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ABSTRACT This paper tries to establish the most important parameters of readability when it comes to
choosing reading books for students in the second and third stages of primary and compulsory secondary
education (CSE). A computational system is postulated, through data-mining techniques, capable of automat-
ically classify reading texts by virtue of syntactic, lexical, semantics, and topological parameters regarding
their overall content. The validity of this process is ensured through a careful selection by editorial experts
used to accomplish the same validation task among different texts. In this paper, the results in the automatic
classification of the degree of readability reached are promising; they allow to continue with a deeper
investigation in this field of analysis with the purpose of progressing in the age rank studied, as well as
in the text themes defining the corpus.

INDEX TERMS Algorithms, artificial intelligence, communication symbols, data processing, data systems,
machine learning, machine learning algorithms, pragmatics, readability metrics, semantics, semiotics,
syntactics, text processing, writing.

I. INTRODUCTION
The role of reading in the cognitive, emotional, social and
cultural development of the human being constitutes one
aspect into which has been significantly delved during the
last decades in the academic field, since the importance of
the reading process for the achievement of other competences
and abilities is a peaceful debate [1], [2], [3], [4]. Like-
wise, the benefits of an intense and regular reading activity
throughout life has been associated with a lesser effect of the
advance of age on the cognitive function in general, and on the
linguistic abilities in particular [3], [5], [6]; in this way, it is
clear that the process of reading is crucial for the individual’s
executive functions with huge influence throughout the whole
process of life [4], [7].

The associate editor coordinating the review of this manuscript and
approving it for publication was Fan Zhang.

In the context of formal education, reading is an essential
tool within the learning process at any curricular subject [3],
[8], [9], and its importance increments as the educational level
increases. However, the acquisition of knowledge through
reading implies the comprehension of what has been read,
something which has been deeply demonstrated by scientific
evidences, in which the positive correlation existing between
reading comprehension and academic performance is con-
clusively proved [10], [11], [12]. On that subject underline
that reading is the skill which has the greatest influence
on academic performance, although, in their opinion, it is
even more relevant to consider the importance of reading for
the access to information in the successive life stages [13].
In this way, comprehensive reading results crucial for both
academic and professional success, since it is a vehicle for the
social inclusion in the contemporaneous world [10]. In this
author’s opinion, the access to equality of chances is regulated
by the individual’s reading competence, in such a way that
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the ability to exercise some of the social rights requires to
previously incorporate this ability [10] In this same sense,
Reynolds has indicated that the command of the reading skill
is basic in the modern world [14].

From a psycholinguistic perspective, reading compre-
hension is a complex cognitive process of multifactorial
nature, which depends as much from the text as from the
reader’s characteristics, as well as from the objective of
reading and from the processing demands that the task
implies [2], [6], [15]. Catts and Kamhi have explained that the
multidimensionality of the process entails that attention must
be paid to a set of intrinsic and extrinsic factors to analyze
and conceptualize the student’s performance as regards this
ability [16]. Among the reader intrinsic factors, linguistic
and cognitive abilities, previous knowledge and motivation
are some frequently cited. On the other hand, concerning
extrinsic factors, physical textual characteristics (such as font
type or size) and linguistic textual characteristics (lexical,
semantic and syntactic aspects) can be mentioned.

Given the importance of the environment on the develop-
ment of linguistic abilities, the development of an interest in
reading and the construction of a reading identity, another
factor to consider is the sociocultural context. In other words,
the range of situations in which reading takes place [17].
A relationship has been shown to exist between the degree
of exposure to reading materials and reading competence,
showing that a richer reading experience is associated with
a higher reading competence at different levels throughout
development [18]. In this sense, children’s literature fulfills
an essential role in that it helps to encourage exposure to
printedmaterials from early ages. In fact, it has been observed
that the number of books in the home predicts reading per-
formance of readers at primary and secondary school. This is
true even after controlling for factors such as family income,
parental education level, language used at home and other
aspects of the family context, and teaching [19]. Further, it
has been found that well equipped school libraries constitute
a protective factor against social disadvantage [20].

Children’s literature constitutes an important resource in
encouraging reading for pleasure outside of the school, espe-
cially from third grade of obligatory primary education, when
normally developing children have had the opportunity to
acquire the ability of automatic and fluent decodification.
This makes them more independent readers when engaged
in activities of voluntary reading, with the support of their
educators and parents. Previous research has established a
strong relationship between the time dedicated to reading
and the performance of the reader [21]. In fact, reading
regularly outside of school is associated with higher reading
test scores [22], [23]. However, the benefits of independent
reading extend beyond the educational purposes to personal
development and quality of life [24].

