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Background. ! e standardized identi" cation, psychoeducational assessment, and 
diagnosis of children at risk of reading comprehension (RC) di#  culties is a highly 
specialized, time-consuming, and cumbersome process for teachers, psychologists, 
and researchers. Following the graph theory framework, text summaries, a ubiqui-
tous RC measure used in schools, can be represented as networks of words (nodes) 
connected by arcs (TSGraphs). Do their resulting topological properties highlight 
individual variability in traditional reading/language comprehension measures?

Objective. ! e objective of this study was to determine whether there is a signi" -
cant association between individual variability in the connectivity measures of the 
TSGraphs of selected texts produced using graph theory and individual variability in 
traditional standardized measures of reading and language comprehension in Cuban 
school-age children.

Design. Two correlational studies were conducted. Study 1 evaluated the asso-
ciation between the TSGraph properties and the reading comprehension of good 
and poor " $ h-grade readers (N = 21). Study 2 evaluated the association between the 
TSGraph properties and language comprehension in sixth-grade children at risk of 
intellectual disability (IDr) and typically developing (TD) controls matched in age 
and gender (N = 42). Reading % uency, intellectual capacity, and vocabulary were con-
trolled for in both studies.

Results. Study 1 showed a signi" cant association between TSGraph density and 
reading comprehension in " $ h graders a$ er controlling for reading % uency. Study 2 
found that density signi" cantly covaried with language comprehension in sixth grad-
ers a$ er controlling for intellectual capacity.

Conclusion. Topological measures of text summaries show promise for the as-
sessment and characterization of reading and language comprehension. ! is is the 
" rst such study conducted on native Spanish speakers. Additional experimental 
studies in larger samples are required.
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Introduction
Reading comprehension (RC) is the ability to understand, use, and analyze texts to 
ful" ll the reader’s purposes, develop knowledge, and participate in society (OECD, 
2019; 2023). RC impacts varied academic areas (Oakhill, 2020; Smith et al., 2021; 
Vaughn et al.; 2015) and is considered a strong predictor of future academic suc-
cess (Oakhill, Cain & Elbro, 2019; Silva & Cain, 2014). It in% uences cognitive pro-
cesses such as problem-solving (McCarthy & McNamara, 2021), memory formation 
(Davidson et al., 2018; Mcnamara & Scott, 2001; Peng, 2018), and decision-making 
(Cartwright, 2015; Sun et al., 2018) and leads to devising e& ective and creative solu-
tions to problems (Gick & Holyoak, 1983; Gri#  th & Lacina, 2017).

Di#  culties in RC may slow the development of social and emotional skills and 
a& ect the individual’s self-esteem and self-concept (Cain, 2022; McCarthy & McNa-
mara 2021). In Cuba, González and collaborators (2016) reported RC di#  culties in 
more than 20% of the " $ h- to sixth-grade children assessed in their study. Hence, 
identifying children at risk or presented with RC di#  culties is key to providing the 
available remediation/intervention resources and orientation to the children, teach-
ers, and families.

Several theoretical models of RC have been proposed to elucidate this complex 
process (see Sanır & Özmen, 2022; for a review). ! e main components of most com-
prehension models are reading % uency, prior knowledge, vocabulary, reading com-
prehension strategies, inference, and motivation (Sanır & Özmen, 2022). Addition-
ally, other complex cognitive processes including intellectual capacity and working 
memory in% uence RC (Smith et al., 2021). Hence, the standardized identi" cation, 
psychoeducational assessment, and diagnosis of children at risk of RC di#  culties is a 
challenging and time-consuming process that requires specialized personnel.

Di& erent types of RC assessments have been used in pedagogical and experimen-
tal scenarios, including free recall, cued recall, cloze/multiple choice/true-or-false 
questions, sentence recognition, reenactment, and summaries (Smith et al., 2021; 
Duke et al., 2021; Bogaerds-Hazenberg et al., 2020). ! is methodological variabil-
ity re% ects the lack of consensus regarding the comprehension outcomes that could/
should guide teachers in the classroom and, hence, the best methods for measuring 
these outcomes (Smith et al., 2021).

RC assessment using text summaries a& ords an ecological alternative for teach-
ers/researchers in the classroom or parents at home. Learning to summarize texts is 
a skill acquired through schooling as it is useful in any academic domain. Summaries 
are considered a surface level representation of the reader’s recollection of the literal 
aspects of texts (the literal, propositional representation of a text held in the working 
memory or textbase, according to Kintsch & Van Dijk, 1978). ! e ability to sum-
marize information is of great pedagogical interest. However, RC assessment using 
text summaries relies on the subjectivity/expertise of the evaluators despite the avail-
ability of rubrics, and it is a laborious undertaking owing to the di#  culty of giving 
detailed feedback on every summary, especially in large classes.

New developments in data mining and complex systems analysis allow us to treat 
texts as measurable structures. Speci" cally, graph theory o& ers a systemic analysis 
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of the structural characteristics of recall-based reports to quantify cognitive de" cits 
(Bertola et al., 2014; Mota et al., 2012; 2014). In these studies, discourse is represented 
by a graph where the words are represented by nodes and the temporal relationships 
between consecutive words are represented as axes or arcs. It is possible to calculate 
the general attributes, or properties, of the resulting “speech graph” and interpret 
these as parameters that provide information on the processes underlying the pro-
duction of discourse/texts.

! e quantitative properties produced by speech graph analysis can be classi" ed 
into general, recurrence, and global measures (Mota et al., 2012; Palaniyappan et 
al., 2018). General properties are represented by the number of nodes and arcs (the 
number of di& erent words and the connections between words in a text, respectively) 
and reveal the lexical diversity and language cohesion/articulation of the text or dis-
course. Recurrence measures are sequences of one to three di& erent words indicating 
sequences that are revisited. Global measures such as density (number of directly 
connected words divided by all possible connections between words) and the largest 
connected component (LCC) (the number of nodes in the maximal component in 
which all pairs of nodes are reachable from one another, indicating how well con-
nected the words of the text are) are associated with the connectivity of the network 
and therefore with discourse cohesion.

! is approach is particularly valuable in clinical or psychoeducational set-
tings, where traditional assessments may fail to capture the nuances of disorganized 
speech/text production patterns. Speech graphs have been used to reveal cognitive 
de" cits in pathological populations such as patients with obsessive–compulsive dis-
order (OCD) (Gomes et al., 2023), psychosis (Mota et al., 2012; Palaniyappan et al., 
2018, Spencer et al., 2020), or dementia (Bertola et al., 2014). ! e studies found that 
the dream-based reports of psychotic patients are less interconnected than those of 
the control subjects, similar to OCD patients who exhibit signi" cantly lower lexical 
diversity, lower speech connectedness, and a higher recurrence of words (Gomes 
et al., 2023). Additionally, a negative correlation was found between connectivity 
measures (global measures associated with network connectivity and therefore dis-
course cohesion) and the symptoms, indicating that the less coherent the speech 
production, the more cognitively damaged the subject (Mota et al., 2014).

In the case of dementia, graph theory applied to tests of verbal % uency allowed 
a correct classi" cation of subjects with Alzheimer’s Disease and cognitive impair-
ment (Bertola et al., 2014). ! e cognitive damage was proportional to the increase 
in graph density, the reduction in diameter, and the average decrease in the shortest 
path length.

