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However, intrinsic alertness can temporarily increase for 
milliseconds or seconds to a target stimulus (task) when trig-
gered from an external warning or an unexpected or sudden 
cue that closely precedes a target stimulus (Petersen & Pos-
ner 2012; Shalev et al., 2016). This transient, phasic alert-
ness consists in exogenously driven increased activation of 
the alerting network in a bottom-up manner when induced 
by a transient sensory input such as short sound, change in 
lighting, etc. (Keehn et al., 2013; Sturm & Willmes, 2001). 
Researchers have thought that neural mechanisms that are 
probably responsible for the warning-cue effect on shorten-
ing of a response, concern facilitation of early perceptual 
encoding (Correa et al., 2006), increasing visual processing 
speed, decreasing the threshold of conscious perception 
(Petersen et al., 2017), and/or motor programming/execu-
tion (Fischer et al., 2013). Operationally, phasic alertness is 
defined as the ability to decrease reaction time (RT) when 
the target stimulus is preceded (~100 to 2000 ms) by a 
non-informative warning cue (Schuhfried, 2011; Zimmer-
mann & Fimm, 2002). The alerting effect is expressed by a 
subtraction of RT achieved in a no-cue condition and cue 
condition in the same reaction task (alerting score; Keehn 
et al., 2013; Schuhfried, 2011).
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Abstract
Background: In contrast to strongly established views on the development of tonic, top-down controlled alertness, a small number 
of neurobehavioral and neurophysiological studies deal with the developmental trajectory of exogenously driven phasic alertness 
during childhood. Objective: The current study aimed to examine the age and sex effects on phasic alerting during late childhood, 
and to analyse the degree of association between tonic and phasic alertness at the behavioural level. Methods: Three age groups 
of typically developing children, aged 10, 11 and 12 years (N = 59, 27 boys, 32 girls) performed a computer-based simple hand-eye 
reaction test of alertness that involved 28 trials with and 28 trials without a warning signal. Results: The results showed a moder-
ate decrease of mean reaction time in both the alert and non-alert conditions with age. However, the alert effect calculated as the 
difference in reaction times achieved in alert and non-alert conditions was not affected by age and sex. Conclusions: In contrast to 
previous suggestions on possible continuing improvement in phasic alertness during late childhood, the current study suggested that 
the neurocognitive function of transient enhancement in attentional alertness (phasic alertness) does not change and it is stabilized 
in this developmental period. In addition, this function does not differ between males and females in childhood.
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Introduction
The current conceptualization of attention differentiates 
between the alerting, orienting and executive networks 
which are functionally independent and responsible for the 
different cognitive processes related to attention (Petersen 
& Posner, 2012; Posner, 2012). The alerting network is 
responsible for the attentional alertness that signifies the 
intensity dimension of attention. Attentional alertness is 
the state of response readiness that involves high sensitiv-
ity to incoming stimuli (Petersen & Posner, 2012; Pos-
ner, 2008), preparedness for information processing and 
response execution (Keehn et al., 2013).

The basic mode of alertness called tonic (intrinsic) 
alertness is endogenously controlled responsiveness to 
external stimuli, in the absence of an external cue in a top-
down manner, and refers to sustained attention or vigilance 
(Keehn et al., 2013). Tonic alertness changes over the 
course of the day (diurnal and circadian rhythm) includ-
ing slow fluctuations over hours or minutes (Posner, 2008; 
Shalev et al., 2016). Based on simple mean reaction time, 
improvement in tonic alertness across childhood and ado-
lescence has been reported (Dykiert et al., 2012; Sobeh & 
Spijkers, 2013).
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Including phasic alertness in a neuropsychologi-
cal assessment could be useful for the diagnostic process 
when children with attention deficit hyperactivity disorder 
(ADHD) and autism spectrum disorder (ASD) have shown 
lower ability to process information accurately in the alert 
state evoked by a warning signal (Cao et al., 2008; Keehn 
et al., 2013). It should be noted that the neural basis for 
phasic alertness differs from that of tonic alertness. Tonic 
alertness relates to activity in the right-sided fronto-parieto-
thalamic network (Sturm et al., 2004), while phasic alert-
ness relates, in addition, to activity in the left-hemisphere 
frontal and parietal structures (Sturm & Willmes, 2001). 
Thus, assessment of phasic alertness using a reaction task 
with both no-cue and cue trials could show the functioning 
of the aforementioned neural structures.

