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Abstract

Numerical expressions, specifically the use of
fractions and percentages in texts, may pose a
difficulty in the reading comprehension process
for different groups of the population, includ-
ing persons with cognitive disabilities. As an
element that facilitates reading comprehension,
the Easy-to-Read (E2R) methodology, created
to achieve the cognitive accessibility, recom-
mends avoiding the use of fractions and percent-
ages. If it is necessary to include them, their
equivalence or explanation should be described.
In order to help people who have difficulties in
reading comprehension when they have to deal
with fractions and percentages, we have devel-
oped an initial method for adapting numerical
expressions in an automatic way in Spanish.
This method is based on (a) Artificial Intelli-
gence (AI) methods and techniques and (b) the
E2R guidelines and recommendations. In ad-
dition, the method has been implemented as a
web application. With the goal of having our re-
search in the context of the responsible Al, we
followed the human-centred design approach
called participatory design. In this regard, we
involved people with cognitive disabilities in
order to (a) reinforce the adaptations provided
by E2R experts and included in our method,
and (b) evaluate our application to automati-
cally adapt numerical expressions following an
E2R approach. Moreover, this method can be
integrated into institutional procedures, such as
those of university administrations and public
organisations, to enhance the accessibility of
official documents and educational materials.

1 Introduction

Numerical expressions are defined as expressions
that denote quantities, optionally accompanied by
a numerical modifier, such as more than a quar-
ter or almost 97 %, where more than and almost
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take the role of numerical modifiers (Bautista et al.,
2017). Different groups of the population, includ-
ing people with cognitive or intellectual disabil-
ities, experience some difficulties regarding the
reading comprehension process of such numerical
expressions. For such a reason, the Easy-to-Read
(E2R) methodology (Inclusion Europe, 2009; No-
mura et al., 2010; AENOR, 2018) recommends
avoiding the use of fractions and percentages in
text materials. The goal of this methodology is to
present clear and easily understood content by pro-
viding a collection of guidelines concerning both
the content of texts and their design and layout.
This methodology was created with the aim of im-
proving the cognitive accessibility of those groups
of the population who present reading comprehen-
sion difficulties.

When a particular document needs to be adapted
to Easy-to-Read, the E2R methodology is applied
in a manual fashion following three key activities:
E2R analysis, E2R adaptation and E2R validation
(AENOR, 2018). This manual process is labour-
intensive and costly, and it would benefit from
having technological support. In this context, our
research is focused on applying different Artifi-
cial Intelligence (AI) methods and techniques! to
(semi)-automatically perform both the analysis and
the adaptation of documents to obtain easy-to-read
versions of original documents. Furthermore, it
should be mentioned that our general intention is
to conduct research and develop applications in the
context of the responsible Al (Akata et al., 2020).
Specifically, we understand responsible Al as in-
clusiveness and explainability. In this paper, we
present our approach for including people with
cognitive disabilities in our research; while explain-
ability is out of the scope of this paper.

In this paper, we present an initial proposal for
'We are investigating symbolic (such as knowledge representa-

tion) and subsymbolic (such as machine learning) approaches
in Al as well as the combination of both.
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adapting numerical expressions in an automatic
way in texts written in Spanish, in particular ex-
pressions that contain fractions and percentages.
This adaptation proposal follows the Easy-to-Read
(E2R) methodology and is aligned with the prefer-
ences expressed by E2R experts in a previous study
(Sudrez-Figueroa et al., 2022), in which they identi-
fied the adaptation of numerical expressions as one
of the guidelines they would like to see automated.
Based on this feedback, we developed the support
tool described in that study.

There are other studies that performed a quite
similar process, which is the automatic simplifica-
tion> of numerical expressions in various languages
such as English (Bautista et al., 2011; Power and
Williams, 2011), German (Suter et al., 2016) and
Spanish (Bautista et al., 2013; Bautista and Sag-
gion, 2014b,a; Bautista et al., 2017) using different
methods and techniques that are explained in Sec-
tion 2. Nevertheless, such attempts do not involve
target groups with cognitive disabilities in the de-
velopment of the system. Our approach therefore
focusses on covering this gap by involving both
E2R experts and people with cognitive disabilities
in our work.

Additionally, our development is designed to be
used in institutional contexts where accessibility
is a priority. For example, the Language Centre’
of the Universidad Politécnica de Madrid could
integrate our system to enhance the accessibility
of its learning materials, ensuring that numerical
expressions do not become a barrier for students
with cognitive disabilities or non-native speakers.
Likewise, institutional bodies such as the Rectorate
of the Universidad Politécnica de Madrid could
leverage this system to adapt official documents,
making them more accessible to all members of the
university community, including faculty, staff, and
students who may face difficulties with complex nu-
merical representations. By applying our approach
in such institutional environments, we aim to con-
tribute to fostering inclusiveness and accessibility
in academic and administrative communications.

