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Abstract

This study examines the eye movements and perceptual span of Korean
subjects during three different reading tasks: scanning, reading, and
proofreading. The moving—window paradigm of McConkie and Rayner
(1975) is used to measure perceptual span; participants read sentences
with eight different viewing conditions or window sizes (3, 5, 7, 9, 11, 13,
15, and full-line character spaces). As expected, compared to normal
reading, people read more quickly and in a cursory way when scanning
and more slowly and in a more detailed manner when proofreading. It
was also observed that the perceptual span needed for scanning was the
widest out of all the tasks, while the perceptual span for proofreading was
the narrowest. Specifically, the reading rate of the normal reading group
was close to asymptotic at a window size of six characters to the right of
fixation, while that of the proofreading group became asymptotic three
characters earlier, at three characters to the right of fixation. The reading
rate for the scanning group did not become asymptotic to the full line,
which suggests the size of perceptual span for scanning must be larger than
seven characters to the right of fixation. This study also examined the
effect of frequency, but, contrary to expectations, no significant effect on
either the size of perceptual span or its interaction with the tasks was
observed. This study provides new information about eye—movements and

the perceptual span of Korean participants during proofreading and
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normal reading; the results also suggest a flexible usage of perceptual span

in human beings.

Keyword: perceptual span, eye movements, proofreading, normal reading
Student Number: 2016-24700
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1. Introduction

1.1. Background

The way humans process information is influenced by the goals for
that information. Reading is mostly aimed at comprehension, but
sometimes people read to scan for a topic (i.e. whether the topic of a
sentence is relevant to what is being searched for) or to proofread (i.e. to
detect any errors in spelling and grammar). In order to meet the goal of
scanning, people read sentences more quickly and roughly, but when
proofreading they tend to read more slowly and carefully compared to
normal reading for comprehension. This study aims to describe this
difference in terms of eye movements and perceptual span; specifically, it
examines the perceptual spans of Korean subjects during three different
tasks—scanning, reading, and proofreading—using the moving—window
paradigm (McConkie & Rayner, 1975).

Perceptual span is the visual boundary within which a human is able
to extract information at once when the eye is fixated on a point in the
sentence. To measure the size of perceptual span, most investigations have
used the moving—window paradigm of McConkie and Rayner (1975). In
this paradigm, only part of a text is displayed within a region around a
point of fixation, and the letters outside this window are altered in some
way (e.g. all letters are replaced by strings of Xs). The goal of this
manipulation is to find a window size that is large enough to not disturb
reading performance.

According to an experiment on Korean subjects using the moving—
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window paradigm (Choi & Koh, 2009), the perceptual span of Korean
readers is between six and seven characters to the right of fixation and one
character to the left of fixation. This perceptual span is smaller than that
of English readers (14-15 characters to the right and three to four
characters to the left) (Rayner, 1986), larger than that of Chinese readers
(three characters to the right and one character to the left) (Inhoff & Liu,
1998), and similar to that of Japanese readers when the text contains both
phonographic Hirakana and morphographic Kanji characters (seven
characters to the right) (Osaka, 1992). The difference in perceptual span
between languages is related to differences in the visual density of writing
systems; the visual density in Korean is higher than it is in English and
lower than it is in Chinese. This is reflected by variability in the size of
perceptual span according to which writing system is being used.”
Humans have a certain width of perceptual span because they have
limited visual acuity in the extrafoveal region and limited attentional
resources (for a direct comparison between the effect of visual acuity and
attention on perceptual span, see Donnell & Sereno, 2009). Indeed, many
studies have revealed that individual differences in cognitive skills influence
the size of perceptual span, such as reading speeds (Ashby, Yang, Evans,
& Rayner, 2012; Rayner, Slattery, & Bélanger, 2011), language skills
(Rayner, 1986; Veldre & Andrews, 2014; Choi, Lowder, Ferreira, &

® The Korean writing system (Hanguel) is an alphabetic script like English, but it has a distinctive
syllabic structure: consonants and vowels are combined in one syllable unit (e.g. Seoul in Korean is
written as A&, not A 1 o-2). Since the syllable is treated as a single character in Korean, the
visual density is much higher in Korean than in English. On the other hand, the visual density of the
Korean writing system is lower than that of the Chinese system, in which a character corresponds to
a single syllable that usually represents the smallest meaningful unit of a language, a morpheme.
Finally, the visual density of the Japanese writing system is considered to be intermediate between
Korean and Chinese because Japanese uses a mixture of a phonographic alphabet (Hirakana) and
morphographic characters (Kanji).
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Henderson, 2015), age (Rayner, Castelhano, & Yang, 2009; Sperlich,
Meixner, & Laubrock, 2016), and cognitive disorders such as
schizophrenia (Elahipanah, Christensen, & Reingold, 2011; Whitford et
al., 2013) (for a review, see Rayner, 2014).

