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Abstract: Early care professionals have to use instruments for assessing functional skills in chil-
dren susceptible to early intervention that apply records and produce developmental profiles and
personalized intervention proposals. The aims of the study were (1) to analyze the development
of functional skills in users with an age range of 48–252 months attending school in a therapeutic
intervention center for people with motor impairments; and (2) to analyze the development of func-
tional skills in users with different impairments and ages ranging from 7 to 162 months participating
in an early outpatient care program. Study 1 applied a sample of 50 users aged between 48 and
252 months all with motor disabilities and Study 2 included a sample of 71 users aged between
7 and 162 months with different disabilities. Factorial and descriptive–correlational designs were
applied in both studies. The Student’s t-test for dependent samples, supervised machine learning
techniques (linear regression analysis and logarithmic regression analysis), unsupervised machine
learning techniques (k-means), ANOVA, and cross-tabulations were used as contrast tests. In Study
1, no significant changes were found in the development of users’ functional skills, except for a
decrease in maladaptive behaviors. Likewise, the chronological age variable did not seem to be a
determining factor in the results. In Study 2, significant differences were found in the development
of all functional skills between the three measurement time points (initial–intermediate–final). In this
group, the type of impairment explained 29% and chronological age 40% of the variance in functional
development at the final measurement. This study found that intervention before four years old in
outpatient mode produced better results in the acquisition of functional skills, with better results in
users affected by rare diseases or communication and language delay at ages 49–60 months.

Keywords: early care; educational programs; machine learning; early childhood; early intervention;
second childhood; special education

1. Introduction

Early detection and educational intervention in the first years of life are important
for enhancing primary prevention or secondary prevention of possible impairments to
children’s overall development. As the World Health Organization (WHO) [1] noted, there
is a need for well-tested instruments that include reliability and validity indicators, which
can be used as a reference for this purpose. The WHO [2] also emphasized that it is essential
to ensure early care during the first three years of life, as well as noting the importance
of involving health and education professionals along with families in this process. The
WHO [1,2] also places special emphasis on interdisciplinary care for children with different
conditions. Furthermore, the European Union stresses the importance of early childhood
and second childhood care as part of the rights of children and their families, seeking an
inclusive approach [3].
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This means that the measurement of functional skills is important for children who
suffer from some difficulty in their development. Similarly, monitoring the progression of
therapeutic intervention programs allows us to check how effective they are in different
groups. Measuring functional skills is based on systematic observation and there are many
instruments that currently provide guidelines for such observations, such as the Brunet
Lézine Scale [4], the Battelle Developmental Inventory [5], and the Pediatric Evaluation
Disability Inventory (PEDI) [6]. There are also programs that facilitate therapeutic interven-
tion, such as the original version of the Portage guide [7]. This guide also includes a record
for measuring developmental progress from 0 to 6 years in different developmental areas
(motor development, cognition, language, self-help, and socialization). Along similar lines,
the web application, eEarlyCare combines observational recording in 11 areas of functional
development (food autonomy, personal care and hygiene, independently dresses and un-
dresses, sphincter control, functional mobility, communication and language, resolution of
tasks in social contexts, interactive and symbolic play, daily routines, adaptative behavior,
and attention) with the creation of a personalized development profile and detection of the
most affected functional areas. In addition, eEarlyCare includes a personalized intervention
program for each user based on the profile findings. This program guides the teacher or
therapist on the most accurate personalized therapeutic intervention [8–10].

However, few studies have longitudinally analyzed the effectiveness of therapeutic
intervention programs in different age groups [11]. Carrying out such studies will provide
data on the validity of developmental assessment instruments in different age groups and
with different impairments, providing a forecast of the progression of the intervention
programs applied. This data will give early care professionals important information,
on variables that may be influencing the lifelong development of these groups. This
will foreseeably guide professionals on indicators that would enhance users’ and their
families’ quality of life. These studies include the work by Ridosh et al. [12], applying the
Adolescent/Young Adult Self-Management and Independence Scale -AMIS-II- [13] in users
affected by spina bifida; and Amer et al. [14], performing a validation of the PEDI scale in
the Ugandan population with children aged 10–22.5 months affected by cerebral palsy and
in children with “normalised” development aged 6–90 months. The conclusions are that
this type of study helps professionals in clinical and educational practice to have reference
data for interpreting results and guiding their therapeutic intervention work.

In order to address these challenges, our research includes two longitudinal studies.
The first analyzes the development of functional skills in users with an age range of
48–252 months attending school in a therapeutic intervention center for people with motor
impairments. The second analyzes the development of functional skills in users with
different impairments and ages ranging from 7 to 162 months participating in an early
outpatient care program.

1.1. Study 1
Therapeutic Intervention in Group 1

RQ1. Will there be significant differences in the therapeutic intervention on func-
tional skills between baseline and interim, baseline and endline, and interim and endline
measurements?

