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Abstract: Introduction: Specific Learning Disorder (SLD) is a neurodevelopmental disorder charac-
terized by difficulties in perceiving and processing verbal and non-verbal information. It is usually
accompanied by impaired academic skills leading to school dropout and emotional disturbances,
resulting in significant distress and behavioral problems. Methods: A cognitive, academic, and
emotional-behavioral assessment was performed at TO and T1 in children and adolescents with SLD.
Participants received psychotherapy and speech therapy treatment from TO to T1. Results: In SLD,
the most compromised cognitive functions were working memory and writing skills. An impact
on academic abilities was found. Children and adolescents with SLD experience greater anxiety
and depression levels compared to their control peers. Conclusions: SLD may adversely influence
psychological well-being. To counteract such a consequence, more specific cognitive and academic
skill-oriented strategies should be taken into consideration.

Keywords: specific learning disorder; SLD; cognitive profile; working memory; literacy skills;
behavior impairment

1. Introduction

Specific Learning Disorder (SLD) affects a consistent percentage of school-aged chil-
dren. It is estimated that 5-15% of school-age children across different languages and
cultures have an SLD [1]. SLDs are neurobiologically determined by an interaction of
genetic and environmental factors [2], reducing the ability of the brain to efficiently and
accurately perceive or process verbal or non-verbal information. SLD cannot be explained
by factors such as intellectual disabilities, vision deficits, hearing impairments, other mental
or neurological disorders, adverse psychosocial circumstances, insufficient proficiency in
the language, or inadequate educational methods and cannot be attributed to emotional
disturbances, cultural differences, or disadvantages [3,4].

According to the fifth edition of the Diagnostic and Statistical Manual of Mental Disor-
ders (DSM-5) [1], SLD is characterized by the following diagnostic criteria: difficulties in
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learning and academic skills, as indicated by the presence of at least one of the following
symptoms, that have persisted for at least 6 months despite the provision of interventions
targeting those difficulties: (1) inaccurate or slow and effortful word reading; (2) diffi-
culty in the comprehension of the meaning of what is read; (3) difficulties with spelling;
(4) difficulties with written expression; (5) difficulties mastering number sense, number
facts, or calculation; (6) difficulties with mathematical reasoning.

Specific impairments included in SLDs are the following:

(1) Impairment in reading: This includes difficulties in word reading accuracy, reading
rate or fluency, and reading comprehension. The term “dyslexia” is used to describe
a pattern of learning difficulties where individuals struggle with accurate or fluent
word recognition, have poor decoding and spelling abilities but exhibit normal IQ,
receive appropriate teaching and environmental support, do not have sensory deficits,
and show relative resistance to treatment [5,6].

(2) Impairment in written expression: SLDs related to impaired written expression are
categorized into two groups: one involving difficulties with spelling accuracy, punc-
tuation accuracy, and grammar accuracy, and the other involving difficulties with
organization or clarity of written expression [7]. The term “dysgraphia” is used to
describe a pattern of difficulties where individuals exhibit distorted writing despite
receiving thorough instruction.

(3) Impairment in mathematics: This encompasses difficulties in number sense, memo-
rization of arithmetic facts, accurate or fluent calculation, and mathematical reasoning.
The term “dyscalculia” is used to describe a pattern of difficulties characterized by
deficits in processing numerical information, learning arithmetic facts, and performing
accurate or fluent calculations.

Although the majority of SLDs occur in the reading domain, children diagnosed with
this disorder can underperform in writing and mathematics as well [8]. The comorbidity
between the SLD domains is frequent, especially between reading and math. The affected
academic skills are substantially and quantifiably below those expected for the individual’s
chronological age and they lead to significant impairment in academic or occupational
performance and daily life activities. Moreover, a link between SLD and emotional problems
has been repeatedly reported in psychological literature. According to recent studies,
children with SLD experience significantly more emotional distress in comparison to
their peers without it [9-17]. Furthermore, children with SLD have higher rates of school
dropout and lower college attendance than those without SLD [18,19]; School dropout and
co-occurring depressive symptoms result in an increased risk for mental health outcomes,
including suicidality. Challenges arise during the period of school-age development,
although they may not become fully apparent until the demands placed on individuals
with affected academic skills surpass their capacities. SLD can also have implications
for adult life, potentially leading to detrimental effects on both physical and mental well-
being [20].

