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Abstract

Readability is a crucial characteristic of texts, greatly influencing comprehension and reading efficacy. UnfortunatelK, limited
research is available for less-resourced languages, especially for young populations where its impact is even higher. This
paper introduces a new readability tool for children’s literature in the Romanian language, explicitly targeting primary school
students aged 7-11. The tool consists of a digital repository of school reading texts (self-compiled corpus) and a text analysis
interface that generates automatic readability reports for uploaded short texts. The methodology involves extracting, testing,
and calibrating a readability formula for Romanian using the children’s literature corpus. Related work on readability and
readability tools is discussed, followed by a description of the children’s literature corpus and the platform functionalities.
The first steps are presented towards validating the readability formula for children’s literature in Romanian using the
ReaderBench framework, while calibration variables relevant to the Romanian language and children’s literature are
examined. Currently, no existing platform integrates a research-based readability formula for the Romanian language,
making this tool unique. Overall, this research contributes to applied corpus linguistics and Digital Humanities studies and
offers a valuable resource for educators, parents, and children in accessing age-appropriate and readable texts.

Keywords: children’s literature readability platform, Romanian children’s literature corpus, readability for the Romanian

language
1. Introduction

Readability is a key characteristic of texts as linguistic
constructs to be processed by the human mind. It
refers to the set of features that influence the reader’s
understanding and reading efficacy (Collins-
Thompson, 2014). These features include linguistic
factors that have been demonstrated to have an
impact on how difficult the text is perceived: lexical
variation and sophistication (e.g., simple versus
complex words), syntactic complexity (e.g., shorter
versus longer sentences), coherence and cohesion
(i.e., connection between sentences and arguments
in texts) or text structure. From an educational point
of view, the readability of the texts used in schools has
been a major concern for numerous pedagogy studies
which have looked into topics such as reading and
learning motivation (Moley et al., 2011) or finding the
zone of proximal development (ZPD, Vygotsky,
1978), which means using the right text level for
optimal learning growth (Shanahan et al., 2016).
These studies rely on rigorous linguistic research
where readability is measured using readability
formulas (Spache, 1953; Begeny & Greene, 2014;
Lee & Lee, 2023), which have been more or less
successful in assessing the level of linguistic
complexity of texts. The availability of such formulas
(see section 4) varies according to language and the
amount of linguistic data that has been collected for
that particular language. In recent years, readability
formulas have been integrated into digital tools that
can automatically assess text readability, among
other parameters.

' The LEMI platform is accessible at: https://lemi.ro.

As part of an applied digital humanities research
project, we have developed the LEMI readability
platform' that uses our readability formula for
Romanian language texts to evaluate children’s
literature texts for primary school students (aged 7-
11). The two main functionalities of our tool are: (a) a
digital repository of school reading texts based on a
self-compiled corpus, where texts are distributed into
readability level, and (b) a text analysis interface,
which issues an automatic readability report for any
uploaded short text.

This paper presents the new tool (i.e., platform) and
introduces the methodology of using the school text
corpus to extract, test, and calibrate the readability
formula for Romanian to be integrated into the
platform. The LEMI Romanian children’s literature
corpus? is made publicly available and can be used
for further studies. We begin by addressing the
related work concerning readability and readability
tools. This is followed by the presentation of the
children’s literature corpus and of the platform in
which  main corpus-based functionalities were
created. We then describe the analysis and the main
results of the readability formula validation process for
our platform by running the corpus through the
ReaderBench framework (Dascalu et al., 2017).
ReaderBench is the only existing text complexity
assessment platform that includes Romanian. We
end with a discussion on the calibration variables
relevant to a readability formula for the Romanian
language and for the analyzed type of texts (i.e.,
children’s literature) and draw several applied
linguistics conclusions.

2 Github repository available at: https:/github.com/chia-
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2. Related Work

2.1 Readability: Beyond Education

Researchers from various disciplines have shown a
keen interest in evaluating the readability of texts.
This interest emerged more than a century ago when
educators in the U.S. realized that the increasing
educational demand after the Great Depression was
best supported by appropriate reading texts. A study
by Leavy & Grey (1935) was among the first to
propose a set of features that influence readability
(i.e., content, style, format, structure), thus finding out
that style, through sentence length and word
complexity, is the most influential. This was followed
by a series of research initiatives designed to capture
the readability level of a text through formulas (see
below). Since their emergence in the 1950s, the core
concepts behind readability formulas have remained
stable. As DuBay (2004) pointed out, “by the 1980s,
there were 200 formulas and over a thousand studies
published on the readability formulas attesting to their
strong theoretical and statistical validity” (p. 2).
Metrics such as word length, sentence length, or
lexical choices are primary indicators. It is generally
understood that texts with shorter sentences and
more common words are easier to understand than
their longer and more complex counterparts.

