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1  | INTRODUC TION

Attention is related to intelligence (Burns et al., 2009; Schweizer 
et al., 2005). Intellectually gifted children (IGC) outperform in most 
attentional tasks (Johnson et al., 2003; Shi et al., 2013). However, 
this finding was not replicated in some studies (Montoya- Arenas 
et al., 2018; Viana- Sáenz et al., 2020, for a meta- analysis). Some 
authors affirm IGC would have a higher prevalence rate of having 
attention deficit hyperactivity disorder (ADHD) than the general 
population (Chae et al., 2003; Karpinski et al., 2018; Rommelse 

et al., 2016, for a discussion). This prevalence may be overestimated, 
because IGC would have similar behaviors than ADHD (Alloway & 
Elsworth, 2012; Webb et al., 2005). High intelligence would be in-
herently related to characteristics indicative of ADHD such as in-
attention problems (Hartnett et al., 2004; Lee & Olenchak, 2015). 
Thus, these findings convey the idea that IGC may have lower quality 
of attention than that of intellectually average children (IAC). The 
reason of this inconsistent empirical findings would be related to 
some studies with severe selection bias (Karpinski et al., 2018, for 
instance) or methodological issues (Alloway & Elsworth, 2012, for 
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Abstract
Introduction: Intellectually gifted children have higher performance in many domains 
of attention than intellectually average children. However, these empirical findings 
are not consistent in the literature. Few studies investigated the characteristics of 
alerting, orienting, and executive control networks in intellectually gifted children. 
The aim of our study was to investigate their characteristics of attentional abilities 
compared to intellectually average children.
Method: Fifty- five intellectually gifted children (age range 8– 14 years old) were 
compared to 55 intellectually average children (age range 8– 14 years old) using the 
Attention Network Test (ANT) to assess these three attentional constructs.
Results: Intellectually gifted children made fewer errors than intellectually average 
children in the processing of the ANT. In terms of attention network scores, they also 
outperformed intellectually average children in executive control only.
Conclusion: Intellectually gifted children do not differ from intellectual average chil-
dren in terms of the speed of processing in a speeded task such as ANT, but they 
stand out in terms of accuracy of processing. Intellectually gifted children have better 
ability to focus volitionally in order to solve a simple perceptual conflict than intel-
lectually average children.
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instance). In addition, these characteristics of intellectual giftedness 
similar at those of ADHD are mostly observed in the clinical impres-
sions than empirical findings (Rommelse et al., 2017). The aim of this 
current study is to investigate the characteristics of the attentional 
abilities in IGC.

IGC are more accurate and faster than IAC in the most of at-
tentional tasks (Duan & Shi, 2014; Johnson et al., 2003). These em-
pirical findings are not consistent. Some authors have shown only 
higher accuracy in the attentional tasks between IGC and IAC (Chae 
et al., 2003; Shi et al., 2013). In others words, IGC would have better 
control on their responses without having necessarily higher rapidity 
in the execution of the attentional tasks.

In simple elementary cognitive tasks (e.g., inspection time or 
choice reaction time tasks), IGC have faster response times than 
IAC (Duan et al., 2013; Kranzler et al., 1994). This discrepancy in re-
sponse times may reflect a high degree of automatization processing 
in IGC (Gaultney et al., 1996). However, their rapidity of processing 
seems to be relative. The faster processing in IGC can be moderated 
by the demands of the cognitive task, to the extent that this dif-
ference between the intellectually gifted and average groups may 
disappear (Geary & Brown, 1991; Lajoie & Shore, 1986). In conclu-
sion, high intelligence does not always reflect faster performance 
(Reams et al., 1990). In the same vein, some studies have shown an 
equivalent learning progression in intellectually gifted and average 
children (Vogelaar et al., 2017, 2019; Vogelaar et al., 2017). Although 
there are some contradictory results (Calero et al., 2011; Kanevsky 
& Geake, 2004), the rapidity of learning in IGC seems not to dis-
tinguish from IAC in terms of learning potential. The specificity of 
intellectual giftedness concerns the high capacity to learn and to 
generalize their newly acquired knowledge in other contexts (Calero 
et al., 2011; Vogelaar, Bakker, Elliott, et al., 2017; Vogelaar, Bakker, 
Hoogeveen, et al., 2017; Vogelaar et al., 2019). This high learning 
capacity might be linked to their high performance in reasoning 
(Caropreso & White, 1994), working memory (Calero et al., 2007; 
Hoard et al., 2008; Leikin et al., 2013; van Viersen et al., 2014), 
metacognitive abilities (Oppong et al., 2019), and executive func-
tions (Arffa, 2007).

Reasoning, working memory, metacognitive abilities, and 
executive functions share some inter- related processes such 
as cognitive control processes (Efklides, 2008; Engle, 2018; 
Fernandez- Duque et al., 2000). These processes are an important 
step in attention, which is strongly related to intelligence (Burns 
et al., 2009; Cowan et al., 2006; Schweizer & Moosbrugger, 2004; 
Schweizer et al., 2005; Tillman et al., 2009; Tourva et al., 2015). 
IGC have higher performance than IAC in attentional tasks involv-
ing the cognitive control processes (Duan et al., 2009; Johnson 
et al., 2003; Liu et al., 2011a, 2011b). Furthermore, attention is 
a basic cognitive function essential for the deployment of high- 
order cognitive processes. Attention is crucial to actively select-
ing aspects of our environment and to voluntarily regulating our 
cognitions and emotions (Posner et al., 2014). Attention allows 
the regulation of various neural networks through attentional 

networks involved in the alert state, orienting, or executive con-
trol (Posner & Rothbart, 2007).

The framework proposed by Posner and Petersen identified 
three attentional networks that are functionally and anatomi-
cally distinct: alerting, orienting, and executive control (Posner & 
Petersen, 1990; Petersen & Posner, 2012 for an update review). 
Alerting allows an optimal state of vigilance to be applied and 
maintained during a task (Petersen & Posner, 2012). The alerting 
network can be divided into two cognitive mechanisms: (a) tonic 
alerting is the capacity to self- control alertness without any ex-
ternal cue, and (b) phasic alerting is the capacity to increase an 
individual's reaction after an external cue during a short period 
of time. Orienting is the ability to prioritize the processing of 
any stimulus by selecting salient information in a sensory input 
(Petersen & Posner, 2012; Posner, 1980). Executive control is 
the ability to focus volitionally in order to solve a simple conflict 
(Posner & DiGirolamo, 1998).

Some studies have investigated the relation of each attentional 
network to intellectual abilities. The phasic alerting effect seems not 
to be related to the IQ (Konrad et al., 2005; Tourva et al., 2016). 
However, the tonic alerting effect, which is one facet of the alert-
ing network, is involved in intellectual performance (Schweizer & 
Moosbrugger, 2004; Schweizer et al., 2000). IGC have better atten-
tional resources and are less inattentive than their peers for visual 
processing (Shi et al., 2013). However, their performance in atten-
tional abilities seems to be influenced by the environment (family, 
school, and peers; Zhang et al., 2016). In the same vein, the orient-
ing effect seems not to be linked to the IQ (Konrad et al., 2005; 
Tourva et al., 2016). Nevertheless, some studies have shown a 
relation between selective attention, that is the endogenous as-
pect of the orienting network, and intellectual abilities (Schweizer 
& Moosbrugger, 2004; Schweizer et al., 2005). The endogenous 
orienting refers to a voluntary process to disengaging, shifting, 
and re- engaging the attention (Wainwright & Bryson, 2005). This 
facet of orienting networking involves a voluntary control of at-
tention (Corbetta & Shulman, 2002; Posner et al., 2012; Rothbart 
et al., 2011). The control processes seem to be strongly related to in-
telligence. Some studies have shown that executive control plays an 
important role in intellectual functioning (Cowan et al., 2006; Engle 
et al., 1999; Engle, 2018). The executive control effect is significantly 
correlated with intellectual abilities (Konrad et al., 2005; Tourva 
et al., 2015). IGC show higher performances in executive control 
than nongifted children (Duan et al., 2009; Johnson et al., 2003; 
Oppong et al., 2019). However, others authors have not observed 
this high performance in executive control in IGC (Montoya- Arenas 
et al., 2018; Viana- Sáenz et al., 2020, for a meta- analysis). There is 
thus a discrepancy in empirical findings on the particularity of exec-
utive control in IGC.

