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ABSTRACT

Automatic Text Simplification (ATS), which replaces text
with simpler equivalents, is rapidly improving. While some
research has examined ATS reading-assistance tools, little
has examined preferences of adults who are deaf or hard-of-
hearing (DHH), and none empirically evaluated lexical
simplification technology (replacement of individual words)
with these users. Prior research has revealed that U.S. DHH
adults have lower reading literacy on average than their
hearing peers, with unique characteristics to their literacy
profile. We investigate whether DHH adults perceive a
benefit from lexical simplification applied automatically or
when users are provided with greater autonomy, with on-
demand control and visibility as to which words are replaced.
Formative interviews guided the design of an experimental
study, in which DHH participants read English texts in their
original form and with lexical simplification applied
automatically or on-demand. Participants indicated that they
perceived a benefit form lexical simplification, and they
preferred a system with on-demand simplification.
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CSS Concepts
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INTRODUCTION

We investigate Automatic Text Simplification (ATS)
technologies to benefit adults who are Deaf or Hard of
Hearing (DHH). Nearly 1 in 6 adults in the U.S. is DHH [7],
and prior literacy research has established that there is a wide
range of reading skills among DHH adults: Some studies
found over 17% of deaf adults have “low literacy” [18], and
standardized educational testing has revealed that the
average reading level among U.S. deaf adults finishing
secondary school is significantly below the average of their
Permission to make digital or hard copies of all or part of this work for personal or

classroom use is granted without fee provided that copies are not made or distributed

for profit or commercial advantage and that copies bear this notice and the full citation

on the first page. Copyrights for components of this work owned by others than ACM

must be honored. Abstracting with credit is permitted. To copy otherwise, or republish,

to post on servers or to redistribute to lists, requires prior specific permission and/or a

fee. Request permissions from Permissions@acm.org.

CHI 2020, April 25-30, 2020, Honolulu, HI, USA.

© 2020 Association for Computing Machinery.

ACM ISBN 978-1-4503-6708-0/20/04...$15.00
https://doi.org/10.1145/3313831.3376563

Paper 436

hearing peers [45]. Research has found that there are lower
educational outcomes among DHH individuals, e.g. in 2017,
34% of hearing individuals in the U.S. had completed a
bachelor’s degree, compared to only 18.8% of deaf
individuals [22]. Reading literacy is also important in an
employment context, e.g. for learning new skills mid-career
[41]. Research has revealed a 22% lower rate of employment
among DHH adults, and DHH adults’ salaries are only 64%,
in comparison to their hearing peers [47].

With this context, we investigate applications that provide
ATS for complex texts, in particular to support reading texts
online. ATS can scan a webpage, find complex words or
phrases, and replace them to make the text easier to
understand. Prior work had evaluated syntactic
simplification with DHH users (simplifying the structure of
sentences) [27]. However, prior work has not evaluated DHH
users’ perception of automatic reading-assistance tools based
on lexical simplification (replacing a difficult word with a
simpler synonym), nor of hybrid systems that combine both
syntactic and lexical approaches. As a first step, this study
investigates whether DHH users perceive a benefit from
lexical simplification alone.

Prior reading-assistance work has investigated using ATS
with various groups, e.g. people with aphasia [15], people
with dyslexia [36, 37], and second-language learners [3].
However, most of these studies have focused on improving
the quality of the underlying ATS technology, with less focus
on the human-computer interaction (HCI) aspects, e.g. how
users actually interact with the software itself, what
modifications they can make to the software, how much
decision-making they have to do, and how much control they
have over what the software automatically does for them.

Having more ATS reading assistance may not necessarily be
better: as with any assistive technology that uses artificial
intelligence, there is risk that it may make errors or that users
may experience a loss of agency, if they only see a filtered
or modified view of the original text. Various prior work in
HCI has investigated the issue of autonomy or related
concepts [10, 21]. In the context of ATS, we define
autonomy as how much control a user has over what words
are simplified or visibility of what words have already been
simplified. We speculate that providing DHH users with a
desired level of autonomy may result in an improved user
experience and motivation to use the software again.
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After conducting a preliminary study to inform our design of
a set of prototypes, we conducted an experimental study with
DHH participants who read four articles using various
prototypes, responded to subjective questions about each
prototype, and shared feedback. Participants reported that
they perceived a benefit from lexical simplification tools,
and they preferred prototype designs that provided them with
greater autonomy. Participants also discussed tradeoffs
between their highest-rated prototypes in this study.

The main contributions of this paper are empirical:

* Our experimental study with DHH participants yielded
quantitative data (e.g. Likert-scale questions regarding their
experience using the text simplification software) and
qualitative data (open-ended feedback questions). Our
analysis revealed that DHH users perceived a benefit from
automatic reading-assistance tools that provide lexical
simplification; prior research had not investigated lexical
simplification tools among DHH users.

* We found that DHH users preferred prototypes that
provided greater levels of autonomy for ATS-assisted
reading. We also found that DHH users could articulate the
benefits of autonomy in the interface and comment on the
trade-offs among designs in this space. These findings
provide a foundation for future HCI research and design of
reading-assistance technologies for DHH users.

RELATED WORK

As context for our work, this section describes prior work on
reading assistance technologies, including systems that
simplify text or modify its appearance for readability. Prior
HCI research on the role of autonomy is also discussed.

