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Executive functions in late childhood: age differences among 
groups
Janice R. Pureza, Hosana A. Gonçalves, Laura Branco, Rodrigo Grassi-Oliveira and Rochele Paz 
Fonseca
Pontifícia Universidade Católica do Rio Grande do Sul, Porto Alegre, RS, Brazil

Abstract
Executive functions (EF) have been a major focus of interest in neuropsychology. However, there are few studies 
about their development in healthy children. To fill this gap in the literature, the current study aims to compare the 
performance in EF tasks in children from 6 to 12 (n=90) years old. Three age groups (6-7, 8-10 and 11-12 years-
old) were assessed using the following instruments: verbal fluency, narrative discourse, random number generation, 
N-Back, Bells Test and Hayling Test. Analyses of variance were used to compare the scores among groups. There was 
a significant effect of age in all executive performance scores, especially between the youngest and oldest groups. The 
most significant differences were observed in the central executive component of working memory and inhibition, 
which showed a marked development between 6-7 and 8-10 years of age. In addition, a remarkable peak was 
observed in the tasks that assess planning and processing speed in the group of 11-12 year-old children. The current 
results suggest that the development of all components of EF should be further investigated in school-aged children 
in normative studies so that possible dissociations in the development of these abilities can be better understood. 
Keywords: child neuropsychological assessment, development, age, executive functions.
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Introduction
The present study sought to investigate the 

development of executive functions (EF) in childhood. 
Executive functions can be defined as a complex 
group of cognitive processes of control and integration 
involved in the implementation of goal-directed 
behavior (Chan, Shum, Toulopoulou, & Chen, 2008). 
These functions rely on other cognitive components 
such as attention, planning, initiation and inhibition 
of processes and information, cognitive flexibility, and 
monitoring of multiple tasks and actions (Chan et al., 
2008; Dixon, Zelazo, & De Rosa, 2010). Because of 
their complexity, multidimensionality, and high level 
of interaction with other cognitive functions, EF have 
been the focus of researchers in neuropsychology 
(Cunninghan & Zelazo, 2007; Houdé, Rossi, Lubin, 
& Joliot, 2010; Kluwe-Schiavon, Viola, & Grassi-

Oliveira, 2012; Willcutt, Doyle, Nigg, Faraone, & 
Pennington, 2005).

Less attention has been paid, however, to the 
development of EF in children. Although it has been 
investigated in populations who present neurological 
disorders such as stroke (Anderson et al., 2010), epilepsy 
(Völkl-Kernstock, Bauch-Prater, Ponocny-Seliger, & 
Feucht, 2009), and traumatic brain injury (Catroppa 
& Anderson, 2006), and psychiatric disorders such as 
autism (Bishop & Norbury, 2005; Griffith, Pennington, 
Wehner, & Rogers, 1999; Russo, Flanagan, Iarocci, 
Berringer, Zelazo, & Burack, 2007) and attention deficit/
hyperactivity disorder (ADHD)  (Johnstone, Barry, 
Markovska, Dimoska, & Clark, 2009), the development 
of EF has been less extensively explored in healthy 
children. The fact that few studies have been conducted 
in this population is particularly concerning given the 
abundance of studies in clinical populations.

Although the majority of studies of EF in children 
have been conducted in clinical samples, some studies 
have investigated healthy childhood. Some research, 
for example, has focused on preschool children (Blair, 
Zelazo, & Greenberg, 2005; Carlson, & Wang, 2007; 
Garcia-Molina, Enseñat-Cantallops, Tirapu-Ustárroz, 
& Roig-Rovira, 2009; Kesek, Cunningham, Packer, & 
Zelazo, 2011; Liebermann, Giesbrecht, & Müller, 2007; 
Müller, Dick, Gela, Overton, & Zelazo, 2006) and healthy 
children and teenagers between 7 and 16 years of age 



Pureza et al.80

(Anderson, Anderson, Northam, Jacobs, & Catroppa, 
2001 Betts, Mackay, Maruff, & Anderson, 2006; Crone, 
Donohue, Honomichl, Wendelken, & Bunge, 2006; 
Lamm, Zelazo, & Lewis, 2006; Muscara, Catroppa, 
& Anderson, 2008). However, these studies have been 
largely conducted with European and North American 
samples, and the number of studies conducted in Latin 
America is quite small by comparison (Fillipetti, 2011; 
Fillipetti & Minzi, 2010; Ghiglione, Fillipetti, Manucci, 
& Apaz, 2011; Lipina, Martelli, Vuelta, Injoque-Ricle, 
& Colombo, 2004).

With regard to studies with Brazilian children 
specifically, the neuropsychological profile of EF in this 
population has not been sufficiently explored. However, 
recent scientific investigations have made some progress 
on this front. Studies of general cognitive functions 
in Brazilian children have been conducted and either 
included EF assessment (Argolo et al., 2009; Capovilla, 
2006; Salles, Fonseca, Cruz-Rodrigues, Mello, Barbosa, 
& Miranda, 2011) or focused specifically on EF processing 
in children (Pureza, Jacobsen, Oliveira, & Fonseca, 2011; 
Siqueira, Scherer, Reppold, & Fonseca, 2010).