In summary, the empirical findings are inconsistent on the quality 
of attention in IGC. The behavior of IGC seems to be different in 
function of the type of attention assessed. To our knowledge, no 
study has investigated the difference between intellectually gifted 
and average children simultaneously in the alerting, orienting, and 
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executive control networks. Based on the literature on typical de-
velopment of attentional networks and its relationship with intelli-
gence, we hypothesized that IGC will have better performance than 
IAC in only executive control.

2  | METHOD

2.1 | Participants

One hundred and eight French students were participated in this 
current study. The participants were in elementary and middle 
schools. The sample is composed of 54 IGC (mean age: 11.86 years, 
SD: 1.25, 22 females) and 54 IAC (mean age: 11.84 years, SD: 1.25, 
22 females).

All typical children were recruited in elementary and middle 
schools. They had an IQ between 85 and 115, estimated using 
Raven's Standard Progressive Matrices (RSPM; Raven et al., 2000). 
All intellectually gifted children were recruited with the help of li-
censed psychologists or were enrolled in special gifted programs in 
middle school. The inclusion criterion for children in the intellectually 
gifted group was identified by the 95th percentile in one of two IQ 
tests such as the Wechsler Intelligence Scale for Children (WISC- IV; 
Wechsler, 2005) and RSPM (Raven et al., 2000). Forty- five IGC were 
identified by WISC- IV and 9 gifted children by RSPM.

No children had known learning disorders; all children had nor-
mal or corrected vision, and all were native French speakers. The 
average of age is not dissimilar between the intellectually gifted and 
average groups, t(106) = 0.10, p = .92, d = 0.02 (Table 1). Both groups 

have an equal proportion of girls and boys, χ2(1) = 0.00, p = 1.00, 
φ = 0.00. The information about our whole sample is summarized 
in Table 1.

2.2 | Material

The Attention Network Test– Child version (ANT; Rueda et al., 2004) 
was used to assess the performance in three independent attentional 
networks simultaneously: Alerting, orienting, and executive control. 
The ANT was computerized using PsychoPy (Peirce et al., 2019). All 
stimuli of the task were downloaded at this address: https://www.
sackl erins titute.org/corne ll/assays_and_tools/ ant/jin.fan/. The par-
ticipant was instructed to indicate the direction of the central fish 
by pressing the left or right button on the keyboard, as rapidly as 
possible without making an error. As presented by Figure 1, each 
trial had the same structure: (a) a fixation cross was shown during 
a time period randomly fixed between 400 and 1,400 ms; (b) one 
of 4 cues was displayed on the screen for 100 ms: no asterisk was 
shown on the screen (no cue condition); an asterisk appeared in the 
middle of the screen instead of the fixation cross (central cue condi-
tion); an asterisk was displayed below and another above the fixation 
cross (double cue condition); or the correct location of the target 
below or above the fixation cross was indicated at 100% by an aster-
isk (spatial valid cue condition); (c) after a stimulus- onset asynchrony 
(SOA) fixed at 400 ms, the target called flanker was displayed alone 
or flanked by four other stimuli on the screen: either a single fish 
above or below the fixation cross (i.e., neutral condition), or the mid-
dle fish in the same direction as 4 others (i.e., congruent condition), 

TA B L E  1   Description of the whole sample

Dependent variables

Intellectually gifted Intellectually average

M (SD) Skew Kurtosis M (SD) Skew Kurtosis

Overall

RT (ms) 633.50 (86.09) 0.37 −0.67 641.78 (78.71) 0.11 −0.37

PE (% errors) 2.59 (1.91) 1.57 3.45 4.42 (3.49) 1.55 3.11

APE (Arcsin transformation) 0.15 (0.06) −0.03 1.16 0.19 (0.09) 0.16 0.63

Alerting

RT (ms) 27.31 (32.67) −0.25 1.53 32.34 (30.95) 0.37 −0.23

PE (% errors) 0.02 (3.26) −0.73 2.06 0.97 (3.11) 0.69 0.75

Combined z- score −0.58	(0.56) −0.02 −0.10 −0.40	(0.46) −0.13 −0.27

Orienting

RT (ms) 46.18 (27.91) −0.47 1.49 40.05 (34.51) 0.04 0.13

PE (% errors) 0.86 (2.41) 0.29 −0.14 1.02 (2.63) 0.43 −0.17

Combined z- score −0.24	(0.40) 0.00 1.47 −0.30	(0.57) −0.08 −0.29

Executive control

RT (ms) 83.70 (33.66) −0.39 0.18 94.22 (32.46) 0.01 −0.32

PE (% errors) 3.80 (4.34) 1.22 0.90 5.94 (5.29) 1.08 1.80

Combined z- score 0.57 (0.66) 0.38 0.02 0.95 (0.76) 0.20 0.14

Abbreviations: APE, Arcsin transformation of the Proportion of Errors; PE, Proportion of Errors; RT, Response Time.

https://www.sacklerinstitute.org/cornell/assays_and_tools/ant/jin.fan/
https://www.sacklerinstitute.org/cornell/assays_and_tools/ant/jin.fan/
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or the middle fish in the opposite direction to 4 others (i.e., incon-
gruent condition); (d) the target was presented until the participant 
responded or for a duration limited to 1,700 ms. Then, the next trial 
started again at step 1. The task began with a training session using 
a block of 24 trials, including feedback for 500 ms. Then, the par-
ticipants had to perform 288 trials without feedback divided into 
3 experimental blocks of 96 trials each, with a 5s break between 
each block (Rueda et al., 2004, for similar procedure).

Following the recommendation of MacLeod et al., (2010), the 
present study considers both proportion of error (PE) and response 
time (RT) as performance measures. For each participant, average 
accuracy and median response times (RTs) were recorded for each 
condition. RTs were considered only for correct trials; RTs faster 
than 200 ms or slower than 1,700 ms were considered as extreme 
values and excluded from analyses (0.72% of trials).

Each subsystem (i.e., alerting, orienting and executive control) 
is isolable with Donders’ subtraction method (Donders, 1969). The 
difference score derives from a difference between a baseline mea-
sure and a related measure of interest. Thus, the difference in these 
two measures is assumed to be the additional stage of processing 
(Klein, 2003, for a detailed description). Consequently, we computed 
the effect of each attentional network based on this subtraction 
method from dependent variables (i.e., RT or PE) of each condition 
(Fan et al., 2002; see Rueda et al., 2004, for a similar scoring): (a) The 
tonic alerting effect was computed by subtracting no cue condition 
from double cue condition. The no cue condition imposes the par-
ticipant to control them vigilance state for responding. The double 

cue condition only alerts the child to the imminent appearance of 
the target, without providing information about the target location. 
The subtraction of both conditions is able to estimate the alerting 
effect that is the effect of the target improving the alert state; (b) 
the orienting effect was computed by subtracting central cue con-
dition to spatial valid condition. The central cue condition orients 
the attention to the screen center, whereas the spatial cue provides 
useful information about the target location. Participants have to 
disengage their attention from screen center and engage toward the 
future localization of the target. Thus, the difference between these 
two conditions indicates the child's ability to orientate their atten-
tion toward a new and salient stimulus (i.e., orienting effect); (c) the 
executive control effect was computed by subtracting incongruent 
condition from congruent condition. The incongruent condition re-
quires the child to control their response in relation to the congruent 
condition. Thus, the difference between both conditions is able to 
estimate the participant's control ability to respond efficiently.

