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Abstract: We introduce a dataset with 1200 manually simplified sentences (144 019
tokens) from clinical trials in Spanish. A total of 1040 announcements from the Eu-
ropean Clinical Trials Register (EudraCT) were analyzed to select sentences with
ambiguities or exceeding 25 words. Simplification criteria were devised in an anno-
tation guideline, which is released publicly along with the dataset. We obtained two
versions: syntactically simplified sentences, and sentences with syntactic and lexical
simplification. We report a quantitative, a qualitative and a human evaluation, in
which three independent evaluators assessed the grammaticality /fluency, semantic
adequacy and overall simplification. Results show that the resource is suitable for
advancing research on automatic simplification of medical texts.

Keywords: Text simplification, Medical language processing, Clinical trials.

Resumen: Se presenta un conjunto de 1200 frases de ensayos clinicos en espanol
simplificadas manualmente (144 019 tokens). Se analizaron 1040 anuncios del
Registro Europeo de Ensayos Clinicos (EudraCT), seleccionando frases con am-
bigiiedades o con mas de 25 palabras. Se elaboraron criterios de simplificacién
recogidos en una guia distribuida publicamente con el conjunto de datos. Se obtu-
vieron dos versiones: oraciones simplificadas sintdcticamente, y oraciones con sim-
plificacién léxica y sintactica. Se presenta una evaluacién cuantitativa, cualitativa
y por tres evaluadores independientes sobre la gramaticalidad/fluidez, adecuacién
seméntica y simplificacién. Los resultados muestran que el recurso es adecuado para
avanzar en la investigacién en simplificacién automaética de textos médicos.
Palabras clave: Simplificacién de textos, PLN médico, Ensayos clinicos.

1 Introduction coordinated or relative clauses (Peng et al.,

2012) or complex compound phrases (Wei,

Leaman, and Lu, 2014) before text mining.

To develop simplification systems for med-

Achieving a plain language version of medi-
cal documents helps patients to enhance their
understanding of health-related information

and their adherence to treatment (Ondov,
Attal, and Demner-Fushman, 2022). Po-
tential participants in clinical trials might
find eligibility criteria grammatically com-
plex and rife with medical jargon (Wu et
al., 2016), which hinders patients from tak-
ing part in a study. Automatic text sim-
plification (Shardlow, 2014; Saggion, 2017),
complemented with human supervision, has
been shown to produce more understand-
able texts for patients (Lalor, Woolf, and Yu,
2019) and clinical researchers (Fang et al.,
2021). Indeed, simplification also enhances
(bio)medical language processing, given that
such pre-processing makes it easier to parse
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ical texts in Spanish, we created a dataset of
1200 manually simplified sentences from trial
announcements. We release publicly a guide-
line and the resource in two versions: simpli-
fied sentences at the syntax-level, and with
lexical and syntactical simplification.!
Figure 1 shows a sample of the original
version of a trial announcement and its syn-
tactical simplification. Long sentences in the
technical version are shortened or split in the
simplified version. Some nominalizations are
changed to a verb or adjective form, which
are easier to understand: e.g. capacidad del

"https://digital.csic.es/handle/10261/346579
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EudraCT N2: 2021-006378-22

Titulo cientifico: Estudio de extension a largo plazo en fase Ill, multicéntrico,
aleatorizado y de dosis ciega para evaluar la eficacia y la seguridad de BIIBO59
de forma continua en participantes adultos con lupus eritematoso sistémico
(LES) activo

Indicacidn cientifica: Lupus Eritematoso Sistémico

Criterios de inclusion:

1. Participantes que completaron una de las 52 semanas de los estudios
originales en fase Ill, doble ciego y controlados con placebo (230LE303 y
230LE304) y que recibieron los tratamientos del estudio con BIIBO59 o
placebo hasta la semana 48 y acudieron a la dltima visita de evaluacién del
estudio en la semana 52.

2. del participante o su representante legal autorizado (p. ej.,
progenitor, cényuge o tutor legal), cuando proceda y segln corresponda,
para comprender el fin y los riesgos del estudio, para proporcionar el
consentimiento informado y para autorizar el uso de la informacién médica
confidencial de acuerdo con la normativa nacional y local sobre privacidad.

