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Abstract The direction and duration of eye movements dur-
ing reading is predominantly determined by cognitive and
linguistic processing, but some low-level oculomotor effects
also influence the duration and direction of eye movements.
One such effect is inhibition of return (IOR), which results in
an increased latency to return attention to a target that has been
previously attended (Posner & Cohen, Attention and
Performance X: Control of Language Processes, 32, 531—
556, 1984). Although this is a low level effect, it has also been
found in the complex task of reading (Henderson & Luke,
Psychonomic Bulletin & Review, 19(6), 1101-1107, 2012;
Rayner, Juhasz, Ashby, & Clifton, Vision Research, 43(9),
1027-1034, 2003). The purpose of the current study was to
isolate the potentially different causes of regressive eye move-
ments: to adjust for oculomotor error and to assist with com-
prehension difficulties. We found that readers demonstrated
an IOR effect when regressions were caused by oculomotor
error, but not when regressions were caused by comprehen-
sion difficulties. The results suggest that IOR is primarily
associated with low-level oculomotor control of eye move-
ments, and that regressive eye movements that are controlled
by comprehension processes are not subject to IOR effects.
The results have implications for understanding the relation-
ship between oculomotor and cognitive control of eye move-
ments and for models of eye movement control.
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During reading, readers most often move their eyes forward in
the text to process new information. These eye movements, or
saccades, are necessary because visual acuity is limited to a
small area, and only a certain amount of information can be
extracted on each fixation (McConkie & Rayner, 1976).
However, not all eye movements take the eyes forward in
the text. About 10 % to 25 % of eye movements move back-
wards in the text to reprocess information, which we will refer
to as regressive eye movements or regressions (Rayner &
Pollatsek, 1989). These regressive eye movements are neces-
sary to maintain comprehension as they allow readers to cor-
rect any misidentification or misinterpretation of the written
text (Schotter, Tran, & Rayner, 2014).

The fact that eye movements can move both forward and
backwards depending on comprehension is one piece of evi-
dence that direction of eye movements is mostly the result of
cognitive and linguistic processing. For example, readers are
more likely to make regressions to ambiguous homophones
and heterophones, such as bank or tear, after reading disam-
biguating text (Duffy, Morris, & Rayner, 1988; Folk &
Morris, 1995; Jones, Folk, & Brusnighan, 2012).1 It is not
only the direction of eye movements that is under cognitive
control, but also the duration of eye movements. For example,
readers spend more time processing words that are difficult
because they are either unpredictable from the previous con-
text or low frequency (Ehrlich & Rayner, 1981; Rayner &
Dufty, 1986). Therefore, variations in both the direction and

! When readers do not make a regression to resolve ambiguity, data indicate
that there is inflated reading time on the disambiguating region. However, for
the current experiment, we are most interested in cases in which a regression is
made to resolve the ambiguity.
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duration of eye movements can be explained by cognitive and
linguistic processing.

While it is generally accepted that eye movements during
reading are predominantly the result of cognitive and linguis-
tic processing, low-level oculomotor factors also play an im-
portant role. One such oculomotor effect that is involved in
reading is inhibition of return (IOR). IOR refers to the in-
creased latency to return attention to a previously attended
location than to a location that has not been recently attended
(Posner & Cohen, 1984). Most research involving IOR effects
has involved nonreading visual processing tasks that rely on
either reaction times or eye movements (for a review, see
Klein, 2000). However, two studies have investigated whether
IOR occurs during reading using eye movement measures
(Henderson & Luke, 2012; Rayner, Juhasz, Ashby, &
Clifton, 2003).

Rayner et al. (2003) investigated whether the low-level
oculomotor effect of IOR is present in reading, a task that
predominantly relies on higher-level cognitive processing.
Results indicated that the IOR effect is not limited to simple
tasks of visual search (Klein & Maclnnes, 1999), but is also
involved in more complex tasks of word processing during
reading. On the fixation prior to making a regression, readers
took about 30 ms longer when the regression moved the eyes
to a word that was previously fixated compared to a word that
was previously skipped. Other research has also demonstrated
the IOR effect in reading. Henderson and Luke (2012) inves-
tigated whether the IOR effect appears in both regular reading
conditions and mindless reading of unreadable word blocks.
The IOR effect appeared in both conditions, which the authors
argued is evidence that the IOR effect in reading is the result of
low-level oculomotor programming and not the result of com-
prehension and cognitive processes.