The number of methods to assess readability has
grown considerably, and new models tailored for
various disciplines are regularly introduced. These
models have proved their effectiveness for a multitude
of sectors: for education (e.g., textbook content) as
well as for all healthcare, law, business, public
administration, or research areas investigating
accessibility — i.e., readability of written documents for
specific audiences or the wider public (DuBay, 2004).

2.2 Readability Formulas

The most commonly used readability formulas have
been first developed by U.S. researchers, so they
have been created based on the analysis of the
English language and texts:

¢ In the 1940s: the Dale-Chall formula (Dale &
Chall, 1948), including sentence length and
list of familiar words; the Flesch Reading
Ease (FRE; Flesch, 1948) used sentence
length and syllable count.

e In the 1950s: the Gunning Fog Index (GFI;
Gunning, 1952) used sentence length and the
percentage of complex words;

e In the 1970s: the Fry Readability Graph
(FRG; Fry, 1968) focused on sentence length
and syllables per 100 words; the Simple
Measure of Gobbledygook (SMOG;
McLaughlin, 1969); the Flesch-Kincaid Grade
Level Readability Test (F-K; Kincaid et al.,
1975);

e Other relevant indices: Coleman-Liau index
(CLI) (Coleman & Liau, 1975) and Automated
Readability Index (ARI) (Smith & Senter,
1967) take into account characters instead of
syllables per word.

In the 1960s, formulas for languages other than
English started to be created. For example,
L&sbarhetsindex (LIX) was developed in Sweden by
Carl-Hugo Bjornsson (1968) in the late 1960s, and it
has since been used for eleven languages: Swedish,
Norwegian, Danish, English, French, German, Italian,
Spanish, Portuguese, Finnish, Russian (Bjornsson,
1983). While LIX considered word and sentence
length, much like the Flesch test, it uniquely
considered the number of long words in a text instead
of syllable count. Other formulas have been tested for
each language:

French Kandel and Kandel & Moles,
Moles Index 1958
Italian Gulpease Index Lucisano &
Piemontese, 1988
Spanish INFLESZ scale Barrio-Cantalejo,
2008

Table 1: Readability formulas for other languages

In the past twenty years, research has expanded
considerably, the list of readability formulas being
nearly endless nowadays (Stellner, 2013, p. 24).

As for readability formulas for Romanian, studies
have been relatively scarce. Two studies by Garais
(2011) and Garais & Enaceanu (2011) proposed a
readability formula based on standard L1 and L2
formulas, where an L1 formula (e.g., FRE) is a
formula resulting in a 0 to 100 scale and an L2 formula
(e.g., SMOG) indicates the level of necessary
education to understand the text. Their formula
included text length measured in the number of
characters. Several other papers evaluate complexity
features for texts written in Romanian with the help of
the ReaderBench framework, which was used for
automated writing evaluation (Sirbu et al., 2018) or
automated essay scoring (Toma et al., 2021) studies.

2.3 Tool Integration

As of today, there is no platform, tool, or app that
integrates a research-based readability formula for
the Romanian language. The same is valid for digital
instruments that offer access to children’s literature
texts based on readability levels or that can assess
the readability of given texts automatically. Similar
tools to what we have developed exist, however, for
English: Text Inspector, developed in the U.K. (Bax,
2012), and ARTE, developed in the U.S. (Choi &
Crossley, 2021). Our tool also offers access to a self-
compiled digital repository of children’s texts, which
can be filtered by different criteria (e.g., age, grade,
readability level), when compared to the previous two
systems.

3. Method

3.1 Corpus

We began working on two key undertakings to create
a representative corpus for our digital repository. First,
we analyzed the electronic versions of the Romanian
language and literature textbooks approved by the
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Ministry of Education for primary school (grades I-IV),
which are publicly available at manuale.edu.ro. This
was done in order to create a database of all reading
texts that appear in primary textbooks, as they are the
texts that children interact with most frequently. Then,
we sent a series of print and online surveys to three
target groups (grades I-IV): teachers, parents, and
children. All target groups were asked to (1) evaluate
their satisfaction with their Romanian textbooks; (2)
give examples of texts that children at their level
enjoy; (3) give level-appropriate recommendations of
authors and/or texts.

