - Summary
Years of Age

Omission Errors (%):
Inattention
[Mean ± SD]

Commission Errors (%):
Impulsivity
[Mean ± SD]

Response Time (ms)

Variability (SD, ms)

[Mean ± SD]

[Mean ± SD]

D PRIME: Hit Rate/False Alarm
Rate
[Mean ± SD]

Age 6
Male (N=85)
18.96+20.82
10.43+14.64
775.63+127.05
309.01.+73.42
2.69±1.48
Female (N=90)
19.05+20.51
8.38+13.27
806.51+117.35
309.98+61.16
2.82±1.32
Age 7
Male (N=92)
12.20+18.97
6.58+8.13
701.82+127.34
266.41+70.79
3.35±1.42
15.03+21.43
5.41+7.95
752.50+137.70
272.92+67.98
3.56±1.69
Female (N=82)
Age 8
Male (N=97)
6.50+13.15
4.15+4.34
663.21+109.48
240.06+65.38
4.02±1.39
6.46+13.53
3.10+3.54
681.88+119.08
225.43+64.57
Female (N=108)
4.28±1.49
Age 9Male (N=104)
4.49+11.32
3.07+3.89
640.90+107.58
215.02+66.30
4.41±1.30
4.19+9.42
2.64+2.29
636.17+111.07
205.02+63.36
4.51±1.33
Female (N=100)
Age 10
Male (N=106)
2.35+8.38
2.32+2.83
588.63+93.15
180.28+54.41
5.06±1.48
1.50+3.12
1.51+1.44
585.33+98.77
171.90+59.36
5.42±1.37
Female (N=107)
Age 11
Male (N=96)
.88+1.69
1.54+1.27
562.04+92.64
162.40+55.80
5.54±1.30
1.49+3.42
1.44+1.39
573.87+113.87
164.03+61.52
Female (N=104)
5.45±1.48
Age 12
Male (N=87)
1.50+7.81
1.40+1.53
569.63+104.86
167.43+58.33
5.74±1.57
Female (N=94)
.74+1.36
1.08+1.04
574.14+108.32
161.31+60.52
5.78±1.38
Age 13
1.17+1.36
559.24+96.89
164.35+58.13
5.79±1.50
Male (N=98)
1.03+2.21
Female (N=91)
5.60±1.55
2.17+5.99
1.33+1.68
548.52+93.68
163.11+64.67
Age 14
Male (N=100)
1.45+6.17
1.20+1.69
523.00+95.95
159.70+62.84
5.95±1.46
Female (N=101)
6.03±1.49
.69+1.18
.85+.97
521.12+93.05
146.99+56.91
Age 15
Male (N=98)
.51+1.28
.88+.93
510.76+111.05
148.95+62.30
6.15±1.32
Female (N=90)
1.47+7.16
1.13+2.35
517.72+106.38
150.68+64.76
5.88±1.55
Age 16
.71+.79
511.30+109.41
144.78+53.66
6.14±1.44
Male (N=94)
.72+1.40
Female (N=87)
6.54±1.59
.78+1.90
.68+1.16
499.97+109.84
135.79+57.39
Age 17
.67+1.29
480.81+84.41
132.75+49.76
6.47±1.56
Male (N=99)
.49+.98
Female (N=107)
.84+2.58
.97+3.56
492.13+109.23
126.53+57.96
6.58±1.62
Age 18
.52+.71
477.90+88.76
127.39+47.52
6.65±1.39
Male (N=101)
.43+1.78
6.81±1.44
Female (N=101)
.55+1.38
.38+.53
492.42+98.42
125.11+50.23
Age 19
.49+.90
476.40+94.67
127.09+47.34
6.89±1.60
Male (N=22)
.44+1.03
Female (N=10)
7.00±1.62
.34+.71
.56+.76
450.59+90.54
128.72+60.26
Age 20 – 29 - -Male (N=54)
1.22±3.26
1.571±1.59
490.33±127.47
119.28±62.97
5.88±1.31
Female (N=75)
.56±1.20
1.11±1.40
511.97±120.63
115.59±49.73
6.34±1.38
1. Q1/Q2 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.794% (1 error / 126 stimuli).* 2. Q3/Q4 omissions : norming group standard deviation values in
this norming group were bounded at a minimum value of 0.794% (1 error / 126 stimuli).* 3. Q3/Q4 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 2.778% (1
error / 36 stimuli).* 4. Q1/Q2 omissions: norming group standard deviation values in this norming group were bounded at a minimum value of 2.778% (1 error / 36 stimuli).* 5. H1 commissions: norming group standard
deviation values in this norming group were bounded at a minimum value of 1.389% 1 error / 72 stimuli).* 6. H2 omissions: norming group standard deviation values in this norming group were bounded at a minimum value of
1.389% 1 error / 72 stimuli).* 7. H2 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.397% (1 error / 252 stimuli).* 8. H1 omissions: norming group
standard deviation values in this norming group were bounded at a minimum value of 0.397% (1 error / 252 stimuli).* 9. T commissions: norming group standard deviation values in this norming group were bounded at a
minimum value of 0.309% (1 error / 324 stimuli).* 10. T omissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.309% (1 error / 324 stimuli).*
*Omission and commission errors are not normally distributed. This makes a comparison to a norming group difficult, especially when some norming groups (e.g. adults) made no omission/commission errors. Norming groups
with no errors (which implies a zero in the norming standard deviation) causes a single error to distort distribution values such as z scores. Because one omission or one commission error is not clinically relevant, the norming
standard deviations have been bounded at a minimum of one error.
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Auditory Norms - Omissions (%)
Years of Age