However, compared to the tonic and other aspects of 
attention, understanding the development of phasic alert-
ness is scarce. Developmental improvement in phasic alert-
ing was reported in children aged 5 up to 12 years (Lewis 
et al., 2018; Mezzacappa, 2004; Mullane et al., 2016). On 
the other hand, the study by Rueda et al. (2004) suggested 
the advantage of a warning cue to speed up a response to a 
target stimulus stabilizes by 8–9 years of age. This finding 
corresponds to the results of neurophysiological investiga-
tion of the activity of the brain structures that indicated 
development of phasic attentional mechanisms to 7–8 
years, with possible functioning at adult levels (for a review, 
see Keehn et al., 2013).

However, the aforementioned studies with somewhat 
equivocal findings used the Attention Network Test (ANT) 
to investigate of functioning of all three attentional net-
works including phasic alerting. The ANT is a two-choice 
reaction (flanker) task that involves responses to alternative 
target stimuli, and different warning cues alternately pre-
ceding target stimuli. The flanker task involved in the ANT 
taps executive attention. Thus, a participant might switch 
to top-down executive control or increase intrinsic alertness 
throughout the performance of the test rather than respond 
automatically in a bottom-up manner to prevent a decrease 
in response accuracy. It is a little different from alerting that 
hastens the speed of responding at the cost of decreased 
accuracy (Lawrence & Klein, 2013; Mullane et al., 2016). 
Thus, indices on the maturation of phasic attention might 
be specific to the cognitive task used.

To the best of our knowledge, only two studies investi-
gated developmental changes of phasic alertness in children 
with the use of the simple reaction task. The first study 
(Drechsler et al., 2005) showed a significant decrease in 
tonic alertness indicated by simple RTs but without sig-
nificant changes in alert effect during 2.6 years in typically 
developing children aged 8–12 years. The second study 
(Querne et al., 2009) suggested stabilization of the func-
tion of phasic alertness already at the age of 8–9 years. 
These findings are dissimilar from the study by Konrad 
et al. (2005) that reported a smaller alerting effect both 
at the behavioural level, (i.e., via the performance of a 
perceptual-cognitive task), and at the neurophysiological 
level – concurrent reduction in activation of right-sided 

frontal-midbrain regions during alerting in children, as 
compared to adults.

The present equivocal findings on the developmental 
trajectory of phasic alertness could be partly for a consider-
ably unbalanced portion of girls and boys within a sample 
involved in half of the aforementioned studies (Drechsler et 
al., 2005; Lewis et al., 2018; Mezzacappa, 2004). Interest-
ingly, possible sex differences in the maturation of phasic 
alertness have not yet been studied. Significant sex differ-
ences in simple RT indicating tonic alertness have been 
reported for children aged from 4 years to 17-year-old ado-
lescents, with faster responses in males (Brocki & Bohlin, 
2004; Dykiert et al., 2012; Sobeh & Spijkers, 2013). But 
the opposite findings were also reported, concretely lower 
attentional performance in tests of tonic alertness, distract-
ibility and inhibition control in 6–10-year-old boys as com-
pared to girls (Tremolada et al., 2019). However, the sex 
difference in SRT in children is still not clearly explained. 
The sex hormones that may contribute to sex differences 
in SRT in adults (Stenbaek et al., 2016) come more into 
play at puberty (Deary & Der, 2005). However, higher 
testosterone and estradiol concentrations have been found 
in males as compared to females since the age of 11 years 
(Quaiser-Pohl et al., 2016; Yao et al., 2019). Even, sig-
nificantly higher salivary testosterone concentrations were 
proved in boys already from 6 years of age (Ostatníková et 
al., 2002).