Additionally, graph theory was used to explore the relationship between episodic 
memory reports and academic achievement, also including cognitive measures such 
as IQ and theory of mind (Mota et al., 2016). Speech parameters covaried with cogni-
tive measures and with reading performance, namely, the number of words (nodes), 
the connections between words (arcs), and the minimum count of word–word as-
sociation repetitions (repeated arcs). Children with a higher performance in intel-
lectual capacity tasks, theory of mind, and reading reported episodic memory events 
with richer vocabulary and higher speech articulation.
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More recently, two studies investigated the relationship between speech graph 
properties and relevant variables in language production. ! e " rst study (Lemke et 
al., 2021) explored bilingual Portuguese–English-speaking children, revealing a cor-
relation between graph attributes (i.e., connectedness measured by the number of 
nodes and edges, LCC, and text density) and the levels of syntactic complexity in both 
languages, demonstrating that, as children develop more complex writing strategies 
in Portuguese, they progress in written English to the same extent. ! e second study 
(Botezatu et al., 2022) focused on second language learners of Spanish and Chinese, 
examining the impact of lexico-semantic processes on the connectedness (measured 
by the number of nodes inside the LCC) of narratives. ! e results indicated a signi" -
cant positive correlation between connectedness and speech production measures in 
second language (L2)-Spanish and L2-Chinese learners.

! ese studies suggest that speech graph properties are useful when investigat-
ing the typical development of complex cognitive processes such as memory and 
language and, potentially, reading comprehension. Speech graph analysis seems 
a suitable and robust framework for understanding the organization and coher-
ence of spoken or written language by focusing on how speech/texts are structured 
rather than on their content (without needing to interpret the meaning behind the 
words produced). Hence, the following question arises: Is it possible to quantita-
tively measure the properties of text summaries using graphs (TSGraphs) as a proxy 
for individual variability in the reading and language comprehension of school-age 
 children?

! e present investigation aims to determine whether there is a signi" cant asso-
ciation between individual variability in the connectivity measures of the TSGraphs 
of selected texts produced using graph theory and individual variability in tradi-
tional and standardized measures of reading and language comprehension in Cuban 
school-age children. We hypothesize that there exists a statistically signi" cant asso-
ciation between the variability in general and global measures of connectedness in 
the TSGraphs and the individual variability in standardized measures of reading and 
language comprehension.

To test this hypothesis, two studies were conducted to more comprehensively 
evaluate the comprehension processes implicated in both reading and language tasks. 
! e " rst study examined the association between a standardized measure of reading 
comprehension and the TSGraph topological properties calculated from summaries 
produced by " $ h-grade poor and good readers. Since children at risk of intellectual 
disability are more likely to exhibit lower language performance (Adlof et al., 2017; 
Di Blasi et al., 2019), the second study examined the association between a standard-
ized measure of language comprehension and the properties of the TSGraphs of sum-
maries produced by sixth-grade children exhibiting the risk of intellectual disability 
and typically developing pairs matched in grade and gender.

To the best of our knowledge, no speech graph studies have been conducted on 
native Spanish speakers to explore the feasibility of using the topological properties 
of summaries, understood as speech graphs, to determine individual di& erences in 
reading and language comprehension in school-age children. Hence, this is an op-
portunity to contribute data to this yet unexplored " eld and contrast it with previous 
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reports on English, Portuguese, L2-Spanish, and L2-Chinese (Bertola et al., 2014; 
Botezatu et al., 2022; Lemke et al., 2021; Mota et al., 2012, 2014, 2016; Coelho et al., 
2018). ! e results will enhance automated psychoeducational assessment and psy-
chiatric screening/diagnostic accuracy by establishing a reference for developing a 
cost-e& ective, scienti" cally driven alternative to assess summaries, relevant to the 
population at risk of learning disabilities.

Methods
Participants
! e sample was recruited as part of the KHE PhD project. It comprised 63 school-age 
children: 21 (11 girls) " $ h graders and 42 (21 girls) sixth graders (see sample details 
in Table 1). ! e children were assessed by trained psychology students in a well-lit 
and quiet room in their schools.

Table 1
Sample description

 5th Grade (N=21, F=11)

WM Index  Vocabulary Index Fluency Index
M (SD) M (SD) M (SD)
.60 (.10)  37.10 (12.10) 103.40 (30.60)

 6th Grade (N=42, F=21)

Attention (d2) Vocabulary
Peabody Raw 

Score
M (SD)

Intellectual 
Capacity

RIST Index
M (SD)

TP
M (SD)

FR
M (SD)

CP
M (SD)

33.05 (78.06) 112.48 (25.01) 17.02 (6.43) 102.07 (0.27) 72.38 (17.31)

Note: M: Mean, SD: Standard Deviation, WM: Working Memory, TP: Total Performance, CP: Concentra-
tion Performance, FR: Fluctuation Rate

Procedure
Two studies were conducted. In each study, groups of children with di#  culties in 
reading comprehension and intellectual capacity/language comprehension were 
evaluated. Concurrent assessments using standardized comprehension tests and 
summaries of age-appropriate texts were conducted. ! e selected texts had a dif-
" culty level appropriate for " $ h and sixth graders, according to In% esz 1.0 so$ ware 
(González & Estévez, 2019). ! is program evaluates the readability of texts written 
in Spanish by considering nine parameters (number of words, syllables, phrases, 
relationships between them, etc.) and classi" es the texts into " ve di#  culty levels 
(very di#  cult, quite di#  cult, normal, quite easy, and very easy). Cognitive assess-



Summary Graphs Covary with Reading and Language Comprehension…  147

ments were performed to control for variables that covary with reading compre-
hension and academic performance, such as executive functions (Cortés Pascual et 
al., 2019), vocabulary (Schmitt & Schmitt, 2020), intellectual capacity (Blakemore 
& Bunge, 2012), reading % uency (Stanley, Petscher & Catts, 2018), and attention 
(García-Madruga et al., 2012).

Study 1: TSGraph properties and reading comprehension
Fi$ h-grade children’s reading comprehension was evaluated using the raw score 
obtained in the Reading Comprehension Assessment Test (PECL, from its acro-
nym in Spanish: “Prueba para Evaluar la Comprensión Lectora”) (Ferreres et al., 
2009) text “El Rebelde”. Using this test as a golden rule, children were classi" ed 
into good and poor readers. ! e " $ h-grade children produced a summary of the 
text “El relicario”. ! e text was given to the children to read independently and 
without time restriction. ! en, they were asked to summarize the text without 
time restriction. Intellectual capacity was assessed using the percentile on the Ra-
ven’s Coloured Progressive Matrix Test (Raven, Court & Raven, 1993). ! e in-
cluded children ranged between the 25th and 95th percentiles and met the criteria 
of not having repeated any grade. In this group, a reading % uency index was calcu-
lated using a reading % uency test (Mosquera, 2011), multiplying the total number 
of words correctly read in the text by 60 and dividing the resulting value by the 
total reading time in seconds. A working memory index, assessed using a working 
memory task, was calculated as the ratio between the individual score/maximum 
possible score (McInerney, Hramok & Kerns, 2005), and an individual vocabu-
lary measure, the individual raw score in the Vocabulary Subtest of the WISC-R 
(Wechsler, 1974), was included.

