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The Easy-to-Read guidelines recommend visual support and lexical simplification to facilitate text processing, but
few studies have empirically verified the efficacy of these guidelines. This study examined the influence of these
recommendations on sentence processing by examining eye movements at the text- and word-level in adult
readers. We tested 30 non-university adults (low education level) and 30 university adults (high education level).
The experimental task consisted of 60 sentences. Half were accompanied by an image and half were not, and half

contained a low-frequency word and half a high-frequency word. Results showed that visual support and lexical
simplification facilitated processing in both groups of adults, and non-university adults were significantly slower
than university adults at sentence processing. However, lexical simplification resulted in faster processing in the
non-university adults’ group. Conclusions focus on the mechanisms in which both adaptations benefit readers,
and practical implications for reading comprehension.

1. Introduction

Reading is an extremely complex cognitive activity, which not only
involves decoding words, but ultimately aims at an understanding of
what has been read and a transformation of the reader’s prior knowl-
edge. According to the latest report from the Program for the Interna-
tional Assessment of Adult Competencies (PIAAC), the average scores
obtained in reading comprehension by adults between 16 and 65 years
of age across all participating countries was Level 2 (Ministerio de
Educacion, Cultura y Deporte, 2013). This level indicates that the
readers can complete simple reading tasks and that they can locate in-
formation in a short text. However, they will have difficulty extracting
information from longer and more complex texts. Perhaps more sur-
prisingly, many developed countries fall well below this average,
including the United States and European countries such as Spain and
Italy.

In a meta-analysis by Tighe and Schatschneider (2016b) with 16
independent studies and 2707 participants, it was observed that six
reading skills were highly related to reading comprehension of strug-
gling adult readers, one of them being (oral) vocabulary (Hedges’ g =
0.52). In addition, research has indicated that when other reading skills
are controlled for, such as decoding (Hall et al., 2014; Taylor et al.,
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2012), fluency (Taylor et al., 2012), and morphological awareness
(Fracasso et al., 2014; Tighe & Schatschneider, 2016a), vocabulary re-
mains a significant predictor of comprehension, particularly in strug-
gling adult readers, with medium and small effect sizes (F-Squared, f* =
0.20 for Hall et al., 2014; 0.14 for Taylor et al., 2012; 0.10 for Fracasso
et al.,, 2014; 0.05 for Tighe & Schatschneider, 2016a). Therefore, vo-
cabulary seems to play a key important role in reading comprehension.

Given the importance of vocabulary, the level of lexical complexity is
a key consideration when making reading materials accessible for those
who have difficulties in reading comprehension or those with low lit-
eracy levels. The International Federation of Library Associations and
Institutions (IFLA) and the ILSMH European Association, known today
as Inclusion Europe, have proposed general recommendations and
guidelines to make reading materials more accessible (Freyhoff et al.,
1998; Tronbacke, 1997). The materials developed within these guide-
lines and recommendations are called “Easy-to-Read”. Likewise, in
Spain, guidelines and recommendations for the preparation of docu-
ments in Easy-to-Read style have been published (Asociacién Espanola
de Normalizacion, 2018). Two important recommendations contained
within the guidelines relate to the use of simple language with
frequently used words and to the use of visual support to accompany
text, both of which are the focus of this paper. However, since perceived
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text difficulty is the main recommended measure for testing successful
adaptations, little attention has been paid in that field to the existing
empirical literature on the specific effects of visual support and lexical
simplification on reading comprehension and processing (Asociacion
Espanola de Normalizacion, 2018).

1.1. Visual support and lexical simplification

Visual support (i.e., visual representation) has a prominent position
in Easy-to-Read guidelines. Images, illustrations, and/or symbols can
accompany text, so that if a reader encounters an unknown word, the
visual representation can be used to bootstrap understanding of the text,
allowing the reader to obtain the intended meaning. It is well known
that children partially learn to read using various kinds of visual sup-
port. It has been proposed that illustrations can provide information
about content that is not part of everyday experience (Hibbing &
Rankin-Erickson, 2003), and can help when text contains unfamiliar
words and/or complex grammar (Montag et al., 2015). In adults, it
might seem that images are no longer relevant for understanding written
information, since books for adult and skilled readers usually only
contain text or very few visuals.

However, some research suggests that images continue to facilitate
lexical access especially to familiar words, with a large effect size (g =
—1.02, Qu et al., 2016). In addition, several studies with individuals
with comprehension difficulties and/or disability have directly evalu-
ated the facilitation of comprehension in easy and difficult texts with the
use of images or symbols, although with some conflicting results. For
example, Dye et al. (2007) evaluated the ability of participants with
intellectual disabilities to give consent with a questionnaire, accompa-
nied by photographs that complemented the information, compared to a
control version (information followed by the questionnaire) and a sec-
tion version (information presented in sections and asking questions
after each). They found no significant differences in the ability to con-
sent between the experimental conditions.

Poncelas and Murphy (2007) and Jones et al. (2007) examined the
influence of texts with symbols on the reading comprehension of people
with intellectual disabilities and people with learning disabilities,
respectively. While Poncelas and Murphy found relatively low levels of
comprehension, with no significant differences between text only and
text with symbols, Jones et al. (2007) did find an impact of visuals.
Therefore, the type of visual support that accompanies the text seems to
be important, and it also seems that any type of visual support does not
serve to support the reading comprehension of every population with
disabilities. Also, the effect sizes of these studies were mostly small
(Hedges’ g = —0.26 for Dye et al., 2007, p. 0.22 for Jones et al., 2007, p.
0.49 for Poncelas & Murphy, 2007).

However, a recent meta-analysis examining 39 experimental studies
(20 with college students or older adults) found that the inclusion of
graphics had a moderate overall positive effect (Hedges’ g = 0.39) on
students’ reading comprehension, regardless grade level (elementary,
secondary, and adults), suggesting that visuals can improve reading
comprehension for students without disabilities or specific comprehen-
sion issues (Guo et al., 2020).

Lexical simplification is another aspect considered in Easy-to-Read
guidelines. This consists of the substitution of low-frequency words,
which may be unfamiliar to many people, with higher frequency words,
which are more commonly known and more often used in oral language.
Lexical simplification is considered in these guidelines because vocab-
ulary is known to be a significant predictor of reading comprehension,
especially in adult struggling readers (Tighe & Schatschneider, 2016b)
and in less proficient adult readers who do not use phonological codes
for word recognition (Chace et al., 2005) or do so less efficiently (Binder
& Borecki, 2008). Word frequency is a (lexical) variable that has been
extensively studied in the field of psycholinguistics and has a rich history
in the eye-movement reading literature (e.g., Inhoff & Rayner, 1986;
Just & Carpenter, 1980; Rayner & Duffy, 1986; Staub et al., 2010). Word
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frequency is correlated with the speed of lexical access, such that
higher-frequency words are processed faster than low-frequency words
(e.g., Ashby et al., 2005; Hyona & Olson, 1995; Inhoff & Rayner, 1986;
Rayner & Duffy, 1986; Rayner & Fischer, 1996; Rayner et al., 1996).
Estimates suggest less frequent words receive 20-60 ms longer fixation
durations, even after controlling for word length.