RQ2. Will the chronological age variable be related to the results of the therapeutic
intervention in 11 functional areas (values in the final measurement)?

1.2. Study 2
Therapeutic Intervention in Group 2

RQ1. Will there be significant differences in the therapeutic intervention on func-
tional skills between baseline and interim, baseline and endline, and interim and endline
measurements?
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RQ2. Will the chronological age variable be related to the results of the therapeutic
intervention in 11 functional areas (values in the final measurement)?

RQ3. In the final measurement, will it be possible to find groupings without a pre-
assignment variable for the user’s chronological age and type of impairment?

2. Materials and Methods
2.1. Participants
2.1.1. Study 1

Convenience sampling was applied. We worked with a sample of 50 participants
(32 boys and 18 girls) aged between 48 and 252 months who attended school in a specific
care center for people with motor impairments in Castilla y León (Spain). Table 1 shows
a breakdown of the sample by the variables of chronological age and gender. The care
applied a therapeutic intervention model in a specific center. Each intervention involved
three individual sessions per week. During the study, there was one experimental death of
a user.

Table 1. Disaggregation of the sample from Group 1.

Chronological Age Ranges 1 2 3 4 5 Total

Gender a b a b a b a b a b

4 2 6 2 8 6 6 4 8 4 50
Note. Chronological age ranges: 1 = 48–72 months; 2 = 73–120 months; 3 = 121–168 months; 4 = 169–216 months;
5 = 217–252 months; gender: a = male; b = female.

2.1.2. Study 2

Convenience sampling was applied, with an initial sample of 79 users aged 7–162 months.
However, the three measurements were only completed by 71 users (43 male and 28 female;
type of impairment: 1 = motor disability, n = 11; 2 = prematurity, n = 9; 3 = maturational delay,
n = 13; 4 = rare disease, n = 12; 5 = communication and language delay, n = 21; 6 = autistic
spectrum disorder, n = 5). Table 2 shows a disaggregation of the sample by the variables
chronological age range and gender. We worked with users who were cared for using an
outpatient therapeutic intervention model in their homes. Each intervention involved three
individual sessions per week.

Table 2. Disaggregation of the sample from Group 2.

Chronological Age Ranges 1 2 3 4 5 6 7 Total

Gender a b a b a b a b a b a b a b

1 2 1 1 2 2 1 1 1 1 12
2 1 1 2 1 2 2 9
3 1 3 1 1 3 3 2 14
4 2 1 3 1 1 1 2 11
5 1 4 3 11 2 21
6 1 1 1 1 4

Total 3 1 4 5 11 6 18 8 4 3 1 1 3 3 71
Note. Chronological age ranges: 1 = 0–12 months; 2 = 13–24 months; 3 = 25–36 months; 4 = 37–48 months;
5 = 49–60 months; 6 = 61–72 months; 7 = 73–162 months; gender: a = male; b = female.

2.2. Instruments

(a) SFA (Scale for the measurement of functional abilities in children aged 0–6 years
old) [15]. The Scale contains 114 items that are distributed in 11 functional devel-
opment areas (food autonomy, personal care and hygiene, independently dresses
and undresses, sphincter control, functional mobility, communication and language,
resolution of tasks in social contexts, interactive and symbolic play, daily routines,
adaptative behavior, and attention) which in turn are subdivided into sub-areas and
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measured on a Likert type scale from 1 to 5. The SFA was developed with reference to
the “Portage Guide to Early Education” [7], “Scale of psychomotor development of
early childhood (Brunet-Lézine-Revised)” [4], “Battelle Developmental Inventory” [5],
and “The Pediatric Evaluation of Disability Inventory” [6]. This instrument has a
Cronbach’s alpha reliability index of α = 0.98 and an Omega index of Ω = 0.99. Like-
wise, in Study 1 an α = 0.97 and an Ω = 0.99 were found, and in Study 2 an α = 0.98
and an Ω = 0.98 was found. Table 3 presents the areas of functional development, the
acronym, the number of items, and the maximum score.

Table 3. Description of the SFA functional areas and maximum scores.

Areas Acronym Items Maximum Score

1. Food autonomy FA_T 7 items 35
2. Personal care and hygiene PCH_T 16 items 80
3. Independently dress and undresses IDUN_T 15 items 75
4. Sphincter control SC_TT 7 items 35
5. Functional mobility FM_T 30 items 150
6. Communication and language CL_T 10 items 50
7. Resolution of tasks in social contexts RTSC_T 5 items 25
8. Interactive and symbolic play ISP_T 10 items 50
9. Daily life routines DR_T 3 items 15
10. Adaptative behavior * AB_T 9 items 45
11. Attention AT_T 2 items 10

Note: * When applying SFA on a Likert-type scale from 1 to 5 the values in the area of adaptative behavior should
be interpreted in reverse order to the values in the other areas, as 1 will indicate no behavioral problems and
5 will indicate many behavioral problems. Therefore, a lower score indicates a better prognosis and evolution of
the user.