EudraCT N2: 2021-006378-22

Titulo cientifico: Estudio de extensién a largo plazo en fase Ill, multicéntrico,
aleatorizado y de dosis ciega. Evaluara la eficacia y la seguridad de BIIBO59
de forma continua en participan ultos con lupus eritematoso sistémico
activo
——Acronym
Indicacidn cientifica: Lupus Eritematoso Sistémico

Split long
sentences

Criterios de inclusion:

1. Participantes que col
originales en fa;
230LE304).Ademads, recibieron |o$ tratamientos dgl estudio con BIIBO59 o
placebo hasta la semana 48.7Y, también, acudierpn a la Gltima visita de
evaluacion del estudio en la semana 52.
2. El participante o su representante legal autofizado (p. ej., progenitor,
cdnyuge o tutor legal), cuando proceda y segln cprresponda, serd [capaz|de
comprender el fin y los riesgos del estudio.’ También, sera de
proporcionar el consentimiento informado. Ademds, podra autorizar el uso
de la informacién médica confidencial de acuerdo con la normativa nacional
y local sobre privacidad. Change noun to adjective

Figure 1: An unsimplified trial announcement (left) and its syntactic simplification (right).

participante... (‘ability of the participant...”)
— el participante serd capaz... (‘the par-
ticipant will be able to...”). Still, acronyms
(LES) and technical terms (multicéntrico)
require lexical simplification. The next sec-
tions report the background (§2), the meth-
ods (§3) and the evaluation (§4).

2 Background

Text simplification involves operations at all
linguistic levels (lexis, syntax and discourse).

Methods for lexical simplification (Paet-
zold and Specia, 2017) generally rely on
curated lexicons with technical and sim-
plified words (Grabar and Hamon, 2016),
paraphrase extraction (Elhadad and Su-
taria, 2007; Deléger and Zweigenbaum,
2009), or machine learning-based approaches
(Shardlow, 2013). Currently, deep learning
methods are gaining ground through word-
embeddings, prompt-based methods and
large language models (LLMs), as explained
in a recent survey (North et al., 2023). Lex-
ical simplification has been addressed in the
recent TSAR challenge (Saggion et al., 2023).

Syntactic simplification requires arrang-
ing words to achieve a word order with un-
ambiguous references, split long sentences,
change passive to active voice or rewrite nom-
inalization structures to verb or adjective
forms. Several works have used rules learned
from corpora in order to apply simplification
operations (Siddharthan, 2006; Peng et al.,
2012; Seretan, 2012; Collados, 2013; Brouw-
ers et al., 2014; Mukherjee et al., 2017).
Most rules rely on dependency or part-of-
speech tagging to derive simplification rules;
for example, by parsing parallel sentences
from technical and simplified texts (Szep et
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al., 2019). In contrast, other methods pro-
pose detecting syntactic simplification cues
that do not rely on heavy syntactic analysis
(Evans and Orasan, 2019).

Discourse phenomena also require syntac-
tic operations to simplify structures beyond
the sentence and abridge long paragraphs.
In addition, anaphora and co-reference might
cause ambiguities to understand the content
(Wilkens, Oberle, and Todirascu, 2020).

Lastly, texts may be simplified at all lev-
els using transfer learning techniques (Menta
and Garcia-Serrano, 2022; Trienes et al.,
2022; Alarcén, Martinez, and Moreno, 2023).

Evaluating simplification may be subjec-
tive (Grabar and Saggion, 2022), but stan-
dardized methods exist. However, quantita-
tive approaches, such as readability formu-
lae (Flesch, 1948), are not always adequate
for medical texts (Zeng-Treitler et al., 2007).
Moreover, metrics such as BLEU (Papineni
et al., 2002), ROUGE (Lin, 2004) or SARI
(Xu et al., 2016) are limited when assessing
simplification, since they may correlate neg-
atively with simplicity (Sulem, Abend, and
Rappoport, 2018) or do not assess simplifica-
tion operations thoroughly (Alva-Manchego,
Scarton, and Specia, 2021). Human assess-
ment of simplifications is thus beneficial.