1.2. Eye-movements measures

Eye tracking has been used to investigate the cognitive processes of
young readers while reading illustrated texts (Hannus & Hyona, 1999;
Jian, 2017; Mason et al., 2015; Mason, Pluchino, et al., 2013; Mason,
Tornatora, & Pluchino, 2013). Previous studies using eye-tracking
measures support the idea that the presence of illustrations improves
reading comprehension and learning of the illustrated text content,
although most suggest that it only occurs in those with high abilities. For
example, Hannus and Hyona (1999) studied the effects of illustrations
on the learning of authentic textbook materials among 10-year-old pri-
mary school children with high and low intellectual ability. They found
that comprehension scores improved with the presence of illustrations
for high-ability children, but not for low-ability children. Moreover,
although no differences were found in the amount of time spent
inspecting textbook illustrations, different patterns were observed:
high-ability children made more back-and-forth looking between text
and a corresponding illustration. Along the same lines, Mason et al.
(2013b) evaluated the text and graphics processing of fourth grade
students while reading an illustrated science text and found that those
students with higher performance on learning tasks were associated
with higher integrative text-graphics processing (a longer inspection
time of the picture during the first encounter with it, more integrative
transitions from one representation to the other, longer fixation time on
the illustration while re-reading the text, and a longer fixation time on
the text while re-inspecting the picture). Likewise, Jian (2017) evalu-
ated the reading strategies and comprehension of illustrated biology
texts from an elementary school science textbook in two groups with
different visual literacy: fourth graders and university students. The
results showed a better performance of the university students, in
addition to different eye movement patterns. Adults exhibited two-way
reading paths for both text and illustrations, whereas fourth graders’ eye
fixations only went back and forth within paragraphs of text and be-
tween illustrations. Therefore, research studies in this area support the
idea that the greater the ability to integrate both elements, text and
visual support, the greater reading comprehension and learning.

Eye tracking also permits the analysis of cognitive processing related
to reading comprehension (for a review, see Rayner, 1998). A large body
of evidence suggests that some variables are related to both lexical and
higher-level linguistic processing, and that these variables affect the
duration of fixations. There are also studies which suggest that reading
ability may influence word processing time and re-reading patterns,
such that unskilled readers (or readers with language/learning disabil-
ities) will have longer fixation durations and an increased number of
regressions (Everatt & Underwood, 1994; Rayner, 1998; Underwood
etal., 1990). Ashby et al. (2005) compared the reading of ‘highly skilled
and ‘average proficiency’ readers, who were grouped according to per-
formance on vocabulary and comprehension tests. They observed that
average-proficiency readers read target words more slowly, made more
regressions, and spent more time re-reading than highly skilled readers,
even in relatively simple sentences. Similarly, Barnes et al. (2017)
investigated the reading skill of adults enrolled in a basic education
program (i.e., a low literacy sample). Participants showed longer fixa-
tion durations, made a greater number of regressions, and showed
longer overall reading times, than did “normatively” educated adults,
with large effect sizes (g between 1.37 and 2.10). According to Barnes
et al., this pattern of results was due to lower reading fluency, poor
ability to recognize and read words, and poor comprehension. However,
in this study participants read passages aloud, and it is known that



M. Rivero-Contreras et al.

fixation durations tend to be longer compared to silent reading, partic-
ularly in cases in which reading aloud is not a practiced skill (Rayner,
1998).

1.3. The present study

In the current study, non-university-level students and university-
level students read a series of sentences, while their eye movements
were monitored. Half of the sentences were accompanied by a related
image, while the other half were not. In addition, we manipulated one
word in the sentence, so that half of the sentences contained a low-
frequency (target) word, and the other half contained a high-
frequency (target) word. These manipulations were implemented in a
blocked design, in which participants read 15 sentences in each of the
four blocks in each condition. Participants’ understanding of each sen-
tence was assessed via a yes/no (true/false) comprehension question.
Our hypotheses were formulated around on three main research
questions:

RQ1. Do visual support and lexical simplification facilitate sentence
comprehension and processing?

RQ2. Is there an interaction between visual support and lexical
simplification?

RQ3. Are the effects of visual support or lexical simplification
moderated by education level (i.e. is there an interaction between visual
support or lexical simplification and education level) ?

We measured the impact of visual support and lexical simplification
on comprehension accuracy (where we expected a positive impact of
both inclusion of visual support and lower word frequency), but also on
eye-tracking measures at the sentence and target levels (see the Method
section for the specific variables). Reading times for a word before
continuing to read the rest of the sentence (gaze durations) are indica-
tive of the earlier processing and lexical access to each word. Total
fixation durations for the sentences or for the target are considered to be
an indicator of the processing the words in the sentence and integrating
their meaning into an overall mental representation of the text. Re-
gressions (returning to a word after it has been read for the first time) are
an indicator of how easy or difficult it may be to integrate the word into
the text.

For RQ1, we hypothesized that visual support would facilitate the
processing of sentences, resulting in faster total reading times and fewer
regressions across the text. Although some studies have found no sig-
nificant differences with co-present visual support, such as images or
symbols (Dye et al., 2007; Poncelas & Murphy, 2007), we expected
differences in this study because the images were visual representations
of the content of the sentences, and this should facilitate the construc-
tion of the mental representation of the sentence meaning. We also ex-
pected a possible impact on early word processing, with the presence of
pictures reducing gaze duration. Regarding lexical simplification, we
hypothesized that high-frequency words would also facilitate reading.
We expected a clear impact on reducing gaze duration in the target
word. This is a well-documented effect in skilled readers. Since lexical
simplification affects only the target word, we did not expect reductions
in early processing times (gaze duration) for the sentence as a whole.
However, more frequent vocabulary, albeit in one word in the sentence,
could facilitate the construction of sentence meaning, and thus reduce
global sentence reading time and the proportion of regressions also
across the sentence. These hypotheses were consistent with River-
o-Contreras et al. (2021), who found that both adaptations could benefit
readers with different levels of print exposure and vocabularies (with
medium and large effect sizes for visual support, r]ﬁ} between .11 and
.43; and large effect sizes for lexical simplification, r]% between .17 and
.58), in a study including dyslexic readers. It remained to be seen
whether this effect was also observed in readers with lower education,
although we expected it to be the case.
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With respect to RQ2, we hypothesized that the facilitation effect of
visual support for the target words would be greater with low-frequency
words (i.e., with co-present visual support, the difference between high-
and low-frequency words would be reduced). This effect was expected
both for early (gaze duration) and later processing measures. This is
because the image will enable comprehension of at least “gist”-type
content and can do so quite quickly. Castelhano and Henderson (2008)
explored how quickly information is extracted from a scene to activate
gist through a brief presentation of a scene followed by the name of a
target object. The target object was either consistent or inconsistent with
the scene gist, but was never actually present in the scene. Scene gist
activation was assessed as the degree to which participants responded
"yes" to consistent versus inconsistent objects (response bias produced
by scene gist). The results showed that the scene gist was activated after
an exposure of only 42 ms and that the strength of the activation
increased with longer presentation durations. Thus, in the present study,
we expected that the effect of the inclusion of an unknown or otherwise
difficult-to-process word would be reduced (if not eliminated) when
texts were accompanied by pictures. In contrast, with no image present,
we expected a standard word-frequency effect. In relation to RQ3, we
hypothesized that the visual support and lexical simplification would
benefit non-university adults more than the university adults, across all
measures. Considering that vocabulary is a significant predictor of
reading comprehension, particularly in adult struggling readers (Tighe
& Schatschneider, 2016b) and that less proficient adult readers do not
use phonological codes for word recognition (Chace et al., 2005) or do so
less efficiently (Binder & Borecki, 2008), we expected that these two
adaptations, individually, would each provide greater support for par-
ticipants with a lower educational level and would make up for the
vocabulary and other language limitations they may have due to less
reading and educational experience. Thus, we expected more reduced
reading times and regressions, as well as increased comprehension in the
non-university group in response to pictures and higher word frequency.
We did not have specific hypotheses with respect to a possible three-way
interaction between the picture and word-frequency conditions and
educational level.