Task type and difficulty also affect the size of perceptual span. Studies
have found differences in perceptual span across different types of tasks,
such as scene perception and visual search (Loschky & McConkie, 2011;
Loschky, McConkie, Yang, & Miller, 2005; Nuthmann, 2013, 2014;
Reingold & Loschky, 2002; Reingold, Loschky, McConkie, & Stampe,
2003), copy typing (Inhoff & Wang, 1992), music perception (Truitt,
Clifton, Pollatsek, & Rayner, 1997), chess perception (Charness, Reingold,
Pomplun, & Stampe, 2001), and face perception (Van Belle, De Graef,
Verfaillie, Rossion, & Lefévre, 2010). However, few studies have covered
the different goals and tasks of reading itself. As stated previously, in real
life, people have different goals when reading different types of articles,
and they vary their reading strategies accordingly. For example, the way
people read Internet pages to search for information and the way they read
term papers for proofreading are very different. The former is more like
scanning, whereas the latter is more like reading with a magnifying glass.
If this difference is explained in terms of perceptual span, it is expected
that the former will have a broader perceptual span and the latter will have
a narrower one. Before examining this intuition through the moving-
window experiment, existing reading and eye movement studies on

scanning and proofreading will be reviewed.

Scanning

Scanning is a type of reading aimed at searching for a specific piece
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of information or fact (e.g. a specific number, item, or topic) rather than
trying to understand all of the information provided in a text. For example,
people scan when reading the newspaper to see if their favorite baseball
teams are doing well or when choosing a website among the options a
Google search provided. Scanning is similar to skimming in that people
read a text very quickly and roughly in both tasks, but the purposes of
scanning and skimming differ. For skimming, the main goal is to get a
general idea or impression of the text’s content (Rayner et al., 2016), while
in scanning, a reader has a specific question in mind and reads to find an
answer, ignoring irrelevant information.

Although scanning is one of the most frequently used reading
strategies in everyday life, few empirical studies have investigated it.
Rayner and Fischer (1996) compared eye movement measures in visual
search reading (searching for a target word) and in normal reading, and
found no frequency effect in the eye fixation time on the target word
during visual search. The researchers suggested that this absence of
frequency effect is due to the nature of the task, since there is no need to
process the meaning of the words in visual search reading. In contrast,
White et al. (2015) studied topic scanning (searching for a specific topic),
revealing that first—pass reading times showed effects of word frequency
for scanning as well, although the effect was still smaller for late eye-
movement measures compared to normal reading. This indicates that
reading and scanning are similar in terms of early sentence processes such
as word recognition but different in later sentence processing, such as

semantic and contextual integration.
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Proofreading

Proofreading is a type of reading aimed at detecting errors in a text.
In order to meet this goal, people tend to read the letters one by one, slowly
and carefully, paying more attention to local features of the words.
Considering the properties of the Korean writing system, in which a
character corresponds to a syllable block that consists of two to four
consonants and vowels, proofreading in Korean is expected to be
especially difficult and requires delicate efforts to extract local features in
each word and syllable. However, even if proofreading is not aimed at
understanding, it is not merely a visual search that has nothing to do with
language processing. This is because, in order to detect spelling mistakes,
it is necessary to perform at least initial word processing, such as searching
for lexical entries to identify words or non—words. Moreover, considering
that understanding of semantics and contexts is likely to help with initial
word processing, semantic and context processing may be more important
than is apparent in proofreading.

