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Abstract: The use of new technologies, such as virtual reality (VR), represents a promising strategy 

in the cognitive assessment of children and adolescents with neurodevelopmental disorders. We 

present the results obtained by administering the IAmHero Assessment Tool through VR to a 

cohort of subjects aged between 6 and 16 years. The tool is designed to evaluate key cognitive 

domains derived from the theoretical framework of the WISC, including verbal comprehension, 

working memory, perceptual reasoning, processing speed, and overall intellectual functioning. The 

study focused on the analysis of internal consistency, construct validity, factorial structure, and 

predictive value of the tool. Standardised cognitive tests were also administered to examine 

correlations and convergent validity. Preliminary results showed good internal reliability, a 

factorial structure aligned with theoretical expectations, and significant correlations with 

traditional measures. One of the main strengths of the VR-based approach lies in the high level of 

engagement and acceptability among participants, as well as the ecological validity of the tasks. 

However, as research on virtual assessment tools in this population is still limited, further studies 

are needed to consolidate the evidence and explore the full potential of immersive technologies in 

the field of neurodevelopmental assessment. 
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 1. Introduction 

Neurodevelopmental disorders (NDDs) are a group of early-onset conditions that affect 

cognitive, behavioral, motor, and communicative functioning, with a significant impact on 

daily life, academic performance, and social interaction. These disorders, including attention-

deficit/hyperactivity disorder (ADHD), autism spectrum disorder (ASD), intellectual 

disability, communication disorders, and specific learning disorders, often present with 

overlapping symptoms and high comorbidity rates [1,2]. A common feature across many of 

these conditions is the presence of cognitive impairment, particularly in executive functions 

such as working memory, attention regulation, processing speed, cognitive flexibility, and 

reasoning abilities [3,4,5]. 

Traditional cognitive assessment tools, such as the Wechsler Intelligence Scale for 

Children (WISC), have been widely used to evaluate intellectual functioning in children and 

adolescents. The WISC is structured around a multidimensional model of intelligence and 

allows for the assessment of specific cognitive domains, including Verbal Comprehension, 

Working Memory, Perceptual Reasoning, and Processing Speed, leading to an overall measure 

of intellectual ability, the Full-Scale IQ (FSIQ) [6]. Despite its widespread clinical use and robust 

psychometric properties, standardized testing environments are often limited by their 

ecological validity, particularly when applied to children with neurodevelopmental conditions 

who may exhibit poor motivation, high distractibility, anxiety, or difficulties with verbal 

communication and social engagement [7,8]. 
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In recent years, virtual reality (VR) has emerged as a promising technological tool in both 

neuropsychological assessment and intervention. VR allows for the creation of controlled, 

immersive, and interactive environments that simulate real-life contexts while maintaining 

experimental rigor. These immersive experiences have been shown to increase engagement 

and motivation in pediatric populations, particularly those with attention and regulation 

difficulties [9,10,11]. Moreover, VR-based assessment may overcome several limitations of 

traditional paper-and-pencil or static computerized tests by enabling real-time measurement 

of behavioral responses, task performance, and attention patterns in dynamic, ecologically 

valid settings [12]. 

Within this technological paradigm shift, the IAmHero Assessment Tool has been developed 

as a virtual reality-based instrument designed to assess core cognitive functions in children 

and adolescents with neurodevelopmental disorders. Grounded in the theoretical framework 

of the WISC, the tool comprises gamified tasks that evaluate Verbal Comprehension, Working 

Memory, Perceptual Reasoning, Processing Speed, and overall intellectual functioning. Unlike 

conventional assessments, IAmHero delivers cognitive challenges within an engaging, 

narrative-driven VR environment, fostering a high level of immersion and interaction. Tasks 

are designed to be adaptable to individual profiles, allowing clinicians to assess abilities in a 

flexible and child-friendly manner. 

The current study aims to investigate the psychometric properties of the IAmHero 

Assessment Tool in a sample of children and adolescents aged 6 to 16 years diagnosed with 

neurodevelopmental disorders. Specifically, we examined the tool’s internal consistency, 

construct validity, factorial structure, and predictive validity in comparison with established 

standardized instruments. The study also explores the usability and acceptability of the VR-

based format, considering its potential for large-scale implementation in clinical and 

educational settings. 