Reading Assistance and Text Simplification

Prior research has found that over 17% of deaf adults have
“low literacy” [18]. Other work has measured fourth-grade
reading levels among DHH high school graduates in the
United States [45] and sixth-grade reading levels among
DHH university students [1, 34]. One study found that over
30% of deaf high school graduates in the United States were
“functionally illiterate” [30]. This is certainly not to say that
all DHH adults have weak reading skills, as many DHH
people are excellent readers. Rather, there is a great reading-
skill diversity among DHH adults.

Researchers have investigated using text simplification
technology to support reading online text for people with
aphasia [15], people with dyslexia [36, 37], low-literacy
readers [48], second language learners [3], and people who
are DHH [24, 27]. Few studies measured any difference in
objective measures (e.g. comprehension questions) [27], but
some measured a difference in users’ subjective perception
of whether they benefitted from the technology [36, 40].

While for second language learners, translation of text into
another language might be beneficial, translating English
text on websites into American Sign Language (ASL) would
not benefit all DHH individuals in the U.S., since there is
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great diversity in the levels of ASL proficiency [20]. In
addition, even for DHH users who are ASL signers,
providing ASL translations of English text on-demand is
currently infeasible: Requesting human sign-language
interpreters to translate texts online into ASL would be very
resource-intensive, and the state of the art for automatic ASL
machine translation is not yet sufficient for this task, as
discussed in [9]. Furthermore, research has found that
providing text-simplification not only has language-learning
benefits, but also when non-native readers were provided
with both translation and simplification technology, they
preferred simplification [17].

There are three main approaches to modifying text for
readability or understandability: syntactic simplification, in
which the structure of sentences or phrases are modified to
reduce grammar complexity; lexical simplification, which
involves identifying a complex word and replacing it with a
simpler synonym [43]; and hybrid approached that combine
both technologies. Table 1 shows an example of a sentence
simplified using both approaches, from [48§].

Original | The senators rejected the proposal from the Information
Technology Division of the Senate to change all computers in
the plenary room, alleging that public opinion would not
receive the disbursement willingly.

Syntactic| The senators alleged that public opinion would not receive the
disbursement willingly. Then, the senators rejected the
proposal from the Information Technology Division of the
Senate to change all computers in the plenary room.

The senators rejected the proposal from the Information
Technology Division of the Senate to change all computers in
the plenary room, alleging that public opinion would not
receive the expense willingly.

Lexical

Table 1. Example from [48] of syntactic and lexical
simplification (for lexical, the replaced word is shown in bold).

The three different approaches identified above may benefit
user-groups to a different degree, depending on their literacy
profile [40]. Prior work has revealed benefits from providing
syntactic simplification alone for DHH adults [27], which
aligns with research on word acquisition suggesting that
syntactic structure may be a key source of reading difficulty
for DHH readers [13]. However, more recent education
research has suggested that, in addition to syntax, vocabulary
knowledge also factors into the diversity in literacy levels
among people who are DHH [12, 28]. Furthermore, research
into the reading strategies used by DHH readers has
identified unfamiliar vocabulary as a key source of difficulty
in expository text [4]. This suggests that these readers might
also benefit from lexical simplification, especially for
expository text. Notably, prior studies with Ilexical
simplification among users with dyslexia [36] did not reveal
significant effects on comprehension scores, but participants
reported perceiving the text significantly easier to read and
understand under certain interface treatments. However, it
remains unknown whether automatic lexical simplification
would be beneficial for DHH readers or whether they would
be interested in — and perceive a benefit from — a system that
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provides this form of simplification alone (this second
question is investigated specifically in our study).

User Interface for Text Simplification

Aside from transforming the text itself, there has also been
research on reading-assistance tools that modify the layout
or visual appearance of a page of text, including research on
the user-interface design of such systems, e.g. inserting
whitespace between sentences in a paragraph [52],
highlighting portions of paragraphs [26], annotating text
[11], or changing font size and line spacing [38]. This
research indicates how visual design affects text readability.

Prior reading-assistance research with lexical simplification
has used various user-interface designs, varying in the level
of control users are provided and visibility as to what words
have been replaced. However, most prior user studies on
lexical simplification for reading assistance have focused
their investigation on the quality and effect of different
simplification methods, e.g. [33, 36, 40], rather than on the
user-interface design. In one such study, Rello et al
investigated the use of different simplification systems to
assist people with dyslexia, and one of their tools provided
simplifications on-demand. Participants felt that texts were
easier to understand when using the version that provided
simplifications on-demand, as compared to the original text
and a version that automatically simplified text before the
user saw it [37]. Thus, the authors indicated a need for further
research to investigate the user interface of such systems.
However, to the best of our knowledge, the effect of
providing on-demand choice in the user-interface design of
lexical simplification has not been further investigated.