Simplification tasks rely on lexicons or
parallel (technical/simplified) corpora, which
are scarce for Spanish (Segura-Bedmar and
Martinez, 2017; Ferrés and Saggion, 2022;
Alarcon, Moreno, and Martinez, 2023). Some
were created in multilingual projects but
are small (Xu, Callison-Burch, and Napoles,
2015; Martin et al., 2021; Joseph et al., 2023).
We introduce a dataset to develop and test
simplification tools. Table 1 shows samples.
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Original

Syntactic
simplification

Lexical
and syntactic
simplification

Ensayo clinico para establecer los efectos de las dosis bajas de rtPA y los efec-

tos de la reduccion intensiva de la presion arterial en pacientes con accidente
cerebrovascular isquémico agudo. (2014-002823-86)

‘Clinical trial to establish the effects of low-dose rtPA and the effects of inten-
sive blood pressure lowering in patients with acute cerebrovascular accident’

Ensayo clinico para establecer los efectos de las dosis bajas de TtPA y los

efectos de reducir intensamente la presion arterial. Se estudiard en pa-
cientes con accidente cerebrovascular isquémico agudo.

‘Clinical trial to establish the effects of low-dose rtPA and the effects of
lowering blood pressure intensively.
acute cerebrovascular accident’

Ensayo clinico para establecer los efectos de las dosis bajas de rtPA y los

This will be studied in patients with

efectos de reducir intensamente la presion arterial. rTPA es el activador
recombinante del plasminogeno tisular, un medicamento que ayuda a
disolver los codgulos de sangre. Se estudiard en pacientes con accidente cere-
brovascular isquémico agudo (ictus).

‘Clinical trial to establish the effects of low-dose rtPA and the effects of

lowering blood pressure intensively. rtPA stands for recombinant tissue plas-
minogen activator, a medical drug that helps to dissolve blood clots. This
will be studied in patients with acute cerebrovascular accident (stroke)’

Original

Syntactic
simplification

Lexical
and syntactic
simplification

Mugeres en tratamiento de TRA que reciban embriones propios o donados
que presenten un desarrollo endometrial inferior a 5 mm a pesar de haber
recibido un tratamiento con estrogenoterapia. (2016-001716-38)

‘Women in ART treatment that receive own or donated embryos and pre-

senting an endometrial development less than 5 mm despite having received
treatment with estrogen therapy.’

Mugjeres en tratamiento de TRA que reciban embriones propios o donados.
Las mugeres presentardn un desarrollo endometrial inferior a 5 mm a pesar
de haber recibido un tratamiento con estrogenoterapia.

‘Women in ART treatment that receive own or donated embryos. These

women will have an endometrial development less than 5 mm despite having
received treatment with estrogen therapy.’

Mugjeres en tratamiento de reproduccion asistida que reciban embriones

propios o donados. Las mujeres presentardn un desarrollo del endometrio

(capa del ditero) inferior a 5 mm a pesar de haber recibido una terapia
de estrégenos (hormonas). ‘Women in assisted reproductive treatment

that receive own or donated embryos. These women will have a development
of endometrium (the innermost layer of the uterus) less than 5 mm despite
having received treatment with estrogens (hormones).’

Table 1: Samples of technical sentences and manually simplified (EudraCT id in brackets).

3 Methods
3.1 Data preparation

Three linguists analyzed trial announcements
from EudraCT.2 A set of 700 texts come from
(Campillos-Llanos et al., 2021) and cover the
period 2009-2020; and another set contains
340 texts (issued in the years 2020-2022). In
total, we analyzed 1040 texts. However, we

“https://www.clinicaltrialsregister.eu
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only used 510 trials (49.04%), because we
discarded texts that were too long (above
1500 tokens), had lists with more than 10
lab values or had sentences that could not
be simplified syntactically. Sentences with
co-reference ambiguities, digressions or ex-
ceeding 25 words were selected (we followed a
criterion supported by experts in Plain Lan-
guage (da Cunha, 2022)). The criteria are
detailed in §3.2 and Tables 2 and 3.
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APPO

Appositive phrases

Orig

Simp

Sujetos, varones y mugeres, con diagndstico de insuficiencia renal.
(‘Subjects, men and women, diagnosed with renal failure.’) (2014-001296-32)

Sugjetos con diagndstico de insuficiencia renal.
(‘Subjects diagnosed with renal failure.’)

CONJ

Conjunctions (coordination and subordination)

Orig

Simp

Diagndstico por la imagen mediante fdrmacos radiactivos con el objetivo de localizar
gldndulas paratiroideas andmalas cuando las pruebas de imagen convencionales son
negativas y ast poder planificar de forma dptima el tratamiento quirdrgico.