The present study aims to investigate the profile of children and adolescents with
SLD. Specifically, the study seeks to determine whether children and adolescents with
SLD associated with behavioral symptoms exhibit significantly different characteristics
compared to children with a typical SLD profile, thus representing a distinct profile. The
study also intends to investigate correlations between cognitive and behavioral measures in
both profiles. Furthermore, the study aims to identify the skills that are most significantly
compromised during the initial evaluation (T0) and measure the potential improvement
of these impairments following treatment. Differences between children and adolescents
due to gender are tested as well. On the basis of these analyses, the study aims to suggest
effective strategies for prevention and intervention in SLD.
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2. Methods
2.1. Participants

Participants in the study were recruited at the “Fondazione Policlinico A. Gemelli”.
It is based in Rome and serves as a specialized center in Italy for diagnosing SLD. In
this institution, children and adolescents presenting with potential learning disorders
undergo a thorough assessment involving comprehensive evaluations of cognitive abilities,
specific learning skills, and emotional-behavioral functioning, following the guidelines
outlined by the World Health Organization (WHO). These assessments aim to provide a
comprehensive understanding of the learning difficulties, enabling the development of
tailored interventions and support strategies to address their unique needs [21].

A total of 2.500 children and adolescents were evaluated for this prospective study
from 2016 to 2020. Only 191 children met the inclusion criteria, which were the following:
(1) children and adolescents diagnosed with SLD; (2) primary school age at first evaluation
(TO) = 8 £ 2 years; (3) follow-up (T1) after at least 3 years from TO; (4) absence of cognitive
impairment (IQ > 85) and associated neuropsychiatric disorders or additional neurosen-
sory deficits (hearing or vision problems). The final sample consisted of 108 males and
83 females, 144 children, and 47 adolescents. The mean age of the sample was 10.4 years.

At the initial assessment (T0), a comprehensive evaluation was conducted, encom-
passing cognitive, academic, emotional, and behavioral aspects (see Procedure). Based
on the assessment results, the sample was divided into two groups: One group com-
prised children with a typical SLD profile (N = 103), while the other group consisted of
children exhibiting atypical SLD with emotional-behavioral impairments (N = 88). Subse-
quently, all participants underwent a follow-up assessment (T1) after a minimum interval of
3 years from TO. During this period, children and adolescents received psychotherapy and
speech therapy interventions. Both groups were subject to the same assessment protocol
at T1, allowing for the evaluation of any changes or progress over time. Psychotherapy
and speech therapy were determined according to the patient’s needs. Psychotherapy
was conducted by agreeing with the families on the objectives to improve emotional and
behavioral aspects. Speech therapy was carried out with tailored approaches defined on
the basis of the patient’s needs, with particular attention to the implementation of working
memory and processing capacity.

2.2. Procedure

The cognitive profile was assessed using the Wechsler Intelligence Scale, fourth edition
(WISC-1V) [22]. WISC-IV was used to estimate general intellectual functioning (IQ) and
provide information on specific aspects of cognitive functioning. The scale is divided into
ten subtests that contribute to a full-scale IQ (FIQ). A total of four composite scores can be
obtained from the 10 subtests: Verbal Comprehension Index (VCI), an overall measure of
verbal concept formation; Visuospatial Index (VSI), a measure of visuoperceptual organi-
zation and non-verbal reasoning; Working Memory Index (WMI), a measure of memory
span and freedom from distractibility; Processing Speed Index (PSI), a measure of fast
visuomotor integration and learning [23].

To evaluate academic skills, the following tests were administered:

- MT-2 reading battery, a standardized set of tests assessing speed and accuracy in
reading and text comprehension abilities [24,25];

- BVSCO-2, a standardized test assessing writing skills, more specifically orthographic
competence [26];

- AC-MT 6-11, an arithmetic standardized test assessing calculation skills and mathe-
matical reasoning [27].