Study 2: TSGraph properties and language comprehension
Sixth-grade children at risk of intellectual disability (IDr) and a group of typically 
developing (TD) controls were compared. Language comprehension was evaluated 
using the free recall, recognition, and total raw scores obtained in the Narrative 
Memory subtest from the NEPSY II Battery (Korkman, Kirk & Kemp, 2014). ! e 
children produced a summary of the text “Japón, primero en dibujos animados”. ! e 
text was given to the children to read independently and without time restriction. 
! en, they were asked to summarize the texts without time restriction. Intellectual 
capacity was assessed using the RIST Index of the Reynolds Intellectual Screening 
Test (RIST; Reynolds & Kamphaus, 2013). Vocabulary was assessed using the raw 
score in the Peabody Vocabulary Test (Manzano et al., 2003). Finally, attention was 
assessed using the Concentration Endurance Test (d2) (Wassenberg et al., 2008) with 
its three related indicators: Total Performance (TP), Concentration Performance 
(CP), and Fluctuation Rate (FR).
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TSGraphs
SpeechGraph so$ ware (https://www.neuro.ufrn.br/so$ wares/speechgraphs) was 
developed by the Federal University of Rio Grande do Norte (Brazil) in 2012. ! is 
tool represents a text as a graph (G): the words (w) of the text are represented as 
nodes (N) and the connections between the words are represented as edges (E). 
G = (N, E), with N = {w1, w2, w3,…} as the set of nodes and E = {(wi, wj)} as the set 
of edges between words wi and wj in N (see the de" nition of the output parameters 
in Appendix). In both studies conducted, graph attributes were calculated using the 
whole text.

Statistical Analysis
Descriptive statistics of the data were produced using the STATISTICA program 
(StatSo$ , Inc., 2007; version 8.0., www.statso$ .com). ! e univariate normality 
of data was evaluated by examining skewness and kurtosis, with absolute values 
of skewness lower than 2 and kurtosis lower than 7 considered low departures 
from normality (Bryne, 2010). Most variables met these criteria except for den-
sity (skewness = 2.47 and kurtosis = 6.54) in Grade 6, and RE (skewness = 2.57 and 
kurtosis = 7.99) and PE (skewness = 2.27 and kurtosis = 6.66) in Grade 5. For these 
variables, a logarithmic transformation (log10) was applied to achieve a normal 
distribution. However, the skewness and kurtosis did not improve; therefore, non-
parametric alternatives were used in the corresponding analyses.

To control for the possible contribution of domain-general cognitive variables 
to variability in reading/language comprehension and academic performance, 
correlations were performed between the corresponding variables. Taking into 
account the small sample size in the " $ h-grade group, partial correlations were 
conducted between the summaries’ properties and reading comprehension, con-
trolling for domain-general cognitive variables exhibiting signi" cant correlations. 
In the sixth-grade sample, following the correlations analysis, a multivariate lin-
ear regression analysis was conducted to identify the general cognitive processes 
explaining a signi" cant proportion of variance in language comprehension. Ad-
ditional simple regression analyses were conducted to calculate the residuals of the 
dependent variable and include them in the correlations with the syntactic proper-
ties of summaries.

Finally, the independent-samples Student’s t-test and Mann–Whitney U test 
were conducted to compare the syntactic properties between the children classi" ed 
as good/poor readers and IDr/controls (signi" cance level of 0.05).

To address multiple comparisons the false discovery rate (FDR) correction 
method was applied. ! is approach is particularly suited for studies with many 
comparisons involving multiple psychological variables, such as the present stud-
ies. ! e FDR provides a balance between controlling for false positives and main-
taining statistical power. ! e adjustments were performed using the Multiple Test 
Correction Tool (https://multipletesting.com/analysis), as implemented by Meny-
hart, Weltz, and Győr& y (2021).
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Results
Descriptive statistics for both studies
! e descriptive statistics regarding domain-general cognitive processes and the 
academic performance of " $ h graders are in Table 2. Results of the domain-gen-
eral cognitive processes and language assessment of sixth graders are presented in 
Table 3.

In the " $ h-grade group, 9 out of 21 children (42.86%) were identi" ed as being at 
risk of intellectual disability (below the 50th percentile). However, the independent-
samples Student’s t-tests indicated that children at risk exhibited similar performance 
compared to their typically developing peers in all cognitive tasks, including the ver-
bal reasoning WISC subtest and the text summary quantitative measures calculated 
using the SpeechGraph (see details in Table 4).

Table 2
Descriptive statistics of the domain-general cognitive processes and academic achievement of 
5th-grade children

Measures All Sample (N=21) Minimum 
Value

Maximum
ValueMean (SD)

Academic Achievement    
Spanish Language Achievement RS 45.69 (4.41) 32.30 50.00
Reading Achievement RS 17.42 (1.75) 14.00 20.00
Writing Achievement 18.05 (1.56) 15.00 20.00

Cognitive Processes    
Working Memory Index .56 (.08) .44 .69
Reading Fluency Index 103.44 (30.63) 61.27 175.81
WISC Vocabulary RS 37.14 (12.07) 16.00 62.00

Note: M: Mean, SD: Standard Deviation, RS: raw score

Table 3
Descriptive statistics of the domain-general cognitive processes of 6th-grade children.

Variables All Sample (N=42)
Mean (SD)

Minimum 
Value

Maximum 
Value

Cognitive Processes
RIST Index 72.38 (17.31) 48.00 115.00
Attention (d2) – TP 233.05 (78.06) 116.00 475.00
Attention (d2) – CP 112.48 (25.01) 76.00 217.00
Attention (d2) – FR 17.02 (6.43) 6.00 35.00
Vocabulary (Peabody) 102.07 (10.27) 88.00 126.00

Note: M: Mean, SD: Standard Deviation, TP: Total Performance, CP: Concentration Performance, FR: 
Fluctuation Rate
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Table 4
Independent-samples t-tests comparing 5th-grade children at risk of intellectual disability
(IDr) and typically developing (TD) controls.

