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Abstract—This exploratory study investigates normative devel-
opmental patterns in early childhood using unsupervised learning
techniques. Using data from 639 normotypically developing
Spanish children (aged 1-84 months), we segment the population
by age and apply clustering and dimensionality reduction to
examine developmental trends. The analysis focuses on the most
represented group (60-71 months), revealing modest cluster
structure and meaningful inter-domain correlations. These results
offer a data-driven reference for future early childhood screening
efforts.

Index Terms—Machine Learning, Clustering, Early Childhood
Care, Neurodevelopmental Disorders

I. INTRODUCTION

Early childhood is a critical period for human development,
during which the early identification of developmental trajecto-
ries is key to understanding individual variability. Neurodevel-
opmental disorders (NDDs), such as autism spectrum disorder
(ASD) and developmental delays, often co-occur and present
heterogeneous symptom profiles, which has led to a shift from
traditional diagnostic models to more dimensional and person-
alized approaches [1]. However, accurate clinical identification
remains challenging due to variability in symptom presentation
[2].

Developmental scales have long been used to assess chil-
dren’s progress, but they often face issues such as reliabil-
ity concerns and arbitrary age-group definitions [3]. In this
context, data-driven methods and machine learning offer new
opportunities for more precise and individualized analysis of
child development [4].

This study applies unsupervised machine learning tech-
niques to explore normative developmental patterns in a
dataset of neurotypically developing children. Although the
study does not aim to detect atypical development, it may lay
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the groundwork for future screening frameworks by establish-
ing a data-driven reference model.

II. RELATED WORK

Neurodevelopmental disorders present considerable com-
plexity due to factors such as comorbidities, varied clinical
characteristics, and overlapping diagnoses, which complicate
early identification and intervention processes [5]. Several
studies have explored the application of machine learning
techniques, particularly unsupervised methods like cluster-
ing, to identify clinical profiles beyond standard diagnostic
categories. In [6], cluster analysis is applied to behavioral
and cognitive data from children referred for assessment,
identifying three distinct profiles that revealed patterns not
reflected in conventional diagnoses. These studies suggest that
clustering can help detect subgroups of children with differ-
ent developmental trajectories, potentially informing tailored
diagnostic and intervention strategies.

In a related line of work, artificial intelligence has also
been applied to data collected through serious games designed
to evaluate children’s speech and language abilities. One
study used a dataset of 473 participants and combined cluster
analysis with logistic regression to predict neurodevelopmental
disorders, achieving high accuracy and consistency in its
measurements [4]. This approach shows how digital tools
and machine learning can be integrated to improve early
detection and support decision-making in clinical contexts.
This work applies clustering and dimensionality reduction to
early developmental data from normotypical children, aiming
to characterize typical developmental patterns and inform
future screening frameworks.



III. EXPERIMENTAL DESIGN

This section outlines the experimental design adopted for
this study. First, we describe the dataset preparation process,
including data collection and preprocessing. Next, we detail
the dimensionality reduction and clustering techniques em-
ployed to analyze developmental patterns.

A. Dataset

The dataset used in this study comes from the DAUCO
TEST survey [7], an assessment designed to measure various
areas of child development. The data includes information
from 639 normotypically developing Spanish children aged
between 1 and 84 months. The assessments cover key de-
velopmental domains such as language (L), cognition (C),
adaptability (A), fine motor (FM), gross motor (GM), and
social skills (S).

The DAUCO TEST provides standardized, structured as-
sessments across domains to build a detailed developmental
profile and detect delays relative to age-expected milestones.

Data preprocessing included handling missing values and
organizing the population into specific age groups to allow a
more detailed analysis. The grouping was based on develop-
mental milestones [7]: during the first year of life, children
were assessed month by month; from 12 to 24 months, they
were grouped into three-month intervals; between 24 and
36 months, into two six-month bands; and from four years
onwards, they were grouped annually. The group of children
aged 60 to 71 months is the most represented in the dataset
(see Figure 1). For this reason the analyses presented in this
study are restricted to this age group.
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Fig. 1: Number of individuals in each age group.