The rest of the paper is organised as follows: Sec-
tion 2 is devoted to the state-of-the-art on (a) the
difficulties that numerical expressions raise regard-
ing cognitive accessibility, and (b) the automatic

Text adaptation always aims to transform texts to meet the
needs of a specific audience, while text simplification tends to
reduce the complexity of texts and does not always take the
final user into account (Saggion, 2022).
Shttps://www.lenguas.upm.es/
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approaches for identifying and adapting this type
of structures in different languages. In Section 3
we present our proposal for performing an auto-
matic E2R adaptation of fractions and percentages.
Section 4 summarises the participatory design ap-
proach we followed to include people with cogni-
tive disabilities in our Al-based development; this
section also shows the results we obtained from
this inclusive strategy. Section 5 describes our web
application for automatically adapting numerical
expressions and shows the results obtained in a pre-
liminar user-based evaluation. Finally, we present
some conclusions and future work.

2 State of the Art

Since our work focusses on developing an initial
automatic adaptation of numerical expressions (spe-
cially fractions and percentages) in text written in
Spanish following the E2R guidelines, in this sec-
tion we address (a) the problematic these structures
pose, and (b) the automatic approaches that have
been developed to date for the identification and
transformation of numerical expressions in differ-
ent languages.

2.1 Numerical Expressions and Cognitive
Accessibility

Disciplines such as experimental psychology and
cognitive neuropsychology have dealt with the
study of number processing and calculation over
the last decades, since mathematical reasoning
helps people develop, as it comes from a basic hu-
man need to communicate and describe things like
quantities and measurements (Piaget and Inhelder,
1969). However, there are groups of people who
present some difficulties when reading numerical
expressions, i.e. expressions that denote quantities,
optionally accompanied by a numerical modifier.
A specific difficulty that involves learning or
understanding numeracy in general and numeri-
cal expressions in particular is dyscalculia, which
includes difficulties in understanding numbers, ma-
nipulating, learning math facts, and a number of
other symptoms related to counting money, un-
derstanding prices or remembering dates (Landerl
et al., 2004; Butterworth, 2010). Such a difficulty
(also referred to as a cognitive disability) affects
the daily life of people with reading comprehension
impairments, since everything around us contains
numerical information (e.g. daily news or public
information). Moreover, it has been evidenced in


https://www.lenguas.upm.es/

some studies (Rello et al., 2013) that the presence
of numerical information in a text impacts nega-
tively on its readability and understandability for
people with dyslexia.

For these reasons, technological aids can greatly
benefit the adaptation of numerical expressions into
E2R versions to facilitate cognitive accessibility.

2.2 Automatic Approaches for Adapting
Numerical Expressions

In the context of text simplification and E2R adap-
tation of texts, few works have addressed the auto-
matic adaptation of numerical expressions in dif-
ferent languages. Power and Williams (Power and
Williams, 2011) studied how authors present nu-
merical information in English news articles, fo-
cusing on variations in mathematical forms (such
as fractions and percentages) and in the level of
precision used to express the same quantity. They
developed a rule-based system to adapt original
proportions and evaluated its effectiveness by com-
paring the model’s predictions with the values sug-
gested by survey participants.

Also in English, Bautista and colleagues
(Bautista et al., 2011) studied preferences for round-
ing numerical expressions to common values, as
well as different simplification strategies depend-
ing on the original proportion. The system they
developed was designed specifically for English
and was not intended for any particular group of
readers. The authors conducted a survey in which
experts in numeracy were asked to simplify a range
of proportion expressions with three different read-
erships in mind. The responses were consistent
with their intuitions about how common values are
considered simpler and how the value of the origi-
nal expression influences the chosen simplification.

With respect to languages other than English,
in the system developed by Suter and colleagues
(Suter et al., 2016) for adapting German texts, num-
bers written as words and special characters are
replaced by digits and appropriate word substitu-
tions using manually created dictionaries.

As regards Spanish (the language we are dealing
with in our research), Bautista and colleagues have
been working on different approaches (Bautista
et al.,, 2013; Bautista and Saggion, 2014b,a;
Bautista et al., 2017) to simplify numerical ex-
pressions using parallel corpora of original and
manually simplified texts. The numerical simpli-
fication was implemented by a rule-based system
that included a numerical simplification prototype

16

and a syntactic simplification module to preserve
simplicity and meaning.