2. Method
2.1. Participants

Sixty Spanish students aged between 16 and 58 years took part in this
study. The sample was divided into two groups (see Table 1). The first
group was composed of 30 students of adult-education schools in rural
areas (N-UNI), who were studying for a General Certificate of Secondary
Education (GCSE), and vocational schools, where only a few already held

Table 1
Demographic data and intelligence broken down by group.
N-UNI (N = 30) UNI (N = 30) p-
M (SD) Range M (SD) Range value
Age (years) 28.16 16.70-48.40 26.30 20.60-58.80 .45
(11.08) (7.65)
Years of 12.10 8-17 18.77 15-25 <.001
schooling (2.22) (2.84)
K-BIT (verbal 94.43 78-110 111.5 94-133 <.001
1Q) (9.57) (7.87)
K-BIT (non- 88.40 69-111 112.7 100-126 <.001
verbal 1Q) (10.32) (6.76)
K-BIT (total 87.80 74-107 111.3 97-131 <.001
1Q) (8.29) (6.85)
DELE (score) 4.93 1-9 9.63 7-12 <.001
(2.02) (1.22)

N = number of participants; M = Mean; SD = Standard Deviation; IQ = intel-
ligence quotient; N-UNI = students of adult schools; UNI = university students;
K-BIT = Brief intelligence test of Kaufman; DELE = Spanish as a Foreign Lan-
guage Diplomas.
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the GCSE. The second group was comprised 30 university-level students
(UNI), who were in the process of obtaining an undergraduate, Masters,
or PhD degree. These students were recruited in a School of Psychology.
Participants who were not native Spanish speakers were excluded. So
were participants with intellectual disability, neurobiological/neuro-
developmental disorder, or other difficulty related to reading ability (e.
g., dyslexia, speech disorders) and sensory disorders (e.g., hearing
impairment). The two groups were matched in terms of gender (21 men
and 9 women in both groups) and age.

The recruitment and selection process were as follows: first, the first
author attended the classrooms of the educational centres. There, she
reported on the study and asked for participation. Students who wanted
to participate provided their contact details for later contact. Only one
participant was not selected on suspicion of having an intellectual
disability.

The Ethical Committee in Regional Biomedical Research of Anda-
lusia approved the procedures for recruitment and collection of data.
Informed written consent of the participants was obtained before the
tests were carried out.

Sample size was restricted by availability and access to age-matched
non-university participants. A sensitivity power analysis for 30 partici-
pants per group, with a .05 level of significance (alpha level) and power
of 0.80 was computed using MorePower 6.0 (Campbell & Thompson,
2012). The minimal statistically detectable effect for a three-way mixed
interaction was calculated at a partial eta squared of 0.13, a large effect
size (for a medium effect size of r]g = .06, power was reduced to 0.47).

2.2. Materials

2.2.1. Background measures

The following evaluation instruments that were used to characterize
the sample:

The Kaufman Brief Intelligence Test (K-BIT) measures general
intelligence of people aged 4-90 years (Kaufman et al., 2000). It consists
of two subtests (vocabulary and matrices), providing verbal and
nonverbal intelligence scores, and a combined score summarizing
overall performance. Internal consistency reliabilities for ages 15-90
averages 0.92 for the overall K-BIT IQ Composite (from 0.83 to 0.96),
0.80 for the Vocabulary subtest — Verbal IQ (from 0.76 to 0.95) and 0.89

Low-frequency target word
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for the Matrices subtest — Non-verbal IQ (from 0.82 to 0.93). Test
administration takes approximately 20-30 min.

Spanish as a Foreign Language Diplomas (Diplomas de Espanol
como Lengua Extranjera - DELE) evaluates the level of Spanish. It
includes four sections: reading comprehension, expression and written
interaction, listening comprehension, and oral expression and interac-
tion. For this study, Tasks 1 and 3 of the reading comprehension subtest
were used. These are composed of two texts with six multiple-choice
questions, producing a total score based on the number of correct an-
swers. The internal consistency reliability of DELE was 0.75. Adminis-
tering this test takes approximately 20-25 min (Instituto Cervantes,
2014).

2.2.2. Experimental manipulation

The Sentence Processing Task used a 2 x 2 x 2 (Picture: present vs.
absent, Frequency: high vs. low, Group: non-university vs. university)
mixed design, in which Picture and Frequency were within-subjects and
Group was between-subject factors. Participants completed two practice
trials and 60 experimental trials (15 per condition), which were pre-
sented in a random order (within each block) for each participant (see
Fig. 1). The frequency of target words was established using the Spanish
word database LEXESP (Sebastian, 2000). The frequencies-per-million
mean of low-frequency (target) words in the corpus was 3.20 (SD =
3.60). For high-frequency words the frequencies-per-million mean was
33.55 (SD = 43.03). This difference was statistically significant t(59) =
—5.51, p < .001, d = —0.99. The low- and high-frequency target words
were similar in length (n £+ 1), and nouns, adjectives, and verbs were
used equally. Sentences ranged in length from 15 to 22 words (M =
17.90). The only difference between sentence pairs was the frequency of
the target word, since the manipulation only changed this word. These
sentences had one or two subordinate clauses. The images, which were a
visual representation of the sentences, were created by a graphic
designer once the sentences were validated in the Sentence Norming
Pre-Study (next section). All the main elements of the sentences were
visually represented in the scene (i.e., contextualized), including in the
target word. Words that expressed emotions were visually represented
with the non-verbal/gestural language of the protagonist. The images,
when present, were positioned below the sentence and centered on the
screen (see Fig. 1). After each sentence, participants were presented with

High-frequency target word

Edward is on the beach scanning the sky because he wants to see a Edward is on lhe beach waching the sky because he wants 1o see a
shooting star. shoaling star,

o

=1y

]

g

=]

=1

z
Edward is on the beach scanning the sky becsuse he wanis to see a Edward is on the besch waiching the sky becsuse he wanis 1o sea a
shooting star. shooling star.

o

T4

&

=

=

=]

Fig. 1. Example item for each of the four within subjects conditions. The underlined word is the target word.
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an auditory inferential statement, in which they needed to indicate
whether the statement was “true” or “false” based on the preceding
sentence. Internal consistency reliability for the task was 0.70 (0.68 for
statements of sentences with a low-frequency word; 0.73 for statements
of sentences with a high-frequency word; 0.71 for statements of sen-
tences without an image; 0.66 for statements of sentences with an
image). Following each block of 15 trials, participants were asked to
indicate the degree of difficulty (“How easy has it been to understand
these sentences?”) on a scale from 1 (very easy) to 5 (very difficult). The
sentence processing task took approximately 20-30 min to complete.

