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A B S T R A C T

Background: Although many studies have analyzed the effectiveness of novel Continuous Per
formance Tests (CPTs) in diagnosing ADHD, very few studies have examined how cultural factors 
influence that effectiveness.
Aims: The present study aimed to analyze performance in a Virtual-Reality CPT in a sample of 
children resident in Spain and Argentina.
Methods and procedures: 138 students participated in this study. They were aged between 6 and 16 
years old, with a mean age of 10.38 (SD = 2.46) and had been diagnosed with ADHD.
Outcomes and results: Commissions was the only significant variable in both discriminant models. 
In the Spanish population, the commissions variable was shown to correctly classify 49.4 % of the 
three types of ADHD presentation. However, in the Argentine population, the commissions var
iable correctly classified 68.3 %.
Conclusions and implications: These results may have been biased by the severity of the different 
types of presentation. In fact, it seems reasonable to think that the greater the severity, the better 
Aula Nesplora would predict the three types of presentation of ADHD. These results emphasize 
the need to consider other variables with a notable impact on daily life as children develop.

What this paper adds?
The present study addresses a notable research gap in protocols for evaluating and diagnosing ADHD by examining whether a 

Virtual Reality Test can predict the three types of ADHD presentation considering the country of origin (Argentina and Spain). More 
specifically, the findings show that although both populations had been diagnosed with the same disorder, the symptoms in the 
Argentine population were more severe. These results might be explained by the symptomatological complexity of ADHD and par
ticipants’ subclinical problems. The results also show that, regardless of country and potential cultural influence on performance, the 
number of commission errors was the only variable that was able to significantly predict the type of ADHD presentation. Nonetheless, 
the predictive capacity of the commission variable was significantly greater in the Argentine population, where the amount of 

* Correspondence to: Faculty of Psychology, Plaza Feijoó S/N, Oviedo, Asturias 33003, Spain.
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predictions was 18.9 percentage points greater than in the Spanish group. This result may have been biased by the severity of the 
different types of presentation. The study concludes the importance of thorough ADHD evaluation protocols that should be not solely 
based on performance in attentional tasks and/or observational scales but which also need to be tested and considered in relation to 
other variables with notable impact on daily life, such as the cultural or educational aspects that are so present in children’s 
development.

1. Introduction

Attention Deficit Hyperactivity Disorder, or ADHD, is one of the most common disorders in childhood and adolescence, reaching a 
prevalence between 5 % and 7 % in this group (Song et al., 2021; Salari et al., 2023). The prevalence data exhibit notable variability 
depending the geographical location being examined. The prevalence rates of ADHD in Europe (around 5 %) are lower than in North 
America (around 9 %), which are in turn lower than in Latin America (where they are over 10 %) (Polanczyk et al., 2007). This 
variability in the prevalence data could be for various reasons: (1) methodological differences across studies; (2) the use of a different 
case definition; and (3) the fact that ADHD may be significantly influenced by sociocultural factors (Timimi & Taylor, 2004).

Most assessment protocols of ADHD around the world are based on the DSM-5-TR (American Psychology Association, [APA], 2022) 
and/or the ICD-11 (World Health Organization WHO, 2018) Criteria. The DSM-5-TR Diagnostic Manual (APA, 2022) and ICD-11 
criteria are broadly similar but there are some differences that may significantly affect clinical and research practices.

In the DSM-5-TR (APA, 2022), both the inattention and hyperactivity-impulsivity lists contain a total of nine symptoms, and at least 
six out of the nine are required for diagnosis. The ICD-11 (WHO, 2018) contains a total of eleven symptoms, but it does not include a 
precise symptom count requirement. Moreover, although both the DSM-5-TR and ICD-11 require manifestations of ADHD by age 12, 
the ICD-11 requires evidence of significant inattention and/or hyperactivity-impulsivity symptoms before age 12, whereas the 
DSM-5-TR only requires that “several” symptoms be present before age 12. Thus, the fact that some countries use certain criteria as a 
reference can significantly alter the ADHD diagnostic process. Furthermore, although there are scales based on the DSM-5-TR criteria 
that have been shown to be valid and reliable, to date there are no scales based on the ICD-11 criteria, which complicates 
implementation.