There are few eye~movement studies on proofreading. Kaakinen and
Hyéna (2010) and Schotter et al. (2014) compared aspects of eye
movements during proofreading for spelling errors and normal reading in
Finnish and English speakers, respectively. The results showed that eye
movements in proofreading are more affected by word length and
frequency than they are in normal reading, and these effects are observed
from initial word processing, such as single fixation duration. This
indicates that readers benefit from word frequency information more in
proofreading than they do in reading, since frequency information
facilitates initial word identification (whether something is a word or non—

word), enabling more careful proofreading. It is also observed that
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proofreading is influenced by the predictability of words, although the
effect is smaller than that of normal reading. This implies that, even when
checking for spelling errors, semantic or context processing occur to some
extent.

These studies have demonstrated the difference in eye—movement
patterns according to reading tasks. In particular, they have revealed an
interaction between tasks and frequency effect: the same or a smaller effect
for scanning and a larger effect for proofreading compared to reading for
comprehension. This suggests that different cognitive processes may be
involved across tasks and that human eye—movement control is tuned to

meet a task’s demands or goals.

1.2. Purpose of Research

The aim of this study is to investigate this difference in reading
processes across tasks by studying the perceptual spans of Korean subjects
during scanning, reading, and proofreading. Considering the flexibility of
human attention, the depth of word processing in reading can affect the
size of perceptual span. For example, during scanning, in which a
shallower level of word processing is required, people have enough
attentional resources for extracting information from the extrafoveal
region; thus a wider perceptual span can be deployed. On the contrary, a
narrower perceptual span is expected for proofreading, since each word
needs to be fully identified, meaning that fewer resources are left for
processing information from the extrafoveal region.

Additionally, this study explores the interaction between the effects of

word frequency and perceptual span size in each task by comparing the
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reading of a sentence with a high—frequency target word and one with a
low—frequency target word. It is expected that the target word frequency
will affect the difference between the size of the perceptual span across the
tasks, since the frequency effect tends to be amplified for proofreading and
diminished for scanning. Specifically, it is expected that the difference in
perceptual span size according to the tasks will be more prominent when
the target word frequency is low under the condition that the sentence
with a high—frequency target is similar to that which people normally
experience and read. However, since the perceptual span analyses are
based on the overall eye—movement pattern (e.g. reading rate) for an entire
sentence, a large frequency effect cannot be expected from manipulating
only one target word in the sentence.

This study uses the moving—window paradigm of McConkie and
Rayner (1975) to analyze and compare perceptual span size in three
different tasks (scanning, reading, and proofreading) and its interaction
with word frequency. There are various types of proofreading and
scanning, but, for brevity, the tasks from White et al. (2015) and Kaakinen
and Hyéna (2010) were used. One group was instructed to scan for a
specific topic (i.e. clothing), another was instructed to read for
comprehension, and the third was instructed to proofread for spelling
errors. All participants read the same sentences, but they read to complete
different tasks. This experiment will provide new information about eye
movements in proofreading tasks and provide evidence of the flexible

deployment of perceptual span in humans.
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2. Methods

2.1. Participants

Fifty—seven undergraduate students participated in this experiment for
extra credit in an introductory psychology class at Seoul National
University. All participants had normal or corrected—to—normal vision

and were not aware of the experiment's purpose.

2.2. Apparatus

Sentences were presented on a 27-ich gaming monitor (refresh rate of
240 Hz, screen resolution 1920 X 1080, response time of 2 ms) attached
to an Intel Core i7 computer interfaced with an SR Research EyeLink 1
eye—tracking system with high spatial resolution and a sampling rate of
500 Hz.? Although participants read the sentences binocularly, only their
right eyes were recorded. Participants were seated approximately 70 cm
from the monitor, and one character (one Korean syllable unit in which
consonants and vowels are combined together) equaled 0.81° of a visual
angle. All sentences were displayed in black Batang font on a gray

background as a single line on the screen.