(b) eEarlyCare software v.3 [10]. This is a web application in which the SFA scale is
implemented. This application facilitates obtaining an individualized functional
development profile in the 11 areas of functional development. Likewise, each pro-
file obtained provides personalized intervention proposals in each functional area
adjusted to the needs of each user. An example of both can be seen in Figures 1 and 2.
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2.3. Procedure

Prior to the development of the study, positive reports were obtained from the Bioethics
Committee of the University of Burgos No. IR 09/2020 (work with children and their
families) and No. IO 04/2022 (work with early care professionals). Next, work was carried
out in a care center for people with motor and developmental impairments. Prior to the
start of the study, the families of the users were informed of the objectives and signed
the written informed consent form. Two care programs are implemented in this center,
one aimed at people with motor impairments aged between 48 and 252 months who
attend school. The other program is aimed at children with developmental disabilities
aged between 7 and 162 months. The therapeutic intervention is outpatient at home.
Both interventions were carried out with a frequency of three sessions per week. Prior to
the development of the therapeutic interventions, an initial assessment was carried out
using the SFA [15]. This scale was included in the eEarlyCare web application. Next, a
personalized development profile was obtained for each user, detecting the areas with the
greatest impairment. Subsequently, a personalized therapeutic intervention program for
each user was obtained from the eEarlyCare web application and implemented over a three-
month period. At the end of the quarter, a second measurement of functional development
was carried out and a second profile and a new intervention program proposal were
obtained and implemented during the second quarter. At the end of the second trimester, a
new assessment of functional development was carried out and a third profile and a new
intervention program proposal were obtained. This was implemented during the third
trimester. In summary, the intervention time for functional development lasted 9 months.
Figure 3 shows an outline of the procedure followed.

Educ. Sci. 2024, 14, x FOR PEER REVIEW 6 of 18 
 

 
Figure 3. Procedure followed in this study. 

2.4. Data Analysis 
Before addressing the research questions, the data were examined for normality. For 

normal distributions, given that n = 50 and n = 71, parametric tests would be applied to 
test the hypotheses, otherwise non-parametric tests would be applied. The statistical soft-
ware SPSS v.28 [16] and the data mining software Orange v.3.35.0 [17] were used to per-
form the analyses. 

3. Results 
3.1. Preliminary Analysis 

Before testing the research questions, the sample distribution of the results of the in-
itial measurement in the SFA was examined by calculating values of skewness and kurto-
sis. As Tables 4 and 5 show, no extreme values of skewness or kurtosis were found in any 
of the groups (according to Bandalos and Finney [18], extreme values of skewness are 
considered to be greater than |2| and kurtosis between |8| and |20|). Based on these 
results, parametric statistics were applied to test the RQs in both studies. 

Table 4. Analysis of skewness and kurtosis in Group 1. 

Acronym SFA n Mean SD S SES K SEK 
FAT_T 49 15.15 10.04 0.39 0.34 −0.99 0.67 
PCH_T 49 31.31 19.97 0.55 0.34 −0.42 0.67 
IDUN_T 49 29.20 18.60 1.47 0.34 1.76 0.67 
SC_TT 49 12.80 7.99 0.99 0.34 −0.24 0.67 
FM_T 49 71.37 43.02 −0.06 0.34 −1.12 0.67 
CL_T 49 21.76 15.64 0.84 0.34 0.73 0.67 
RTSC_T 49 10.57 6.09 0.43 0.34 −0.65 0.67 
ISP_T 49 19.77 11.48 0.82 0.34 0.37 0.67 
DR_T 49 5.62 2.95 1.45 0.34 2.45 0.67 
AB_T 49 15.71 8.04 0.09 0.34 0.03 0.67 
AT_T 49 5.03 2.11 −0.07 0.34 −0.46 0.67 
Note: FAT_T = food autonomy; PCH_T = personal care and hygiene; IDUN_T = independently dress 
and undresses; SC_TT = sphincter control; FM_T = functional mobility; CL_T = communication and 

Figure 3. Procedure followed in this study.



Educ. Sci. 2024, 14, 306 6 of 18

2.4. Data Analysis

Before addressing the research questions, the data were examined for normality. For
normal distributions, given that n = 50 and n = 71, parametric tests would be applied to test
the hypotheses, otherwise non-parametric tests would be applied. The statistical software
SPSS v.28 [16] and the data mining software Orange v.3.35.0 [17] were used to perform
the analyses.

3. Results
3.1. Preliminary Analysis

Before testing the research questions, the sample distribution of the results of the initial
measurement in the SFA was examined by calculating values of skewness and kurtosis.
As Tables 4 and 5 show, no extreme values of skewness or kurtosis were found in any
of the groups (according to Bandalos and Finney [18], extreme values of skewness are
considered to be greater than |2| and kurtosis between |8| and |20|). Based on these
results, parametric statistics were applied to test the RQs in both studies.

