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Abstract Introduction The use of auditory behavioral tests, which specifically assess sustained
attention, is necessary, due to its relationship with learning, language production,
cognitive development and school performance.
Objective To evaluate how children performed using software developed to investi-
gate the ability of sustained auditory attention, and to compare the scores obtained in
this format with those of the original, non-computerized test.
Methods This cross-sectional study included 52 children of both genders, aged 6 to
11 years, with normal hearing and no history of complaints regarding inattention and/or
hyperactivity. The computerized test was administered to all 52 children. The total error
score (inattention and impulsivity) and the vigilance decrement were used to define the
children’s performance when using the software. The scores obtained in the two formats
(computer software and original on compact disc) were then compared.
Results Statistically significant differences were found in the scores for innattention,
impulsivity, and total error score (inattention and impulsivity) when comparing
genders, and a negative correlation coefficient was found when comparing ages.
Increased scores were found for all variables of the sustained auditory attention ability
test (SAAAT) compared with the original format.
Conclusion Females performed worse than males in all aspects except for vigilance
decrement when using the SAAATsoftware developed to evaluate the ability of SAAAT
vigilance; younger children made more errors when using the SAAAT software;
inattention errors were more frequent than impulsivity. Overall, higher values were
obtained using the SAAAT software, when compared with the original version.
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Introduction

Considered a basic attention-related process, sustained at-
tention refers to the ability to maintain concentrated atten-
tion over prolonged periods of time.1 Continuous
performance testing (CPT), a measure which uses tasks of
continuous performance, has provided themost information
on this skill in a variety of clinical settings. Continuous
performance testing are deceptively simple tasks designed
to capture difficulties in maintaining attention.2 They re-
quire the subject to be vigilant and to react to the presence or
absence of a target stimulus, and vigilance requires the
detection of infrequent stimuli, which are presented under
monotonous conditions.3 Thus, when attention declines and
the subject fails to respond to the target stimulus, errors of
omission (inattention) occur. Additionally, errors of commis-
sion (impulsivity) occur when a response is given to a
stimulus that is not the target.

The use of these auditory behavioral tests, which specifi-
cally assess the cognitive skill of sustained attention, is
necessary, given that sustained attention and the underlying
activity of attention networks are necessary for all types of
learning activities.4 In addition to being a necessary skill for
language production,5 sustained attention is essential for
healthy cognitive development6 and for basic daily activities,
such as attending school.7 Thus, deficits in sustained atten-
tion and auditory vigilance can cause difficulties in concen-
tration, and impaired development and learning. Therefore,
researchers developed a behavioral instrument called the
sustained auditory attention ability test (SAAAT), which can
assist in the identification of children with attention-based
hearing problems.8 The SAAAT, based on CPT, is a simple
behavioral test, easy and quick to administer, which aims to
evaluate a person’s sustained auditory attention abilities. In
its original format (compact disc recording),8 it was admin-
istered in different methods9 and in different clinical
populations.10,11

Computer programs have been growing in such away that
they can now solve various types of problems in healthcare,
such as in clinical analysis laboratories, or in the creation of
medical records platforms, which aim to reduce the time to
search for information about a particular patient. The num-
ber of tests and instruments designed for use in patient care
processes is increasing, and these tests and instruments are
being computerized to make them more accurate, faster,
more attractive, more time-efficient, and cheaper, both in
their application and their analysis. The present study aimed
to evaluate how children performed using software devel-
oped to assess the ability of sustained auditory attention, and
to compare the scores obtained from the SAAATwith those of
the original, non-computerized test.

Methods

The present study was an observational, cross-sectional and
quantitative study and was approved by the local research
ethics committee, under the number CAAE-0160.0.224.000–
09. The guardians of the children received informed consent

forms containing information about the study in a clear and
simple language. The childrenwere included and underwent
evaluation after their guardians agreed to and signed the
informed consent. A total of 52 volunteer Brazilian children
participated in the present study—24 boys and 28 girls, aged
6 to 11 years. ►Table 1 shows the distribution of children
who were involved, according to age and gender.

The inclusion criteria were as follows: children should be
between 6 and 11 years old on the day of the proposed
assessment; have hearing within the normal range expected
for their age; have no difficulty in understanding the test
administered; have no complaint and/or affliction of the
upper airways on the day of the examination; and have no
history of complaints regarding inattention and hyperactivi-
ty. The exclusion criteria were as follows: children with
neurological and/or mental impairments; children with
communication disorders; and children using medication
for attention deficit hyperactivity disorder (ADHD).

To verify that the children included in the study did not
present with any audiological alteration, an auditory screen-
ing was performed after a visual inspection of the external
auditory canal. The auditory screening consisted of an eval-
uation of the response to air thresholds at frequencies of
500Hz, 1,000Hz, and 2,000Hz, as well as tympanometry. Air
tonal thresholds of up to 15dBHL and type A tympanometric
curves 12 were considered normal.

