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Abstract. The reduction of the linguistic complexity of medical texts to make them
more understandable to a larger population is an important task. The simplification
of texts involves several steps, among which our study focuses on the definition of
complex constructions and on study of the impact of the simplification. For this
study, we selected 20 texts from the medical domain on different topics, namely
drugs, diseases, substances, and medical institutions. We identified complex
linguistic constructions and carried out their manual simplification at syntactic,
lexical and semantic levels. We then designed a questionnaire to test comprehension
of the texts and conducted a study with 26 participants. The results of this study
shows that simplified texts obtained higher number of correct answers than technical
texts. This difference is statistically significant. The self-evaluation questionnaire,
done at the beginning of the test, indicates that the participants tend to overestimate
their understanding of medical information. Besides, there is no correlation between
the time taken to complete the interview and the correct answers provided.
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1. Introduction

The purpose of text simplification is to reduce the linguistic complexity of the content
and to make it more understandable for a given population. In the case of medical texts,
non-specialist speakers are not familiar with technical terms and expressions, which
makes it very difficult to read and understand these texts [ 1]. Thus, even though medical
literature is becoming more freely available online, these documents generally require a
level of understanding beyond the capabilities of the average reader [2]. This can lead to
a lack of understanding of medical information by patients. Indeed, medicine is currently
one of the most rapidly evolving branches of science. There is consequently a growing
need for automatic methods to make medical texts more accessible [3]. Yet, before
creating automatic simplification systems, it may be useful to know what is the real
impact of simplification on comprehension of medical texts.

The simplification of texts usually involves several aspects (detection of complex
sequences, lexical and syntactic simplification, evaluation...). The objective of our work
is to study where lies the complexity of medical texts and to observe the impact of the
text simplification on their understanding. We propose a qualitative study based on
interviews with non-specialist speakers.
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In what follows, we first introduce the material used and the methods. We then
present the results obtained and we discuss them. Finally, we conclude with some issues
for future work.

2.  Material and Methods
2.1. Source Corpus and Creation of Working Data

The texts studied are randomly selected from the CLEAR corpus [4] and its three genres
(encyclopaedic articles, drug leaflets and Cochrane scientific summaries). These texts
address diseases (leukaemia, anaemia), drugs (Tracarium), substances (antigens, anti-
cholinergics), and institutional facilities. From these, we selected 20 segments with 1 to
3 sentences. Then, we manually identified the complex terms and constructions, and
simplified them manually according to three linguistic levels: lexical, syntactic, and
semantic.

As has been noticed, lexical complexity of terms has an important impact and, even
in short sentences, may prevent the understanding of the whole sentence [5]. Contrary to
the general language, short medical terms (such as ectasia or anthrax) do not make the
text more understandable or informative [6]. Hence, we exploit the frequency of words
and terms as an indicator of their complexity, as frequent words are read more often. The
frequency is provided by Lexique.org [7]. Unfrequent and rare terms are replaced by
their synonyms or explanations, like gériatrique (geriatric) replaced by les personnes
dgées ([for] elderly people). These are searched in the bio-top resource', which is created
by medical specialists and qualified professionals. Similarly, the abbreviations are
developed using this resource as well, like for la molécule AMPc (the cAMP molecule)
meaning adenosine monophosphate cyclique (cyclic adenosine monophosphate).

Syntactic simplification involves reducing the grammatical complexity of a text
while preserving its information content and meaning [8]. In our sample, we observe that
the texts are generally long, with complex subordinate and coordinated sentences. It is
therefore necessary to rewrite them into shorter sentences to improve their readability
[9]. The syntactic rules implemented can be divided into several types: (1) segmentation
of subordinate, coordinated and conjunctive clauses; (2) rewriting of sentences according
to a simple word order (Subject-Verb-Complement); (3) transformation of passive
sentences into active sentences; (4) modification of negative sentences into positive
sentences; (5) preference for the present tense of verbs.

At the semantic level, the most important issue is that the texts remain coherent and
clear, and that the information can be understood in its context [ 10]. We make three
additional types of transformations: (1) reorganization of sentences for a better
presentation of information, (2) deletion of secondary segments that do not affect the
general meaning of the text, (3) addition of examples or explanations for a better
understanding.