@ Due to a mistake of the author, 16 out of 57 data entries were recorded at a
sampling rate of 250Hz, not 500Hz, although the patterns of the results with

and without those data were the same.
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2.3. Materials and Design

The design was 3 x 2, (task: scanning, reading, proofreading) and
(word frequency: low, high), respectively, between participants and 8 x 2,
(moving—window size: 3, 5,7, 9, 11, 13, 15, and full-line character spaces)
and (word frequency: low, high), respectively, within participants and
items. All participants read the same experimental sentences but with
different purposes. For the scanning group, participants were instructed to
scan for a topic as in White et al. (2015), reading carefully when a sentence
was related to clothing and skipping it otherwise; only sentences about
clothing would be followed by comprehension—check questions. Reading
participants were instructed to read the sentence for comprehension as
they normally would and were told that some of the sentences would be
followed by comprehension—check questions. Proofreaders were
instructed to look for spelling errors in the sentences, and each sentence
was followed by a question asking whether there was a spelling error in

the preceding sentence.
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Figure 1. An example of a moving-window paradigm used in this study. The
asterisk (*) indicates the fixation point

The experiment used eight window sizes, including a full-line control
condition in which the whole sentence was visible at every fixation. The
window size was symmetric around the point of fixation, and the
following window sizes were used: 3, 5, 7, 9, 11, 13, 15, and full-line
character spaces (henceforth labeled as C3, C5, C7, C9, Cl11, C13, C15,
and FL, respectively). As shown in Figure 1, a black box was used as
peripheral masking instead of other text patterns in order to reduce
confusion that may arise when participants were proofreading. Spaces
were also preserved outside the windows.

Stimuli were presented in eight blocks with different moving—window
sizes. Each block contained 14 experimental sentences plus six filler
sentences relevant to the task, and only the experimental sentences were
later used for analyses (112 items in total). Each block was preceded by

two practice sentences. The frequency condition was counterbalanced
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across participants, and the sentences were distributed over eight window

condition lists using a Latin square design. The presentation order of the

block and sentence was randomized.

All sentences used in the experiment were selected and modified from

Hwang (2012), Choo (2015), and Choi and Koh (2009) (see Appendix 1).

Fach sentence contained five to ten words, each word contained one to

six characters, and all sentences were easy to understand and contained

words that matched the vocabulary levels of all participants.

Table 1. Instructions of the experiment

Tasks

Instructions

Scanning

“you should scan the sentences quickly to identify
those that are relevant to the topic of clothing. If
the sentence is not relevant to the topic, quickly
press a button to move on, you will not receive
questions on these irrelevant sentences. However,
if the sentence is relevant to the topic of clothing
then ensure you read it carefully as there will be a
comprehension question after every sentence that

relates to the clothing topic.” (White et al., 2015)

Reading

“you should read all of the sentences carefully and
you normally do. You will be asked a

comprehension question after some sentences.”

Proofreading

“you should read all of the sentences carefully,
and have to look for spelling errors in the text.
You will be asked a question about whether

spelling errors were found after some sentences.”

16 A a k'_' 1-]I
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All experimental sentences were prepared in pairs, one with a low—
frequency word and one with a high—frequency word. Low frequency was

defined as lower than 10, and high frequency was defined as higher than

300, as counted from a 1.5 million—-word corpus from Kim & Kang (2000).

All target words consisted of two Korean syllables, such as ¥4 (a high-
frequency Korean word for relationship) vs. & (a low—frequency
Korean word for relationship), and were located in the middle of the
sentence either in the subjective or the objective case. The filler sentences
were designed for participants to carry out tasks. For scanning, the filler
sentences included clothing items, such as pants, socks, and necklaces, and
for proofreading, the filler sentences included spelling errors made by
replacing a letter of one syllable unit in a word in the sentence with a
visually similar letter (for example, replacing 7 with = or replacing }
with F, see Appendix 2) but ensuring that the replaced letters did not
produce meaningful words. All task—relevant items (clothing items and
spelling errors) could appear anywhere in the sentences. Finally, for the
reading task, filler sentences similar to the experimental sentences were

used.
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Block 1 Block 2 coe Block 8

2 2 2
practice sentences| |practice sentences practice sentences
14 14 14
experimental experimental “ee experimental
sentences sentences sentences
6 6 6
filler sentences filler sentences filler sentences

Figure 2. Procedures of the experiment.