In general, the mere exposure to printed materials does not
necessarily ensure the development of high reading compe-
tence [17]. As has been noted, reading is a complex activ-
ity for which success is determined by three factors: the

reader, the text and the objective/task [17]. Whether or not
the voluntary reading activities will work to improve com-
prehension will largely depend on the degree of compati-
bility between the reader’s competence and the complexity
of the text [25]. Complexity of the text is understood as the
ease/difficulty with which the text is read/understood and is
known as readability [26]. Research proposes that readers
do not enjoy reading books that are not appropriately chal-
lenging [27]. For contrasting reasons, both books that are too
easy and those which are too difficult, can drive the reader to
lose interest [28]. Evidence suggests that a positive relation-
ship exists between enjoyment of reading and frequency of
reading [29].

Consequently, in reading comprehension, multiple aspects
related to the format of the text influence. The text has been
translated into other languages, into the text and into the terms
of its ease / difficulty to be read and understood [26], which
are includedwithin the term readability. Reading is, therefore,
a relevant aspect from the pedagogical point of view, insofar
as it allows to establish the identity in a text according to
its characteristics for an account reader [31], [32], being
a dimension that at the same time influences on intrinsic
factors, such as interest or motivation towards reading. Ref-
erence [13] Have recognized the importance of reading in
life in which the child has to be present in the reading of the
texts with which he works in the classroom and in the educa-
tional axis of the educational action found in the educational
context.

The term readability was used as one of the first time in the
Spanish context by José Fernández Huerta in his outstanding
article of 1958, ‘‘Legibilidad y lecturabilidad: dos conceptos
básicos en los libros escolares [33], and employed in his
also decisive text of 1959, ‘‘Medidas sencillas de lectura-
bilidad’’ [34]. In the 1959 article, he defined readability as
follows:

‘‘Text readability is closely linked to reading comprehen-
sion. More specifically, it conveys the possibility that the
terms employed in a book and its syntactic structures com-
prehensively concern readers’’.

As it can be observed, the term is more connected to the
‘‘comprehensibility’’ determined by the syntactic structure
than to the typographical aspects of the text. The term has
been successful in several spheres of knowledge, such as
graphic design, and it has been more spread in the other side
of the Atlantic, in countries such as Colombia, Mexico or
Costa Rica. Campos, Contreras, Riffo, Veliz & Reyes have
exposed that this term makes reference both to educative and
cognitive considerations, since, as these authors underline,
although in a first place it was created to allude to the selection
of texts that were more suitable to the students’ needs in
each educational stage, the advance of research revealed the
connection existing between this dimension and the different
elements composing the text, which indicate the correspond-
ing degree of difficulty [35].

Someone as outstanding in the world of Spanish ortho-
typography and lexicography as José Martínez de Sousa
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defined the term vehemently, still recognizing its difficulties
of acceptation:

‘‘Readability or comprehensibility refers to the ease of
comprehension and interpretation of a text related to the style
and plot [. . .] and is a function of the structural characteristics
and content of the text: interest, difficulty, diversity, density,
length of sentences, choice of words, etc. It should not be con-
fused with legibility, which, as we shall see, refers to the ease
of reading due to typographical presentation. In fact, a text
can be very legible [. . .] and scarcely readable [. . .]’’ [36].
And José Luis Rodríguez Diéguez (1940–2005), professor

in Didactics for the University of Salamanca, and pioneer in
our country in research about written text comprehensibility,
also expounded the following statement in that regard:

‘‘The sound expression of words requires formal character-
istics in the text that facilitate the identification of graphemes.
Specially, it refers to the typographical characteristics of the
text [. . .]. But the comprehension of the meaning of the text
supposes a whole series of cognitive processes that, evidently,
can be facilitated from the outside, by means of the use of
diverse resources that can denominate, in a lax way, stylistic
[. . .]’’ [37].

Therefore, the term legibility encompasses the set of
typographical and linguistic characteristics of the written
text [38]. That is to say, legibility has two complementary
dimensions: on the one hand, typographical legibility, where
size, shape, illustrations, etc. are important aspects to con-
sider; and on the other hand, linguistic legibility, related to
the syntactic, lexical and semantic aspects of the text [38].
According to Ripoll, the legibility of a text has influence
on reading mistakes, so it emerges as an important question
when it comes to plan the materials at reader’s disposal [38].

The focal point of the present research lies on linguistic
legibility, mentioned under the term readability. This term,
in the Anglosaxon context, is sometimes called ‘‘legibility’’
and sometimes ‘‘readability’’. With the purpose of unify-
ing terms between English and Spanish, the term legibility
will be employed making reference to linguistic legibility or
readability.