However, none of the aforementioned efforts has
been based on responsible Al, as they have not
included groups of people with cognitive disabil-
ities in the development of numerical expression
simplification systems. Such a gap is indeed an
open issue in the text simplification task literature,
since such systems are designed without consid-
ering the user, which can lead to underestimating
the reader’s capabilities (Saggion, 2018). For this
reason, in this paper we focus on the adaptation of
numerical expressions in Spanish, including both
E2R experts and people with cognitive disabilities
in our research and development processes.

3 Initial Method for an E2R Adaptation
of Fractions and Percentages

The final aim of the proposed method is (a) to de-
tect fractions and percentages in texts written in
standard Spanish, and (b) to replace such structures
by the most appropriate paraphrasing formula with
the goal of being E2R compliant. This method is
based both on symbolic Al (e.g. production rules
and syntactic patterns) 4 and subsymbolic Al (e.g.
machine learning-based Natural Language Process-
ing) methods and techniques (Norvig and Russell,
2021).

This initial method consists of the following
high-level activities: (1) Natural Language Pro-
cessing (NLP), which includes a cleanup of the text
using regular expressions and a tokenization step,
(2) Fractions and Percentages Identification, and
(3) Fractions and Percentages Adaptation. Figure 1
shows the low-level steps of our initial method.

The first activity in our proposed method is text
preprocessing. The original text is prepared by
separating the paragraphs, looking for line breaks,
replacing the words por ciento (‘per cent’) with the
symbol %, and establishing a space between the
number and the symbol® to facilitate the tokeniza-
tion task (e.g. 10 %). By the same token, double
spaces are removed, spaces are included before and
4Using symbolic Al makes it relatively straightforward to pro-
vide explanations about what has happened and why. Since
symbolic systems are based on explicit rules and representa-
tions, they allow for transparent reasoning processes. This
means that each step taken by the system can be traced and
understood, making it easier to explain both the outcomes and
the underlying logic that led to them.

SDecision based on the rules for writing percent-
ages presented by the Spanish linguistic foundation

Fundéu (https://www. fundeu.es/recomendacion/
porcentajes-claves-de-redaccion/).
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Figure 1: Method Workflow.

after hyphens (e.g. Madrid-Mdlaga to Madrid -
Midlaga) and contractions in Spanish are extended
(al to a el and del to de el). Figure 1 shows this
first activity in Steps 1, 2.1 and 2.2. In addition, a
clean-up task is also performed to remove unusual
symbols such as parentheses (Step 3 in Figure 1).
We decided to use the solution proposed by Drn-
darevic and colleagues (Drndarevic et al., 2013),
thus eliminating both the parentheses and their con-
tent; although we are aware of the risk of this action
with respect to information loss.

On the other hand, since fractions and percent-
ages are just different ways of showing the same
value, we decided to replace fractions whose nu-
merator is less than the denominator with a percent-
age (e.g. 1/2 is replaced by 50 %). This action is
performed in order to use only one single approach
for both situations (fractions and percentages); that
is, we generalise the way of treating those numeri-
cal structures. After the text preprocessing activity,
the identification of fractions and percentages is
simplified to detokenize the sentence and look for
the symbol % (Step 4 in Figure 1).

The activity of adapting fractions and per-
centages is based on what is mentioned in the
E2R methodology (Garcia Muiioz, 2012; AENOR,
2018), that is, the most appropriate way to adapt
fractions or percentages is to use paraphrasing
words that preserve the same meaning as the numer-
ical structure. In order to select the most suitable
set of words we contacted E2R experts to discuss
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with them the best options without adding com-
plexity to the text and keeping the original mean-
ing. The result of the discussion with the experts is
summarised in Table 1 and Table 2°. Such tables
show that the percentages were organised by ranges
and context, and for each percentage range a set of
words is suggested. In addition, during this process,
we identified two different structures in sentences
with percentages: (a) simple structures, which con-
tain just one percentage (e.g. un 20 %) (equivalent
to ‘just 20 %’); and compound structures, which
contain a list of percentages (e.g. Entre un 10y un
20 % (‘Between 10 and 20 %’), Subio desde un 20
a un 50 % (‘It went up from 20 to 50 %’). One
way to reduce the complexity of the latter case is to
remove the word entre or desde and replace the two
numbers by the mean or the subtraction (e.g. Un
15 %, Subio un 30 %) (Step 5 in Figure 1). Once
substitution is performed, the sentences present a
simple structure that can be adapted as a simple
percentage (Step 6 in Figure 1).