A composite attentional network score was computed by the 
combination of RT and PE differences scores into a single measure 
(Unsworth et al., 2020, for a similar procedure). These differences 
scores (i.e., RT and PE) of each attentional network were z- scored. 
These z- scores then were averaged. This form of integrating speed 
and error into a single score is a variant of the balanced integration 
score (Liesefeld et al., 2015; Liesefeld & Janczyk, 2019). This type 
of outcome has two advantages: (a) it makes easier to interpret 
the performance in each attentional network, and (b) it avoids the 
need to correct for multiple testing (Draheim et al., 2016; Hughes 

F I G U R E  1   Procedure for the attention 
network test
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et al., 2013; Liesefeld & Janczyk, 2019). The interpretation of the 
composite attentional network score is simple: The higher compos-
ite score, the lower performance in the attentional network.

2.3 | Procedure

In both child groups, all legal guardians received and signed an in-
formed consent which exposed the aim of this current study. Before 
testing took place, the objectives of the study were explained to 
the children, who then gave oral assent for their participation. The 
present research was conducted in accordance with the ethical 
standards laid down in the Declaration of Helsinki. All participants 
performed the ANT task collectively within their group in around 
20 min.

2.4 | Data analysis

The data and R scripts required to replicate the statistical analyses 
are available on the Open Science Framework platform at https://
osf.io/x4bpr/ ?view_only=cc363 e6d27 34470 09da3 f1097 0b31bf1. 
All data analyses were conducted using R 4.0.3 (R Core Team, 2020). 
Following the recommendations of MacLeod and colleagues (2010), 
both RT and PE were analyzed separately. Both dependent variables 
were considered as performance indicators for attentional networks 
in terms of speed and accuracy (Wickelgren, 1977).

The permutation method used to compute the reliability of each 
attentional network score (in RT and PE; see MacLeod et al., 2010, 
for a detailed description). For each participant, all trials were 
randomly split into two halves 1,000 times. A correlation with a 
Spearman- Brown's correction was computed for each split. For each 
attentional network score, the reliability coefficient is the average of 
the 1,000 corrected correlations (see Results section below).

The overall RT and PE were compared in both groups. For this, 
pairwise comparisons were performed. The violation of normality 
was assessed by skewness and kurtosis. The variance ratio was real-
ized to estimate the violation of homogeneity variance (Blanca et al., 
2018). All pairwise comparisons were realized with Welch's t test 
adjusted by a Holm's correction of p- values (Holm, 1979). When the 
distribution of the overall RT or PE is skewed or the variance be-
tween both groups is unequal, Welch's t test is lower sensitive than 
Student's t test (Delacre et al., 2017; Rasch et al., 2011). All effect 
sizes were computed using Cohen's d.

The comparison of performance in both groups for each atten-
tion network was performed using repeated- measures analyses of 
variance (RM- ANOVA). For all repeated- measures designs, the sphe-
ricity assumption was assessed by Mauchly's test (Mauchly, 1940). 
When this test revealed a violation of the sphericity assumption, 
a subsequent Greenhouse– Geisser correction was applied to the 
results of analysis. For all statistical analyses, the violation of each 
statistical assumption (i.e., normality and homoscedasticity) was 
checked using a graphical visualization. The influence of extreme 

values was assessed using Cook's D statistics (Cook, 1977). The cut-
off of case identification was determined to use the F distribution 
with df = (k + 1, n –  k	−	1)	and	α = 0.50, where k is the number of 
predictors, and n is the number of observations (Cohen et al., 2003). 
In all statistical analyses, no Cook's D statistics exceed the thresh-
old computed by the formula from Cohen et al., (2003). As recom-
mended by Bakeman (2005), all effect sizes for mixed design were 
computed using generalized eta squared (�2

G
).

3  | RESULTS

3.1 | Comparison between intellectually gifted 
children and intellectually average children

3.1.1 | Overall	response	time	and	errors

We first investigated the group effect on the median RTs and the 
average of PE separately, regardless of the conditions. Table 1 shows 
the results for each group. An arcsin transformation has been ap-
plied on the PE in order to manage the violation of normality as-
sumption of residuals (Unsworth et al., 2009 for similar problem).

The intellectually gifted group was not significantly faster than 
intellectually average group, t(105.16) = 0.52, p = .302, d = 0.10. 
However, IGC had significantly fewer errors than IAC, t(96.43) = 
3.13, p = .002, d = 0.60.

3.1.2 | Attentional	networks

The executive control network score was most reliable, rsplit- 

half = 0.650, CI 95% [.644, 0.657], followed by the alerting network, 
rsplit- half = 0.204, CI 95% [.195, 0.212], and the orienting network, 
rsplit- half = 0.035, CI 95% [.026, 0.045]. The results related to net-
works indexes are illustrated for the three attentional networks in 
Figure 2.

A significant main group effect was found, F(1, 106) = 5.97, 
p = .016, �2

G
 = 0.02. The Tukey's HSD post hoc analysis showed IGC 

had lower attentional network indexes than IAC, t(106) =	 −2.44,	
p = .016. There were a significant interaction between group and 
attentional networks, F(1.84, 195.15) = 4.22, p = .019, �2

G
 = 0.02. The 

Tukey's HSD post hoc analysis with Holm's correction indicated that 
IGC performed better than IAC only in executive control network, 
t(314.58) =	−3.45,	p = .002. Both groups did not distinct on the alert-
ing and orienting networks scores (ps > .05).

4  | DISCUSSION

In the literature, some studies have suggested IGC would have 
inherent characteristics similar to ADHD, such as inattention 
problems (Alloway & Elsworth, 2012; Hartnett et al., 2004; Lee & 
Olenchak, 2015; Webb et al., 2005). Attentional difficulties were 

https://osf.io/x4bpr/?view_only=cc363e6d273447009da3f10970b31bf1
https://osf.io/x4bpr/?view_only=cc363e6d273447009da3f10970b31bf1
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mostly observed by parents and teachers (Rommelse et al., 2017). 
In contrast, others authors have shown IGC outperform in 
most attentional tasks (Johnson et al., 2003; Shi et al., 2013). 
Attention is not an unitary construct (Chun et al., 2011; Petersen 
& Posner, 2012). Few studies have explored the different aspects 
of attention in the same intellectually gifted group. Some authors 
have shown IGC outperform in some domains of attention, such 
as tonic alerting (Shi et al., 2013) and executive control (Duan 
et al., 2009; Liu et al., 2011a, 2011b). However, these empirical 
findings have not been observed in others studies (Montoya- 
Arenas et al., 2018; Viana- Sáenz et al., 2020). The results of this 
current study provide additional information on the characteris-
tics of the attentional abilities in IGC.

IGC did not differ from the IAC on the overall RT, but they were 
more accurate than the IAC for the ANT. The accuracy seems to be 

the key element of the high performance of IGC in the attentional 
tasks (Lajoie & Shore, 1986).

