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Intralingual Translation and Cascading Crises:
Evaluating the Impact of Semi-Automation on the Readability and

Comprehensibility of Health Content

Abstract

During crises, intralingual translation (or simplification) of medical content can facilitate
comprehension among lay readers and foster their compliance with instructions aimed to
avoid or mitigate the cascading effects of crises. The onus of simplifying health-related
texts often falls on medical experts, and the task of intralingual translation tends.to be non-
automated. Medical authors are asked to check and remember different sets of plain
language guidelines, while also relying on their interpretation of how and when to
implement these guidelines. Accordingly, even simplified health-related texts present
characteristics that make them difficult to read and comprehend, particularly for an
audience with low (health) literacy. Against this background, this chapter describes an
experimental study aimed at testing the impact'that using a controlled language (CL)
checker to semi-automate intralingual translation has on the readability and
comprehensibility of medical content. The study focused on the plain language summaries
and abstracts produced by the non-profit organisation Cochrane. Using Coh-Metrix and
recall, this investigation.found that the introduction of a CL checker influenced some
readability features, butnot lay readers’ comprehension, regardless of their native
language. Finally, strategies to enhance the comprehensibility of health content and reduce

the vulnerability of readers in crises are discussed.

Keywords: intralingual translation; plain language; health content; readability;

comprehensibility; cascading crises

1. Introduction and related work

Communication during crises and disasters often revolves around the health and well-being of
the affected communities (Reynolds and Seeger, 2007). Disease outbreaks are followed by health
messages on the recommended course of action to avoid the spread of infections (Bults et al.,

2011; Holmes, 2008); authorities might declare that drinking tap water represents a health threat



after an earthquake (Yoshii et al., 2014); and industrial accidents often lead respondents to
consider the risks to health represented by toxic waste (Cutchin et al., 2008). The production of
effective health messages can therefore ensure that crises and disasters do not propagate with
cascading effects, which are not unlikely in today’s interconnected and complex environmental,
health, and financial systems (Helbing, 2013).

Glik (2007, p. 38) argues that, for a message to be effective,

the recipient of threat information must (a) receive the information, (b) understand the
information, (c) understand that the message applies to them, (d) understand that they are at
risk if they do not take protective action, (e) decide that they need to'act on the information,

(f) understand which actions need to be taken, and (g) be able to take-action.
Comprehension (or understanding) of a message is therefore key. Interlingual translation of
health messages (e.g. from English to Kiswahili following the Ebola outbreak) has already been
shown to facilitate comprehension (O’Brien and Cadwell, 2017). However, the importance of
intralingual translation (or simplification) of medicali content has also been widely recognized,
since health-related texts are often characterized by specialized vocabulary, complex syntactic
structures, and cohesion gaps that make it difficult for lay people2 (even native speakers) to read
and understand them (Lachance et al., 2010; Mici¢, 2013). Individuals with low levels of health
literacy—i.e. with reduced ability to process and understand health-related information
(Berkman etal., 2010)s—represent a particularly vulnerable group, having lower sense of
empowerment and decreased ability to manage their own health (Dumenci et al., 2014; Sgrensen
etal., 2012).

Intralingual translation can be defined as [t]he translation of scientific knowledge into
useful constructs or concepts that nontechnical audiences can understand’ (Glik, 2007, p. 36).

Mufioz-Miquel (2012, 187) describes intralingual translation in terms of expert-to-layman



reformulation. This reformulation often involves the use of plain language. As Redish (2000, p.
165) remarks, ‘a document in plain language is one that works for its users’. Warde et al. (2018,

p. e54) provide a definition of plain language applicable to the health content, whereby

[p]lain language is defined as communication that can be understood the first time it is seen
or heard, that uses succinct active-voiced grammatically correct complete sentences to better
enable patients and caregivers to engage with information, using a more informal tone and

common terms whenever possible.
At the World Health Organization, communicators are encouraged to translate specialized
information into messages that a lay audience could understand, e.g. by explaining technical
terms or by breaking long portions of content into chunks (World Health Organization, 2019).
The U.S. Department of Health and Human Services adopted a plain-language approach for their
website healthfinder.gov (Schriver, 2017), and expanded-its efforts across its various divisions,
including the Centers for Disease Control and Prevention, the Centers for Medicare and
Medicaid Services, and the National Institutes of Health, where training on plain language
writing is provided to staff members (see U.S. Department of Health and Human Services,
2018). Moreover, guidelines are made available which mainly focus on vocabulary (e.g.
avoidance of medical jargon); syntax (e.g. avoidance of passive voice); content organisation;
and, only occasionally, cohesion (Centers for Disease Control and Prevention, 2016).

