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Abstract

Introduction: The semantic definition ability (SDA) and non-verbal intelligence (NV-IQ) are 
predictive skills of learning and impact school performance. In children with low academic performance 
(LAP), these abilities can vary significantly due to factors such as inattention and hyperactivity. Objective: 
To investigate the variations in verbal and non-verbal skills among children with different profiles of LAA 
by comparing their performance in SDA and non-verbal IQ, considering inattention and hyperactivity/
impulsivity. Methods: Thirty-five 4th and 5th grade public school students, identified as LAP, participated. 
The Raven’s Colored Progressive Matrices (NV-IQ) and the Vocabulary subtest of the WISC-IV (SDA) 
were administered. Parents and teachers completed the SNAP-IV, according to DSM-4. Students were 
divided into LAP + Inattentive (I), LAP + Mixed (M), and LAP without inattention and/or hyperactivity 
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symptoms. Results: For NV-IQ, the LAP and I groups had similar results, while the M group showed 
significant differences with a medium effect. In SDA, the M group performed best, followed by the LAP 
group, while the I group had the lowest scores. The M group had the highest average in SDA but the 
lowest in NV-IQ. Discussion: Inattention and hyperactivity/impulsivity symptoms distinctly influence 
cognitive abilities. This suggests the need for specific evaluations and interventions for each LAP 
profile, highlighting the importance of comprehensive cognitive and academic performance assessments. 
Conclusion: LAP children with different profiles show significant variations in verbal and non-verbal 
abilities, emphasizing the need for comprehensive assessments for targeted interventions.

Keywords: Low Academic Performance; Semantics; Child; Intelligence Tests

Resumo

Introdução: A habilidade semântica de definição (HSD) e o QI não-verbal (QI- NV) são habilidades 
preditoras da aprendizagem e impactam o desempenho escolar. Em crianças com baixo rendimento 
escolar (BRE), essas habilidades podem variar significativamente devido a fatores como desatenção e 
hiperatividade. Objetivo: Investigar as variações nas habilidades verbais e não-verbais entre crianças 
com diferentes perfis de BRE comparando seu desempenho na HSD e QI não-verbal, considerando 
desatenção e hiperatividade/impulsividade. Métodos: Participaram 35 alunos do 4º e 5º ano de uma 
escola pública, indicados por BRE. Foram aplicados o teste de Matrizes Progressivas Coloridas de Raven 
(QI-NV) e o subteste de Vocabulário da WISC-IV (HSD). Responsáveis e professores responderam ao 
SNAP-IV, conforme o DSM-4. Os alunos foram divididos em BRE + Desatento (D), BRE + Misto (M) 
e BRE sem sintomas de desatenção e/ou hiperatividade. Resultados: Para QI-NV, os grupos BRE e D 
tiveram resultados similares, enquanto o grupo M apresentou diferença significativa com efeito médio. 
Na HSD, o grupo M teve melhor desempenho, seguido pelo BRE, enquanto o grupo D obteve a menor 
pontuação. O grupo M teve a melhor média na HSD, mas a menor no QI-NV. Discussão: Sintomas de 
desatenção e hiperatividade/impulsividade influenciam as habilidades cognitivas distintamente. Isso 
sugere a necessidade de avaliações e intervenções específicas para cada perfil de BRE, destacando a 
importância de uma avaliação abrangente do desempenho cognitivo e escolar. Conclusão: Crianças BRE 
de diferentes perfis apresentam variações significativas em habilidades verbais e não-verbais, ressaltando 
a importância de avaliações abrangentes para intervenções direcionadas.

Palavras-chave: Baixo Rendimento Escolar; Semântica; Criança; Testes de Inteligência