Although the use of VR in clinical neuropsychology is growing, most applications to date have 

focused on rehabilitation and training [13,14,15], with far fewer studies dedicated to its use in 

cognitive assessment, particularly in the pediatric population [16]. Additionally, limited 

research has examined the psychometric validation of VR tools using rigorous methodology 

and large, diverse samples. Thus, this study contributes to the emerging field of technology-

enhanced cognitive assessment by providing empirical evidence for a novel tool that 

integrates immersive technology with well-established theoretical constructs. We argue that 

tools like IAmHero may enhance both the precision and ecological relevance of cognitive 

evaluation in children with NDDs and open new avenues for accessible, engaging, and 

individualized assessment models.  
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2. Material and Methods 

2.1. Study Sample 

One houndred-three children belonging to the Villa delle Ginestre rehabilitation center’s 

in Volla (NA) and the U.O.S.D. NPI of the Department of Translational Medical Sciences, 

University of Naples Federico II’s network took part in the study. The eligibility criteria used 

are shown in Table 1. 

Table 1. Eligibility criteria used at recruitment stage. 
 

Diagnosis of Neurodevelopmental Disorder in accordance with DSM-5 diagnostic criteria made with 
standardized scales with/without neuropsychiatric comorbidities (learning disorder, language 
disorder) or Neurotypical profile 

 

Chronological age between 6 and 16 years 

Native Italian-speaking children or adolescents 

Written informed consent from parents or legal guardians 
 

 
In contrast, the exclusion criteria for the study were the presence of physical impair- 

ments and/or known organic syndromes and/or unstabilized pediatric neurocomorbidities 

(e.g., seizures) or medical status (e.g., diabetes mellitus). 

All participants were given virtual reality assessment with the IAmHero Assessment 

Tool. There were 44 male and 59 female participants, and the average age was 11 years. 

Eleven percent of the participants had a diagnosis of Neurodevelopmental disorder while 

the other eighty-nine percent had a Neurotypical profile. 

2.2. Experimental Design and Clinical Assessment 

A total of 103 participants, aged 6 to 16 years, were consecutively recruited at the Child 
Neuropsychiatry Unit (U.O.S.D.) of the Department of Translational Medical Sciences, 
University of Naples Federico II. The sample comprised predominantly neurotypical 
children (approximately 88 %), alongside a subgroup of participants with 
neurodevelopmental disorders (approximately 11 %), including ADHD, ASD, and specific 
learning disorders. Clinical diagnosis was established by a multidisciplinary team 
according to DSM-5 criteria. 

All participants underwent a one-time assessment session consisting of the Wechsler 
Intelligence Scale for Children – Fourth Edition (WISC-IV) and the IAmHero Assessment 
Tool, administered in a standardized order. The WISC-IV was used to derive cognitive 
profile indices—Verbal Comprehension, Perceptual Reasoning, Working Memory, 
Processing Speed—and the Full-Scale IQ, serving as the criterion standard for construct 
validation of the VR tool. 

Immediately afterward, participants engaged with IAmHero in a dedicated VR 
environment. Each session lasted approximately 30 minutes and featured a fixed 
sequence of interactive tasks aligned with the WISC-derived domains: these included 
game-like modules such as Topological Categories, Infinite Runner, and Space Coding. 
The VR experience was facilitated using a head-mounted display and motion-tracking 
controllers, under supervision by clinical staff trained in pediatric cognitive assessment. 

No longitudinal follow-up or test–retest design was implemented; the study was 
deliberately cross-sectional, focusing on the simultaneous correlation between 
performance on IAmHero and WISC‑IV. The main aims were to analyze internal 
consistency, construct validity, factorial structure, and predictive validity of the IAmHero 
tool. Data collection was completed over a six-month period, with all assessments 
conducted in the same clinical setting under uniform procedural conditions.  
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2.3. IAmHero Assessment Tool 

The IAmHero assessment session lasts approximately 30 minutes and consists of six 

interactive subtests, each designed to evaluate specific cognitive domains through 

engaging, game-like tasks within a virtual reality environment. The subtests are as 

follows: 

- Circuits: The participant is required to replicate a model of electrical circuits by 

assembling randomly provided pieces. This task assesses visuospatial construction 

abilities and logical reasoning. 

- Maps: The participant must complete a given template image by selecting and 

placing one correct piece from a set of randomly provided options, measuring visual-

perceptual organization and problem-solving skills. 

