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ARTICLE INFO ABSTRACT

Keywords: Objective: The Sydney Health Literacy Lab (SHeLL) Editor is an online text-editing tool that provides real-time assess-
Health Literacy ment and feedback on written health information (assesses grade reading score, complex language, passive voice). This
Health communication study aimed to explore how the design could be further enhanced to help health information providers interpret and
Health information act on automated feedback.

;FJ:ZII_ :Sanl.lrllznon Methods: The prototype was iteratively refined across four rounds of user-testing with health services staff (N = 20).
Readability Participants took part in online interviews and a brief follow-up survey using validated usability scales (System Usabil-

ity Scale, Technology Acceptance Model). After each round, Yardley's (2021) optimisation criteria guided which
changes would be implemented.

Results: Participants rated the Editor as having adequate usability (M = 82.8 out of 100, SD = 13.5). Most modifica-
tions sought to reduce information overload (e.g. simplifying instructions for new users) or make feedback motivating
and actionable (e.g. using frequent incremental feedback to highlight changes to the text altered assessment scores).
Conclusion: terative user-testing was critical to balancing academic values and the practical needs of the Editor's target
users. The final version emphasises actionable real-time feedback and not just assessment.

Innovation: The Editor is a new tool that will help health information providers apply health literacy principles to

written text.

1. Introduction

Health literacy reflects a person's capacity to access, understand,
appraise, and use information and services to promote and maintain good
health [1]. Systematic reviews show that low health literacy is associated
with higher mortality, morbidity, rates of hospitalisation and emergency
department visits, and medication errors [2]. However, this is not the full
picture. The impact of health literacy on health outcomes is also a reflection
of the ‘health environment,’ such as the availability of appropriate health
information, services, and other health-related resources.

The clear importance of high-quality, accessible health information is
reflected in national and international policies and guidelines [3]. These
resources consistently recommend that efforts to address health literacy
should ensure that all people can easily access and understand health infor-
mation. However, this recommendation rarely eventuates in practice. For
example, readability assessments repeatedly demonstrate that existing

health information is often written 2—4 school reading grades above the
level recommended for the general population, and is almost never written
at the level recommended for adults with low literacy [4-6]. This clear gap
between policy and practice persists, at least in part, because of the absence
of effective systems, tools and training that can support health information
providers to develop texts that are easy to understand.

Several existing resources provide guidance on how to structure, write,
and visually present health information [7-9]. However, there are currently
few interactive tools that provide feedback on the health literacy demands
of written health information, though see [10-14] for examples. None are
widely used. Without such tools, applying health literacy principles to
written text can be time-consuming and subjective. There has been some
exploratory work into objective, programmed assessments of text complex-
ity that extend beyond school grade reading level [15-20]. However, in
health contexts this research has focused on identifying patients with low
health literacy or solely on assessing text complexity [17,21]. To our

* Corresponding author at: Rm 128C Edward Ford Building, The University of Sydney, NSW, Australia.
E-mail addresses: Julie.ayre@sydney.edu.au (J. Ayre), danielle.muscat@sydney.edu.au (D.M. Muscat), olivia.mac@sydney.edu.au (O. Mac), carissa.bonner@sydney.edu.au (C. Bonner),
adam.dunn@sydney.edu.au (A.G. Dunn), jason.dalmazzo@sydney.edu.au (J. Dalmazzo), Dana.Mouwad@health.nsw.gov.au (D. Mouwad), kirsten.mccaffery@sydney.edu.au (K. McCaffery).

http://dx.doi.org/10.1016/j.pecinn.2023.100162

Received 22 August 2022; Received in revised form 15 March 2023; Accepted 6 May 2023
2772-6282/© 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.pecinn.2023.100162&domain=pdf
http://dx.doi.org/10.1016/j.pecinn.2023.100162
mailto:Julie.ayre@sydney.edu.au
mailto:danielle.muscat@sydney.edu.au
mailto:olivia.mac@sydney.edu.au
mailto:carissa.bonner@sydney.edu.au
mailto:adam.dunn@sydney.edu.au
mailto:jason.dalmazzo@sydney.edu.au
mailto:Dana.Mouwad@health.nsw.gov.au
mailto:kirsten.mccaffery@sydney.edu.au
http://dx.doi.org/10.1016/j.pecinn.2023.100162
http://creativecommons.org/licenses/by/4.0/
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/pecinn

J. Ayre et al.

knowledge these programmed assessments have not been incorporated into
a practical, user-friendly, and free or low-cost tool that gives actionable
feedback on individual words or sentences. As such, even though the assess-
ments may be rigorously validated, they are unlikely to provide sufficient
feedback to help health information providers (e.g. busy health staff and cli-
nicians) revise and improve existing health texts. To achieve this aim, such
tools must also help users interpret the assessments and provide practical
feedback about how to simplify the text.