Although the number of studies of the role of age in 
the development of EF is growing, their findings diverge 
with regard to the phase at which substantial peaks occur 
in the development of executive components. This might 
be partially explained by the high complexity of this 
theoretical construct and the ensuing difficulties with its 
definition and measurement (Hughes & Graham, 2008; 
Huizinga, Dolan, & van der Molen, 2006). Furthermore, 
most studies appear to have examined the development 
of one specific component (Anderson et al., 2010; Kerr 
& Zelazo, 2004; Martin-Gonzalez et al., 2008; Matute, 
Chamorro, Inozemtseva, Barrios, Rosselli, & Ardila, 
2008; Thibaut, French, & Vezneva, 2010) with very few 
that have investigated more than one executive process 
(Davidson, Amso, Anderson, & Diamond, 2006; 
Martin-Gonzalez et al., 2008; Matute et al., 2008). 
Such variations in methodology make comparisons of 
the development of different executive components 
and identification of the associations and dissociations 
between them particularly difficult.

Most evidence of the relationship between age 
and development of EF has been obtained from 
either neurobiological or cognitive investigations 
or a combination of both. Neurobiological studies 
highlight the importance of the prefrontal lobes and 
their connection to other regions of the brain, especially 
in children between 7 and 12 years of age (Diamond, 
2006; Garcia-Molina et al., 2009). These findings 
suggest that the maturation of frontal regions, especially 
the frontal cortex, is directly related to the development 
of EF. The brunt of this development occurs during 
childhood and adolescence and is closely associated 
with the neurobiological changes that occur during this 
period such as the emergence and myelination of neural 
pathways in the frontal lobes and an increase in synaptic 
density in these structures. The connections between the 
frontal areas and other brain regions such as the parietal, 

occipital, and temporal cortices, and subcortical areas 
such as the thalamus, are responsible for the integration 
of information and regulation of emotions, thoughts, 
and actions (Johnson, 2000; Johnson, Rossmann, & 
Cohen Kadosh; 2009, Lamm et al., 2006; Matute et al., 
2008). In fact, deficits in executive components such as 
verbal fluency, inhibitory control, and organization and 
planning abilities (Levin, Song, Ewing-Cobs, Chapman, 
& Mendelsohn, 2001; Matute et al., 2008) have been 
shown to be related to alterations in maturational 
processes and changes or lesions in frontal regions.

Cognitive research has also made important 
contributions to the investigation of EF development, 
mainly through studies based on information processing 
and psychological and cognitive neuropsychological 
theories (Chanet al., 2008; Marcovitch & Zelazo, 2009). 
Some such studies suggest that, during the first 5 years 
of childhood, observing the partial development of 
executive components is possible, such as the central 
executive of working memory, inhibition, and cognitive 
flexibility (Davidson et al., 2006; Garcia-Molina et 
al., 2009). However, this evolution appears to be 
progressive and asymmetrical. Whereas some cognitive 
components appear to be fully developed by the end of 
late childhood, such as the central executive of working 
memory and inhibition, planning and organization 
abilities tend to mature at later ages. Previous studies 
of these abilities suggest that age plays an important 
role in the development of these processes (Matute et 
al., 2008), reinforcing the idea that EF do not develop 
entirely until adulthood (Diamond, 2006; Dibbets & 
Jolles, 2006; Hughes, & Graham, 2008; Huizinga et 
al., 2006; Klenberg, Korkman, & Lahti-Nuuttila, 2001; 
Marcovich & Zelazo, 2009).

Lastly, some important information has been 
obtained from studies interested in both neurobiological 
and cognitive data. The merging of these two lines 
of neuropsychological investigation allows the 
development of comprehensive theories regarding the 
structural and functional aspects of human cognitive 
development (Buchweitz, Mason, Tomitch, & Just, 
2009; Cunningham & Zelazo, 2007; Ellison & 
Semrud-Clikeman, 2007). Such studies have relied 
on neuroimaging techniques to better comprehend 
the role of neurobiological vs. cognitive variables in 
EF development. Neuroimaging studies point to the 
participation of the parietal, occipital, and temporal 
cortices in tasks previously thought to require mostly 
frontal lobe involvement. These patterns of activation 
do not necessarily occur in children in the same manner 
as in adults. In fact, some studies found activation in 
different areas that depended on the child’s stage of 
development (García-Molina et al., 2009; Soltész, 
Goswami, White, & Szücs, 2010; Tamnes, Ostbya, 
Walhovda, Westlyea, Due-Tønnessenb, & Fjell, 2010). 
At ~6 to 7 years of age, significant progress appears in 
the development of interhemispheric associative areas 
of the motor and sensorial cortices. At ~10 years of 
age, the development of prefrontal regions takes place. 
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As a result of these processes, children at ~10 years of 
age begin to exhibit an increasingly wider repertoire of 
symbolic functions such as the development of abstract 
thought. Finally, at ~14 years of age, the development of 
associative brain circuitry that links frontal and limbic 
areas occurs (Matute et al., 2008; Miranda & Muszkat, 
2004). This stage of development is extremely important 
for the characterization of EF because the growth of 
various brain regions coincides with the development of 
many executive components. The development of these 
complex cognitive abilities depends on the maturation of 
frontal regions and their intercommunication with other 
cortical areas and structures such as the hippocampus, 
cerebellum, and basal ganglia (García-Molina et al., 
2009; Matute et al., 2008).