User Autonomy

Prior HCI research has investigated the effect of providing
users with autonomy, with the concept sometimes referred to
by different terminology, e.g. agency, independence, or self-
determination [10, 19, 21]. This research has found that fine-
tuning the levels of users’ autonomy can increase motivation
and their desire to use software [19]. However, there are
tradeoffs: For instance, increased autonomy in an interactive
system may also increase the complexity or cognitive load,
and user autonomy may need to be limited in order to provide
greater security or privacy [21]. A workshop at CHI 2014
explored the topic of autonomy, which the organizers
defined as relating to a sense of agency or self-regulation
[10]. The workshop identified four spheres of autonomy in
HCI: (1) within a software design, which refers to the sense
of control the user has when using software, and has been
shown to impact motivation and engagement [19]; (2) the
creation of assistive technologies to increase autonomy in
daily life; (3) enabling users to design their own
technologies; and (4) helping users develop a sense of
autonomy through technology. While simplification as
reading assistance may fall under assistive technologies to
assist in daily life, our work focuses on investigating the
effect of user autonomy when using text simplification
within the software design.
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In the accessibility field, Rello ef al. [37] had speculated that
providing greater control with on-demand assistance
explained some of the benefit of simplification for users with
dyslexia in their study. ATS is an artificial-intelligence (AI)
technology, and in a recent paper on the ethics of Al-based
assistive technologies for DHH wusers, authors have
advocated for enabling DHH users to make their own choices
about when to deploy Al-based systems [25]. This sentiment
intersects with recently published guidelines for human-Al
interaction [2], which recommend that systems enable
efficient invocation of Al services when needed. Other
accessibility researchers have advocated moving away from
paternalistic approaches in accessibility technology design,
and instead towards approaches that provide users with more
choice or that support “inter-dependence” [23]. Given prior
work on the benefits of providing users with on-demand Al-
powered assistive tools, we investigate whether DHH users
of ATS reading-assistance tools prefer designs that provide
them with greater control over which words are simplified or
greater visibility of what words have already been modified.

RESEARCH QUESTIONS AND METHODS

We investigate two research questions, in the context of a
reading-assistance software system for DHH users, capable
of providing lexical simplification of words on webpages:

RQ1: Does providing a lexical-simplification reading-
assistance tool affect DHH users’ perception of their ease in
reading a text or perception of how well they understood it?

RQ2: Are DHH users’ subjective preferences about lexical-
simplification tools affected by whether they are provided
with greater autonomy (i.e. in requesting simplifications on-
demand or seeing what words have been replaced)?

We first conducted a preliminary study with 12 DHH
participants to evaluate a wide variety of prototype designs
for the user interface of a reading-assistance system with
lexical simplification. Our goal was to select a manageable
subset of conditions for our second study. Next, we
conducted an experimental study in which 25 DHH
participants compared working prototype systems. That final
experiment included a baseline system that did not provide
any lexical simplification (in support of RQ1 above) and a
system that automatically applied lexical simplifications
before the users saw the text (for RQ2).

PROTOTYPE

To investigate RQ2, we needed a set of prototype variations
for reading-assistance software that would enable us to
explore the concept of user autonomy. Based on prior work
on lexical simplification, we identified two principal design
dimensions that appeared relevant to this issue: how the user
initiates a request for a simplification (henceforth referred to
as user initiative) and whether the system provides some
visible indication that a simplification has occurred
(henceforth referred to as change visibility). The context of
our prototype is that it would provide reading assistance
while the user is visiting web pages, and it would therefore
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User Initiative Change Visibility
automatic - trace
modest as they are ever-present, unassuming as they are ever-present,
suggestions no trace

modest as they are ever-present,

no suggestions POP-UP | gyer-present
unassuming as they are ubiquitous, unassuming as they are

,{}3] ’

Figure 1: An article used for the video demonstrations in our preliminary study, with a zoomed-in view of what some text looked
like under different design variations for user initiative and change visibility, which were displayed to users in this study.

consist of some type of web browser enhancement or plug-
in, an approach recommended in [48].

Within the user initiative dimension, we identified five levels
based on an analysis of prototypes in previous research on
text simplification, with each level varying as to the degree
of autonomy it provided to the user:

1. As a baseline, we provided users with a non-interactive
prototype, in which the system automatically replaced all
the words with simpler versions available before the user
even saw the text [27, 37]. As illustrated in Figure 1, we
refer to this level as automatic.

2. Providing some additional user initiative, the replace all
version allowed the user to click on a button to
simultaneously replace all words on the page for which
simpler versions were available.

3. ATS software may not be able to provide a simpler
replacement for every word in a text, or it might
determine that the existing text is already simple enough
for the reader. Researchers have therefore sometimes
used text decoration, such as highlighting or text color
differences, to suggest to the reader which words in the
text the user may wish to simplify [6, 31, 36, 37]. We
refer to this level as suggestions.

4. Given that this text decoration would be added by the
system, we developed a variation of the suggestions level
that allowed the user more autonomy by providing a
button to activate or deactivate this decoration. In this
way, the user would be able to experience the web page
in its original intended appearance without any visual
decoration, and the system would not be suggesting that
they might want to simplify particular words. We refer to
this level as toggle suggestions.

5. Researchers in prior work have also created reading-
assistance tools in which the user was allowed to request
a simplification on any word they felt was complex,
without providing the user with any text decorations [37]
to suggest that they may want to simplify particular
words. We refer to this level as no suggestions.

In addition to design differences that influence user initiative
over the simplification process (listed above), we identified
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arelatively orthogonal design dimension in which prototypes
vary in the degree of change visibility, that is, whether the
system indicates to users retrospectively which words have
been modified. Along this dimension, we identified four
levels of increasing autonomy, with the perspective that
designs likely provide more autonomy if they clearly indicate
to the user which words have been changed, making it easy
to see what the original word had been, and minimize
blocking the onscreen text:

1. Researchers in prior text simplification work have
investigated providing simplified versions of text in a
separate region to the side of the window displaying the
text [40, 44], thereby leaving the original word in the text
visibly unchanged. We refer to this level as sidebar.

2. Researchers have also used pop-ups (small rectangles that
appear floating above the text near the word that has been
hovered-over) to provide the reader with a simpler word
while still allowing the user to see the original text [31,
36, 37]. We refer to this level as pop-up.