2.4. Procedure

To begin with, participants’ gaze positions were calibrated and
validated by fixating nine points on the monitor (maximum error = 0.5° ).
Before each sentence, the validity of the calibration was checked by asking
participants to fix their gazes on a fixation marker. If participants’ eyes
were not on the fixation marker, they were recalibrated. After that,
participants were given different instructions according to their task types
(see Table 1) and were instructed to press a joystick button to finish
reading each sentence and answer the questions. Participants were able to
rest between the blocks if desired, and they were required to rest for three
minutes after reading four out of the eight blocks. The time required to
complete the experiment varied across the tasks, but on average it took

30-40 minutes.
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2.5. Data analysis

Reading rate (the number of Korean word units, Oejeol, read per
minute; henceforth KWPM) was analyzed as a primary eye movement
measure to determine the size of perceptual span because reading rate is
known to reflect the overall fluency of reading and has traditionally been
used in the moving—window paradigm. In this study, reading rate was
defined as the number of Korean word units, Oejeol, presented divided by
the time from initial presentation of a line of text until the button was
pressed, indicating that the sentence had been read (Rayner et al., 1986).
Fixations shorter than 31 ms and longer than 800 ms were eliminated.
Fixations following longer saccadic durations (> 99 ms) before or after a
blink were also eliminated. In addition, outlier data that were two
standard deviations above the mean per participant and per condition (<
4% of data for the KWPM measure) were removed.

We analyzed the eye—movement measures as a function of task,
window size, and target word frequency, using linear mixed models
(LMMs). A model for each dependent variable included participants and
items as crossed random effects (Baayen, Davidson, & Bates, 2008), and
task, window size, and target word frequency as fixed effects. The
significance of the interactions between fixed effects were checked by
comparing the likelihoods of the models with and without interaction
terms, using the likelihood ratio test. Random effects were set up to affect
only the intercepts, not the slopes, since the models with maximal random
structure did not converge. For the fixed effects, treatment coding for
reading tasks were used with normal reading as a base, eight successive

difference contrasts to assess the effects of increasing window size on eye—
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movement measures (C3 vs. C5, C5 vs. C7, C7 vs. C9, C9 vs. C11, C11
vs. C13, C13 vs. C15, C15 vs. FL), and dummy coding for target word
frequency (high or low). To conduct these analyses, the Ime4 package
(Bates, Maechler, Bolker, & Walker, 2015), which is available in the R
environment (R Development Core Team, 2016), was used. Absolute t-

values equal to or greater than 1.96 were reported as significant effects at

the 0.05 alpha level.
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3. Results

3.1. Accuracy

The accuracy rates for both normal reading and proofreading were
higher than 80% across all participants, and mean accuracy rates were 93%
(SD = 3.6%) for scanning, 93% (SD = 2.9%) for reading, and 94% (SD =
3.2%) for proofreading. These high accuracy rates indicate that all

participants performed well in the tasks.

3.2. Reading rate

3001

Korean WPM
N
o

1001

proofreading reading scanning

Reading Task

Figure 3. Reading rate for each reading task. The error bars indicate the
standard deviation across participants.
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This study used reading rate as a primary dependent variable to
measure perceptual span size in each task. On average, participants read
much faster when scanning for a specific topic (250 KWPM, SD = 108)
and much slower when proofreading for spelling errors (124 KWPM, SD
=55) compared to normal reading (158 KWPM, SD = 72) (b = 91.74, SE
= 15.87, t =5.78 for scanning; b = —=34.04, SE = 15.87, t = -2.14 for

proofreading).

Table 2. The mean values of eye~movement measures

Window Size

Measure  Task 5 C5 C7 C9 Cl11 C13  Cl5 FL

Reading  SC  139.6 203.3 2334 261.7 2788 2722 2784 3339
Rate (46.7) (70.9) (88.9) (99.7) (104.9) (96.8) (95.2) (125.3)

(KWPM) RD 1051 1340 151.2 1713 157.6 1824 182.0 183.6
(40.7) (48.6) (56.4) (71.3) (69.9) (75.0)0 (79.6) (84.9)

PR 839 111.3 1341 1320 1328 130.2 1325 136.0
(27.8) (40.4) (53.9) (55.3) (547 (62.0)0 (58.2) (62.9)

*SC: Scanning; RD: Reading: PR: Proofreading; The numbers in the

parentheses are the standard deviation across participants.