On the phasic alerting effect, our results highlighted that the 
performance of the IGC did not differ from that of the IAC. Their 
alertness would not be disparate from those of their peers when 
an external cue is given. Although IGC have better performance in 
tonic alerting (i.e., sustained attention) (Shi et al., 2013), our study 
has shown that IGC do not have higher performance than IAC in 
phasic alerting. The intelligence seem not be related to this aspect 
of the alerting (Konrad et al., 2005; Tourva et al., 2016). On the ori-
enting effect, the IGC seems to have the same efficiency as the IAC. 
This finding confirms the independence between orienting network 
and intelligence (Konrad et al., 2005; Tourva et al., 2016). In the ex-
ecutive control effect, we have additional evidence that IGC have 
better performance than IAC (Calero et al., 2007; Duan et al., 2009; 

F I G U R E  2   Performance at each 
attentional network by group*
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Johnson et al., 2003; Liu et al., 2011a, 2011b). Our results showed 
that the executive control effect is more efficient in IGC than their 
peers that is to focus volitionally in order to solve a simple percep-
tual conflict. In the literature, executive control is considered to be 
important in the functioning of working memory, namely capacity to 
process, manipulate, and briefly store information during a cognitive 
activity (Engle et al., 1999; Kane et al., 2001). This cognitive ability 
is strongly related to intellectual capacities (Ackerman et al., 2005). 
Some studies have highlighted that IGC have higher performance in 
working memory than IAC (Calero et al., 2007; Hoard et al., 2008; 
Leikin et al., 2013; van Viersen et al., 2014).

These results convey IGC do not outperform in all aspects of the 
attention. This could explain this divergence between parent's or 
teacher's impressions assessed by questionnaires and empirical find-
ings on the attentional abilities in IGC (Rommelse et al., 2017). The 
exploration of the different aspects of attention therefore seems to 
be important to understand eventual difficulties in this area.

4.1 | Limitations of the study

In our study, split- half estimates for each network score demon-
strate low reliability for the alerting and orienting networks and high 
reliability for the executive control network. This pattern of the reli-
ability of network scores is classically found in the ANT (MacLeod 
et al., 2010). This weakness in the reliability of the network scores 
have to force us to interpret the results with caution, particularly 
about the alerting and orienting networks.

The child version of ANT was used to estimate the efficiency of 
each attentional network (Rueda et al., 2004). This task used only 
the spatially valid cue to assess the orienting effect. The use of in-
valid and valid cues can increase the orienting effect and improve 
the observation of the development of orienting networks with age 
(Abundis- Gutiérrez et al., 2014; Waszak et al., 2010).

In the current study, the design of this version of the ANT could 
not investigate the interaction between the attentional networks. 
In the literature, some studies showed the presence of interactions 
between the attentional networks (Callejas et al., 2005; Pozuelos 
et al., 2014). These interactions modulate the efficiency of each at-
tentional network, and the effect of this modulation is influenced 
by child development (Mullane et al., 2016; Pozuelos et al., 2014). A 
modified ANT was created to specifically investigate these interac-
tions (Callejas et al., 2004, for details). In future studies, investigation 
into the interaction between networks may bring another perspec-
tive about the attentional development in IGC.

Despite being fun and game- like, the child version of ANT be-
comes quickly boring for children (Ishigami & Klein, 2015), as well 
as for young adults. Boredom might affect the participant's engage-
ment in the attentional task. Thus, the participant's performance 
could be underestimated in all conditions of this type of task. Some 
authors have shown that it is possible to make a game- like tool for 
assessing attentional networks which is more engaging than the 
ANT (e.g., Klein et al., 2017).

5  | CONCLUSION

The current study has investigated the different aspect of the atten-
tion in IGC (e.g., phasic alerting, orienting, and executive control net-
works). First, IGC are more accurate than fast on ANT compared to 
IAC. The accuracy seems to be an important characteristic of intel-
lectual giftedness in the attentional tasks. Second, our finding indi-
cates that IGC have only higher executive control performance than 
IAC. This result confirms that executive control is an important cog-
nitive characteristic in IGC (Duan et al., 2009; Johnson et al., 2003). 
Executive control plays a crucial role in the functioning of the work-
ing memory, that is, the capacity to process, manipulate, and briefly 
store information in the current cognitive activity (Engle et al., 1999; 
Kane et al., 2001), and intellectual functioning (Cowan et al., 2006).

ACKNOWLEDG MENTS
We thank all children and their parents who participated in this cur-
rent study. The authors extend their warm thanks to Aurore Bancal 
and Martine Chavaneau for their precious help. This research was 
supported by the European Regional Development Fund (ERDF) and 
the Regional Council of Haut de France for the HPISCOL project: 
Enfants et adolescents à haut potentiel intellectuel: Identification et 
scolarisation.

CONFLIC T OF INTERE S T
The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

AUTHOR CONTRIBUTION
AA and BB designed the study. AA performed data collection and 
analyzed the data. AA and BB wrote the manuscript.

E THIC AL S TATEMENT
The study was carried out in accordance with the recommendations 
of French psychological research and the Declaration of Helsinki. All 
parents gave consent, and each child gave their written assent to be 
part of the research. We also had approval from headmasters and 
teachers.

PEER RE VIE W
The peer review history for this article is available at https://publo 
ns.com/publo n/10.1002/brb3.2148.

ORCID
Alexandre Aubry  https://orcid.org/0000-0002-4162-2557 

R E FE R E N C E S
Abundis- Gutiérrez, A., Checa, P., Castellanos, C., & Rueda, M. R. (2014). 

Electrophysiological correlates of attention networks in childhood 
and early adulthood. Neuropsychologia, 57, 78– 92. https://doi.
org/10.1016/j.neuro psych ologia.2014.02.013

Ackerman, P. L., Beier, M. E., & Boyle, M. O. (2005). Working Memory and 
Intelligence: The same or different constructs? Psychological Bulletin, 
131, 30– 60. https://doi.org/10.1037/0033- 2909.131.1.30

https://publons.com/publon/10.1002/brb3.2148
https://publons.com/publon/10.1002/brb3.2148
https://orcid.org/0000-0002-4162-2557
https://orcid.org/0000-0002-4162-2557
https://doi.org/10.1016/j.neuropsychologia.2014.02.013
https://doi.org/10.1016/j.neuropsychologia.2014.02.013
https://doi.org/10.1037/0033-2909.131.1.30


8 of 10  |     AUBRY And BOURdIn

Alloway, T. P., & Elsworth, M. (2012). An investigation of cogni-
tive skills and behavior in high ability students. Learning and 
Individual Differences, 22(6), 891– 895. https://doi.org/10.1016/j.
lindif.2012.02.001

Arffa, S. (2007). The relationship of intelligence to executive function 
and non- executive function measures in a sample of average, above 
average, and gifted youth. Archives of Clinical Neuropsychology, 22, 
969– 978. https://doi.org/10.1016/j.acn.2007.08.001

Bakeman, R. (2005). Recommended effect size statistics for repeated 
measures designs. Behavior Research Methods, 37, 379– 384. https://
doi.org/10.3758/bf031 92707

Blanca, M. J., Alarcón, R., Arnau, J., Bono, R., & Bendayan, R. (2018). 
Effect of variance ratio on ANOVA robustness: Might 1.5 be the limit? 
Behavior Research Methods, 50(3), 1– 26. https://doi.org/10.3758/
s1342 8- 017- 0918- 2

Burns, N. R., Nettelbeck, T., & McPherson, J. (2009). Attention and in-
telligence: A factor analytic study. Journal of Individual Differences, 
30(1), 44– 57. https://doi.org/10.1027/1614- 0001.30.1.44