Table 1: Adaptation proposals (written in Spanish) or-
ganised by different established ranges.

Ranges (%) Adaptation Proposal
0 No + nada / Ninguno / Ninguna
1-9 Muy poco / Muy poca / Muy
pocos / Muy pocas
10—-24 Un poco / Poca / Pocos / Pocas
25 La minoria
26—40 1 decada 3
41—-49 Casi la mitad
50 La mitad
51-74 Mas de la mitad
75 La mayoria
76—90 Mucho / Mucha / Muchos /
Muchas
91-99 Casi todo / Casi toda / Casi
todos / Casi todas / Casi muy /
Casi el total
100 Todo / Toda / Todos / Todas /
Muy / El total
101—-154 Mas del total
155—-254 El doble
255-354 El triple
+355 N veces el total

In the following subsections, we explain the de-
tails of the proposed E2R suggestions for adapting
S Adaptation proposals are written in Spanish. English versions

of those proposals are available at: https://zenodo.org/
records/15213107.
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Table 2: Adaptation proposals (written in Spanish) or-
ganised by different established ranges for cases related
to units of measurement (e.g. Kg, L, among others).

Ranges (%) Adaptation Proposal
0 No + nada
1-24 Casi nada
25—49 Menos de la mitad de 1
50 La mitad de 1
51-74 Mais de la mitad de 1
75-90 Casi 1
100 1

fractions and percentages in each of the ranges pre-
sented in Table 1 and Table 2.

3.1 General Proposal

This proposal is based on the ranges presented in
Table 1 to adapt phrases regardless of their context.
Concerning the first case referred to the 0 %
interval, it is worth mentioning that in Spanish,
double negations occur, that is, a particular scheme
of negation in which two negative elements appear
(e.g. no + nada or ninguno/ninguna’ (‘no + noth-
ing or none)). Double negation does not change
the negative meaning of the sentence, but is not
always needed. If the verb takes precedence over
the percentage, it is necessary to use the adverb
no in preceding it; otherwise it is not necessary
to be denied. In addition, in some cases we have
observed that the sentence contained the word con
(‘with’) referring to the percentage. In this case
it is replaced by sin (‘without’). To carry out this
substitution there are two different paraphrasing
suggestions: nada or ninguno/a. In cases where
the percentage is followed by a word in the mascu-
line gender (i.e. de los) we use ninguno, and for
feminine cases (i.e. de las) we use ninguna. In any
other case, we use the word nada (‘nothing’).

For the intervals 1-9 %, 10-24 %, and 76-90
%, our adaptation follows a similar method to the
previous scenario. Typically, based on the spe-
cific range, we use terms such as muy poco/muy
poca/muy pocos/muy pocas (‘somewhat’) for the
interval 1-9 %; un poco/poca/pocos/pocas (‘a lit-
tle’/‘few’), for the interval 10-24 %; and mu-
cho/mucha/muchos/muchas (‘many’) for the inter-
val 76-90 % in the paraphrased adaptations. When
the percentage is followed by the preposition de
(‘of’), we examine the subsequent token. If this

"Note that in Spanish we use the slash symbol (/) to indicate
gender and number variations of the same word.
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token is one of el/la/los/las (‘the’), the percentage
is directly substituted by a word matching its num-
ber and gender (e.g. Un 10 % de los libros (‘10 %
of the books”) to Pocos de los libros (‘Few of the
books’). Otherwise, we use a natural language pro-
cessor to determine the token’s number and gender,
and then perform the appropriate percentage sub-
stitution. Furthermore, we omit the preposition de
when the word that follows is not a determiner (e.g.
Un 10 % de estudiantes (‘10 % of the students’)
to Pocos estudiantes (‘Few students’)), with the
exception of masculine singular terms (e.g. Un
10 % de aziicar (‘10 % of sugar’) to Un poco de
aziicar (‘A bit of sugar’)). Additionally, when we
use the terms un poca/pocos/pocas in the substitu-
tion, if a preposition precedes the percentage, we
replace poca by poco and introduce a determiner
(un/unos/unas (‘alan/some/a little/a few’)) agreeing
in gender and number with the rest of elements of
the sentence. For instance, Con un 10 % de sal
(‘With 10 % of salt’) is adapted as Con un poco de
sal (‘“With a little salt’).