The importance of the study about readability in the cur-
rent context of textual information treatment results rele-
vant in applications such as cataloguing of didactic materials
suitable with the student’s educational level [37]; calibra-
tion of an appropriate language in the medical context to
be understandable by laypeople; production of instruction
manuals for electric or electronic devices and most of all,
in the creation of web texts. Precisely, one of the most rel-
evant factors for the classification of web pages in Google,
according to Searchmetrics, is the legibility of a text. It has
been verified the existence of a positive correlation between
a good positioning in search engines and the web page
legibility.

This document is structured in the next sections: in the first
place, the problem statement is faced; next, reading compre-
hension and legibility are connected; later, the methodology
employed in this research is addressed; to continue with,

the results obtained are shown; consecutively, the discussion
and conclusions of the word are presented; and finally, all the
references used are delivered.

II. PROBLEM STATEMENT
Among the different applications of readability, this research
focuses on a relevant aspect in the educational sphere: the
automatic classification of reading texts suitable to the levels
of the students’ evolutionary development, in the stages of
Primary and Compulsory Secondary Education of the Span-
ish educational system; that is to say, from 8 to 14 years.
The selection of this particular rank of ages for the research
answers to the need of investigation upon this population,
in relation to which few studies dealing with the existing
link between the degree of acquisition of the reading skill
and readability have been found [4], [39]. The achievement
of reading maturity, which is supposed to be reached during
the foresaid rank of ages, makes it necessary for selected
materials to be adapted to the student’s level of development,
since the readability rate in this sphere is an indicator upon
which the decision concerning the materials must be
based [4], [39].

As it has been stated in the preceding section, the formu-
lated problem is relevant, not only in the editorial field to
facilitate and validate the personal processes of texts selec-
tion, but also in the creation of web pages oriented towards a
particular public and, in general, in formative contexts, since
this is an emerging issue in which it is necessary to reach a
deeper perspective in the investigation field, obtaining solid
evidence about readability contributions to these different
spheres [39].

III. READING COMPREHENSION AND READABILITY
The approach to the concept of reading comprehension
requires firstly to identify which are the essential elements
defining this skill and, in line with these elements, to know
which the steps are to develop it [2], [40]. As a result, one
of the assertions upon which the study is based is the con-
ceptualization of reading, which, according to Jiménez is an
action that implies the interaction between the individual and
the text, throughwhich the former tries to decode themeaning
lying on the integrating words [39]. As reported by Jiménez,
reading is an activity that leads the subject to extract and
build the meaning of a text, an action which is part of the
communicative process [39].

Taking into account the features of the reading process,
reading comprehension can be defined as a vehicle through
which the reader establishes interactive relationships with the
reading content, links the ideas with previous ones, contrasts
them, contends them and then, elicits personal conclusions
[41], [42]. These conclusions about significant information
increase the reader’s cognitive baggage when they are assim-
ilated and stored [39]. Akin to Jiménez, reading comprehen-
sion is assigned to a broader concept: reading competence,
which can be defined as the individual’s faculty to employ
reading comprehension in an efficient way in the social
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sphere to which he/she belongs, something which, in this
author’s opinion, directly implies the establishment of a bond
between the individual and the society [38]. This is a capacity
which allows the individual to participate in the different
existing spheres.

With no intention to delve deeper into this concept, this
article focuses on reading comprehension; in that regard,
Morles (states that ‘‘without comprehension there is no read-
ing’’, pointing to the synergies existing between both pro-
cesses [42]. Consequently, the relevance of reading for an
individual involves the fact that, for reading comprehension
to develop, certain conditions have to take place and a series
of characteristics have to be shown: reading must be active,
exploratory and investigative for the reader to have access to
the textual meaning and with that, to be involved within the
intrinsic cultural scheme of reading.

In this context, three comprehension levels have been
defined:

a) Primary comprehension: this is the comprehension of
simple affirmations. At this level, lack of vocabu-
lary usually produces difficulties for the reader. This
problem develops incomprehension on the part of the
reader since he/she does not recognize the meaning of
the voices used, aspect that can be solved resorting
to dictionaries. Since the concepts are universal and
they do not always correlate with objects that can be
graphically represented, the limited development of
the abstract thinking, which does not take place until
maturity is reached, may be the origin of the incom-
prehension of particular affirmations, since, before the
achievement of the foresaid stadium, some difficulties
may arise when it comes to assimilate the concepts
involved.