Intralingual translation at these organisations is often a manual/non-automated task for
which no technological assistance is provided to guide authors in the consistent application of
plain language guidelines. Accordingly, authors might forget to implement a guideline, or
interpret it in a different way from other authors within the same organisation (Harper and
Zimmerman, 2009). Unsurprisingly, research has shown that medical content tends to require

reading skills associated with a ninth- or higher US grade level (Carbone and Zoellner, 2012). In



the context of a crisis, the difficulty of health-related texts is further enhanced by the trauma of
the event and by the resulting anxiety, which has a detrimental effect on comprehension
(Keselman et al., 2005). It is therefore important that plain language guidelines are applied
consistently and uniformly across a text so as to mitigate the effects of anxiety and facilitate
comprehension of heath content in a crisis.

Providing authors of health content (and in particular medical experts) with'some form of
technological assistance to semi-automate the traditionally manual intralingual translation tasks
has been proposed as a solution to the inconsistent application of plain language guidelines and,
in turn, to the low readability and comprehensibility of medical texts. Leroy et al. (2013)
describe an algorithm whose goal is to semi-automate lexical simplification and coherence
enhancement. The authors (ibid.) argue that semi-automating the intralingual translation/text
simplification task (e.g. by means of a Microsoft Word plugin) could help health domain experts
become more effective in the production of readable and comprehensible texts. Similarly, Smith
et al. (2011, n.p.) state that ‘given thedifficulty of engineering comprehensibility of clinical text,
the most useful informatics tools will be those that can support the physicians, nurses, and
patient educators taskedwith making clinical information understandable to patients.” Despite
these remarks, empirical evidence on the effect of introducing technological assistance into a
manual intralingual translation task for health-related texts is scarce—the study described in this

chapter sought to help fill this research gap.

2. The case of Cochrane

The study focused on the English medical content produced by Cochrane, an international non-
profit organisation mainly relying on volunteer health professionals to systematically gather and

review medical evidence on the effectiveness of treatments and interventions (Higgins and



Green, 2011). Cochrane contributors produce systematic reviews that address specific research
questions and are then published on the Cochrane Library websites. Examples of systematic
reviews are Interventions to Increase Tuberculosis Case Detection at Primary Healthcare or
Community-Level Services (Mhimbira et al., 2017)—produced in an effort to fight
tuberculosis—or Polymer-Based Oral Rehydration Solution for Treating Acute Watery
Diarrhoea (Gregorio et al., 2016)—written as part of a special collection on interventions for the
prevention and treatment of water-related diseases after natural disasters. Cochrane has been
collaborating with, among others, the World Health Organization to communicate the results of
medical research to a wide audience, from policy-makers and clinicians, to the lay public in low-
and middle-income countries (Cochrane Infectious Diseases, 2019).

Since systematic reviews tend to be long and inaccessible for lay readers due to their
specialized language (Harvey, 2018), each systematic review is preceded by: 1) a plain language
summary (PLS) that summarizes and simplifies the content of the systematic review for lay
readers; 2) an abstract, i.e. a non-simplified.summary targeting health professionals. Similar to
other organisations sharing the’'same mission, Cochrane adopts a manual intralingual translation
approach for the production of PL.S, whereby authors are asked to check, remember, interpret,
and manually apply sets of plain language guidelines. These guidelines are spread across
different documents, show contradictions, and lack examples and specificity (see e.g. Cochrane
Norway, 2017 or The Cochrane Collaboration, 2013). Accordingly, PLS have been found to
have low readability and comprehensibility (Karaci¢ et al., 2017; Maguire and Clarke, 2014;
Santesso et al., 2015).

The project tested if and how asking Cochrane authors to use the Acrolinx controlled

languages (CL) checker to edit their PLS would enhance the readability and comprehensibility of



these texts. The Acrolinx CL checker is a tool that automatically and consistently flags
readability issues in a text (e.g. in relation to sentence length, style, vocabulary), while also
providing: 1) examples/suggestions on how to address them; and 2) an overall score accounting
for style, spelling, grammar, tone of voice, and terminology (Rodriguez VVazquez, 2016). The use
of this CL checker represents a semi-automated approach to intralingual translation since the
author or editor needs to manually select/apply the recommended changes even though these are
automatically flagged (Schwitter, 2015).

Concretely, the project addressed the following research question:

Does semi-automating a manual approach for the intralingual translation of health

content increase text readability and comprehensibility?

For the purpose of this study, it was necessary to make a distinction between readability and
comprehensibility, since the former is determined by text characteristics and is measured to
predict the difficulty of a text for a group of readers, while the latter is determined by the
reader’s characteristics (such as native language, reading skills, prior knowledge, or disabilities),
and involves testing actual comprehension (Collins-Thompson, 2014; Shardlow, 2014).
Therefore, these two aspects were analysed separately. Furthermore, this investigation expanded
its analysis to also include abstracts—namely, the non-simplified summaries of Cochrane
Systematic Reviews—as these texts would act as benchmark, i.e. they were expected to allow
the investigator to test the impact of intralingual translation/simplification (whether manual or

semi-automated) against the lack of simplification efforts.