As for the ranges from 25 % to 75 % we replace
the percentage by the adaptation proposal shown
in Table 1. However, in those cases where our new
paraphrasing words contain casi (‘almost’) or mds
de (‘more than’), we ignore these same words from
our original sentence in order not to repeat them
(e.g. Casiun 49 % de los participantes (‘Almost
49 % of the participants’) to Casi la mitad de los
participantes (‘Almost half of the participants’)).

Additionally, for the range from 26 % to 40 %,
we also change the noun to its plural form and the
adjectives and verbs referring to the percentage to
its singular form (e.g. EI 25 % de los alumnos ha
aprobado el examen (‘25 % of the students passed
the exam’) to La minoria de los estudiantes ha
aprobado el examen (‘The minority of students
has passed’)). For the rest of the cases, we only
replace the adjectives and verbs with their singular
feminine form (e.g. Un 50 % de los estudiantes han
sido muy estudiosos (‘50 % of the students have
been very studious’) to La mitad de los estudiantes
ha sido muy estudiosa (‘Half of the students have
been very studious’)).

For the 91-100 % range, the procedure remains
consistent with the previous intervals. By default,
we opt for casi todo (‘most of it’) or todo (‘all’),
depending on the exact percentage. However, if
the percentage is succeeded by the preposition
de, we employ the Part of Speech (PoS) tags pro-
vided by spaCy of the subsequent words, simi-



lar to the approach for other ranges (e.g. casi
todo/a/os/as or todo/a/os/as). 1If there is no de-
terminer (el/la/los/las) after the preposition (de),
we add the determiner that agrees in gender and
number with the rest of the elements of the sen-
tence (e.g. From Un 95 % de estudiantes (‘95 % of
students’) to Casi todos los estudiantes (‘Almost
all students’)). Furthermore, if a preposition other
than de follows the percentage, we revert to the
default method (e.g. Un 95 % en agosto (‘95 %
in August’) to Casi todo en agosto (‘Almost all in
August’)). In the presence of an adjective succeed-
ing the percentage, the structures casi muy (‘almost
totally’) or muy (‘very’) replace the percentage (e.g.
Un 95 % rebajado (‘95 % reduced’) to Casi muy
rebajado (‘Almost totally discounted’)). When a
verb precedes the percentage and a punctuation
mark follows, we use casi el total (‘almost the to-
tal’) or el total (‘the total’) (e.g. Subio un 95 % (‘It
went up by 95 %’) to Subio casi el total (‘It went
up almost the total’)); otherwise, we use casi muy
or muy. In all other scenarios, the default approach
is applied.

For percentages exceeding 100 %, we implement
a rounding strategy. If the value is close to 100,
we substitute it with mds del total (‘more than the
total’). If it approaches 200, we opt for el doble
(‘double’); and for values nearing 300, el triple
(‘triple”) is used. For all other cases, the percentage
is replaced by the structure N veces el total (‘N
times the total’), where N represents the nearest
rounded number divided by 100.

To conclude, it could be possible that we added
new words at the beginning of the adapted sen-
tences, and because of these changes, we have to
check the capital letters of our text (Step 8 in Figure

1).

3.2 Specific Proposal for Percentages with
Units of Measurement

In instances where the percentage is 0 %, we follow
the nada (‘nothing’) word adaptation using the dou-
ble negative no + nada when a verb precedes the
preposition. Additionally, we omit the preposition
and the unit of measure (i.e. Kg, L, etc.), as in El
paquete pesa un 0 % de kilo (‘The package weighs
0 % of akilo’), adapted as El paquete no pesa nada
(‘The package weighs nothing’).

For percentages within the range of 1 to 24 %,
we use casi nada (‘almost nothing’), also eliminat-
ing the preposition and the unit. For example, E!
paquete pesa un 5 % de kilo (‘The package weighs

19

5 % of a kilo’) is adapted as El paquete pesa casi
nada (‘The package weighs almost nothing’).

As for the range 25-49 % we use the structure
menos de la mitad de 1 (‘less than half of 1’), also
removing the preposition before the unit of mea-
surement, if present, and transforming the unit of
measurement to singular, e.g. El paquete pesa 1/4
de kilo (‘The package weighs 1/4 kilo’), is adapted
as El paquete pesa menos de la mitad de 1 kilo
(‘The package weighs less than half of 1 kilo’).

In the case of 50 % we use la mitad de 1, fol-
lowing the same method as above. For instance,
El paquete pesa 1/2 kilo (‘The package weighs 1/2
kilo’) is adapted as El paquete pesa la mitad de 1
kilo (‘The package weighs half of 1 kilo’).