In summary, the research described above indicates 
a degree of dissociation in the development of EF 
components, although no definitive conclusions regarding 
the nature of these dissociations have been made. One 
of the factors that might contribute to this situation is 
the relatively low number of studies of EF in children 
compared with the number of studies that involve 
neuropsychological assessment in adults. Additionally, a 
wide variety of tools has been used for the assessment 
of EF in children, hampering the understanding of how 
different executive components are processed. Therefore, 
further studies need to be conducted with healthy children 
so the development of EF can be understood with greater 
depth and specificity.

To contribute to the extant research on the role of age 
in the processing of EF components, the present study 
sought to determine whether significant differences in 
EF exist in 6- to 12-year-old children. To facilitate the 
analysis and interpretation of the data, the children were 
divided into three groups: 6–7 years old, 8–10 years old, 
and 11–12 years old. The main hypothesis was that 11- 
and 12-year-old children would present higher scores 
in neuropsychological assessment measures than 8- to 
10-year-old and 6- to 7-year-old children. The main 
differences between these groups were hypothesized 
to be found in assessments of the central executive 
component of working memory, cognitive flexibility, 
and inhibition. The main contributions of this paper to 
the current scientific literature include overcoming some 
of the methodological difficulties identified in previous 
research such as the use of correlational or regression 
analyses (Davidson et al., 2006; Huizinga et al., 2006) in 
the interpretation of the data. Although widely used, this 
methodology may limit the characterization of age ranges 
in late childhood with regard to EF processing. More 
specific conclusions can be drawn using a comparative 
study design among age groups, which would generate 
more relevant data for clinical and educational purposes 
in which the age ranges used correspond to the ages of 
children, in particular school grades. Finally, the present 
study makes an important contribution in terms of its 
methodology by assessing EF in Brazilian children using 
new neuropsychological tools developed or adapted 
exclusively for children from this country.

Methods
Participants

The sample was composed of first- to sixth-graders 
between 6 and 12 years of age who were attending public 
schools in southern Brazil (Porto Alegre). All children 
selected for the study were capable of self-report and 
had no history of learning difficulties. The participants 
were recruited using convenience sampling.

Of the total sample, 22 children were excluded for 
meeting one or more of the following criteria: (a) presenting 
speech dysfunction, uncorrected neurological or sensorial 
disorders, or reporting to have repeated grades or received 
psychological assistance in a sociodemographic self-report 
questionnaire about cultural and health aspects answered 
by the parents or those responsible for the children (n 
= 14), (b) presenting a score that suggests intellectual 
difficulties on the Raven’s Colored Progressive Matrices 
(Raven, Court, & Raven, 1995; Raven, Court, & Raven, 
1998), with a cut-off score <26th percentile (n = 1), and 
(c) showing signs suggestive of ADHD on the Conners 
Abbreviated Teacher Rating Scale (Conners, 1969; 
Barbosa & Gouveia, 1993), with specific cut-off scores for 
each age range for Brazilian children (Brito, 1987; Brito 
& Pinto, 1991; n = 7). Thus, the final sample comprised 
90 typically developing children (n = 53 girls) from three 
different public schools and distributed into three groups 
according to age: Group 1(31 children who were 6 years of 
age [n=15, nine girls] and 7 years of age [n=16, nine girls]); 
Group 2 (32 children who were 8 years of age [n=12, six 
girls], 9 years of age [n=10, seven girls], and 10 years of 
age [n=10, three girls]), and Group 3 (27 children who 
were 11 years of age [n=15, nine girls] and 12 years of age 
[n=12, eight girls]). No significant differences in gender 
distribution were found between groups [χ2(2) = .698, p = 
.705]. See Table 1 for data regarding the sociodemographic 
characteristics of the participants.

Materials
Two instruments were used as screening tools for 

the exclusion criteria. Raven’s Colored Progressive 
Matrices (Raven et al., 1995, 1998) measured intellectual 
difficulties based on nonverbal stimuli. The outcome 
variable used in the analyses was the raw score adjusted 
to its respective percentile score calculated according to 
normative data. Conners Abbreviated Teacher Rating 
Scale (Conners, 1969; Barbosa & Gouveia, 1993) 
measured signs suggestive of ADHD. Raw scores were 
used to classify each child’s frequency and intensity of 
symptoms at or above cut-off scores for each age range 
based on normative data for Brazilian children (Brito, 
1987; Brito & Pinto, 1991).