Above the mentioned notes suggest it is unclear whether 
the development trajectory of phasic alertness correlates 
to or differs from the maturation of tonic alertness, and 
whether it is liable to sexual dimorphism in the develop-
mental transition from childhood to adolescence, i.e., in 
late childhood. Therefore, the aim of the current study was 
to examine the age and sex effects on phasic alertness in 
typically developing children aged 10 to 12 years and anal-
yse the association between tonic and phasic alertness at the 
behavioural level at this age period. It has been suggested 
that the neural structures associated with intrinsic (tonic) 
attention, i.e., the right-hemisphere frontoparietal-tha-
lamic-brainstem network, is also involved in exogenously 
driven increased attentional activation induced from tran-
sient sensory input (Clemens et al., 2013; Keehn et al., 
2013). Therefore, we hypothesized that phasic alertness 
continues in development during late childhood (10–12 
years) and maturation of this function may differ between 
some girls and boys.

Methods
Participants
Three age groups of typically developing children (N = 59) 
participated in the study: 10-year-olds (9 boys, 9 girls), age 
126.6 ± 3.2 months, 11-year-olds (9 boys, 11 girls) age 
136.9 ± 3.1 months, and 12-year-olds (9 boys, 12 girls), 
age 148.8 ± 3.3 months. The children were recruited from 
three public mainstream schools of three different regions. 
All these schools provided education according to the 
Framework Educational Program for Elementary Schools. 
The exclusion criteria were neurodevelopmental disorders 
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according to the Diagnostic and Statistical Manual of Mental 
Disorders (5th ed.; American Psychiatric Association, 2013) 
such as intellectual disabilities, communication disorders, 
ADHD, ASD, specific learning disorder, and movement 
disorders, further, physical and sensory disabilities, con-
duct, psychotic, behavioural and neurological disorders, 
medication affecting attention, chronic and acute illness. 
On the basis of knowledge of the diagnoses of children and 
interviews with parents, school psychologists selected the 
children according to the criteria. The school psycholo-
gists were not aware of the hypotheses. Of the potential 
participant pool (N = 187) 39 children were excluded 
according to the exclusion criteria (see above). The final 
sample (N = 59) included those children who attended 
their school on the days of measurement, and their parents 
or legal guardians handed in the written informed consent. 
The study was approved by the ethics committee of the 
Faculty of Physical Culture, Palacký University Olomouc 
(protocol number 31/2018).

An a priori power analysis showed that 59 participants 
would be sufficient to identify a significant effect of the two 
independent variables (age and sex) with a between-subject 
design with a power (1 – β) of .80, effect size f of .50 and 
an α of .05 (Faul & Erdfelder, 1992).

Neuropsychological test of attentional alertness
Both modes of alertness were assessed by using a computer-
based hand-eye simple reaction test of tonic and phasic 
alertness (Alertness test), version 31 of the Vienna Test Sys-
tem (VTS; Schuhfried, 2011). This test is the standardised 
exam of attentional alertness developed for cognitive and 
clinical psychology (Schuhfried, 2011). In this test, 56 tar-
get stimuli in the form of a yellow circle of a diameter of 3 
cm were presented in the centre of a black background of 
a computer screen in the test phase. In the first 28 reaction 
runs, the target stimulus was presented without a cue (no-
alert trials). In the second half of the test, 1000 ms before 
the appearance of the target stimulus, an acoustic warning 
signal (stereo sound, a frequency of 2000 Hz) lasting 500 
ms was given (alert trials, see Figure 1).

From the initial position of the index finger of the 
preferred hand on the home button (diameter of 2 cm), 
the participant reacted to the target stimulus as quickly as 
possible by pressing the rectangular black (response) button 
(5.5 × 1.5 cm) on the operating panel. After the response to 
a target stimulus, the responder placed their index finger 
back on the home button. The home button was located 
below the response button with their near edges at a dis-
tance of 45 mm. The RT was measured as the interval 

between the moment of appearance of the target stimulus 
and the moment the index finger left the home button. The 
display of the target stimulus remained until a response was 
detected to a maximum of 1000 ms. Stimuli were presented 
in inter-stimulus intervals (ISI) from 2500 ms to 6500 ms. 
Reliability of the Alertness test of VTS was reported as 
r = .923 and .965 for RT in alert and no-alert trials respec-
tively (Schuhfried, 2011).