The purpose of the current experiments was to expand on
these findings to determine whether IOR effects occur when
regressions are the results of low-level oculomotor control,
or from higher-level comprehension difficulties. Although
the two previously mentioned experiments were well de-
signed and provided clear evidence for IOR effects in read-
ing, we take a different approach to investigating this issue.
Our goal was to design two experiments that could disen-
tangle regressions that were caused by comprehension issues
and those that were caused by oculomotor error. The previ-
ous researchers attempted to eliminate saccades from global
comprehension issues and those from oculomotor error by
only looking at saccades that were launched between three
and 15 characters from the target. However, we are
attempting to isolate and investigate those issues separately
in this work.

It is important to look at these two types of regressions
separately because they are relying on two different process-
es. A regression that corrects for saccadic overshoot is rely-
ing on low-level oculomotor control, and a regression that is
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the result of comprehension difficulty is initiated as the
result of cognitive processing. If IOR effects can be
applied equally to all types of eye movements in reading,
then they should be present in both types of regressions.
Further, Klein and MacInnss (1999) suggested that IOR is
a facilitative effect in that it prevents the reader from
returning their eyes to a target that has already been proc-
essed. This explanation makes sense for some regressions,
especially in visual search tasks, but when the regression is
being initiated to resolve a comprehension problem in read-
ing, it would not be facilitative to delay the execution of the
regressive eye movement.

We created stimuli for two experiments to determine
whether IOR effects are present when a regression is
launched to correct for oculomotor error (Experiment 1)
and when a regression is launched to correct for comprehen-
sion difficulty (Experiment 2). In Experiment 1, we adapted
stimuli from Eskenazi and Folk (2015) because their target
words resulted in a high (50 %) skipping rate and were often
followed by an immediate corrective regression. In
Experiment 2 we adapted stimuli from Titone (1998), which
were lexically ambiguous homophones in which prior con-
text was neutral but subsequent context supported the sub-
ordinate meaning by one disambiguating word. For exam-
ple, in the sentence “Mike didn’t like the grade of the hill
that they were driving down,” the word grade is lexically
ambiguous and the word #ill resolved the ambiguity to the
subordinate meaning of slope. It is likely that readers will
make a regression out of the word Aill and into the word
grade. This will allow us to determine whether IOR effects
appear when regressions are made as a result of comprehen-
sion difficulties.

Experiment 1
Method
Participants

Fifty participants from Kent State University participated in
this experiment for course credit. All participants had normal
or corrected vision, spoke English as their first language, and
had no reported reading disabilities.

Stimuli

Forty sentence stimuli were adapted from Eskenazi and Folk
(2015) in that we used the original sentence frames, which
were already normed for predictability. The sentence frames
included a three-letter low-frequency unpredictable target
word (word,,) that was preceded by a five-letter high-frequen-
cy adjective (word,_;). We changed the sentences so that the
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word following the target word (word,,, ;) was always a five-
to seven-letter high-frequency preposition. Word frequencies
were determined using CELEX database in the N-Watch

N\

program (Davis, 2005). An example sentence is below with
an arrow indicating the path of the regression from word,,,; to
word,,.

The actress wore a green gem around her neck at the award show.

These sentences were designed so that word, was likely to
be skipped, which would increase the likelihood of an imme-
diate regression from word,,,;. The immediate regression
would likely be a result of a corrective eye movement for
overshooting the three-letter target word. This would allow
us to compare reading times on word,,; when the regression
was to word, based on whether word,, was skipped or fixated
as a way to measure IOR.

We also included 10 filler sentences that each were follow-
ed by a comprehension question. This ensured that all readers
were reading for comprehension. No participant scored below
80 % accuracy, and the mean was 97 % correct.

Apparatus and procedure

Eye movements were monitored using an EyeLink 1000 Plus
eye tracker (SR Research). Eye movements were recorded
from the right eye although viewing was binocular. Eye po-
sitions were measured using a sampling rate of 1000 Hz.
Participants were seated 60 cm (24 in.) from a computer
monitor, and one degree of visual angle included four char-
acters. Participants rested their chin and forehead on a head
mount to reduce head movements. Participants used the left
and right buttons of a keyboard to indicate that they have
completed reading the sentence and to answer comprehension
questions.