Calero, M. D., Belen, G.- M.-  M., & Robles, M. A. (2011). Learning Potential 
in high IQ children: The contribution of dynamic assessment to the 
identification of gifted children. Learning and Individual Differences, 
21, 176– 181. https://doi.org/10.1016/j.lindif.2010.11.025

Calero, M. D., García- Martín, M. B., Jiménez, M. I., Kazén, M., & Araque, 
A. (2007). Self- regulation advantage for high- IQ children: Findings 
from a research study. Learning and Individual Differences, 17, 328– 
343. https://doi.org/10.1016/j.lindif.2007.03.012

Callejas, A., Lupiàñez, J., Funes, M. J., & Tudela, P. (2005). Modulations 
among the alerting, orienting and executive control networks. 
Experimental Brain Research, 167, 27– 37. https://doi.org/10.1007/
s0022 1- 005- 2365- z

Callejas, A., Lupiàñez, J., & Tudela, P. (2004). The three attentional net-
works: On their independence and interactions. Brain and Cognition, 
54, 225– 227. https://doi.org/10.1016/j.bandc.2004.02.012

Caropreso, E. J., & White, C. S. (1994). Analogical reasoning and gifted-
ness: A comparison between identified gifted and nonidentified chil-
dren. The Journal of Educational Research, 87, 271– 278. https://doi.
org/10.1080/00220 671.1994.9941254

Chae, P. K., Kim, J.- H., & Noh, K.- S. (2003). Diagnosis of ADHD among 
gifted children in relation to KEDI- WISC and T.O.V.A. performance. 
Gifted Child Quarterly, 47(3), 192– 201. https://doi.org/10.1177/00169 
86203 04700303

Chun, M. M., Golomb, J. D., & Turk- Browne, N. B. (2011). A taxonomy of 
external and internal attention. Annual Review of Psychology, 62(1), 
73– 101. https://doi.org/10.1146/annur ev.psych.093008.100427

Cohen, J., Cohen, P., West, S. G., & Aiken, L. S. (2003). Applied multi-
ple regression/correlation analysis for the behavioral sciences, 3rd ed. 
Lawrence Erlbaum.

Cook, R. (1977). Detection of influential observation in linear regres-
sion. Technometrics, 19(1), 15– 18. https://doi.org/10.1080/00401 
706.1977.1048949

Corbetta, M., & Shulman, G. L. (2002). Control of goal- directed and 
stimulus- driven attention in the brain. Nature Reviews Neuroscience, 
3(3), 201– 215. https://doi.org/10.1038/nrn755

Cowan, N., Fristoe, N. M., Elliott, E. M., Brunner, R. P., & Saults, J. S. 
(2006). Scope of attention, control of attention, and intelligence in 
children and adults. Memory & Cognition, 34, 1754– 1768. https://doi.
org/10.3758/BF031 95936

Delacre, M., Lakens, D., & Leys, C. (2017). Why psychologists should by 
default use welch’s t- test instead of student’s t- test. International 
Review of Social Psychology, 30(1), 92– 101. https://doi.org/10.5334/
irsp.82

Donders, F. C. (1969). On the speed of mental processes. Acta Psychologica, 
30, 412– 431. https://doi.org/10.1016/0001- 6918(69)90065 - 1

Draheim, C., Hicks, K. L., & Engle, R. W. (2016). Combining reaction time 
and accuracy: The relationship between working memory capacity 

and task switching as a case example. Perspectives on Psychological 
Science, 11, 133– 155. https://doi.org/10.1177/17456 91615 596990

Duan, X., Dan, Z., & Shi, J. (2013). The speed of information processing of 
9-  to 13- year- old intellectually gifted children. Psychological Reports, 
112(1), 20– 32. https://doi.org/10.2466/04.10.49.PR0.112.1.20- 322

Duan, X., & Shi, J. (2014). Attentional switching in intellectually gifted 
and average children: Effects on performance and ERP. Psychological 
Reports, 114(2), 597– 607. https://doi.org/10.2466/04.10.
pr0.114k21w8

Duan, X., Shi, J., Wu, J., Mou, Y., Cui, H., & Wang, G. (2009). 
Electrophysiological correlates for response inhibition in intellectu-
ally gifted children: A Go/NoGo study. Neuroscience Letters, 457, 45– 
48. https://doi.org/10.1016/j.neulet.2009.04.006

Efklides, A. (2008). Metacognition. European Psychologist, 13(4), 277– 
287. https://doi.org/10.1027/1016- 9040.13.4.277

Engle, R. W. (2018). Working memory and executive attention: A re-
visit. Perspectives on Psychological Science, 13, 190– 193. https://doi.
org/10.1177/17456 91617 720478

Engle, R. W., Tuholski, S. W., Laughlin, J. E., & Conway, A. R. A. (1999). 
Working memory, short- term memory, and general fluid in-
telligence: A latent- variable approach. Journal of Experimental 
Psychology: General, 128, 309– 331. https://doi.org/10.1037/009
6- 3445.128.3.309

Fan, J., McCandliss, B. D., Sommer, T., Raz, A., & Posner, M. I. (2002). 
Testing the efficiency and independence of attentional net-
works. Journal of Cognitive Neuroscience, 14, 340– 347. https://doi.
org/10.1162/08989 29023 17361886

Fernandez- Duque, D., Baird, J. A., & Posner, M. I. (2000). Executive at-
tention and metacognitive regulation. Consciousness and Cognition, 9, 
288– 307. https://doi.org/10.1006/ccog.2000.0447

Gaultney, J. F., Bjorklund, D. F., & Goldstein, D. (1996). To be young, 
gifted, and strategic: Advantages for memory performance. Journal of 
Experimental Child Psychology, 61(1), 43– 66. https://doi.org/10.1006/
jecp.1996.0002

Geary, D. C., & Brown, S. C. (1991). Cognitive addition: Strategy choice 
and speed- of- processing differences in gifted, normal, and mathe-
matically disabled children. Developmental Psychology, 27, 398– 406. 
https://doi.org/10.1037/0012- 1649.27.3.398

Hartnett, D. N., Nelson, J. M., & Rinn, A. N. (2004). Gifted or ADHD? 
The possibilities of misdiagnosis. Roeper Review, 26, 73– 76. https://
doi.org/10.1080/02783 19040 9554245

Hoard, M. K., Geary, D. C., Byrd- Craven, J., & Nugent, L. (2008). 
Mathematical cognition in intellectually precocious first grad-
ers. Developmental Neuropsychology, 33(3), 251– 276. https://doi.
org/10.1080/87565 64080 1982338

Holm, S. (1979). A simple sequentially rejective multiple test procedure. 
Scandinavian Journal of Statistics, 6, 65– 70.