Despite the existing data for adults showing similar rates of prevalence between the sexes (Faheem et al., 2022), data from diagnosis 
of children and adolescents shows that ADHD is diagnosed twice as often in boys than girls (Ayano et al., 2023). The disorder is 
characterized by difficulty in maintaining attention, inability to repress or curb behaviors (impulsivity), and by hyperactivity, in other 
words, ineffective regulation.

According to the criteria in the DSM-5-TR (APA, 2022) and the ICD-11 (WHO, 2018), ADHD has three types of presentation: (1) 
combined presentation, characterized by the presence of symptoms of hyperactivity and impulsivity, along with inattention; (2) 
predominantly inattentive presentation, characterized by the absence of symptoms related to hyperactivity and impulsivity, but by the 
presence of symptoms of inattention; and (3) predominantly hyperactive presentation, the main characteristic of which is the presence 
of 6 or more symptoms of hyperactivity and impulsivity, and the absence of symptoms of inattention.

In terms of how ADHD symptoms progress over time, it is worth noting that as people with ADHD age, inattention symptoms tend to 
remain stable, as the demands of attention increase with age, whereas symptoms related to hyperactivity and impulsivity tend to 
diminish (Stibbe et al., 2020; Mascaraque & Cohen, 2020). This means that late or ineffective interventions often lead to the presence 
of various problems associated with ADHD in adult life. Students with ADHD are more likely to have to repeat a school year, and are 
three times as likely to drop out or fail at school (Lawrence et al., 2020; Shroff et al., 2023). As adults, those who suffer from ADHD are 
more likely to not find work and to consume drugs (Harstad et al., 2020).

One of the possible causes of these problems associated with ADHD, both in childhood and adulthood, may lie in the impairment of 
executive functions in those suffering from the disorder (Hong et al., 2021; Miranda et al., 2020). Executive function is a construct that 
covers many cognitive processes, such as attention, emotion regulation, working memory, inhibition, planning and problem-solving, 
mental flexibility, etc. Executive functions play a fundamental role in everyday situations involving both (physical and mental) health 
and (psychological, cognitive and social) development (Barkley, 2022; Diamond, 2020). These functions being diminished may be 
related to low inhibitory control (impulsivity), as well as problems planning, or doing tasks in order and maintaining sufficient 
concentration to work on something continuously (Fan & Wang, 2022). It is important to note that deficits in executive functions are 
more strongly related to symptoms of inattention than to symptoms of hyperactivity/impulsivity (Sergeant et al., 2008). All of this, 
together with the complexity of symptoms and the impairment of executive functions—and the impact that has on the day to day lives 
of those who suffer from the disorder (Kim & Kim, 2021)—make it important to have early evaluations that consider the different 
ADHD profiles and aim to accurately detect the most significant difficulties in order to design interventions that are tailored as far as 
possible to each person’s needs.

There are a variety of instruments for assessing ADHD that help professionals to make accurate diagnoses and distinguish ADHD 
from other pathologies or disorders that may have similar behavioral profiles (Conduct Disorder, Generalized Anxiety Disorders, 
Oppositional Defiant Disorder, among others). These tests consist of a set of questionnaires where observers respond to items to 
determine the presence or absence of behaviors that are characteristic of the disorder (Krieger et al., 2020). However, these in
struments do have limitations, including observer subjectivity (Areces et al., 2019).

This situation led to the production of Continuous Performance Tests (CPT); neuropsychological performance tests for children who 
seem to present difficulties related to attention, inhibitory control, and processing speed, among others (Arrondo et al., 2024). Test 
subjects respond to a specific type of familiar stimuli (following the Go vs No-Go paradigm) presented through audio or visuals 
(Slobodin, 2020). The tests provide a range of variables, such as number of correct responses, omissions, commissions, time, and 
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variability of response. This makes them a good option for ADHD assessment as they are based only on the individual’s own per
formance in the test. In fact, these tests are currently one of the most commonly included methods in ADHD symptom evaluation 
protocols (Areces et al., 2019; Slobodin et al., 2020; Zulueta et al., 2013), a category that includes the TOVA test (Test of Variables of 
Attention) (Greenberg, 1993) and the CSAT (Childhood Sustained Attention Test) (Servera & Llabrés, 2004).