We compiled a list of reading texts readily accessible
through the digital repository for teachers, parents,
and children, by combining the results from the
textbook analysis and the surveys. The texts are
either original or adapted to suit a particular level. The
featured texts are primarily fiction or poetry, written by
both Romanian and foreign writers. We also took into
consideration the publication date of the texts,
marking them as either classic or modern. For this
study, we have selected a subset of 80 texts, 20 for
each grade level; 56.25% (45) were written by classic
Romanian writers, 11.25% (9) by modern Romanian
writers, 11.25% (9) by classic foreign writers, and
21.25% (17) by modern foreign writers. Other relevant
aspects considered in our metadata include domains
(e.g., arts, geography, linguistics, advice) and themes
(e.g., animals, adventure, childhood, drama, family,
fantasy, history, nature, science fiction, humor) — see
Figure 1 for a sample text.

<RD1_RO_C_033>

Odata, vara, ies din casi. Merg la unchiul Vasile s fur niste cirese.
Ma prefac ca il caut pe varul Ioan.

Ma ascund in
urmireste, dar nu

anc. Matusa vine si ma vede. Eu fug iute prin gradini. Ea ma
prinde. Ajung acasi repede si stau cuminte.

Spre seard, unchiul Vasile, paznicul si un alt om vin la tata acasi. Sunt supdrati din
cauza cireselor pe care le-am furat. Tata plateste pentru pagubd. Apoi, tata ma ceartd
pentru ce am facut. Eu gandesc: ,Desi md feresc sa fac prostii, parcd mereu se intampld
ceva”.

Figure 1: Sample text in children’s literature corpus

We have also assigned appropriate age groups to
each level (e.g., 7-8 years old for grade |, 8-9 years
old for grade Il) and a three-level reading complexity
mark for each grade to distinguish between easier
and harder to read texts meant for the same age
group. For this study, we used a corpus (i.e. LEMI
Romanian children’s literature corpus) consisting of
33,154 words. The word frequency indicates a
notable prevalence of pronouns, alongside recurrent
instances of familial terms such as ‘mother and
‘father,” as well as the concept of ‘home.” Moreover,
there is a significant occurrence of verbs representing
elementary actions, such as ‘to see,’ ‘to say,” ‘to do,’
‘to come,” and ‘to hear’. The median syllable count in
the corpus is 2.

3.2 Readability Platform for Romanian

The LEMI platform is a cross-platform web-based
application that categorizes its users into three
classes. The software areas accessible by each user
category offer specific functionalities.

Visitors can view a series of generic information
(project description and credentials, tutorials, contact
information) and have the account creation option.
After filling in the required information, the visitors
become registered users who can authenticate
themselves using their credentials, and the main
functionalities become accessible.

Authenticated users can benefit from browsing the
entire text collection. The texts can be filtered by (a)
domain and theme: by selecting the desired items
from a list of available options, the user can narrow
the category of the displayed information; (b)
keywords: specifying searched words and even
sentence parts allows the user to isolate the texts that
contain the searched information. The * wildcards are
supported and can replace word parts and/or entire
words, making the searching process very effective.
After filtering, the resulting text list is displayed with
the associated metadata (title, author, domain,
theme, age groups to whom the texts are addressed,
reader class, and complexity). The textual information
is reduced to an excerpt with a predefined character
length to make the text list more compact. If the
search was performed using keywords, the searched
information is highlighted in the displayed text portion.
The user has the option of reading the entire text
online. The texts are also downloadable in PDF
format (see Appendices A-C). Another option
accessible to authenticated users involves analyzing
the complexity of their own uploaded texts. By
selecting the files to be analyzed, the user can have
the readability formula applied to their material, the
result being displayed in recommended age and / or
standard school grade, linguistic complexity levels,
and text overall intricacy. This valuable functionality
allows educators to ensure that their materials are
suitable for the study formations.

Administrators have access to a secured Control
Management System (CMS) to manage the entire
database. Administrators control the texts composing
our corpus and the associated metadata. The
platform offers CRUD facilities (Create, Read,
Update, Delete). Multicriterial searching and filtering
are implemented. Moreover, administrators can view
the list of registered users and the texts uploaded by
each wuser can be also inspected from the
administration interface, if consent is provided.

The connection between the main functionalities of
the LEMI platform and the field of Digital Humanities
is reinforced by three main characteristics: (a) the
access to the first digital repository of children’s
literature texts in Romanian; (b) the literary heritage
aspect of LEMI is enhanced by the inclusion in the
digital repository of not only the most popular pieces
of children’s literature (national and international) but
also of literary samples of texts that have not been
available to the general public in user-friendly format

1645gex’[s from old Romanian textbooks, pieces of



literature by authors representing the language
minorities of Romania, rarely used pieces of literature
by classic Romanian authors); (c) the computational
interface in LEMI reflects latest developments in
Digital Humanities research, where linguistics and
computational linguistics intersect (Luhmann &
Burghard, 2022).