3. While the two options above would actually leave the
original word in place in the text, in this next design
variation, the word is replaced with a simpler synonym,
but some text decoration, e.g. a background highlight
color, is used to convey visually that a change has
happened [6]. We refer to this level as trace.

4. Lastly, we include a version, as a baseline, in which the
word is replaced without leaving behind any visible
indication that it had been replaced [8, 27, 37]. We refer
to this level as no trace.

Simplifications

While the state of the art in ATS has been increasing in
accuracy in recent years, for both the identification of
complex words and the selection of appropriate synonyms
(given the specific meaning of the word in context) [29],
ATS is still not perfect, with many potential places for errors,
which could be detrimental to reading rather than helpful
[42]. Thus, to ensure that the quality was kept constant across
texts, we used a Wizard-of-Oz approach to create the
simplifications for our prototype by using human-produced
simplifications aided by Par4Sim [51] (a semantic writing
tool that automatically identifies complex words, highlights
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them and suggests potential simplifications) and
SimplePPDB++ [29] (a resource containing lexical
paraphrase rules with readability scores). A team of three (2
Deaf researchers and 1 hearing researcher whose native
language is not English) used the following protocol to
obtain lexical simplifications for stimuli:

1. The researchers input the text into Par4Sim to begin
identifying complex words. While they used the complex
words suggestions from the system, they also read
through the text in case there were any complex words
the system had missed. The first-hand perspective of the
researchers as members of the Deaf community or as
someone who had learned English as a second language
was valuable in their identification of potentially
difficult-to-read words in the text.

2. After identifying all complex words, they would look at
the suggestions from Par4Sim.

3. If no Par4Sim suggestions were considered simpler or
fitting to the context, then they would query the
SimplePPDB-++ to consider other suggestions.

4. If nothing above provided satisfactory simplifications,
then they would perform a Google Search for a synonym,
until a simpler synonym was found.

PRELIMINARY STUDY

The factorial combination of both design dimensions, with
their 4 or 5 levels, would yield 20 prototype variations, which
was too many for comparison in an experimental study. So,
it was essential for us to conduct a preliminary study to
reduce this number. Thus, the main goal of our preliminary
study was to identify potential design variations that may be
preferred by people who are DHH for software to provide
lexical simplification on-demand.

Materials

Reading Stimuli. To show our participants various designs
for an ATS system, we needed to select a webpage with text
that could be simplified. Using an article from the
Smithsonian’s website TweenTribune!, which provides
news articles at various levels of reading complexity, we
created non-interactive high-visual-fidelity prototype videos,
demonstrating each level of our two design dimensions
discussed above. These videos were created using Safari in
an iMac 27-inch desktop. Each video lasted approximately
10 seconds and showed a user requesting 3 simplifications
on the first paragraph of the text. Given that this preliminary
study was formative in nature, we did not attempt to display
20 videos to users, with all combinatorial possibilities, which
may have been overwhelming. We instead provided a set of
video prototypes for each design dimension. Thus, videos for
the user initiative design dimension showed replacement of
words when simplification was triggered, without any visual
trace of which words had been replaced. The videos
illustrating various levels of change visibility showed a word

! https://www.tweentribune.com/article/teen/meet-female-inventor-behind-
mass-market-paper-bags/
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being clicked to trigger a replacement, without any visible
decoration on the word beforehand to suggest replacing it.

Additional Demographic Questions. In addition to
standard demographic questions, e.g. age, we also asked
participants about how they identify themselves, e.g. Deaf,
deaf, hard-of-hearing, etc. In addition, because there is great
diversity among DHH individuals in the U.S., especially in
regard to reading literacy skills, we also gathered additional
demographic information about our participants:

Specifically, we also asked our participants to respond to an
instrument that measured their English literacy skills and to
respond to a psychology questionnaire for measuring an
individual’s inclination toward autonomy, since this was a
focus of our work. Our intention was to provide future
researchers with sufficient information about our
participants, to facilitate any future replication of our study.

e English Reading Literacy: Following in the
methodology of [5], we administered the sentence
comprehension subtest of the Wide Range Achievement
Test 4th Edition (WRAT4) [50] to measure literacy
because it is brief, does not use audio stimuli, and has
been previously validated with users who are DHH [33].

e Autonomy: After considering some relatively longer
psychological instruments for measuring an individual’s
inclination towards autonomy, e.g. [14], we chose to
administer the relatively brief Index of Autonomous
Functioning (IAF) [49], consisting of 15 Likert items.

Data Collection Procedure

This formative study used an interview-based methodology
with a set of video prototypes, illustrating various levels of
design dimensions that were discussed with the user. After
the participant signed a consent form and answered
demographic questions, the interviewer explained the basic
concept of ATS tools and the scenario in which the user may
be reading a web page that contains unfamiliar words. Next,
the interviewer discussed each design dimension and showed
the participant all the videos for each. After each video,
participants were asked to discuss the advantages and
disadvantages of each; the goal of this was to encourage the
participant to carefully consider each option. After all the
videos for each dimension were shown, the participant was
presented with a screen with small pictures of each levels
simultaneously, and the interviewer asked participants to rate
how likely they were to use each version on a 6-point scale
(using an even number to avoid a middle point during this
preliminary study). At the end of the study, participants were
asked to provide feedback on the various visual text
decorations that had appeared in the prototypes, to determine
whether further adjustment of the designs would be needed.
Finally, participants completed the IAF and the sentence
comprehension subtest of the WRAT test was administered.