Resumen

Introducción: La habilidad semántica de definición (HSD) y el CI no verbal (CI-NV) son cruciales 
para el aprendizaje y el desempeño escolar. En niños con bajo rendimiento escolar (BRE), estas habilidades 
pueden variar debido a factores como desatención e hiperactividad. Objetivo: Investigar las variaciones en 
habilidades verbales y no verbales entre niños con diferentes perfiles de BRE, comparando su desempeño 
en HSD y CI-NV, considerando desatención e hiperactividad/impulsividad. Métodos: Participaron 35 
alumnos de 4º y 5º año de una escuela pública con BRE. Se usaron la prueba de Matrices Progresivas 
de Colores de Raven (CI-NV) y la subprueba de Vocabulario de la WISC-IV (HSD). Responsables y 
profesores completaron el SNAP-IV para el diagnóstico de TDAH según el DSM-IV. Los alumnos fueron 
divididos en grupos: BRE + Desatento (D), BRE + Mixto (M) y BRE sin desatención/hiperactividad. 
Resultados: En CI-NV, los grupos BRE y D tuvieron resultados similares, mientras que el grupo M 
mostró una diferencia significativa con los otros grupos. En HSD, el grupo M obtuvo mejor desempeño, 
seguido por el BRE, y el grupo D tuvo la puntuación más baja. Discusión: Los síntomas de desatención 
e hiperactividad/impulsividad influyen de manera distinta en las habilidades cognitivas. Esto sugiere la 
necesidad de evaluaciones e intervenciones específicas para cada perfil de BRE, destacando la importancia 
de una evaluación integral del desempeño cognitivo y escolar. Conclusión: Los niños BRE con diferentes 
perfiles muestran variaciones significativas en habilidades verbales y no verbales, resaltando la necesidad 
de evaluaciones integrales para intervenciones dirigidas. 

Palabras clave: Bajo rendimiento escolar; Semántica; Niño;  Pruebas de Inteligencia
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Moreover, the study presented LAA resulting from 
central nervous system (CNS) dysfunctions, which 
are currently named learning disorders and should 
be addressed by a multidisciplinary team 3,10,11.

Concerns of school faculty about students with 
low academic performance commonly manifest in 
the early years of elementary school but may not 
fully emerge until the demands for affected academ-
ic skills exceed the individual’s limited capacities. 
This may occur, for example, in situations such as 
timed tests, reading or writing long and complex 
texts with short deadlines, or in situations with a 
high load of academic demands 2,10,11,12.

It is common for teachers and parents to report 
complaints related to inattention in children with 
LAA, but it is important to observe whether this 
behavior is due to frustration, lack of interest, or 
limited ability 13. The literature points to a signifi-
cant relationship between the diagnosis of Attention 
Deficit Hyperactivity Disorder (ADHD) and the 
occurrence of LAA, learning disorders, and lan-
guage disorders in their various linguistic processes 
10,12,14,16. An epidemiological study using standard-
ized tests suggested that language problems occur 
in 35-50% of children with ADHD 16.

Students with LAA are characterized by per-
forming below expected levels in academic areas 
such as reading, writing, and/or mathematics, in 
addition to the linguistic and metalinguistic skills 
necessary for learning. Additionally, behavioral 
and social aspects, such as social vulnerability and 
adverse socioeconomic conditions, can also have 
a significant negative impact on these students’ 
academic performance 10,17,18,19.	

The semantic definition ability (SDA) involves 
understanding and explaining the meaning of 
words, demonstrating vocabulary knowledge and 
the ability to articulate concepts. This ability is 
crucial for linguistic and cognitive development, 
as it directly influences academic performance 
and communication19. Children with LAA often 
face additional challenges due to a less developed 
vocabulary and difficulties in structuring coherent 
sentences, which can affect their ability to provide 
objective definitions 1,19.

Considering the linguistic and metalinguistic 
competencies necessary for learning, such as pho-
nological aspects, reading and writing acquisition, 
vocabulary, and semantic ability in the context of 
word definition, it is relevant to evaluate semantic 
definition ability and non-verbal IQ, competencies 

Introduction

Language is the communication process used 
to transmit a message between interlocutors1. Lan-
guage development, whether in its oral or written 
form, occurs progressively; while oral language 
is innate to humans and dependent on social ex-
periences, written language is acquired through 
formal education. Although these modalities dif-
fer in various aspects, they are interconnected and 
mutually reinforcing, as seen in the correspondence 
with peaks in the development of the prefrontal 
cortex 2,3,4. 

In the context of written language, means 
of formal school learning, oral language plays a 
crucial role in shaping fundamental elements such 
as semantic knowledge, fluent reading ability, and 
morphological and phonological awareness. The 
executive functions, on the other hand, integrate 
into the formal education process, such as in flu-
ent reading, information storage, integration, and 
retrieval of information from the mental lexicon, 
the development of strategies, motivation, engage-
ment, and the simultaneous use of all these tools 
during action, which affects word recognition and 
linguistic comprehension— necessary skills for 
high academic performance 5,6,7,8.

The skills involved in formal learning exhibit 
a heterogeneous profile, manifesting linguistic and 
metalinguistic abilities present in the acquisition of 
written language, which is essential for academic 
success. These abilities include prior knowledge of 
events and concepts, vocabulary, structural knowl-
edge of language such as syntax, verbal reasoning 
(like the ability to make inferences and interpret 
metaphors), and letter names and spelling knowl-
edge, as well as phonological processing (com-
posed of phonological awareness, rapid automatic 
naming, and phonological short-term memory)7,8,9.