(‘Diagnostic imaging using radioactive pharmaceuticals to locate abnormal parathyroid
glands when conventional imaging tests are negative, as a necessary condition for
planning an optimal surgical treatment.’) (2019-002729-31)

Diagndstico por la imagen mediante fdrmacos radiactivos para localizar glindulas
paratiroideas andmalas cuando las pruebas de tmagen convencionales son megativas.
A st se podrd planificar de forma optima el tratamiento quiridrgico.

(‘Diagnostic imaging using radioactive pharmaceuticals to locate abnormal parathy-
roid glands when conventional imaging tests are negative. Surgical treatment can then
be optimally planned.’)

COREF

Co-reference and anaphora

Orig

Simp

Ensayo clinico para la identificacion de biomarcadores basados en técnicas omicas (..),
y su variabilidad inter e intraindividual que permitan la mejora en la individualizacion
del tratamiento.

(‘Clinical trial for the identification of biomarkers based on omics techniques (..), and
their inter and intra-individual variability that allow the improvement in the individ-
ualization of treatment.’) (2019-002795-13)

Ensayo clinico para identificar biomarcadores basados en técnicas dmicas (..), y su
variabilidad inter e intraindividual. Estas técnicas permitirian la mejora en la indi-
vidualizacion del tratamiento.

(‘Clinical trial to identify biomarkers based on omics techniques (..), and their inter-
and intra-individual variability. These techniques would allow the improvement in the
individualization of treatment.”)

LEN

Long sentences

Orig

Simp

Las pacientes fértiles deberdn obtener resultado negativo en una prueba de embarazo
en orina en las 24 horas previas a la primera dosis del fdrmaco del estudio.

(‘Female subjects of childbearing potential must have a negative urine pregnancy test
within 24 hours prior to the first dose of study drug.’) (2019-001565-33)

Las pacientes fértiles deberdan obtener resultado negativo en una prueba de embarazo
en orina. Se hard en las 24 horas previas a la primera dosis del farmaco del estudio.
(‘Female subjects of childbearing potential must have a negative urine pregnancy test.
This will be performed within 24 hours prior to the first dose of study drug.’)

NEG

Negation

Orig

Simp

No mds de 1 ano antes de la fecha de inclusion.
(‘No more than 1 year prior to enrollment.’) (2015-003759-23)

Un ano o menos antes de la fecha de inclusion.
(‘One year or less prior to enrollment.’)

Table 2: Syntactic simplification aspects according to linguistic criteria.
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NOM

Change nouns/adjectives to verb form

Orig:

Simp:

Paracetamol en el tratamiento del dolor.
(‘Paracetamol in the treatment of pain.’) (2015-004482-88)

Paracetamol para tratar el dolor.
(‘Paracetamol to treat pain.’)

PAS

Passive to active voice

Orig:

Simp:

4 semanas previas a dosificacion, o mds si es requerido por las requlaciones locales.
(‘4 weeks before dosage, or more if it is required by local regulations’) (2016-001227-31)

4 semanas previas a dosificacion, o mds si las requlaciones locales lo requieren.
(‘4 weeks before dosage, or more if local regulations require it.’)

REDUN

Redundancies

Orig

Simp

Se debe consultar al monitor médico antes de que el participante del estudio se incor-
pore al estudio AS001/. (‘The medical monitor must be consulted prior to the study
participant’s entry into the AS0014 study.’) (2019-004163-47)
Se debe consultar al monitor médico antes de que el participante se incorpore al estudio
AS0014.

(‘The medical monitor must be consulted before the participant enters into the AS0014
study.”)

OVERS

Oversimplification

Orig

Simp

En participantes sintomdticos, uno de los criterios para el diagndstico de posible de-
mencia frontotemporal de variante conductual o de subtipo semdntico o de afasia pro-
gresiva primaria. (‘In symptomatic patients, one of the criteria for the diagnosis of
probable behavioral variant FTD or FTD-semantic subtype or FTD-Progressive Non-
fluent Aphasia.’) (2019-004066-18)

En participantes sintomdticos, que tengan uno de los criterios para el diagndstico
de posible demencia frontotemporal de variante conductual. También, que tengan
posible demencia frontotemporal de subtipo semdntico o de afasia progresiva primaria.
(‘In symptomatic patients, participants who have one of the criteria for the diagnosis
of possible behavioral variant of frontotemporal dementia. Also, participants who have
possible frontotemporal dementia of semantic subtype or primary progressive aphasia.’)