Page 5



CHI 2020 Paper

Recruitment and Participants

Deaf or Hard-of-Hearing participants were recruited through
email and social media; participants met with a research
assistant for a 70-minute study in a private office and
received $40 cash compensation. This study was approved
by our university’s institutional review board for the
protection of human subjects. The studies were conducted in
English or American Sign Language (ASL), at the
participant’s preference. We recruited a total of 12
participants. Participants’ self-identified gender included 7
male and 5 females, mean age of 24 (SD = 1.5). While 8
participants identified as culturally Deaf [32], 3 identified as
Hard-of-hearing and 1 as deaf. Participants’ standardized
average WRAT score was 84.1 (SD= 14.03); the average
WRAT score for U.S. adults is 100 [35]. The participants’
average IAF score was 3.8 out of 5 (SD = 0.32).

Results and Discussion

The goal of this formative study had been to help us to
narrow our set of prototypes to be included in our final
experimental study. We knew in advance that, in our final
experimental study, we wanted to include two “end points”
of the design space: (1) a baseline condition in which users
see a webpage without any text-simplification assistance
provided and (2) a version in which the complex words are
automatically replaced before the user sees the text without
any visual indication of which words have been changed
(thereby providing users with the least autonomy). Thus, our
goal was to identify 1-2 additional prototypes to include in
our final experiment. Notably, this formative study included
few participants, and it was not designed to be sufficiently
powered for statistical difference testing. Our goal was
simply to avoid making an arbitrary choice about which
prototypes to include our final experiment.

As Figure 2(a) illustrates, for the user initiative design
dimension, users expressed most interest in the foggle
suggestions prototype, while the no suggestions prototype
was a close second. The replace all and automatic were the
least preferred options. DHH users were most interested in
designs that did not provide visual suggestions about which
words can be simplified or enable users to toggle these visual
suggestion indicators on or off.

As for the change visibility dimension, in Figure 2(a) the
trace was first place, with pop-up second, no signifier in
third, and sidebar in fourth. Thus, users were interested in
designs that conveyed which words had been changed by
leaving a visual trace (e.g. some decoration on the text) or by
conveying simpler synonyms for a word using a pop-up
(without replacing the word in the text itself).

While we had found the top options for user initiative (toggle
suggestions and no suggestions) and for change visibility
(trace and pop-up), our goal had been to identify two
prototypes for our later experiment. So, we decided to
combine design elements as follows: (a) toggle suggestions
combined with trace and (b) no suggestions combined with
pop-up. Our rationale was that since the foggle suggestions
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User Initiative
Toggle Suggestions
No Suggestions
Suggestions
Replace All
Automatic

100 50 0 50 100

Percentage
(a) 102 3 41506
Change Visibility
Trace
Pop-up
No Trace
Sidebar
100 50 0 50 100
Percentage
(b) 102 3 41506

Figure 2. Participants’ response to a 1-to-6 scalar question on
how likely they were to use a system based on each level of the
user initiative and change visibility design dimensions, from 1
(very unlikely) to 6 (very likely). This small study was
insufficiently powered for statistical difference testing, but it
was meant to guide prototype selection for the main study.
Responses are displayed using a diverging stacked bar graph,
as recommended in [39].

option already introduced text decoration into the interface,
it was more natural for that to be paired with trace (which
also used text decoration to indicate modified words).

Based on feedback from DHH participants in this formative
study, we selected to use gray background color highlighting
to indicate suggestions and yellow background color
highlighting to indicate words which had already been
replaced. As part of our preliminary study, we also discussed
various design options with participants for how various
elements of the user interface might appear, and we asked
participants to share their thoughts about these alternatives.
Participants responded negatively to the concept of using
squiggly underlines, e.g. similar to the red underlines used in
Microsoft Word to indicate spelling problems, because
participants felt like such decoration indicated errors on the
page. In addition, traditional underlining or font color
changes were not preferred since they may look similar to
hyperlinks on a web page.

EXPERIMENTAL STUDY

The goal of our main experimental study was to answer our
research questions. RQ1 considered whether DHH users
report subjective improvements in the readability or
understandability of texts when using automatic reading-
assistance tools with lexical simplification, and RQ2
considered whether DHH users’ subjective impressions are
affected by the degree of autonomy provided by the system.
We examined several subjective measures that had been used
in prior work on reading assistance tools, which are
discussed below. In contrast to our preliminary formative
study above, in this subsequent experimental study, users
were provided with interactive prototypes. Guided by the
results of our preliminary study, we implemented the
following four interactive prototypes:
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xplaining the vivid colors of birds M

original
the quintessential birds

automatic
the typical birds

decoration

the quintesseq;cial birds

the typical birds

pop-up

typical

v

the # birds

Figure 3: One of the articles used as stimuli in our experimental study, along with zoomed-in views of how text appeared under the
four different conditions, e.g. clicking on a word in the decoration condition or hovering over a word in the pop-up condition.

1. A webpage with all the text in its original form without
any simplifications applied nor available was provided as
a baseline. We refer to this condition as original.

2. We provided a version in which all complex words were
already replaced, without any visible trace, before the
user saw the text. In terms of the autonomy provided to
the user, this was our least autonomous condition. We
refer to this condition as automatic.