Procedure
Each participant completed the alertness test at his/her 
school under administration by an experimenter. Each test 
was conducted in a quiet room and at the same time of 
day, between 8–11 a.m. Each participant performed the 
alertness test while sitting comfortably at a table on a chair, 
with his/her elbows/arms resting on the table. The height of 
the chair was adjusted for each child so that the knee angle 
was approx. 90°. In front of the child, the VTS universal 
response panel with the buttons was located 5 cm from the 
edge of the table. The IBM compatible laptop computer 
with an Intel i7 processor and a screen of 15 inches, 1920 
by 1080 pixel screen resolution, was located close behind 
the response panel. The participant viewed the screen from 
a distance of 52 cm.

The tester was sitting next to the participant. At the 
beginning of the test session, the tester provided the instruc-
tions including the task goal (see above) and a very short 
description of the procedure. Participant began the practice 
block when it was obvious that he/she understood the basic 
instruction. Then, the participant was provided with the 
computer-driven practice of the test task accompanied by 
written instructions on the screen. During the practice, the 
child responded to 10 target stimuli of which 5 stimuli were 
preceded by the warning tone. The test computer program 
provided the child with visual feedback if he/she commit-
ted some error, and the experimenter also encouraged the 
child. After the practice block, the experimenter asked the 
child whether he/she fully understood the task. There was a 
90-sec break between the practice phase and the test phase. 
Then the child performed test trials being provided with 
no feedback or encouragement. The total duration of the 
entire session lasted around 8 min. The tester was fully 
graduated in psychology and skilled and before testing, he/
she underwent repeated training of the use of the Alertness 
test of VTS.

Neuropsychological variables
The following neuropsychological measures were assessed: 
mean RT in non-alert trials as a measure of tonic alertness 
(RTNoAl); mean RT in alert trials as a measure of phasic 
alertness (RTAl); the alerting score calculated as the dif-
ference between mean RT in no-alert and alert trials (AS) 
– a measure of phasic alerting effect (RTNoAl – RTAl); intra-
individual standard deviation of RTs as a measure of the 
intraindividual variability of RTs in non-alert trials (ISD 
of RTNoAl) and in alert trials (ISD of RTAl). The quality 
of motor responses was assessed by the number of omis-
sion errors defined as the number of trials in which the 

Figure 1 Schematic diagram of the Alertness test
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participant did not respond within the 1000 ms duration 
of the target stimulus.

Check on the execution of the test
Test software checks incorrect responses, concretely: (i) 
concurrent pressing of the home button and the response 
button with two different fingers; (ii) the use of a finger 
other than the index finger to press the response button; 
indicated by the interval < 50 ms between taking the index 
finger off the home button and pressing the response but-
ton; (iii) taking the finger off the home button before the 
appearance of the stimulus. If the participant committed 
more than three errors, the test was stopped.

Check on potential confounding variables
We considered the following variables that might affect 
the performance of the test: (i) the preferred hand used 
by a child to complete the test task (right = 0, left = 1); 
(ii) a current mental status: a participant was asked about 
it (“well or as usual” = 0, “sleepy/tired”= 1); (iii) learning 
ability of the child; class teachers classified participants as 
“very good” = 1, “average” = 2 or “below-average” = 3.

Statistical analyses
Reaction times shorter than 100 ms were excluded from the 
RT analysis. The Shapiro-Wilk test of normality showed a 
significant difference from the normal Gaussian distribu-
tion of mean RTNoAl and ISD of RTs in both non-alert 
and alert conditions. Therefore, the RT data were normal-
ized using the Box-Cox transformation and put into the 
statistical analysis. All the measures were analysed in 3 
(age: 10, 11, 12 years) × 2 (sex: male, female) analysis of 
variance (ANOVA). The Levene’s test of equality of vari-
ances showed that the assumption of homogeneity was not 
violated. The Bonferonni test adjustments were made for 
all post-hoc comparisons. A level of α = .05 was set for all 
tests. Effect sizes were analysed using partial eta squared 
(ηp

2) with an interpretation of ηp
2 = .01, = .06, and .14 as 

small, medium, and large effects, respectively.
The mean number of omission errors was expressed as 

a percentage of all trials in alert and non-alert conditions, 
respectively. The participants made a very small number 
of omission errors, therefore no analyses of this variable 
were conducted.