Cognitive measures
IDr Children

(N=9)
M (SD)

TD Children
(N=12)
M (SD)

t(p)

Working Memory Index .59 (.06) .55 (.09) 1.18 (.25)
Reading Fluency Index 92.85 (31.67) 111.39 (28.56) –1.41 (.18)
WISC Vocabulary RS 34.33 (13.74) 39.25 (10.78) –.92 (.37)
TextoRebelde_ PECL 6.44 (2.30) 6.25 (2.05) .20 (.84)

Graph metrics    
WC 75.00 (32.16) 97.75 (48.28) –1.22 (0.24)
Nodes 52.67 (18.41) 65.42()25.85 –1.26 (0.22)
Edges 73.67 (32.05) 96.17 (48.07) –1.21 (0.24)
RE 2.22 (2.82) 4.25 (5.19) –1.06 (0.30)
PE 2.56 (2.88) 4.75 (5.17) –1.14 (0.27)
L2 .33 (.50) .00 (.00) –.55 (.59)
L3 1.78(1.56) .50 (.80) –.96 (.35)
LCC 52.67 (18.41) 2.58 (2.11) –1.26 (.22)
LSC 48.78 (18.91) 65.42 (25.85) –1.11 (0.28)
ATD 2.72 (0.27) 60.42 (26.62) –1.18 (0.25)
Density .06 (0.02) 2.88 (.34) 1.07 (.30)
Diameter 9.00 (1.66) .05 (.02) –.94 (.36)
ASP 4.03 (.39) 10.08 (3.15I –.22 (.83)
CC .05 (.05) 4.09 (.71) .16 (.88)

Note: SD: Standard Deviation, ID: Intellectual Disability

Study 1: TSGraph Properties and Reading Comprehension
Correlations between Domain-General Cognitive Processes 
and Reading Comprehension
! e " $ h-grade sample showed a statistically signi" cant covariation between the read-
ing % uency index and reading comprehension (r = .66, r2 = .44, t(21) = 3.88, p = .001). 
A$ er applying the FDR correction for multiple comparisons (the critical p-value was 
adjusted to .002), this result remained signi" cant. No statistically signi" cant correla-
tions were found between working memory, vocabulary, and reading comprehension 
in this sample.

Correlations between Graph Properties and Reading Comprehension
! e correlations between all graph attributes and reading comprehension were ana-
lyzed. Only density showed a signi" cant covariation (r = –.64, r2 = .41, t(21) = –3.66, 
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p=.002). ! is result remained signi" cant a$ er the FDR correction for multiple com-
parisons.

Considering the statistically signi" cant association observed between reading 
% uency and reading comprehension, as well as between the graph-derived density 
attribute and reading comprehension, a partial correlation was conducted between 
the TSGraph density and reading comprehension, controlling for the e& ect of read-
ing % uency. ! e result revealed a negative, statistically signi" cant correlation between 
the raw scores for reading comprehension and density (r = –.45, r² = .21, t(21) = –2.16, 
p = .045) (see Figure 1; note that the linear correlation shown is not corrected for the 
e& ect of reading % uency).

Figure 1. Linear correlation between density and 
reading comprehension (PECL_Raw Score).

A closer examination of individual summaries con" rmed that poor readers’ sum-
maries included details and information not directly related to the central idea of the 
text (see Appendix for a translation of the texts to English).

Comparison of Academic Achievement and Domain-General 
Cognitive Processes in good vs. poor readers
A$ er applying the FDR correction for multiple comparisons (compared variables: 
academic achievement, domain-general cognitive processes, and TSGraph proper-
ties), the new critical p-value was set to p < .014. Comparisons with p-values lower 
than this threshold are subsequently considered statistically signi" cant.

! e independent-samples t-test showed that good readers exhibited signi" cantly 
higher results in all academic achievement variables compared to poor readers. A$ er 
the FDR correction for multiple comparisons, the di& erences in reading and writ-
ing achievement were maintained. In the case of cognitive processes, a statistically 
signi" cant di& erence was observed only in the reading % uency index, even a$ er the 
FDR correction for multiple comparisons (see Table 5).
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Table 5
Comparison of academic achievement, domain-general cognitive processes, and syntactic 
properties between good and poor readers

Measures Good readers (N=11)  Poor readers (N=10) t(p) 
 Mean (SD)  Mean (SD)

Academic Achievement    
Spanish Language Achievement RS 48.32 (1.97) 42.80 (4.60) 3.64 (.002)
Reading Achievement RS 18.55 (1.04) 16.20 (1.55) 4.12 (.001)
Writing Achievement 18.82 (1.47) 17.20 (1.23) 2.72 (.014)

Cognitive Processes    
Working Memory Index .60 (.08) .53 (.06) 2.12 (.047)
Reading Fluency Index 120.74 (29.90) 84.42 (18.01) 3.33 (.004)
WISC Vocabulary RS 38.82 (13.70) 35.30 (10.38) .66 (.519)

Note: RS: Raw Scores

Comparison of TSGraph properties in good vs. poor readers
! e independent-samples Student’s t-test indicated that good readers exhibited a sig-
ni" cantly lower graph density (t (19) =  2.14, p = .046; M = .045, SD = .007) compared 
to poor readers (M = .059, SD = .021, see Figure 2). While this result was statistical-
ly signi" cant before applying the FDR, with a critical p-value of.014, it no longer 
reached statistical signi" cance. No signi" cant di& erences were found between the 
subgroups in any of the remaining syntactic properties of the summaries.

Figure 2. Box plot representation of the TSGraph attribute 
density in good and poor readers.
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Study 2: TSGraph properties and language comprehension
Correlations between Domain-General Cognitive Processes and 
Language Comprehension
Signi" cant Pearson correlations were found between language comprehension and the 
RIST Index (r = .46, r2 = .21, t(42)  =  3.34, p  = .002) and vocabulary (r  = .36, r2 = .13, 
t (42) = 2.48, p = .017). A$ er applying the FDR correction (critical p- value = .017), 
these results remained signi" cant.

! e multivariate regression analysis showed that only variability in intellectual 
capacity had a statistically signi" cant e& ect on the dependent variable (RIST Index: 
SS = 224.71, df = 1, MS = 224.71, F = 4.32, p = .044, partial eta-squared = .0996, ob-
served power = .526; Peabody RS: SS = 3.71, df =  1, MS = 3.71, F = .071, p = .79, partial 
eta-squared = .0018, observed power = .058).

Correlations between TSGraph properties and Language Comprehension
! e correlations between the properties of the summary graphs of sixth-grade chil-
dren derived from the text “Japón, primero en dibujos animados”, and the residuals 
of the regression between language comprehension and intellectual capacity yield-
ed statistically signi" cant covariations with the number of nodes (r = .34, r2 = .12, 
t(42) = 2.30, p = .026), the largest connected component (r = .34, r2 = .12, t(42) = 2.30, 
p = .026), and the density of the summary (r = –.35, t(42) = –2.36, p = .023). ! e cor-
relation associated with density was calculated using Spearman’s rank correlation, as 
this variable did not meet the normality assumption. A$ er the FDR correction for 
multiple comparisons was applied (the critical p-value was adjusted to .023), only 
the correlation with density remained signi" cant. However, although the correla-
tions with the number of nodes and the largest connected component showed a clear 
trend, these did not remain statistically signi" cant (see Figure 3).

Figure 3. Linear correlation between TSGraph properties and language comprehension.

Domain-General Cognitive Processes and syntactic properties between IDr 
and TD groups
As expected, the 27 sixth graders (64.29%) at risk of ID (RIST index < 80) showed sig-
ni" cantly lower results in most of the cognitive measures (see Table 6). Notably, the 
majority of these measures remained statistically signi" cant a$ er applying the FDR 
correction (critical p-value = .034).
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Table 6
Independent-samples t-tests comparing 6th-grade children at risk of intellectual disability (IDr) 
and typically developing (TD) controls.