Expectedly, a significant interaction between task and window size
was observed, since the likelihood ratio test was statistically significant (p
<.001), indicating that the model with the corresponding interaction term
explained the data significantly better than the model without it. This
implies that there is a meaningful difference between perceptual span sizes
of different reading tasks; the detailed sizes of perceptual span in each task
are reported below. The frequency effect was significant (b = —8.85, t = -

5.97 for low—frequency items); however, the likelihood ratio test for an
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interaction between frequency effect and task was not significant, nor was
it significant for the interaction between frequency effect, task, and

window size (p » .05). This indicates, contrary to expectations, that the

frequency of a target word does not affect perceptual span size across tasks.

Reasons for this will be discussed in the following section.

[~
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Korean WPM

100

—&- proofreading

-©- reading

-©- scanning

9 1 13 15 ful
Window Size (Char)

w
o
~

Figure 4. Reading rate as a function of window size. The error bars indicate the
standard error.
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Figure 5. Reading rate as a function of window size in low—frequency
conditions. The error bars indicate the standard error.
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Figure 6. Reading rate as a function of window size in high—frequency
conditions. The error bars indicate the standard error.
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To estimate the perceptual span for each task in detail, the models of
reading rate as a function of window size and word frequency were run
separately for each task (see Table 3). It seems that people used 15
characters (seven characters to the right of fixation) or wider perceptual
spans in scanning, given the overall trend across windows and the
significant difference in reading rate between C15 and FL conditions (b =
56.17, SE = 5.84, t = 9.60). Although normal reading participants read
faster with a C9 window than with a C11 window (b = —=14.27, SE = 4.39,
t = —3.24), given the significant difference in reading rate between C11
and C13 (b = 24.89, SE = 4.39, t = 5.66) and that there was no significant
increase in reading rate from C13 (all [ts| < 1.60), it is implied that the
perceptual span for reading is 13 characters, six characters to the right of
fixation. Lastly, for proofreading, increases in reading rate were significant
between C3 and C5 and between C5 and C7 (b = 26.63, SE = 3.23, t =
8.22; b =22.105, SE = 3.25, t = 6.79, respectively) but not significant from
C7 (all Its| < 1.60), which indicates that the perceptual span for
proofreading is made at seven characters, three characters to the right of
fixation. In sum, as expected, the size of perceptual span was the smallest
in the proofreading task, at three characters to the right of fixation, and
largest in the scanning task, at more than seven characters to the right of
fixation, when compared to normal reading at six characters to the right

of fixation.

Table 3. LMMs results for reading rate (KWPM) in each task

Task b SE t—value
Intercept 253.632 14.939 16.978
C5-C3 62.167 5.862 10.605

T 3 11 ==
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C7-C5 30.889 5.844 5.285

C9-C7 28.864 5.88 4.909

SC C11-C9 15.767 5.904 2.671

Cl13-Cl11 -7.663 5.885 -1.302

C15-C13 7.306 5.856 1.248

FL-C15 56.177 5.848 9.606

Freq (low) -6.801 2.935 -2.317

Intercept 163.528 9.983 16.38

C5-C3 29.066 4.39 6.621

C7-C5 15.812 4.398 3.595

C9-C7 19.822 4.404 4.501

RD C11-C9 -14.272 4.398 -3.245
C13-Cl1 24.899 4.399 5.66

C15-C13 1.218 4,422 0.275

FL-C15 1.905 4.425 0.431

Freq (low) -10.134 2.202 -4.601

Intercept 128.533 8.386 15.327

C5-C3 26.632 3.239 8.223

C7-C5 22.105 3.251 6.799

C9-C7 -2.996 3.25 -0.922

PR C11-C9 1.409 3.245 0.434

Cl13-Cl11 -2.619 3.244 -0.807

C15-C13 2.904 3.245 0.895

FL-C15 4.294 3.268 1.314

Freq (low) -8.351 1.625 -5.138

*SC: Scanning; RD: Reading; PR: Proofreading; Significant t—values are

shown in bold.
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4. Discussion

This study examined the size of perceptual span across three different
types of reading tasks (scanning, reading, and proofreading) using the
moving-window paradigm of McConkie and Rayner (1975). In this
paradigm, participants read the same sentences, though for different
purposes under eight different viewing conditions (or window sizes): 3, 5,
7,9, 11, 13, 15, and full-line character spaces. The reading rate of the
normal reading group was close to asymptotic at a window size of 13
characters (six characters to the right of fixation), while the reading rate
of the scanning group became asymptotic at seven characters (three
characters to the right of fixation). In the scanning task, precise perceptual
span size could not be measured, but the results suggest that the perceptual
span needed for scanning is larger than 15 characters (seven characters to
the right of fixation).