Although CPTs are a useful tool that many clinicians include in their ADHD assessment protocols, they do have significant limi
tations. Firstly, they lack ecological validity. This validity is based on the extent to which the results would match what we find in real 
life (Areces et al., 2018; Seesjärvi et al., 2021). Secondly, CPTs as diagnostic tools have only a modest to moderate ability to differ
entiate ADHD from non-ADHD samples, so there is a need for a more comprehensive assessment that considers family, educational, 
contextual and cultural factors in constant interaction with the child’s day-to-day life (Arrondo et al., 2024).

To overcome this limitation, performance tests began to be produced that use virtual reality to put the test-taker in a setting that is 
similar to their day-to-day reality. Examples of this new type of CPT include The Virtual Classroom (Rizzo et al., 2000) and Aula 
Nesplora (Climent et al., 2011). These tests immerse the children in a virtual world, simulating everyday situations, thus solving the 
problem of low ecological validity (Areces et al., 2020; Hilty et al., 2020). Many authors have noted that complementing CPTs with 
virtual reality solves the problems related to ecological validity, which is a notable advance in diagnosing people with ADHD (Areces 
et al., 2018; Cho et al., 2022).

1.1. The influence of culture on cognitive processes

Along similar lines, it is worth noting that although there have been studies comparing the performance of CPTs with VR and 
traditional CPTs (Rodríguez et al., 2018), hardly any studies have looked at the influence of the cultural factor on performance in a 
CPT. One study by Levav et al. (1998) compared performance in the AX-CPT (with audio and visual presentation) in children and 
adults from five countries. They found statistically significant differences in the number of errors by commission in visual tasks in the 
8–12 year-old age group, as well as differences in auditory reaction in the 13–53 year-old group. More recently, Miranda et al. (2008)
compared performance in the Conners CPT (Conners et al., 2003) between a sample from Brazil and one from the north of the United 
States. Their results showed that the Brazilian students generally scored significantly higher. This finding underscores the idea that 
sociocultural experiences have an influence on people’s cognitive processing (Miranda et al., 2008). Culture has a general impact on 
the way humans process information and make executive decisions. For example, teachers’ classroom management has been asso
ciated with children’s cognitive and self-regulation skills (Barrett, 2020). In this regard, behavioral engagement has been shown to 
decline considerably faster in North American classrooms than in Chinese classrooms (Lan et al., 2011).

Similarly, a study by Kelkar et al. (2013) showed significant differences between Eastern and Western groups in executive func
tions. More specifically, Eastern subjects demonstrated higher performance in all tasks in the Trail Making Test (which involve visual 
scanning, number sequencing, letter sequencing, number-letter switching and motor speed). These findings could be explained by the 
fact that eye movements can differ as a function of culture. Eastern and Western subjects have been found to allocate attention re
sources differently when viewing a scene or a picture. While Westerners direct their attention primarily to the foreground and focus on 
details, Easterners focus their attention on the background and use more holistic pattern in their attention. Similarly, a study by Lucas 
et al. (2013) showed that Chinese preschoolers outperformed age-matched children from the United States in inhibition and atten
tional control tasks. From a cultural perspective, one possible explanation may involve cultural differences in parenting and teaching 
practices. This pattern of findings may arise because of the cultural emphasis on self-control during primary school years in Asian 
countries. In fact, observation studies in Chinese classrooms have noted that teachers demonstrate intensive training on skills such as 
following directions and concentrating on subject matter (Lan et al., 2011).

Along these lines, and using a cross-cultural perspective, Barrett (2020) highlighted the "reaction norm", which describes how a 
trait in a given organism develops differently depending on environmental circumstances. Consequently, there is a lack of evidence to 
date that CPT measures are not affected by cultural factors, hence the importance of studies such as ours, comparing different 
populations.

The objective of our study was to analyze performance in a virtual-reality CPT (specifically Aula Nesplora) (Climent et al., 2011) in 
a sample of children resident in Spain and Argentina. This means a transcultural analysis of the performance of the Aula Nesplora CPT. 
The specific objectives were: (1) to determine whether there are statistically significant differences in the three types of ADHD pre
sentation in the two populations; and (2) to test the influence of each country’s culture on how the Aula Nesplora test performs through 
two discriminant analyses in order to determine whether the significant variables are the same and the prediction scores are similar for 
both countries.