OTHER

Other: This label gathers aspects related to style, punctuation or grammar that
enhance the clarity of the sentence or avoid ambiguities; these operations include
fixing number or gender disagreement, preposition errors or unnatural word order.

Orig

Simp

Aborto recurrente, preeclampsia previa o enfermedades hematolégicas.  Uso de
fdrmacos vasoactivos: Fundamentalmente relacionadas con la hipertension.

(‘Recurrent miscarriage, previous preeclampsia or hematologic diseases. Use of vasoac-
tive drugs: Fundamentally related to hypertension.’) (2017-001878-42)

Aborto recurrente, preeclampsia previa o enfermedades hematoldgicas. Uso de farmacos
vasoactivos fundamentalmente relacionados con la hipertension.

(‘Recurrent miscarriage, previous preeclampsia or hematologic diseases. Use of vasoac-
tive drugs mainly related to hypertension.”)

Table 2: Syntactic simplification aspects according to linguistic criteria (cont.).
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3.2 Simplification criteria

We followed the works by experts in plain
language (da Cunha, 2022), the recom-
mendations of the International Plain Lan-
guage Federation,® the guideline prepared
by the European Commission (European-
Commission, 2016) and lexical simplification
analyses (Koptient, Cardon, and Grabar,
2019; Carbajo and Moreno-Sandoval, 2023).
We also applied the criteria defined in former
work (Campillos-Llanos et al., 2022).

We provide two versions: syntactically
simplified sentences, and sentences with syn-
tactic and lexical simplifications. The ver-
sion without lexical simplification is intended
for research on syntactic simplification (e.g.
development of a dedicated tool). The fully
simplified one is provided for end-to-end sys-
tems that simplify sentences at all levels. A
guideline gathers the simplification criteria.*
Tables 2 and 3 show all simplification aspects.

3.3 Analysis and evaluation

To understand the distribution of topics
across sentences, we used Medical Subject
Heading (MeSH) Tree Entry Terms from the
corresponding source text. Each EudraCT
trial announcement has a MeSH descrip-
tor (section E.1.1.2) of the therapeutic area.
Nonetheless, these are not always accurate,
and our topic distribution is only illustrative.
We also counted the most frequent medical
concepts in the sentences. Although the dis-
tributed dataset is not normalized to Con-
cept Unique Identifiers from the Unified Med-
ical Language System (Bodenreider, 2004),
we used a lexicon (Campillos-Llanos, 2023)
for the normalization used in this analysis.
To measure the quality of our simplifica-
tions, we conducted quantitative and qual-
itative measurements. First, we compared
the word count, the number of syllables per
sentence, the count of polysyllable words
(with at least 3 syllables) and of monosyl-
lable words in original and simplified sen-
tences. We used Textstat (Bansal and Ag-
garwal, 2021). Simplified sentences should
be shorter, have less syllables or less poly-
syllable words. We also compared the depen-
dency tree height. This is a measure of struc-
tural complexity, given that more complex
sentences have deeper syntactic dependency
trees, as other teams showed (Alva-Manchego

Shttps://www.iplfederation.org/
‘https://digital.csic.es/handle/10261/346579
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et al., 2020; Martin et al., 2020). The depen-
dency tree depth should be shorter in sim-
plified sentences. We computed this value
with the Spacy es_core news_sm model (vs.
3.3.3). For example, the following unsimpli-
fied sentence (with an apposition) has a token
count of 7 and a dependency tree height value
of 3: Subjects, men and women, with renal
insufficiency. In contrast, the simplified ver-
sion (without the apposition) has less tokens
(4) and a shallower dependency tree height
(2): Subjects with renal insufficiency. Fig-
ure 2 shows the dependency parsing of both
sentences (obtained with Spacy).