Sentence Norming Pre-Study. Prior to the study, the sentences
were validated by 100 students from the University of Seville. Two
versions of each sentence were presented: original (low frequency) and
with lexical simplification (high frequency). The students sorted each
pair in terms of difficulty (1 = easy, 2 = difficult). Results showed that
sentences with lexical simplification (M = 1.49, SD = 0.13) were rated
significantly easier than the original sentences (M = 1.91, SD = 0.09).
This difference was statistically significant {(59) = 17.91, p < .001,d =
—3.76.

2.3. Procedure

The sentence processing task was carried out individually. Each
participant was assigned to one of four lists so that s/he would only read
each sentence once. First, participants read a set of instructions with the
details of the procedure. Next, two example trials were completed.
Following this, a nine-point calibration and validation procedure was
carried out. The participant fixated nine points on the screen, and a
maximum of 1.00 degree of deviation between point and record was
required before they could proceed. Calibration and validation were
repeated before each block, which allowed rest breaks during the
experiment.

The sentence was presented on the top on the screen. If that trial
contained an image, it was presented simultaneously below the sentence
and centered. When the participant finished reading, s/he pressed the
spacebar and a statement was presented auditorily, and participants

o o o
Edward & on the beach SCAannng e )'45,_\' because he Wants 1D 808 A
ahidlivg s

(]
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then answered true or false to the statement (see Fig. 2). After
completing 15 trials in a block, participants were asked to indicate how
difficult they found the sentences in that block, and then the first trial of
the next condition began. The standardized tests were administered
before the sentence processing task, resulting in a testing session of
approximately 70 min in total.

2.4. Apparatus

During the sentence processing task, an Eyelink 1000 plus was used
(SR Research), with monocular recording (right eye) and sampling at
2000Hz. Participants used a chin rest to maintain head stability. Stimuli
were presented on a computer screen of 21.5 inches (50 x 37.1 cm),
positioned 55 cm from the participant. The sentences were presented in
black font (Arial size 20) on a white background. The images were in
colour. A keyboard, with marked response keys, was used to answer the
comprehension questions.

2.5. Measurements

Comprehension Accuracy. It was the percentage of true/false
statements answered correctly in each block of sentences.

Image Looking Time. It was the total time spent looking at the
image area.

Target Word (Local) Measures. There were four target-word
measures. Total fixation duration is the sum of the duration of all fixa-
tions on the word in milliseconds, including regressions back to the
word. Gaze duration is the sum of all fixations on a word in milliseconds,
excluding any fixations after the eye-gaze has left the word. These fix-
ation duration measures are indicators of lexical access of word recog-
nition (Inhoff & Rayner, 1986; Morton, 1969; Whaley, 1978) and are
related to processing and integration. Regressions are indicative of
problems with linguistic processing (Reichle et al., 2003). Regression
path duration is the sum of all fixations in milliseconds from first entering
a region until moving to the right of that region and is another indicator
of processing difficulty (Hyona et al., 2003).

Calibration and validation

Sentence

+

True/False Statement )
(1t was night when
Edward was on the beach)

X 15

o sy has it been o understand these serfences?

Question

1- iary pasy

5~ ary dificul

Fig. 2. Order of events within each block of the sentence processing task. There were 15 trials (X 15) within each block and each participant completed four blocks

X M.
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Sentence/Text (Global) Measures. There were three text-level
measures (Text total fixation duration, Text gaze duration, and proba-
bility of Text regressions). Text total fixation duration and Text gaze
duration were the sum of all word reading times and word gaze dura-
tions on the sentence in seconds, respectively. These times did not
include time dedicated to looking at the pictures. To calculate the
probability of Text regressions in terms of 0-1, we summed all proba-
bilities of regressions out of each area of interest on the sentence. Then,
we divided the total probability of regressions out of each word by the
number of words in each sentence. Finally, we calculated the mean of
the probability of target regressions in each block.

Perceptions of Text Difficulty. It was participants’ perceptions of
text ease/difficulty on a scale of 1-5 (1 = very easy; 5 = very difficult). It
was included as a secondary measure in this study since perceived text
difficulty by target readers is recommended to test text adaptions in
most guidelines.

2.6. Data screening and analysis

Correlations between the individual characteristics (Table 1) and the
dependent variables (eye-movement measures) for both groups are re-
ported in supplementary material (Tables s1, s2 and s3).

Fixations of less than 80 ms and longer than 1200 ms were excluded
from the dataset. Data from each sentence were reviewed, and items that
were not recorded or that contained excessive blinks (more than 50% of
trial not recorded) were excluded from the analyses, resulting in data
loss of 4.17%. One university student was excluded for excessive blinks.
Data for each eye-movement measure greater than 3 SDs from the mean
were defined as outliers. Outliers represented 2.03% of the data and
were replaced with the mean of that variable (McCartney et al., 2006).

Nonparametric analyses across subjects and items were performed
on comprehension accuracy. Main effects of Picture and Group by sub-
jects were assessed using Wilcoxon Signed-Rank Test (Z;) and Mann-
Whitney U Test (U;), respectively. Main effects of Picture and Group
by items were assessed using Wilcoxon Signed-Rank Test (Z3). The
Frequency x Picture interaction was probed using Wilcoxon Signed-
Rank Test across subjects (Z;) and items (Z3). Bonferroni correction
was applied to allow for multiple comparisons (p’s < 0.0125 were
considered significant).

Image looking times were assessed using an independent-samples t-
test to compare the means of Group by subjects (t;) and paired-samples t-
tests to compare the means of Frequency by subjects (t;) and items (t2),
and Group by items (tz).

We analysed the global and local measures data using mixed
ANOVAs for each of the measures (Picture x Frequency x Group) across
subjects (F7) and items (F2). Target regressions out and Regression path
duration were log-transformed to meet the normality assumption.
Independent-samples t-tests were used to compare the means in Fre-
quency x Group and Picture x Group interactions by subjects (t;) and
paired-samples t-tests were used to compare the means in three in-
teractions by items (t2). Moreover, in Target total fixation duration and
Target gaze duration we used independent-samples t-tests to compare
the differences of means of frequencies in Frequency x Group in-
teractions by subjects (¢;) and paired-samples t-tests to compare the
differences of means of frequencies in this interaction by items (t;). FDR
corrected significance levels were also used to interpret the level of
significance of effects sizes across the different ANOVAs used for the
different eye-tracking measures (particularly for the main effects of the
Picture condition; supplementary Table s7). Bonferroni corrections were
applied to allow for multiple comparisons in post-hoc follow up of sig-
nificant interactions (p’s < 0.0125 were considered significant).

The participants’ perceptions of text ease/difficulty were analysed
using a 2 x 2 x 2 (Picture x Frequency x Group) mixed ANOVA.

False discovery rate (FDR) corrections were applied to check corre-
lations between Image Looking Time and of eye movement measures of
Picture condition, Comprehension Accuracy and Perceptions of Text
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Difficulty.
We report r]g, r, and Cohen’s d for effect sizes (Field, 2009).

3. Results
3.1. Comprehension accuracy

There were significant main effects of Picture and Group in
comprehension accuracy (see Table 2). Sentences with an image had
higher accuracy than sentences without an image, and the university
group had greater precision compared to the non-university group.
There was not a significant main effect of Frequency (see Table 2). In
addition, paired comparisons for the Frequency x Picture interaction
revealed that the comparison of low-vs. high-frequency words with an
image and no image were not significant in either case. But the com-
parison of image present vs. image absent was significant for low-
frequency words, although not for high-frequency words (see Table 2).