In other words, people seem to use a narrower perceptual span during
proofreading than during normal reading, and a wider one during
scanning. The difference in the size of the perceptual span was around
three characters to the right of fixation between proofreading and reading,
and at least one character to the right of fixation between scanning and
reading. This implies that people deploy narrowed attention in
proofreading since it requires fully identifying every word in a sentence, as
well as focusing on the local features of the text. On the contrary, people
seem to deploy wider and more distributed attention while scanning texts
for a specific topic because they require shallower word processing, which

enables allocating attentional resources to extract information from the
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extrafoveal region. These results indicate several topics of discussion.

First, perceptual span during normal reading as reported in this study
replicates well the findings of the previous Korean perceptual span study
by Choi and Koh (2009), in which perceptual span in normal reading was
reported to be six to seven characters to the right of fixation, although this
study used different peripheral masking. This study used a square black
box with space information preserved for peripheral masking while Choi
and Koh (2009) replaced peripheral text with visually similar characters.
This suggests, contrary to expectations, that black box masking does not
interfere with natural reading, as compared to visually similar masking,
when space information is preserved.

Perceptual span size during normal reading in Korean readers as
reported by this study and that of Choi and Koh (2009) is smaller than for
English and Dutch readers, whose spans are about 14— 15 characters to
the right of fixation (Buurman, Roersema, & Gerrissen, 1981; Rayner,
1986). This difference seems to be related to differences in the information
density of different writing systems, since in Korean, unlike English or
Dutch, consonants and vowels are written in syllable units. In Korean, this
compiled syllable is treated as a single character, so the visual density is
much higher than in English. In fact, other notation systems with high
visual density, such as Japanese and Chinese, have also been observed to
have smaller perceptual spans than English—about seven and three
characters to the right of fixation, respectively (Ikeda & Saida, 1978;
Inhoff & Liu, 1998).

One of the limitations of this study is that it does not address the
asymmetry of perceptual span, which is related to reading direction. In the

case of English, perceptual span is biased toward the right, but in other
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languages that read in the opposite direction, such as Hebrew, perceptual
span appears to be biased toward the left. Even in the case of English, the
asymmetry of perceptual span was reversed when read from right to left.
This implies that the asymmetry of perceptual span is related to attentional
demand. Considering this point, the asymmetry of perceptual span during
proofreading can be mitigated due to the nature of the task, whereas
reading direction does not have a significant influence.

In addition, in this study, it was expected that frequency would affect
perceptual span and its interaction with the tasks because the frequency
effect tends to be amplified for proofreading and attenuated for scanning
according to the eye—movement studies of Kaakinen and Hyéna (2010)
and White et al. (2015). However, no significant interaction between
frequency effect and task was observed, nor was an interaction between
frequency effect, task, and window size. These results seem to be due to
the fact that there was insufficient manipulation of the target word
frequency to be well-reflected by global measures of eye movements, such
as perceptual span size. To address these issues, future studies need to use
localized measures or local characteristics of eye movements around the
region of interest (i.e. the target word) to measure the word frequency
effect on perceptual span. For example, as in Henderson and Ferreira
(1990), it is possible to indirectly measure perceptual span when fixating
upon the target word, measuring preview benefits from parafoveal
information.

Future research should also address a variety of scanning and
proofreading tasks that were not covered in this study. For example, this
study narrowed the scope of scanning to searching for a specific topic

(clothing) and the scope of proofreading to finding spelling errors.
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However, scanning includes searching for other types of information, such
as numbers or words, and proofreading includes detecting many kinds of
errors, such as grammatical errors, semantic errors, and even contextual
errors. Therefore, in—depth research on scanning and proofreading
requires further research involving these conditions.