Table 4. Analysis of skewness and kurtosis in Group 1.

Acronym SFA n Mean SD S SES K SEK

FAT_T 49 15.15 10.04 0.39 0.34 −0.99 0.67
PCH_T 49 31.31 19.97 0.55 0.34 −0.42 0.67
IDUN_T 49 29.20 18.60 1.47 0.34 1.76 0.67
SC_TT 49 12.80 7.99 0.99 0.34 −0.24 0.67
FM_T 49 71.37 43.02 −0.06 0.34 −1.12 0.67
CL_T 49 21.76 15.64 0.84 0.34 0.73 0.67
RTSC_T 49 10.57 6.09 0.43 0.34 −0.65 0.67
ISP_T 49 19.77 11.48 0.82 0.34 0.37 0.67
DR_T 49 5.62 2.95 1.45 0.34 2.45 0.67
AB_T 49 15.71 8.04 0.09 0.34 0.03 0.67
AT_T 49 5.03 2.11 −0.07 0.34 −0.46 0.67

Note: FAT_T = food autonomy; PCH_T = personal care and hygiene; IDUN_T = independently dress and
undresses; SC_TT = sphincter control; FM_T = functional mobility; CL_T = communication and language;
RTSC_T = resolution of tasks in social contexts; ISP_T = interactive and symbolic play; DR_T = daily life routines;
AB_T = adaptative behavior; AT_T = attention.

Table 5. Analysis of skewness and kurtosis in Group 2.

Acronym SFA n Mean SD S SES K SEK

FAT_T 71 22.76 10.02 −0.13 0.29 −1.29 0.56
PCH_T 71 46.06 18.72 0.39 0.29 −1.23 0.56
IDUN_T 71 35.46 17.85 0.86 0.29 −0.40 0.56
SC_TT 71 12.06 8.86 1.82 0.29 1.90 0.56
FM_T 71 107.10 38.00 −0.35 0.29 −0.07 0.56
CL_T 71 29.28 10.59 0.32 0.29 −0.79 0.56
RTSC_T 71 10.34 4.55 1.38 0.29 2.05 0.56
ISP_T 71 29.87 10.70 0.14 0.29 −0.42 0.56
DR_T 71 7.04 3.24 0.73 0.29 −0.20 0.56
AB_T 71 16.72 10.78 1.62 0.29 1.85 0.56
AT_T 71 6.42 2.01 −0.19 0.29 −0.04 0.56

Note: FAT_T = food autonomy; PCH_T = personal care and hygiene; IDUN_T = independently dress and
undresses; SC_TT = sphincter control; FM_T = functional mobility; CL_T = communication and language;
RTSC_T = resolution of tasks in social contexts; ISP_T = interactive and symbolic play; DR_T = daily life routines;
AB_T = adaptative behavior; AT_T = attention.

In addition, Table 6 presents the tests that were applied to test each of the research
questions in Study 1 and Study 2.



Educ. Sci. 2024, 14, 306 7 of 18

Table 6. Tests to test the research questions in the two studies.

Study Research Question Design Variables Contrast Tests

Study 1

RQ1 Factorial 3 × 5

V1 = Measurement of functional
skills in SFA (initial,
intermediate, final).
V2 = Age (1 = 48–72 months;
2 = 73–120 months;
3 = 121–168 months;
4 = 169–216 months;
5 = 217–252 months).

Paired Samples T Test

RQ2 Descriptive correlational
V1 = Age
V2 = functional development in
SFA functional areas.

Linear regression
analysis
Logarithmic regression
analysis

Study 2

RQ1 Factorial design 3 × 7 × 6
V1 = Measurement of functional
skills in SFA (initial,
intermediate, final).

Paired Samples T Test

RQ2 Descriptive correlational

V1 = Measurement of functional
skills in SFA (initial,
intermediate, final).
V2 = Age (1 = 0–12 months;
2 = 13–24 months;
3 = 25–36 months;
4 = 37–48 months;
5 = 49–60 months;
6 = 61–72 months;
7 = 73–162 months).
V3 = Type of impairment:
1 = Motor disability;
2 = Prematurity;
3 = Maturational delay; 4 = Rare
disease; 5 = Communication and
language delay; 6 = Autistic
Spectrum Disorder.

Linear regression
analysis
Logarithmic regression
analysis

RQ3 Descriptive correlational Results in the 11 functional areas
in the final measurement.

k-means and cluster
center ANOVA

3.2. Analysis to Test the RQs
3.2.1. Study 1

Testing RQ1 (Will there be significant differences in the therapeutic intervention on
functional skills between baseline and interim, baseline and endline, and interim and
endline measurements?), no significant differences were found in development in the
functional areas between measures 1 and 2, 1 and 3, and 2 and 3, except in AB_T, which
analyses adaptive behaviors, between measure 1 and measure 3. This difference indicates a
lower incidence of maladaptive behaviors, as higher scores indicate a higher incidence of
maladaptive behaviors, and lower scores indicate a lower incidence or absence of behavioral
disturbances (see Table A1).