Quarter

Half

Total

1
2
3
4
1
2
Age 6
13.43+17.45
19.60+22.66
21.99+25.09
12.52+15.58
20.87+23.59
18.96+20.82
Male (N=85)
11.61+14.91
11.26+13.40
16.37+17.54
20.54+23.90
20.66+23.56
13.80+14.69
20.59+23.36
19.05+20.51
Female (N=90)
Age 7
Male (N=92)
6.15+12.04
8.42+13.84
13.30+21.49
13.90+22.65
7.28+11.95
13.61+21.65
12.20+18.97
Female (N=82)
8.81+14.45
10.37+16.56
16.94+24.82
16.26+25.15
9.59+14.84
16.62+24.43
15.03+21.43
Age 8
Male (N=97)
2.014+4.39
3.59+7.88
7.13+15.36
8.08+17.12
2.80+5.52
7.59+15.91
6.50+13.15
4.12+11.28
4.16+9.01
7.40+16.47
6.89+14.96
4.14+9.57
7.14+15.48
6.46+13.53
Female (N=108)
Age 9
Male (N=104)
1.994+5.22
2.174+5.59
5.35+14.36
5.04+13.34
2.08+5.13
5.19+13.67
4.49+11.32
4
4
Female (N=100)
1.72 +4.18
2.26 +4.61
4.87+12.15
4.79+10.88
1.98+3.92
4.84+11.27
4.19+9.42
Age 10
Male (N=106)
.854+2.254
1.244+3.41
3.01+10.72
2.46+10.25
1.05+2.54
2.73+10.42
2.35+8.38
4
4
4
1.17 ±5.85
1.07 +2.40
1.72+4.42
1.50+2.60
1.12+3.90
1.61+3.29
1.50+3.12
Female (N=107)
Age 11
Male (N=96)
.294+1.184
.464+1.554
1.18+2.54
.88+1.76
.388+1.18
1.036+1.99
.88+1.69
.734+2.434
.894+2.184
1.79+4.89
1.58+3.59
.81+2.05
1.69+4.11
1.49+3.42
Female (N=104)
Age 12
Male (N=87)
.534+3.09
1.624+7.78
1.57+8.14
1.66+9.03
1.08+5.42
1.61+8.56
1.50+7.81
Female (N=94)
.364+1.804
.774+2.174
.692+1.38
.87+1.62
.56+1.76
.796+1.366
.74+1.36
Age 13
4
4
4
4
6
Male (N=98)
.65 +2.21
.79 +2.71
.99+2.38
1.26+2.86
.72+2.24
1.12 +2.54
1.03+2.21
Female (N=91)
.744+2.164
1.514+3.80
2.24+6.28
2.70+8.08
1.12+2.85
2.47+7.09
2.17+5.99
Age 14
Male (N=100)
.344+1.174
1.044+4.51
1.64+6.61
1.75+8.59
.69+2.77
1.69+7.53
1.45+6.17
Female (N=101)
.504+2.284
.634+1.614
.772+1.54
.662+1.37
.57+1.68
.726+1.286
.69+1.18
Age 15
4
4
4
4
2
2
8
6
Male (N=98)
.31 +1.59
.31 +1.38
.50 +1.26
.63 +2.06
.31 +1.14
.57 +1.56
.51+1.28
Female (N=90)
.374+1.684
.714+2.81
1.49+7.81
1.98+10.50
.54+2.14
1.73+.9.11
1.47+7.16
Age 16
Male (N=94)
.244+.894
.834+2.114
.582+1.15
.96+2.39
.53+1.21
.776+1.64
.72+1.40
Female (N=87)
.354+1.194
.894+3.75
.582+1.35
1.07+3.27
.62+2.17
.826+2.01
.78+1.90
Age 17
4
4
4
4
2
2
8
6
6
.45 +1.30
.46 +.88
.61 +2.14
.34 +.85
.54 +1.21
.49+.98
Male (N=99)
.22 +1.03
Female (N=107)
.314+1.174
.604+1.754
1.09+3.59
.81+2.91
.46+1.37
.956+.3.16
.84+2.58
Age 18
Male (N=101)
.254+.804
.364+2.074
.442+1.52
.492+2.58
.308+1.22
.476+1.98