3. Materials, methods, design, and procedure

3.1. The Acrolinx tool

Twelve Cochrane authors used the Acrolinx CL checker (provided as a Microsoft Word plugin)
to edit their PLS, previously produced with the manual intralingual translation approach and
written in English. The authors were also instructed to use their common sense in deciding
whether to apply a change recommended by Acrolinx. The Acrolinx plugin for-Microsoft Word
displays the identified readability issues in a sidebar, along with suggestions and examples. In
other words, two different types of information are made available to.authors: 1) linguistic
content (e.g. style or grammar rules that have been contravened); and 2) didactic content (i.e.
explanation of the readability issues and assistance for the authors) (Reuther and Schmidt-
Wigger, 2000). When a readability issue is selected.in the sidebar, it is also flagged in the

document. Figure 1 shows how the Acrolinx‘tool worked on a sample PLS.
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Figure 1. Running a réédability check with Acrolinx on a sample PLS.

Regarding spelling, the texts were checked against US English spelling—the set of Acrolinx CL

rules called Standard_US was adopted. In the Cochrane Style Manual (The Cochrane



Collaboration, 2016), it is specified that both British and American spelling are allowed as long
as they are used consistently.

The Acrolinx CL rules that would contravene Cochrane PLS guidelines, such as the
Acrolinx rules on hyphens, possessives, or en dashes were deselected, as permitted by the local
server that was used for this study. More importantly, the Acrolinx rule on avoiding modal verbs
was deactivated since modality is widely used in Cochrane texts, particularly when'evidence of

the benefits of a treatment or intervention is uncertain (Cochrane Norway, 2017).

3.2. Experimental materials

Three sets of texts were available for this study. They dealt with a variety of health-related

topics, from strabismus, to stroke, to mental health problems, to aneurysm:

(1) 12 PLS produced with the manual simplification approach (henceforth pre-Acrolinx
PLS);
(2) the same 12 PLS edited with the Acrolinx CL checker (henceforth post-Acrolinx PLS);

(3) 12 abstracts (i.e. non-simplified texts) produced by the same authors.

3.3. Coh-Metrix

In order to measure and compare the readability of these three sets of texts, Coh-Metrix was
used. This is a computational tool that automatically analyses text difficulty along a variety of
dimensions, including vocabulary, syntax, and cohesion (Dowell et al., 2016). For the present
study, this tool was preferred to traditional readability formulas (such as the Flesch Reading Ease
or the SMOG) since these formulas only consider shallow text characteristics—mainly word

length and sentence length—while ignoring other text characteristics that have been shown to be



predictors of reading comprehension, such as cohesion (Liu and Rawl, 2012). This limitation of

traditional readability formulas is highlighted in Leroy et al. (2013, p. 719), who argue:

many formulas equate long words with difficult words. However, in medicine, this

relationship may not hold true, e.g., ‘apnea’ would be considered more difficult than

‘diabetes’ or ‘obesity’ by most readers.

Furthermore, previous studies had already used Coh-Metrix to investigate differences between
texts simplified for readers with different skills (Crossley et al., 2012), and between simplified
and non-simplified texts (Crossley and McNamara, 2008).

The Coh-Metrix measures that were selected for this study are: narrativity; syntactic
simplicity; word concreteness; referential cohesion; deep cohesion; Coh-Metrix L2 (second
language) Reading Index; and the Flesch-Kincaid Grade Level, a traditional readability formula
introduced for comparison with the other multidimensional measures of readability provided by
Coh-Metrix. Narrativity is determined by the extent to which the language in a text is frequent
and familiar (McNamara et al., 2014). Syntactic simplicity is influenced by the length of the
sentences and by their syntactic structures (ibid.). Word concreteness is linked with the presence
of concrete words that facilitate the evoking of mental images (ibid.). Referential cohesion is
determined by the extent to which the same words and ideas are repeated across sentences and
the entire text (McNamara et al., 2011). Deep cohesion is linked with the presence of causal and
intentional connectives signalling these relationships in the text (McNamara et al. 2014). The
Coh-Metrix L2 Reading Index measures three variables that have been shown to predict the
difficulty of L2 reading more accurately than traditional readability formulas, namely lexical
coreferentiality, syntactic similarity, and word frequency (Crossley et al., 2008). Finally, the

Flesch-Kincaid Grade Level is determined by word length and sentence length, and it indicates



the reading ability (in terms of US grade-school level) required to be able to read a text
(McNamara et al., 2014).