The remaining instruments in the study were used for 
EF assessment. The unconstrained, phonemic, and semantic 
verbal fluency tasks of the Montreal Communication 
Evaluation Battery (MAC Battery) (Fonseca, Parente, 
Côté, Ska, & Joanette, 2008), children’s version, were used 
to assess planning, verbal initiation and inhibition, lexical 
memory, working memory, and cognitive flexibility. In the 
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unconstrained modality, the children were instructed to say 
all of the words they could remember—with the exception 
of proper names and numbers—for 2.5 min. For phonemic 
fluency, the children were asked to say as many words that 
begin with the letter “p” as they could for 2 min. Finally, 
for semantic fluency, the children were required to say 
words related to clothing for 2 min. Only correct answers 
were scored, excluding perseverations (repeated words) 
and invalid words (outside the established criteria for each 
type and neologisms).

Random number generation (RNG) adapted from 
the original task by Towse and Neil (1998) and Towse 
and McLachlan (1999) was used to assess executive 
components of inhibition, cognitive flexibility, and self-
monitoring. For this task, the children were asked to 
verbalize a number from 1 to 10 in a random fashion 
every time they heard a sound stimulus that was 
prerecorded on audio equipment. In the first 90 s of 
the task, the children were instructed to say numbers at 
2-s intervals. In the last 90 s of the task, the children 
were instructed to say numbers at 1-s intervals. The 
researcher emphasized that the children should avoid 
saying consecutive sequences of numbers or repeating 
numbers within a short period of time. Therefore, 
numbers that were repeated within three intervals were 
considered perseverations. Accurate answers were 
calculated according to speed (intervals). The maximum 
score possible was 45 for the 2-s intervals and 90 for the 
1-s intervals (Towse & McLachlan, 1999).

The Bells test for children (adapted from Gauthier, 
Dehaut, & Joanette, 1989, and Vannier, Chevignard, 
Pradat-Diehl, Abada, & Agostihini, 2006) assessed 
concentrated and selective attention, visual perception, 
and processing speed. The task consisted of asking the 
children to cancel targets (i.e., bells with handles and 
clappers) among some distractors (i.e., bells with no 
handle and no clapper and other unrelated objects) as 
fast as they could. The examiner monitored the order 
in which the targets were identified and crossed out and 
identified the strategy used by the child in the visual 
search for the bells. For this study, the time spent by 
each child performing the task and visual search strategy 
used were both considered.

The Narrative Discourse Subtest of inferential 
processing adapted to children from the MAC Battery 
(Fonseca et al., 2008) was composed of three stages: (i) 
partial retelling of a story, (ii) complete retelling of the 
same story, and (iii) text comprehension by giving the 
story a title and answering 12 comprehension questions. 
Throughout these stages, the examiner observed whether 
the child was able to infer the moral of the story. For this 
study, the goal was to examine executive components, 
and only the occurrence of inferential processing or lack 
thereof was analyzed.

The N-Back task (adapted from Dobbs & Rule, 
1989) examined the central executive component of 
working memory. In the present study, auditory and 
visual N-Back versions were used. In the visual N-Back 
version (Lima et al., 2011), the children were shown a 
sequence of photographs of animals and asked to say 
their names. However, instead of naming the animal 
whose picture they were currently seeing, they should 
name the last (n=1), second-to-last (n=2), or third-
to-last (n=3) animal picture they were shown. In the 
auditory N-Back task (De Nardi, Prando, Vieira, Stein, 
Fonseca & Grassi-Oliveira, 2013), the children listened 
to a sequence of numbers presented at 1-s intervals. 
The children were first asked to repeat every number. 
Similar to the visual N-Back task, they were then asked 
to repeat the last, second-to-last, or third-to-last number 
presented (conditions n=1, n=2, and n=3). In this study 
the span score (i.e., the total of correct answers until the 
first error) of a sequence of 10 numbers for each level of 
complexity was calculated.

The Hayling test (Burgess & Shallice, 1997), adapted 
to the Brazilian population by Fonseca, Oliveira, Gindri, 
Zimmermann, and Rappold (2010) and Siqueira, Scherer, 
Rappold, & Fonseca (2010) analyzed the executive 
components of verbal initiation and inhibition. The test 
involved 30 sentences divided into two sections with 15 
sentences each. During the first section, the children were 
asked to complete each sentence as fast as they could with 
a word that was syntactically and semantically consistent 
with the sentence’s context. In the second section, the 
children were instructed to complete the sentences as 
quickly as possible, but they were instead instructed to 

Table 1. Sociodemographic characterization of the three age groups

Age group

Group 1
(6–7 years old)

Group 2 
(8–10 years old)

Group 3
(11–12 years old)