.43+1.78
4
4
4
4
2
8
6
Female (N=101)
.17 +.95
.30 +1.36
.49 +1.17
.80+2.45
.23 +.96
.64 +1.65
.55+1.38
Age 19
Male (N=22)
.004+.014
.134+.594
.762+2.20
.332+.642
.068+.308
.556+1.336
.44+1.03
Female (N=10)
.004+.014
.004+.014
.642+1.19
.242+.752
.008+.018
.446+.916
.34+.71
Age 20-29
4
4
4
4
2
6
.41 +.1.13
.76 +1.88
2.10+6.66
.46+1.40
1.43+1.10
1.22+3.26
Male (N=54)
.51 + 2.02
Female (N=75)
1.264+1.134
.784+3.75
.492+1.06
.662+1.59
.52+2.17
.576+1.216
.56+1.20
1. Q1/Q2 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.794% (1 error / 126 stimuli).* 2. Q3/Q4 omissions : norming group standard deviation values in
this norming group were bounded at a minimum value of 0.794% (1 error / 126 stimuli).* 3. Q3/Q4 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 2.778% (1
error / 36 stimuli).* 4. Q1/Q2 omissions: norming group standard deviation values in this norming group were bounded at a minimum value of 2.778% (1 error / 36 stimuli).* 5. H1 commissions: norming group standard
deviation values in this norming group were bounded at a minimum value of 1.389% 1 error / 72 stimuli).* 6. H2 omissions: norming group standard deviation values in this norming group were bounded at a minimum value of
1.389% 1 error / 72 stimuli).* 7. H2 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.397% (1 error / 252 stimuli).* 8. H1 omissions: norming group
standard deviation values in this norming group were bounded at a minimum value of 0.397% (1 error / 252 stimuli).* 9. T commissions: norming group standard deviation values in this norming group were bounded at a
minimum value of 0.309% (1 error / 324 stimuli).* 10. T omissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.309% (1 error / 324 stimuli).*
*Omission and commission errors are not normally distributed. This makes a comparison to a norming group difficult, especially when some norming groups (e.g. adults) made no omission/commission errors. Norming groups
with no errors (which implies a zero in the norming standard deviation) causes a single error to distort distribution values such as z scores. Because one omission or one commission error is not clinically relevant, the norming
standard deviations have been bounded at a minimum of one error.
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Auditory Norms - Commissions (%)
Years of Age