2. Method

2.1. Participants

The sample for this study consisted of 138 children. They were aged between 6 and 16 years old, with a mean age of 10.38 (SD =
2.46). The mean age of the boys was 10.59 (SD = 2.35), while the mean age of the girls was 9.77 (SD = 2.71). All of the children had 
been diagnosed with ADHD, and some presented a comorbidity with another disorder such as Learning Disabilities, ASD, or Conduct 
Disorder. The mean IQ score from the group was 98.31 (SD = 16.11).

The participants were not receiving any pharmacological treatment. They came from two very different clinical populations. In 
Spain (n = 77, 55.8 %) the sample was collected in a hospital, in Argentina (n = 61, 44.2 %) it came from a clinical center. The Spanish 
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sample was obtained from hospital outpatients), while the Argentine sample were receiving treatment at a clinic.
The Spanish group included 59 boys, 23 of whom exhibited predominantly hyperactive-impulsive presentation, 18 exhibited 

predominantly inattentive presentation, and 18 exhibited combined presentation. It also included 18 girls; 3 with predominantly 
hyperactive-impulsive presentation, 8 with inattentive presentation, and 7 with combined presentation. The mean age of this group 
was 10.58 (SD =2.45). The Argentine group included 44 boys; 4 with hyperactive-impulsive presentation, 21 with inattentive pre
sentation, and 19 with combined presentation. It also included 17 girls; 1 with hyperactive-impulsive presentation, 13 with inattentive 
presentation, and 3 with combined presentation. The mean age of the Argentine group was 10.13 (SD =2.48).

Information about the distribution of the participants is shown in Table 1.
Subsequently, we confirmed that there were no statistically significant differences by sex (p = .562), age (p = .095), or IQ 

(p = .754). Given that these variables were not significant, we did not add any of them as covariates in the subsequent analysis to 
determine whether there were differences according to country of origin and ADHD presentation.

2.1.1. Inclusion criteria
Sample selection used a number of criteria for inclusion. First and foremost, the participants had to have a diagnosis of ADHD. They 

also had to be aged between 6 and 16 years old—the age range that the Aula Nesplora test was developed for, and they had to be 
resident at the time in Spain or Argentina. The inclusion criteria to participate in it were: 

- Being diagnosed with ADHD (specifying its presentation).
- Being between 6 and 16 years of age.
- Presenting an IQ within the norm (M = 100; SD =15).

2.2. Procedure

Before applying the Aula Nesplora test, both centers received training in it from the test creators via monthly online meetings. Once 
the staff in both centers were trained, the project’s lead researcher sent a form seeking informed consent from the parents of children 
who regularly attended the centers. This form summarised the Aula Nesplora test, described the objectives of the study and provided 
contact information for questions and comments. After a one-month wait, the test was applied to all children whose parents agreed to 
participate in the study.

The test takes a total of about 20–25 min to apply, but there is a short pause after the first part to let the examiner verify that the 
child is ready to continue with the rest of the test.

2.3. Instruments

Aula Nesplora (Climent et al., 2011): a virtual-reality based continuous performance test. It recreates the environment needed to 

Table 1 
Sociodemographic data for the ADHD sample.

Variables N %

Gender
Boys 103 74.6
Girls 35 25.4
​ ​ ​
Country of Residence
Spain 77 55.8
Argentina 61 44.2
​ ​ ​
Bilingual
No 135 97.8
Yes 3 2.2
​ ​ ​
Comorbidities
ASD 5 3.6
Conduct Disorders 6 4.3
Learning Disorders 17 12.3
Others 5 3.6
​ ​ ​
ADHD presentation
Inattentive 60 43.5
Combined 48 34.8
H/I 30 21.7
​ ​ ​
​ M SD Median P25 P75
AGE 10.38 2.468 11 8 12
IQ 98.31 16.11 99 87.75 108
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produce results while maintaining ecological validity.
Aula Nesplora immerses the participants in a test setting that resembles an ordinary classroom. It provides both visual and auditory 

stimuli, as well as distractors. The test is designed for children aged between 6 and 16 years old. It assesses variables such as 
impulsivity, attention, processing speed, and motor activity. The participant wears 3D glasses, earphones, and movement sensors in 
order to capture the best quality information possible without losing sight of the main objective, which is to simulate a classroom 
setting. Once the participant is set up, the test begins, where they find themselves sitting at a desk in the middle of a class with a 
blackboard in front of them.