To verify the information related to health and auditory
attention ability, a questionnaire was administered. The
questionnaire consists of four parts: Part I – demographics
of the children, including name, gender, age, address, educa-
tional level (all the children were in elementary school: 13
children in 1st grade; 11 in 2nd grade; 09 in 3rd grade; 09 in
4th grade; 04 in 5th grade; 04 in 6th grade; and, 01 in 7th
grade), and education level of the parents (01 complete
elementary school; 01 high school; and, 50 complete higher
education); Part II – hearing health, history of hearing loss
and ear infections (there was no history of hearing loss in
children; 4 reports of an episode of bilateral ear infections
and 1 report of bilateral ear microsurgery), and, if present,
laterality; Part III – attention span of the child, especially not
paying attention to instructions more than 50% of the time,
needing instructions to be repeated frequently, asking what

Table 1 Distribution of the number of children according to
gender and age

AGE (years) GENDER

MALE FEMALE TOTAL

6 02 08 10

7 06 07 13

8 08 05 13

9 03 03 6

10 04 01 5

11 01 04 5

TOTAL 24 28 52
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was said, constantly saying “huh?” or “what?,” showing a
short attention span, not paying attention to sounds, exhib-
iting “daydreaming” behavior, having a diagnosis of ADHD
and/or communication disorders, and use of medication for
ADHD; and Part IV – school performance (one child had poor
performance and another had school failure; two children
had teacher complaints), repetition history, behavioral prob-
lems, inattention in the classroom, and complaints from
teachers.

To evaluate the ability of sustained auditory attention, the
assessment process consisted of the use of the SAAAT
software developed in partnership with a graduate student
studying systems analysis. The SAAAT software followed the
original SAAAT model,8 with necessary updates (►Chart 1

shows comparisons between the two formats).
The SAAATsoftwarewas created using JAVAprogramming

for language and for the execution environment, due to its
security, portability, network resources, simplicity in speci-
fication, and free license. Additionally, MySQL was used for
the database, due to its reliability, high performance, consis-
tency, and ease of use. The SAAAT software presents the
following information on screen, prior to beginning the
evaluation: identification data, hearing health, child’s atten-
tion, and school data. Once the audiological evaluation is
completed, using a recording of audio files in the software,
calculation of results and final report are presented. Similar
to the original format, prior to presenting the word list, the
SAAATsoftwarehas a calibration tone,whichwas adjusted to
the level of intensity required for each ear of the child being
assessed, using the volume units (VUs) meter of the two-
channel audiometer. The recording of the audio file, which is
the test itself, consisted of the uninterrupted presentation of
a list of 100 Brazilian Portuguesewords, repeated 6 times in a
row. The words consisted of 21 monosyllables familiar to the
child (não, pé, sim, flor, gol, trem, mar, sol, quer, mal, lã, boi,
meu, sal, pai, gás, vou, céu, já, pó, and um), which were
repeated and rearranged randomly, with one monosyllable
presented every second. These files were recorded and

equalized by professionals from the acoustic laboratory of
a private company, aiming to harmonize the sounds. The
software also contains an audio file including 50 monosyl-
lables with 10 target words, which is used for training.

The test was only once the child demonstrated an under-
standing of the task during training. The child, seated in a
chair inside the acoustic booth, was instructed orally by the
evaluator as follows: the child would hear a list of many
words, and should use the index finger of their dominant
hand to click the left mouse button, which was attached to
the arm of the chair on the dominant side, whenever they
heard the word “no.” Once the test was started, it would not
stop until its completion.

The SAAAT software was installed on a Sony Vaio note-
book, model PCG-6W3P (Sony Group Corp., Minato City,
Tokyo, Japan), which was coupled to a two-channel audiom-
eter, Midimate 622 (Madsen Eletronics Audiometer, GN
Otometrics A/S, Copenhagen, Denmark). The audio recording
was presented binaurally through supra-aural headphones,
TDH 39, at an intensity of 50 dBNS, based on the average
auditory air thresholds of 500, 1,000, and 2,000Hz for each
ear, and had an average total duration of 11minutes.

To evaluate the child’s performance, the total error score
(sum of inattention and impulsivity scores) and the vigilance
decrement were considered. Inattention was defined as any
time when the child did not press the mouse button in
response to the target word (“no”) or pressed it before the
next wordwaspresented, and impulsivitywas defined as any
timewhen the child pressed themouse button in response to
any word other than the target word (“no”).

The vigilance decrement was obtained by calculating the
difference between the number of correct answers for the
word “no” in the 1st and 6th presentations, to evaluate for any
declination in attention during the vigilance task. Responses
are automatically computed by the SAAAT software, and
scores are calculated automatically as well; therefore, at
the end of the test, it is possible to view the score for each
parameter on the computer screen for each child.