b) Secondary comprehension: this is the comprehension
of the author’s argumentative central concepts, main
affirmations, fundaments and how ideas are connected.
At this level, failures may have as a cause the non-
distinction between the primary and secondary ideas.
It is very common that the reader retains the example
and forgets the universal affirmation exemplified by
it. Lack of agility in the logical thinking also hinders
secondary comprehension. The reader must understand
the links which join the most important affirmations
in the text, and doing so, he/she is inwardly recreating
the relationships conceived by the author himself. This
results in the reader’s development of his/her logical
thinking. Consequently, a scarce development of the
logical thinking will obstruct or even prevent compre-
hensive reading at this level.

c) Deep comprehension: this is the comprehension that
overtakes the text and that grabs the implications linked
both to the context in which it was written and the con-
text in which it is read, and the implications concerning
what ‘‘it really is’’ and/or what ‘‘it must be’’. This com-
prehension involves a previous and wider knowledge
on the part of the reader. The broader the baggage of

knowledge with which the reader addresses the text,
the deeper the comprehension will be.

Being exposed the three existent levels of comprehension,
it must be highlighted that for an individual to be able to
understand what he/she reads, it is necessary to take into
account (besides personal characteristics) readability and leg-
ibility, terms which must be analyzed jointly [44], [45]. Both
concepts, which are used as synonyms in Spanish, refer to
the ease or difficulty with which a written text counts to be
read and understood. However, some differences have been
appointed: legibility only refers to the typographical qualities
of the text [44], [46], while readability informs about the
reader’s subjective conditions; that is to say, to the possibility
for a text to be understood by a particular reader [37], [45].
As it has been previously commented in this article, when
dealing with legibility, reference is being made to the text
readability, just as it is affirmed by Alliende in his work ‘‘La
legibilidad de los textos’’ [47]. In other words, legibility is
the set of textual characteristics which favor or complicate
a more or less effective communication between them and
the readers, depending on the latter’s competences and on the
conditions in which reading is conducted.

The study and evaluation of the level of legibility is
related to the fields of Quantitative Linguistics [37]; Statis-
tic Linguistics [48] and Informetrics, [49] which covers the
study of the quantitative effects of information. With both
a practical and theoretical scope, these scientific disciplines
make emphasis on the development of mathematical models,
as well as paying attention to the derivation of measures for
the different phenomena studied. In effect, legibilitymeasures
have investigated about the prediction of the comprehension
attributable to a text as long as it can be read by individuals
with particular psychological characteristics or educational
levels.

There exist varied systems to measure text legibility [37],
[47], [50], which are used as a last resort to provide the
situation of the verbal message reception in conditions of
textual production. Despite this, the major part of the formu-
lae demands a considerable effort to be applied, as much for
word, syllable or sentence re-counting as for other categories
that the model exhorts. Time is needed for the application
of the foresaid methodologies and, sometimes, also because
of the complexity of the employed equation, the resolution
becomes accessible only for specialists.

Nevertheless, with the appearance of certain statistical pro-
grams, the time spent in analyzing and evaluating texts has
been considerably diminished. The employment of textual
data-mining techniques (which will be detailed later) has
been applied on the evaluation of the text books used in
the second year of Primary Education and in the first year
of Compulsory Secondary Education to develop the research
exposed throughout this article.

IV. MATERIAL AND METODOLOGY
Once the research problem was fixed the decision was to
concentrate on the selection of relevant parameters for the
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automatic classification of reading texts with a proficiency
equivalent to journal experts, and with the aim of helping the
student freely and autonomously choose the reading mate-
rials that they most like and are compatible with their level
of cognitive development. In this section the material used
in the present study for data collection, data configuration,
the methodological processes used in the selection of the
classification models with greatest predictive validity and
finally, the results obtained applying the method described.
We will begin by reviewing the parameters used to measure
the readability of selected texts.

A. LEGIBILITY PARAMETERS
Since more than 70 years ago, a series of works pursuing to
provide evidences regarding the calculation of a readability
rate and its gradation by reading comprehension levels have
been produced [44]. The works Kincaid [51] are promi-
nent, where only simple functions of two or three linguistic
variables, such as syllables and words, are dealt with. The
important idea about these authors is to develop a regression
equation (1) which considers concepts related to the semantic
difficulty, such as number of syllables per word; and concepts
related to the syntactic difficulty, such as sentence length.