From the beginning of the test, the subject is given instructions by a virtual teacher. In the first tasks the participant has to press a 
button any time they hear or see a stimulus that does not correspond to the stimulus “apple”. In the second task the subject has to press 
a button only when they are presented with the stimulus “seven”, aurally or visually.

These tasks provide a large amount of information in a set of variables: (1) Omissions (the number of times the subject should have 
pressed the button but did not); (2) Commissions (the number of times the subject should not have pressed the button but did so); (3) 
Response Time (how many milliseconds the participant took to react and respond); and (4) Motor Activity (this variable is recorded via 
sensors mounted on the 3D glasses the participant wears during the test). The variables are the same as those provided by other 
continuous performance tests, but the innovation of this tool is that provides the data according to channel used (auditory vs. visual) 
and environmental conditions (presence vs absence of visual and auditory distractors). Additionally, Aula Nesplora provides other 
objective parameters that may be important, such as head movements and attentional quality, which are not covered by traditional 
CPTs (Areces et al., 2018).

2.4. Data analysis

This empirical study examined the different study variables quantitatively. It used an ex post facto, descriptive design.
Preliminary analyses were performed on the variables to ensure sample homoscedasticity, and therefore suitability for parametric 

analysis. We calculated statistics for asymmetry and kurtosis for the variables being analyzed and confirmed that they followed a 
normal distribution based on the criteria from Kline (2013), according to which, values between 3 and 10 are the maximum accepted 
for asymmetry and kurtosis. Subsequently, two Multivariate Analyses of Variance (MANOVA) were calculated, with dependent var
iables being scores in errors of omission, errors of commission, response time, and motor activity. Fixed factors were the country of 
origin and ADHD presentation. Age, sex, and IQ were not controlled for, as they did not demonstrate statistically significant differences 
in the preliminary analysis. Finally, discriminant analysis was performed in order to compare the predictive capacity of VR-CPT in the 
Spanish and Argentine groups. All of the analyses were done using SPSS 24.0.v. (Arbuckle, 2016).

2.5. Ethical conditions

The study was conducted in accordance with the World Medical Association Code of Ethics (Declaration of Helsinki), which reflects 
the ethical principles for research involving humans (Williams, 2008). It was approved according to the relevant ethics committee 
guidelines (Reference: CPMP/ICH/135/95, Code: TDAH-Oviedo).

3. Results

3.1. Descriptive and preliminary analysis

Table 2 shows the descriptive statistics along with the values for asymmetry and kurtosis for the variables obtained from the Aula 
Nesplora tool. The results of the homoscedasticity tests show a normal distribution, which allows calculation of parametric analyses. In 
terms of descriptive statistics, it is worth noting that the typical scores in this test follow an inverse logic: a high value indicates poor 
performance in a given variable. In other words, the lower the score, the better the performance on that variable. In this regard, the 
general descriptive results indicate poorer performance in the omission (related to inattentive symptoms) and motor activity variables 
(related to hyperactive symptoms).

Table 2 
Descriptive statistics for the study variables.

Variables Min. Max. M SD Asym. Kurt.

Omissions 37 80 58.80 10.28 .359 − .390
Commissions 20 80 53.52 11.44 − .439 .335
Response time 20 80 52.25 13.31 .128 − .260
Motor activity 22 80 54.80 15.26 − .079 − .664

Note. Min.= minimum value obtained in the variables (standardized scores); Max = maximum value obtained in the variables (standardized scores); 
SD = standard deviation; Asym.= asymmetry; Kurt.= kurtosis
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3.2. Differences by country of origin

Table 3 shows the means and standard deviations for the variables by country of origin. Comparing the means for the two countries 
(typical scores) shows that the Argentine subjects performed worse in the omission variable (related to inattention) and motor activity 
variable (related to hyperactive symptoms). In contrast, the Spanish sample performed worse in the response time variable (related to a 
sluggish cognitive tempo).

The results of the MANOVA indicated that there were statistically significant differences in the Aula Nesplora variables by country 
of origin (λ =.406, F(4132)= 22.516, p < .001, ηp2= .406). Inter-subject effects showed that there were statistically significant dif
ferences in the omissions and motor activities variables, with Spanish participants scoring higher (i.e., performing worse) than Argentine 
participants (see Table 4). It is worth reiterating that the Aula Nesplora test considers good performance when the variable scores are 
below 60 points.