To assess behavioral and emotional impairments, the Child Behavior Checklist (CBCL)
618 was utilized. The CBCL is a structured rating scale completed by caregivers (typically
parents) to evaluate their child’s social and emotional difficulties within the past 6 months
or at the current time. It comprises 113 items that pertain to behavioral and emotional
problems. Parents rate each item using a response set of 0 (not true), 1 (sometimes true),
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or 2 (very true). The scale is designed for children and adolescents between the ages of
6 and 18 years. The CBCL yields various scores, including a total score. Factor analytic
studies have identified two broad-band factors known as internalizing and externalizing.
Furthermore, there are eight narrow-band syndrome scales: anxious/depressed, with-
drawn/depressed, somatic complaints (these three scales contribute to the internalizing
factor), social problems, thought problems, attention problems, rule-breaking behavior, and
aggressive behavior (the latter two scales contribute to the externalizing factor) [28-30].
To define a behavioral /emotional impairment, cutoff scores were considered for the three
scales (internalizing, externalizing, and total) and individual subscales.

Both at TO and T1, participants underwent various assessments during two sessions
at Fondazione Policlinico Gemelli. In the first session, WISC-IV was administered, and a
parent was requested to complete CBCL. In the second session, tests were administered to
explore reading and writing abilities, text comprehension, and mathematical calculation
skills.

3. Results
3.1. Descriptive Data
3.1.1. Total Sample at TO

Analyses conducted on the total sample (children + adolescents with typical SLD and
children + adolescents with atypical SLD) about cognitive evaluation at TO showed that
12% (24/191) of the participants had an impairment (borderline or below average scores)
in VCI, 14% (28/191) in VSI, 52% (101/191) in WMI, and 37% (71/191) in PSL

Analysis of the total sample academic skills at TO revealed that 81% of the participants
(156/191) showed an impairment in writing accuracy, 56% (108/191) in reading accuracy,
50% (96/191) in text comprehension, 53% (103/191) in reading speed, 41% (79/191 in
calculation, and 38% (74/191) in number comprehension.

Regarding the behavioral and emotional evaluation of the total sample at TO, the
analysis indicated that 52% (100/191) showed an impairment condition on the internalizing
scale (anxious/depression and withdrawn/depressed are the most compromised scales),
40% (77 /191), 24% (47 /191) in externalizing scale, and 40% (77/191) in the total problems
scale.

3.1.2. Typical SLD Sample at TO

SLD typical sample’s cognitive assessment at TO showed that 13% (14/103) had an
impairment (borderline or below average scores) in VCI, 16% (17/103) in PSI, 56% (58/103)
in WMI, and 36% (37/103) in PSI.

The analysis of the academic performance of the typical sample at TO resulted in 83%
(86/103) showing impairment in writing accuracy, 39% (40/103) in reading accuracy, 63%
(65/103) in text comprehension, 60% (62/103) in reading speed, 47% (48/103) in calculation,
and 32% (33/103) in math reasoning.

As regards the emotional and behavioral evaluation of the typical SLD sample at TO,
16% (17/103) presented an impairment in the internalizing scale, 4% (4/103) an impairment
in the externalizing scale, and 5% (5/103) an impaired condition in the total problems scale.

3.1.3. Atypical SLD Sample at TO

On analyzing the SLD atypical sample’s cognitive evaluation at T0, it was observed
that 12% (10/86) exhibited an impairment (borderline or below average scores) in VCI, 13%
(11/86) in VSI, 49% (42/86) in WMI, and 39% (34/86) in PSL.

Academic performance analysis at TO revealed 79% (68/86) having an impairment
in spelling accuracy, 44% (38/86) in reading accuracy, 51% (44/86) in text comprehension,
48% (41/86) in reading speed, 55% (47/86) in calculation skill, and 44% (38/86) in number
comprehension.

Analyzing SLD atypical sample’s emotional and behavioral evaluation at T0, it was
found that 94% (81/86) showed impairment on the internalizing scale, 49% (42/86) on the



Children 2023, 10, 1356 5o0f 14

externalizing scale, and 81% (70/86) on the total problems scale. Two children were not
included in the samples since they presented several other comorbidities.