3.2. Image looking time

There were no significant main effects of Frequency or Group on
image looking time (although t, analyses showed a significant a main
effect of Group) (see Table 2).

Only two negative correlations were found in Total Gaze Duration
(Picture) and Perceptions of Text Difficulty with Image Looking Time
(see supplementary Table s5); however, the p-values were not signifi-
cant when the FDR was applied (see supplementary Table s6).

The lack of effects or correlations implicating image looking time
appear to indicate that the time spent on viewing the picture is not
directly related to comprehension or reading processing. No further
considerations or analyses were therefore made involving image
processing.

3.3. Global measures

For the three Text measures (Text total fixation duration, Text gaze
duration and Text regressions) we found a main effect of Picture, but
only for Text total fixation duration and Text gaze duration we observed
a main effect of Group. Sentences with an image showed shorter total
fixation durations, gaze durations, and a less probability of regressions
than sentences without an image; and university adults had shorter total
fixation durations and gaze durations than non-university adults. No
other main effects or interactions were significant (see Table 3 for the
means and Table 4 for the full ANOVA).

3.4. Local measures

For the four Target word measures, we found mains effect of Picture
and Frequency, but only for measures Target total fixation duration,
Target gaze duration and Regressions path duration did we observe a
main effect of Group (see Table 5 for the means and Table 6 for the full
ANOVA). Sentences with an image showed shorter total fixation dura-
tions, gaze durations, regression path durations, and a less probability of
regressions out than sentences without an image; the high-frequency
words had shorter total fixation durations, gaze durations, regression
path durations, and a less probability of regressions out than low-
frequency words; and the university group had shorter total fixation
durations, gaze durations, regression path durations compared to the
non-university group.

Also, we found a Frequency x Picture interaction in Target gaze
duration and Regression path duration (see Table 6).

Paired comparisons for the Frequency x Picture interaction in Target
gaze duration revealed that the comparison of low-vs. high-frequency
words was significant both when the picture was absent and present (see
Table 7). The paired comparison of low-frequency words with image
present vs. image absent was also significant; however, the paired
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Table 2
Mann-whitney U test and wilcoxon signed-rank test of comprehension accuracy.
M (SD) M (SD) Z,/Uy P1 I Z5/Uy P2 Iy
Comprehension Accuracy
-Picture (Absent vs. Present) 83.78 (12.08) 86.56 (9.61) —2.28 .023 0.29 —2.28 0.23 0.29
Frequency (Low vs. High) 85.33 (10.70) 85.00 (10.73) -0.27 .788 0.02 -0.27 .788 0.02
-Group (N-UNI vs. UNI) 80.78 (10.67) 89.56 (6.59) 167 <.001 0.54 —3.42 .001 0.62
Frequency (Low vs. High) x Picture (Absent) -1.07 .286 0.14 -1.72 .085 0.22
Frequency (Low vs. High) x Picture (Present) —1.45 .147 0.19 -0.74 .460 0.10
-Frequency (Low) x Picture (Absent vs. Present) —-3.01 .003 0.39 —2.86 .004 0.37
Frequency (High) x Picture (Absent vs. Present) -0.34 737 0.10 —0.09 .928 0.01
M (SD) M (SD) t; (58) P1 d; t2 (59) P2 d;
Image Looking Time
Frequency (Low vs. High) 432.36 (281.08) 433.95 (272.53) —0.57 .955 —0.01 —0.80 425 -0.13
Group (N-UNI vs. UNI) 475.43 (253.59) 392.30 (253.53) 1.23 .816 0.32 —5.34 <.001 —0.68

Note. - significant effects.

Table 3
Means (and standard deviations) of global eye-tracking measures.

Non-University group

No Picture — Low Picture - Low No Picture - High Picture - High

M (SD) Range M (SD) Range M (SD) Range M (SD) Range
Measure
Text total fixation duration (sec) 88.57 (27.63) 36.40-151.74 86.08 (28.32) 51.26-177.98 89.70 (33.27) 50.55-168.27 84.53 (30.87) 27.19-167.77
Text gaze duration (sec) 62.73 (14.52) 32.40-91.56 61.88 (15.58) 41.98-109.77 61.78 (15.20) 38.82-100.44 59.76 (15.88) 23.44-94.11
Text regressions (p) 0.09 (0.04) 0.01-0.20 0.08 (0.05) 0.00-0.22 0.10 (0.05) 0.02-0.19 0.08 (0.05) 0.01-0.19

University group

No Picture — Low Picture - Low No Picture - High Picture - High

M (SD) Range M (SD) Range M (SD) Range M (SD) Range
Measure
Text total fixation duration (sec) 66.03 (16.61) 39.42-105.82 65.43 (19.61) 33.40-125.22 68.20 (18.77) 32.40-121.74 61.99 (19.86) 28.97-122.40
Text gaze duration (sec) 46.75 (8.58) 28.59-70.86 45.01 (8.83) 25.13-66.50 45.51 (8.37) 26.16-67.71 43.07 (9.33) 22.20-64.46
Text regressions (p) 0.11 (0.05) 0.04-0.22 0.10 (0.04) 0.05-0.22 0.10 (0.05) 0.03-0.23 0.10 (0.05) 0.00-0.20

Table 4
ANOVAs analysis of Global Reading Time Measures.
M (D) M (SD) F; (1,57) 1 No1 F5 (1,59) P2 Np2
Text total fixation duration
Picture (Absent vs. Present) 78.31 (26.09) 74.69 (25.85) 6.88 .011 11 16.65 <.001 .22
Frequency (Low vs. High) 76.71 (25.04) 76.29 (27.03) 0.08 774 .00 1.38 .244 .02
Group (N-UNI vs. UNI) 87.22 (27.47) 65.41 (17.55) 13.10 .001 .19 1017.37 <.001 .95
Picture x Group 0.02 .880 .00 0.73 .395 .01
Frequency x Group 0.02 .886 .00 0.60 441 .01
Frequency x Picture 1.65 .204 .03 0.84 .363 .01
Frequency x Picture x Group 0.21 .651 .00 0.20 .660 .00
Text gaze duration
-Picture (Absent vs. Present) 54.33 (14.01) 52.50 (15.03) 6.16 .016 .10 7.57 .008 11
Frequency (Low vs. High) 54.23 (14.03) 52.67 (14.84) 7.17 .010 11 2.27 137 .04
Group (N-UNI vs. UNI) 61.54 (14.25) 45.08 (8.31) 29.09 <.001 .34 1263.97 <.001 .96
Picture x Group 0.22 .644 .00 0.00 .956 .00
Frequency x Group 0.00 .965 .00 0.17 .680 .00
Frequency x Picture 0.44 .508 .01 0.09 .763 .00
Frequency x Picture x Group 0.03 .867 .00 0.00 .970 .00
Text regressions

Picture (Absent vs. Present) 0.10 (0.04) 0.09 (0.04) 8.07 .006 12 14.58 <.001 .20
Frequency (Low vs. High) 0.10 (0.04) 0.10 (0.04) 0.01 910 .00 0.03 .874 .00
Group (N-UNI vs. UNI) 0.09 (0.05) 0.10 (0.05) 1.40 .241 .02 0.30 .584 .01
Picture x Group 0.96 .332 .02 1.77 .189 .03
Frequency x Group 2.18 .146 .04 1.22 274 .02
Frequency x Picture 0.57 .453 .01 0.96 .331 .02
Frequency x Picture x Group 0.18 677 .00 0.05 .822 .00