3.3. Discriminant analysis by country of origin

Table 5 shows that only the commissions variable was significant in both discriminant models (the model with the Spanish group 
and the model with the Argentine group). Given that there were more than two classification groups, the canonical correlation of the 
commissions variable was used as a measure of the effect size (R2 =.452), which was moderate in the Spanish group. More specifically, 
in the discriminant model for the Spanish group, the commissions variable was shown to correctly classify 49.4 % of the cases in the 
three types of ADHD presentation (λ =.796; χ²(2) = 16.929; p < .001). More specifically, it correctly classified 84.6 % of those with 
inattentive presentation, 36 % of those with hyperactive-impulsive presentation, and 26.9 % of those with combined presentation.

In the discriminant model for the Argentine population, the commissions variables correctly classified 68.3 % of the ADHD pre
sentation types (λ =.778; χ²(2) = 14.331; p < .001). The canonical correlation also demonstrated moderate values (R2 =.471). More 
specifically, commissions correctly classified 90.9 % of those with inattentive presentation, 20 % of those with hyperactive-impulsive 
presentation, and 45.5 % of those with combined presentation.

4. Discussion

This study had two objectives: (1) determine whether there were statistically significant differences in the three types of ADHD 
presentation in the two populations; and (2) assess the influence of each country’s culture on the performance of the Aula Nesplora test 
via two discriminant analyses.

In terms of the first objective, we found that the Spanish and Argentine samples exhibited differences in performance in the Aula 
Nesplora Test. The Spanish sample demonstrated better performance in omissions and motor hyperactivity and worse performance in 
response time (slower reaction times than the Argentine sample). Although both populations had been diagnosed with the same 
disorder, the symptoms in the Argentine population were more severe. In this regard, considering that omission errors are related to 
the presence of inattention symptoms and motor hyperactivity (based on the child’s head movements during the task and recorded by 
the 3D glasses) is related to impulsive and hyperactive behaviour (Areces et al., 2019), it could be said that this study showed sig
nificant differences in the types of ADHD presentation depending on the country of origin. More specifically, the results showed that 
the presentations or subtypes of ADHD in the Argentine population were more severe than in the Spanish population. These findings 
could be explained by two hypotheses: (1) the symptomatological complexity of ADHD and the absence of standardized evaluation 
protocols; and (2) the influence of cultural differences on cognitive processes.

According to first hypothesis, the differences could be due to the use of DSM-5-TR (APA, 2022) and/or ICD-11 (WHO, 2018) 
criteria, which are often influenced by the subjectivity of observers (when clear assessment protocols are not available) leading to a 
high rate of false positives and negatives (Areces et al., 2019). Furthermore, it should be noted that these types of manuals list many 
symptoms that may be common to other disorders (such as anxiety or conduct disorders) making it difficult to perform an accurate 
differential diagnosis (Cid-Duarte et al., 2023; Hours et al., 2022; Mansour et al., 2021). In fact, in many cases the level of severity 
recorded for a person with ADHD depends to a large extent on the evaluator’s criteria. From this perspective, the results of this study 
could be partially explained by the subjective factor implicit in the diagnostic process of ADHD.

Table 3 
Descriptive statistics by Country of Origin.

Country Aula Nesplora variables

Omissions Commissions Response 
Time

Motor activity

Spain (n = 77)
M 55.30 53,91 53.08 46.87
SD 8.46 9.5 11.90 12.38
Argentina (n = 61)
M 63.21 53.03 51.21 64.80
SD 10.73 13.55 14.89 12.47

Note. M = Mean; SD = Standard Deviation.
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On the other hand, the second hypothesis suggests that these findings could be explained from a cultural perspective. Differences in 
parenting and teaching practices may affect the development of executive functions such as inhibitory control, mental flexibility, and 
planning (Hong et al., 2021; Miranda et al., 2020; Diamond, 2020). Argentine children with ADHD exhibiting more inattentive and 
impulsive behaviour than Spanish children could be due to differences in educational and parenting styles. These findings are in line 
with cross-cultural studies (Kelkar et al., 2013; Lan et al., 2011; Lucas et al., 2013) analysing executive functions in Asian and American 
children using CPTs. More specifically, the study by Lucas et al. (2013) showed that Asian children had better performance in 
inhibitory control and attentional tasks than American children due to the cultural emphasis on self-control in Asian schools. Similarly, 
Kelkar et al. (2013) noted that those from Eastern cultures had better performance in a Trial Making Test that those from Western 
cultures because the eye movements can differ as a function of the culture (Those from the West primarily direct their attention to the 
foreground, while those from the East focus their attention on the background).