Our team recently developed the Sydney Health Literacy Lab (SHeLL)
Health Literacy Editor [22] to address this issue. The Editor is an online
tool that objectively assesses the complexity of health materials and
provides ongoing feedback in real-time on word choice, and sentence
length and structure. This study aimed to explore how the design could
be further enhanced to help health professionals interpret and act on
automated feedback.

2. Methods
2.1. Ethical approval

Ethical approval for the study was obtained from Western Sydney Local
Health District (project number 2020/ETH02444).

2.2. Study design

Iterative user-testing via online interviews that involved think-aloud
tasks as participants interacted with the Editor [23]. This type of real-
time interview structure combines rich observational and verbal data to
explore how users understand, process, and respond to an intervention
and its various features [17].

2.3. Participants and recruitment

Participants were eligible if they were health staff involved in develop-
ing health information materials as part of their role, able to speak, read and
write in English, and had access to a computer and internet during the inter-
view. Participants were recruited through seminars and newsletters from
the Western Sydney Local Health District's Health Literacy Hub, a
locality-based research, development and capacity-building hub compris-
ing more than 1300 health staff, students, and researchers, as well as a
regular newsletter about research activities in the District. Interested partic-
ipants completed an expression of interest form that asked for their demo-
graphics and professional information, how often they developed health
materials, and how confident they felt applying health literacy principles
to written text. Purposive sampling was used to select participants to inter-
view who had diverse experiences, including from a range of disciplines
and varying confidence applying health literacy principles. Participants
were recruited between 3rd March 2021 and 29th April 2022. Interviews
took place online using Skype for Business or Zoom, at the users' preferred
location (e.g. work or home).

2.4. Intervention

The SHeLL Health Literacy Editor is an online browser-based tool that
aims to assist health information providers to develop text-based health ed-
ucation materials for patients or community members, that adhere to
health literacy guidelines. The Editor comprises six assessments: readabil-
ity, complex language, passive voice, text structure, lexical density and di-
versity, and person-centred language. These are each presented as global
scores, with additional, more specific feedback flagged in the text itself
through coloured highlights (Fig. 1).

When users open the Editor for the first time, they are presented with a
brief tutorial to orient them to the most important functions. Further infor-
mation, tips, and technical notes are accessible via a link to a help page that
is embedded within the Editor. A record of the assessments can be
downloaded using a printable summary feature.
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Greater detail about version 1 of the Editor's development and the
rationale for each design decision is provided elsewhere [22]). Broadly,
each assessment corresponds to a recommendation in widely-used health
literacy guidelines and tools that was amenable to programming (e.g. the
Health Literacy Universal Precautions Toolkit [8]). The school grade 8
reading target (equivalent to 13-14 years of age) was based on Australian
health literacy guidelines [24,25].

2.5. Interviews and user-testing

Participants who took part in the interview were first asked about their
experiences of creating written health information and applying health lit-
eracy principles (for interview schedule see Appendix A). Participants then
engaged in two think-aloud tasks, with methods informed by Willis [23].
Participants were provided a link to the Health Literacy Editor and asked
to share their screen. The order of the two think-aloud tasks were alternated
across participants:

Task 1: Participants were asked to ‘explore’ the Editor and try out the
different features.

Task 2: Participants were provided with an example health text
(Appendix B; Grade 12.3), and asked to copy the text into the editor and
revise the document based on the Editor's feedback.

During these tasks participants were encouraged to say their thoughts
out loud. They received minimal assistance to use the Editor. Neutral
prompts reminded participants to continue thinking aloud if they were si-
lent for an extended period of time, and to explore thoughts further.
Given the focus on thinking-aloud and exploratory interactions with Editor
features, data on time to complete tasks were not recorded, nor were assess-
ments of users' revised texts.

After completing the think-aloud tasks participants were asked for gen-
eral feedback on the Editor and any support or training that might be help-
ful. Audio data were transcribed, and videos of the shared screens also
recorded. Interviewers (JA and OM) made extensive notes and reflections
during and after the interviews.