Note. - significant effects.
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Table 5

Means (and standard deviations) of local eye-tracking measures.
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Non-University group

No Picture — Low

Picture - Low

No Picture - High

Picture - High

M (SD) Range M (SD) Range M (SD) Range M (SD) Range
Measure
Image Looking Time (ms) - - 488 (286) 62-973 - - 463 (269) 12-1066
Target total fixation duration (ms) 993 (380) 482-2082 861 (364) 314-1742 609 (268) 255-1266 589 (213) 258-1163
Target gaze duration (ms) 611 (210) 275-1204 518 (209) 234-1111 372 (106) 221-617 388 (106) 229-623
Target regressions out (p) 0.16 (0.09) 0.00-0.36 0.14 (0.12) 0.00-0.47 0.17 (0.11) 0.00-0.40 0.14 (0.12) 0.00-0.44
Regression path duration (ms) 1030 (406) 450-2177 802 (327) 258-1554 577 (185) 221-960 599 (245) 266-1258

University group

No Picture - Low Picture - Low No Picture - High Picture - High

M (SD) Range M (SD) Range M (SD) Range M (SD) Range
Measure
Image Looking Time (ms) — — 379 (270) 0-1057 — - 406 (277) 47-1089
Target Total fixation duration (ms) 572 (162) 270-912 526 (184) 251-998 424 (126) 197-691 384 (137) 174-782
Target gaze duration (ms) 347 (91) 186-584 314 (127) 212-798 279 (57) 175-447 267 (60) 164-446
Target regressions out (p) 0.20 (0.13) 0.00-0.46 0.17 (0.10) 0.00-0.33 0.16 (0.13) 0.00-0.43 0.10 (0.08) 0.00-0.29
Regression path duration (ms) 628 (261) 278-1337 499 (231) 261-1297 405 (114) 236-645 390 (164) 184-1101

Table 6
ANOVAs analysis of Local Reading Time Measures.
M (SD) M (SD) F; (1,57) D1 31 F2 (1,59) P2 32
Target total fixation duration
Picture (Absent vs. Present) 651 (280) 592 (252) 12.21 .001 .18 10.40 .002 .15
Frequency (Low vs. High) 489 (206) 503 (208) 122.17 <.001 .68 171.32 <.001 74
Group (N-UNI vs. UNI) 763 (277) 477 (130) 25.60 <.001 .31 417.11 <.001 .88
Picture x Group 0.96 331 .02 1.72 .195 .03
Frequency x Group 18.33 <.001 .24 47.11 <.001 .44
Frequency x Picture 3.71 .059 .06 1.86 178 .03
Frequency x Picture x Group 3.09 084 .05 1.27 265 .02
Target gaze duration
Picture (Absent vs. Present) 403 (142) 373 (144) 5.99 .017 .10 5.79 .019 .09
Frequency (Low vs. High) 503 (208) 448 (184) 105.52 <.001 .65 236.48 <.001 .80
Group (N-UNI vs. UNI) 472 (134) 302 (68) 37.49 <.001 .40 377.63 <.001 .87
Picture x Group 0.38 .540 .01 1.01 .319 .02
Frequency x Group 29.07 <.001 .34 49.27 <.001 .23
Frequency x Picture 7.08 .010 A1 17.67 <.001 .23
Frequency x Picture x Group 3.38 .071 .06 5.76 .020 .09
Target regressions out”
Picture (Absent vs. Present) 0.17 (0.10) 0.14 (0.08) 7.56 .008 12 5.66 .021 .09
Frequency (Low vs. High) 0.17 (0.09) 0.14 (0.09) 5.76 .020 .10 7.63 .008 12
Group (N-UNI vs. UNI) 0.15 (0.11) 0.16 (0.11) 0.10 .752 .00 0.02 .895 .00
Picture x Group 0.18 .673 .00 0.04 .841 .00
-Frequency x Group 6.10 .017 .10 7.27 .009 11
Frequency x Picture 0.46 499 .01 0.02 .887 .00
Frequency x Picture x Group 0.10 .752 .00 0.04 .849 .00
Regression path duration®

Picture (Absent vs. Present) 660 (256) 574 (241) 13.84 <.001 .20 12.45 .001 17
Frequency (Low vs. High) 740 (309) 494 (173) 179.13 <.001 .76 207.44 <.001 .78
Group (N-UNI vs. UNI) 752 (233) 481 (127) 34.63 <.001 .38 391.22 <.001 .87
Picture x Group 0.12 728 .00 0.58 .450 .01
Frequency x Group 3.89 .053 .06 1.76 .190 .03
-Frequency x Picture 8.03 .006 12 13.38 .001 .19
Frequency x Picture x Group 0.50 .484 .01 0.24 .624 .00

Note. - significant effects.

# The data set of items (F») did not have a normal distribution. Thus, non-parametric analyses were performed. The same main effects and interaction were obtained.

comparison of high-frequency words with image present vs. image ab-
sent was not significant (see Fig. 3) (see Table 7).

In Regression path duration, the paired comparisons of low-vs. high-
frequency words with an image and no image were significant (see
Table 7). The comparison of picture present vs. absent was significant
for low-frequency, but not for the high-frequency words (see Fig. 4) (see
Table 7).

In addition, we observed a Frequency x Group interaction in three
Target word measures (see Table 6).

In Target total fixation duration, although all paired comparisons
were significant (p < .001), the comparison of the differences in the
frequencies of target words between groups was significant (non-uni-
versity had a larger difference than university), ¢;(35.77) = 4.38, p <
.001, d =1.46; t,(59) = 7.34, p < .001, d = 1.24 (My.yn; = 328.63, SDy.
UNI = 218.76; MUNI = 143.69, SDUNI = 74.11), which explained the
interaction (see Fig. 3). But the adaptation did benefit both groups:
frequency-based comparisons revealed that low-frequency words had
longer total fixation durations than high-frequency words in both
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Table 7
Interactions analysis of Local Reading Time Measures.
M (SD) M (SD) gl t D1 d; gl> ty D2 dz
Target gaze duration
Frequency (Low vs. High) x Picture (Absent) 481.03 (209.42) 326.39 (96.72) 58 5.08 <.001 0.66 59 7.78 <.001 1.00
Frequency (Low vs. High) x Picture (Present) 418.03 (200.90) 328.60 (105.61) 58 7.67 <.001 1.00 59 11.65 <.001 1.50
Frequency (Low) x Picture (Absent vs. Present) 481.03 (209.42) 418.03 (200.90) 58 2.69 .009 0.35 59 3.66 .001 0.47
Frequency (High) x Picture (Absent vs. Present) 326.39 (96.72) 328.60 (105.61) 58 -0.29 771 0.04 59 —0.48 .636 0.06
Target regressions out
Frequency (Low vs. High) x Group (UNI) 0.19 (0.09) 0.13 (0.08) 28 3.55 .001 0.66 59 3.47 .001 0.45
Frequency (Low vs. High) x Group (N-UNI) 0.15 (0.09) 0.15 (0.09) 29 —-0.07 .952 0.01 59 -0.23 .823 0.03
Frequency (Low) x Picture (UNI vs. N-UNI) 0.19 (0.09) 0.15 (0.09) 57 —-1.42 162 0.37 59 -1.65 .105 0.21
Frequency (High) x Picture (UNI vs. N-UNI) 0.13 (0.08) 0.15 (0.09) 57 1.01 .319 0.26 59 1.85 .070 0.24
Regression path duration
Frequency (Low vs. High) x Picture (Absent) 832.48 (395.49) 492.64 (176.12) 58 5.09 <.001 1.30 59 11.50 <.001 1.48
Frequency (Low vs. High) x Picture (Present) 653.15 (320.60) 496.35 (232.50) 58 5.09 <.001 0.66 59 7.11 <.001 0.92
Frequency (Low) x Picture (Absent vs. Present) 832.48 (395.49) 653.15 (320.60) 58 4.51 <.001 0.59 59 4.44 <.001 0.57
Frequency (High) x Picture (Absent vs. Present) 492.64 (176.12) 496.35 (232.50) 58 0.36 717 0.05 59 0.98 .334 0.13
Note. - significant effects.
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Fig. 3. Upper left panel shows the mean Target total fixation durations for the Frequency x Group interaction. Upper right panel shows the mean Target gaze
duration for the Frequency x Picture interaction. Lower left panel show mean Target gaze duration for the Frequency x Group interaction. Error bars indicate