3. We combined the foggle suggestions level for user
initiative with the frace level for change visibility, to
produce a system that provided decorations to suggest
complex words or to show words that had been
simplified. Since the system decorated and transformed
text upon user request, this was our medium autonomy
condition. We refer to this condition as decoration.

4. We combined the no suggestions level for user initiative
with the pop-up level for change visibility, to produce a
system that provided a temporary pop-up near any word
that can be simplified if the user hovers their pointer over
it. This was our most autonomous condition given that the
user could select any word and the text was never
replaced. We refer to this condition as pop-up.

Figure 3 illustrates each prototype. Readers should note that
the name “pop-up” had referred to a level of change visibility
in our formative study and now as the codename of one of
the four prototypes in our final experimental study.
Similarly, “automatic” had referred to a level of wuser
initiative in our formative study and now as a codename for
a prototype in our final experimental study. Given that the
prototypes corresponding to each of these labels were
essentially identical in both the formative and experimental
studies, these seemed to be the most logical codenames for
the prototypes, but we do note this identical nomenclature.

Materials

Reading Stimuli. In this study, we selected four texts from
the ScienceDaily website, as they were freely available and
were suitably complex, with Flesch-Kincaid grade levels

2 https://www.sciencedaily.com/releases/2008/09/080909204550.htm
https://www.sciencedaily.com/releases/2019/06/190626160339.htm
https://www.sciencedaily.com/releases/2016/11/161104101848.htm
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ranging from 12.3 to 17.6. All of the articles consisted of
research news about scientific studies concerning flying
creatures (honey bees, birds and fruit flies). All four texts had
a similar length: between 617 and 682 words, with an
average of 654. After identifying complex words and their
respective simplifications using our Wizard-of-Oz approach
as described above, between 40 and 70 complex words were
identified in each text. After applying all simplifications, the
Flesch-Kincaid grade levels ranged from 11.6 to 16.4. These
articles? originally contained a summary or abstract at the
beginning, which we omitted to prevent our participants
from simply reading the summary.

Subjective Evaluation Questions: To collect subjective
feedback from our participants about each of the prototypes,
we asked them to respond to three 5-point Likert-type
questions for each prototype. These questions were selected
based on having been used previously in prior work that had
evaluated  automatic  text simplification  systems.
Specifically, in our study, participants indicated their
agreement with each of the following:

e “This text was easy to read.” Several prior studies have
used a question like this, e.g. [37, 52];

e “I was able to understand this text well.” Prior studies
asked participants to indicate their perception of how
well they understood the text, e.g. [37, 38, 52].

At the conclusion of the entire study, participants were
reminded of the three prototypes they had used that had
provided some text simplification, and they were asked to
indicate whether they “would be likely to use” each. Our
rationale for not asking this question about the baseline
“original” condition was that asking the user how likely they
would be to use a tool, after simply showing a user a web
page without any text-simplification tool provided, would
have likely led to confusion among participants.

Comprehension Questions. To encourage participants to
pay attention to the texts that were displayed during the study

https://www.sciencedaily.com/releases/2019/08/190822141950.htm
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and to attempt to use each prototype to understand the
content, we informed participants that there would be a quiz
after each text. We developed 3 comprehension questions for
each text. These questions were modeled based on [16],
using a main idea, main fact and incidental question. We
made sure that none of the questions favored a particular
version of a word that could be simplified.

Data Collection Procedure

Participants first signed consent forms and responded to
demographic questions. Then, they were shown a set of
instructions describing the operation of each prototype.
While the four texts were presented in the same order, our
four conditions were rotated using a balanced Latin-Squares
schedule to ensure that neither variations in the complexity
of the texts nor the order of presentation of the conditions
affected our results. At the end of each text, participants
responded to the two subjective questions (listed above) and
then answered three comprehension questions about the text.
At the conclusion of the study, participants were shown
images of the three conditions that involved text
simplification (i.e. automatic, decoration, and pop-up) in the
same order that each individual participant had seen them.
Then, we asked them to rate how likely they were to use
each one of the conditions using a 5-point Likert-type
question. After providing their response for each condition,
they were asked open-ended questions about the rationale for
their responses. At the end of the experiment, participants
were administered the IAF and WRAT tests using an online
form, and then informed of the Wizard-of-Oz nature of our
system as part of a debriefing session.

Recruitment and Participants

This study was approved by our university’s institutional
review board. Participants were recruited through email and
social media, and the advertisement included our screening
criteria: identifying as Deaf or Hard-of-Hearing. Participants
met with a research assistant for a 70-minute study in a
private office and received $40 cash compensation. The
studies were conducted in English or American Sign
Language (ASL), at the participant’s preference. We
recruited 25 participants with mean age of 23.5 (SD =2.27),
including 10 self-identified as male, 14 as female and 1 as
non-binary. While 16 participants identified as culturally
Deaf[32], 3 identified as Hard-of-hearing and 6 as deaf. The
participants’ average IAF score was 3.68 out of 5 (SD =
0.36), with an average WRAT score of 83.04 (SD = 12.38).

Results

Figure 4 displays participants responses to the subjective
questions in our study that compared all four conditions,
including the baseline condition. In this graph, significant
pairwise differences are indicated with asterisks as follows:
% 4f p<0.001, ** if p<0.01, or * if p<0.05. The statistical
analysis performed for each question is described below.

After reading each text, we asked participants to indicate
how much they agreed with: “This text was easy to read.” A
Friedman test indicated a significant difference (y~ = 7.9682,
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This text was easy to read.