2.6. Analysis and iterative optimisation

Analysis drew from existing methods for using think-aloud studies to
optimise digital interventions, which recommend a minimum three to
four rounds of user-testing [26,27]. User-testing observations and feedback
(positive and negative) were collated. Potential modifications to optimise
the intervention were noted. After every five interviews, authors met to dis-
cuss which modifications should be incorporated before proceeding with
the next round of user-testing. Modifications were prioritised based on
the criteria set out by Bradbury, Morton, Band, van Woezik, Grist,
McManus, Little and Yardley [26] (Table 1). For the final round of user test-
ing, users had up to 7 days to familiarise themselves with the Editor. This
approach provided additional feedback on issues that may arise with
longer-term use. Transcripts and observation notes were also analysed the-
matically to explore overarching and broader concepts relating to users'
needs [28]. This involved coding the data, grouping similar codes into
preliminary themes, and charting the data into a thematic framework
(with each row representing a participant and each column a subtheme or
theme). The research team discussed and refined the themes collectively.

2.7. Measures

After the interview, participants completed a brief follow-up survey that
included validated questions about usability and acceptability; the System
Usability Scale [29,30], and the Technology Acceptance Model (comprises
two subscales: perceived usefulness and perceived ease of use) [31]. The
System Usability Scale produces a score from 0 (low) to 100 (high). A
score of 70 is considered ‘passable,’ and a score of 90 or more is considered
indicative of a ‘truly superior product’ [30]. The Technology Acceptance
Model subscales produce a score ranging from 1 (low) to 7 (high). Scores
are predictive of current and future use of a product [31].
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Characters: 1636  Words: 275  Unique Words: 144 Type-token Ratio: 0.52 Sentences: 31 Paragraphs: 12

— Welcome to the SHelL editor!

How does it work?

your text harder to understand.

necessary. Make changes where you can to keep the text as simple as possible,

What does the editor assess?

score,

health terms. You can also see how many acronyms are in the text (example - CDC).
Actionability: Text is easier to act on when the passive voice is avoided.

.

.

sentences with many conjunctions may be double-barrelled.

Lexical density: Texts with lower lexical density are more like spoken English.
* Person-centred language: For a few health conditions you can che
this means using terms like ‘people with diabetes’ rather tha

—_—
The SHelL editor helps you make health information easy to understand. Each colour tells you about an aspect that may make Readab c

You can make changes to the text in the editor. Then hit ‘refresh’ to see if the colours have changed

In most cases your final text will still have highlighted words. This is ok - sometimes longer sentences or complex language are

¢ Readability: Grade reading level of the text. You can lower grade reading level by using shorter sentences and fewer long
words (words that are more than 2 syllables), Use ‘text preparation’ mode to exclude parts of the text from the grade reading

Complex language: Words that are not common in English. Where we can we try to give alternatives to common public

Structure: The editor will tell you when paragraphs could be shorter. It will also tell you when sentences might be hard to
follow. For example, think about this question: “have you ever had depression or anxiety, and taken medication for it?" Often fiest.

k that your language is person-centred. For example.
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Full Text Editor

Highiight Mode: @)

8 OF 11 ACTIVE v

Grade:
Aim for Grade 8. You can do this by using shorter words (less
than 3 syllables) and shorter sentences.

Srade o — D

37 words are long (more than 2 syllables).

Find out how we calc

1 sentence is long.

Complex Language <

Text complexity: N/A

Find out how we calculate text com

plexity s E
0 words or phrases with alternatives in our thesaurus.
If you need to use a complex medical term. make sure you define it

0 uncommon words.
These words may not be familiar to people with limited English.

0 instances of acronyms.
Always define acronyms first and minimise their use where possible.

Actionability <

Find out how to char

0 uses of passive voice.
Active sentences are easier to understand and act on. J

Fig. 1. Annotated screenshot of version 1 of the Health Literacy Editor. Notes: A: Left-hand pane for text-editing (shows default text when Editor is first opened); B: Refresh
button; C: Example of (global) assessment; D: Link to help page; E: Right-hand pane, shows Assessments; F: Example of text highlight. The colour of the highlight corresponds

to a relevant Assessment on the right-hand pane.
3. Results

Out of 51 interested participants, 20 were purposively selected,
invited and took part in user-testing. Participant characteristics are
shown in Table 2. Participants came from a variety of specialties,

Table 1
Criteria for deciding when to implement an intervention modification*

Criterion Description

Criteria for deciding whether to make modifications

1. Important for Modification likely to impact behaviour change / precursor
behaviour change to behaviour change (e.g. acceptability, feasibility,

persuasiveness, motivation, engagement).