3.1.4. Comparison of the Two Samples at TO

From the comparison of the cognitive evaluation at T0O between the SLD typical and

SLD atypical samples, no differences between specific aspects of cognitive functioning
(VCI, VSI, WML, and PSI) were observed (Figure 1).

Cognitive evaluation at TO
105.

98. /
91. /

84.

77.

WISC-IV VCI VSI WMI PSI
S| D SLD with emotional and behavioral disorder

Figure 1. Cognitive evaluation at T0.

Comparing the academic skills between the SLD typical and the SLD atypical sample
at TO (Figure 2), a difference was detected, with SLD typical children and adolescents
showing a greater impairment in writing accuracy, text comprehension, and reading speed;
SLD atypical children and adolescents showed increased difficulties in reading accuracy
and number comprehension.

Academic achievement at TO

113

90

68

45

23

MT speed MT accuracy MT comprehension  BVSCO writing AC-MT calculation AC-MT math
accuracy reasoning
eS| D SLD with emotional and behavioral disorder

Figure 2. Academic achievement at T0.

CBCL scores at TO were higher in children and adolescents with atypical SLD com-
pared to those characterized by typical SLD, indicating a more compromised profile regard-
ing emotional and behavioral components (Figure 3).
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Figure 3. Emotional and behavioral evaluation at TO.

3.1.5. Total Sample at T1

Total sample’s (both children and adolescents with typical and atypical SLD profiles)
cognitive evaluation at T1 revealed that 13% (24/191) showed an impairment (borderline or
below average scores) in VCI, 12% (23/191) in VSI, 47% (91/191) in WMI, and 32% (62/191)
in PSL

Academic performance analysis at T1 resulted in 73% (140/191) with impaired writing
accuracy, 33% (64/191) impaired reading accuracy, 54% (104/191) impaired text compre-
hension, 53% (103/191) impaired reading speed, 56% (107/191) impaired calculation, and
40% (78/191) impaired math reasoning.

Regarding the total sample’s emotional and behavioral evaluation at T1, 52% (101/191)
displayed problems on the Internalizing Scale, while an impairment in the externalizing
scale was found in 18% (35/191) of the sample (attention problems and thought problems
were the most compromised scales), and 37% (71/191) showed lower scores at the total
problems scale.

3.1.6. Typical SLD Sample at T1

Cognitive performance assessment in the typical SLD sample at T1 suggested 13%
(14/103) presenting an impairment (borderline or below average scores) in VCI, 12% (10/86)
in VSI, 49% (51/103) in WMI, and 36% (37/103) in PSL.

Regarding academic skills evaluation at T1 in this group, the analysis suggested
that 76% (78/103) exhibited an impairment in writing accuracy, 30% (31/103) in reading
accuracy, 52% (54/103) in text comprehension, 54% (56/103) in reading speed, 52% (54/103)
in calculation, and 38% (39/103) in math reasoning.

Disordered emotional and behavioral components at T1 were observed in 17% (18/103)
of the internalizing scale, while impairment in the externalizing scale was found in 1%
(1/103) of the typical sample and 4% (4/103) for the total problems scale.

3.1.7. Atypical SLD Sample at T1

The SLD atypical sample’s cognitive performance analysis was performed at T1, with
12% (10/86) showing an impairment (borderline or below average scores) in VCI, 13%
(11/86) in VSI, 42% (36/86) in WMI, and 12% (10/86) in VCI.

Data obtained from the academic skills evaluation in this sample also demonstrated
that 64% (55/86) featured problems in writing accuracy, 34% (29/86) in reading accu-
racy, 46% (40/86) in reading speed, 50% (43/86) in text comprehension, 55% (47/86) in
calculation, and 41% (35/86) in math reasoning.

CBCL scores at T1 in this sample suggested disturbances in emotional and behavioral
components for 89% (77/86) on the internalizing scale, 39% (34/86) on the externalizing
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scale, and 71% (61/86) on the total problems scale. Two children were not included in the
samples because they had an atypical profile.

3.1.8. Comparison of the Two Samples at T1

From the comparison of the cognitive evaluation at T1 between the typical and atypical
SLD samples (Figure 4), no significant difference between specific aspects of cognitive
functioning (VCIL, VSI, WMI, and PSI) was found.