To test RQ2 (Will the chronological age variable be related to the results of the therapeu-
tic intervention in 11 functional areas (values in the final measurement)?), a linear regression
analysis was applied to examine whether the chronological age variable predicted develop-
mental outcomes in the functional areas in each measurement (initial, intermediate, and
final). The variance explained by the chronological age variable in the three measurements
was 25%, 22%, and 28%, respectively, and not significant in each case (see Table 7).
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Table 7. Multiple correlation coefficient and significance with respect to the chronological age variable
in the prediction of functional development in the three measurements (initial, intermediate, and
final) in Group 1.

Measurement R2 df1 df2 F p

1 (Initial) 0.25 11 37 1.15 0.36
2 (Intermediate) 0.22 11 37 0.95 0.50
3 (Final) 0.28 11 37 1.28 0.27

3.2.2. Study 2

In Study 2, testing RQ1 (Will there be significant differences in the therapeutic in-
tervention on functional skills between baseline and interim, baseline and endline, and
interim and endline measurements?), there were significant differences between measure-
ments 1 and 2 in all functional areas except FM_T, with the second measurement indicating
improvement. Significant differences were also found between measurements 1 and 3
in all functional areas and between measurements 2 and 3 in all functional abilities. It is
important to note that in functional area AB_T, the first measure was higher in all cases,
which is a positive result, as it indicates that disruptive behaviors decreased at measure-
ment 2 and measurement 3 compared to measurement 1 (a lower score indicates that
disruptive behaviors do not occur) (see Table A2). Linear regression analysis was applied to
address RQ2 (Will the chronological age variable be related to the results of the therapeutic
intervention in 11 functional areas (values in the final measurement)?) and check whether
the variable “chronological age” predicted developmental outcomes in the functional areas
at each time of measurement (initial, intermediate, and final). The variance explained in
the three measurements was 32%, 32%, and 40%, respectively, and in all cases, these values
were significant, with the final measurement being higher (see Table 8).

Table 8. Multiple correlation coefficient and significance with respect to the chronological age variable
in the prediction of functional development in the three measurements (initial, intermediate, and
final) in Group 2.

Measurement R2 df1 df2 F p

1 (Initial) 0.32 11 59 2.57 0.01 *
2 (Intermediate) 0.32 11 58 2.48 0.01 *
3 (Final) 0.40 11 59 3.50 0.001 *

* p < 0.05.

In addition, as the participants in Study 2 had more than one impairment, a linear
regression analysis was performed to determine whether the variable “type of impairment”
predicted developmental outcomes in the functional areas at each measurement. The
variance explained by the variable “type of impairment” at the three measurements was,
20%, 27%, and 29%, respectively, and was only significant in the last measurement (see
Table 9).

Table 9. Multiple correlation coefficient and significance with respect to the type of impairment
variable in the prediction of functional development at the three measurements (initial, intermediate,
and final) in Group 2.

Measurement R2 df1 df2 F p

1 (Initial) 0.20 11 59 1.40 0.21
2 (Intermediate) 0.27 11 58 1.96 0.05
3 (Final) 0.29 11 59 2.22 0.02 *

* p < 0.05.
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As the regression analysis was significant in the final measurement, a logarithmic
regression analysis was performed on the SFA results for the two independent variables
“chronological age” and “type of impairment”. In both cases, no significant differences
were found (F = 0.05, p = 0.83; F = 0.23, p = 0.63). However, as Figure 4 shows, there are
distinct logarithmic trends in FAT_T, CL_T, ISP_T, and AT_T.

To test RQ3 (In the final measurement, will it be possible to find groupings without
a pre-assignment variable for the user’s chronological age and type of impairment?), a
cluster analysis was carried out using the k-means algorithm on the data from the third
measurement. Three clusters were found, and significant differences were found in the
ANOVA between them in all functional skills except AB_T_3 (see Table 10). Next, a
cross-tabulation was performed between the assignment cluster and the chronological age
interval variable (see Table 11). A third (33.8%) of the users belonged to cluster 1 and 50.7%
to cluster 3. These clusters had the highest scores in the areas of functional development.
In cluster 1, 29.2% of the assigned users were in age range 3 (ages 25–36 months) and
in cluster 3, 44.4% of the users were in age range 5 (ages 49–60 months) (see Table 10).
The contingency index was C = 0.48, p = 0.2. Finally, a cross-tabulation was performed
between each user’s assigned cluster and the type of impairment. In cluster 1, 45.8% of the
assigned users belonged to condition 4 (rare disease), whereas in cluster 3, 36.1% of assigned
users belonged to condition 4 (rare disease) and 36.1% to condition 5 (communication and
language delay) (see Table 12), a contingency index of C = 0.47, p = 0.08 was calculated.
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Table 10. Final cluster centers and ANOVA.