RGfk = 0.39(Mean of words per sentence)

+ 11.8(Mean of syllables per word)− 15.59 (1)

The modification of this formula by different authors [52]
has meant a considerable number of rates. This classic
approach has been used during a large period of the past
century, even when it has certain limitations: a) a text without
‘‘noise’’ must be chosen (that is to say, with well-formed
sentences); b) the text must have a minimum extension of
words, at least 300 [53] and c) its weakness has been shown in
web page texts [54], [55], [56]. Taking these limitations into
consideration, other dynamic approaches have been strength-
ened in the present. Approaches which get automatically
adapted to the evolution of both vocabulary and individ-
uals; and mainly, approaches which overlap with current
issues such as Internet and social media, in which cohe-
sion, syntactic ambiguity, discourse organization and density
of propositions, among other determinants, are taken into
account.

This new methodology applied on the evaluation of
readability started to be employed in the middle of the
2000 decade and it is substantiated on textual data-mining
proceedings, artificial intelligence and machine learning.

In order to address the objective of the present study a
set of parametric parameters were selected: lexical, syntactic
and semantics. As a novel aspect, topological parameters
of a wide set of texts of reading books chosen by editorial
experts were also included. A methodology of supervised
classification ‘‘machine learning’’ was used, selecting the
most relevant parameters to obtain the greatest degree of
precision with respect to the classification provided by the
editorial experts.

TABLE 1. Sample distribution by age. Source: Own devising.

B. SAMPLE
To develop this research, a random sample of more than
300 words has been collected from each of the 270 texts
of reading books selected by editorial experts. The foresaid
experts, with wide professional experience, have graded the
reading comprehension level corresponding to each text. The
experts labeled each text as 9, 11 or 13, when the text is
more suitable for ages (8 – 10), (10 – 12), or (12 – 14) years,
respectively. The sample distribution was as shown in Table I.

C. MODEL
The process of selecting relevant parameters for the automatic
classification of texts according to their degree of readability
(see Fig. 1) in the present research has been devised through
the construction of two programs in R language. The first
one is headed towards the reading of texts and the calcu-
lation of their parameters. In short, this program develops
the following steps: a) gathering textual content: consists
on the reading of data files and on the pre-processing of
data: characters filtration, corpus creation, creation of the
matrix Terms-Documents and tokenization; b) calculation of
readability parameters: classic legibility rates; syntactic and
semantic complexity rates and topological gathering rates;
c) devising of parametric vectors with the addition of data to
create a file with the parameters of the 270 texts, together with
the incorporation of the classification by editorial experts.
The second program is designed for the selection of rele-
vant parameters, for automatic learning with training data
and for testing parametric vectors, to be able to classify the
reading texts depending on the readability level attributed by
the experts with the highly valuable information given by
themselves.

Next, every one of the steps of the proposed model of
analysis will be detailed.

1) GATHERING TEXTUAL CONTENT
Just as it was concisely indicated when dealing with the
sample, more than 300 words of each of the 270 texts from
reading books chosen by editorial experts have been com-
piled. Each of the samples obtained from each text has been
subjected to a filtration process consisting on erasing blank
lines; suppressing strange characters (#, $, etc.); creating the
corpus; directing the tagging and lemmatization processes;
and finally, creating the matrix Terms-Documents.

2) CALCULATION OF PARAMETERS
In relation to this new paradigm of automatic learning, it has
been considered that, to measure the ease or difficulty of a
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FIGURE 1. Diagram of data processing.

text comprehension, apart from classic readability parame-
ters, others related to syntax, vocabulary and semantics must

be also incorporated [57]. Moreover, in this research, a set
of rates by Kansky including topological characteristics of
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road networks have been used, with the purpose of assessing
the connective structures of the paragraphs in the written
text, because of their parallelism with these networks. Below,
the different types of parameters are explained.

a: CLASSIC PARAMETERS
One of the pioneers in the creation of a readability rate was
Rudolf Flesch with the production of the Flesch Reading
Ease Score (RES) in 1949. In the Spanish context, one of the
first authors in addressing the problem of readability assess-
ment in a Spanish text was the pedagogue José Fernández
Huertas based on Flesch’s rate, whose adaptation appeared
in 1959 [34]. Its expression (2) is as follows:

Fernández Huertas’ rate

= 206.84− 60(Sy/W )− 1.02(W/Se) (2)

where: Sy = Syllables; W =Words; Se = Sentences
Another classic author in the creation of a readability rate

is Peter Kincaid, who, together with his team, developed
modified Flesch’s rate in 1975 for university texts and texts
about technical matters. Again, in Spain, Francisco Szigriszt
Pazos introduced in 1993 a modification of Flesch’s for-
mula with the Flesch-Szigriszt Rate for Spanish (‘‘formula
of perspicuity’’). The already stated rate takes the following
expression (3):