standard error of the mean. *** p < .001, ** p < .01.

participant groups [non-university: t;(29) = 8.23, p < .001, d = 1.50;
t2(59) = 12.06, p < .001, d = 1.56; university: t;(28) = 10.44, p < .001,
d =1.94; t5(59) = 7.53, p < .001, d = 0.97] (see Fig. 3).

Paired comparisons for the Frequency x Group interaction in Target
gaze duration were all significant. The low-frequency words resulted in
longer Target gaze duration than high-frequency words for both groups
[non-university: t;(29) = 8.68, p < .001, d = 1.58; t2(59) = 16.19, p <
.001, d = 2.09; university: t;(28) = 5.74, p < .001, d = 1.07; t2(59) =
11.13, p < .001, d = 1.44]. But, once again, the effect was larger in the
non-university group and the comparison of the differences in the fre-
quencies of target words between groups was significant ¢;(40.78) =
5.47,p < .001, d = 1.71; t2(59) = 8.08, p < .001, d = 1.62 (Mn.ynt =

115.74, SDn.yn; = 21.13; Myn; = 52.59, SDyn; = 9.77), as expected from
the interaction (see Fig. 3).

In Target regressions out, paired comparison indicated no significant
differences between the two groups for the sentences with low-
frequency, or the sentences with high-frequency words. The non-
university students revealed no difference based on word frequency,
but the university students showed significantly greater probability of
regressions for the sentences with low-frequency words (see Fig. 4) (see
Table 7).

No other main effects or interactions were significant (see Table 6 for
the full ANOVA).
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Fig. 4. Left panel shows the mean Target regressions for the Frequency x Group interaction. Right panel shows the mean regression path duration for the Frequency
x Picture interaction. Error bars indicate standard error of the mean. *** p < .001, ** p < .01.

3.5. Perceptions of text difficulty

Participants’ perceptions of text difficulty, assessed by the final
question in each block, showed that participants evaluated sentences as
relatively easy to understand (overall mean: M = 2.43, SD = 0.79). There
were no main effects or interactions of Picture, Frequency, or Group (all
p’s > 0.05; see supplementary Table s4 for the full ANOVA).

4. Discussion

This study evaluated the efficacy of visual support and word fre-
quency (i.e., Easy-to-Read suggestions) on sentence processing in adults
with differing education levels.

The first research question, which focused on visual support and
lexical simplification, led us to hypothesize that both would have a
positive impact on processing and comprehension accuracy. To a large
extent, this hypothesis was borne out in our data. In the following dis-
cussion, we focus primarily on the impact of visual support, given that
word frequency has been amply demonstrated in many psycholinguistic
studies (e.g., Ashby et al., 2005; Hyona & Olson, 1995). The presence of
a picture led to more accurate comprehension (a 6% difference) (see also
Jones et al.,, 2007). With respect to facilitation of processing (eye
tracking measures) at the text- and word-level, we found reduced Text
gaze duration, Text total fixation duration, and probability of regression
in sentences accompanied by an image. That is, picture produced a main
effect in which presence of a picture reduced processing effort, and
similar effects were observed at the word level. These results indicate
that visual support assists in the processing of words at both the overall
sentence level and at the level of individual words contained within the
sentence. It also appears to facilitate both early and late processing.
Since our visual support provided a broad depiction of the meaning of
the sentence, we expected that participants would be able to extract
situational-event information (i.e., propositional content), which would
allow readers to predict either specific upcoming words or to activate
certain regions in the semantic network. Thus, the eye-tracking data
suggests that visual support assists in the creation/activation of mental
representations, which can be combined (and integrated) together with
the linguistic context, and thus, facilitates processing (Mayer, 2009;
Sadoski & Paivio, 2004, 2012).

We acknowledge that the effect of visual support seems obvious and
straightforward, as multiple streams of information or multiple avenues
to meaning should always be beneficial. However, as noted in the
Introduction, the literature on visual support is extremely mixed: (1)
studies use different types of visual support such as images, graphics,
and symbols; (2) studies with the same type of visual support produce
different results; and (3) different effects of visual support are found in
the population with and without disabilities. For instance, different
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results have been observed with supporting symbols (Jones et al., 2007;
Poncelas & Murphy, 2007). In addition, in the meta-analysis by Guo
et al. (2020), studies with adults with a medium-large effect size were
identified with different types of support in black and white (picture and
pictorial diagram) and in color (flow diagram) (i.e., Jian & Wu, 2015;
Liuetal., 2009; Mayer et al., 1996; Mayer & Gallini, 1990; Waddill et al.,
1988).

With the current study we show that visual support moderately helps
in adult reading; however, we still need more research to know which
type of visual support is the most useful to support reading, and whether
the goal of the reading task is involved in the selection of the type of
visual support. In any case, it seems that general contextualizing pictures
which include all elements of a sentence can be moderately supportive
of its comprehension.