Original
Automatic
Pop-up
Decoration
100 50 0 50 100
Percentage
(a) Strongly Disagree ' Disagree Neutral " Agree il Strongly Agree

| was able to understand this text well.

Original
Automatic :|’
. *

Pop-up
Decoration
100 50 0 50 100
Percentage
(b) Strongly Disagree ' Disagree Neutral " Agree l Strongly Agree
Comprehension Scores
100%
75% *
* 2
50%
25%
0%
(C) Original Automatic Pop-up Decoration

Figure 4. Participants’ responses to questions about all four
conditions in the experimental study, including subjective
Likert-scale responses for (a) the text was easy to read and (b) 1
was able to understand this text well, with significant pairwise
differences marked with asterisks (* p <0.05). In (c), analysis
on objective comprehension questions did not reveal any
significant differences between the four conditions.

| would be likely to use:
Automatic
*
| T
Pop-up :|i
Decoration

0
Percentage
Strongly Disagree = Disagree Neutral " Agree il Strongly Agree

100 50 50 100

Figure 5. Participants’ agreement to a Likert-scale question,
presented at the end of the study, as to whether they would be
likely to use each of the three simplification conditions, with
asterisks marking significant pairwise differences (** p<0.01,
*** p<0.01).

p = 0.047), yet post-hoc pairwise comparison using
Wilcoxon Signed Rank tests with Bonferroni corrections did
not reveal any significant pairwise differences.

We asked participants to indicate how much they agreed
with: “I was able to understand this text well” for each
condition. A Friedman test indicated a significant difference
(> = 16.261, p-value = 0.001), and post-hoc pairwise
comparison using Wilcoxon Signed Rank tests with
Bonferroni corrections revealed significant pairwise
differences between the following: original / pop-up (p =
0.042) and original / decoration (p = 0.012).

After the two subjective questions, participants answered
three comprehension questions about information from each
article, via multiple-choice questions. The average scores for
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these questions across the four conditions are shown in
Figure 4(c). One-Way repeated measures analysis of
variance (ANOVA) did not reveal any significant differences
between the conditions.

Next, participants were reminded of the 3 simplification
conditions (with pictures of each), and they were asked to
indicate how much they agreed with the statement “I would
be likely to use a system like this.” Figure 5 displays
participants’ responses. A Friedman test indicated a
significant difference ()> = 18.731, p = 8.562¢-05). Post-hoc
pairwise Wilcoxon Signed Rank tests with Bonferroni
corrections indicated significant differences between some
pairs: automatic /| pop-up (p = 0.00461) and automatic /
decoration (p = 0.00049). Finally, participants shared
feedback comments about all four conditions in the study.

DISCUSSION

RQ1: Perceived Benefit from Lexical Simplification. We
did not observe any significant differences across conditions
in users’ scores on objective comprehension questions, but
users indicated stronger agreement with “I was able to
understand this text well,” for both the pop-up and
decoration conditions, compared to the original condition
(without any lexical simplification provided). This finding is
in line with prior research on lexical-simplification tools for
users with dyslexia, in which no difference was found on
objective comprehension scores, yet participants reported
subjectively that simplification provided on-demand made
texts easier to understand [36]. Additional research is needed
to determine if there is any objective benefit from this
technology, i.e. as measured through comprehension
questions or some other method. A challenge is that prior
methodological research on evaluation of assistive
technologies for users who are DHH with diverse literacy-
levels has suggested that some measurement instruments
(types of questions used in studies) exhibit bias in regard to
DHH users’ literacy [5]. Thus, additional methodological
research is needed on how to measure the effect of lexical
simplification among adults who are DHH at various literacy
levels. Assuming that an objective benefit of this technology
can be established, then there would be motivation for future
computational linguistic research, specifically methods for
tailoring the output of automatic simplification tools for
these users, which has been important for other groups [31].

RQ2: Providing Simplifications On-Demand. In our
results above, the pop-up and decoration conditions received
higher scores on the “likely to use” question, in comparison
to the scores for the automatic condition. Thus, DHH users
believed they would be more likely to use reading-assistance
tools that provide simplifications on-demand, suggesting that
users preferred greater autonomy in such tools. This finding
aligns with speculation by authors in [36] that some of the
benefits they observed from simplification tools for users
with dyslexia were due to one of their prototypes providing
assistance on-demand [36].
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When asked about the reasons for their responses in our
study, DHH participants mentioned a variety of reasons for
why they preferred the on-demand forms of simplification
(pop-up or decoration), including: a desire to have a choice,
a desire to see the original text, and a desire to learn new
words. When commenting on their preference for the pop-up
condition, for instance, participant P13 commented:

“I may already know the word and may choose to skip the
simpler word conversion but that choice wasn't made for me
already. I can choose whether to do [it] or not.” - P13

In terms of the desire to see the original text, participant P24,
e.g., expressed concerns about missing important
terminology for a class if the text is automatically replaced:

“I am not so sure about this method because if [ am reading
this article for a class, I would prefer to know all the terms
that will be brought to class from this article.” - P24

In particular, the issue of learning new vocabulary was the
most frequently mentioned reason by participants, e.g.:

“I like to know what words were originally used. I have no
way of know what words were used when it was
automatically simplified, therefore no way to learn.” - P21

Our results expand on the HCI literature on autonomy by
illustrating that, in the context of lexical simplification, DHH
users prefer control in requesting simplifications on-demand
and in seeing what portions of text have been transformed.
This finding is in line with prior research that had found that
increasing users’ sense of autonomy within a software
environment may increase their engagement with it [19]. Our
DHH participants indicated they would be more likely to use
tools providing them with greater autonomy.