Quarter

Half

Total

1
2
3
4
1
2
Age 6
5.98+15.93
24.96+18.98
28.32+21.79
6.12+15.90
26.54+19.13
10.43+14.64
Male (N=85)
6.29+16.52
4.40+12.39
5.72+15.84
17.13+18.34
24.53+20.71
5.05+13.88
20.77+18.58
8.38+13.27
Female (N=90)
Age 7
Male (N=92)
2.88+9.04
2.44+7.59
17.96+16.75
23.79+19.66
2.63+7.40
20.87+17.36
6.58+8.13
Female (N=82)
2.89+8.40
2.12+7.97
13.44+14.53
18.65+17.27
2.50+7.91
15.97+14.56
5.41+7.95
Age 8
Male (N=97)
1.18+3.41
.81+3.46
13.96+12.61
17.31+16.05
.995+3.38
15.63+13.43
4.15+4.34
1.08+2.45
.751+2.46
9.20+11.36
12.69+13.50
.915+1.92
10.94+11.82
3.10+3.54
Female (N=108)
Age 9
Male (N=104)
.92+2.10
.621+2.09
9.30+12.70
13.34+16.07
.775+1.96
11.30+13.68
3.07+3.89
1
1
1
5
5
Female (N=100)
.70 +1.56
.21 +.42
8.00+8.09
12.99+12.30
.46 +.82
10.47+9.29
2.64+2.29
Age 10
Male (N=106)
.541+1.41
.331+.83
8.04+11.34
10.30+14.27
.435+.925
9.16+12.43
2.32+2.83
1
1
1
5
5
.42 +1.14
.10 +.29
4.76+6.46
7.16+6.68
.26 +.59
5.95+5.92
1.51+1.44
Female (N=107)
Age 11
Male (N=96)
.451+.681
.151+.331
4.93+4.95
7.03+7.44
.305+.405
5.96+5.14
1.54+1.27
.211+.461
.151+.371
4.35+4.74
7.52+8.55
.185+.345
5.93+6.13
1.44+1.39
Female (N=104)
Age 12
Male (N=87)
.401+.701
.241+.741
4.91+6.45
5.64+7.80
.325+.665
5.28+6.65
1.40+1.53
Female (N=94)
.291+.671
.111+.301
3.08+3.54
5.28+5.59
.205+.385
4.18+3.96
1.08+1.04
Age 13
Male (N=98)
.311+.701
.111+.331
3.67+4.53
5.49+7.40
.215+.37
4.57+5.45
1.17+1.36
Female (N=91)
.301+.551
.121+.371
4.57+7.27
6.09+7.92
.215+.39
5.32+6.97
1.33+1.68
Age 14
Male (N=100)
.251+.591
.281+.82
4.22+7.29
4.99+8.05
.275+.585
4.60+7.34
1.20+1.69
Female (N=101)
.181+.401
.131+.331
2.83+4.34
3.76+4.83
.155+.275
3.30+3.98
.85+.97
Age 15
1
1
1
1
5
5
Male (N=98)
.22 +.46
.13 +.34
3.22+4.18
3.54+4.31
.17 +.29
3.38+3.67
.88+.93
Female (N=90)
.141+.491
.101+.331
3.98+9.18
5.36+11.70
.125+.335
4.67+10.23
1.13+2.35
Age 16
Male (N=94)
.171+.401
.131+.311
2.653+3.81
2.83+3.90
.155+.255
2.73+3.36
.71+.79
Female (N=87)
.201+.81
.071+.291
2.113+3.94
3.08+5.83
.145+.445
2.61+4.54
.68+1.16
Age 17
.091+.251
2.523+6.93
2.99+6.85
.125+.255
2.76+6.74
.67+1.29
Male (N=99)
.151+.391
Female (N=107)
.211+.91
.491+4.47
2.86+8.05
3.59+8.38
.355+2.63
3.22+8.01
.97+3.56
Age 18
Male (N=101)
.121+.321
.051+.201
1.883+3.19
2.253+3.84
.095+.195
2.06+3.16
.52+.71
1
1
1
1
3
3
3
5
5
Female (N=101)
.07 +.30
.03 +.15