Flesch-Szigriszt’s rate (FSZR) is : 206.835

− 62.3(Sy/W) -(W/Se) (3)

Both Fernández Huertas’ and Szigriszt’s formulae have
influenced the creation of tables attaching the readability
rate with the educational level. Thus, for instance, the first
ones are located in a rate between 60 and 70 at a regular
level, corresponding to the 7th and 8th educational years;
and Szigriszt places the normal level between 55 and 65,
which corresponds to a kind of publication of basic secondary
Education, general press and sports press.

b: SYNTACTIC PARAMETERS
Many times, a document can be illegible due to unusual
linguistic constructions or a grammatical language which
tends to be expressed in the syntactic properties of the
text. Therefore, syntactic characteristics have been employed
Bernth [58] to measure the ‘‘clarity’’ of the written text,
with the objective of helping writers to improve their writing
abilities.

In the child’s evolutionary development, grammatical con-
structions increase progressively in complexity. This sentence
formation process of growing intricacy finds its development
throughout the whole school period.

Hunt suggests some syntactic maturity rates of quantita-
tive nature [59]. Among these rates, the primary ones are
emphasized as they are the most frequently applied: terminal
unit length (TUL), clause length (CLL) and subordination
rate (SR).

Hunt calls it ‘‘terminal’’ because grammatically, it is usual
to start writing with a capital letter and to finish with a full
stop or a question mark and minimal because it is the smallest
unit in which a fragment of discourse can be divided [59].
This unit, which substitutes the classic concept of sentence,
consists of a main clause and any subordinate clause which
might be added or attached to it [59], [60]. In this way, simple
and complex sentences constitute a terminal unit. Coordinate
and juxtaposed sentences, on the contrary, contain two or
more terminal units since, according to Hunt, they constitute
independent terminal units [60].

As a consequence, sentences have been assimilated as
terminal units for the calculation of syntactic parameters;
thus: the average length of a terminal unit (sin.lo) will be the
quotient between the total number of words and the number
of terminal units in the text. The average length of clauses
(sin.cla) is calculated by dividing the total number of words
by the clauses in the text. Finally, the subordination rate
(sin.sub) is obtained by dividing the number of clauses by
the number of terminal units in the text.

c: LEXICAL PARAMETERS
The complexity and difficulty of texts depend on their
vocabulary and sentence length [14]. To measure the lexi-
cal complexity of a text, four parameters have been taken
into account: lexical density, lexical diversity, lexical wealth,
and average frequency per word, since these are the most
employed parameters in diverse researches [57]. Lexical den-
sity (lex1) is defined as the quotient between notional words
and textual words. Nouns, verbs, adjectives and some adverbs
are considered lexical or notional words.

According to Ure [61], lexical density is below 0.4 in
spoken texts and higher to 0.4 in written texts. In general
texts, lexical density varies between 0.2 and 0.3 and between
0.5 and 0.6 in specialized texts. The lower the value, the easier
the text will be.

Lexical diversity (lex2) assesses howmany different words
are employed in a text. There exist several rates to mea-
sure lexical diversity. In general, the determinants indicated
by [62] are demanded in those rates: 1) stability to be inde-
pendent to the chosen text size; 2) sensibility in the rank of
values to be able to distinguish between rates of similar texts;
3) coherence with other rates, in such a way that correlation
with the same can be established.

The type-token ratio (TTR) is considered a fundamental
parameter to measure lexical diversity, where a lower value
will be an indicator of the text easiness. For the calculation,
the text is divided into 100-word blocks. In each of these
blocks, the TTR is the quotient between different words of
the text in a 100-word block divided by the total number of
words in the block.

Related to lexical diversity, there exist several rates mea-
suring lexical wealth (lex3) depending on the repetition ratio.
Out of the five lexical wealth rates which meet the criteria
formerly commented (Yule’s MTLD, HD-D, K; Honoré and
Maas’ H) Yule’s K has been chosen since it is the widest

79050 VOLUME 7, 2019



R. Gil Ortego, I. Martínez Sánchez: Relevant Parameters for the Classification of Reading Books Depending on the Degree

used in the incorporation of words into a corpus. The foresaid
rate was proposed by G.U. Yule in 1944 and it is based on
a probabilistic model, in which it is presupposed that the
appearance of the words in a text is merely regulated by
chance. Yule’s formula (K) measures lexical wealth in a text
depending on the lexical repetition ratio. Its expression (4) is
the following:

K =
104

(
sum

(
fX∗X2

)
− N

)
N 2 (4)

where: N = Number of words; X = Vector of different
words; fX = frequency of different words.