Scores for narrativity, syntactic simplicity, word concreteness, referential cohesion, deep
cohesion, and the Flesch-Kincaid Grade Level were obtained through Coh-Metrix Common Core
Text Ease and Readability Assessor (T.E.R.A.)s, while the Coh-Metrix L2 Reading Index was
obtained by Coh-Metrix 3.07. With the exception of the Flesch-Kincaid Grade Level, for each of
the selected measures, the higher the score the higher the readability of the texts (McNamara et

al., 2014).

3.4. Text-retelling

Text-retelling was adopted in order to assess comprehensibility. In this method, participants are
prompted to read a text and, subsequently, to tell or write'what they can recall from it—including
inferences and elaborations—in their own words, and without the possibility of going back to the
text (Crossley and McNamara, 2016; Reed and VVaughn, 2012). Data were elicited by means of
both free recall protocols (i.e. participants were asked to write everything they could remember
about an entire text) and cued recall protocols (i.e. participants were asked to write everything
they could remember about specific sections of a text) (McNamara et al., 2011). Text-retelling
was preferred to.other comprehension tests (e.g. cloze tests or multiple-choice questions) since,
unlike other tests, text-retelling ensures that the format of the questions is equivalent across texts
(as in “write everything you can remember about...”) (Reed and Vaughn, 2012); allows for the
avoidance of clues in the questions (Hansen, 1978); does not expose participants to incorrect
statements (Roediger and Marsh, 2005); and does not allow them to guess (Crossley and
McNamara, 2016). Furthermore, text-retelling is theoretically supported by Kintsch’s (1998)

Construction-Integration model of reading comprehension, according to which an idea is more



likely to be recalled when it is integrated in the mental representation of a text through its
connections with the other ideas.

For the text-retelling experiment, a random sampling technique was used to recruit
participants from the pool of students at Arizona State University (ASU) who were not enrolled
in health-related courses or training—this requirement enabled testing comprehensibility of
Cochrane/medical content among lay readers. Despite their young age (Section 4.2), these
participants represented a realistic target audience for Cochrane, whose research revolves around
a broad range of health issues (from mental health, to skin disorders, to allergies).

Fifty-nine native speakers of English and 23 non-native speakers of English were
involved. The study was conducted in a laboratory setting. Each participant was asked to conduct
the following tasks: (i) complete a short background guestionnaire on their gender, age, ASU
college/school being attended, year of college, native language, types of texts generally read in
English, and English ability (for non-native speakers of English only); (ii) complete the Gates-
MacGinitie Reading Test assessing their reading skills; (iii) read three texts—a pre-Acrolinx
PLS, a post-Acrolinx PLS, and‘an abstract—and answer one free recall question and two cued
recall questions on each.of them; and (iv) answer nine multiple-choice questions assessing their
knowledge of the health topics discussed in the texts.

In other words, a within-subjects design was adopted, whereby each participant read the
three texts representing the three experimental conditions (i.e. manual intralingual translation,
semi-automated intralingual translation, and lack of intralingual translation efforts) while being
blinded to the design (Buljan et al., 2018). A within-subjects design was selected to isolate the

impact of individual differences (Lazar et al., 2010). To compensate for order effects, namely



fatigue and learning effect, the order in which texts from different sets were presented to readers
was counterbalanced, and each reader was assigned texts on three different health-related topics.

The questions on topic knowledge were asked because, even though the participants
involved were lay readers with no systematic knowledge of the medical domain, they might have
had isolated knowledge about a specific topic (e.g. if they had undergone one of the treatments
described in the texts or knew somebody who had) (Alexander et al., 1994). The questions on
topic knowledge were submitted to participants after the experimental tasks so as notto influence
their reading behaviours. The texts read were also checked to ensure that they did not contain
answers to the topic-knowledge questions (Ozuru et al., 2009).

Participants could spend as much time as they needed reading the three texts assigned to
them, which contained between 290 and 460 words. However, in line with a similar study
described in Crossley and McNamara (2016), a.time limit was set for the for text-retelling—four
minutes for each free recall question and one and a half minute for each cued recall question.

Participants were also instructed not'te worry about spelling mistakes.