1.16 +2.53
1.94 +2.89
.05 +.17
1.55+2.29
.38+.53
Age 19
Male (N=22)
.071+.241
.071+.231
2.083+5.15
1.993+3.78
.075+.165
2.03+4.17
.49+.90
Female (N=10)
.161+.331
.081+.251
2.323+3.78
1.943+2.94
.125+.195
2.12+3.27
.56+.76
Age 20-29
.181+.321
6.26+7.34
6.39+7.35
.235+.335
6.63+6.74
1.57+1.59
Male (N=54)
.341+ .611
Female (N=75)
.231+1.141
.78v+3.75
4.40+3.10
4.33+5.95
.185+.595
4.37+5.70
1.11+1.40
1. Q1/Q2 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.794% (1 error / 126 stimuli).* 2. Q3/Q4 omissions : norming group standard deviation values in
this norming group were bounded at a minimum value of 0.794% (1 error / 126 stimuli).* 3. Q3/Q4 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 2.778% (1
error / 36 stimuli).* 4. Q1/Q2 omissions: norming group standard deviation values in this norming group were bounded at a minimum value of 2.778% (1 error / 36 stimuli).* 5. H1 commissions: norming group standard
deviation values in this norming group were bounded at a minimum value of 1.389% 1 error / 72 stimuli).* 6. H2 omissions: norming group standard deviation values in this norming group were bounded at a minimum value of
1.389% 1 error / 72 stimuli).* 7. H2 commissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.397% (1 error / 252 stimuli).* 8. H1 omissions: norming group
standard deviation values in this norming group were bounded at a minimum value of 0.397% (1 error / 252 stimuli).* 9. T commissions: norming group standard deviation values in this norming group were bounded at a
minimum value of 0.309% (1 error / 324 stimuli).* 10. T omissions: norming group standard deviation values in this norming group were bounded at a minimum value of 0.309% (1 error / 324 stimuli).*
*Omission and commission errors are not normally distributed. This makes a comparison to a norming group difficult, especially when some norming groups (e.g. adults) made no omission/commission errors. Norming groups
with no errors (which implies a zero in the norming standard deviation) causes a single error to distort distribution values such as z scores. Because one omission or one commission error is not clinically relevant, the norming
standard deviations have been bounded at a minimum of one error.
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Auditory Norms - Response Time (ms)
Years of Age