Cognitive evaluation at T1

105.
98.
91.
84.
77.
WISC-IV val VS WM PSI
e SLD === S| D with emotional and behavioral disorder
Figure 4. Cognitive evaluation at T1.
By comparing the academic abilities assessment at T1 between the two groups
(Figure 5), a difference was found, with children and adolescents with a typical SLD profile
showing greater impairment in writing accuracy, reading speed, text comprehension, and
calculation compared to the atypical SLD sample, whose abilities were less compromised.
Academic achievement at T1
100
80
60
20
0
MT speed MT accuracy MT comprehension BVSCO AC-MT calculation AC-MT math
reasoning
e S| D e SLD with emotional and behavioral disorder

Figure 5. Academic achievement at T1.

By contrast, based on CBCL score comparisons, children and adolescents characterized
by an atypical SLD pattern showed more impaired emotional and behavioral aspects
compared to the typical SLD group. The percentages of impaired cognitive, academic, and
emotional-behavioral skills at T0 and T1 for both groups are presented in Table 1.
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Table 1. Percentage of impairment pre-treatment (T0) and post-treatment (T1) in cognitive and
academic skills and emotional-behavioral aspects in typical and atypical samples.

Test Typical SLD SLD + Behavioral/Emotional Impairments
T0 T1 TO T1
Cognitive measures
WISC-IV

VCI 13% 12% 12% 12%
VSI 16% 13% 13% 13%
WMI 56% 49% 49% 42%
PSI 36% 36% 39% 27%

MT-2, BVSCO-2,

AC-MT
Writing accuracy 83% 76% 79% 64%
Reading accuracy 39% 30% 44% 34%
Text comprehension 63% 52% 51% 50%
Reading speed 60% 54% 48% 46%
Calculation 47% 52% 55% 55%
Math reasoning 32% 38% 0% 41%
CBCL

Internalizing Scale 16% 17% 94% 89%
External Scale 4% 4% 49% 39%
Total Problems Scale 5% 1% 81% 71%

3.2. Statistical Analyses
3.2.1. Gender Differences

A significant difference in the mean scores of FIQ obtained at T0O and T1 between males
and females emerged (F(1,177) = 5.27, p = 0.023, n? =0.029). Specifically, the mean score for
males at TO was 93.1 (SD = 12.3), while at T1 they achieved a mean score of 96.7 (SD = 12.8).
The mean score for females at TO was 97.8 (SD = 12.8), whereas at T1 they obtained a mean
score of 97.1 (SD = 13.6). A significant improvement in scores from T0 to T1 was observed
in the male sample compared to the female samples, who initially had a significantly higher
score at TO but showed a slight decline at T1.

3.2.2. Children vs. Adolescents

A significant difference in the mean scores of FIQ obtained at TO and T1 between
children and adolescents was found (F(1, 178) = 4.202, p = 0.042, n? = 0.023). Specifically,
the mean score for children at TO was 95.0 (SD = 12.0), while at T1 they achieved a score
of 97.0 (SD = 12.8). Therefore, an improvement in performance was observed, which
was not observed in adolescents. A significant difference in the mean scores of writing
skills obtained at TO and T1 between children and adolescents (F(1, 178) = 15.87, p < 0.001,
n? = 0.126) emerged as well. In this case, the mean score for children at TO was 1.77
(SD = 0.94), while at T1 they obtained a score of 1.30 (SD = 0.63). The mean score for
adolescents at TO was 2.05 (SD = 1.06), whereas at T1 they achieved a score of 2.26
(SD = 1.04). Therefore, a slight decline in scores from TO to T1 was observed in the children
group compared to the adolescent group, which initially had a significantly higher score
than the children and showed a similarly significant improvement in performance at T1.

3.2.3. Correlations Patterns

Typical SLD sample: In the typical SLD sample at TO, significant correlations emerged
between number comprehension and calculation and VCI. As regards behavioral aspects, a
positive correlation between the internalizing scale and the accuracy of writing was found.
Furthermore, a relationship emerged between the combination of the different emotional
and behavioral aspects (internalizing, externalizing, and total problems) and academic
skills. At T1 associations between VCI and WMI and mathematical skills emerged and the
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correlation between internal aspects and accuracy of writing was statistically significant.
All correlations are reported in Tables 2 and 3.