M (SD) M (SD) M (SD) F gl P Posthoc

Age (months) 7.08 (.46) 9.57 (.92) 12.02 (.53) 379.36 2.87 .001 1< 2 < 3

Schooling (years) .52 (.50) 2.81 (.93) 5.22 (.57) 321.43 2.87 .001 1< 2 < 3

Qqsa 26.57 (5.42) 25.75 (5.86) 27.22 (4.95) .39 2.65 .678

Conners 1.80 (2.26) 2.48 (3.30) 1.00 (2.00) 2.28 2.83 .108

Raven 82.25 (17.72) 76.93 (14.82) 82.03 (18.21) .94 2.85 .395

M, average; SD, standard deviation; Qqsa, Questionnaire on Health and Sociocultural Aspects.
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use words that were unrelated to the sentence’s context. 
The variables analyzed in this task were the total answer 
latencies for each section and number of errors for 15 
sentences in part A and 15 sentences in part B. Each 
error in Part B was also qualitatively analyzed and 
received a score of 1 to 3. A complementary score was 
also calculated by subtracting the total answer latencies 
in section A from the total answer latencies in section B. 
This score measured the difference in processing speed 
between tasks that rely mostly on inhibition (part B) or 
initiation (part A).

The tasks described here can be grouped according 
to the executive components they assess. To assess 
organization and planning, clinicians can consider the 
children’s performance in the narrative discourse task 
and cancellation strategy in the Bells test. Inhibition and 
initiation components can be examined using verbal 
fluency tasks, the RNG task and Hayling test (as a 
bipartite test, part A mainly evaluates verbal initiation, 
and part B mainly evaluates inhibition). To estimate 
working memory processing, more specifically the 
central executive component, partial and full narrative 
discourse retelling scores and N-Back scores can be 
analyzed together. Finally, when assessing processing 
speed, the time variables recorded in the Bells test, RNG 
task, and Hayling test are essential.

Importantly, all of the unpublished tests used in the 
present study are under development by research groups 
who have collected sufficient evidence of the tests’ 
reliability, content validity, and criterion validity. Some 
of this evidence was obtained using correlational studies 
of test performance scores in children from 6 to 12 years 
of age (Pureza et al., 2011).

Procedures
The present study was approved by the Ethics 

Committee in Research of Pontifícia Universidade 
Católica do Rio Grande do Sul (no.09/04864). 
Participation in the study was voluntary and anonymous, 
and written and informed consent was obtained from 
the parents of the children. The children were assessed 
individually in their own schools in a quiet, well-lit, 
and well-ventilated environment in two sessions of 
~1 h each. In the first session they were screened for 
inclusion criteria and responded to instruments related 
to sample characterization. In the second session, 
neuropsychological tests were administered in two 
different orders, both selected a priori to control for 
order effects and possible interference among similar 
subtests.

Statistical analysis
The Statistical Package for the Social Sciences 

(SPSS) v.15.0 was used for the analysis. The Kolmogorov-
Smirnov test confirmed that the data had a normal 
distribution. Thus, the task scores were compared among 
groups using one-way analysis of variance (ANOVA) 
with age group as a factor followed by the Bonferroni post 

hoc tests. The distribution of categorical variables in each 
age group such as gender, interference processing in the 
Narrative Discourse task, and cancellation strategies in 
the Bells test was assessed using the χ2 test. Significance 
was considered at α = 0.05.

Results
The descriptive and comparative EF score data are 

presented in Tables 2 and 3 with posthoc results displayed 
in the last column.

Table 2 shows significant differences in scores 
among age groups. All three groups differed in the 
phonemic and semantic fluency tasks and accuracy in 
part A of the Hayling test. In the other scores, differences 
were found only between two of the groups.

The group of older children had better performance 
in the RNG task and required less time to complete 
the Bells test and Hayling test. They also had better 
performance in the unconstrained verbal task. Table 
3 shows span variable performance in the visual and 
auditory N-Back tasks.

Table 3 shows that all measures of the central 
executive component of working memory were 
influenced by age, showing converging results in the 
visual and auditory forms of the N-Back tasks. The 
oldest group outperformed the other two groups in 
both the visual and auditory 2-back and 3-back tasks, 
and the youngest children performed at a significantly 
poorer level than the other two groups across all three 
complexity levels of the task. The performance of the 
intermediate age group exhibited an interesting trend 
because it was similar to the older children in the easiest 
version of the task (1-back) but closer to the younger 
children in the most difficult version (3-back). In both 
the auditory and visual 2-back tasks, all three group 
scores were significantly different from each other. 
With regard to the analysis of the categorical variables 
in the study, Figure 1 displays the distribution of the 
three age groups in terms of the percentage of children 
in each group who were able to successfully engage in 
inferential processing during narrative discourse and 
use organized canceling strategies in the Bells test.

The data shown in Figure 1 demonstrate the evolution 
of the age groups’ performance with regard to the inferential 
processing component of the narrative discourse tasks. 
The groups significantly diverged in their ability to make 
this inference [χ2 (2) = 18.927, p < .001].  The majority of 
children in the 11- to 12-year-old age group were able to 
process this inference, but only 40–50% of the children in 
the 6- to 7-year-old and 8- to 10-year-old groups were able 
to trigger such complex processing.