All participants provided informed consent before engaging
in the study, ensuring they were fully aware of the research
objectives and the handling of their data. The study complied
with all ethical guidelines, including Organic Law 3/2018
on Personal Data Protection [8] and the ethical principles
outlined in the Declaration of Helsinki [9]. Ethical approval
for the study was granted by the institutional ethics commit-
tee (approval number 284, ref 4153). In addition, to ensure

data privacy, all information obtained was treated with strict
confidentiality. The questionnaire was designed to be anony-
mous, including an introductory section explaining the study’s
objectives, followed by an informed consent form.

B. Unsupervised Learning Techniques

To analyze the data, unsupervised machine learning tech-
niques were employed, focusing primarily on clustering meth-
ods to identify natural developmental patterns and detect devi-
ations from typical trajectories. The clustering algorithms used
included K-Means [10], Agglomerative Clustering [11], Spec-
tral Clustering [12], and Gaussian Mixture Models (GMM)
[13]. Additionally, dimensionality reduction techniques such
as Principal Component Analysis (PCA) [14] were applied to
facilitate feature selection and enhance cluster separability.

C. Evaluation Metrics

Given the absence of ground truth labels, internal validation
metrics well-known in literature were used to assess clustering
quality:

o Silhouette Score [15]: Measures cohesion and separa-

tion: bi) (i)
1) —a(t
5(i) = —F———F~
max(a(i), b(i))
where a(i) is the average distance to points in the same
cluster, and b(4) is the lowest average distance to points
in other clusters. Higher values indicate better-defined

clusters.
o Davies-Bouldin Index [16]:

N
1 8; + 55
DB =— max < 1 1 )
N zz:; VED) d(Ci,Cj)
where s; is the average distance within cluster ¢, and
d(c;, ¢;) is the distance between centroids. Lower values
indicate better clustering.

« Calinski-Harabasz Index [17]:

_ Tr(Bg)/(k — 1)
Tr(Wi)/(n — k)
where Tr(Bjy) and Tr(Wy) are the traces of the
between- and within-cluster dispersion matrices, respec-
tively. Higher values suggest better separation.

o Adjusted Rand Index (ARI) [18]:

RI — E[RI]
max(RI) — E[RI]
where RI is the Rand Index, and E[RI] its expected value
under random clustering. ARI ranges from -1 to 1, with
higher values indicating better clustering stability.

e Normalized Mutual Information (NMI) [19]:

IU,V)
HU)H(V)
where I(U,V) is the mutual information, and H(U),

H(V) are the entropies of the clusterings. Values close to
1 indicate higher agreement with a reference clustering.
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ARI and NMI were also used to assess clustering stability
across different random initializations. All metrics were ap-
plied to compare algorithms and cluster numbers, as detailed
in the Results section.

IV. RESULTS

This section presents the results of the exploratory data
analysis, including correlation studies and dimensionality re-
duction through PCA, as well as the application of clustering
techniques. These analyses aim to identify developmental pat-
terns and evaluate their potential for supporting early detection
of neurodevelopmental traits.

A. Feature Correlation Analysis

To explore the relationships between the different test items,
a correlation analysis was conducted using Pearson’s correla-
tion coefficient. The resulting correlation matrix is shown in
Fig. 2. Several features exhibited strong correlations, which
are detailed below.

All correlation analyses were restricted to the 60—71 months
age group, ensuring that all items considered were fully appli-
cable to the entire subset. This avoids artefactual correlations
due to age-restricted item availability.
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Fig. 2: Correlation matrix of all the items from the DAUCO
test, computed using Pearson’s correlation coefficient.