Table 2. Pearson’s correlation coefficients regarding WISC-IV, academic measures, and CBCL, pre-
treatment outcomes.

Typical Sample (T0)
Text Compre- BVSCO AC-MT AC-MT
MT Speed MT Accuracy hension Accuracy Calculation Reasoning

1Q —0.089 0.139 0.176 0.010 0.378 ** 0.296 *

VCI 0.010 0.085 0.096 —0.048 0.385** 0.378 **

VSI —0.079 0.148 0.191 0.154 0.174 0.150

WMI 0.118 0.133 0.080 0.045 0.398 ** 0.010

PSI 0.054 0.133 0.053 —0.072 0.199 0.231
Internalizing —-0.077 —-041 —0.002 —0.146 * 0.102 0.137
Externalizing —0.086 0.050 —0.102 —0.066 0.069 0.019

Total problems 0.034 0.100 —0.060 —0.101 0.067 0.031
**p<0.01;*p<0.05.
Table 3. Pearson’s correlation coefficients regarding WISC-IV, academic measures, and CBCL, post-
treatment outcomes.
Typical Sample (T1)
Text Compre- BVSCO AC-MT AC-MT
MT Speed MT Accuracy hension Accuracy Calculation Reasoning

1Q 0.086 —0.055 0.323 ** 0.023 0.334 ** 0.451 **

VCI 0.087 —0.018 0.164 —0.010 0.195 0.341 **

VSI 0.079 0.63 0.304 ** 0.150 0.209 * 0.300 **

WMI 0.103 0.008 0.127 0.295 ** 0.277 ** 0.235 *

PSI 0.163 0.052 0.111 0.102 0.151 0.205
Internalizing 0.073 —0.063 —0.145 —0.204 * 0.013 0.038
Externalizing —0.093 —0.059 0.142 0.090 0.040 0.095

Total problems —0.014 —0.120 —-0.129 0.063 0.067 0.079

*p <0.01;* p < 0.05.

Atypical SLD Sample: At TO0, a significant correlation emerged between reading speed
and text comprehension (r = 0.626, p < 0.01), VS, (r = 0.365, p < 0.01), WMI (r = 0.352,
p < 0.01), and PSI (r = 0.250, p < 0.05), as well as significant positive correlations were
evident between the internalizing, externalizing, and total problems scales and academic
skills, (p < 0.01). T1 confirms the influence of specific components of cognitive functioning
on academic skills. All correlations are presented in Tables 4 and 5.
Table 4. Pearson’s correlation coefficients regarding WISC-IV, academic measures, and CBCL, pre-
treatment outcomes.

Atypical Sample (T0)
Text Compre- BVSCO AC-MT AC-MT
MT Speed MT Accuracy hension Accuracy Calculation Reasoning

IQ 0.292 ** 0.326 ** 0.256 * 0.050 0.190 0.162

VCI 0.030 0.006 0.052 —0.035 0.028 0.048

VSI 0.372 ** 0.500 ** 0.130 0.154 —0.182 0.163

WMI 0.091 0.165 —0.062 0.218 * 0.106 0.139

PSI 0.372 ** 0.500 ** 0.130 0.154 —0.061 —0.129
Internalizing —0.053 —0.049 0.069 0.027 0.172 0.044
Externalizing 0.178 0.194 0.167 —0.060 —0.028 0.064

Total problems 0.180 0.178 0.164 —0.036 —0.066 —0.025

“*p <0.01;* p < 0.05.
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Table 5. Pearson’s correlation coefficients regarding WISC-IV, academic measures, and CBCL post-

treatment outcomes.