In sum, this study investigated the size of perceptual span across
various types of reading tasks using the moving—-window paradigm and
revealed that people use a wider view of text during scanning and a
narrower view of text during proofreading when compared to normal
reading. Although the main focus of this study is to report new
information on perceptual span across different tasks in Korean subjects,
these results also suggest that people deploy perceptual span size according
to different goals in reading, which implies a flexible usage of perceptual

span in human beings.
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Appendix 1. Experimental Sentences

1. Experimental Sentences
Item Cond Sentence Log  Freq
Freq
1 HF T19] ofHAlE AU A4 F91E A7]E wolAHh 3.1 7268
1 LF T19] ofHAlE AAIY T2 F91E A7]= wolAHh 0.1 7
2 HF gato]l AARE 22 Agto] BES|A Fasty] o Hrt 3.1 6808
2 LF gato]l AARE 22 ggto] BES|A 85ty ofHrt 0 6
3 HF ERE AFFES Sl1FE 4o A=V 3.1 6738
3 LF B AFES ol9E G A0V E Atk 0.3 10
4 HF G2 13 815 2o ofolrt st A& AAHH 3 6172
4 LF H2= 127 818 o1 oA} sk e AAHIH 0.7 1
5 HF oAl BT o] EES 3o RS Eh 1.6 213
5 LF oAl = &4t Fdo] HgE Efot FES Wkth 0.2 8
6 HF A1) At AA2 Al E8 &9 Astes siak 3 5726
6 LF A1) At AA2 Alsfol 98 o9 Astes siak 0 6
7 HF £ 52 U2 JAY AR ARES X 2 ARl 3 5406
7 LF £ 52 U2 gAY Bl AASS X 2 ARl 0 5
8 HF Z27 el & A" A gt d7ge] g3ttt 3 5239
8 LF Z27 el & A" =l dit de] g3ttt 0.2 9
9 HF AQFol= 7 AFE] Aol ARE =7ioh 2.9 4931
9 LF AQFol= F AFFE] Aol AR5 =7ioh 0.3 3
10 HF et A|AEE Adole JAME di4shs d gt 2.9 4859
10 LF et AlAEE Aole FIHE siAsh= d FLfch 0.2 9
11 HF ayd o= 2419 mhgg 92 HAE FAh 2.9 4814
11 LF ayd o= 2419 o8 &2 HAE FHh 0.2 8
12 HF AAY 713 dEole *FS Pl Foljith 2.9 4761
12 LF AAY 713 dEols MAS fido] Foljith 0 6
13 HF AAEE FRE2 oA W&ol Fo4dS FEskih 2.9 4728
13 LF AAEE FRE2 oA 7F5o F84S xRk 0.3 10
14 HF 99 FHANE2 @ole] Su= o]ty syt 29 4594
14 LF 99 FHANES Tl FAE 92l shH 0.1 4
15 HF 27t eswet oy o] d3o] For Ttk 2.9 4049
15 LF Z7be eswet oy o] Futo] Fow Tk 0.1 7
16 HF FE= oM TEEY S BET Age Al 2.9 4004
16 LF FE= oM TEEY NS BES Age Al 0.3 10
17 HF o] FAL &2 ArnE AFF AHEHIA HIFUHE gt 1.7 254
17 LF o] FAZ w2 ArE AME ARSI HFUE A 0.4 2
18 HF AoflA whd AH= oS whue 7= dolztal Fth 2.8 3637
18 LF AojlA v AH= miEde wue 7k doletal Fth 0.1 4
19 HF I AR S84 F1E Azt Abel 2.8 3611
19 LF I AR S9AE 2%-E AZbste Abel 0.7 1
20 HF Al =T AZLSH AR gobk] A5 7k Holrh 2.8 3562
i}
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Appendix 2. Spelling Error Formation Rule

Initial Consonant Vowel Final Consonant
e F > F 1> T
i B >1H i
L > C F->1 MDD
C > L >0 L > C
T > C 1> 1 X > L
25 19 5> L
o - o 1> 1 C > L
B> o 1> 2>«
H - B BN JNTE > a2
A D = it > 4] m D> =
D> A A > 4] CE =
o > a] > 4} @®D> =2
z > A 1 > L E > 2
P> R T 2 T Eel =
=z > = = > 4 o> o
SR += > + H >
E D> C -1 >+ m > H
o> H T2 T A D> R
5 > o — > ”D> A
g5 4] o> m
1>t %> A
=z 2 R
3 > 7
E > C
I > H
s > 0
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