For the percentages within the range from 51 to
74 %, we use mds de la mitad de 1 (‘more than
half of 1), following the same algorithm as in
the previous cases, as we observe in Usamos 60
% litros de agua (‘“We use 60 % litres of water’),
adapted as Usamos mds de la mitad de 1 litro de
agua (‘“We use more than half of 1 litre of water’).

With respect to the percentages within 75-99
%, we use casi 1 (‘almost 1) following the same
algorithm as in the previous cases. For example,
Usamos 3/4 litros de agua (‘We use 3/4 litres of
water’) is adapted as Usamos casi 1 litro de agua
(“We used almost 1 litre of water’).

Finally, in instances where the percentages are
exactly 100 %, we use 1, considering the same al-
gorithm as in the previous cases. As an illustration,
Usamos 100 % litros de agua (*“We use 100 % litres
of water’) is adapted as Usamos I litro de agua
(“We use 1 litre of water’).

4 Inclusive AlL: Involving People with
Cognitive Disabilities

As mentioned in Section 1, our intention is to de-
velop applications in the context of the responsible
Al In this paper we focus on the inclusiveness
dimension by means of involving people with cog-
nitive disabilities in the development team. Specifi-
cally, their involvement was performed through a
human-centred design (Trewin et al., 2019). There
are three potential approaches for integrating peo-
ple with cognitive disabilities in the development
processes (Trewin et al., 2019): Inclusive Design,
Participatory Design, and Value-Sensitive Design.
In our research we would like to design for and
with people with cognitive disabilities, so we de-
cided to use the inclusive design approach. As a



first attempt, we used a survey method that allows
us to gather feedback about which different ways
to express fractions and percentages are closer to
E2R structures.

In order to reinforce the collection of linguistic
structures for adapting fractions and percentages
given by the E2R experts (see Section 3), we de-
cided to use a participatory design approach for
gathering feedback about the easier way to express
the aforementioned numerical structures from peo-
ple with cognitive disabilities. For this purpose
we conducted a 20-minutes on-line anonymous sur-
vey®. In this survey’ we requested (a) opinions of
people with cognitive impairments on the use of
different ways to express fractions and percentages
and (b) several demographic data. We recruited
participants by emailing autonomic federations and
associations of people with cognitive disabilities in
Spain in February 2022.

After analysing the survey responses'’, findings
indicate that, overall, participants consider simpler
those sentences in which the typical ways of ex-
pressing percentages have been adapted, with an
E2R approach in mind, by using synonym formu-
las. In fact, these data confirm the different options
proposed by E2R experts (see Table 1).

In more specific detail, data reveal that partici-
pants’ preferences can be classified into the follow-
ing scenarios considering the adaptation proposals
for each range posed in Table 1:

Scenario A. In this scenario, sentences in which
the range of the numerical expression (both per-
centages and fractions) is between 1 and 49 are
considered. In this case, the synonymous adapted
option un(os) poco(s) (‘(a) few’) is the most chosen
option among the participants in opposition to the
most typical ways to represent numerical structures
whose meaning is a percentage or a fraction (that
is, 30%, twenty-five percent, and one fifth).

Scenario B. Likewise, in this scenario sentences
in which the numerical expression ranges from 51
to 100 are treated. As a result, participants pre-
ferred the adapted version mds de la mitad (‘more
than a half”) against the rest of non-adapted op-
tions (e.g. 60%, seventy-five percent, and three
quarters).

8The questionnaire is implemented as a Google Form and it is
available at: https://zenodo.org/records/15213107
Survey design and demographic information about par-
ticipants are available at: https://zenodo.org/records/
15213107.

0Responses are available at:
records/15213107

https://zenodo.org/
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Scenario C. Finally, this scenario addresses
numerical expressions relating to the middle
range. Participants similarly chose the synonymous
adapted formulas mitad and medio/a (both have the
meaning of ‘half’).

S Web Application for Adapting
Numerical Expressions

As a proof of concept, we have developed a web ap-
plication to detect fractions and percentages in texts
written in Spanish, and adapt them following the
most appropriate E2R translation guidelines. This
application is based on the E2R method described
in Section 3 and on the feedback gathered about
the easier way to express numerical expressions
described in Section 4. This application requires
a sentence written in Spanish as an input and pro-
vides a simpler version of the original sentence as
an output. Our application was designed with two
options for text input: (a) manual writing or (b) file
upload. Furthermore, following the E2R method-
ology, we adapted the interface of our web appli-
cation: we limited the number of characters per
line (60 characters) and we aligned the text to the
left; we used a font size of 14 points or higher, with
a line spacing of 1.5 greater than the default; we
used font in black with a white background for easy
reading; and the different navigation buttons have a
yellow background and dark blue lettering to draw
the user’s attention away from the other elements
on the same page. Figure 2 shows a screenshot of
the web application in which an example of a text,
written in Spanish, with six sentences containing
fractions or percentages, is used as input text and
the easy-to-read version is the output text.