Cognitive measures IDr Children (N=27)
M (SD)

TD Children (N=15)
M (SD) t(p)

Narrative Memory
Free Recall RS 20.59 (9.11) 28.93 (5.55) –3.22 (.003)

Narrative Memory
Free Recall SS 17.78 (2.01) 19.00 (.00) –2.35 (.024)

Narrative Memory
Free+Guided Recall RS 24.89 (8.40) 31.60 (4.87) –2.83 (.007) 

Narrative Memory
Free+Guided Recall SS 14.96 (3.59) 17.53 (1.68) –2.61 (.013) 

Narrative Memory
Recognition RS 13.44 (1.97) 14.60 (1.24) –2.05 (.047)

Narrative Memory
Total RS 38.33 (9.89) 46.20 (5.93) –2.80 (.007)

RIST Index 61.30 (9.02) 92.33 (7.92) –11.14 (.000)
TP 260.19 (79.50) 184.20 (46.13) 3.39 (.002)
CP 106.44 (26.38) 123.33 (18.52) –2.19 (.034)
FR 17.74 (6.32) 15.73 (6.65) 0.97 (.339)
Peabody Verbal Test RS 97.96 (7.96) 109.47 (10.01) –4.09 (.000)

Note: RS: Raw Scores, SS: Standard Scores

! e independent-samples Student’s t-test comparing the subgroups’ TSGraph 
properties showed no statistically signi" cant di& erences in any of them (Nodes: 
t(40)  =  -1.83, p = .075) IDr Children: M = 64.29 SD = 12.22, Controls: M = 56.93 SD =  
13.05; LCC: t(40)  =  -1.83, p = .075 IDr Children: M = 64.29 SD = 12.22, Controls: 
M = 56.93 SD = 13.05). ! e non-parametric independent sample comparison con-
ducted on density was the same (Rank Sum TD Children =  382.5, Rank Sum IDr 
Children = 520.50 U  = 142.50, Z = -1.56, p =  0.12).

Discussion
! e results of these studies suggest that the summary density of grade-appropriate 
texts is informative regarding the individual variability in standardized measures of 
reading and language comprehension in both " $ h- and sixth-graders’ samples. Note 
that these studies were conducted in di& erent grades, using di& erent measures of in-
formation processing and comprehension. Moreover, di& erent statistical procedures 
controlling for the e& ect of domain-general cognitive factors were used, and yet con-
sistent results were found, in line with previous reports.

In both samples, density was informative and showed a negative association with 
reading and language comprehension. Additionally, poor readers showed signi" cant-
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ly higher density values. ! erefore, the higher the density of the summary, the worse 
the cohesion and organization of ideas. As suggested by this negative correlation, 
poor readers’ summaries included details and information not directly related to the 
central idea of the text.

A previous study discriminating degrees of severity of cognitive impairment 
through verbal % uency, evaluated using the SpeechGraph properties (Bertola et al., 
2014), found that patients with more severe symptoms showed higher density val-
ues for the derived networks, as well as lower values for the average shortest path 
(ASP). Both properties, together with the word count, nodes, edges, and diameter, 
discriminated with adequate sensitivity and speci" city between the clinical sample 
and controls. Control subjects displayed less dense networks than patients with cog-
nitive impairment.

Another study reported that density, understood as an index of linearity in dis-
course (Coelho, Mattos & Tannock, 2018) and used as a measure of narrative e#  cien-
cy, showed the greatest di& erence between patients identi" ed with attention-de" cit/
hyperactivity disorder and controls. ! e latter showed signi" cantly lower values of 
the speech graph’s density. ! e results presented here are in line with those of Bertola 
et al. (2014) and Coelho, Mattos & Tannock (2018).

Moreover, in relation to the construction–integration model (Kintsch & Van 
Dijk, 1978), our results suggest that an atypically structured textbase could be im-
plicated in low reading and language comprehension. ! e construction–integration 
model posits that reading comprehension stems from the interactions between the 
literal, propositional representation of a text held in working memory (the textbase) 
and the reader’s preexisting schemata contained in long-term memory (Kintsch & 
Van Dijk, 1978), which forms a representation of the meaning of the text (the situ-
ation model).

For most readers, the textbase is automatically constructed and requires little 
conscious e& ort. In contrast, poor readers are believed to construct a less detailed 
situation model as compared to % uent readers, putatively due to a less coherent text-
base and/or less developed schemata (Kintsch, 1998, Smith et al., 2021). ! e TS-
Graphs can be interpreted as a suitable structural representation of the textbase and 
may advance our understanding of the cognitive underpinnings of comprehension 
processes in the context of both reading and communication.

Additional global attributes showed statistically signi" cant covariations before 
the FDR multiple comparison correction and did not maintain them a$ er the cor-
rection; nevertheless, given the low sample size and the stable results obtained in the 
same sample for the rest of the variables, we will brie% y discuss the implications of the 
trends in the sixth-grade sample toward signi" cant correlations in the case of nodes 
and largest connected component with reading comprehension. In these cases, the 
correlations between the previously mentioned attributes and language comprehen-
sion were positive and direct. ! ese results are also in line with previous " ndings. 
Nodes, which indicate the lexical diversity of the summaries, were positively corre-
lated with language comprehension even though the length of the studied summaries 
ranged between one and three paragraphs and were considered short texts (Brown, 
2018). Nodes were also reported to correlate positively with IQ, which included lan-
guage skills in Mota et al. (2016).
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! e LCC (and LSC) properties have also been reported to directly covary with 
language comprehension. In the study of the relationship between the structure of 
autobiographical memories and cognitive and reading performance (Mota et al., 
2016), LCC and LSC were the properties more stably correlated with reading com-
petence at di& erent moments of the investigation. ! e authors found a similar direct 
association between these properties in all cases, despite several di& erences between 
the studies.

In Mota et al. (2016), the text input to SpeechGraph was the transcription of au-
tobiographical memories, based on reports of long- and short-term declarative mem-
ory. Here, the task consisted of writing a summary of a narrative text, whose length 
could hinder the ability to evoke related details. It may be easier to establish connec-
tions between known events that are directly retrieved from memory than from the 
content of a narrative text that does not necessarily refer to the child’s experience. 
! e chance of producing a longer, varied, and interconnected text favors oral dis-
course (McCarthy & McNamara, 2021; Roberts & Street, 2017). Additionally, from 
the executive perspective, organizing a written text requires greater attention and 
planning resources than oral discourse (Cain, 2022; Ellis, 2016; Smith et al., 2021). 
However, similar correlation sizes were found in both studies: cognitive performance 
(IQ and theory of mind (ToM) performance) and nodes (IQ: r =0.36, p =.0014; ToM: 
R =0.35, p =.0022) and LCC (IQ: r =0.40, p =.0005; ToM: r =0.34, p =.0023). ! ese 
similar results suggest that children who employ a larger number of di&erent words, 
make more connections among them, and have fewer repetitions of word–word as-
sociations (in either spoken or written discourse) performed better on IQ, ToM, and 
language comprehension tests.

Regarding school achievement, Mota et al. (2016) also found significant positive 
correlations between reading performance and LCC (r =0.33, p =.0041), consistent 
with the above-discussed result. LCC was also directly correlated with reading, even 
a$ er controlling for the e& ect of IQ and ToM.