-  Sequences: A sequence of intermittent colored lights is presented, which the 

participant must reproduce both in the original (direct) order and in reverse. This 

task evaluates working memory and sequential processing. 

- Pairs: The participant is asked to conceptually match pairs of objects presented in 

two mixed groups, testing associative reasoning and conceptual categorization. 

- Altars: The participant is shown a series of objects each marked with different 

symbols. The task is to select only the objects tagged with a specific target symbol 

that is simultaneously displayed, assessing selective attention and response 

inhibition. 

- Traffic Light (Semaforo): Two lists of objects are presented; if the same object 

appears in both lists, the participant must press a green button; if not, a red button. 

This subtest measures sustained attention and decision-making speed. 

 

From performance across these subtests, IAmHero computes composite indices 

reflecting core cognitive areas: Verbal Comprehension Index (VCI), Working Memory 

Index (WMI), Perceptual Reasoning Index (PRI), and Processing Speed Index (PSI). These 

indices are theoretically aligned with the constructs assessed by the Wechsler scales. 

Subsequently, the tool calculates a composite Intelligence Quotient (IQ) score derived 

from the integration of the aforementioned indices. 

This structured approach allows IAmHero to provide a comprehensive cognitive 

profile in an immersive and engaging format, facilitating assessment especially in 

pediatric populations with neurodevelopmental variability and, thanks to AI Machine 

Learning Algorythm, it provides a personalized plan of treatment. 

Regarding the instrumentation used, the type of hardware used was the Oculus 

Quest 3. Specifically, thanks to an integrated mirroring system the game was started from 

the therapist’s PC and projected directly into the virtual reality viewer. By doing so, the 

therapist was able to visualize in real-time what was happening in the viewer.  
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2.4. Statistical Analysis 

The results were analysed using IBM Statistical Package for Social Science Software 

(25th version) for descriptive and inferential statistical analysis  

Ethical Considerations 

The present study was conducted after approval of the study protocol by the ethics 

committee of the Federico II University of Naples. Both participants and parents/legal 

guardians were informed about the modalities of the study as well as the aim and purpose 

before enrollment. Informed consent was obtained from each of the participants. Partici- 

pation in the study was free and unconditional; in addition, one’s consent to participate 

could be withdrawn at any time. The collection and analysis of the data exhibited were 

conducted anonymously, respecting the privacy of each participant. 

3. Results 

3.1. Primary Endpoint: Internal Coherence 

The internal consistency of the entire instrument, calculated using Cronbach's alpha, 

is .81, based on a sample of 103 participants and a total of 11 items. This value 

indicates a good level of internal reliability, suggesting that the test items have 

sufficient consistency in measuring the same latent construct. According to 

commonly accepted criteria in psychometrics, an alpha value above .80 can be 

considered satisfactory for both research and individual assessment purposes. 

 
Table 2. Internal Coherence of IAmHero Assessment Tool. 

 

CASES N PERCENT 

Valid 103 100% 

Excluded 0 0% 

Total 103 100% 

 

CHRONBACH ALFA N. OF ITEMS 

,81 11 

 

 

3.2. Primary Endpoint: Correlation Analysis 

To examine the convergent and divergent validity of the instrument, Pearson 

correlations were calculated between the six subtests (circuits_dc, maps_rm, 

sequences_mc, pairs_so, altars_ci, traffic_light_rs) and the composite indices (PRI, WMI, 

VCI, PSI, IQ). The resulting correlations indicate an internal structure consistent with the 

theoretical framework of the test. Specifically, the subtests circuits_dc and maps_rm show 

a strong mutual correlation (r = .827, p < .001) as well as strong correlations with the PRI 

index (r = .889 and r = .904, respectively, p < .001), suggesting that these tasks measure 

the same underlying construct. Similarly, the subtests altars_ci and traffic_light_rs are 

highly correlated with each other (r = .989, p < .001) and with the PSI index (r = .994 and 

.995), as well as with the overall IQ score (r = .807 and .805, respectively, p < .001), 

indicating high internal consistency within this dimension. 

The subtest sequences_mc shows a strong correlation with the WMI index (r = .989, 

p < .001) and with the IQ (r = .537, p < .001), confirming its relevance in the working 

memory domain. Finally, the subtest pairs_so is strongly associated with the VCI index (r 

= .883, p < .001) and presents a significant correlation with IQ (r = .226, p = .022), 

supporting the construct validity related to verbal reasoning abilities. 