Age 6
Male (N=85)
Female (N=90)
Age 7
Male (N=92)
Female (N=82)
Age 8
Male (N=97)
Female (N=108)
Age 9
Male (N=104)
Female (N=100)
Age 10
Male (N=106)
Female (N=107)
Age 11
Male (N=96)
Female (N=104)
Age 12
Male (N=87)
Female (N=94)
Age 13
Male (N=98)
Female (N=91)
Age 14
Male (N=100)
Female (N=101)
Age 15
Male (N=98)
Female (N=90)
Age 16
Male (N=94)
Female (N=87)
Age 17
Male (N=99)
Female (N=107)
Age 18
Male (N=101)
Female (N=101)
Age 19
Male (N=22)
Female (N=10)
Age 20-29
Male (N=54)
Female (N=75)

Quarter

Half

Total

1

2

3

4

1

2

755.55+148.49
772.06+131.58

805.03+154.90
857.25+149.63

765.92+150.78
810.08+149.67

782.39+163.65
818.02+151.79

779.88+145.27
812.84+130.67

779.04+136.72
809.13+130.53

775.63+127.05
806.51+117.35

634.11+135.10
702.74+155.52

700.45+160.09
751.57+165.76

698.72+129.88
755.44+157.94

712.68+156.54
773.46+147.82

666.22+140.93
726.89+155.16

711.05+129.74
765.92+148.99

701.82+127.34
752.50+137.70

605.18+110.17
641.04+127.83

672.24+130.49
685.73+121.89

655.92+122.84
682.38+141.07

693.91+132.78
698.25+139.17

638.12+115.27
661.87+112.03

674.55+123.40
690.00+135.62

663.21+109.48
681.88+119.08

574.69+94.04
585.32+92.93

627.57+108.36
634.21+106.55

640.99+117.55
632.77+121.62

661.60+144.47
654.71+131.57

601.03+97.43
609.73+96.28

654.89+118.73
643.63+122.55

640.90+107.58
636.17+111.07

531.05+80.41
539.26+93.24

584.58+99.00
579.55+101.03

590.99+100.26
585.40+106.26

610.84+127.00
600.64+116.12

557.68+86.77
559.44+94.77

600.37+105.54
592.97+107.09

588.63+93.15
585.33+98.77

508.87+86.73
532.50+94.77

554.75+99.35
567.31+111.43

559.01+95.77
574.22+122.03

582.67+109.43
587.88+132.19

531.81+90.36
549.92+99.64

570.84+99.01
580.91+123.48

562.04+92.64
573.87+113.87

506.63+85.36
531.11+85.81

557.93+109.87
580.81+102.53

572.60+115.18
575.54+121.37

588.66+123.59
583.43+128.14

531.39+93.05
555.87+90.77

580.68+115.54
579.48+120.99

569.63+104.86
574.14+108.32

519.10+90.88
512.87+89.07

574.62+122.11
555.82+107.46

554.73+99.81
541.39+102.03

570.81+114.32
563.93+106.35

546.88+103.29
534.27+95.47

562.74+102.09
552.62+100.98

559.24+96.89
548.52+93.68

478.43+86.90
489.02+86.32

516.93+112.84
530.85+109.31

517.19+102.98
521.91+97.64

543.11+111.06
526.65+107.54

497.50+96.05
509.87+95.75

530.16+102.35
524.30+98.26

523.00+95.95
521.12+93.05

470.84+103.44
501.21+106.36

502.43+120.13
532.54+126.98

509.66+110.62
517.92+119.14

525.84+131.25
519.97+113.61

486.58+108.36
516.90+113.52

517.81+117.42
519.06+112.34

510.76+111.05
517.72+106.38

487.77+102.33
497.81+105.88

528.74+125.06
536.73+128.70

502.89+122.29
496.64+116.45

521.46+117.90
493.66+118.03

508.10+109.96
517.09+114.25

512.26+117.12
495.12+113.93

511.30+109.41
499.97+109.84

471.04+81.82
484.82+95.11

498.56+98.21
515.31+109.75

475.08+93.49
491.23+117.83

483.78+96.92
488.82+123.28

484.76+87.76
500.02+99.83

479.49+90.44
490.03+117.19

480.81+84.41
492.13+109.23

468.38+94.34
487.80+90.53

489.55+109.41
518.55+107.60

469.63+91.95
488.75+108.55

485.48+101.25
489.82+107.15

478.91+99.53
503.19+96.45

477.60+91.87
489.36+104.94

477.90+88.76
492.42+98.42

465.19+76.92
464.87+92.09

500.17+103.66
464.70+110.54

466.88+104.39
439.82+92.73

482.00+111.98
452.87+107.66

482.73+85.79
464.81+99.41

474.55+103.77
446.54+90.72

476.40+94.67
450.59+90.54

488.28+ 132.77
499.95+108.35

509.09+144.16
522.39+127.94

479.50+128.39
504.39+124.75

496.96+136.66
520.59+130.93

498.67+136.22
510.88+115.62

488.05+130.05
512.47+125.56

490.33+127.47
511.97+120.63
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Auditory Norms - Variability (ms)
Years of Age

Age 6
Male (N=85)
Female (N=90)
Age 7
Male (N=92)
Female (N=82)
Age 8
Male (N=97)
Female (N=108)
Age 9
Male (N=104)
Female (N=100)
Age 10
Male (N=106)
Female (N=107)
Age 11
Male (N=96)
Female (N=104)
Age 12
Male (N=87)
Female (N=94)
Age 13
Male (N=98)
Female (N=91)
Age 14
Male (N=100)
Female (N=101)
Age 15
Male (N=98)
Female (N=90)
Age 16
Male (N=94)
Female (N=87)
Age 17
Male (N=99)
Female (N=107)
Age 18
Male (N=101)
Female (N=101)
Age 19
Male (N=22)
Female (N=10)
Age 20-29
Male (N=54)
Female (N=75)