The strategies used by the age groups (Figure 1b) 
indicate that younger children were more likely to use 
disorganized visual search strategies to locate the target 
stimuli in the visual canceling paradigm presented. 
Grouping organized and disorganized strategies and 
comparing the percentage of children in each group who 
used each type of strategy revealed contrasts among 
groups [χ2(2) = 4.794, p=.029].
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Table 2. Performance on the RNG task, verbal fluency task, Hayling test, and Bells test in the three age groups.

Age group

Group 1
(6–7 years old)

Group 2 
(8–10 years old)

Group 3
(11–12 years old)

M (SD) M (SD) M (SD) M (SD) F gl p Post hoc

RNG
2 s 29.90 (7.29) 35.94 (5.16) 38.77 (4.47) 17.55 2.86 <.001 1< 2, 1< 3

1 s 43.58 (16.05) 52.59 (12.67) 60.73 (11.80) 11.11 2.86 <.001 1< 2, 1< 3

VF

Free 24.68 (14.63) 34.56 (15.84) 56.30 (21.59) 24.62 2.87 <.001 1< 3, 2< 3

Phonemic 8.87 (4.73) 12.50 (4.98) 16.70 (6.45) 15.24 2.87 <.001 1< 2, 1<3, 2< 3

Semantic 10.59 (3.38) 15.16 (3.64) 19.74 (5.13) 35.12 2.85 <.001 1< 2, 1< 3, 2< 3

Hayling test

Time A 40.94 (18.44) 41.01 (28.22) 25.13 (19.55) 4.45 2.81 .015 1> 3, 2> 3

Errors A 2.37 (1.30) 1.06 (.94) .22 (.42) 34.23 2.83 <.001 1>2, 1> 3, 2> 3

Time B 69.57 (22.66) 72.75 (32.27) 45.18 (25.07) 7.37 2.83 < .001 1>3, 2> 3

Errors/15 B 6.44 (4.08) 8.31 (3.40) 4.78 (2.77) 7.68 2.83 <.001 2 > 3

Errors/45 B 16.30 (11.54) 20.44 (9.71) 11.89 (7.62) 5.62 2.83 .005 2 > 3

Bells test Time 161.57 (73.23) 125.31 (6.64) 99.09 (1.06) 10.7 2.86 <.001 1> 2, 1>3

RNG, random number generation; VF, verbal fluency.

Table 3. Auditory and visual N-Back task performance in the three age groups

Age group

Group 1
(6–7 years old)

Group 2
(8–10 years old)

Group 3
(11–12 years old)

M (SD) M (SD) M (SD) F gl P Post hoc

Visual 
N-Back 

1- Span 5.17 (3.10) 8.38 (2.64) 9.41 (1.55) 21.88 2.86 <.001 1< 2, 1< 3

2- Span 1.37 (2.07) 3.13 (2.48) 5.96 (3.19) 22.46 2.86 <.001 1< 2, 1< 3, 2< 3

3- Span .10 (.54) 1.53 (2.71) 4.00 (3.34) 17.93 2.86 <.001 1< 3, 2 < 3

Auditory 
N-Back

1- Span 5.00 (3.06) 8.22 (8.79) 8.74 (2.03) 16.74 2.86 <.001 1< 2, 1< 3

2- Span 1.13 (2.14) 3.00 (2.15) 5.30 (2.89) 21.40 2.86 <.001 1< 2, 1< 3, 2< 3

3- Span .37 (1.18) 1.31 (2.30) 3.96 (3.00) 19.07 2.86 <.001 1< 3, 2 < 3
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Figure 1. Percentage of participants in each group who successfully 
(a) engaged in inferential processing during the Narrative Discourse 
task and (b) used organized cancellation strategies in the Bells test.

Discussion
The present study sought to verify the relationship 

between age and EF processing in late childhood. Age 
appeared to be closely linked with EF development in 
this sample. Differences among all three age groups 
were observed in some of the neuropsychological tasks. 
These results support the extant literature, highlighting 
the influence of this biological and demographic factor 
on EF performance (Brocki & Bohlin, 2004; Davidson 
et al., 2006; Matute et al., 2008). Significant differences 
were found among all three groups in the phonemic 
verbal fluency task (Group 1<Group 2, Group 1<Group 
3, Group 2<Group 3), semantic verbal fluency task 
(Group 1<Group 2, Group 1<Group 3, Group 2<Group 
3) and accuracy in part A of the Hayling test (Group 
1>Group 2, Group 1>Group 3, Group 2>Group 3). 
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Scores in the other executive tasks differed significantly 
between at least two age groups.

The existing literature in regard to the role of age in 
the development of EF in healthy children is scarce and 
controversial with regard to the ages at which peaks of 
executive development occur. Davidson et al. (2006), 
Garcia-Molina et al. (2009), Huizinga et al. (2006), and 
Marcovich and Zelazo (2009) reported different paths 
in the development of some components of EF based on 
age, focusing mostly on the central executive component 
of working memory, cognitive flexibility, and inhibition. 
These studies generally support the hypothesis that 
major developments in executive processing occur 
between the beginning and end of late childhood.