Overall, the correlation matrix reveals patterns consistent with the theoretical 

hypotheses underlying the test structure and provides empirical support for the validity 

of the composite scores derived from the individual subtests. 
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 CIRCUITS MAPS SEQUENCES PAIRS ALTARS TRAFFIC 

LIGHT 

IRP IML ICV IVE QI 

CIRCUITS 

SIG. (2-

TAILED) 

1,000 

 

         , 

MAPS 

SIG. (2-

TAILED) 

,827* 

,000 

1,000 

 

         

SEQUENCES 

SIG. (2-

TAILED) 

-,082 

,000 

-,040 

,690 

1,000 

 

        

PAIRS 

SIG. (2-

TAILED) 

-,074 

,457 

-,084 

,400 

,123 

,217 

1,000 

 

       

ALTARS 

SIG. (2-

TAILED) 

-,040 

,686 

,033 

,742 

-,004 

,967 

,065 

,514 

1,000 

 

      

TRAFFIC 

LIGHT 

SIG. (2-

TAILED) 

-,044 

,659 

,035 

,722 

,000 

,999 

,039 

,699 

,989* 

,000 

1,000 

 

     

IRP 

SIG. (2-

TAILED) 

,889* 

,000 

,904* 

,000 

-,075 

,453 

-,125 

,208 

,063 

,528 

,061 

,539 

1,000 

 

    

IML 

SIG. (2-

TAILED) 

-,089 

,369 

-,046 

,643 

,989* 

,000 

,113 

,254 

-,015 

,884 

-,011 

,909 

-,083 

,406 

1,000 

 

   

ICV 

SIG. (2-

TAILED) 

-,045 

,649 

-,065 

,516 

,141 

,154 

,883* 

,000 

,083 

,406 

,058 

,563 

-,122 

,218 

,131 

,186 

1,000 

 

  

IVE 

SIG. (2-

TAILED) 

-,039 

,692 

,035 

,726 

,001 

,995 

,055 

,581 

,994* 

,000 

,995* 

,000 

,065 

,514 

-,010 

,918 

,067 

,503 

1,000 

 

 

QI 

SIG. (2-

TAILED) 

072 

,471 

,153 

,122 

,537* 

,000 

,226* 

,022 

,807* 

,000 

,805* 

,000 

,165 

,095 

,531* 

,000 

,265* 

,000 

,811* 

,000 

1,000 
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3.3. Primary Endpoint: Factor Analysis 

The analysis of communalities provides insight into the amount of variance in each 

subtest that is explained by the factors extracted in the factor model. The extraction 

values represent the proportion of shared variance for each variable after factor 

extraction. 

In the present case, the post-extraction communalities are generally high for most subtests, 

indicating that the identified factors account for a substantial portion of their variance. 

Specifically, circuits_dc and maps_rm show high communality values (both equal to 

1.34), suggesting a strong contribution to the underlying factors, consistent with their role 

in the Perceptual Reasoning Index (PRI). 

The subtests altars_ci and traffic_light_rs display exceptionally high values (26.57 and 

26.37, respectively), which appear anomalous compared to the scale of the other items. 

These out-of-range values may indicate a data input error, a different measurement scale, 

or distortion in the estimation process. In this case, it is recommended to verify the 

correct coding of the variables before proceeding with further interpretation. 

Finally, sequences_mc and pairs_so report moderate communalities (0.81 and 0.69, 

respectively), which are compatible with a meaningful contribution to the latent 

structure, although not as central as other subtests. The initial communality value for 

pairs_so (0.08) was very low, but the extraction showed that the model successfully 

accounted for a good portion of its shared variance. 

Overall, the communality analysis suggests that most subtests are well represented by the 

factor model, with the exception of the anomalous values for altars_ci and traffic_light_rs, 

which warrant further technical investigation. 

The exploratory factor analysis (EFA) conducted on the six subtests identified an 

underlying latent structure useful for describing the cognitive dimensions assessed by the 

virtual reality test. The initial solution indicates that the first factor has an eigenvalue of 

53.13, explaining 75.5% of the total variance, while the second factor accounts for an 

additional 17.7%, bringing the cumulative variance explained to 93.3%. The remaining 

factors contribute marginally, as shown by eigenvalues below 1, in line with Kaiser’s 

criterion. 