Modification aligns with guiding principles of the

intervention i.e. aspects of the intervention required to

achieve its aims (incorporating theory, evidence and user

perspectives)

Modification aligns with common guiding principles: to

support autonomy, promote competence, and provide a

positive emotional experience and sense of relatedness

3. Uncontroversial and ~ An uncontroversial and easy-to-implement solution that
easy does not involve major design changes

4. Repeated by several ~ This point was made by more than one participant
participants

Criteria for prioritising which modifications to make (MoSCoW)

5. Must have Modification must be made for the intervention to be

effective in changing a participant's behaviour (given what

we know about the evidence base).

Modification should be made if possible because it may

impact effectiveness but may be able to be delivered in a

different way, or is in some way less critical than a

must-have.

Modification would be useful but may be less critical to

behaviour change than a should-have and may only be

implemented if time and resources are available.

Modification is not needed to support behaviour change but

could be useful if time and resources allow.

2. Consistent with
guiding principles

6. Should have

7. Could have

8. Would like

* Adapted from Bradbury, Morton, Band, van Woezik, Grist, McManus, Little and
Yardley [26].

including seven (35%) whose role was explicitly about health
communication.

Usability and acceptability survey data indicated adequate usability
(Mean (M) = 82.8 out of 100, SD = 13.5), perceived usefulness (M =
5.5 out of 7, SD = 1.1) and perceived ease of use (M = 5.8 out of 7,

Table 2
Participant characteristics and usability ratings.
Characteristic N %
Gender
Male 2 10
Female 18 90
Age
20-29 6 30
30-39 1 5
40-49 7 35
50-59 6 30
Role/profession
Health communication (role in health literacy, health promotion, or 7 35
multicultural health)
Physiotherapy/musculoskeletal 3 15
Speech pathology 2 10
Nurse/midwife 2 10
Podiatrist 2 10
Pharmacist 2 10
Dietician 1 5
Psychologist 1 5
How often do you develop health education materials?
Daily 1 5
Weekly 4 20
Monthly 8 40
A few times a year 7 35
Usability ratings M SD
System Usability Scale (0 low to 100 high) 82.8 13.5
Technology Acceptance Model (1 low to 7 high)
Perceived usefulness 55 1.1
Perceived ease of use 58 1.2
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SD = 1.2) (Table 2). These scores were high, even during the first round
(M = 90.0, 5.7, and 5.7, respectively). Verbal feedback reflected the high
acceptability and usability scores, including during the first round of
user-testing. Participants emphasised the value of having feedback in
real-time, and for individual words and sentences:

“I think it is fantastic. Just having a dynamic kind of tool that shows you ex-
actly what the impact is when you make changes to sentences or words or ac-
ronyms is great. ... using this tool, straightaway it’s, it gives you a colour coded,
guide to, ‘ok, the problem with this is it's too long, the sentence is too long or
there's too many syllables’. Or clicking on a word and finding out, ‘oh, ok, I
can use a more everyday word’. So I think that the colour coding is fantastic.
Um, I think the built in tips are useful as well.” (Female (F), Health commu-
nication).

Further, some participants compared the Editor to other online text-
editing software (e.g. Hemingway App, Grammarly), and saw value in
having feedback that was specific to health contexts:

“this is better than [online text-editing tool]. It gives me more information
about the text that I'm going to write for these patients, and, it's very specific
towards health-based language.” (F, Podiatrist).

The ability to record the assessments was perceived as valuable at an
organisational level:

“And I liked the reports that you can generate...like if you wanted to get it
approved. As a department document you could put that in, and that would
be really helpful.” (F, Speech pathology).

However, there were also many opportunities to refine the Editor
further. The following sections detail two key changes to enhance how
health information providers can interpret and act on the Editor's feedback:
reducing information overload; and making feedback motivating and
actionable. A third section details potentially valuable modifications that
did not meet the criteria set out in Table 1 (summarised in Table 3).

A full list of modifications is available in Appendix C and screenshot of
the final version of the Editor is shown in Fig. 2.