Hughes, M. M., Linck, J. A., Bowles, A. R., Koeth, J. T., & Bunting, M. 
F. (2013). Alternatives to switch- cost scoring in the task- switching 
paradigm: Their reliability and increased validity. Behavior 
Research Methods, 46, 702– 721. https://doi.org/10.3758/s1342 
8- 013- 0411- 5

Ishigami, Y., & Klein, R. M. (2015). Repeated measurement of the 
components of attention with young children using the atten-
tion network test: Stability, isolability, robustness, and reliabil-
ity. Journal of Cognition and Development, 16, 144– 159. https://doi.
org/10.1080/15248 372.2013.803971

Johnson, J., Im- Bolter, N., & Pascual- Leone, J. (2003). Development of 
mental attention in gifted and mainstream children: The role of men-
tal capacity, inhibition, and speed of processing. Child Development, 
74, 1594– 1614. https://doi.org/10.1046/j.1467- 8624.2003.00626.x

Kane, M. J., Bleckley, M. K., Conway, A. R. A., & Engle, R. W. (2001). 
A controlled- attention view of working- memory capacity. Journal of 
Experimental Psychology: General, 130, 169– 183. https://doi.org/10.1
037//0096- 3445.130.2.169

https://doi.org/10.1016/j.lindif.2012.02.001
https://doi.org/10.1016/j.lindif.2012.02.001
https://doi.org/10.1016/j.acn.2007.08.001
https://doi.org/10.3758/bf03192707
https://doi.org/10.3758/bf03192707
https://doi.org/10.3758/s13428-017-0918-2
https://doi.org/10.3758/s13428-017-0918-2
https://doi.org/10.1027/1614-0001.30.1.44
https://doi.org/10.1016/j.lindif.2010.11.025
https://doi.org/10.1016/j.lindif.2007.03.012
https://doi.org/10.1007/s00221-005-2365-z
https://doi.org/10.1007/s00221-005-2365-z
https://doi.org/10.1016/j.bandc.2004.02.012
https://doi.org/10.1080/00220671.1994.9941254
https://doi.org/10.1080/00220671.1994.9941254
https://doi.org/10.1177/001698620304700303
https://doi.org/10.1177/001698620304700303
https://doi.org/10.1146/annurev.psych.093008.100427
https://doi.org/10.1080/00401706.1977.1048949
https://doi.org/10.1080/00401706.1977.1048949
https://doi.org/10.1038/nrn755
https://doi.org/10.3758/BF03195936
https://doi.org/10.3758/BF03195936
https://doi.org/10.5334/irsp.82
https://doi.org/10.5334/irsp.82
https://doi.org/10.1016/0001-6918(69)90065-1
https://doi.org/10.1177/1745691615596990
https://doi.org/10.2466/04.10.49.PR0.112.1.20-322
https://doi.org/10.2466/04.10.pr0.114k21w8
https://doi.org/10.2466/04.10.pr0.114k21w8
https://doi.org/10.1016/j.neulet.2009.04.006
https://doi.org/10.1027/1016-9040.13.4.277
https://doi.org/10.1177/1745691617720478
https://doi.org/10.1177/1745691617720478
https://doi.org/10.1037/0096-3445.128.3.309
https://doi.org/10.1037/0096-3445.128.3.309
https://doi.org/10.1162/089892902317361886
https://doi.org/10.1162/089892902317361886
https://doi.org/10.1006/ccog.2000.0447
https://doi.org/10.1006/jecp.1996.0002
https://doi.org/10.1006/jecp.1996.0002
https://doi.org/10.1037/0012-1649.27.3.398
https://doi.org/10.1080/02783190409554245
https://doi.org/10.1080/02783190409554245
https://doi.org/10.1080/87565640801982338
https://doi.org/10.1080/87565640801982338
https://doi.org/10.3758/s13428-013-0411-5
https://doi.org/10.3758/s13428-013-0411-5
https://doi.org/10.1080/15248372.2013.803971
https://doi.org/10.1080/15248372.2013.803971
https://doi.org/10.1046/j.1467-8624.2003.00626.x
https://doi.org/10.1037//0096-3445.130.2.169
https://doi.org/10.1037//0096-3445.130.2.169


     |  9 of 10AUBRY And BOURdIn

Kanevsky, L., & Geake, J. (2004). Inside the zone of proximal develop-
ment: Validating a multifactor model of learning potential with gifted 
students and their peers. Journal for the Education of the Gifted, 28, 
182– 217. https://doi.org/10.1177/01623 53204 02800204

Karpinski, R. I., Kolb, A. M. K., Tetreault, N. A., & Borowski, T. B. (2018). 
High intelligence: A risk factor for psychological and physiological 
overexcitabilities. Intelligence, 66, 8– 23. https://doi.org/10.1016/j.
intell.2017.09.001

Klein, R. M. (2003). Chronometric explorations of disordered minds. 
Trends in Cognitive Sciences, 7(5), 190– 192. https://doi.org/10.1016/
s1364 - 6613(03)00093 - 7

Klein, R. M., Hassan, T., Wilson, G., Ishigami, Y., & Mulle, J. (2017). The 
AttentionTrip: A game- like tool for measuring the networks of at-
tention. Journal of Neuroscience Methods, 289, 99– 109. https://doi.
org/10.1016/j.jneum eth.2017.07.008

Konrad, K., Neufang, S., Thiel, C. M., Specht, K., Hanisch, C., Fan, J., 
Herpertz- Dahlmann, B., & Fink, G. R. (2005). Development of atten-
tional networks: An fMRI study with children and adults. NeuroImage, 
28, 429– 439. https://doi.org/10.1016/j.neuro image.2005.06.065

Kranzler, J. H., Whang, P. A., & Jensen, A. R. (1994). Task complexity 
and the speed and efficiency of elemental information processing: 
Another look at the nature of intellectual giftedness. Contemporary 
Educational Psychology, 19, 447– 459. https://doi.org/10.1006/
ceps.1994.1032

Lajoie, S. P., & Shore, B. M. (1986). Intelligence: The speed and accu-
racy tradeoff in high aptitude individuals. Journal for the Education 
of the Gifted, 9(2), 85– 104. https://doi.org/10.1177/01623 53286 
00900201

Lee, K. M., & Olenchak, F. R. (2015). Individuals with a gifted/atten-
tion deficit/hyperactivity disorder diagnosis. Gifted Education 
International, 31(3), 185– 199. https://doi.org/10.1177/02614 29414 
530712

Leikin, M., Paz- Baruch, N., & Leikin, R. (2013). Memory abilities in gener-
ally gifted and excelling- in- mathematics adolescents. Intelligence, 41, 
566– 578. https://doi.org/10.1016/j.intell.2013.07.018

Liesefeld, H. R., Fu, X., & Zimmer, H. D. (2015). Fast and careless or 
careful and slow? Apparent holistic processing in mental rotation 
is explained by speed- accuracy trade- offs. Journal of Experimental 
Psychology: Learning, Memory, and Cognition, 41(4), 1140– 1151. 
https://doi.org/10.1037/xlm00 00081

Liesefeld, H. R., & Janczyk, M. (2019). Combining speed and accuracy to 
control for speed- accuracy trade- offs(?). Behavior Research Methods, 
51(1), 1– 21. https://doi.org/10.3758/s1342 8- 018- 1076- x

Liu, T., Xiao, T., Shi, J., & Zhao, D. (2011a). Response preparation and 
cognitive control of highly intelligent children: A Go- Nogo event- 
related potential study. Neuroscience, 180, 122– 128. https://doi.
org/10.1016/j.neuro scien ce.2011.02.022

Liu, T., Xiao, T., Shi, J., & Zhao, L. (2011b). Sensory gating, inhibition 
control and child intelligence: An event- related potentials study. 
Neuroscience, 189, 250– 257. https://doi.org/10.1016/j.neuro scien 
ce.2011.05.009

MacLeod, J. W., Lawrence, M. A., McConnell, M. M., Eskes, G. A., Klein, 
R. M., & Shore, D. I. (2010). Appraising the ANT: Psychometric 
and theoretical considerations of the Attention Network Test. 
Neuropsychology, 24, 637– 651. https://doi.org/10.1037/a0019803

Mauchly, J. (1940). Significance test for sphericity of a normal n- variate 
distribution. The Annals of Mathematical Statistics, 11(2), 204– 209. 
https://doi.org/10.1214/aoms/11777 31915

Montoya- Arenas, D. A., Aguirre- Acevedo, D. C., Soto, C. M. D., & 
Salazar, D. A. P. (2018). Executive Functions and High Intellectual 
Capacity in School- Age: Completely Overlap? International Journal 
of Psychological Research, 11(1), 19– 32. https://doi.org/10.21500/ 
20112 084.3239.