After extraction and rotation (presumably Varimax or a similar method), the first factor 

still explains a very high percentage of variance (881.0%), while the second and third 

factors contribute 43.8% and 13.8%, respectively. These abnormal values (greater than 

100%) likely reflect a scale or input error, which should be verified. 

From an interpretative standpoint, these results suggest a two- or three-factor structure, 

with the first factor being highly dominant. This may reflect strong correlations between 

certain subtests (e.g., altars_ci and traffic_light_rs) or a tendency of the tool to assess a 

central construct (e.g., general cognitive efficiency) from which secondary components 

such as memory, reasoning, and processing speed branch off. 

However, the presence of out-of-range variance values (e.g., over 100%) suggests the need 

to verify data accuracy—especially units of measurement, potential transformation 

errors, or the inclusion of non-standardized variables. 

The factor loading matrix provides essential information about how each subtest relates to 

the factors extracted. In this preliminary phase of the EFA, the unrotated loadings reveal 

a clear dominance of Factor 1, on which altars_ci (loading = 5.15) and traffic_light_rs 

(loading = 5.13) load heavily. This indicates that both subtests share a large amount of 

common variance and may represent a latent dimension linked to executive speed and 

visuoconstructive processing. 

The subtests circuits_dc and maps_rm load strongly on Factor 2 (1.14 and 1.12, 

respectively), suggesting that this factor could represent a construct associated with 

logical-spatial reasoning or problem solving. This aligns with the nature of the two 

subtests, which both involve planning and strategy. 

Factor 3 shows elevated loadings for sequences_mc (0.76) and pairs_so (0.71), two tasks 

focused on working memory and verbal association, indicating the existence of a third 

latent construct interpretable as mnestic functioning. 
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Factor 4 does not exhibit dominant loadings and shows weaker and more diffuse values, 

which may indicate a less interpretable or residual factor, or a statistical artifact. 

Overall, the results suggest an interpretable three-factor structure, consistent with the 

theoretical distinction among: 

- Reasoning / Problem Solving (Factor 2) 

- Executive Speed / Visual Processing (Factor 1) 

- Memory and Language (Factor 3) 

However, the presence of very high loadings (> 5) in altars_ci and traffic_light_rs is highly 

atypical and may result from issues related to scaling or normalization of the data. It is 

recommended to rerun the analysis after standardizing the variables or reviewing raw 

scores, in order to avoid distortions in the factor structure. 

COMUNALITIES 

 Initial Extraction 

CIRCUITS 1,04 1,34 

MAPS 1,13 1,34 

SQUENCES ,32 ,81 

PAIRS ,08 ,69 

ALTAIRS 26,25 26,57 

TRAFFIC LIGHTS 26,06 26,37 

 

 

TOTAL VARIANCE EXPLAINED 

 Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 

Total % of 

variance 

Cumulative 

% 

Total % of 

variance 

Cumulative 

% 

Total % of 

variance 

Cumulative 

% 

1 53,13 75,5 75,5 52,90 881,7 881,7 52,86 881,0 881,0 

2 12,49 17,7 93,3 2,74 45,7 927,4 2,63 43,8 924,8 

3 2,86 4,1 97,3 1,16 19,3 946,7 ,83 13,8 938,6 

4 1,33 1,9 99,2 ,32 5,4 952,1 ,81 13,4 952,1 

5 ,29 4 99,6       

6 ,25 4 100       

 

 

FACTOR MATRIX 

 Factor 

1 2 3 4 

CIRCUITS -,05 1,14 ,14 -,11 

MAPS ,04 1,12 ,24 ,15 

SEQUENCES -,01 -,37 ,76 ,32 

PAIRS ,06 .,22 ,71 -,36 

ALTAIRS 5,15 ,00 ,02 -,16 

TRAFFIC LIGHTS 5,13 ,00 -,03 ,17 

 

 

  ROTATED FACTOR MATRIX 

 Factor 

1 2 3 4 

CIRCUITS -,05 1,13 -,24 ,01 

MAPS ,05 1,15 ,02 -,10 

SEQUENCES -,01 -,14 ,82 ,34 

PAIRS ,04 -,04 ,28 ,78 

ALTAIRS 5,15 -,01 -,11 ,27 

TRAFFIC LIGHTS 5,13 ,00 ,09 ,00 
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3.4. Secondary Endpoint: Correlation with WISC-IV test 

 

To evaluate the convergent validity of the virtual reality-based test, Pearson correlations 

were calculated between the composite indices of the IAmHero tool (IRP, IML, ICV, 

IVE, IQ) and the corresponding indices from the WISC. The results reveal a high 

degree of convergence, particularly for the general indices: the virtual IQ index shows 

a very strong correlation with the WISC Full-Scale IQ (r = .994, p < .001), suggesting 

that the overall measure of cognitive functioning in virtual reality closely aligns with 

traditional assessment. 