3.1. Reducing information overload
During the first round of user-testing, all participants reported that the

information and instructions were overwhelming, and that there was too
much feedback to take in (including too many coloured text highlights;

Table 3
Summary of themes for Editor improvement.

Theme / key area for change Summary

+ Limit the number of instructions and infor-
mation presented to new users

+ Use visual cues where possible to guide new
users

+ Give worked examples for complex concepts

+ Give specific and incremental feedback
wherever possible so that users can ‘see’ the
relationship between assessments and their
revisions to the text

+ Provide flexibility / customisability where
appropriate

+ Enhance help page to support user action

« Increase automation where possible to

reduce user clicks and keystrokes

Increase actionability further e.g. expand

thesaurus to include more words

+ Align with features of other text-editing soft-
ware (e.g. grammar check)

+ Develop features that are consistent with
broader health literacy principles (e.g. clear
key messages)

Reducing information overload

Making feedback motivating and
actionable

‘Could have’ and ‘would like”:
Potentially valuable (future)
features
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see Fig. 1) and too many instructions to remember. This was particularly
the case for people who had less experience writing in plain language,
and those who described themselves as less confident with computers.
These initial reactions had a strong bearing on the participants' initial im-
pressions of the Editor and made it harder to learn how to use it effectively.
Even before copying the health text (Appendix B) into the Editor, one
participant commented on the visual display of the landing screen being
complicated (refer to Fig. 1):

My first thought when I first look at it, it's very busy. Very, very busy. And
there's lots of colours [highlighted text]...So now that I've looked at that, it's
the exact opposite. So I would have thought green [highlighted text], in my
mind green is good. (F, Dietician).

Modifications to address this issue therefore met criteria 1 (important
for behaviour change) and 4 (repeated by several participants) for deciding
when to implement an intervention modification. The following changes
were also uncontroversial and easy (criteria 3): we simplified instructions,
reduced the total number of words in the default text, limited the number
of assessments that were turned on by default, and used visual cues to em-
phasise the connection between text highlights and global assessments. By
the final round, participants commented that the initial screen (as shown in
Fig. 2) was simple and engaging:

“but I think that the screen looked clear. It doesn't look scary or over compli-
cated.” (F, Health communication).

In round 1, participants also asked for more detail about what each of
the assessments meant and how they could use the feedback to improve
the text:

“[clinicians] might not really understand what ‘passive voice’ is...some sort
of example might help...” (F, Health communication).

In response we made modifications to layer the information (e.g.
providing brief information or examples in the right-hand pane rather
than requiring users to access the help page). However, participants in
round 2 felt this modification made the right-hand pane too long:

“sol ... gotused to looking at like the purple [highlight] for long sentences and
then I was like, oh, wait, which one's the pink [highlight correspond to] or, or
what does that mean? So you just have to, I had to keep kind of flipping back
through [the right-hand pane].” (F, Outpatient musculoskeletal).

For the remaining two rounds we introduced collapsible text to reduce
information overload whilst still providing easily accessible instructions
(see Fig. 2, annotation F). After the final round we introduced prompts
when users hovered over an assessment (e.g. ‘click for more/less info’ as
shown in Fig. 2, annotation D) to make this clearer as some users still had
not accessed this function.

Lastly, though the Editor describes critical behaviours in the opening tu-
torial (e.g. using the ‘refresh’ button), we observed that often participants
did not perform these behaviours when editing the text. We introduced
prompts elicited by user actions (e.g. user hovers over a related feature)
or time elapsed without engaging in the behaviour. By the final round
of testing participants reported that these critical behaviours felt more
intuitive:

“It took me a moment to figure out that I needed to [click the refresh button].
But it is very nicely in red and a little symbol comes up on the side as well. So
that didn't take too long to get to that.” (F, Health communication).

3.2. Making feedback motivating and actionable

When participants used the editor to revise a text, we noticed that many
participants (Table 1 criterion 4) had a strong preference for highly specific
advice, for example, thesaurus entries. We also observed that several partic-
ipants (Table 1 criterion 4) expected to see incremental improvements in
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Sracters: 627 Words: 109 Unique Words: 70 Sentences: 14  Paragraphs: 8

Welcome to the SHelLL editor!
The SHelL editor helps you make health information easy to understand
Tips

Each colour tells you about an aspect that may make your text harder to understand.
Click ‘Check my text' to get results for the Complex Language and Passive Voice features
Make changes to the text. Then click ‘Check my text’ again. This will update Complex Language and Passive Voice.

sentences for complex

In most cases your final text will still have highlighted words. This is ok! Sometimes long:

o
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%, Health Literacy Editor

ZURGHASIGIN Text Preparatior ‘

IMPORT EXPORT v X

7 OF 12 FEATURES ACTIVE v

Click for less info

Readability

Grade: 7.7
Aim for Grade 8 or Inwcr.)