To compare the lexical diversity of each
simplification version, we computed the type-
token ratio (TTR), a measure that has been
used to describe other corpora (Trienes et al.,
2022). The TTR is the proportion between
unique tokens (types) and all tokens in a cor-
pus. The higher the TTR value, the more lex-
ically diverse a text is, and presumably more
complex. We used a Python script.®

As a proxy for readability, we computed
the average Inflesz score for each version
(original, syntactic simplification and lexi-
cal and syntactic simplification). This is a
perspicuity-based measure to estimate how
clear and comprehensible a text is, according
to the count of words, syllables and sentences.
The Inflesz value was validated in Spanish
health texts (Barrio-Cantalejo et al., 2008).
The higher the score, the more readable the
text is. We used a Python implementation.5

We did not use BLEU nor SARI since we
did not compare the output of any simplifica-
tion method with the human simplifications.

For a qualitative evaluation, three sub-
jects (one linguist and two documentalists
who were not involved in the simplification)
assessed 100 random simplified sentences (50
with syntax simplification, and 50 with both
the syntax and lexical simplification). They
evaluated grammaticality and fluency (G/F),
semantic coherence and meaning adequacy
(M), and overall simplification (S), in line
with previous work (Saggion et al., 2015;
Koptient and Grabar, 2020). A 5-point Lik-
ert scale questionnaire was distributed (5 was
the highest score, and 1 the lowest). We
modified instructions originally prepared by
other teams (Yamaguchi et al., 2023) to fit
the Spanish language.

5 Available at: https://acortar.link/N49259
5 Available at: https://acortar.1link/9i8yF0
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ABBR Expanding abbreviations/acronyms
Orig: Tratamiento para el MDE. (‘Treatment for MDE.’) (2019-002704-41)
Simp: Tratamiento para el episodio depresivo mayor.
(‘Treatment for mayor depressive episode.’)
ADD-LEX Adding a lexeme
Orig: Tolerabilidad de macitentan. (‘Tolerability of macitentan.’) (2013-003822-96)
Simp: Tolerabilidad del medicamento macitentan (‘Tolerability of macitentan medical
drug.’)
DEL-LEX Deleting a lexeme
Orig Elvitegravir (EVG) administrado junto a darunavir.
(‘Elvitegravir (EVG) administered with darunavir.’) (2013-001476-37)
Simp Elvitegravir administrado junto a darunavir.
(‘Elvitegravir administered with darunavir.’)
HYP Replacement with a hypernym
Orig Ensayo clinico, simple ciego, aleatorizado, controlado y prospectivo.
(‘Single blind, randomized, controlled prospective clinical trial.”) (2012-005571-14)
Simp Ensayo clinico de investigacion. (‘Clinical research trial.”)
PAR Paraphrase or definition
Orig Tratamiento con amikacina intravenosa.
(‘Treatment with intravenous amikacine.’) (2014-001296-32)
Simp Tratamiento con amikacina administrada en vena.
(‘Treatment with amikacine administered into the vein.”)
SYN Simpler synonym
Orig Profilaxis habitual. (‘Usual prophylaxis.’) (2019-002233-11)
Simp Prevencion habitual. (‘Usual prevention.’)
TRANS Translation
Orig Test de embarazo de la visita de screening.
(‘Pregnancy test at the screening visit.”) (2020-001901-22)
Simp Test de embarazo de la visita de seleccion.

Table 3: Lexical simplification aspects according to linguistic criteria.

Sujetos,

NOUN

nmod

appos I | | cc l l case | | amod l

varones y mujeres, con insuficiencia renal

NOUN CCONJ NOUN ADP NOUN ADJ

obl
l case l | amod l
4

Sujetos con insuficiencia renal

NOUN ADP NOUN ADJ

Figure 2: Dependency parsing of an unsimplified sentence with an apposition (appos) above and
the simplified sentence (without the apposition) below; ADP: ‘adposition’ (~preposition).
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Figure 3: Tokens per sentence and dependency tree height values of original sentences, sentences
with syntactic simplification (S) and with syntactic and lexical simplification (S+L).

Original S S+L

Tokens (tk) 43 229 45 013 55 777 100

Types 5625 5669 5764 80

TTR 0.13 0.10 0.12 60

Avg tk/st 35.66 (£10.51) | 17.31 (£3.91) | 19.16 (£3.93) 40

Avg st 1.02 (40.16) 2.21 (£0.62) 2.47 (+0.85) 20

Avg syl/st 66.55 (£19.45) | 31.50 (£10.57) | 34.48 (£11.97) 0 :

Avg mon/st | 19.40 (+6.64) 9.03 (£3.87) 9.89 (+4.13) =201 7 '

Avg pol/st 8.63 (£2.65) 4.34 (£2.12) 4.61 (£2.37) o S s+l
Table 4: Counts; S: syntactic simplification; S+L: syntactic and Figure 4: Inflesz scores.

lexical simplification; Avg: average; TTR: type-token ratio; st: sen-
tence; syl: syllables; mon: monosyllable words; pol: polysyllable.
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Figure 5: Distribution (%) of syntactic (left) and lexical simplification operations (right).