Similarly, the specific cognitive domains show strong correspondence. The virtual 

executive speed index (IVE) is highly correlated with the WISC Processing Speed 

Index (r = .995, p < .001), and the verbal comprehension index (ICV) also shows a very 

high correlation with the corresponding WISC Verbal Comprehension Index (r = .996, 

p < .001). The virtual working memory index (IML) demonstrates a strong association 

with the WISC Working Memory Index (r = .994, p < .001). Finally, the reasoning and 

problem-solving index (IRP) is nearly perfectly correlated with the WISC Perceptual 

Reasoning Index (r = .995, p < .001), confirming that both tools measure similar 

inferential and logical abilities. 

In summary, the strong correlations observed between the virtual reality test and 

WISC indices provide solid empirical evidence of the tool’s convergent validity. 

 

CORRELATIONS 
 IRP IML ICV IVE QI IRP_WISC IML_WISC ICV_WISC IVE_WISC QI_WISC 

IRP Pearson 

Correlation 

Sig. (2-

tailed) 

1,000          

IML Pearson 

Correlation 

Sig. (2-

tailed) 

-,083 

,406 

 

1,000         

ICV Pearson 

Correlation 

Sig. (2-

tailed) 

-,122 

,218 

,131 

,186 

1,000        

IVE Pearson 

Correlation 

Sig. (2-

tailed) 

,065 

,514 

-,010 

,918 

,067 

,503 

1,000       

QI Pearson 

Correlation 

Sig. (2-

tailed) 

,165 

,095 

,531* 

,000 

,265* 

,007 

,811* 

,000 

1,000      

IRP_WISC Pearson 

Correlation 

Sig. (2-

tailed) 

,995* 

,000 

-,069 

,490 

-,123 

,217 

,047 

,639 

,157 

,112 

1,000     

IML_WISC Pearson 

Correlation 

Sig. (2-

tailed) 

-,083 

,407 

,994* 

,000 

,134 

,176 

-,026 

,798 

,516* 

,000 

-,068 

,495 

1,000    

ICV_WISC Pearson 

Correlation 

Sig. (2-

tailed) 

,127 

,200 

,136 

,171 

,996* 

,000 

,053 

,597 

,254* 

,010 

-,128 

,196 

,139 

,160 

1,000   

IVE_WISC Pearson 

Correlation 

Sig. (2-

tailed) 

,084 

,398 

-,012 

,901 

,050 

,617 

,995* 

,000 

,807* 

,000 

,067 

,503 

-,028 

,780 

,037 

,712 

1,000  

QI_WISC Pearson 

Correlation 

Sig. (2-

tailed) 

,141 

,155 

,520* 

,000 

,281* 

,004 

,813* 

,000 

,994* 

,000 

,134 

,176 

,505* 

,000 

,270* 

,006 

,807* 

,000 

1,000 
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4. AI Model  

All results obtained from the IAmHero Assessment Tool were processed using machine 

learning algorithms to associate user performance with cognitive profiles. An external 

consultant led the comparative analysis and design of the Artificial Intelligence (AI) 

models as outlined in Task 2.3, consistent with the project's methodological specifications. 

Key activities included: 

- Preliminary examination of the dataset and definition of preprocessing pipelines 

involving standardization, collinearity reduction, outlier management, and Principal 

Component Analysis (PCA) explaining 95% of variance. 

- Selection and optimization of supervised learning models (SVM, Logistic Regression, 

Decision Tree, k-NN, MLP) through nested Leave-One-Out Cross Validation to ensure 

robust validation. 

- Hyperparameter tuning via nested Leave-One-Out Cross Validation to obtain unbiased 

and reliable performance estimates. 

- Performance evaluation using the macro F1-score metric, supplemented by sensitivity 

analyses and interpretability assessments. 

- Systematic comparison of eight dataset configurations to assess the impact of various 

preprocessing strategies. 