Specifically, we examined the pairs of test items that
presented a correlation coefficient greater than or equal to
0.70 in the studied population. The following pairs showed
high correlations:

e A325 -L121:

— A325 corresponds to the Adaptive area and assesses
the ability to “Controls daytime sphincters,” appli-
cable for ages 30-36, 3648, 48-59, and 60-71
months.
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— L121 belongs to the Language area and evaluates
whether the child “Expresses feelings,” applicable
only to the 60—71 months age range.

e A132 - C201:

— A132 is from the Adaptive area and assesses the
ability to “Follows classroom rules,” applicable for
ages 60—71 months.

— C201 is from the Cognitive area and measures the
ability to “Identifies the first and last objects in a
row,” also applicable only to the 60—71 months age
range.

e C201 — MF59:

— C201 is from the Cognitive area and evaluates the
ability to “Identifies the first and last objects in a
row,” applicable for the 60—71 months age range.

— MF59 is from the Fine Motor Skills area and assesses
the ability to “Copies the numbers 1 through 5,”
applicable for the same age range.

These results suggest potential redundancies among certain
items, particularly those within the same or overlapping age
ranges, which could be considered in the dimensionality
reduction and feature selection stages.

B. Dimensionality Reduction with PCA

PCA was applied to identify the optimal number of features
for subsequent analyses. The explained variance plot [14]
suggests that 32 components capture the 90% of the variance
in the dataset as seen in Fig. 3. This result will guide the
feature selection process to improve model efficiency while
maintaining relevant information.

Accumulated Explained Variance in PCA
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Fig. 3: Accumulated Explained Variance for choosing the
number of components of PCA.

C. Clustering Evaluation with Multiple Seeds

We conducted a hyperparameter search for Spectral Cluster-
ing, Agglomerative Clustering, and GMM, varying the number
of clusters (k) and model-specific parameters (e.g., affinity,
linkage, or covariance type). Each configuration was initially



TABLE I: Average performance metrics over multiple seeds for selected clustering configurations

Clustering Method

Silhouette Score

Davies-Bouldin Index

Calinski-Harabasz Index

K-Means (k=2) 0.383 £0.014
K-Means (k=5) 0.342 £+ 0.024
K-Means (k=9) 0.322 + 0.036
Gaussian Mixture Model 0.451 £ 0.089
Agglomerative Clustering 0.261 £ 0.000
Spectral Clustering 0.373 £ 0.051

2.905 £ 0.084 10.206 £ 0.234
1.582 +0.198 8.649 £ 0.272
1.140 £0.143 8.418 £0.110
1.227 £ 0.967 6.685 £ 1.670
1.621 4 0.000 7.555 %+ 0.000
1.461 £ 0.127 7.441 £+ 0.460

evaluated using the silhouette coefficient with a fixed random
seed.

For Spectral Clustering, the best silhouette score (0.444)
was obtained with k& = 9 using a radial basis function and
kernel coefficient of 0.01. Agglomerative Clustering achieved
its best result (0.604) with £ = 2, particularly with link-
age methods (single, complete, average) and Euclidean or
Manhattan distances. Cosine distance yielded lower scores,
often favoring large k values (above 40), suggesting potential
overfitting. GMM performed best with k& = 3 components
(score: 0.460).

We then assessed model stability by repeating the clus-
tering with multiple random seeds and computing the mean
and standard deviation of internal validation metrics. Table I
summarizes the results. Figures 4 and 5 illustrate the silhouette
scores across configurations.

Silhouette Score for Different Spectral Clustering Parameters
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Fig. 4: Silhouette Score for different Spectral Clustering
hyperparameters.

Silhouette Method - Clustering
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Fig. 5: Silhouette Score for different Agglomerative Clustering
hyperparameters.

GMM Search

Silhouette Score
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Fig. 6: Silhouette Score for different Gaussian Mixture Model
hyperparameters.