Chart 1 Comparison between the original and the new sustained auditory attention ability test software

Features Original SAAAT SAAAT Software

Format Compact Disk – CD Software

Audio (test itself) Uninterrupted presentation
of a list of 100 words pre-
sented 6 times

Uninterrupted presentation of a list of 100 words presented
6 times

Stimulus rate One word per second One word per second

Average test duration (audio) 9minutes 9minutes

Response Raise your hand every time
you hear the word “no”

Clicking the mouse every time you hear the word “no”

Record of responses Manual registration by the
evaluator in a specific
protocol

Automatic registration by the system, visible on the
notebook screen

Test result Evaluator counts errors and
scores the result

Automatic scoring by the system

Abbreviation: SAAAT, sustained auditory attention ability test.
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The performance of the children included in the present
study were compared with the scores obtained in a survey
including 280 children (139 girls and 141 boys), who were
subjected to the same inclusion and exclusion criteria as
those of the present study, and who were administered the
SAAAT in its original format.8 The data were presented using
mean and standard deviation for data, with normal distribu-
tion and median and percentiles for data with abnormal
distribution. The Mann-Whitney test was used to compare
the genders, and the Pearson correlation coefficient was used
to evaluate the correlation between age and the scores
obtained. In all tests, a p-level of 5% (p<0.05)was considered
significant.

Results

The distribution of mean and standard deviation, inatten-
tion, impulsivity, total error score, and vigilance decrement
for children based on gender and age are shown in►Tables 2

and 3, respectively. Statistically significant differences were
found for errors of inattention, errors of impulsivity, and
total error score in the comparison between genders, with
females displaying a greater number of errors.

Analyzing the variable of age, the Pearson correlation
coefficient (►Table 4) shows a significant difference for
inattention, impulsivity, and total error score, with all coef-
ficients being negative, indicating that the number of errors
decreases as age increases. The vigilance decrement, howev-
er, did not show a significant correlation with age.

Discussion

In the present study, sustained auditory attention was eval-
uated through the application of the SAAAT software and
determined by the total error score (sum of inattention and
impulsivity errors) and the vigilance decrement, as found in
children without hearing complaints, attention disorders, or
any current communication disorders.

Although previous studies8,13–16 have reported that age
has a greater influence than gender on the performance of
tasks of continuous performance, the results from the pres-
ent study indicated statistically significant differences in the
scores for inattention, impulsivity, and total errors when
considering gender (►Table 2), indicating that females had
more inattentive and impulsive errors than the males, seen
as higher values and worse performance in the SAAAT

Table 2 Median and percentiles (25th—75th) for errors of inattention, errors of impulsivity, total error score, and vigilance
decrement, based on gender

Gender Inattention Impulsivity Total score Vigilance decrement

Female 47.5 (32.0–70.8) 47.5 (27.8–60.0) 94.0 (61.5–136.0) 3.50 (1.0–5.25)

Male 33.0 (20.3–48.0) 30.5 (17.5–49.5) 68.0 (37.8–97.5) 3.00 (1.0–5.00)

p 0.023� 0.036� 0.021� 0.567

Statistical test: Mann-Whitney test.
�- statistically significant difference (p< 0.05).

Table 3 Mean values (Xs) and standard deviations (SDs) for errors of inattention, errors of impulsivity, total error score, and
vigilance decrement, based on age

Age (years) Inattention Impulsivity Total score Vigilance decrement

6 63.6� 24.7 61.9� 26.8 125.5�50.9 3.4� 3.5

7 38.0� 12.7 35.6� 11.1 73.6�23.1 3.6� 3.5

8 45.3� 26.1 43.4� 23.3 88.7�48.5 1.9� 3.7

9 45.8� 21.1 36.0� 18.0 81.8�38.5 3.3� 3.3

10 30.0� 26.2 28.0� 23.0 58.0�49.1 2.6� 2.7

11 37.2� 23.9 37.4� 29.4 74.6�53.3 3.6� 3.5

Table 4 Correlation between age and errors of inattention, errors of impulsivity, total error score, and vigilance decrement