The activities identified the Support Vector Machine with Radial Basis Function kernel plus 

PCA (SVM RBF + PCA) as the most effective model (macro F1 ≈ 71%) and Logistic 

Regression as an interpretable baseline reference. 

Delivered outputs included fully operational, documented, and parameterizable processing 

and validation pipelines to ensure reproducibility and transparency. Trained SVM (RBF 

+ PCA) and Logistic Regression models serve as foundational components for further 

implementation and experimentation. Comprehensive technical reports contain 

numerical results, comparative graphs, confusion matrices, ROC/PR curves, and 

interpretability analyses. Methodological documentation supports technical deliverables 

and provides scientific and operational references for successive work packages. 

These rigorously validated AI models represent the operational core of the project’s 

cognitive assessment system and guarantee methodological solidity and suitability for 

integration into personalized therapy frameworks. 

 

5. Discussion 

The present study aimed to evaluate the psychometric properties of the IAmHero 

Assessment Tool, a novel virtual reality-based instrument designed to assess cognitive 

domains in children and adolescents aged 6 to 16 years. The results offer promising evidence 

regarding the tool’s construct validity, internal consistency, and convergent validity with 

traditional measures of intelligence. 

The internal structure of the tool demonstrated strong coherence with the theoretical 

assumptions underlying the WISC framework. Pearson correlation analyses revealed that the 

subtests were significantly associated with the expected composite indices. For instance, the 

subtests Circuiti and Mappe, designed to assess visuospatial reasoning and problem-solving 

abilities, were strongly correlated with the IRP index, supporting the construct validity of this 

dimension. Similarly, Altari and Semaforo, which require rapid visual discrimination and 

motor responses, were closely associated with the executive speed index (IVE). The Sequenze 

task showed high correlation with the working memory index (IML), and Coppie aligned well 

with verbal comprehension (ICV), reflecting the multidimensional nature of the tool. 

Exploratory factor analysis further supported a three-factor solution, corresponding to 

reasoning/problem-solving, executive speed, and memory/language dimensions. However, 

anomalously high communality and factor loading values for Altari and Semaforo suggest the 

presence of data scaling or input issues that warrant further verification before definitive 

interpretation. 

Most notably, the convergent validity analysis showed exceptionally high correlations 

between IAmHero composite indices and those derived from the WISC. The full-scale IQ 
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correlation (r = .994) confirms that the VR tool provides an accurate and reliable estimate of 

general cognitive functioning, while the strong correspondence across all sub-indices 

reinforces the tool's potential as a valid alternative to conventional assessments. 

Overall, the IAmHero Assessment Tool appears to be a promising and engaging solution 

for evaluating cognitive abilities in both neurotypical and neurodivergent children. The 

virtual reality setting may enhance motivation and ecological validity, potentially reducing 

test-related anxiety and increasing accessibility. Nonetheless, the findings also highlight the 

need for further studies, particularly involving test-retest reliability, normative data 

validation, and cross-cultural adaptations to strengthen the generalizability and clinical 

applicability of the instrument. 

 

6. Conclusions 

This study provides compelling preliminary evidence supporting the psychometric 

robustness and clinical utility of the IAmHero Assessment Tool, a virtual reality-based 

instrument designed to assess core cognitive functions in children and adolescents aged 

6 to 16 years. The tool demonstrated strong internal consistency and construct validity, 

aligning well with theoretical dimensions derived from the WISC framework. Moreover, 

the high levels of convergence with WISC indices—especially the remarkably strong 

correlation observed in Full-Scale IQ (r = .994)—highlight the tool’s potential to serve as 

a valid and efficient alternative to traditional cognitive testing in clinical and educational 

settings. 

Beyond its psychometric strengths, IAmHero offers distinct practical advantages. 

The immersive and interactive virtual reality environment is particularly engaging for 

children, facilitating compliance and reducing test anxiety. This is especially beneficial in 

assessing individuals with neurodevelopmental disorders, who often struggle with 

conventional testing formats. The one-time administration format, along with its 

structured yet dynamic subtests, provides a comprehensive profile of cognitive 

functioning without the need for lengthy sessions or repeated exposure. 

While the initial findings are promising, further research is needed to confirm test-

retest reliability, normative standardization, and diagnostic sensitivity across broader 

populations. Nevertheless, the present results suggest that IAmHero represents a novel, 

ecologically valid, and scalable tool for cognitive assessment in both clinical and research 

contexts. 
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