The second research question focused on whether visual support and
lexical simplification would interact to affect sentence processing.
Obviously, the low-frequency/no picture condition is the most difficult,
and the high-frequency/picture condition is the easiest. Interactions are
essentially dependent upon the results of the other two middle-difficulty
conditions (i.e., low-frequency/picture and high-frequency/no picture).
There were no interactions in how difficult participants judged the
sentences to be. But we did observe interactions between Frequency and
Picture in accuracy and in the eye-movement measures. For low-
frequency words, the presence of the picture increased comprehension
accuracy. For both Target gaze duration and Target regression path
durations, results showed that the presence/absence of the picture
reduced processing times when the sentence contained a low-frequency
word. In contrast, processing times with the high-frequency words were
lower overall and not affected as much by the presence/absence of an
image. Therefore, the presence of an image reduced the slower lexical
access associated with recognition of low-frequency words. These results
corroborate previous evidence of visual support facilitating lexical ac-
cess, and the understanding of unfamiliar words (Huettig et al., 2011;
Montag et al., 2015; Qu et al., 2016), but again, this result has not been
consistent in the literature. Also consistent with the literature is our
finding that the effect sizes for the use of pictures is small to moderate.
Potentially, pictures may have a limited effect at this educational level.
But the results emerging from our study and the literature in general
could be less clearcut than for vocabulary because the relationship be-
tween the picture and the text is in general less straightforward. Par-
ticipants can interpret and use visuals in many ways, and in the absence
of specific instructions to use the picture (although they did all look at
the images), they may be making an inefficient use of it (Jian, 2018).
Across studies, pictures themselves bear very different relations with
text and are of diverse perceptual quality and content. Although careful
consideration was given to including target word content in the pictures,
other visual elements may have been less well controlled for.
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The third research question focused on the effects of education level
on sentence processing facilitation of picture and word frequency.
Related to the effect of educational level on sentence reading as a whole,
and as expected, we found that non-university students comprehended
sentences less accurately than university students. We found a 10%
difference in comprehension accuracy, which represents a large effect
size (r = 0.54). This is similar to data reported by PIACC (Ministerio de
Educacion, Cultura y Deporte, 2013), in which lower reading compre-
hension is observed in individuals with low-to-medium education level.
Educational level was up to a point confounded with IQ and language
measures. There is most likely a mutual influence between these vari-
ables: greater exposure to formal education will impact positively on
cognitive and linguistic development, but also cognitive and linguistic
abilities will impact academic achievement (Ritchie & Tucker-Drob,
2018). In general, the non-university students spent longer reading the
sentences, as shown by several significant main effects; and there were
no differences between the groups in image processing times, as in the
study by Hannus and Hyona (1999). However, we cannot claim that
there are different patterns of processing between the groups in relation
to the presence of the image, as proposed in previous studies (Hannus &
Hyona, 1999; Jian, 2017; Mason et al., 2013b). To understand this issue
in depth, we would need to analyse the transitions between text and
image.

But our research question was focused on the interaction of our text
adaptations with educational level (and not on these main effects). We
had hypothesized that visual support and lexical simplification would
differentially influence sentence processing in the two groups. The pri-
mary significant interactions involved word frequency. Across all the
measures, we never observed an interaction of Picture and Group. The
Frequency by Group interactions showed that lexical simplification (i.e.,
high-frequency words) resulted in Target word total fixation durations
and gaze durations for the non-university students that were much more
like the total fixation durations in university students. Thus, our data
clearly shows that lexical simplification produces a strong positive effect
on processing, specifically in individuals with a low level of education.

The interactions with word frequency are similar to Barnes et al.
(2017), who explored the reading skills of a group of adults enrolled in a
basic education program. The lower education adults exhibited longer
fixations (like what we found) and a greater number of regressions (see
also Ashby et al., 2005). In our study, we found differences in regression
path duration but not in regressions out between groups (Barnes et al.
did not examine regression path duration.) With respect to regressions,
it is possible that the difference between low- and high-frequency words
was such that it caused integration difficulty (requiring re-reading) for
both groups of participants. Further work is needed to confirm this
possibility.

However, despite there being no differences in the probability of
regressions out, we found a Frequency by Group interaction effect in
which university adults decreased probabilities of regressions out with
lexical simplification while non-university adults did not. Comprehen-
sion monitoring refers to the identification and repair of mis-
understandings when reading a text. Previous studies have
demonstrated that elementary school students with greater literacy,
academic language, and vocabulary implement comprehension repair
strategies when inconsistent words are found in the text, resulting in
more time rereading (Connor et al., 2015; Zargar et al., 2020). In our
study, low-frequency words could have been perceived as in-
consistencies in sentences, leading to the observed reduction in re-
gressions in university adults when they were substituted for
high-frequency words. In contrast, non-university adults, who also had
a lower level of vocabulary, did not present these monitoring strategies
(Tighe & Schatschneider, 2016b), and evidenced no change in proba-
bility of regressions out with lexical simplification.
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4.1. Implications and applied value

The most obvious implication of our study for individuals with low
education/poor comprehension is the usefulness of lexical simplifica-
tion. Specifically, substituting high-frequency words for low-frequency
words helped non-university adults reduce the processing time associ-
ated with lexical access and integration, enabling them to read more
similarly to university adults. Therefore, our data supports the idea of
using simple language, as suggested in the Easy-to-Read recommenda-
tions (Asociacion Espanola de Normalizacion, 2018; Freyhoff et al.,
1998; Tronbacke, 1997). Regarding visual support, we did not find
differences between groups based on the presence or absence of an
image. However, we did observe main effects of Picture in terms of both
comprehension accuracy and eye tracking measures. In short, an image
can facilitate processing and comprehension, and benefit everyone
regardless of their education level. Beyond that, the effect of picture
tended to be larger when the sentence contained a low-frequency word,
in increasing comprehension accuracy and reducing Target gaze dura-
tion and Regression path duration more (but not so in the case of the rest
of eye-tracking variables). Since the effect was not found across all
measures, this result requires replication and should be treated with
caution. But it points to the possibility that pictures could more useful in
the context of low-frequency words and that, if so, designers should
carefully consider the vocabulary specifically used in a text when
drawing supporting illustrations.

Also, in the present study, our participants were unaware of the
impact of visual support and lexical simplification on reading compre-
hension and sentence processing. Readers’ perceptions of text difficulty
are recommended and used as indicators of the impact of text simplifi-
cation (Asociacion Espanola de Normalizacion, 2018; Cerga-Pashoja
et al., 2019; Karreman et al., 2007). Our data suggest that objective
indicators of psycholinguistic processing, such as eye movement mea-
sures, should additionally be included to assess the degree of compre-
hension of easy-to-read written materials.

4.2. Limitations

The results of this study have yielded interesting and important
findings. However, several limitations must be kept in mind. The first is
that we used cartoon-type images as visual support, and so, at this time,
we are limited in how much our results map onto the other studies in the
literature that used photographs or symbols as visual support.

Second, the sentences that we tested were relatively simple overall,
and resulted in generally high comprehension accuracy. There were
some ceiling effects in the dataset (three participants), particularly
within the university student sample.

Third, due to restrictions in access to the non-university participants,
the sample size was relatively underpowered to reliably detect small to
medium effect sizes. This limitation did probably not affect the main
effects of interest (vocabulary, visuals, and educational level). Effects of
interest in previous studies with this paradigm, specifically River-
o-Contreras et al. (2021), have found medium to large effects for the
inclusion of pictures with text (with a minimum of .11, for which power
in our study was 0.75) and large for lexical simplification. Studies
comparing eye-tracking measures in groups with different educational
levels found differences with large effect sizes (Barnes et al., 2017). In
our case, it is thus unlikely that any of these main effects went unde-
tected. But this might not be the case for the interactions, especially
those including the presence of images. Conclusions regarding the lack
of differential effects of these text adaptations should thus be treated
with caution.

Finally, we feel that the timing of visual support is an important
variable. In the current study, the image was presented simultaneously
with the sentence, and so we do not know whether visual support would
have made a larger impact on processing if it was presented prior to the
sentence. This is an important issue, which should be addressed in future
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studies.
5. Conclusions

In summary, visual support facilitates sentence processing. This type
of support promotes both lexical access and integration, and results in
fewer regressions. Lexical simplification also helps processing and
comprehension of sentences, and lexical simplification produces a much
larger effect on individuals with a low level of education. Estimates
suggest that one-fifth of the population of Spain meet the criteria for
“low” education level, and thus, a sizable portion of people may benefit
from Easy-to-Read suggestions in certain contexts. Therefore, the main
take-home message of this study is that lexical simplification seems to
benefit processing of written information for individuals with a low level
of education, and the second take-home message is that visual support
produces a more general effect.
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