Mullane, J. C., Lawrence, M. A., Corkum, P. V., Klein, R. M., & McLaughlin, 
E. N. (2016). The development of and interaction among alerting, 

orienting, and executive attention in children. Child Neuropsychology, 
22, 155– 176. https://doi.org/10.1080/09297 049.2014.981252

Oppong, E., Shore, B. M., & Muis, K. R. (2019). Clarifying the connections 
among giftedness, metacognition, self- regulation, and self- regulated 
learning: implications for theory and practice. Gifted Child Quarterly, 
63(2), 102– 119. https://doi.org/10.1177/00169 86218 814008

Peirce, J., Gray, J. R., Simpson, S., MacAskill, M., Höchenberger, R., Sogo, 
H., Kastman, E., & Lindeløv, J. K. (2019). PsychoPy2: Experiments in 
behavior made easy. Behavior Research Methods, 10(1), 1– 9. https://
doi.org/10.3758/s1342 8- 018- 01193 - y

Petersen, S. E., & Posner, M. I. (2012). The attention system of the human 
brain: 20 Years After. Annual Review of Neuroscience, 35, 73– 89. 
https://doi.org/10.1146/annur ev- neuro - 06211 1- 150525

Posner, M. I. (1980). Orienting of attention. Quarterly Journal of 
Experimental Psychology, 32(1), 3– 25. https://doi.org/10.1080/00335 
55800 8248231

Posner, M. I., & DiGirolamo, G. J. (1998). Executive attention: Conflict, 
target detection, and cognitive control. In R. Parasuraman (Ed.), The 
Attentive Brain (pp. 401– 423). The MIT Press.

Posner, M. I., & Petersen, S. E. (1990). The attention system of the 
human brain. Annual Review of Neuroscience, 13, 25– 42. https://doi.
org/10.1146/annur ev.ne.13.030190.000325

Posner M. I., & Rothbart M. K. (2007). Research on attention networks 
as a model for the integration of psychological science. Annual 
Review of Psychology, 58(1), 1– 23. http://dx.doi.org/10.1146/annur 
ev.psych.58.110405.085516

Posner, M. I., Rothbart, M. K., Sheese, B. E., & Voelker, P. (2012). Control 
networks and neuromodulators of early development. Developmental 
Psychology, 48(3), 827– 835. https://doi.org/10.1037/a0025530

Posner, M., Rothbart, M., Sheese, B., & Voelker, P. (2014). Developing at-
tention: Behavioral and brain mechanisms. Advances in Neuroscience, 
2014, 1– 9. https://doi.org/10.1155/2014/405094

Pozuelos, J. P., Paz- Alonso, P. M., Castillo, A., Fuentes, L. J., & Rueda, M. 
R. (2014). Development of attention networks and their interactions 
in childhood. Developmental Psychology, 50, 2405– 2415. https://doi.
org/10.1037/a0037469

R Core Team (2020). R: A language and environment for statistical com-
puting. R Foundation for Statistical Computing. https://www.R- proje 
ct.org/

Rasch, D., Kubinger, K. D., & Moder, K. (2011). The two- sample t test: 
Pre- testing its assumptions does not pay off. Statistical Papers, 52(1), 
219– 231. https://doi.org/10.1007/s0036 2- 009- 0224- x

Raven, J., Raven, J. C., & Court, J. H. (2000), 2000 updated (2004). 
Manual for Raven’s Progressive Matrices and Vocabulary Scales. 
Section 3: The Standard Progressive Matrices. San Antonio, TX: 
Harcourt Assessment.

Reams, R., Chamrad, D., & Robinson, N. (1990). The race is not neces-
sarily to the Swift: Validity of WISC- R bonus points for speed. Gifted 
Child Quarterly, 34(3), 108– 110. https://doi.org/10.1177/00169 
86290 03400304

Rommelse, N., Antshel, K., Smeets, S., Greven, C., Hoogeveen, L., 
Faraone, S. V., & Hartman, C. A. (2017). High intelligence and the risk 
of ADHD and other psychopathology. British Journal of Psychiatry, 
211(6), 359– 364. https://doi.org/10.1192/bjp.bp.116.184382

Rommelse, N., van der Kruijs, M., Damhuis, J., Hoek, I., Smeets, S., 
Antshel, K. M., Hoogeveen, L., & Faraone, S. V. (2016). An evidenced- 
based perspective on the validity of attention- deficit/hyperac-
tivity disorder in the context of high intelligence. Neuroscience & 
Biobehavioral Reviews, 71, 21– 47. https://doi.org/10.1016/j.neubi 
orev.2016.08.032

Rothbart, M. K., Sheese, B. E., Rueda, M. R., & Posner, M. I. (2011). 
Developing mechanisms of self- regulation in early life. Emotion 
Review, 3(2), 207– 213. https://doi.org/10.1177/17540 73910 387943

Rueda, M. R., Posner, M. I., Rothbart, M. K., & Davis- Stober, C. P. 
(2004). Development of the time course for processing conflict: 

https://doi.org/10.1177/016235320402800204
https://doi.org/10.1016/j.intell.2017.09.001
https://doi.org/10.1016/j.intell.2017.09.001
https://doi.org/10.1016/s1364-6613(03)00093-7
https://doi.org/10.1016/s1364-6613(03)00093-7
https://doi.org/10.1016/j.jneumeth.2017.07.008
https://doi.org/10.1016/j.jneumeth.2017.07.008
https://doi.org/10.1016/j.neuroimage.2005.06.065
https://doi.org/10.1006/ceps.1994.1032
https://doi.org/10.1006/ceps.1994.1032
https://doi.org/10.1177/016235328600900201
https://doi.org/10.1177/016235328600900201
https://doi.org/10.1177/0261429414530712
https://doi.org/10.1177/0261429414530712
https://doi.org/10.1016/j.intell.2013.07.018
https://doi.org/10.1037/xlm0000081
https://doi.org/10.3758/s13428-018-1076-x
https://doi.org/10.1016/j.neuroscience.2011.02.022
https://doi.org/10.1016/j.neuroscience.2011.02.022
https://doi.org/10.1016/j.neuroscience.2011.05.009
https://doi.org/10.1016/j.neuroscience.2011.05.009
https://doi.org/10.1037/a0019803
https://doi.org/10.1214/aoms/1177731915
https://doi.org/10.21500/20112084.3239
https://doi.org/10.21500/20112084.3239
https://doi.org/10.1080/09297049.2014.981252
https://doi.org/10.1177/0016986218814008
https://doi.org/10.3758/s13428-018-01193-y
https://doi.org/10.3758/s13428-018-01193-y
https://doi.org/10.1146/annurev-neuro-062111-150525
https://doi.org/10.1080/00335558008248231
https://doi.org/10.1080/00335558008248231
https://doi.org/10.1146/annurev.ne.13.030190.000325
https://doi.org/10.1146/annurev.ne.13.030190.000325
http://dx.doi.org/10.1146/annurev.psych.58.110405.085516
http://dx.doi.org/10.1146/annurev.psych.58.110405.085516
https://doi.org/10.1037/a0025530
https://doi.org/10.1155/2014/405094
https://doi.org/10.1037/a0037469
https://doi.org/10.1037/a0037469
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1007/s00362-009-0224-x
https://doi.org/10.1177/001698629003400304
https://doi.org/10.1177/001698629003400304
https://doi.org/10.1192/bjp.bp.116.184382
https://doi.org/10.1016/j.neubiorev.2016.08.032
https://doi.org/10.1016/j.neubiorev.2016.08.032
https://doi.org/10.1177/1754073910387943