The children’s performance in specific tasks shows 
significant differences in RNG performance between 
the youngest group and the other two age groups. The 
fact that the performance of 8- to 10-year-olds did 
not differ from 11- to 12 -year-olds may suggest that 
8-year-old children already possess partially developed 
self-monitoring and inhibitory control abilities that 
remain stable until 11-12 years of age. This pattern of 
age differences in performance in the RNG task could 
be observed in both the 1-s and 2-s interval modalities 
even when numbers are elicited at 1-s intervals and the 
children must have faster answering strategies, thus 
making the task considerably more difficult.

The hypothesis that differences in performance 
among groups may be explained by increasing age 
was investigated by Towse and MacLachlan (1999). 
They used a correlational study in which 42 school-
age children (8–11 years old) were assessed with a 
neuropsychological battery that included the RNG 
task. The authors examined the relationships between 
children’s development (i.e., age), time to complete 
executive tasks, and accuracy in the task. The authors 
found correlations between age and the examined 
variables, especially the time required to complete 
the tasks. These findings support the present results, 
suggesting that younger children (~6 years old) appear 
to have more difficulties in tasks in which the demand 
of the central executive of working memory is greater.

Further evidence regarding EF development can be 
garnered from the results of the verbal fluency tasks.  
Differences were found between the 6- to 7-year-old 
and 8- to 10-year- old groups in the unconstrained 
verbal fluency modality. Differences among all three 
age groups were found in the phonemic and semantic 
verbal fluency tasks. One possible explanation for these 
findings is that the latter modalities involve searching 
based on criteria for lexical appropriateness, which 
demands more inhibitory control. As such, these tasks 
may be more discriminating in terms of age than the 
unconstrained fluency modality, revealing peaks of 
development through late childhood. Furthermore, 
semantic verbal fluency has been strongly associated 
with EF (Klenberg et al., 2010; Nieto, Galtier, Barroso, 
& Espinosa, 2008), especially as it relates to cognitive 
flexibility and the search strategies for words produced 

in the task. With regard to the phonemic verbal fluency 
based on phonological–orthographical search criteria, 
studies suggest that phonological development in 
children begins early, and their phonetic sensitivity is 
heightened when they begin to learn to read. Therefore, 
they make initial connections between the written form 
and pronunciation of words with greater ease (Laing & 
Hulme, 1999).  Younger children have more rudimentary 
connections between oral and written language, which 
are both fundamental to the development of lexical–
phonological and lexical–semantic search strategies.

Further differences in the performance of the three 
age groups were found in the time required to complete 
both parts of the Hayling test. The 11- and 12-year-
old children were significantly faster than the younger 
children, suggesting later evolution of the verbal 
processing speed component during childhood. This 
hypothesis was corroborated by McAuley and White 
(2010) who investigated the relationships between age 
and processing speed, inhibition, and working memory. 
These authors observed a tendency toward increased 
processing speed as children grew older.

Interesting findings were also obtained from the 
accuracy scores in the Hayling test. The present results 
revealed differences in accuracy in both parts of the 
test only between the two older age groups, with 8- to 
10-year- old children making more mistakes than 11- 
to 12-year-old children. The differences observed in 
Part B may be attributable to a peak in the evolution 
of the verbal inhibition component at ~11–12 years 
of age. This portion of the task demands the use of 
inhibitory control, requiring respondents to avoid 
answers that are semantically related to the sentences. 
No differences in performance were found between the 
6- to 7-year-old and 11- to 12-year-old groups in Part B. 
One possible explanation for this result is that children 
at 6 and 7 years of age can find answers that are not 
semantically related to a sentence with greater ease 
because syntactic–semantic knowledge is still in the 
beginning stages of development and does not interfere 
with attempts to complete sentences with unrelated 
words. The opposite process can be observed in older 
children whose linguistic and inhibitory components are 
more developed.  The performance of 8- to 10-year-old 
children represents a middle ground in development in 
which syntactic–semantic knowledge is already able to 
quickly provide answers that accurately complete the 
sentences, but inhibitory control is not yet sufficiently 
able to prevent these answers when an unrelated word 
should be produced.

Differences were found between the 6- to 7-year-
old and 11- to 12-year-old-groups in the time taken 
to complete the Bells test. This result suggests that 
the processing speed of visual stimuli may reach a 
developmental peak in children at ~8 years of age. This 
hypothesis is reinforced by studies that found that the 
time necessary to complete other neuropsychological 
tasks  that demand motor responses decreases as children 
get older (Barral, Debû, & Rival, 2006; Matute et al., 
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2008).  These results illustrate the intricate relationships 
between EF and other cognitive features. Executive 
function tests often tap into multiple constructs, and 
underlying abilities such as processing speed can greatly 
influence executive performance.