Atypical Sample (T1)

Text Compre- BVSCO AC-MT AC-MT
MT Speed MT Accuracy hensiorrl’ Accuracy Calculation Reasoning
1Q 0.065 0.080 0.215*% 0.108 0.239 * 0.218
VCI —0.046 —0.017 0.210 0.094 0.089 0.172
VSI 0.089 0.046 0.038 0.168 —0.014 0.052
WMI 0.132 —0.115 0.236 * 0.205 0.286 * 0.136
PSI 0.047 —0.001 0.013 0.122 0.001 0.054
Internalizing 0.120 0.015 0.048 0.122 —0.018 —0.076
Externalizing 0.179 0.184 0.046 0.046 0.011 —0.014
Total problems 0.151 0.139 0.057 0.143 0.092 0.157
*p < 0.05.

3.2.4. Differences between TO and T1

Total Sample: t tests revealed a significant increase in FIQ scores (t (190) = —2.544,
p = 0.012). Specifically, the scale score increased from 95.23 (T0) to 96.86 (T1). Additionally,
a significant increase in VSI scores was observed (t (190) = —2.173, p = 0.031). Specifically,
the scale score increased from 100.92 (T0) to 102.63 (T1). Analyzing the CBCL scores, a
significant decrease in total problems scale scores was observed (t (190) = 2.225, p = 0.027):
The score decreased from 57.00 (TO) to 55.62 (T1). Similarly, the ANOVA showed that there
was a significant difference between TO and T1 in the FIQ scores (F (1; 190) = 6.474, p = 0.012;
12 = 0.033) and in the VSI as well (F (1; 190) = 4.724, p = 0.031; 1)* = 0.024). The significant
difference between TO and T1 in the CBCL total problems scale scores was confirmed by
ANOVA (F (1; 190) = 4.952, p = 0.027; 12 = 0.027).

Typical SLD Sample: Analyzing the trend between the typical SLD sample at TO and
T1, no statistically significant improvement was observed in general cognitive functioning,
academic abilities, or emotional and behavioral aspects.

Atypical SLD Sample: Investigating the trend of the atypical SLD sample between TO
and T1, no significant improvement has been detected in general cognitive functioning,
academic achievement, and emotional and behavioral aspects.

4. Discussion and Conclusions

This study investigated cognitive, academic, emotional, and behavioral abilities in
children and adolescents diagnosed only with SLD (typical SLD) and in children and
adolescents diagnosed with SLD associated with an emotional and behavioral impairment
(atypical SLD). In this way, it was possible to better define a complete phenotype for both
cases. According to the literature, children with SLD report higher levels of emotional
disturbances compared to their peers without learning disabilities, specifically anxious
symptomatology. Furthermore, to analyze the evolution of cognitive, academic, emotional,
and behavioral profiles over time in the typical and atypical SLD samples, a follow-up
(T1) was carried out after at least three years from the first evaluation (T0). In the period
between T0 and T1, all the participants received psychotherapy and speech therapy.

The results indicated that the most compromised cognitive ability in SLD was working
memory. Considering the total sample, 101 out of 191 participants showed a below-average
working memory index. This result emerged from the entire sample (typical + atypical
SLD) at TO and follow-up. This finding confirms previous evidence highlighting working
memory as a predictor of general cognitive functioning and learning processes [31]. Further-
more, the working memory index demonstrated correlations in the typical sample of SLD
with the verbal comprehension index, as well as number comprehension and calculation.
These findings support previous studies that suggest a significant role for working memory
in the acquisition of mathematical abilities. Literature evidence indicates that a specific
impairment in the functioning of the visuospatial sketchpad is a characteristic deficit pat-
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tern observed in children with specific arithmetic skill disorders [32]. Additionally, the
central executive function also appears to be notably impaired [33]. However, there is in-
consistency in the data regarding which specific domains of working memory are involved
in mathematical abilities. While Passolunghi [34] found that all three working memory
domains play a role in mathematical abilities, specific abnormalities in working memory
domains remain unclear and there is contradictory evidence regarding the involvement of
the phonological loop and visuospatial sketchpad. Therefore, future studies should explore
new perspectives by investigating the specific working memory domains implicated in
each academic impairment. In contrast to working memory, the least affected cognitive
skills were the verbal comprehension index and the visuospatial index.