In a study conducted in 1992, Low Academic 
Achievement (LAA) was described as performance 
below expectations in the academic domains of 
reading, writing, and mathematics 10. In this same 
study, the relationship between externalized behav-
ioral problems and LAA in children and adolescents 
was analyzed, These problems, often referred to as 
learning difficulties, can be overcome by eliminat-
ing the causal factor; the author examined how 
behavioral problems can negatively affect academic 
performance and explored the possible factors 
and processes contributing to this association. 
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by a qualified professional; 5) Cooperation in the 
evaluation process.

All participants were required to be enrolled 
in 4th or 5th grade of a public elementary school 
in São Paulo, aged between 8;0 (years; months) 
and 10;11 (years; months); without any neuro-
logical diagnoses such as chronic encephalopathy, 
uncontrolled epilepsy, brain malformations, or 
any psychiatric disorder that would prevent the 
evaluations, and without being under the care of a 
speech therapist or another professional trained in 
learning demands.

It is important to emphasize that the selection 
of this educational level was based on the fact that, 
according to the National Common Core Curricu-
lum 17, literacy should be ensured by the end of the 
2nd year of elementary school, guaranteeing the 
development of basic reading and writing skills. At 
the public school in question, the early years of the 
children’s literacy process - who are currently in 
the 4th and 5th grades - were conducted remotely 
due to the COVID-19 pandemic. However, all 4th 
and 5th graders went through the same process, and 
the school’s referral consisted of the 35 children 
with low academic performance whom we studied. 
Therefore, we believe that a potential bias in the 
research due to the pandemic’s interference was 
mitigated.

For the initial assessment, subjects were 
individually evaluated in a session lasting ap-
proximately 30 minutes. During this session, the 
children underwent school auditory screening 
and were assessed for the presence or absence of 
earwax via otoscopy, and the screening was per-
formed using a pediatric audiometer (model PA5, 
brand Interacoustics) with a “warble” stimulus at 
20 dBHL presented at 20 cm from the auricular 
pavilion, in free field, at frequencies of 500, 1000, 
2000, and 4000 Hz.

When meeting the inclusion criteria, the sub-
jects underwent a session lasting approximately 60 
minutes, beginning with the administration of the 
RAVEN’s Colored Progressive Matrices, which 
is considered the global gold standard for the as-
sessment of non-verbal intelligence. This test is 
designed to accurately and objectively measure 
deductive reasoning ability, which allows individu-
als to generate new insights, particularly non-verbal 
ones, in confusing and previously known situations 
that allows inferencing information to perceive 
what is not immediately obvious, administered 

that impact academic performance 6. Non-verbal 
IQ assesses logical reasoning and problem-solving 
independently of language. While non-verbal 
IQ reflects general cognitive abilities21, SDA is 
closely linked to verbal and linguistic development, 
influenced by abstraction ability and contextual 
knowledge 9,21.  Exploring how different profiles of 
children with LAA relate to performance in verbal 
and non-verbal skills is crucial for understanding 
their educational needs and developing effective 
interventions.

Objective

This study aims to investigate whether the 
inattention and hyperactivity/impulsivity profiles 
of students with LAA are associated with their 
performance in verbal and non-verbal abilities, as 
assessed by the SDA and NV-IQ.

Materials and methods

Ethics Procedures 
The present prospective observational study 

was approved by the Research Ethics Commit-
tee of the Hospital das Clínicas of the Faculdade 
de Medicina da Universidade de São Paulo, 
where it was conducted, under CAAE number 
64277522.9.0000.0068. The participating school 
signed an authorization form for the research, and 
the Free and Informed Consent and Assent Forms 
(FICF/AF) were provided and signed by the legal 
guardians and participants, respectively.

A total of 35 students enrolled in a public 
school in the city of São Paulo participated in this 
study. These students were referred by the school’s 
pedagogical coordination in response to the re-
searchers’ request for the referral of children who 
exhibited below-average academic performance.

The participants were selected according to 
the following inclusion criteria: 1) Signing of the 
FICF, completion of the SNAP-IV 22, and a brief 
anamnesis by the guardian; 2) Child acceptance to 
participate in the study through the Assent Form; 
3) Passing the school auditory screening conducted 
with a pediatric audiometer – model PA5, brand 
Interacoustics, following ASHA (1997) criteria; 
4) Demonstrating performance within normal 
criteria on a non-verbal IQ measure administered 
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teacher on the SNAP-IV 22, in addition to academic 
performance complaints.