Our web application has been implemented in
Python 3.10, using the Django framework (version
4.0.1). We used the NLTK library'! for phrase-level
tokenization and the spaCy library'? for word-level
tokenization. It is worth mentioning that in Span-
ish, since words have different forms depending
on gender and number, we used spaCy PoS tags to
replace the percentage to preserve the consistency
of the whole sentence.

Regarding the evaluation carried out with the
application, it is worth mentioning that the func-
tional evaluation (Section 5.1) focusses on testing
the functionalities and an initial user-based evalua-
tion (Section 5.2) centres on knowing whether the

"https://www.nltk.org/
2https://spacy.io/
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E2R Converter

Entrada de Texto

Con un 0% de azicares afiadidos

Un incremento del veinte por ciento en diez afios.
El setenta por ciento del bosque original se ha
perdido.

Te apoyamos cien por ciento

3/4 de la clase son varones.

Pedro se comié 2/4 del pastel de su cumpleaiios
47656 personas han recibido el Ingreso Minimo
Vital en Euskadi hasta enero del 2022

[ Borrar Texto ]

Salida de Texto

Sin nada de azlcares afiadidos

Un incremento de un poco en 10 afos.

Mas de la mitad del bosque original se ha perdido.
Te apoyamos totalmente

La mayoria de la clase son varones.

Pedro se comié la mitad del pastel de su
cumpleaiios

Casi 50000 personas han recibido el Ingreso Minimo
Vital en Euskadi hasta enero del 2022

[ Procesar texto ]

Figure 2: Screenshot of the proof of concept.

E2R adaptations provided by our application are
comprehensible for people with cognitive disabili-
ties.

5.1 Functional Evaluation

We tested the identification and adaptation func-
tionalities of our proof of concept with a collection
of 360 texts written in Spanish'3: 180 sentences
extracted from a Spanish corpus'# by searching for
the word sequences por ciento (‘per cent’), dos
quintos (‘two fifths’) or un tercio (‘one third’),
and 180 phrases that are quotes attributed to fa-
mous people such as Albert Einstein or Leonardo
da Vinci among many others, which do not need
any substitution. The results have been manually
classified into true positives (TP) or true negatives
(TN) based on accurate identification and, in the
case of TP, on accurate adaptation. In contrast, they
were labelled false negatives (FN) if the adaptation
was incorrect or false positives (FP) if the adapta-
tion was unwarranted and the original sentence was
altered. To measure the effectiveness of our web
application, we have tracked two of the metrics
used to evaluate classification systems. On the one
hand, the so-called sensitivity, which in our context
represents the probability of correctly identifying
a sentence that needs to be adapted. On the other
hand, the metric of specificity, which represents
the probability of correctly identifying a sentence
that does not need adaptation. Currently, our appli-
cation has a sensitivity of 91.81% compared to a
BThe collection of texts is available at: https://zenodo.

org/records/15213107.
“https://www.wordandphrase.info/span/
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specificity of 95.23 %. Thus, we could say that it
is more specific than sensitive. This is the situation
that we are aiming for, as our goal is to avoid false
positives.

5.2 Preliminary User-Based Evaluation

This evaluation was carried out using an on-line
questionnaire. The questionnaire’® was divided
into two main parts: (1) one part with questions
related to participants’ demographics, background
and experience in E2R validation; and (2) the other
part that includes 15 single-answer multiple choice
questions to capture participants’ opinions about
how easy is the adaptation provided by our web
application. The format of these 15 questions is al-
ways the same. Each question has 2 sentences (one
is an original sentence and the other one is the sen-
tence adapted by our service). After reading with
calm each question, participants should choose one
option among the following ones: (a) Sentence 1 is
the one you understand best; (b) Sentence 2 is the
one you understand best; (c) I understand both sen-
tences well; and (d) I do not understand either of
the two sentences. The questionnaire was validated
by an E2R expert.