The Kruskal-Wallis test or the Mann-Whitney U-test 
were used to analyse the effect of the potential confounding 
variables on the RT measures (α = .05).

To analyse the degree of determination of phasic alert-
ness by the level of tonic alertness at the behavioural level, 
a simple regression analysis was carried out, in which mean 
RT in the alert condition was the dependent variable and 
mean RT in non-alert condition was the independent vari-
able (α = .05). All data analyses were conducted with the 
SPSS program (Version 24; IBM, Armonk, NJ, USA).

Results
RT measures in the alert condition – phasic alertness
Figure 2 shows moderate decreases of RTs in the alert condi-
tion (RTAl) from 10 to 12 years of age. However, the results 
of ANOVA on RTAl, ISD of RTAl, and the variable of alert 
effect AS showed no significant effect of age, sex and the 
age x sex interaction (Table 1). Although non-significance 
was found, we conducted the post-hoc tests to reveal possi-
ble tendencies. The alert effect AS as the indicator of phasic 
alertness was significantly lower in 11-year-olds compared 
to 10-year-olds (p = .023) and higher than in 12-year-olds 
(p = .044).

RT measures in the non-alert condition – tonic 
alertness
Figures 2 and 3 show progressive decreases of RTs and the 
intraindividual variability of RTs in non-alert trials (RTNoAl 

Figure 3 Intraindividual reaction time (RT) variability indicated 
by SD of RTs as a function of alert in the alert and non-alert 
condition
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and ISD of RTNoAl) from 10 to 12 years of age. However, 
no significant age and sex effects and interaction age × sex 
were found for these two variables (Table 1). Table 2 pres-
ents the number of omissions committed in the alert and 
non-alert conditions.

Linear regression analysis
Linear regression analysis showed that mean RTNoAl 
accounted for 44.9% of the variation in the mean RTAl. 
The regression equation for prediction of mean RTAl was:

RTAl (ms) = 57.80 + 0.75 * RTNoAl (ms)
with the coefficient of determination R2 = .449 (p < .001, 
F(1, 57) = 46.418), r = .670, the standard error of estima-
tion = 41.0 ms, corresponding to 14.4%.

Check on the execution of the test
No participant committed more than three errors defined 
above in the Method (see Check on the execution of the test).

Check on potential confounding variables
One-way ANOVAs showed that the preferred hand, cur-
rent mental status and learning ability were not significant 

factors of the neuropsychological measures, p > .05; 
ηp

2 = .000–.048, .000–.039 and .000–.053, respectively.

Discussion
The goal of the present study was to examine the develop-
ment of phasic alertness in typically developing children 
during late childhood, and concurrently, whether phasic 
alertness may be influenced by sex. The results showed that 
phasic alertness is not still changing markedly at this age 
period. There is, rather, a tendency for the alerting effect 

Table 1 Means, standard deviations, and the results of the analysis of variance for the reaction time (RT) measures in the non-alert 
condition and non-alert condition for particular ages and sex groups

All ages 10 years 11 years 12 years df F p ηp
2

Age comparisons

p

RTNoAl (ms)
Age 306.8 ± 54.3 308.7 ± 53.1 286.0 ± 31.4 2, 56 1.297 .282 .047 10 vs. 11 .991
Sex Boys 298.8 ± 42.3 1, 57 0.068 .795 .001 10 vs. 12 .393
  Girls 302.2 ± 52.6 11 vs. 12 .304
Age × Sex Boys 303.6 ± 29.4 306.1 ± 57.0 286.8 ± 32.1 0.038 .963 .001  

  Girls 310.1 ± 70.8 311.3 ± 49.6 289.3 ± 30.9  
ISD of RTNoAl (ms)  

Age 40.2 ± 10.5 35.5 ± 14.9 31.4 ± 10.0 2, 56 2.386 .102 .083 10 vs. 11 .455
Sex Boys 35.4 ± 14.2 1, 57 0.037 .847 .001 10 vs. 12 .086
  Girls 35.5 ± 10.9 11 vs. 12 .596
Age × Sex Boys 38.2 ± 9.5 37.3 ± 20.2 30.6 ± 8.8 0.470 .627 .017  