4. Data analysis and results

4.1. Readability

For each of the selected readability measures (namely, narrativity, syntactic simplicity, word
concreteness, referential cohesion, deep cohesion, L2 Reading Index, and Flesch-Kincaid Grade
Level), descriptive statistics were first calculated for each set of texts. Subsequently, a series of
repeated measures analyses of variance (ANOVA) were conducted, where the readability
measures represented the dependent variable, and the three sets of texts represented the levels of

the independent variable (manual intralingual translation, semi-automated intralingual



translation, and lack of intralingual translation efforts). Regarding syntactic simplicity scores, the
Shapiro-Wilk test showed that the data for one set of texts did not meet the assumption of
normality (p=0.01). Therefore, a Friedman test was used instead. When the repeated measures
ANOVA and the Friedman test indicated the presence of at least one significant difference, post
hoc tests (i.e. Tukey Honestly Significant Difference post hoc test and Wilcoxon signed-rank
tests with Bonferroni adjustment) were conducted to find out where the significant/differences
lay. Descriptive statistics—means, standard deviations (SD), and medians—for the scores
produced by Coh-Metrix for the selected readability measures are reported in Table 1, divided by
set of texts. The asterisks indicate which differences were found to be statistically significant.
For instance, in the case of narrativity, a significant difference was found between pre-Acrolinx
PLS and abstracts (signalled with one asterisk), and between post-Acrolinx PLS and abstracts

(signalled with double asterisk).

Measures Pre-A((;\IETg)x PLS Post-A(\;ilr:oiizr;x PLS A(l?\lsirlazc)ts
Means (SD) Means (SD) Means (SD)
Narrativity 21.75 (14.15) 20.66 (10.33) (== 8.25 (2.45) (%=
Word concreteness 25.41 (15.10) 21.91 (14.38) 22.75 (13.83)
Referential cohesion 44.08 (15.58) (% 41.08 (16.92) () 20.33 (7.86) (*)¢**)
Deep cohesion 54.83 (24.65) (% 48.58 (23) 34.33 (16) (+

Coh-Metrix L2
Reading Index

Flesch-Kincaid Grade
Level

12.25 (3.5) ¢

12 (1.59) ¢9¢+

14.01 (3.72) ¢

10.58 (0.9) (==

6.2 (2.17) (¢

13.83 (1.11) (=)=




Median Median Median

Syntactic simplicity 61.5¢) 78.5¢% 70

Table 1. Descriptive and inferential statistics for readability measures analysed, per corpus.

It can be observed that introducing the CL checker into the manual simplification approach
resulted in a statistically significant increase in the syntactic simplicity of Cochrane PLS, as well
as in a statistically significant decrease in their word length and sentence length, as indicated by
the Flesch-Kincaid Grade Level. Furthermore, compared with the abstracts—where no
simplification attempts were made—simplified texts showed significantly higher levels of
narrativity, referential cohesion, and L2 readability, while also being associated with a
significantly lower Flesch-Kincaid Grade Level, both befare and after the introduction of
Acrolinx. In other words, regardless of being non-automated or semi-automated, intralingual

translation led to texts scoring higher on a variety of readability measures.

4.2. Comprehensibility

In terms of demographic profile of the participants/lay readers, Figures 2 and 3 show a good
gender balance among both.groups of native and non-native speakers of English. In both groups,

the majority of participants was between 18 and 19 years old.



Native speakers of English (N=59)

® Male ™ Female w Prefernotto disclose

1

Figure 2. Gender distribution of native participants.

Non-native speakers of English
(N=23)

m Male mFemale

Figure 3. Gender distribution of non-native participants.

Five participants reported being enrolled in health-related courses at ASU. However, drawing
upon previous studies (Boshuizen and Schmidt, 1992; Shapiro, 2004), for the purpose of this
investigation, they could be treated as lay readers since they were all between their first and third
year of study.

With regard to the types of texts generally read in English, both native and non-native
participants stated that they read mainly emails, followed by essays and notes. Within the non-
native group, participants had different first languages, mainly Chinese and Spanish (see Figure

4). The majority of non-native participants (n=17) reported having spent seven years or more



speaking English. However, only two of them spoke English at home. When asked to answer the
question ‘How well do you speak English?’ (Vickstrom et al., 2015), most non-native

participants answered either ‘very well’ (n=10) or ‘well’ (n=10).

Native languages of non-native sample (N=23)

B Chinese MSpanish MArabic BEHindi BFrench M Gujarati ¥ Korean B Mam [ Telugu B Urdu

Figure 4. Native languages of non-native sample.

Results for participants’ reading skills, assessed through 48 multiple-choice questions in the
Gates-MacGinitie Reading Test, are reported in Table 2, where it can be observed (somewhat
unsurprisingly) that native English speakers had higher reading skills—for native readers, the
scores on reading skills ranged between 13 and 46 (out of 48). For non-native readers, they
ranged between 10 and 36 (out of 48). Regarding topic knowledge, Table 3 shows that, overall,
the lay readers were not very familiar with the health-related topics discussed in the three texts

assigned to them.

Scores (out of 48)

Participants/lay readers Mean (SD)
Entire sample (N=82) 29.84 (10.94)

Native English speakers (N=59) 33.72 (9.04)
Non-native English speakers (N=23) 19.86 (8.97)

Table 2. Descriptive statistics for participants’ reading skills.