21 participants responded to the questionnaire,
11 males and 10 females, all from Madrid. 5 of
them had a high level of reading comprehension,
13 a medium level, 1 a medium-high level and 2 a
low level'S. Their distribution by age is 4, 12 and 5

5The questionnaire is implemented as a Google Form and it
is available at: https://zenodo.org/records/15213107.
!5This information was provided by the support professionals
of the organisations.


https://zenodo.org/records/15213107
https://zenodo.org/records/15213107
https://www.wordandphrase.info/span/
https://zenodo.org/records/15213107

1.00 -
9.5%
19.0%

0%
14%

4.8% 4.8%

0,
14.3% 19.0%

0.75-

81%

76.2% 76.2%
57.1%
76.2%

Proportion
o
3

90.5%

76.2% 86%

0.25-

0.00- 0.0% ﬁ

Q2 Q3

C;‘] 5 Q6 Q? 8

52.4% 71.4%

.Ii.I.! 0.0% “i

Q9

0,
4.8% 0-0%

19.0%

4.8% 4.8%

9.5%

14.3%

Understanding

.29 First
. 76.2% 90.5% irsi
. (]

71.4% e
B 0

Second

1 Both
. None

Q10 Q11 Q12 Q13 Q14 Q15

Percentages and Fractions

Figure 3: Summary of percentages in the user-based evaluation.

participants in the ranges 18-30, 31-45 and 46-60
respectively. Regarding the impairments, 17 had an
intellectual disability, two people had intellectual
plus physical disability, one other had intellectual
plus mental disability and the last one declared to
have a rare disease. As for their occupation, 10
were E2R validators, 7 were users of occupational
centres, and the remaining were two retired people,
a kit man, and an unemployed.

Figure 3 shows the percentages of responses for
each available option and question when assessing
the usefulness of the wording our web application
gives with respect to percentages and fractions in
the text. First refers to the original sentence and
Second refers to the adaptation made by our appli-
cation. Both indicates the participant understands
well both sentences and None is chosen by a partic-
ipant who understands neither of them. Through
the 15 questions, the proportion of times the sec-
ond sentence was chosen as the preferred option by
the participants is overwhelming. Although there
were different levels of understanding throughout
the questions, even for the most difficult ones (the
ones showing non-zero percentages in the option
None) the simplification made by our application
outnumbers the rest.

6 Conclusions and Future Work

This paper presents an initial method, based on
Al for detecting fractions and percentages in texts
written in Spanish, and adapting such numerical
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structures into easy-to-read versions. A crucial task
in the development of this method has been the
selection of the most appropriate E2R paraphrasing
formulas for such numerical structures. To perform
this task we follow a mixed approach: on the one
hand, we contacted E2R experts in order to dis-
cuss with them the most appropriate adaptation of
fractions and percentages; on the other hand, we
complement the proposals obtained by the experts
with feedback gathered from people with cogni-
tive disabilities. Feedback has been obtained by
applying an inclusive design approach. The in-
volvement of people with cognitive disabilities was
materialised by participating in one on-line survey.
In such a survey, participants were asked about
their preferences with respect to the simplicity of
parapharsing formulas to express fractions and per-
centages. Data gathered in this survey reinforced
the set of synonym formulas used in our method
for adapting fractions and percentages to an E2R
version.

This straightforward declarative method has
been implemented in a simple-to-use web appli-
cation; in which the design of the user interface has
been developed based on the E2R methodology.
Elements such as the number of characters per line,
text alignment, font size, line spacing, and colour
contrast, among others, have been taken into ac-
count. This web application has initially been eval-
uated by people with cognitive disabilities. This
user-based evaluation has been performed using



online questionnaires. This is a first approxima-
tion to a deeper evaluation of the web application,
since the sample size was not large, but prospects
are optimistic. Thus, currently, we could say that
adaptations provided by our application seem to be
easier than original texts including fractions and
percentages written in a standard way.

In addition to its relevance for individual users,
our proposal may also be of great value in institu-
tional environments where accessibility is a fun-
damental requirement. University administrations,
government agencies and public institutions fre-
quently produce documents that include numerical
expressions, which can pose comprehension prob-
lems for some readers. By integrating this method
into institutional procedures, organisations such
as the Rectorate of the Universidad Politécnica de
Madrid or the Language Centre could ensure that
official communications, policies and teaching ma-
terials are more accessible.

As further research, we are going to analyse in
more depth the data gathered in our inclusive co-
design process for selecting the most appropriate
E2R adaptations for fractions and percentages. In
addition, we have planned to design an evaluation
activity involving both E2R experts and people
with cognitive disabilities. Our plan here is to have
a larger sample size of participants. Finally, we
would like to explore different ways to explain both
the process and the outcomes in our method and
application. In this regard, our aim is to cover the
explainability dimension in the context of responsi-
ble AL
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