  Girls 42.2 ± 11.1 33.6 ± 7.9 32.2 ± 10.8  
RTAl (ms)  

Age 279.1± 43.3 289.7 ± 31.5 271.0 ± 52.0 2, 56 1.849 .167 .065 10 vs. 11 .432
Sex Boys 282.9 ± 54.5 1, 57 0.039 .844 .001 10 vs. 12 .921
  Girls 285.7 ± 42.3 11 vs. 12 .217
Age × Sex Boys 268.1 ± 39.0 286.2 ± 79.9 261.2 ± 54.5 1.623 .207 .058  

  Girls 290.1 ± 44.5 286.1 ± 31.5 275.8 ± 48.4  
ISD of RTAl (ms)  

Age 45.6 ± 19.2 50.9 ± 12.6 50.2 ± 20.2 2, 56 0.370 .693 .014 10 vs. 11 .748
Sex Boys 48.5 ± 20.6 1, 57 0.022 .883 .000 10 vs. 12 .770
  Girls 49.3 ± 19.4 11 vs. 12 .999
Age × Sex Boys 39.3 ± 8.6 55.3 ± 23.6 50.9 ± 22.6 1.324 .275 .048  

  Girls 51.9 ± 24.2 56.5 ± 12.6 49.6 ± 20.2  
AS (ms)  

Age 27.7 ± 42.1 21.4 ± 42.5 17.7 ± 35.8 2, 56 1.349 .268 .048 10 vs. 11 .300
Sex Boys 15.9 ± 29.8 1, 57 0.002 .963 .000 10 vs. 12 .514
  Girls 16.4 ± 41.9 11 vs. 12 .908
Age × Sex Boys 35.3 ± 37.4 15.9 ± 19.5 25.1 ± 29.8 3.112 .153 .105  

  Girls 20.0 ± 45.1 24.8 ± 42.5 14.3 ± 29.8            

Note. RTNoAl, RTAl = mean reaction time in the non-alert trials and alert trials, respectively; ISD = intraindividual standard deviation; AS = difference between mean RT in 
no-alert and alert trials.

Table 2 The percentage of omissions and correct responses 
committed in the alert and non-alert condition

  10 years 11 years 12 years

Omissions (%) 
Alert condition 0.57 ± 1.33 0 0.17 ± 0.76
Non-alert condition 0.40 ± 1.12 0.68 ± 1.40 0.17 ± 0.76

Correct responses (%) 
Alert condition 99.0 ± 1.99 100.00 ± 0.00 99.15 ± 1.52
Non-alert condition 99.0 ± 1.60 99.32 ± 1.40 99.32 ± 3.04
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on a motor response to a visual stimulus in a simple detec-
tion task to decrease (from 27.7 ms to 17.7 ms from 10- 
to 12-year-old children, Table 1), while there is a gradual 
improvement in tonic alertness during late childhood. 
One explanation for the reduction of alert effect might 
be that older children may better rely on their intrinsic, 
endogenously, top-down controlled alertness (Lin et al., 
1999) which continues to develop throughout the whole 
of childhood (Sobeh & Spijkers, 2013) into adolescence 
(Dykiert et al., 2012), and they can use this more advanced 
ability to exert the cognitive control of attention gained 
from the maturation of the prefrontal cortex (Casey et al., 
2000). In contrast, in younger children, top-down control 
of intrinsic alertness is not developed sufficiently, and they 
may have difficulty in maintaining the required alert state 
without a cue (Ishigami & Klein, 2015; Posner, 2008). 
Thus a warning cue can evoke an increase in attentional 
alertness and attract their attention to a task more easily. 
Thus, in contrast to the suggestion on continuing matura-
tion of the function of phasic alertness into adolescence 
(e.g., Konrad et al., 2005; Rueda et al., 2004; Waszak et 
al., 2010), the current study supports the suggestion that 
the capacity of the alerting attentional network for the 
transient increase in neural activation over a basic level 
of tonic alertness is maintained stably or even slightly 
decreases during late childhood.