Correlation with age Inattention Impulsivity Total score Vigilance decrement

r -0.28 -0.31 -0.30 0.05

p 0.042� 0.024� 0.029� 0.722

Statistical test: Pearson correlation coefficient.
�- statistically significant correlation (p< 0.05).
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software results. Although there are few behavioral differ-
ences between the genders in childhood, in relation to
impulsivity the differences seem to emerge at the age of
four, with boys showing more aggressive and impulsive
behaviors,17 contrary to what was observed in the present
study. Another previous study18 compared CPT performance
between boys and girls with and without ADHD. Through a
meta-analysis, they found a small, but significant difference
between boys and girls with ADHD in commission errors
(impulsivity), similar to that found between boys and girls
without ADHD. Those results were in contrast with the
difference found between boys with ADHD and boys of their
control group, which was significantly greater than the
differences between girls with ADHD and girls in the control
group. Although the differences were similar between chil-
dren with and without ADHD when accounting for gender,
there is, potentially, a substantial discrepancy between
gender-related differences. In children with ADHD, this
finding is important, as it highlights a potential gender
bias in the diagnosis of ADHD. The authors18 suggested
that inhibitory control may be mediated by gender. The
higher impulsivity scores19may be explained by their earlier
occurrence in girls.20Difficulties related to inhibitory control
are generally associated with impulsivity, seen as commis-
sion errors in tasks of continuous performance, when the
subject responds to a stimulus that is not the specified
target.21 It is noteworthy that gender may have shown a
significant difference due to the influence of age; however, it
was not possible to perform the interaction of the two
variables (gender and age) in the statistical analysis, due to
the abnormal distribution of dependent variables in the
analysis by gender.

The statistically significant difference observed in inat-
tention, impulsivity, and total error scores based on age
(►Tables 3 and 4) is in agreement with other studies,14,16

which have indicated that younger children make more
mistakes than older ones. A weak negative correlation was
observed between the items inattention, impulsivity, and
total error score related to age (►Table 4), indicating that
younger children tend to commit more inattention and
impulsivity errors and, consequently, have higher total error
score than older children.

The absence of statistical significance in the other param-
eters assessed in the performance of the SAAAT software
(►Tables 2, 3, and 4), particularly the vigilance decrement,
with respect to both age and gender, demonstrates that the
decline in attention that occurred during the vigilance task
was similar for all children in the study. This finding is
contrary to that observed in another study,6 which found
higher vigilance decrement values for younger children.

When comparing the error scores found in the study
(►Table 5), higher values were found when using the SAAAT
software when compared with the original version.6,8 These
scores, increased in errors of inattention and impulsivity and
total error score, and decreased in vigilance (►Tables 1

and 2), may reflect the children’s reaction times in response
to the previously determined stimulus, and the time allocat-
ed for the 1-second period between words, so that each

answer was computed. Reaction time was defined as the
time interval between the presentation of the stimulus and
the appearance of a voluntary response,22 that is, the period
of time between the beginning of the target stimulus and the
beginning of a subject’s motor response.23 This interval
represents the level of muscle coordination at which the
body, by means of different mechanical, chemical, and
physical processes, decodes the visual or auditory stimuli,
and reaches the brain as a sensory stimulus.24 Thus, the
auditory stimuli—the words presented by the SAAAT soft-
ware—were displayed every second. A correct response
would entail the child pressing the mouse button within
the time allocated while listening to the previously deter-
mined target word. Their answers were recorded and scored
automatically by the system. If the response to the target
word was executed after the allocated period of time, the
response was considered an error. Specifically, it was com-
puted as an inattention error since there was no response to
the target wordwithin one second, or as an impulsivity error,
if the response occurred within a second of the following
word, which was not the target word. Thus, having an
insufficient time for the child to respond could justify the
high number of inattention and impulsivity errors and,
consequently, the total error score. In addition, researchers
have reported that computer skills, level of motivation,
mood, and understanding of instructions can influence the
results of CPTs, which could, thus, also justify the higher
scores seen with the SAAAT software.25

When comparing the values obtained in the vigilance
decrement between the different test formats (original CD
and software), it may be inferred that the tasks required by
the SAAAT software were less motivating than those of the
original version for children aged 7, 9, 10, and 11 years old,
which showed a statistically significant, which showed a
statistically significant difference when comparing the ap-
plication of the tests in the two different formats (►Table 5),
demonstrating greater mental fatigue than those aged 6 and
8 years, as mental fatigue can be seen as a progressive
decrease in vigilance, exacerbated by the time spent on a
tedious but demanding task.26

As a limitation of this study, we can mention the small
sample of children in each age group, as well as the difference
in the distribution of male and female children in each group,
making it difficult to analyze some parameters.

Conclusion

The performance of girls who used the SAAAT software,
which was developed to assess sustained auditory attention
and vigilance, was worse than that of boys; except for
vigilance decrement, younger children made more mistakes
when using the SAAAT software; inattention errors were
more frequent than impulsivity errors. Higher values were
found when using the SAAAT software compared with the
original version.

Before the widespread clinical use of this software, it is
important to repeat this study with a more homogeneous
sample, including new evaluation parameters in the
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software, such as reaction time, the change in the stimulus
rate of each word, and others, which were not available in
this version. Additionally, there is a need to explore this
software in various clinical settings and in populations with
complaints and attention problems, including an assessment
of sensitivity and specificity.
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