Notably, the developmental peak observed occurred 
at 8 years of age in this task, but it could have occurred 
at a later age if the task was more complex and still  
measured similar cognitive abilities. Thus, the ages that 
may mark developmental peaks should be considered 
approximations because the peaks themselves may vary 
depending on task difficulty.

With regard to the qualitative variable of the visual 
search strategy in the Bells test, younger children 
noticeably made use of less organized strategies when 
searching for the targets. This may be related to the fact 
that planning and organizational abilities do not reach a 
developmental peak until the ages of 11 and 12 (Matute 
et al., 2008).

Another interesting observation from the present 
study was the trajectory of performance in the visual and 
auditory N-Back tasks. In the N-Back 1 task, meaningful 
differences were observed between the youngest age 
group and other children. The 8- to 10-year-old and 
11- to 12-year-old groups, however, did not differ from 
each other, corroborating studies that suggested that 
the central executive component of working memory 
is sufficiently developed by the beginning of late 
childhood to successfully complete cognitive tasks 
where facilitation is available (Diamond, 2006). In the 
N-Back 2 task, significant differences were found among 
all three age groups. This result indicates that the groups 
may be at distinct stages in the continuum of central 
executive development because they differed in their 
ability to complete a task with increased demands placed 
on this component of working memory.  Nonetheless, 
in the N-Back 3 task, the 11- to 12-year-old children 
exhibited significantly different performance from the 
other two groups which, in turn, did not differ from each 
other. This task was particularly difficult for the younger 
children. Twenty-eight children between the ages of 6 
and 7 and 22 children between the ages of 8 and 10 
obtained scores of “0” in the N-Back 3 task. These 
data suggest that the central executive is sufficiently 
developed to deal with this level of complexity and 
cognitive demand only at a later age. This hypothesis 
is supported by Vuontonela et al. (2003). They studied 
typically developing children in which 9- and 10-year-
olds presented superior development to 6- and 8-year-
olds in terms of accuracy in the N-Back tasks. These 
findings support the hypothesis that both the central 
executive component of working memory and capacity 
for inhibitory control begin their developmental 
trajectory before the end of late childhood and progress 
until reaching a peak at ~11–12 years of age.

Analyses of the occurrence of inferential processing 
during the narrative discourse task allowed the 
identification of a gradual evolution of the children’s 
inferential capacity, which appears to be almost entirely 

developed by 11–12 years of age. Performance in the 
different age groups in the present study suggests that 
younger children may have had more difficulty drawing 
inferences about the presented narrative because such 
processing requires planning and organizational abilities 
and other cognitive strategies that tend to develop at later 
ages. These observations are supported by other studies 
that drew parallels between the capacities of inferential 
processing and text comprehension and the development 
of EF during childhood. Cutting, Matterek, Cole, Levine, 
and Mahone (2009) investigated the relationship between 
verbal memory, planning and organizational abilities, 
and text comprehension in 9- to 14-year-old children, 
reinforcing the idea that executive abilities are important 
for children’s performance in verbal comprehension tasks 
that involve working memory, planning, organization, 
and information monitoring.

Conclusions
The present results suggest that age significantly 

influences children’s performance in a series of EF 
tasks. These findings are consistent with previous 
studies in which the greatest developmental differences 
were found between 6- to 7-year-old and 11- to 12-year-
old children. These data support the hypothesis of a 
progressive evolution of the development of executive 
processing during late childhood. Nevertheless, the 
development of each of these abilities may follow slightly 
different trajectories. The central executive component 
of working memory and inhibitory control appear to 
develop at a mostly constant pace throughout childhood, 
although slight differences in these components’ 
developmental trajectories could be observed in the 
performance of the three age groups. The cognitive 
flexibility, planning ability, and processing speed results 
suggest that these abilities present a significant peak 
at ~11 and 12 years of age. These results  indicate the 
necessity for further studies of EF in which children`s 
performance is compared  with normative data to better 
investigate the role of age in performance on such tasks 
and outline the parameters of expected performance for 
children of all ages who attend either public or private 
schools. These data may then be used to enhance or to 
discard clinical diagnoses.

However, a few methodological limitations of the 
present study should be considered. Because of the 
sample size and interest in obtaining an overview of 
childhood development based on specific age ranges, 
the present study involved comparative analyses.  
The present findings should be confirmed by further 
studies with larger samples so age can be analyzed 
as a continuous variable and studies that utilize a 
longitudinal design.

Studies that investigate the development of EF 
components in preschoolers until the end of late 
childhood and adolescence will also be essential to gain 
a better understanding of the chronological evolution of 
these complex cognitive processes. A detailed analysis of 
the relationships among different executive components 
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in children’s development is also fundamental for both 
developmental neuropsychology and clinical practice.

Knowledge of the development of EF in different 
age ranges through late childhood is also very important 
to identify dysexecutive syndromes in different 
neurological or psychiatric disorders in children with 
executive symptoms. For example, knowledge of 
the different trajectories of development for each EF 
component and how they are reflected by different 
measurement modalities may be useful for assessing EF 
in ADHD and autism, among others.
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