Finally, to assess lexical frequency (lex4) (that is to say, the
influence that the use of frequent words in linguistic corpora
has on reading comprehension) the median of standardize
frequencies of words from the CREA base (Corpus de Ref-
erencia del Español Actual) has been applied. The higher the
value of the rate, the easier the reading of the text will be.

d: SEMANTIC PARAMETERS
To create semantic parameters the cognitive concept of propo-
sition has been used as a base. As it is known, a proposition
is formed by a predicate or propositional concept and one
or more arguments, each one with a unique semantic role.
Predicates may be identified as verbs, adjectives, adverbs and
connective sentences, and they refer to properties or relation-
ships. Arguments, on the other hand, can be concepts or other
inserted propositions. They accomplish different semantic
functions [57].

Propositions possess an important role in the identifica-
tion and assimilation of the text. Taking this into considera-
tion, the following rates have been created: local coherence
(sema.co), regarded as the cosine similarity of the vectors
which form two adjacent sentences; and density of informa-
tion (sema.densi), consisting on the number of nominal words
in the text.

e: TOPOLOGICAL PARAMETERS
To assess the connective structure of the paragraphs of the
written text, the topological structure of road networks has
been employed, since they are considered parallel to the
nodes of the network constituting the document (see Fig. 2).
For this purpose, parameters associated to centrality, cohesion
and network accessibility have been chosen.

Centrality, in this context, seeks to identify the topological
position of paragraphs within the network formed by the
relationship connections established between their word net-
works. As ameasure for similarity among the aforementioned
vectors, the cosine has been used, and also, the existence
or non-existence of connection among paragraphs has been
fixed in the cases in which similarity exceeds its average.
Therefore, each paragraph represents one of the nodes of
which the network is formed. Its influence over the surround-
ing area can be easily noticed in its graphic representation.

To provide a centrality rate of the network, the rate of
average centrality (con1) has been used, whichwe have called

FIGURE 2. Topological relationship between paragraphs.

rate of topological centrality. It is derived from the sum of
Shimbel’s rates divided by the number of nodes minus 1.
In this way, the lower the value of the foresaid centrality rate,
the higher the centrality of the network will be.

Cohesion (con2) has been measured by means of Kansky’s
gamma. This is a rate which connects the number of existent
arcs and the highest possible number of arcs. The value of
gamma for a network of maximum connectivity is 1. Its
expression (5) is the following:

con 2 = e/(v(v− 1)/2) (5)

where: e = links; v = nodes.
Connectivity (con3), as it is shown in expression (6), allows

to analyze the spatial organization of the nodes in a network,
providing thus a general idea about the easiness of access
of each node in relation with the remaining nodes in the
network. In this case, the connectivity rate of the network has
been measured by means of the alpha rate, which we have
called alpha rate of topological connectivity. Its value varies
between 0 and 1 when maximum connectivity occurs.

con 3 =
e− v+ p

(v(v− 1))/2− (v− 1)
(6)

where: e = links; v = nodes; p = related components.
Therefore, in the example Fig. 2, its topological parameters

would be: con1 = 6.67; con2 = 0.48; and con3 = 0.44.
It is observed that all the 31 nodes have a similar centrality,
an indicator of a good accessibility for the knowledge of
the transmitted text; except node 1 which is an introductory
paragraph. Nodes 20 and 17 stand out for their centrality,
so the value of con1 for them will be lower. Cohesion (con2)
and connectivity (con3) are average, which indicates a degree
of connectivity between the good sentences, that is, a link
between the paragraphs of the text.
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FIGURE 3. Results from 4 texts for students from 10 to 12 years.

3) CREATION OF PARAMETRICAL VECTORS
A vector representing the textual parameters (following what
has been exposed in the previous section) has been provided
for each of the texts, together with the title of the book from
which the text is extracted; and finally, the gradation provided
by experts (Fig.3).

The combination of vectors is attached in a file for the
following selection process.

As it can be observed in Fig. 3, in the processing file
the names of the variables of readability parameters appear,
followed by the name of the book and of experts’ gradation.

Reading books are those recommended for students to
complete their formation in the curricular subject ‘‘lengua
castellana’’ within the Spanish syllabus.

4) SELECTION OF CLASSIFICATION MODEL
In the automatic classification of texts conforming to the
criterion grouping variable assigned by the editorial experts,
the following two processes were conducted: a) selection of
the classification algorithm with the greatest precision when
explaining the dependent variable; b) once the classification
model was selected, its degree of accuracy was examined,
and the independent variables were selected which most con-
tributed to the model.