You can do this by using shorter words (less than 3 syllables)
and shorter sentences. Use Text Preparation’ mode to exclude
parts of the text from readability. F

language are needed. Aim to keep the text as simple as you can

__ Let's get started! Delete the text above and start typing

ps and technical notes

7 words are long (more than 2 syllables)

here.

0 sentences are long

0 sentences have a complex structure (more than 2

c conjunctions)

Try breaking these down into shorter sentences.

Complex Language A +
Text complexity: N/A
0 words or phrases with alternatives in our thesaurus.

If you need to use a complex medical term, make sure you define it
first.

Fig. 2. Annotated screenshot of revised Health Literacy Editor. Notes: A: Refresh button (now labelled ‘Check my text’); B: Shorter default text in left-hand pane for text-
editing; C: Example of text highlight. The colour of the highlight corresponds to a relevant Assessment on the right-hand pane. When the cursor hovers over a highlight,
the colour darkens in the left and right panes, and the right-hand pane will scroll automatically to the corresponding assessment; D: Extra prompt/instructions given
when cursor hovers over a feature (cursor not shown); E: Example of default (global) assessment and information; F: Additional information available from collapsible

text, includes link to help page.

overall scores. In the absence of specific and incremental feedback, partici-
pants reported feeling uncertain about what action to take, and some
ultimately became less engaged in the revision task.

Modifications to ensure that feedback was both motivating and action-
able were considered inherently important for behaviour change (Table 1
criterion 1) and consistent with the Editor's guiding principles (Table 1
criterion 2). These modifications are described in detail below.

1. Grade reading score to 1 decimal place: In the original version of the
Editor, grade reading score was presented without a decimal place. This
was intended to reflect the fact that small differences of less than 1 grade
score are not meaningful. However, we observed that participants often
checked whether relevant changes (e.g. using shorter words and
sentences) were making any difference to the grade reading score. By
providing the grade reading score to 1 decimal place participants
could more easily see the text improving incrementally. This was dem-
onstrated by the following participant, who continually referred to the
grade reading score as they made small edits to the text:

“Oh, so now the readability is still 9.5. Yeah, ok. [edits the first sentence of the
example text Appendix B)]...so [now] Im at 9.1”.

For the above change in readability, the participant broke a long sen-
tence (purple highlight) into two and changed two long words (yellow
highlights). The participant edited the original sentence ‘Preventing car-
diovascular disease (CVD) means making smart choices now that will
pay off the rest of your life’ to read ‘To stop heart disease from happen-
ing we need to make smart choices. That will pay off the rest of your
life.

The participant then tried editing the sentence ‘Everyone can benefit
from a healthy diet and adequate physical activity.” As shown in the
quote below, they continued to check for incremental improvements
after making small changes:

... Ok, let's, let's see what words we can remove. Maybe ‘adequate’. Let's say
‘enough’ [instead]. Enough... does that change grade reading score? Oh, we
are now 9. That's not bad (laughs).”

[(F, Mental health pharmacist)]

. Additional actionable readability highlights: The ‘complex sentence’

assessment was moved into the ‘readability’ feature as the accompany-
ing advice was relevant to readability i.e. breaking a sentence into
two. An additional readability assessment was created to alert users of
long lists within a sentence. This change meant that some long sentences
would have more actionable feedback (i.e. from ‘X sentences are long’
to: ‘try breaking [the sentence] down into shorter sentences’ and ‘use
dot points for lists of more than 4 things’).