Regarding academic abilities, writing skills were the most compromised across all
samples. Text comprehension and reading speed were also impaired, although to a lesser
extent compared to writing skills. As previously mentioned, working memory plays a
crucial role in the normal development of academic skills. Similarly, when compromised,
it can lead to deficits in the writing domain as well [35]. It is reported that between 10%
and 30% of children have difficulties in writing [36]. Moreover, dysgraphia seems more
common in boys than in girls [37]. In line with these findings, in our study writing skills
were the most compromised in all samples at TO as well as at follow-up.

Concerning the behavioral analysis, results showed that the internalizing scale was
the most impaired in the typical and atypical SLD samples. Once more, our findings appear
in line with those from previous studies, indicating that children with SLD experience
significantly higher anxiety levels compared to controls, as well as increased anxiety and
depression levels [38,39]. According to these results, learning difficulties negatively impact
the psychological wellness of children and adolescents with a diagnosis of SLD.

A relationship emerged between gender and emotional and behavioral impairment in
the total sample. In detail, males tended to adopt more externalizing behavior than females.

The comparison between typical and atypical SLD samples did not show significant
differences in terms of cognitive functions, indicating that the working memory index is
the most compromised in both samples. Thus, although the emotional and behavioral
components differentiated the two samples, they both exhibited a similar picture in terms
of cognitive functions. However, with regards to academic skills, even if not significant,
subjects in the typical SLD sample showed greater impairment in reading speed, text
comprehension, writing accuracy, and arithmetic areas compared to the atypical SLD
sample subjects.

Further statistical analyses in the SLD sample at TO indicated a significant correlation
between arithmetic skills and the total IQ and between the verbal comprehension index
and the working memory index. A significant correlation between internalizing scale and
writing skills was detected. The statistical analysis conducted on the same sample at T1
showed a significant correlation between total IQ, text comprehension, and arithmetic
skills. Furthermore, the working memory index appeared to be significantly correlated
with writing and arithmetic abilities. For these subjects, as noted at T0, the significant
correlation between the internalizing scale and writing abilities has been confirmed.

A longitudinal analysis of the total sample showed improvements in some cognitive
abilities from TO to T1, such as FIQ and VSI. Likewise, this analysis showed improvement
from an emotional and behavioral perspective, specifically in the total problems scale.

In summary, the data obtained from the two samples provided a similar picture.
Particularly at the first evaluation, both samples reported working memory to be the most
compromised, along with writing abilities being the most impaired in terms of academic
skills. In addition, high levels of impairment emerged in text comprehension, reading speed,
and calculation. These results are in line with previous studies showing a link between
working memory impairment and mathematical and reading disabilities [40-43]. The
second evaluation confirmed these findings, with working memory being greatly impaired
as well as writing ability. Reading speed, text comprehension, and calculation also showed
high levels of impairment. Focusing on the comparison between the two samples at T0 and
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T1, no significant improvements in any cognitive function, academic skills, and behavioral
scale were found. However, both samples improved slightly in working memory: from
56% at TO to 49% at T1 for the typical SLD sample and from 49% at TO to 42% at T1 for
the atypical SLD sample. Results also indicated a slight improvement in writing skills as
compared to academic skills, from 83% to 76% at TO for the typical SLD sample and from
79% at TO to 64% at T1 for the atypical one. Results of the SLD sample characterized by
behavioral impairment showed a slight improvement—although not significant—in all
behavioral scales, while, on the other hand, the SLD sample developed a slight worsening
in the internalizing scale and a minor improvement relating to the externalizing and total
problems scales. These findings may suggest that psychotherapy and speech therapy may
not directly lead to a significant improvement in terms of general cognitive functioning and
academic skills. To reach this specific goal, more specific cognitive and working memory
training could be implemented to better impact cognitive abilities as well as academic
skills and emotional domains. In a similar framework, some authors proposed different
strategies to treat SLD: specific assistance targeting academic skills, on the one hand, and
psychotherapeutic treatment aimed at handling the related psychological symptoms, on
the other.

It will be interesting to study whether these results will be confirmed in the future,
considering the post-pandemic period. Following the COVID-19 pandemic, the psycho-
logical implications for kids have increased. More research is needed to better specify the
correlations between emotional aspects and learning difficulties following the pandemic.
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