Descriptive statistics on Scores (out of 9)

topic knowledge of lay readers
Mean (SD) 4.91 (1.55)

Min 1

Max 7

Table 3. Descriptive statistics for lay readers’ topic knowledge.

Before analysing the free and cued recall protocols produced by the participants, a rubric was

developed to:

(1) segment both the texts and the recall protocols into idea units, defined as phrases
(Richards et al., 2016);
(2) assign a score to each idea unit/phrase in the recall protocols based on its accuracy and

completeness compared with the corresponding idea unit in the text.

Furthermore, the author of this chapter and a‘'second annotator segmented a set of sample
sentences. Subsequently, segmentation was compared, and disagreements were resolved through
discussion. However, only the author of this chapter conducted the segmentation and the scoring
of all the recall protocols. Concretely, each phrase in the recall protocol was assigned: a score of
1 if it contained accurate and complete information when checked against the corresponding
phrase in the text; a score of 0.5 if the information was incomplete or partially inaccurate; and a
score-of O if all the information was inaccurate (Best et al., 2008). Correct inferences (produced
by twao participants only) were assigned a score of 2. Participants were not penalized for typos or
for using synonyms (e.g. for using ‘fixing’ instead of ‘treating”) (Bovair and Kieras, 1981; Diao
and Sweller, 2007). Unintelligible and irrelevant content in the recall protocols (e.g. ‘do not

remember’) was excluded from the analysis, along with repetitions.



Free recall and cued recall scores were calculated separately. For each recall protocol,
both a raw score and a percentage score (out of the maximum score that a participant might have
obtained) were calculated. Percentage scores were used for the subsequent analysis. Since each
participant was assigned two cued recall questions per text, the mean of their cued recall
percentage scores was calculated prior to the analysis.

For each group of participants (i.e. native vs non-native speakers of English), a series of
repeated measures ANOVA/Friedman testss were run, followed by post hoc tests, where free
recall and cued recall represented the dependent variables, and the three sets of texts represented
the levels of the independent variable (manual simplification, semi-automated simplification,
lack of simplification efforts). Table 4 reports descriptive statistics for recall scores, with the
asterisks indicating significant differences. Different numbers of asterisks are used to indicate

where the significant differences lie.

Type of o Pre-Acrolinx  Post-Acrolinx
recall Participants Abstracts PLS PLS
Mean (SD) Mean (SD) Mean (SD)
= (el Native English 9.08 (5.21) *=  13.39(7.59) »  12.87 (7.28) =)

speakers

Non-native English 5.26 (4.05) () 8.36 (5.09) 8.26 (5.38) (=
speakers

@lenCeell ) Native English 29.77 (21.4) e+ 14.9(9.09) ¢  15.72 (12.58) ¢+
speakers

Non-native English 26 45 (22.88) ¢+ 6.3 (7.09) ¢ 7.68 (7.07) ¢
speakers

Table 4. Descriptive and inferential statistics for recall scores, per corpus and sample of
participants.

It emerges that: (i) the introduction of semi-automation during simplification did not have a
significant impact on lay readers’ ability to recall Cochrane PLS; (ii) free recall of PLS was
significantly higher than free recall of abstracts; and (iii) cued recall of PLS was significantly

lower than cued recall of abstracts.



Several within-subjects analyses of covariance (ANCOVA) were conducted, where
reading skills (as assessed through the Gates-MacGinitie Reading Test) were treated as covariate.
Reading skills are an important component of (health) literacy (Simonds et al., 2017). A separate
within-subjects ANCOVA for each type of recall (free vs cued) and sample of participants
(native vs non-native) was conducted. Here the partial eta squared (np2) is also given as a
measure of effect size. After ensuring that the assumption of homogeneity of regression slopes

was met, the study found that:

(1) for native speakers, the within-subjects ANCOVA on free recall including reading
skills as covariate was not significant, F(1.584, 85.527)=0.461, p=0.587, np2=0.008. A
significant effect of reading skills on free recall‘of native readers was observed, F(1,
54)=5.535, p=0.022, np2=0.093. Therefore, by including reading skills as a covariate,
the significant differences that had been observed between free recall of abstracts and
free recall of PLS were no longer significant;

(2) for native speakers;the within-subjects ANCOVA on cued recall including reading
skills as covariate was not significant, F(1.569, 86.315)=0.6, p=0.512, np2=0.011. A
significant effect of reading skills on cued recall of native readers was observed, F(1,
55)=4.628,p=0.036,mp2=0.078. Therefore, by including reading skills as a covariate,
the significant differences that had been observed between cued recall of abstracts and
cuedrecall of PLS were no longer significant;

(3) for non-native speakers, the within-subjects ANCOVA on free recall including reading
skills as covariate was not significant, F(2, 42)=0.02, p=0.980, 1p2=0.001. Moreover,
reading skills did not have a significant effect on free recall of non-native readers, F(1,

21)=3.457, p=0.077. However, reading skills were shown to account for about 14% of



the variance in free recall. When the sample size is small—as in the case of the non-
native speakers of English in this study (n=23)—*strong and important effects can be
nonsignificant’ (Levine and Hullett 2002, p. 614);

(4) for non-native speakers, the within-subjects ANCOVA on cued recall including reading
skills as covariate was not significant, F(1.143, 22.852)=0.039, p=0.874, 1np2=0.002.
Moreover, reading skills did not have a significant effect on cued recall of non-native
readers, F(1, 20)=3.697, p=0.069. However, reading skills were shown to account for

about 15% of the variance in cued recall.