Low Academic Achievement (LAA): 9 stu-
dents with fewer than 6 inattention and/or hyper-
activity symptoms rated by the guardians and the 
classroom teacher on the SNAP-IV 22

Data Analysis
In the data analysis phase, the normality of 

the data was tested using the Kolmogorov-Smirnov 
test. Analyses included mean, standard deviation, 
paired t-test, ANOVA for segment analysis, and 
Pearson correlation to assess the association be-
tween variables. The relationship between variables 
was analyzed using Spearman’s correlation and 
the percentage of variation in the dependent vari-
able explained by the variation in the independent 
variable. A significance level of 5% (p < 0.05) was 
adopted, and the data were analyzed using Minitab 
software (version 19.2).

In addition to statistical significance, the results 
were interpreted considering the effect size, as the 
p-value can be influenced by sample size, and the 
effect size helps assess the practical impacts of the 
study’s results.

In cases where statistically significant dif-
ferences or relevant effect sizes were identified 
between groups, post hoc analyses were performed 
using Hochberg’s GT2 test. The effect size of the 
difference between groups was evaluated by con-
verting the d coefficient and subsequently convert-
ing it to the r coefficient, as described by Rosnow 
and Rosenthal (2008).

Results

Table 1 presents the correlation analysis be-
tween the RAVEN’s Colored Progressive Matrices 
test 20 and the Vocabulary subtest of the WISC-IV 21.

by a qualified professional. Of the 36 children 
referred for evaluation, one was excluded after 
the RAVEN test.

Sequentially, the Vocabulary subtest of the 
WISC-IV21 battery was administered, where the 
subject is required to explain to the examiner the 
meaning of increasingly complex words, aiming to 
assess semantic definition ability (SDA).

It should be noted that this study is part of a 
larger research project, and the tests used were 
administered by a qualified professional.

After completing the evaluation, the researcher 
requested the classroom teacher to complete the 
SNAP-IV protocol 22,24, which had previously been 
completed by the guardians. The questionnaire 
aids in the diagnosis of ADHD and is based on the 
criteria for diagnosing the disorder according to the 
DSM-IV 11,25, which divides ADHD into inattentive 
and hyperactive components to determine severity 
scores for each of the symptoms described. Instead 
of simply counting the presence of symptoms, the 
questionnaire is also widely used longitudinally to 
analyze symptom improvement with treatment24 .  
The questionnaire was not updated with the publi-
cation of the DSM-5-TR, as the ADHD symptom 
criteria were not revised. There is a need for con-
sensus between evaluations conducted in different 
environments and by different observers, com-
monly the family (guardians) and school (teachers).

Based on the SNAP-IV 22 scores, the subjects 
were assigned to research groups as follows:

Inattentive Group (IG): 19 students with at 
least 6 inattention symptoms and fewer than 6 
hyperactivity symptoms rated by the guardians and 
the classroom teacher on the SNAP-IV 22, in addi-
tion to academic performance complaints.

Combined Group (CG): 7 students with at 
least 6 inattention symptoms and 6 hyperactivity 
symptoms rated by the guardians and the classroom 
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attributed to a possible cognitive advantage in in-
tegrating complex information and making quick 
associations, characteristics observed in research 
with children with inattention and hyperactivity 
symptoms27,28.

A qualitative study with successful adults with 
ADHD highlighted characteristics such as cogni-
tive dynamism, which includes divergent think-
ing, hyperfocus, creativity, and curiosity. These 
individuals reported a natural ability to generate 
original ideas and an intense focus on tasks they 
find interesting 27 ​.

Another study focused on children with ADHD 
identified significant cognitive differences between 
the subtypes of the disorder. For instance, children 
with predominantly inattentive ADHD showed 
differences in verbal comprehension indices and 
processing speed when compared to children with 
predominantly hyperactive/impulsive ADHD and 
those with the combined type 28.	

The performance of children with general 
learning difficulties (LAA group) and without 
significant symptoms of inattention and/or hy-
peractivity was intermediate in SDA tasks. These 
children face challenges in acquiring and applying 
vocabulary in verbal contexts, even without the 
specific symptoms of inattention or hyperactiv-
ity. This may be explained by the complexity of 
the task, which requires sustained attention and 
sophisticated verbal skills 28,30.