Our results also have implications for researchers in the field
of ATS who want to test the quality of their simplification
methods, by highlighting that whether those simplifications
are provided on-demand may have an effect on the subjective
judgements of their users.

Tradeoffs between On-Demand Prototypes. While DHH
users preferred the two on-demand prototypes (pop-up or
decoration), as compared to the other conditions (original or
automatic), we did not observe any significant difference
between their preferences for pop-up and decoration. In
open-ended comments, DHH participants did mention some
trade-offs between these two conditions, which relate to the
different levels of autonomy provided by each. For instance,
when discussing the pop-up condition, participants
mentioned that the pop-ups could be distracting, and some
participants disliked having to hover over a word to find out
whether the system was capable of providing any
simplifications for it. However, other participants indicated
that they appreciated that it kept the original text and allowed
them to see both the complex word and its simpler synonym
at the same time. For instance, participant P9 commented:
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“I like [the pop-up] more than the highlighting option,

because it allows me to basically know an easier synonym of
a difficult word, but allows me to reread the text at the level
its at rather than a simplified version since I will know what
the difficult word means.” - P9

As for the decoration condition, participants found it to be
less distracting than the pop-up condition, and they
mentioned that it was helpful to know which words they
could click on. Participant P16, for instance said:

“I actually like this method because it allowed me to learn
more vocabularies and it was not distract at all like pop up.
If there is a word that I am curious to know the meaning and
I would click it to see it. Also, unlike pop up, you don't have
to move mouse around to find which word that has pop up
because highlight is already there and it doesn't bother me
when I read the article.” - P4

However, some participants commented that clicking may
take longer than hovering over words, and some were
concerned about not being able to see both the original word
and its simpler replacement word simultaneously.

LIMITATIONS AND FUTURE WORK
There were several limitations in our study, which may limit
the generalizability of this work or suggest future research:

e We have only investigated one type of text simplification
(lexical), and it is important to clarify that we are not
implying that lexical simplification alone is sufficient for
addressing text readability challenges among DHH users.
Instead, we chose to investigate lexical simplification in
this study because we had perceived a gap in the literature,
i.e. with prior computing research having previously
investigating syntactic simplification among adults who
are DHH [27]. We foresee the need for future research to
investigate the preferences among these users for lexical,
syntactic, and hybrid/combined simplification tools.

e While we have provided information about the level of
difficulty of the texts shown in our study, which were
rotated across conditions, these texts did not have identical
Flesch-Kincaid scores. To further mitigate this lack of
control over the texts’ difficulty, we shall use a Greco-
Latin square design to rotate conditions in future work.

e Our study did not include a baseline condition that
displayed original text with decoration around complex
words, without any text simplification provided. Such a
baseline could have revealed whether the observed effect
on perceived readability might arise from text decoration
alone, which could have led to response bias [46], rather
than from actually providing lexical simplification.

e This study included one form of objective measure
(comprehension questions), but future work can explore
other measurements (e.g. reading speed or eye-tracking).

e The responses gathered in our study may not be
representative of a group of DHH individuals with a
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different distribution of ages, genders, identity (Deaf, deaf,
or hard of hearing), etc. To enable replication of our work
or for readers to better interpret our findings, we have
provided these demographic characteristics, as well as
WRAT scores (reflecting English reading literacy level)
and IAF (reflecting the personality characteristics of the
individuals in the study, in regard to autonomy). A further
study with a larger group of participants or individuals
with a different range of such characteristics may be
needed to understand the range of opinions across an even
more diverse set of DHH users.

e We used a Wizard-of-Oz method for identifying complex
words and providing simplifications; there is a risk that the
output provided may differ from an automatic system.
Specifically, an automatic system may sometimes provide
erroneous word replacements (that change the meaning of
the text), and a future study would be needed to investigate
DHH participants’ evaluation of on-demand simplification
systems with some errors in the simplifications provided.

e We used an initial study to select a subset of possible levels
of user initiative and change visibility to include in our
final study, but that first study was underpowered and used
formatively in this work to avoid our arbitrarily selecting
prototypes for comparison. In future work, a full factorial
experiment with a larger sample size may enable us to
determine the best combinations of both user initiative and
change visibility. A future study could also focus on how
the trade-offs of varying the level of user autonomy may
make certain variations more appropriate for specific
conditions (e.g. different kinds of webpages or tasks).

In current work, we are investigating properties that affect
the complexity of words for DHH readers, as well as how to
best evaluate text simplifications with this user group.

CONCLUSION

Our study investigated lexical simplification in automatic
reading-assistance tools for English text for DHH users. Our
study did not reveal any measurable, objective benefit for the
comprehension of texts among DHH readers, but it did reveal
that users perceived certain designs incorporating lexical
simplification as beneficial and that providing a sense of
autonomy influences DHH wusers’ acceptance of such
reading-assistance tools. Specifically, having investigated a
variety of designs that vary in the degree of autonomy they
provide (i.e. control of what words are replaced and visibility
of past replacements), we found that DHH adults indicate
they are more likely to use systems with greater autonomy.
Beyond the implications of this finding for research on
reading-assistance tools, this contributes more broadly to
HCI research literature on autonomy, i.e. providing evidence
of'its benefits for these users and task, while identifying some
tradeoffs that arise in this context.
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