The interesting finding of the current study is that not 
all children were able to speed up their responses in the 
alert condition when the proportion of children who ben-
efited from the warning signal was 67%, 70% and 76% in 
the age of 10, 11 and 12 years, respectively. The previous 
studies reported the positive effect of a warning cue on RTs 
on average in children (Drechsler et al., 2005; Lewis et al., 
2018; Mullane et al., 2016; Querne et al., 2009), however 
without providing information on how many individuals 
demonstrated no advantage from the warning cue. No alert 
effect of a warning signal on the shortening of the motor 
response found in 24% to 33% of children in the current 
study may suggest that some children may prefer inhibition 
of inappropriate responses to a warning cue, likely as com-
pensation of insufficiently matured distinguishing between 
cues going in a very rapid sequence. Our study may indi-
cate the inter-individual developmental variations of phasic 
alerting across childhood. These inter-individual variations 
of phasic attention could be attributed to neural heritability 
when age-correlated heritability was estimated at 40% for 
mean RT (Finkel & McGue, 2007).

We also assumed that the variability of RTs achieved in 
the alert condition might be a more sensitive measure of 
maturation of phasic alertness than the alert score. It has 
been thought that higher intra-individual variability of RTs 
indicates a deficit in the regulation of energetic state and 
sustained attention (Andreou et al., 2007), whereas slow 
mean RT indicates rather difficulties in basic information 
processing (Collins & Long, 1996). In the current study, 
we did not find any improvement in the intra-individual 
variability of RTs in the alert condition with age, in con-
trast to the observed tendency to reduce the variability of 
motor response in the non-alert condition with age. These 

results also support the stabilization of phasic alertness dur-
ing late childhood.

In addition to the alert score, researchers also consid-
ered the omission errors committed in a reaction test to 
judge the maturation of phasic alertness. In the current 
study, we observed an ongoing decrease in omission errors 
up to the age of 12 years in the alert condition (Table 
2). This finding is different from the study by Querne 
et al. (2009) that reported omission errors in alert trials 
of a simple RT test in 6-year-old children but not yet in 
children aged 7–10 years. It should be noted that we used 
the RT test with a maximal duration of 1000 ms of the 
target stimulus exposition, in contrast to 1500 ms used by 
Querne et al. (2009). It seems that the simple reaction test 
of alertness with a shorter exposure of stimuli might be the 
more sensitive measure to reveal developmental changes in 
phasic alertness across childhood.

To our best knowledge, no previous study has analysed 
the effect of sex on phasic alertness. The current study 
suggested that the neurocognitive function for transient 
enhancement in attention may not differ between males 
and females in childhood. We also found a very similar 
percentage of boys and girls, 74.1% and 71.9%, respec-
tively, who were able to use a warning cue to respond in 
a shorter time. In the context of the aforementioned sug-
gestion, these results suggest an inter-individual variation 
rather than a sexual variation of functioning of the alerting 
network in children.

A limitation of the present study may be that we 
examined the age changes in phasic alertness in a smaller 
sample size and using a cross-sectional design, not via a 
longitudinal one. Secondly, the age range of the sample was 
relatively small. Another possible limitation of the present 
study might be the lower attractiveness of the VTS alertness 
test for the children tested. Rueda et al. (2004) reported 
that children work better in the child version of the ANT 
associated with a story (e.g., feeding fish via a response) and 
with providing feedback for each correct response (target 
fish blowing bubbles) as compared to the adult version of 
the ANT. Further, due to the fixed intervals between the 
auditory warning signal and the visual stimulus involved in 
the alertness test, an expectancy effect could be considered. 
However, there was reported a very little effect of the fixed 
foreperiods on performance (Shieh et al., 1997).

Conclusions
In contrast to previous suggestions on possible continuing 
improvement in phasic alertness during late childhood, the 
current study suggested that the neurocognitive function 
of transient enhancement in attentional alertness (phasic 
alertness) does not change and stabilizes between 10 and 
12 years of age. In addition, this function does not dif-
fer between males and females in childhood. This both 
developmental stabilization and no significant differences 
between sexes in phasic alertness differ from the generally 
recognized continuing maturation of intrinsic attention 
during childhood and adolescents. The results of linear 
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regression analysis suggested functional specificity of the 
phasic alertness from tonic alertness.
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