! e study conducted by Lemke et al. (2021) of bilingual Portuguese–English-
speaking children demonstrates how levels of syntactic complexity in writing are 
mirrored by increases in graph attributes such as connectedness and text density. 
Similarly, the present results reveal associations between topological measures such 
as graph density and reading comprehension in native Spanish-speaking " $ h and 
sixth graders. ! is correspondence suggests the plausibility of generalizing the ap-
plication of graph theory principles across diverse linguistic contexts and tasks, de-
spite the di& erence in task demands—speech production in Lemke’s case and reading 
comprehension in our studies. Such parallelism reinforces the plausibility of graph 
theory as a framework for understanding language processing mechanisms, tran-
scending speci" c linguistic modalities and tasks.

In general, the results reported here suggest that evaluations based on quantita-
tive measures derived from graph theory provide a suitable framework for a more 
in-depth analysis of the impact of syntactic variables, especially topological attri-
butes related to reading comprehension, and SpeechGraph attributes to di& erentiate 
between clinical samples. ! e inability to produce a text with distinctive properties 
such as cohesion (which can be quanti" ed through density) or a speci" c connectivity 
pattern (captured by LCC) can be a predictor of low reading/language comprehen-
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sion. Identifying this will contribute to improving the precision of evaluation systems 
and the e& ectiveness of intervention and follow-up strategies for subjects at risk of 
learning/language di#  culties hampering reading and language comprehension.

Conclusion
! e quantitative properties/attributes of text summaries treated as graphs can in-
dicate the individual variability in standardized language and reading comprehen-
sion measures in school-age children. ! ey support generalizing the application of 
graph theory principles across diverse linguistic contexts and tasks. Further research 
should explore including these measures in automated evaluation systems that iden-
tify and stimulate reading/language comprehension processes and/or the impact of 
di& erent intervention strategies. ! ey can be applied to larger samples of typically 
developing children and children at risk of language/reading/learning disabilities or 
low academic achievement. To the best of our knowledge, this is the " rst study using 
the TSGraph properties to explore reading/language comprehension in the Spanish 
language.

Limitations
! e preliminary results presented here should be interpreted with caution, owing 
to the small sample size of the groups compared and the fact that, in Study 1, a high 
percentage of children at risk of low intellectual capacity were identi" ed (approxi-
mately 42% were classi" ed in the 25th percentile in the Raven Test). ! ese results were 
unexpected, considering that the sample was made up of children who had already 
passed at least four grades of the general education system. It should be taken into ac-
count that the children were classi" ed using foreign norms (Chilean in the case of the 
Raven Test). ! is could explain the discrepancy between the children’s intellectual 
performance and academic achievement, particularly since they exhibited statisti-
cally similar results to the children in the ≥50th percentile in the rest of the cognitive 
and academic assessments conducted. Finally, please note that most of the research 
on SpeechGraphs has been conducted on oral, not written, narratives; hence, inter-
pretation of these preliminary results should also consider this factor.

Ethics Statement
Both studies were approved by the Psychology Faculty Ethics Committee, Havana 
University.

Informed Consent from the Participants’ Legal Guardians
Informed consent was obtained from the legal guardians of all children included in 
the samples. Additionally, all children provided verbal assent to the assessments.

Author Contributions
NEP conceived the idea. AFB and NEP developed the theoretical framework and 
performed the statistical analysis. KGH obtained the data and veri" ed the analytical 



158  Fernández-Blanco, A., Estévez-Pérez, N., González Hernández, K.

methods. AFB and NEP prepared the " rst dra$  of the manuscript. NEP and KGH 
provided corrections. All authors discussed the results and contributed to the " nal 
manuscript.

Con! ict of Interest
On behalf of all the authors, the corresponding author states that there are no con-
% icts of interest.

References
Adlof, S. M., Scoggins, J., Brazendale, A., Babb, S. & Petscher, Y. (2017). Identifying Children at Risk for 

Language Impairment or Dyslexia with Group-Administered Measures. Journal of Speech, Lan-
guage, and Hearing Research, 60(12), 3507–3522. https://doi.org/10.1044/2017_JSLHR-L-16-0473

Alloway, T. & Alloway, R. (2010). Investigating the predictive roles of working memory and IQ in aca-
demic attainment. Journal of Experimental Child Psychology, 106, 20–29. https://doi.org/10.1016/j.
jecp.2009.11.003

American Psychiatric Association., Kupfer, D., Regier, D., Arango, C., Ayuso-Mateos, J., Vieta, E., & Ba-
gney, A. (Eds.) (2014). DSM-5: Manual Diagnóstico y Estadístico de los Trastornos Mentales (5th ed.) 
[DSM-5: Diagnostic and Statistical Manual of Mental Disorders]. Editorial Médica Panamericana.

Beltrán, C., & Repetto, E. (2006). El entrenamiento en estrategias sobre la comprensión lectora del 
enunciado del problema aritmético: un estudio empírico con estudiantes de Educación Primaria 
[Training in strategies for reading comprehension of arithmetic problem statements: An empirical 
study with Primary Education students]. Revista española de orientación y psicopedagogía [Spanish 
Journal of Guidance and Psychopedagogy], 17(1), 33–48.

Bertola, L., Mota, N., Copelli, M., Rivero, T., Satler, B., Romano-Silva, M., ..., & Malloy-Diniz, L. (2014). 
Graph analysis of verbal % uency test discriminate between patients with Alzheimer’s disease, mild 
cognitive impairment and normal elderly controls. Frontiers in aging neuroscience, 6, Article 185. 
https://doi.org/10.3389/fnagi.2014.00185

Blakemore, S., & Bunge, S. (2012). At the nexus of neuroscience and education. Developmental Cognitive 
Neuroscience, 2 (Suppl. 1), S1–S5.  https://doi.org/10.1016/j.dcn.2012.01.001

Bogaerds-Hazenberg, S.T.M., Evers-Vermeul, J., & Van den Bergh, H. (2020). A Meta-Analysis on the 
E& ects of Text Structure Instruction on Reading Comprehension in the Upper Elementary Grades. 
Reading Research Quarterly, 56(3), 435–462. https://doi.org/10.1002/rrq.311

Botezatu, M.R., Weissheimer, J., Ribeiro, M., Guo, T., Finger, I., & Mota, N. B. (2022). Graph structure 
analysis of speech production among second language learners of Spanish and Chinese. Frontiers 
in Psychology, 13, 940269. https://doi.org/10.3389/fpsyg.2022.940269

Brown, R. (2018). Brevity, Intensity, Unexpectedness. American Book Review, 40(1).
Bryne, B.M. (2010). Structural equation modeling with AMOS: Basic concepts, applications, and program-

ming. Routledge Publishing. https://doi.org/10.4324/9781315757421
Cain, K. (2022). Children’s Reading Comprehension Di#  culties. In M.J. Snowling, C. Hulme, & K. 

(Eds.), ! e science of reading: A handbook (2nd ed., pp. 298–322). Wiley Blackwell. https://doi.
org/10.1002/9781119705116.ch14 .