10 of 10  |     AUBRY And BOURdIn

An event- related potentials study with 4 year olds and adults. BMC 
Neuroscience, 5(39), 1– 13. https://doi.org/10.1186/1471- 2202- 5- 39

Schweizer, K., & Moosbrugger, H. (2004). Attention and working mem-
ory as predictors of intelligence. Intelligence, 32, 329– 347. https://
doi.org/10.1016/j.intell.2004.06.006

Schweizer, K., Moosbrugger, H., & Goldhammer, F. (2005). The structure 
of the relationship between attention and intelligence. Intelligence, 
33, 589– 611. https://doi.org/10.1016/j.intell.2005.07.001

Schweizer, K., Zimmermann, P., & Koch, W. (2000). Sustained attention, 
intelligence, and the crucial role of perceptual processes. Learning 
and Individual Differences, 12, 271– 286. https://doi.org/10.1016/
S1041 - 6080(01)00040 - 1

Shi, J., Tao, T., Chen, W., Cheng, L., Wang, L., & Zhang, X. (2013). Sustained 
attention in intellectually gifted children assessed using a continuous 
performance test. PLoS One, 8(2), 1– 8. https://doi.org/10.1371/journ 
al.pone.0057417

Tillman, C. M., Bohlin, G., Sorensen, L., & Lundervold, A. J. (2009). 
Intelligence and specific cognitive abilities in children. Journal of 
Individual Differences, 30, 209– 219. https://doi.org/10.1027/161
4- 0001.30.4.209

Tourva, A., Spanoudis, G., & Demetriou, A. (2015). Cognitive correlates 
of developing intelligence: The contribution of working memory, pro-
cessing speed and attention. Intelligence, 54, 136– 146. https://doi.
org/10.1016/j.intell.2015.12.001

Tourva A., Spanoudis G., Demetriou A. (2016). Cognitive correlates of 
developing intelligence: The contribution of working memory, pro-
cessing speed and attention. Intelligence, 54, 136– 146. http://dx.doi.
org/10.1016/j.intell.2015.12.001.

Unsworth, N., Miller, A. L., & Robison, M. K. (2020). Are individual dif-
ferences in attention control related to working memory capacity? 
A latent variable mega- analysis. Journal of Experimental Psychology: 
General, https://doi.org/10.1037/xge00 01000

Unsworth, N., Redick, T. S., Heitz, R. P., Broadway, J. M., & Engle, R. W. 
(2009). Complex working memory span tasks and higher- order cogni-
tion: A latent- variable analysis of the relationship between processing 
and storage. Memory, 17, 635– 654. https://doi.org/10.1080/09658 
21090 2998047

van Viersen, S., Kroesbergen, E. H., Slot, E. M., & de Bree, E. H. (2014). 
High reading skills mask dyslexia in gifted children. Journal of Learning 
Disabilities, 49, 189– 199. https://doi.org/10.1177/00222 19414 
538517

Viana- Sáenz, L., Sastre- Riba, S., Urraca- Martínez, M. L., & Botella, J. 
(2020). Measurement of executive functioning and high intellec-
tual ability in childhood: A comparative meta- analysis. Sustainability, 
12(11), 1– 12. https://doi.org/10.3390/su121 14796

Vogelaar, B., Bakker, M., Elliott, J. G., & Resing, W. C. M. (2017). Dynamic 
testing and test anxiety amongst gifted and average- ability children. 
The British Journal of Educational Psychology, 87(1), 75– 89. https://doi.
org/10.1111/bjep.12136

Vogelaar, B., Bakker, M., Hoogeveen, L., & Resing, W. C. M. (2017). 
Dynamic testing of gifted and average- ability children’s analogy 
problem solving: Does executive functioning play a role? Psychology 
in the Schools, 54, 837– 851. https://doi.org/10.1002/pits.22032

Vogelaar, B., Resing, W. C. M., Stad, F. E., & Sweijen, S. W. (2019). Is plan-
ning related to dynamic testing outcomes? Investigating the potential 
for learning of gifted and average- ability children. Acta Psychologica, 
196, 87– 95. https://doi.org/10.1016/j.actpsy.2019.04.004

Wainwright, A., & Bryson, S. E. (2005). The development of endogenous 
orienting: Control over the scope of attention and lateral asymme-
tries. Developmental Neuropsychology, 27(2), 237– 255. https://doi.
org/10.1207/s1532 6942d n2702_3

Waszak, F., Li, S.- C., & Hommel, B. (2010). The development of atten-
tional networks: Cross- sectional findings from a life span sample. 
Developmental Psychology, 46, 337– 349. https://doi.org/10.1037/
a0018541

Webb, J. T., Amend, E. R., Webb, N. E., Goerss, J., Beljan, P., & Olenchak, 
F. R. (2005). Misdiagnosis and dual diagnosis of gifted children and 
adults. ADHD, bipolar, OCD, Asperger’s, depression, and other dis-
orders. Great Potential Press.

Wechsler, D. (2005). WISC- IV –  Manuel d’administration et de cotation 
[WISC- IV Administration and Scoring Manual]. Editions du Centre de 
Psychologie Appliquée.

Wickelgren, W. (1977). Speed- accuracy tradeoff and information pro-
cessing dynamics. Acta Psychologica, 41(1), 67– 85. https://doi.
org/10.1016/0001- 6918(77)90012 - 9

Zhang, H., Zhang, X., He, Y., & Shi, J. (2016). Inattentional blindness in 9-  
to 10- Year- old intellectually gifted children. Gifted Child Quarterly, 60, 
287– 295. https://doi.org/10.1177/00169 86216 657158

How to cite this article: Aubry A, Bourdin B. Alerting, 
orienting, and executive control in intellectually gifted 
children. Brain Behav. 2021;11:e02148. https://doi.
org/10.1002/brb3.2148

https://doi.org/10.1186/1471-2202-5-39
https://doi.org/10.1016/j.intell.2004.06.006
https://doi.org/10.1016/j.intell.2004.06.006
https://doi.org/10.1016/j.intell.2005.07.001
https://doi.org/10.1016/S1041-6080(01)00040-1
https://doi.org/10.1016/S1041-6080(01)00040-1
https://doi.org/10.1371/journal.pone.0057417
https://doi.org/10.1371/journal.pone.0057417
https://doi.org/10.1027/1614-0001.30.4.209
https://doi.org/10.1027/1614-0001.30.4.209
https://doi.org/10.1016/j.intell.2015.12.001
https://doi.org/10.1016/j.intell.2015.12.001
http://dx.doi.org/10.1016/j.intell.2015.12.001
http://dx.doi.org/10.1016/j.intell.2015.12.001
https://doi.org/10.1037/xge0001000
https://doi.org/10.1080/09658210902998047
https://doi.org/10.1080/09658210902998047
https://doi.org/10.1177/0022219414538517
https://doi.org/10.1177/0022219414538517
https://doi.org/10.3390/su12114796
https://doi.org/10.1111/bjep.12136
https://doi.org/10.1111/bjep.12136
https://doi.org/10.1002/pits.22032
https://doi.org/10.1016/j.actpsy.2019.04.004
https://doi.org/10.1207/s15326942dn2702_3
https://doi.org/10.1207/s15326942dn2702_3
https://doi.org/10.1037/a0018541
https://doi.org/10.1037/a0018541
https://doi.org/10.1016/0001-6918(77)90012-9
https://doi.org/10.1016/0001-6918(77)90012-9
https://doi.org/10.1177/0016986216657158
https://doi.org/10.1002/brb3.2148
https://doi.org/10.1002/brb3.2148