5. Discussion and conclusions

Adopted to avoid or mitigate the cascading effects of crises by facilitating comprehension among
readers with low health literacy and no medical knowledge, intralingual translation (or
simplification) of health content is often conducted by authors with a medical background, and
its effectiveness is influenced by the authors’ memory and subjective interpretation of how and
when plain language guidelines:should be applied. Furthermore, as in the case of Cochrane,
guidelines can be contradictory and vague.

This chapter described an experimental investigation of the impact that semi-automating
a manual intralingual translation approach has on the readability and comprehensibility of health-
related texts—having a CL checker that automatically and consistently flags issues in a text was
assumed to be beneficial for these two aspects. A similar study is reported in Leroy et al. (2013).
However, this investigation is the first to: (i) focus on the non-profit international organisation
Cochrane and the Acrolinx CL checker; and (ii) adopt Coh-Metrix and recall to examine,
respectively, the readability and comprehensibility of health-related texts. If Cheek’s (2010)

classification of plain language into three categories were to be applied, it could be argued that



this study relies on: (i) a formula-based approach to plain language (readability assessment); (ii)
an outcomes-focused approach (i.e. comprehension testing); and (iii) an elements-focused
approach (consideration of the impact of guidelines and rules).

With regard to readability, it was observed that using the Acrolinx CL checker led to
Cochrane PLS with significantly higher syntactic simplicity. This result might be due to the
higher specificity of Acrolinx CL rules, compared with Cochrane guidelines. For instance, while
Cochrane guidelines contain the vague [I]imit sentences to one key point’ (The Cochrane
Collaboration, 2013, p. 4), Acrolinx specifies the maximum number of words allowed in a
sentence. In addition, even when the same syntactic issue (such as the avoidance of passive
voice) is specifically addressed both in Cochrane guidelines and Acrolinx rules, authors might be
more likely to apply the recommended modification in the semi-automated approach because the
readability issue is automatically flagged, i.e. they do not need to rely on their memory of the
guideline. Compared with pre-Acrolinx PLS, post-Acrolinx PLS were also associated with a
significantly lower US grade level, i-e. they had significantly lower word and sentence length.
Both Cochrane guidelines and Acrolinx rules address these readability issues—see e.g.
Cochrane’s reliance on the. SMOG index that calculates word and sentence length (Mc Laughlin
1969; The Cochrane Collaboration, 2013, p. 4). Again, the significant increase in readability
observed after revising the PLS with Acrolinx might be due to its automatic flagging of the
issues.

Despite these readability improvements, there was no significant impact of semi-
automation on comprehensibility, as assessed though recall. In other words, using the Acrolinx
CL checker was not beneficial for the comprehension of lay readers with different language

backgrounds and relatively low knowledge of the health topics discussed. One explanation for



this finding could be that, while having an impact at the word- and syntax-level, the CL checker

did not increase cohesion, a text characteristic that facilitates the development of connections

between the ideas in the text, and, in turn, their recall (McNamara et al., 2014). Furthermore,

several studies showed that, compared with interventions at other text levels (e.g. vocabulary),

increasing cohesion is more beneficial in terms of recall of medical texts (Smith et al., 2011).
To summarize the main findings of this study, it is useful to reconsider the research

question here:

Does semi-automating a manual approach for the intralingual translation of health

content increase text readability and comprehensibility?

The findings discussed here, based on the impact of the Acrolinx CL checker, show that semi-
automating a manual intralingual translation approach for health content can increase some
readability measures (particularly at the word and sentence level), but does not prove beneficial
in terms of comprehension among native or non-native speakers of English.

Regarding practical implications, this study points to the need for developing
technological assistance for intralingual translation that also accounts for cohesion, especially
considering that this aspect is rarely mentioned in the plain language guidelines provided to
authors. An example of a CL rule aimed at increasing cohesion (for Spanish) is reported in
Cascales (2002, p. 55): ‘Avoid the use of referring expressions such as pronouns and deictic
determiners, instead repeat the concept’. Additionally, authors should be trained to search for
cohesion issues at the macro-level of a text, e.g. by ensuring that the presentation of arguments
follows a logical order, and that each paragraph begins with a topic sentence (Kools et al., 2004).