Acronym SFA

Cluster df F p

1
n = 24

2
n = 11

3
n = 36

FAT_T_3 26 13 35 (2,68) 96.835 0.000 *
PCH_T_3 43 31 70 (2,68) 123.769 0.000 *
IDUN_T_3 34 23 63 (2,68) 130.086 0.000 *
SC_TT_3 8 8 26 (2,68) 86.289 0.000 *
FM_T_3 118 58 139 (2,68) 255.873 0.000 *
CL_T_3 32 27 43 (2,68) 26.949 0.000 *
RTSC_T 10 8 17 (2,68) 40.203 0.000 *
ISP_T_3 35 24 42 (2,68) 27.122 0.000 *
DR_T_3 8 5 11 (2,68) 20.139 0.000 *
AB_T_3 12 12 12 (2,68) 0.051 0.951
AT_T_3 8 7 8 (2,68) 6.241 0.003 *

* p < 0.05; Note: FAT_T = food autonomy; PCH_T = personal care and hygiene; IDUN_T = independently dress
and undresses; SC_TT = sphincter control; FM_T = functional mobility; CL_T = communication and language;
RTSC_T = resolution of tasks in social contexts; ISP_T = interactive and symbolic play; DR_T = daily life routines;
AB_T = adaptative behavior; AT_T = attention.

Table 11. Cross-tabulation between the assigned cluster and the chronological age interval variable.

Chronological
Age Ranges

Cluster Number of Case

Total1
n = 24

%
33.8

2
n = 11

%
15.5

3
n = 36

%
50.7

1 0 0 2 18.2 2 5.6 4
2 6 25 2 18.2 1 2.8 9
3 3 12.5 1 9.1 13 36.1 17
4 11 45.8 2 18.2 13 36.1 26
5 1 4.2 2 18.2 3 8.3 6
6 1 4.2 0 0 1 2.8 2
7 2 8.3 2 18.2 3 8.3 7

Note. Chronological age ranges: 1 = 0–12 months; 2 = 13–24 months; 3 = 25–36 months; 4 = 37–48 months;
5 = 49–60 months; 6 = 61–72 months; 7 = 73–162 months.

Table 12. Cross-tabulation between the assigned cluster and the type of impairment.

Type of
Impairment

Cluster Number of Case

Total1
n = 24

%
33.8

2
n = 11

%
15.5

3
n = 36

%
50.7

1 4 16.7 4 36.4 3 8.3 11
2 4 16.7 0 0 5 13.9 9
3 7 29.2 1 9.1 5 13.9 13
4 3 12.5 5 45.5 4 11.1 12
5 4 16.7 1 9.1 16 44.4 21
6 2 8.3 0 0 3 8.3 5

Note: Type of impairment: 1 = motor disability; 2 = prematurity; 3 = maturational delay; 4 = rare disease;
5 = communication and language delay; 6 = autistic spectrum disorder.

Figure 5 shows the distribution of clusters with respect to functional ability scores on
the variables chronological age and type of impairment in Group 2.
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4. Discussion

With respect to the schooled participants aged between 48 and 252 months of chrono-
logical age, all of them were diagnosed with motor impairments, and no significant
changes were detected between assessment initial–intermediate (1–2), initial–final (1–3)
and intermediate–final (2–3), except for an improvement in skills related to the reduction
in adaptive behaviors. Likewise, chronological age in this group did not prove to be a
significant variable in explaining the variance in the development of functional skills.

For participants who received outpatient care at home aged 7–162 months and with dif-
ferent impairments, significant differences in functional development were found between
measurement initial–intermediate (1–2) and between measurement initial–final (1–3), and
between measurement intermediate–final (2–3). In this case, the variable “chronological
age” explained 32% of the variance in the development of functional skills in measure-
ment 1 and measurement 2 and 40% in measurement 3. Likewise, the variable “type of
impairment” explained 29% of the variance in functional development in measurement 3.
Also, the “type of impairment” seems to be related to a better prognosis of the therapeutic
intervention in rare diseases and communication and language delay impairments.