Table 1. Number of words and sentences: minimal, maximal and average value

Indicator Technical texts Simplified texts
words | sentences | words | sentences

min 7 1 16 1

max 78 3 75 4

average 33.85 1.25 38.85 | 2.15
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Table 1 presents the results of the simplification. We can see that simplified texts
become longer: they contain more sentences and words. Indeed, the simplification of
medical texts often requires addition of information.

2.2. Creation of the Questionnaire and the Interviews

To evaluate the comprehension of technical and simplified texts, we create a
questionnaire with multiple choice questions (MCQs). We use different types of
questions: definitional, factual, with requests for precision or description and thus we
formulated 40 questions. The comprehension of each segment is addressed with two
questions: one question on the beginning of the text and one on the end of the text. Four
responses are proposed for each question in random order (one correct answer, two
wrong answers (distractors), and 7 don 't know).

We did a pre-test of the questionnaire with two participants. Following the pre-test,
we did not notice any ambiguities in the questions or in the answers. However, we
modified three questions to have a greater variety in the types of questions.

At the beginning of the interviews, the participants had to complete a self-evaluation
test HLS-EU16 that focuses on the overall understanding of medical information [11].
In this self-evaluation form, the participant indicates, on a scale going from very easy (1)
to very difficult (5), how easy it is for him/her to understand medicine-related
information. For example, how well the participant understands what the doctor tells
him/her, what the results of laboratory tests show, etc. Then, the participants had to
answer the main questionnaire after reading each text. The answers collected are
analyzed statistically.

3. Results and Discussion

A total of 26 volunteers took part in the study. Their native language was French and
they lived in different parts of France as well as abroad. They had no medical education.
The correct answers collected for all segments are presented in Figure 1. We obtain on
average 16.8 (median 18.5) correct answers for the technical texts (in red), and 22.3
(median 23) for the simplified texts (in blue). The participants spent an average of 14.19
minutes answering the questionnaire.

W Simplified text [ Technical text

o
Figure 1. Correct answers collected for each segment for technical (red) and simplified (blue) texts



O. Ivchenko and N. Grabar / Impact of the Text Simplification on Understanding 637

To test the hypothesis HO that the observed random variable follows the theoretical
distribution law, we conducted a Chi2 test. The analysis of the responses with the Chi2
test shows that there is a statistical significance in the comprehension between the two
versions of the texts with p < 0.00001. Therefore, this indicates that simplified texts are
indeed easier to understand. The analysis for each pair of technical and simplified texts
by Student’s t-test shows that p = 0.00009.

This value is statistically significant and also indicates that the medical texts are
easier to understand after simplification. However, if we look at the pairs of texts
individually, 6 out of 20 pairs show the p value >0.05. Hence, the p is not statistically
significant here, which indicates that some simplified versions of texts are not easier to
understand than their original versions. This may be due to the complexity of
information, even after simplification, or to the fact that information is added during the
simplification, which may lead to sentences syntactically more complex.

Figure 2 shows the Pearson correlation test between the self-evaluation and the
number of correct answers. The r-value is -0.4654, which indicates that participants tend
to overestimate their ability to understand medical information in everyday life.
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Figure 2. Correlation between self-evaluation and correct answers from participants
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Figure 3. Correlation between correct answers and the time required for completion

Figure 3 shows a weak correlation (r = 0.3053) between the number of correct
answers and the time taken to answer the questionnaire. At the same time, the p-value
(0.12) does not confirm the statistical significance of this analysis. Therefore, we cannot
say that participants who spent more time reading the texts and answering questions have
a higher probability of providing correct answers.

We considered all the modifications at once (lexical, syntactic and semantic) and,
for this reason, cannot indicate which simplification level is the most salient. Yet, we can
state that modifications at several levels are required.
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4.  Conclusion and Perspectives

Our study shows that medical texts become more comprehensible after simplification,
and this result is statistically significant. We have manually simplified the texts on three
linguistic levels, and each text tended to be simplified on several levels at once. We
performed manual simplification because the aim of the experiment was to determine
which features in medical texts to consider when simplifying in order to optimize further
work on automatic simplification. So we cannot say exactly which linguistic
constructions (syntactic, lexical or semantic) make the text difficult to understand. Yet,
we can state that the simplification should cover several levels of simplification. The
results of the self-evaluation of comprehension of medical texts show that people tend to
overestimate their knowledge. This prompts a search for more objective methods of
identifying difficult segments in technical texts. For instance, we can use eye-tracking
techniques paying particular attention to the use of large amounts of data and a more
important number of participants.
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