4. Results and Discussion

41 Corpus Analysis with ReaderBench

ReaderBench (Dascalu et al., 2013) is a useful tool
for conducting a textual analysis, as it provides a
comprehensive list of textual complexity indices, such
as part-of-speech extraction, syntactic dependencies,
coherence evaluation between sentences,
paragraphs, or within a paragraph, word statistics,
and exploration of polysemous words.

We performed an evaluation of textual intricacy by
employing ReaderBench’s complexity indices on the
corpus composed of Romanian texts. We identified
key discriminating indices displayed in Table 2
through the usage of the strategy involving the
selection of k best features and a correlation matrix to
reduce the number of highly correlated features.

Feature Description
Max(Dep_xcomp / Maximum
Par) number of
‘xcomp’ (open
clausal
complements)
dependencies
per paragraph
The standard
deviation of the
depth of the
parsing tree per
sentence
Maximum
entropy of
bigrams per
word

Mean of word
entropy per
paragraph
Maximum
unigue nouns
per sentence

Importance
0.266

SD(ParseDepth / 0.233

Sent)

Max(NgramEntr_2 / 0.122

Word)

M(WdEntr / Par) 0.067

Max(UngPOS_noun / 0.019

Sent)

Table 2: ReaderBench complexity indices
representative for the corpus

R? is a coefficient that displays the mutual relation
between the ground truth and the prediction model
(Chicco et al.,, 2021). A series of R? values were
generated through Linear Regression to measure to
which extent the key textual indices selected
previously explain variance in the dependent variable.
A value closer to 1 means the model captures the
variance well.

We also used the aforementioned features in training
a Random forest regressor (see Figure 2), which
resulted in the following performance metrics: The
Final Model — Mean Squared Error (MSE) reached
0.6163 with an R? of 0.4652. The resulting R? value
suggests that a notable proportion of the variance
remains unaccounted for by the model, highlighting
potential areas for further refinement.

Distribution of Actual vs. Predicted Values

Actual Values

0304 Predicted Values

-2 -1 0 1 2 3 4 5
Values

Figure 2: Random forest regression model

At this research phase, the decision to employ a large
language model was not deemed practical due to the
corpus’s limited size. Even though language models
exist for Romanian and Transformer-based models
could have been trained, we opted to create an easily
reproducible formula based on linguistic features.
Moreover, we wanted to create a model whose
predictions could be argued by teachers. However, as
we anticipate the corpus to evolve and expand, the
application of a larger models will become a more
viable option for subsequent analyses.

4.2 Calibration of a readability formula for
children’s literature texts in Romanian

It should be noted that the preliminary classification of
the texts (the design of the three-level reading
complexity system for each grade) was based on the
pedagogical perspective and experience of the
research team and school partners in the project. Our
analysis indicates that initial assessment and text
classification per grade correlate with the results of
the ReaderBench textual indices. The pedagogical
evaluation took into account criteria such as content
(topic), sentence length, coherence, syntactic
complexity, and lexical features (e.g., frequency of
long versus short words).

One of the textual complexity indices in Reader Bench
that performed well in discriminating between the
grades was the maximum number of bigram entropy
per word. The values of this index are shown in the
boxplot from Figure 3, with the highest values being
for 3 and 4™ grade, the smallest one for 15t grade,
and moderate values were observed for the 2" grade.
A high value indicates that the text has a wide variety
of word combinations, making it more complex, while
a low value means more repetitive or predictable word
combinations.

16453



Figure 3: Bigram entropy per word

In order to further validate the results and to calibrate
the variables relevant to a readability formula for the
Romanian language, the next step in the research is
to evaluate the ReaderBench text classification in
class. A tentative ‘user calibration’ carried out in
October 2023 in schools for grades 3 and 4 (256
children participated in the study) resulted in an
acceptance rate of text-per-level of 96.48%. This
process will be replicated for a larger set of texts and
delivered to all school grades in the project (0-4). This
multi-step validation process will enable a selection of
texts that align with the cognitive and linguistic
abilities of the targeted age group and design the tool
that will automatically assess user-uploaded texts.