Coelho, R., Mattos, P., & Tannock, R. (2018). Attention-De" cit Hyperactivity Disorder (ADHD) and 
narrative discourse in older adults. Dementia & Neuropsychologia, 12(4), 374–379. https://doi.
org/10.1590/1980-57642018dn12-040006

Conti-Ramsden, G., & Hesketh, A. (2003). Risk markers for SLI: a study of young language-learning 
children. International Journal of Language & Communication disorders, 38(3), 251–263. https://
doi.org/10.1080/1368282031000092339

Coulton, K. (2011). Enhancing year 7 and 8 boys’ motivation in narrative writing through peer col-
laboration and a drama strategy. ! esis in Masters in Education. Victoria University of Wellington.



Summary Graphs Covary with Reading and Language Comprehension…  159

Di Blasi, F.D., Buono, S., Cantagallo, C., Di Filippo, G., & Zoccolotti, P. (2019). Reading skills in children 
with mild to borderline intellectual disability: a cross-sectional study on second to eighth graders. 
Journal of Intellectual Disability Research, 63(8), 1023–1040. https://doi.org/10.1111/jir.12620

Dockrell, J. (2003). Identi" cación y evaluación de los problemas del lenguaje en niños con di" cultades 
comunicativas [Identi" cation and evaluation of language problems in children with communica-
tion di#  culties]. In V Acosta, & A. Moreno (Eds.), Di" cultades del lenguaje, colaboración e inclusión 
educativa. Manual para logopedas, psicopedagogos y profesores [Language di#  culties, collaboration, 
and educational inclusion. Handbook for speech therapists, educational psychologists, and teach-
ers] (pp. 139–158). Ars Médica.

Duke, N., Ward, A.E., & Pearson, D. (2021). ! e Science of Reading Comprehension Instruction. ! e 
Reading Teacher, 74(6), 663–672, https://doi.org/10.1002/trtr.1993

Ellis, A. (2016). Reading, writing and dyslexia: a cognitive analysis. Psychology Press.
Ferreres, A., Abusamra, V., Casajús, A., Cartoceti, R., Squillace, M., & Sampedro, B. (2009). Pruebas 

de screening para la evaluación de la comprensión de textos [Screening tests for the evaluation of 
text comprehension]. Neuropsicología Latinoamericana [Latin American Neuropsychology], 1(1), 
41–56.

Fuchs, D., Mock, D., Morgan, P. & Young, C. (2003). Responsiveness-to-intervention: De" nitions, evi-
dence, and implications for the learning disabilities construct. Learning disabilities research and 
practice, 18, 157–171. https://doi.org/10.1111/1540-5826.00072

Furtado, R., Maia, P., Mota, N., Ribeiro, S., Copelli, M., & Slezak, D. (2013). SpeechGraph (1.0.23) [Sof-
tware]. Retrieved from https://www.neuro.ufrn.br/so$ wares/speechgraphs.

García-Madruga, J., Elosúa, M., Gil, L., Gómez-Veiga, I., Vila, J. & Orjales, I. (2012). Intervention on 
working memory’s executive processes to improve reading comprehension in primary school chil-
dren. Reading research quarterly, 48(2), 155–174.

Gick, M., & Holyoak, K. (1983). Schema Induction and Analogical Transfer. Cognitive Psychology, 15, 
1–38. https://doi.org/10.1016/0010-0285(83)90002-6

Gomes, M., Pérez, M.P., Castro, I., Moreira, P., Ribeiro, S., Mota, N.B., & Morgado, P. (2023). Speech 
graph analysis in obsessive-compulsive disorder: ! e relevance of dream reports. Journal of Psychi-
atric Research, 161, 358–363. https://doi.org/10.1016/j.jpsychires.2023.03.035

González, H.K., & Estévez, P.N. (2019). Adaptación al contexto cubano de una prueba para evaluar la 
comprensión lectora [Adaptation of a reading comprehension test to the Cuban context]. Universi-
dad de La Habana [University of Havana], 288, 214–244. 

Hines, S. (2009). ! e E& ectiveness of a Color-Coded, Onset-Rime Decoding Intervention with First 
Grade Students at Serious Risk for Reading Disabilities. Learning disabilities research and practice, 
24(1), 21–32. https://doi.org/10.1111/j.1540-5826.2008.01274.x

Jun Chang, L., & Bin Anual, S. (2008). ! e Role of Vocabulary in Reading Comprehension: ! e Case 
of Secondary School Students Learning English in Singapore. Regional Language Centre Journal, 
39(1), 51–76. https://doi.org/10.1177/0033688208091140

Kintsch, W., & Van Dijk, T. A. (1978). Towards a model of text comprehension and production. Psycho-
logical Review, 85(5), 363–394. https://doi.org/10.1037/0033-295X.85.5.363

Kintsch, W. (1998). Comprehension: A paradigm for cognition. Cambridge university press.
Korkman, M., Kirk, U., & Kemp, S. (2014). Nepsy-Second Edition. Pearson Educación, S.A.
Lemke, C.E., Weissheimer, J., Mota, N.B., de Souza Brentano, L., & Finger, I. (2021). ! e E& ects of Early 

Biliteracy on ! ought Organisation and Syntactic Complexity in Written Production by 11-Year-
Old Children. Language Teaching Research Quarterly, 26, 1–17.

Manzano, M., Piñeiro, A., Inguanzo, G., & Fernández, C. (2003). Un estudio del lenguaje receptivo en 
niños con di" cultades en el aprendizaje [A study of receptive language in children with learning 
di#  culties]. Revista Cubana de Psicología [Cuban Journal of Psychology], 20(2), 128–135.

McCarthy, K.S, & McNamara, D.S. (2021) ! e Multidimensional Knowledge in Text Comprehension 
framework. Educational Psychologist, 56(3), 196–214. https://doi.org/10.1080/00461520.2021.187
2379



160  Fernández-Blanco, A., Estévez-Pérez, N., González Hernández, K.

McInerney, R., Hramok, M., & Kerns, K. (2005). ! e children’s size-ordering task: A new measure of 
non-verbal working memory. Journal of Clinical and Experimental Neuropsychology, 27, 735−745. 
https://doi.org/10.1081/13803390490918633

Mcnamara, D., & Scott, J. (2001). Working memory capacity and strategy use. Memory & Cognition, 
29(1), 10–17. https://doi.org/10.3758/BF03195736

Menyhart, O., Weltz, B., & Győr& y, B. (2021). MultipleTesting.com: A tool for life science researchers 
for multiple hypothesis testing correction. PLoS ONE, 16(6), e0245824. https://doi.org/10.1371/
journal.pone.0245824

Mota, N., Furtado, R., Maia, P., Copelli, M. & Ribeiro, S. (2013). Graph analysis of dream reports is es-
pecially informative about psychosis. Scienti" c Reports, 4, 3691. https://doi.org/10.1038/srep03691.

Mota, N., Vasconcelos, N., Lemos, N., Pieretti, A., Kinouchi, O., Cechi, G., …, & Ribeiro, S. (2012). 
Speech Graphs Provide a Quantitative Measure of ! ought Disorder in Psychosis. PLoS one, 7(4), 
e34928. https://doi.org/10.1371/journal.pone.0034928

Mota, N., Weissheimer, J., Madruga, B., Adamy, N., Bunge, S., Copelli, M., & Ribeiro, S. (2016). A natu-
ralistic assessment of the organization of children’s memories predicts cognitive functioning and 
reading ability. Mind, Brain and Education, 10(3), 184–195. https://doi.org/10.1111/mbe.12122

Nelson, J., & Machek, G. (2007). A survey of traning, practice, and competence in reading assessment 
and intervention. School Psychology Review, 31, 554–568. https://doi.org/10.1080/02796015.2007.
12087948

OECD (2019). PISA 2018 Results: What Students Know and Can Do (Vol.1), PISA, OECD Publishing, 
Paris, https://doi.org/10.1787/5f07c754-en.