The variability observed in the ARI and NMI scores across
different random initializations underscores the limited sta-
bility of the clustering solutions. This analysis was based
on the hyperparameters selected using the Silhouette method,
as shown in Figures 4, 5, and 6. Despite this optimization,
the evaluation metrics indicate a moderate to low clustering
performance. These results suggest that the current dataset
may lack a clearly defined cluster structure, potentially due to
high feature overlap or the absence of intrinsically separable
subgroups (see Table I).

The clustering stability analysis (Figure 7) highlights
clear differences between methods. Agglomerative Clustering
showed perfect consistency across runs, with ARI and NMI
values of 1.0, as expected from its deterministic process.
Spectral Clustering also demonstrated acceptable stability,
with ARI and NMI typically above 0.5, benefiting from its
use of eigenvectors that capture global data structures before
the stochastic clustering step.

In contrast, GMM produced unstable results, with ARI and
NMI frequently below 0.2 and even negative ARI values in
some cases, indicating worse than random agreement. This
instability is likely due to its sensitivity to initialization and
the assumption of Gaussian distributions, which may not hold
when the data are overlapping or deviate from this structure.

V. DISCUSSION

The analysis revealed strong correlations between items
from different developmental domains in the DAUCO test,
indicating overlaps and synergies in early skill acquisition. For
instance, the association between A132 (“Follows classroom
rules”) and C201 (“Identifies the first and last objects in a
row”’) may reflect executive functions underlying both adaptive
and cognitive behaviors [20], [21]. Likewise, the correlation
between A325 (“Controls daytime sphincters”) and L121
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(“Expresses emotions”) points to the interplay between emo-
tional, linguistic, and self-regulation development [22]. Similar
overlaps were observed between cognitive and fine motor
tasks, reinforcing the idea of interconnected developmental
trajectories [20].

Importantly, clustering did not reveal well-separated groups.
This may reflect the inherently continuous and multidimen-
sional nature of normotypical development, rather than a
methodological flaw. In this context, unsupervised models may
better serve to characterize normative patterns than to identify
discrete profiles.

These findings align with developmental theory, suggesting
natural variability across adaptive, cognitive, motor, and socio-
emotional domains. The absence of robust clusters may indi-
cate gradient-based progression rather than latent categories
within this population.

Several limitations must be noted. The analysis was limited
to the 60—71 months group, restricting generalizability. Despite
applying various clustering algorithms and tuning procedures,
internal validity metrics remained modest. Although PCA
aided dimensionality reduction, cluster stability may have been
affected by feature redundancy and the sample’s homogeneity.
Given the exclusively normotypical population, the observed
structure likely reflects continuous developmental variation
rather than discrete profiles. Thus, while unsupervised methods
offer valuable insights, the findings do not support robust or
clinically actionable clusters.

VI. CONCLUSIONS AND FUTURE WORK

This study applied unsupervised learning techniques to neu-
rodevelopmental data from a neurotypical sample of children
aged 60—71 months. PCA was used to reduce dimensionality
and improve data interpretability, while clustering algorithms
aimed to uncover latent developmental patterns. However,
the resulting clusters were neither well-defined nor stable,
likely due to the homogeneous nature of the sample and the
inherently continuous character of early development.

Rather than indicating distinct developmental profiles,
the findings suggest overlapping and interrelated trajectories
across domains. Correlation analyses supported this view,
revealing meaningful associations among adaptive, cognitive,
motor, and language skills.

Future work will expand the dataset to include underrep-
resented age groups and children with diagnosed neurodevel-
opmental disorders, allowing for broader generalization and
exploration of atypical patterns. Refining clustering strategies
and incorporating longitudinal data may also enhance the
characterization of developmental trajectories.

It is important to note that the current study is exploratory
and does not support the use of clustering as a clinical screen-
ing tool. The absence of atypical cases limits the model’s
applicability in diagnostic contexts, but the results offer a
valuable foundation for future efforts to build data-driven
frameworks for developmental assessment.
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