Once the file is constructed with the parameter vectors of
the 270 texts alongside their grouping variable, we proceeded
to select the most accurate model from those most com-
monly used: penalized logistic regression (glmnet), linear
discriminate analysis (lda), Naïve-Bayes (nb), partial least
squares regression (pls), support vector machine radial basic
function kernel (svmR) and random forest (rf). K-fold cross
validation was used to validate the methods, with k = 10 and
repeats = 3, using the R statistical package. The results of
this process are shown in Table II.

As can be seen in the Table, the glmnet and rf procedures
give similar results, perhaps due to the use of Bagging in
random forests and Boosting in glmnet. Both procedures,
in synthesis, are very similar. In addition, reduced sample size

TABLE 2. Results from the selection processes of parameters.

and using k-fold cross validation can be part of the proximity
of results.

Before selecting the most adequate classification model,
pre-processing of data was conducted: a) the presence of
missing cases was observed in the dataset and as only one
was found (sema.co) this was imputed; b) bias and kurtosis is
controlled in case transformation has occurred and variables
are normalized to the same scale prior to selecting the model.

As can be observed, the model with the greatest accuracy
is the Random Forest. As a result, it will be chosen for the
selection of the most relevant variables for the automatic
classification of texts.

V. RESULTS
The Random Forest model was applied to the dataset using
the statistical package of the same name. Two elements result
from the procedure: a) The most relevant parameters for clas-
sification with the selected model, and b) Degree of accuracy
achieved using the confusion matrix of the classification.

The ordering of parameters according to their degree of
accuracy (see Fig. 4), that is to say, according to the number of
elements of the model fitting with the experts’ classification
criterion, generates the next result.

As it can be observed, the three most important rates are:
topological (cohesion –con2- and connectivity –con3-) and
vocabulary (lexical frequency –lex4-). The presence of the
cohesion and topological connectivity parameters stands out
elevantly. The former confirms the importance of cohesion
for the comprehension of a text, since the connection between
its sentences allows the reader to create a general vision
and therefore, to build a mental structure about its content.
Connectivity indicates the easiness of access to sentences due
to the existence of a related structure of the network nodes in
the text.

Lexical frequency confirms the importance of understand-
ing the words in the text for the reader, in this case, reflected
by the higher frequency of these in the CREA base.

As regards to the confusion matrix that indicates the degree
of adjustment of the model, the results obtained are shown
in Tables III and IV.

The degree of adjustment of the model for the validation
data reaches 78.9%, which gives an overall idea about the
precise adjustment of the model and about its ability for the
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FIGURE 4. Gradation by importance of the different parameters in the
random forest model.

TABLE 3. Coding matrix.

TABLE 4. Degree of adjustment (acuricity) of the selected model.

automatic selection of reading texts for the ages of the sample
students.

VI. DISCUSSION AND CONCLUSIONS
The research conducted is framed within a set of works
related to data-mining in the educational context, even though
evidences offer the possibility of extrapolating the employ-
ment of this method into other disciplines. The starting point
has been placed with readability and reading comprehension
in the age rank of 10 to 14 years, period in which the student
completes the full acquisition of reading maturity [63]. In line

with the discoveries by Campos [57] the degree of complexity
of a text affects on dimensions such as reading comprehen-
sion, something which compels to considerate readability as
a way to increase the students’ capacity to access to infor-
mation, and with that, according to Meltzer [4], to facilitate
their unlimited access to social interaction, which, to a greater
extent, requires of the command of reading comprehension to
be able to exercise the individual’s rights in society. Readabil-
ity must be regarded, thus, as one of the precepts to ensure
democratization in the access to contents [6], which, in the
current scenario, is one of the requirements to reach equality
among all people.

The results in the automatic classification of the degree
of readability reached in this research are promising; they
allow to continue with a deeper investigation in this field
of analysis with the purpose of progressing in the age rank
studied, as well as in the text themes defining the corpus.
By means of the Random Forest Procedure, the 78.9% of the
texts of Primary and Compulsory Secondary Education have
been classified, out of a total of 270 reading texts from Spain
schools.

The most relevant readability parameters discovered are:
cohesion –con2- and connectivity –con3-. Once literature is
revised, it permits to verify that the work makes an origi-
nal contribution to the research sphere, providing important
elements for the classification of texts.

As a prospective line of research, work will continue on
this matter to incorporate literary and press texts to strengthen
the model, which will be focused upon a wider age rank.
In line with Reynolds’ proposal [14], the results find their
application in the educational sphere, to contribute to develop
the selection of texts made in virtue of their characteristics,
to foster a better acquisition of reading competence and to
emphasize comprehension.
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