Quarter

Half

Total

1

2

3

4

1

2

244.75+80.21
247.01+80.30

263.95+84.24
272.10+78.37

307.98+84.47
306.12+75.47

321.13+89.94
316.06+72.03

261.24+76.15
270.78+70.35

321.99+81.79
317.79+65.56

309.01.+73.42
309.98+61.16

196.89+78.55
208.12+81.63

212.53+77.79
223.67+85.30

260.68+80.61
265.60+80.28

280.16+86.72
283.00+86.80

211.74+71.85
223.50+77.10

274.90+74.79
281.18+78.06

266.41+70.79
272.92+67.98

160.48+59.21
174.79+68.30

193.29+77.20
187.11+63.51

234.58+70.20
217.32+70.00

259.66+82.67
234.37+77.88

184.56+63.71
188.58+61.04

250.94+72.79
229.32+70.74

240.06+65.38
225.43+64.57

150.98+64.09
151.77+65.35

170.77+71.30
161.70+64.06

205.41+70.95
200.30+70.58

228.86+79.00
213.92+72.30

167.75+61.78
162.90+59.23

221.76+71.32
210.56+68.03

215.02+66.30
205.02+63.36

124.76+50.75
125.04+58.26

137.80+53.89
140.25+59.99

176.73+61.87
165.25+67.24

190.18+67.44
177.35+64.95

137.17+49.37
137.71+55.55

188.47+61.79
175.00+63.55

180.28+54.41
171.90+59.36

109.41+39.59
127.97+59.00

128.62+50.86
128.44+58.70

157.25+58.06
155.78+69.02

171.09+65.18
169.62+67.32

124.62+42.76
134.84+53.01

167.50+59.92
166.12+66.68

162.40+55.80
164.03+61.52

113.31+44.06
111.81+48.53

133.99+59.54
133.73+57.65

160.42+61.90
153.24+64.80

171.92+67.75
164.18+70.52

129.70+50.71
129.22+50.91

169.93+62.44
162.58+65.47

167.43+58.33
161.31+60.52

119.37+46.68
112.59+57.07

135.66+59.40
124.66+56.53

154.30+61.96
156.24+70.75

171.03+66.33
172.04+71.96

134.76+51.91
124.01+55.04

166.64+62.94
167.54+69.06

164.35+58.13
163.11+64.67

109.84+52.85
101.26+47.05

123.25+55.88
119.51+56.47

153.19+65.55
139.41+56.32

166.92+73.63
152.73+69.26

122.37+52.89
115.92+49.68

164.19+67.35
149.77+61.69

159.70+62.84
146.99+56.91

98.05+44.31
99.93+41.13

109.61+49.97
119.49+66.03

144.67+65.62
145.18+67.38

155.16+70.64
152.78+73.32

109.04+46.78
115.86+52.83

153.77+66.80
154.26+66.96

148.95+62.30
150.68+64.76

105.83+43.43
101.42+52.40

116.50+49.55
111.62+64.03

136.53+54.80
127.11+58.97

147.11+63.74
136.48+68.37

118.39+42.98
113.17+55.25

145.47+57.85
135.79+61.17

144.78+53.66
135.79+57.39

97.44+37.82
88.54+39.10

106.68+51.71
99.68+49.63

123.79+55.12
119.83+63.49

135.01+58.64
130.00+64.47

106.40+42.31
99.51+41.91

134.18+53.83
128.63+63.03

132.75+49.76
126.53+57.96

102.05+46.07
85.47+36.59

102.98+48.10
96.83+41.52

114.80+45.24
119.59+53.39

129.97+62.11
127.64+60.03

107.37+42.25
96.72+36.74

126.98+52.53
126.53+55.78

127.39+47.52
125.11+50.23

98.08+39.02
81.77+32.06

106.35+56.34
77.45+40.26

119.32+52.92
119.12+54.21

124.22+51.05
140.75+77.14

109.02+46.47
82.71+35.11

125.53+51.58
136.44+67.78

127.09+47.34
128.72+60.26

78.14+35.72
80.65+40.29

91.34+57.55
86.84+48.99

110.26+57.58
109.98+46.94

128.83+73.65
121.45+57.97

89.79+46.87
88.08+44.12

122.13+64.31
118.66+52.17

119.28+62.97
115.59+49.73
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Auditory Norms - D Prime (Perceptual Sensitivity)
Years of Age

Age 6
Male (N=85)
Female (N=90)
Age 7
Male (N=92)
Female (N=82)
Age 8
Male (N=97)
Female (N=108)
Age 9
Male (N=104)
Female (N=100)
Age 10
Male (N=106)
Female (N=107)
Age 11
Male (N=96)
Female (N=104)
Age 12
Male (N=87)
Female (N=94)
Age 13
Male (N=98)
Female (N=91)
Age 14
Male (N=100)
Female (N=101)
Age 15
Male (N=98)
Female (N=90)
Age 16
Male (N=94)
Female (N=87)
Age 17
Male (N=99)
Female (N=107)
Age 18
Male (N=101)
Female (N=101)
Age 19
Male (N=22)
Female (N=10)
Age 20-29
Male (N=54)
Female (N=75)