According to previous scientific literature (Barrett, 2020; Kelkar et al., 2013; Lan et al., 2011), cross cultural approaches are 
essential for understanding how the executive functions can vary depending on the contextual and cultural conditions human beings 
develop in. In this regard, the educational environment, parenting styles, and the typical habits and routines in each culture can in
fluence the development of executive functions, exacerbating or reducing the severity of ADHD symptoms.

In terms of the second objective, the number of commissions variable was the best predictor (in both populations) of subjects 
belonging to the ADHD presentation types. These results indicate that, regardless of country and potential cultural influence on 
performance, number of commissions was the only variable that could significantly predict the type of ADHD presentation. None
theless, the predictive capacity of the commissions variable was significantly greater in the Argentine population, where the per
centage of correct prediction was 18.9 percentage points higher than in the Spanish group. It seems reasonable to think that the greater 
the severity, the better Aula Nesplora would predict whether a subject belongs to one type of presentation or another. The present 
study underscores the importance of taking a cross-cultural cognitive science perspective in order to understand how cognitive pro
cesses develop as a function of different contextual, cultural and social factors (Barrett, 2020). This perspective suggests that despite 
the objectivity of the CPTs, individual subjectivity prevails, and it is only from a social dimension that the development of cognitive 
processes in human beings (who are in constant interaction with the social environment) can be analyzed.

4.1. Strengths and limitations of the study

The main strength of this study is its innovation in measuring a virtual reality test’s ability to predict the different presentations of 
ADHD considering the country of origin. In fact, the findings are a notable advance in clinical diagnosis since they demonstrate the 
importance of considering cultural aspects when evaluating ADHD symptoms. However, despite this innovation, this study also has 
limitations that should be mentioned. Firstly, it would be useful to increase the size of the sample and to examine more than two 
cultures to provide results that are more representative and generalizable. The second limitation concerns the use of a CPT as the only 
tool for predicting ADHD. As noted by Arrondo et al. (2024), at the clinical level and as stand-alone tools, CPTs have only a modest to 
moderate ability to differentiate ADHD from non-ADHD samples. Finally, another notable limitation is not having the severity levels 
for each type of presentation. Classifying the sample not only by ADHD presentation, but also by severity of symptoms (mild, moderate 
or severe) would ensure a comparison of clinical samples that are very similar in diagnostic terms. Only by ensuring the similarities 
between the two samples in terms of severity would we be able to conclude that any differences between them depend exclusively on 
the variables related to culture or the comorbidities present in the population being examined.

Table 4 
Inter-subject effects of the Aula Nesplora variables by country of origin.

Aula Nesplora variables F(1,137) ηp2

Omissions 26.141 * ** .162
Commissions 0.195 .001
Response time 0.543 .004
Motor activity 70.301 * ** .342

Note. * ** p < .001

Table 5 
Discriminant analysis by country: Spain vs. Argentina.

Significant Aula Nesplora Variables Standardized coefficients Function coefficients F 
Spain F(2, 74) 

Argentina F(2, 57)

Spain
Commissions 1.00 0.126 9.511 * **
Constant − 2.058 ​
Argentina
Commissions 1.00 0.040 8.147 * **
Constant − 0.915 ​

Note. *** p < .001
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5. Conclusions and clinical implications

The findings from this study confirm how important it is to have thorough ADHD evaluation protocols that are not solely based on 
performance in just a few go-no go tasks or on scores in observational scales measuring ADHD symptomatology (Areces et al., 2019; 
Rodríguez et al., 2018). Instead, the results need to be tested and considered in relation to other variables with notable impact on 
day-to-day life, such as the cultural or educational aspects that are ever present as children develop (Slobodin & Masalha, 2020).
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