In contrast, children from the IG group, 
characterized by the predominance of inattention 
symptoms, showed the lowest performance in SDA. 
This suggests that these children have significant 
difficulties in maintaining the attention needed to 
process complex verbal definitions. Persistent inat-
tention may impair the ability to focus on essential 
details, hindering performance on tasks that require 

For the Non-Verbal Intelligence Quotient (NV-
IQ), the LAA and IG groups showed similar results, 
while the IG group demonstrated a statistically 
significant difference compared to the other groups, 
indicating a medium effect size (Performance:  
IG = LAA > CG)

Regarding Semantic Definition Ability (SDA), 
the CG group demonstrated the best performance, 
followed by the LAA group, while the IG group 
recorded the lowest score (Performance: CG > 
LAA > IG). 

The CG group had the highest mean score in 
SDA but the lowest in NV-IQ; no significant dif-
ferences were found between the other groups in 
these specific measures.

Discussion

The main limitations of the study stem from 
the small sample size and the fact that the research 
was conducted in only one school, factors that 
clearly limit the generalization of the findings. 
Nonetheless, the results obtained provide relevant 
information about the relationships between Se-
mantic Definition Ability (SDA) 22, Non-Verbal 
Intelligence (NV-IQ) 20, and the different profiles of 
LAA, characterized by the SNAP-IV 21, in children 
from the 4th and 5th grades of elementary school. 
The data analysis revealed that the CG group, char-
acterized by LA and mixed symptoms of inattention 
and hyperactivity, exhibited superior performance 
in SDA 22, but lower in NV-IQ 20 when compared 
to the LAA and IG groups. 

The results indicate that the CG group per-
formed better in SDA, suggesting good devel-
opment in the ability to understand and connect 
semantic concepts. This performance may be 

Table 1. Descriptive values and comparative analysis of the groups regarding performance on the 
Raven and WISC instruments.

Instrument Group n Mean SD Median Min. Max. F gl1,gl2 p E.S. Post-hoc p E.S.

NV – QI
Raven

LAA 9 73.89 17.81 70.00 40.00 95.00

2.860 2.32 0.072 0.389††

LAA vs IG 0.991 0.048

IG 19 72.11 17.35 70.00 30.00 95.00 LAA vs 
CG 0.115 0.485††

CG 7 55.71 13.97 50.00 40.00 70.00 IG vs CG 0.101 0.402††

Semantic 
Definition 
Ability
WISC

LAA 9 50.56 28.24 37.00 16.00 84.00

0.387 2.32 0.682 0.154†

LAA vs IG 0.975 0.077

IG 19 45.89 28.28 50.00 9.00 95.00 LAA vs 
CG 0.953 0.105†

CG 7 57.86 40.88 75.00 5.00 99.00 IG vs CG 0.766 0.164†

Legend: SD: Standard Deviation; Min.: Minimum; Max.: Maximum; *: statistically significant value at the 5% level (p ≤ 0.05); ES: 
Effect Size; †: small effect; ††: medium effect.
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a deep understanding and precise application of 
vocabulary 28,29,30.

The distinction between verbal abilities (SDA) 
and non-verbal abilities (NV-IQ) observed in the 
CG group highlights the complexity of interactions 
between different aspects of cognitive functioning. 
While the CG group demonstrated high competence 
in SDA, their NV-IQ skills were relatively less 
developed, suggesting a possible compensation or 
a differentiated focus in the development of these 
specific skills 28,29,30.

Furthermore, research indicates that children 
with ADHD may underestimate their symptoms, 
which can affect their perception of their own 
strengths and difficulties. This understanding is 
crucial for the development of personalized educa-
tional interventions that capitalize on the cognitive 
strengths of these children and provide support in 
areas of difficulty30.

Therefore, the results of this study emphasize 
the importance of differentiated educational ap-
proaches that recognize and promote both linguistic 
development and general cognitive abilities in 
children with LAA. Personalized interventions 
aimed at strengthening vocabulary, supporting the 
development of semantic skills, and improving 
attentional focus may be key to optimizing the 
academic performance of these students.

Conclusion

The results of this study indicate that children 
with low academic achievement who exhibit dif-
ferent profiles of inattention and hyperactivity/
impulsivity show significant variations in their 
verbal and non-verbal abilities. The results high-
light the need for comprehensive assessments that 
consider multiple aspects of students’ cognitive and 
linguistic performance to implement more targeted 
and effective interventions. It is important to note 
that as a follow-up, there is a need to increase 
the number of participants and include additional 
schools to confirm the obtained results.
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