Quarter

Half

Total

1

2

3

4

1

2

4.38±2.24
4.87±2.42

4.58±2.43
4.50±2.21

2.08±1.66
2.59±1.94

1.89±1.76
2.21±1.69

4.05±2.05
4.06±1.88

1.90±1.58
2.22±1.56

2.69±1.48
2.82±1.32

5.79±2.29
5.60±2.39

5.50±2.33
5.86±2.41

2.98±2.04
3.34±2.24

2.63±2.09
2.96±2.12

5.08±2.12
5.23±2.26

2.57±1.67
2.90±1.87

3.35±1.42
3.56±1.69

6.58±1.79
6.34±2.00

6.72±2.07
6.74±2.02

3.77±1.99
4.38±2.23

3.48±1.98
4.01±2.06

5.97±1.89
5.98±1.98

3.26±1.59
3.79±1.78

4.02±1.39
4.28±1.49

6.93±1.76
7.03±1.89

7.15±1.80
7.19±1.62

4.38±1.88
4.52±1.94

4.03±2.27
4.05±1.76

6.49±1.75
6.50±1.72

3.76±1.57
3.92±1.55

4.41±1.30
4.51±1.33

7.41±1.52
7.54±1.37

7.47±1.61
7.71±1.24

4.99±2.10
5.80±1.95

4.89±2.06
5.09±1.81

6.94±1.64
7.22±1.42

4.47±1.74
4.93±1.59

5.06±1.48
5.42±1.37

7.58±1.27
7.80±1.35

7.92±1.08
7.69±1.38

5.74±1.94
5.80±2.02

5.37±1.71
5.26±1.81

7.36±1.34
7.41±1.43

5.04±1.51
5.07±1.72

5.54±1.30
5.45±1.48

7.64+1.30
7.89±1.11

7.68±1.54
7.84±1.34

6.04±1.99
6.34±1.91

5.88±2.11
5.69±1.96

7.26±1.52
7.47±1.35

5.52±1.95
5.41±1.60

5.74±1.57
5.78±1.38

7.69±1.36
7.61±1.45

7.94±1.16
7.75±1.39

6.16±1.88
5.91±2.01

5.88±2.10
5.47±2.09

7.40±1.40
7.36±1.59

5.46±1.77
5.14±1.74

5.79±1.50
5.60±1.55

7.80±1.29
7.95±1.13

7.75±1.41
7.84±1.20

6.19±2.05
6.47±1.89

6.14±1.91
6.20±1.86

7.43±1.48
7.54±1.34

5.64±1.78
5.73±1.76

5.95±1.46
6.03±1.49

7.95±1.10
8.11±1.03

8.08±1.02
7.96±1.18

6.51±1.79
6.36±2.01

6.25±1.80
5.81±2.33

7.74±1.14
7.78±1.26

5.81±1.57
5.57±1.91

6.15±1.32
5.88±1.55

8.01±.95
7.99±1.17

7.77±1.22
8.09±1.08

6.51±1.84
6.94±1.73

6.39±1.94
6.58±1.97

7.52±1.26
7.75±1.30

5.96±1.75
6.29±1.82

6.14±1.44
6.54±1.59

8.09±.96
8.05±1.09

8.01±1.07
7.96±1.21

6.80±1.91
6.99±1.82

6.73±1.87
6.72±1.90

7.75±1.20
7.76±1.30

6.22±1.85
6.41±1.82

6.47±1.56
6.58±1.62

8.08±1.10
8.30±0.67

8.25±0.75
8.28±0.78

7.04±1.72
7.35±1.44

6.99±1.74
6.86±1.87

7.94±1.10
8.15±0.90

6.53±1.70
6.58±1.70

6.65±1.39
6.81±1.44

8.36±0.55
8.16±0.78

8.25±0.71
8.34±0.59

7.13±1.88
7.02±2.17

7.14±1.72
7.28±1.77

8.14±0.74
8.05±0.78

6.65±1.79
6.90±2.00

6.89±1.60
7.00±1.62

7.72+1.31
8.12+1.11

7.97+1.23
7.97+1.15

5.60+1.72
6.23+1.67

5.65+1.83
6.32+1.77

7.46+1.35
7.80+1.23

5.36+1.51
5.93+1.54

5.88+1.31
6.34+1.38