In summary, early detection of various early childhood impairments is essential to
initiate therapeutic intervention programs as early as possible [1]. This study has found
that the results of therapeutic intervention vary depending on the age of onset. In addition,
the development of outpatient intervention programs has been shown to be very useful.
In this intervention model, significant differences were found between all measurements
taken on a quarterly basis. Therefore, it can be concluded that longitudinal monitoring
of development at early ages provides relevant information on the evolution of users
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with different impairments. In this study, differences were specifically found in impair-
ments related to users with rare diseases (in this study we worked with users affected by
Coffin–Siris, Prader–Willi, LAMA II, West, Beuren, Mucopolysaccharidosis, Encephalopa-
thy, Schaaf–Yang, and KBG) or communication and language delay. It seems therefore that
the personalization of the intervention through the use of web applications that facilitate
registration and learning analytics in real time has an important weight for the monitoring
that therapists carry out of the development as well as in the personalized proposal of
therapeutic intervention programs [8–10]. This makes it easier for the intervention to be as
personalized as possible, which increases the effectiveness of the treatment, especially at
ages 0–60 months. It is also important to note that this type of longitudinal study provides
a large volume of data. This functionality makes it easier to find reliability and validity
indicators for the instruments applied and also to be able to use supervised (prediction)
and unsupervised (clustering) machine learning techniques. These techniques enhance the
precision of therapeutic intervention programs. All of this is expected to help improve the
quality of life of users and families [11,12,14].

Limitations and Future Lines of Research

The limitations of this study are related to the choice of the sample, convenience
sampling was applied, and we worked with users from a specific center. However, con-
ducting longitudinal studies is complex, and obtaining large samples in different settings
and locations is an added difficulty. Therefore, although the results of this work are not
generalizable, they can provide guidance to early care researchers with respect to the
web-based tools used, such as machine learning techniques. The use of these techniques
helps to improve the accuracy of diagnosis and intervention at early ages. However, future
work will expand on the diversity of the sample’s origin. It will also address whether there
are significant differences between the improvement of functional development in users
with different types of rare diseases. The scope of the work is limited to an educational
center in Spain. In future studies, the inclusion of other centers will be considered in order
to reinforce and improve the results and conclusions obtained.

5. Conclusions

The use of the web applications such as eEarlyCare has been shown to be a promising
tool for recording functional development and obtaining personalized educational interven-
tion programs and profiles. The development of such tools that include a learning analytics
system facilitates real-time data analysis and is very useful for early-care professionals.
Furthermore, the use of supervised and unsupervised learning techniques in data analysis
provides the practitioner with predictive and grouping data. All these advantages are
expected to increase the accuracy of intervention by professionals and the quality of life of
affected children and their families.

In sum, the development of computer applications containing real-time data analysis
systems that are easy to use for special education and early childhood professionals needs
to be promoted by those in charge of educational administrations. The inclusion of techno-
logical advances and artificial intelligence in the field of special education is essential for its
progress in the 21st century. Further research in this line of work is also needed.

6. Patents

The web application “eEarly Care Therapeutic Intervention Program” is registered in
the General Intellectual Property Registry (Registro General de la Propiedad Intelectual)
in the Spanish Ministry of Culture and Sports, Number NºR 00/2021/1174. Exploitation
rights are held by the University of Burgos. The application can be used under a license
agreement with the University of Burgos.
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Appendix A

Table A1. t-tests for differences in means for related samples between the three measurements in Group 1.

Functional
Areas

M 1
M (SD)

M 2
M (SD)

M 3
M (SD) t1–2 p1–2 d1–2

Hedges
Correction

t1–3 p1–3 d1–3
Hedges

Correction
t2–3 p2–3 d2–3

Hedges
Correction

n = 49 n = 49 n = 49

FA_T 15.15
(10.04)

15.98
(11.20)

16.33
(10.12) −0.44 0.33 13.30 13.41 −1.43 0.08 5.79 5.84 −0.19 0.43 13.29 13.39

PCH_T 31.31
(19.96)

29.05
(18.47)

30.51
(19.97) 0.79 0.22 20.02 20.18 0.41 0.35 14.10 14.17 −0.52 0.30 19.80 19.96

IDUN_T 29.20
(18.47)

27.33
(14.94)

27.26
(17.16) 0.70 0.24 18.59 18.74 1.29 0.10 10.44 10.63 0.02 0.49 19.25 19.40

SC_TT 12.80 (7.99) 20.78
(11.40) 11.80 (7.88) −4.11 0.001 * 13.60 13.71 1.10 0.14 6.35 6.40 0.65 0.26 9.39 9.46

FM_T 71.37
(43.02)

66.00
(36.17)

66.67
(40.79) 0.79 0.22 47.78 48.15 0.80 0.22 41.61 41.94 −0.12 0.45 40.11 40.43

CL_T 21.76
(15.63)

23.55
(14.75)

24.20
(14.77) −0.78 0.22 16.10 16.22 −1.15 0.13 14.87 14.99 −0.32 0.38 14.62 14.74

RTSC_T 10.57 (6.10) 11.04 (6.05) 10.86 (5.86) −0.51 0.31 6.58 6.63 −0.96 0.17 2.17 2.18 −7.01 0.001 * 10.56 10.64

ISP_T 19.77
(11.48)

20.78
(11.40)

21.61
(10.73) −0.48 0.32 14.92 15.03 −1.16 0.13 11.08 11.17 −0.53 0.30 10.95 11.05