4 Results

4.1 Descriptive statistics

Table 4 shows descriptive statistics. The syn-
tactically simplified version has shorter sen-
tences and contain less syllables and polysyl-
lable words. However, monosyllable words
are more abundant in the original version.
The number of simplified sentences tends to
be slightly superior to the original version; in-
deed, many simplifications involved splitting
long sentences. The fully-simplified version
contains marginally longer sentences, more
syllables and polysyllable words compared to
the version with only syntactic simplification.
Similarly, the TTR scores were lower in the
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syntactically simplified version. The original
and the fully-simplified versions were more
lexically diverse, possibly because they have
more jargon or paraphrases, respectively.

With regard to readability (Figure 4), the
average Inflesz score of the original version
was of 35.69 (£19.72), which is interpreted
as Very difficult. The syntactically simplified
version has a higher score (44.194+15.42); and
sentences with both syntactic and lexical sim-
plification have a higher score (48.99+11.75).
Scores of both simplified versions are consid-
ered Somewhat difficult in Inflesz.

Regarding the dependency tree height, the
average value was of 7.13 in the original sen-
tences; 4.80 in the syntactically-simplified
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ones; and 5.06 in the sentences both syn-
tactically and lexically simplified. Figure 3
shows the distribution of word count and de-
pendency tree height values across versions.
Statistical tests of these values, count of syl-
lables, monosyllable and polysyllable words
across versions showed statistically signifi-
cant differences (Kruskall-Wallis, p<0.0001).

Overall, lexical aspects needed more sim-
plification. Figure 5 shows the distribution
of simplification operations. A total of 1476
syntactic aspects were simplified (an aver-
age of 1.23 operations per sentence). Short-
ening sentence length and changing nomi-
nal/adjective structures to verbs were the
most frequent operations in our data. In
turn, 2208 lexical aspects were simplified
(an average of 1.84). Altogether, semantic-
related lexical changes (paraphrasing, syn-
onym and hypernym replacement) are esti-
mated to represent up to 76.63% of lexical op-
erations. Abbreviations/acronyms account
for a 11.46%.

4.2 Health topics and concepts

Table 5 shows the 15 most frequent UMLS
Concept Unique Identifiers (CUIs). Most re-
fer to research tasks (clinical trials, evalua-
tion, randomization), participants (patients,
study subjects) and general entities about
conditions or procedures (disease, pharma-
ceutical preparations (prep.), medicament).

Freq | CUI and preferred term
2604 | C0008976; Clinical Trials

2122 | C0008972; Clinical Research
1875 | C2603343; Study

1719 | C0030705; Patients

1372 | C0O087111; Therapeutic procedure
857 C0220825; Evaluation

529 C0681850; Study Subject

490 C0034656; Randomization

438 C0008976; Clinical Trials

412 (C0012634; Disease

353 C0013227; Pharmaceutical prep.
350 C0221423; Tllness

348 C1510438; Assay

337 C0456386; Medicament

337 C0304228; Proprietary drug

Table 5: The most frequent CUIs.

Figure 6 plots the topic distribution of
Medical Subject Headings (MeSH) in the Eu-
draCT source texts (15 most frequent top-

39

ics). Most sentences come from clinical trial
announcements about cancer (19.69%), virus
diseases (11.42%), nervous system diseases
(9.25%) and cardiovascular diseases (7.48%).
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Figure 6: The 15 most frequent MeSH topics
(%) in the EudraCT source texts.

G/F | M | Sim | Avg
S 49 149 | 3.6 4.5
S+L | 48 |49 | 4.3 4.7

Table 6: Human evaluation; G/F: grammat-
icaly /fluency; M: meaning; Sim: simplifica-
tion; S: syntactically simplified; S+L: syntac-
tically and lexically simplified; Avg: average.