5. Conclusions

The importance of creating readability-related
language applications for educational purposes is
incontestable. Doing that for less-resourced
languages, such as Romanian, is a complex process
that requires linguistic data collection, appropriate
analysis with available resources, and didactic
validation. In this paper, we have presented several
major steps that precede launching the first version of
the readability platform for children’s literature in
Romanian, planned for November 2023. We have
created a repository of children’s texts distributed on
readability levels (from grade 1 to 4) and the
readability platform. The corpus analysis in this paper
with the ReadearBench text complexity framework
indicates a satisfactory match between texts in the
corpus and relevant metrics in the framework (e.g.,
bigrams). This, together with further classroom
validation stages, will help us calibrate the final
version of the readability formula to be integrated into
the platform for automatic text evaluation of uploaded
short texts. Our research is expected to impact both
the corpus linguistics and Digital Humanities areas in
Romania, as the platform will have a significant
educational impact.

6. Ethical issues

The research conducted within the project involved
the processing of a large amount of data collected
from schoolchildren (grades 0-4) and was based on
the voluntary participation of research subjects —
schoolchildren, their parents (or legal tutors) and their
instructors. The questionnaires collected information

(urban vs rural), textbook used for Romanian classes,
opinion related to the quality of the texts included in
textbooks, types of texts included in the coursebooks
or desired in such textbooks, favorite authors and
texts, other useful reading materials, opinion
regarding the utilization of digital platforms in
selecting reading texts.

All the collected metadata were available exclusively
to research project members. Data were processed
for statistical and scientific research purposes only,
without any alteration from the research team. The
analysis was based on the informants’ fill-in-the-blank
input and was uniformized by the research team. All
participants (schoolchildren, parents, and instructors)
were previously informed about the key elements of
the research study and what their participation will
entail. At the beginning of the project, a partnership
agreement was signed with the educational
institutions (secondary education institutions) where
the study was carried out. The informed-consent
papers consisted of a written consent document
containing: (a) a summary of the project — purpose
and objectives, duration, host institution, contact
person; (b) the data collection procedure (data
collection, data anonymization, data storage on web
application); (c) details on the possibility of
withdrawal; (d) the expected benefits and results:
access to pedagogical recommendations and data
statistics; (e) a GDPR section and a declaration of
consent and personal signature for the use of the
delivered text or survey within the project. The
documents were adapted to the level/category and
readability level of prospective participants, in order to
enhance participants’ understanding. Protection of all
personal data was assured following GDPR
regulations.

All children’s literature texts which have been included
in the corpus and which are going to be made freely
available via the readability platform comply with the
Romanian and international legislation in point of
copyright. We have made sure that all categories of
texts (Romanian classical and modern literature as
well as Romanian ftranslations of classical and
modern international literature) do not infringe any
copyright. Most texts are short fragments (2-3 pages)
of larger literary work, which complies with Article 35,
paragraph (d) from the Copyright Law No.8 (14 March
1996). Numerous texts have been adapted (simplified
versions of original text, lexical items replaced), and
some have been translated into Romanian by the
research team.

regarding the pupils’ class level, location of the schoo} 454
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7.3 Appendices

7.2 Language Resource References

LEMI Romanian children’s literature corpus is publicly
available on GitHUb (https://github.com/chia-
AR/LEMI-Romanian-children-literature-corpus).

Appendix A. Screenshot with the search functionality within the LEMI repository
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Appendix B. Screenshot of selected text (from search list) to be read online

Appendix C. Screenshot of downloadable format (customized PDF) for selected text (from search list)

w
D-l Goe

lon Luca Caraglale

Ca s& nu mai ramaie repetent i anul acesta,
mam' mare, mamitica si tanti Mita au promis
tandrului Goe sa- ducad-n Bucuresti de 10 mai.

Putin ne importa daca aceste trei dame se
hotérasc a pardsi locul lor spre a veni in Capitala
numal de hatarul fiulul si nepotelulul lor. Destul ca
foarte de dimineata, dumnealor, frumos gatite,
impreund cu tandrul Goe, asteaptd cu multd
nerabdare, pe peronul din urbea X, trenul accelerat
care trebuie sa le duca la Bucuresti. Adevarul e c3,
daca se hotaraste cineva sa asiste la o sarbatoare
nationala asa de importanta, trebuie s-0 ia de
dimineata. Trenul in care se vor sui ajunge in Gara
de Nord la opt fara zece a.m. D. Goe este foarte
impacient si, cu un ton de comanda, zice incruntat:

— Mam' mare! de ce nu mai vine?... Eu vreau
$a vie!

Vine, vine acuma, puisorul mamii! raspunde
cucoana.

Si s3ruta pe nepotel; apoi i potriveste palaria
Tandrul Goe poartd un frumos costum de
marinar, palarie de pale, cu inscriptia pe pamblica:
le Formidable, si sub pamblica biletul de cilatorie

infipt de tanti Mita, ca .asa tin barbatii biletul"
Vezi ce bine-i sade lui — zice mam' mare
cu costumul de marinel?
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