DR_T 5.62 (2.95) 5.29 (2.40) 5.97 (2.92) 0.63 0.27 3.70 3.73 −1.11 0.14 2.23 2.24 −1.27 0.11 3.79 3.82
AB_T 15.71 (8.04) 14.97 (8.16) 13.09 (7.85) 0.48 0.32 10.81 10.89 2.54 0.007 * 7.24 7.30 1.21 0.12 10.89 10.97
AT_T 5.03 (2.11) 5.22 (1.92) 5.23 (1.80) −0.53 0.30 2.49 2.51 −0.67 0.25 2.10 2.11 −0.04 0.49 2.23 2.25

Note. * p < 0.05; M 1 = measurement 1; M 2 = measurement 2; M 3 = measurement 3; FA_T = food autonomy; PCH_T = personal care and hygiene; IDUN_T = independently dress and
undresses; SC_TT = sphincter control; FM_T = functional mobility; CL_T = communication and language; RTSC_T = resolution of tasks in social contexts; ISP_T = interactive and
symbolic play; DR_T = daily routines; AB_T = adaptative behavior; AT_T = attention; M = mean; SD = standard deviation; d = Cohen’s d (>0.20 no effect, 0.21–0.49 small effect, 0.50–0.70
medium effect, <0.70 large effect).
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Table A2. t-tests for differences in means for related samples between the three measurements in Group 2.

Functional
Areas

M 1 M 2 M 3
t1–2 p1–2 d1–2

Hedges
Correction

t1–3 p1–3 d1–3
Hedges

Correction
t2–3 p2–3 d2–3

Hedges
CorrectionM (SD)

n = 71
M (SD)
n = 71

M (SD)
n = 71

FA_T 22.59 (9.98) 24.59 (9.41) 28.24 (8.78) −2.96 0.002 * 5.65 5.68 −7.10 0.001 * 6.50 6.54 −5.86 0.001 * 5.08 5.11

PCH_T 46.06
(18.72)

50.46
(19.32)

54.69
(18.12) −4.28 0.001 * 8.67 8.72 −6.63 0.001 * 10.98 11.04 −4.71 0.001 * 7.56 7.60

IDUN_T 35.46
(17.85)

40.96
(18.39)

46.82
(18.82) −5.23 0.001 * 8.86 8.90 −9.01 0.001 * 10.61 10.67 −5.75 0.001 * 8.59 8.64

SC_TT 12.06 (8.86) 13.66 (9.48) 17.06
(10.87) −2.95 0.002 * 4.58 4.61 −6.10 0.001 * 7.09 7.13 −4.64 0.001 * 6.39 6.43

FM_T 107.10
(38.00)

109.49
(32.49)

119.04
(29.66) −1.12 0.13 17.99 18.09 −4.80 0.001 * 20.97 21.08 −5.61 0.001 * 14.35 14.42

CL_T 29.28
(10.59)

32.04
(10.62) 36.55 (9.94) −4.36 0.001 * 5.33 5.36 −8.84 0.001 * 6.92 6.96 −6.82 0.001 * 5.57 5.60

RTSC_T 10.34 (4.60) 11.39 (4.90) 13.06 (5.27) −3.10 0.002 * 2.90 2.92 −6.81 0.001 * 3.36 3.38 −4.80 0.001 * 2.92 2.93

ISP_T 29.87
(10.70) 34.86 (9.30) 36.83 (9.75) −5.37 0.001 * 7.83 7.87 −7.60 0.001 * 7.72 7.76 −2.67 0.005 * 6.22 6.26

DR_T 7.04 (3.24) 8.21 (3.03) 8.97 (3.19) −4.37 0.001 * 2.26 2.27 −7.85 0.001 * 2.07 2.08 −3.05 0.002 * 2.10 2.11

AB_T 16.72
(10.80) 13.17 (5.40) 12.03 (5.19) 2.76 0.004 * 10.84 10.90 3.77 0.001 * 10.48 10.54 4.72 0.001 * 2.04 2.05

AT_T 6.42 (2.01) 6.92 (1.53) 7.90 (1.50) −2.47 0.008 * 1.68 1.69 −8.05 0.001 * 1.55 1.56 −6.85 0.001 * 1.21 1.22

Note. * p < 0.05; M 1 = measurement 1; M 2 = measurement 2; M 3 = measurement 3; FA_T = food autonomy; PCH_T = personal care and hygiene; IDUN_T = independently dress and
undresses; SC_TT = sphincter control; FM_T = functional mobility; CL_T = communication and language; RTSC_T = resolution of tasks in social contexts; ISP_T = interactive and
symbolic play; DR_T = daily routines; AB_T = adaptative behavior; AT_T = attention; M = mean; SD = standard deviation; d = Cohen’s d (>0.20 no effect value, 0.21–0.49 small effect
value, 0.50–0.70 medium effect value, <0.70 large effect value).
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