. Flexibility in counting long words and complex language: Partic-

ipants sometimes expressed frustration when long words (readabil-
ity) or words with a thesaurus entry (complex language) were one
of the key words for the text. We modified the Editor to allow up to
5 words to be excluded from complex language assessment, including
words listed in the thesaurus. We also modified the printable sum-
mary to show the impact of these words on grade reading score.
This supplementary assessment provides users with more nuanced
and pragmatic ways of demonstrating that a text has followed health
literacy principles. For example, if users are creating a text about di-
abetes, it may be challenging to obtain low complex language or
readability scores because the topic word (‘diabetes’) is considered
complex, more than 2 syllables, and is likely to be repeated several
times. With this modification, users can entirely exclude the term
from complex language counts. They can also observe the grade read-
ing score with and without the word ‘diabetes.” This pragmatic ap-
proach allows users to focus their efforts on long words that are
more appropriate to revise and seeks to limit frustration with the
tool. Note that excluding words from grade reading scores is not
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standard practice, and for this reason the ‘revised’ grade reading
score is only shown in the printable summary.

4. Pinned results: An additional feature was created to allow the user
to ‘pin’ assessments of the original text. This allows the user to easily
compare results and emphasises incremental improvements as they
continue to make revisions: “Yeah, like how you can pin a previous
result. That was good.” (F, Speech pathology)

5. More actionable help page: Initially the help page contained
mostly technical notes about how scores were calculated and the
underlying resources. Feedback from users indicated a need for tu-
torial videos, brief instructions for using the Editor, and worked
examples of how text could be revised. These sections were
added and technical notes were hidden in sections of collapsed
text. By the final round participants commented that the help
page was useful:

“I found the videos great... They were really clear, concise, they weren't
too lengthy. The audio ... came across as knowledgeable but approach-
able. Like it was engaging. So, yeah, they were really helpful.” (F, Health
communication).

3.3. ‘Could have’ and ‘would like’: potentially valuable (future) features

This section highlights modifications that met criteria for being impor-
tant for behaviour change, being consistent with guiding principles, and
being raised by several participants (Table 1, Criteria 1, 2 and 4, respec-
tively). However, we were unable to implement these changes due to lim-
ited time and resources. Though almost all participants expressed that the
thesaurus function was very valuable, requests to further enhance the the-
saurus feature were also common. For example, the following participant
discussed wanting a more extensive medical thesaurus for words such as
some medical jargon is flagged as uncommon but no suggested alternatives
are provided:

“While hovering over the word ‘fissure’] So I'm wondering whether or not
it would be a really great addition if you could ... right click [on] the pink
highlighted [uncommon] words that would give you a different option.”
(F, Podiatrist).

Others went even further, suggesting a simple English thesaurus for all
uncommon words, rather than one focused on medical and public health
jargon.

Many also expressed interest in being able to click on a thesaurus sug-
gestion to replace the highlighted word in the text:

“] think ... it would have been cool if you could've like clicked on one of the
suggestions and it just auto-populated it for you, rather than you have to type
it in yourself.” (F, Outpatient musculoskeletal).

Both modifications require substantial programming and further user
testing, and as such were outside the scope of the current project. In lieu
of these changes we modified the Editor to explain these limitations more
clearly, e.g. “Where we can, we try to give alternatives to common public
health terms”.

Other potentially valuable features included grammar checks.

“But just grammar and a spell check, ‘cause I think the way a lot of our staff
write at the moment, they assume there's a spell check and a grammar check.”
(F, Physiotherapist).

Again, this modification was not feasible within the constraints of the
project resources.

Lastly, one participant described the potential undesirable conse-
quences of focusing on simplifying the language at the expense of broader
considerations about the key message and tone:

“I'wonder... is that core objective of the piece of writing missed because you've
plain-languaged it, you've changed it all around, and then the shift or the tone
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changes...yeah, like something could be plain-languaged, ... and ticks all the
boxes, but is it doing what it's meant to do?” (F, Health promotion).

Again, additional features to keep users focused on key messages could
be incorporated into future iterations of the Editor. In response to this com-
ment we incorporated guidance about retaining key messages into the
help page.

4. Discussion and conclusion
4.1. Discussion

This study reports systematic user-testing and iterative improvement of
an innovative health literacy text-editing tool, the SHeLL Health Literacy
Editor. Overall participants reported that they valued the Editor's ability
to give real-time, specific feedback on written text, including aspects spe-
cific to health contexts. Over four rounds of testing we refined the tool's in-
structions, layout, and visual feedback, and introduced some new features.
Most of these modifications sought to address two issues: 1) reducing infor-
mation overload for new users; or 2) providing feedback on the user's text
that is actionable and motivating. The second of these issues was addressed
by making feedback more specific where possible, and emphasising the
user's incremental improvements to the text. Features to enhance the the-
saurus feature and broaden its scope were very popular but not feasible
for the current project.