OECD (2023). PISA 2022 Results: ! e State of Learning and Equity in Education (Vol.1), PISA, OECD 
Publishing, Paris. https://doi.org/10.1787/53f23881-en

Oakhill, J. (2020). Four decades of research into children’s reading comprehension: A personal review. 
Discourse Processes, 57(5-6), 402–419. https://doi.org/10.1080/0163853X.2020.1740875.

Powel, S., Fuchs, L., Fuchs, D. Cirino, P., & Fletcher, J. (2009). E& ects of Fact Retrieval Tutoring on ! ird-
Grade Students with Math Di#  culties with and without Reading Di#  culties. Learning Disabilities 
Research & Practice, 24(1), 1–11. https://doi.org/10.1111/j.1540-5826.2008.01272.x

Raven, J., Court, J., & Raven, J. (1993). Test de Matrices Progresivas. Manual Escalas Coloreada [Progres-
sive Matrices Test. Coloured Scales Manual]. Paidós.

Reigosa-Crespo, V., Valdés-Sosa, M., Butterworth, B., Estévez, N., Rodríguez, M., Santos, E., ..., & Lage, 
A. (2011). Basic Numerical Capacities and Prevalence of Developmental Dyscalculia: ! e Havana 
Survey. Developmental Psychology. Advance online publication. https://doi.org/10.1037/a0025356

Reynolds, C., & Kamphaus, R. (2013). RIAS. Reynolds Intellectual Assessment Scales. RIST. Reynolds 
Intellectual Screening Test. Psychological Assessment Resources. TEA Ediciones.

Ricketts, J., Nation, K., & Bishop, D. (2007). Vocabulary is important for some, but not all reading skills. 
Scienti" c Studies of Reading. University of Oxford. https://doi.org/10.1080/10888430701344306

Roberts, C., & Street, B. (2017). Spoken and written language. ! e handbook of sociolinguistics, 168–186.
Silva, M., & Cain, K. (2015). ! e relations between lower and higher level of comprehension skills and 

their role in prediction of early reading comprehension. Journal of educational psychology, 107(2), 
321.

Smith, R., Snow, P., Serry, T., & Hammond, L. (2021) ! e Role of Background Knowledge in Reading 
Comprehension: A Critical Review. Reading Psychology, 42(3), 214–240, https://doi.org/10.1080/0
2702711.2021.1888348

Sanır, H., & Özmen, E.R. (2022). Multi-component models of reading comprehension: important fac-
tors in reading comprehension for students with learning disabilities. International Journal of Edu-
cation Technology and Scienti" c Researches, 7(19), 1983–2026. https://doi.org/10.35826/ijetsar.525

Stanley, C.T., Petscher, Y., & Catts, H. (2018). A longitudinal investigation of direct and indirect links 
between reading skills in kindergarten and reading comprehension in tenth grade. Reading and 
Writing, 31, 133–153. https://doi.org/10.1007/s11145-017-9777-6

Trabasso, T., & Bartolone, J. (2003). Story understanding and counterfactual reasoning. Journal of Ex-
perimental Psychology: Learning, Memory, and Cognition, 29(5), 904.



Summary Graphs Covary with Reading and Language Comprehension…  161

Veliz, M. (1996). Recurrencia textual y competencia narrativa en escolares de educación básica y media 
[Textual recurrence and narrative competence in primary and secondary school students]. REALE 
[REALE], 5, 107–126.

Wassenberg, R., Hendriksen, J., Hurk, P., & Feron, F. (2008). Development of inattention, impulsivity 
and processing speed as measured by the D2 test: Results of a large cross-sectional study in children 
aged 7–13. Child Neuropsychology, 14(3), 195–210. https://doi.org/10.1080/09297040601187940

Wechsler, D. (1974). Manual for the Wechsler intelligence scale for children — revised. Psychological Cor-
poration.

Original manuscript received May 6, 2024
Revised manuscript accepted December 14, 2024

First published online December 15, 2024

To cite this article: Fernández-Blanco, A., Estévez-Pérez, N., González Hernández, K. (2024). Sum-
mary Graphs Covary with Reading and Language Comprehension in School-Age Children in the 
Spanish Language, Psychology in Russia: State of the Art, 17(4), 142–162. DOI: 10.11621/pir.2024.0408



162  Fernández-Blanco, A., Estévez-Pérez, N., González Hernández, K.

Appendix
Variables derived from the SpeechGraph (outputs)

 Syntactic properties 
of the summary Operational de" nition

General Properties: quanti" cation of the main elements that make up the network.
Word Count: WC Number of words in the text.
Number of nodes: N Number of di& erent words in the text.
Number of Edges: E Number of links between words in the text.
Recurrence Properties: quanti" cation of the repetition of the edges between words and patterns 
of repeated words.
Repeated Edges: RE Sum of all edges linking the same pair of nodes.
Parallel Edges: PE Sum of all parallel edges linking the same pair of nodes (connections 

between two words) in opposite directions.
Loop of one node: L1 Sum of all edges linking a node with itself.
Loop of two nodes: L2 Sum of all loops containing two nodes (sequences of two di& erent 

words).
Loop of three nodes: L3 Sum of all loops containing three nodes (sequences of three di& erent 

words).
Connectivity Properties: quanti" cation of the number of words connected through paths of 
edges, regardless of directionality.
Largest Connected 
Component: LCC

Number of nodes in the maximal component in which all pairs of nodes 
are reachable from one another in the underlying undirected subgraph 
(an indicator of how well connected the words of the text are).

Largest Strongly Connect-
ed Component: LSC

Number of nodes in the maximal component in which all pairs of nodes 
are reachable from one another in the directed subgraph (also, an indi-
cator of how well connected the words of the text are).

Global Properties: quantify the topological characteristics of complex graphs.
Average Total Degree: 
ATD 

Given a node n, the Total Degree is the sum of “in and out” edges. ! e 
Average Total Degree is the sum of the Total Degree of all nodes divided 
by the number of nodes (how many links the word has with any other 
words).

Density Number of edges divided by possible edges (D = 2*E/N*(N-1)), where E 
is the number of edges and N is the number of nodes (number of direct-
ly connected words divided by all possible connections between words).

Diameter Distance, in number of nodes, from the connection between the most 
distant pair of connected nodes in the text.

Average Shortest Path: 
ASP

Average of the shortest paths between each pair of nodes in the text.

Average Clustering Coef-
" cient: CC

Given the node w1, the clustering coe#  cient is the measure of how 
many nodes are directly connected to the node w1, being also directly 
connected to each other in a neighborhood; the average clustering coef-
" cient is the sum of the clustering coe#  cients for each node divided by 
the number of elements in its neighborhood.