4.3 Human evaluation

Table 6 includes the evaluation results; we
also include the average of the three as-
pects as in (Maddela, Alva-Manchego, and
Xu, 2021). The average simplification scores
(Sim) were slightly lower in the version with
only syntactical simplification. Grammati-
cality and fluency aspects (G/F) were mod-
erately similar. Still, some sentences from
the version with both lexical and syntactic
simplification were penalized due to many
explanations in brackets that decreased the
perceived readability. However, with regard
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S: Sujetos con insuficiencia renal

O: Se estudiard en el tratamiento de pacientes (NOM)
| _((PRD) (V)) (PP ((PREP) (NP ((DET)(N) (PP _((PREP) (NP (ND))))) |

S: Se estudiard para tratar pacientes

((PRO) (VD)) (PP (PREP) ((V) (NP (NOUN))))

O: Sujetos, varones y mugeres, con insuficiencia renal (APPO)

(NP ((N) (PUNCT) (NP (N) (CCONJ) (N)) (PUNCT) (PP (PREP) (NP (N) (AP (ADJ))))))

(NP ((N) (PP (PREP) (NP (N) (AP (ADJ))))))

Table 7: Samples of rules to change original (O) to simplified sentences (S). ADJ: ‘adjective’;
AP: ‘adjective phrase’; DET': ‘determiner’; N: ‘noun’; NP: ‘noun phrase’; PRO: ‘pronoun’; PP:
‘prepositional phrase’; PREP: ‘preposition’; PUNCT': ‘punctuation’; V: ‘verb’.

to simplification, the fully simplified version
received higher scores. This implies that
both syntactic and lexical aspects achieved
the best overall simplification, although we
need to improve sentence fluency.

5 Discussion

Readers can not always understand medical
documents due to long sentences, terminol-
ogy and opaque acronyms. Simplifying med-
ical texts needs to address syntactic and lexi-
cal aspects. However, any simplification task
poses the challenge of guaranteeing to trans-
mit the meaning of the text with precision.

We present a manually-simplified dataset
for automatic simplification of medical texts.
Our quantitative evaluation showed that sen-
tence length, average tokens, syllables and
polysyllable words per sentence, and depen-
dency tree height values were lower in sim-
plified sentences—i.e., these are less complex.
Inflesz readability scores showed that simpli-
fied sentences are less difficult; still, accord-
ing to this scale, they are Somewhat difficult.
This is in line with our human evaluation, in
which the overall simplification was rated in
a b-point Likert scale with lower scores (com-
pared to fluency or semantic adequacy). All
in all, there is still room for improvement, but
the version with syntactic and lexical simpli-
fications was rated better on average.

Our work has several limitations. First,
the dataset size is small, which makes it diffi-
cult to train data-intensive approaches. More
sentences need to be simplified by humans,
which is a labor-intensive task. Second, the
human evaluation could be subjective and is
not strong (only 3 subjects assessed 100 sim-
plified sentences, due to time constraints).
Third, we did not test any syntactic simplifi-
cation system. Some tools are only available
for English (Mukherjee et al., 2017; Scarton
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et al., 2017; Chatterjee and Agarwal, 2021).
Other tools for Spanish are not openly ac-
cessible (Ferrés et al., 2016). Creating (or
re-adapting) a system for the Spanish lan-
guage is out the scope of the present work.
Lastly, although we described linguistic sim-
plification aspects, we did not annotate ab-
stract operations (e.g. delete, add, move or
replace), as in other works (Bott and Sag-
gion, 2011; Cardon et al., 2022).

On the whole, this is one of the few avail-
able resources for medical text simplification
in Spanish. The dataset can be used to de-
rive sentence-level simplification rules. Part-
of-speech tagging the original and simpli-
fied sentences allows linguists to extract rules
across registers, as other teams did (Seretan,
2012; Szep et al., 2019). Table 7 illustrates
some samples of simplification rules.

6 Conclusion

We presented a dataset of 1200 sentences
from clinical trial announcements in Span-
ish. Three experts simplified them manu-
ally according to criteria recorded in a guide-
line, which is shared publicly along with the
dataset. We distribute a syntactically sim-
plified version, and another with lexical and
syntactic simplification. We reported de-
scriptive statistics, an analysis of health top-
ics and concepts, and a quantitative evalua-
tion. A human evaluation showed that the
simplified sentences are adequate, and the
fully simplified version was assessed better.
The main limitations are the small dataset
size and the limited human evaluation.
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