Reducing information overload is critical for learning new tasks. Learn-
ing how to use the Editor for the first time is no exception. New users must
quickly learn how to operate the Editor's basic functions (e.g. remembering
to press the ‘refresh’ button), what each assessment means, and interpret
the assessment feedback. Modifications to better achieve these learning
goals aligned with established strategies to reduce cognitive load, such as
reducing initial complexity, reducing requirements for split attention,
using worked examples, and providing ‘just-in-time’ prompts to encourage
correct use of basic functions [32-34].

Providing feedback was a central theme in this study, and is a common
component for educational or training interventions for healthcare pro-
viders. Theoretical models from behavioural and education sciences em-
phasise that feedback can be enhanced by identifying specific targets and
action plans to help users meet these targets [35-37]. Theories also advo-
cate feedback that is timely, individualised, and non-punitive, and can be
customised to individual needs [38-40]. Findings from this study align
with these models. From the start, participants appreciated the real-time
feedback on specific words and sentences. Modifications further enhanced
the clarity, specificity, and timeliness of feedback, and enhanced flexibility
in how readability and complex language were calculated.

This study also highlighted aspects of writing in plain language that the
Editor does not provide feedback on. For example, a few participants were
interested in grammar checks, particularly those who spoke English as a
second language. One participant emphasised that it can be hard to simplify
a text if the key messages are not clear. In its current form, the Editor does
not help users identify their key messages nor identify extraneous informa-
tion. Additional training resources such as videos may go some way
to address this limitation. Ultimately, though, we advise that health infor-
mation providers use the tool in conjunction with other existing health
literacy guidelines and resources [7-9], and importantly, gather feedback
from their target users i.e. patients and community members, as the latter
has shown to significantly improve health information materials [41].

The strengths of this study were that we employed a systematic ap-
proach to user-testing. As a result, participants matched our target users.
Participants were health staff from a range of ages, different specialities,
and varying experience writing in plain language, although few men took
part. We also used systematic methods to reflect on and prioritise potential
modifications between each round of testing [27]. The key limitation was
that some participants may have felt pressure to perform when they were
observed and asked to think aloud while revising the practice text. The
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final cycle allowed participants to familiarise themselves with the Editor
first. This may have addressed the issue to some extent, though it is likely
that some participants would engage with the Editor differently if they
were not observed. Lastly, this study focused on how users interact with
the Editor. Several avenues of future work are required for more compre-
hensive evaluation. First, the Editor's feedback should be compared to
other existing tools to assess their accuracy and scope. For example, we
have demonstrated that the Editor provides more accurate SMOG grade
reading scores than other widely used readability calculators [42]. The
same process could be applied to the Editor's other assessments. Second,
we need to evaluate how effectively the Editor supports health information
providers to write in plain language. Third, we need to evaluate how it can
best be implemented into health organisations.

4.2. Innovation

This study provided a useful case study demonstrating how an innova-
tive intervention can be further enhanced through a rigorous process of it-
erative user-testing. The SHeLL Health Literacy Editor is an interactive tool
to support health information providers learn about health literacy princi-
ples, and then apply these principles to written text in real-time. Formal
user-testing was critical to adjusting the balance between academic values
(e.g. comprehensiveness, transparency, and accurate assessment), and the
practical needs of the tool's target users. The modifications reduced infor-
mation overload and improved the capacity for feedback to support effec-
tive revision of the text. User-testing is an area that is often overlooked or
not publicly documented when health literacy tools are developed. This
happens despite the recognised importance of user-testing in sustainable
and impactful implementation [27].

The Editor may offer other indirect benefits. For example, it may sup-
port improvements to the quality of translated health information. This is
because English-language parent texts that are written more simply are
also more accurately translated [43]. To illustrate, the Editor has been
used to develop a simple-English glossary of COVID-19 vaccine terms that
is now translated into 29 languages [44]. More broadly, this study contrib-
utes to our understanding of health information providers' experiences of
applying health literacy principles to written text, and may be useful in
developing other health literacy training interventions and resources.

4.3. Conclusion

The SHeLL Health Literacy Editor is a text-editing tool that moves
beyond assessment of text complexity to provide timely and actionable feed-
back to help health information providers apply health literacy principles to
written text. Rigorous user-testing with health information providers
provided rich data to make the Editor more intuitive, appealing, and
engaging.
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