Additional results emerged from this investigation. In line with previous studies showing

the beneficial effect of intralingual translation or simplification on comprehension (Kurtzman



and Greene, 2016), this study also found that comprehension of abstracts/non-simplified texts
(measured through free recall) was significantly lower than comprehension of PLS/simplified
texts, among both native and non-native speakers of English. This result is not surprising when
considering that the readability analysis had shown that abstracts were characterized by
significantly lower levels of narrativity, referential cohesion, lexical coreferentiality, syntactic
similarity, and word frequency, among others.

Yet, it also emerged that cued recall of abstracts was significantly higher than cued recall
of simplified Cochrane texts. This finding is surprising, especially considering that free recall
and cued recall are usually highly correlated (McNamara et al., 2011). To explain this result, it
was useful to consider characteristics other than language in both abstracts and PLS. By looking
at these, it was observed that: (i) sections in the abstracts were usually shorter than sections in the
PLS; and (ii) while abstracts always had headings in bold formatting to separate the text into
different coherent sections, some PLS either were not divided into sections, or had section
headings that did not coherently match the content of the sections. For instance, it was not
uncommon for PLS to contain a section with a broad heading such as Background, under which
unrelated types of information were reported. This claim would need to be tested in future
studies. However, it is.worth pointing out that previous works have already underlined the
beneficial effects (on comprehension) of using (bold) headings, and short sections (Kurtzman
and Greene, 2016; Rusko et al., 2012). See, for example, this quote from Kools et al. (2004, p.

723, emphasis added):

[h]eadings and subheadings clarify overall text structure and can serve as “anchors” for the
reader [...]. In general, it may be assumed that headings influence cognitive processing by

(a) acting as cues for activating related prior knowledge, (b) accentuating the relationship



among important concepts in a text, and (c) providing retrieval cues for subsequent recall of

a text.

It should be remembered that, with cued recall, participants wrote everything they could
remember about a specific section. These results show that, while beneficial, text simplification
might not be enough, especially if specific sections of a text (e.g. on prevention of an infection)
need to be comprehended and remembered by the target audience. Formatting and text
segmentation can all enhance the effectiveness of the health message. Future studies might
examine the impact of semi-automation on these extra-linguistic aspects. Acrolinx, for example,
allows users to configure the maximum number of sentences allowed in a paragraph—this
functionality might in turn reduce the length of the section (Carter, 2018).

This study also found that, for both native and non-native readers, reading skills tend to
drive comprehension, often more than the type.of text being read. In other words, individuals
with low literacy will show poorer comprehension than individuals with higher literacy,
regardless of text characteristics such'as plain language or formatting. This result indicates a
need for disseminating health content into a variety of formats, such as audio and images. For
instance, as reported in a'paper by Brown et al. (2014, p. 270) on the role of literacy in disasters,
‘pictographs or simple.drawings of figures demonstrating explicit, detailed actions are an
effective way to.communicate health care instructions to adults with low-literacy skills.” It is
worth mentioning that Cochrane is currently producing podcasts of their systematic reviews
(Maguire and Clarke, 2014).

To conclude, this study highlighted the impact (and lack thereof) of semi-automating the
intralingual translation of medical content. It also suggested ways in which technological

assistance in the form of a CL checker (or similar) could be developed with a view to enhancing



text comprehension. The importance of considering aspects other than language, and formats
other than texts, was also discussed. There are, however, several limitations and areas for future
testing. A small number of abstracts and PLS were available when setting up this study.
Moreover, the text-retelling experiment involved a limited number of non-native speakers of
English. This limited availability of texts and participants might have resulted in the inability to
observe a true effect in the statistical results. The findings of the statistical tests should therefore
be confirmed in larger studies. Furthermore, having additional raters segmenting and scoring the
recall protocols would have enhanced the reliability of the procedure. In addition to measuring
generic reading skills through the Gates-MacGinitie Reading Test, it might also be necessary to
specifically measure participants’ health literacy, for example by means of the Test of Functional
Health Literacy in Adults (Parker et al., 1995).

Finally, the CL checker used had not been tailored to Cochrane/medical content—future
research with a customized tool might show stronger impact on readability and
comprehensibility. Despite these limitations, findings from this investigation can inform and
build on the work that Cochrane and other organisations (e.g. the Centers for Disease Control
and Prevention) are conducting to make health content more comprehensible for lay readers with

low health literacy, and to reduce their vulnerability during crises.
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7 Coh-Metrix 3.0 is available at: http://tool.conmetrix.com (Accessed March 7, 2019).

s Friedman tests were conducted for cued recall scores, which did'not meet the assumption of normality
according to the Shapiro-Wilk test (p<0.05).
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