Prior to eye tracking, participants read and signed a
consent form. Each participant’s eye positions were cali-
brated and validated using a nine-point array on a 21-inch
iMac computer screen. Prior to each trial, participants
moved their eyes to a white circle on the computer screen,
which performed a drift correction. Drift corrections were
performed before each trial. After the drift correction was
completed, the researcher controlled the onset of stimulus
presentation by pressing a button on the eye-tracking com-
puter. Participants were instructed to read at their own
pace for comprehension. Stimuli were intermixed with fill-
er sentences and comprehension questions randomly ap-
peared on 25 % of trials. Stimuli were presented in ran-
dom order one at a time on a computer screen. At some
points during the experiment the drift correct may have
failed, in which case, participants were recalibrated if
eye position error was greater than 0.3 degrees of visual
angle.

Results

Fixations that were less than 80 ms and greater than
1,000 ms were eliminated from analyses. We also elimi-
nated trials in which there was a blink or track loss in the
arecas of interest. This accounted for 2.3 % of the data.
Linear mixed effects (LME) analyses were conducted
using the Ime4 and languageR packages in R Version
3.2.4 (Baayen, Davidson, & Bates, 2008). All models in-
cluded maximal random-effects structure (Barr, Levy,
Scheepers, & Tily, 2013). An alpha level of .05 was used,
and significant effects were inferred when ¢ values were
greater than 1.96.

Only a subset of the data was analyzed because of the
criteria used to define each condition. The two conditions
were return regression (RR) and nonreturn regression
(NRR). RR was defined as a regression that was made out
of word,,,; and into word, when word, had previously been
fixated. NRR was defined as a regression that was made out of
word,,,; and into word, when word, had previously been
skipped. Thus, RR was when the eyes returned to a previously
attended location, and NRR was when the eyes returned to a
location that was not previously attended. A regression was
made out of word,,,.; on 17 % of all trials. On 89 % of those
trials the regression was made immediately into the target
word,, and on 10 % of those trials it was made to an earlier
part of the sentence. We only analyzed the 89 % of trials in
which the regression was made into the target word, so that we
can be certain that the regression was made as a result of
oculomotor correction. On those 89 % of trials, RR accounted
for 32 % (85 trials) of the data and NRR accounted for 68 %
(180 trials) of the data. Analyses revealed that fixation dura-
tions on word,,,; were significantly longer in the RR condition
(M = 296 ms, SE = 17 ms) than in the NRR condition
(M =253 ms, SE = 14 ms), 3 =41.69, SE=17.72, t = 2.35.
Thus, the data are consistent with previous work in that
readers take longer to return to a word that has been previously
fixated, or IOR.% In Experiment 2 we examined whether this
effect also occurred when the cause of the regression was

2 We also analyzed the frequency and length of word,,,; to ensure that linguis-
tic characteristics of this word did not contribute to these differences. Word,,,;
in the RR and NRR condition had the same average length (Mg = 5.82, Myrr
=5.94) and frequency (Mrg = 475.93, Myrr = 484.82).
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more likely a result of comprehension difficulties than from an
immediate corrective regression to a previously fixated or
skipped word.

Experiment 2

Method

Participants

Another sample of 50 Kent State University undergraduates
participated in this experiment with the same set of controls as
the first experiment.

Stimuli

The purpose of Experiment 2 was to determine whether IOR
effects also appear when the regression is likely the result of
reading comprehension difficulties rather than low-level ocu-
lomotor adjustment. Therefore, we adapted 45 sentence stim-
uli from Titone (1998) with lexically ambiguous target words.
We used her sentence frames, but added in a disambiguating
region that was most consistent with the subordinate interpre-
tation of the ambiguous homophone. For example, the word
grade is an ambiguous homophone in the sentence below, and
the word #4ill is most consistent with grade’s subordinate in-
terpretation of slope:

A

Mike didn’t like the grade of the hill that they were driving down.

Each sentence contained two short function words between
the ambiguous homophone (word,,) and the disambiguating
word (word,,, ;). Much like Experiment 1, this design allowed
us to analyze regressions coming from word,,,; into word, based
on whether word, was fixated or skipped on the first pass
through the sentence. However, the main difference now is that
the regression is most likely caused by comprehension difficulty.

Apparatus and procedure

The apparatus and procedure were the same as Experiment 1.
The only difference was that now there were 45 experiment
stimuli and 15 filler sentences followed by comprehension
questions. No participant scored below 80 % accuracy, and
the mean was 96 % correct.

Results

The data were analyzed in the same way as Experiment 1. A
return regression (RR) was defined as a regression out of word,,,
1, the disambiguating word, and into word,,, the ambiguous word,
when it was previously fixated. A nonreturn regression (NRR)
was defined as a regression out of word,,,;, the disambiguating
word, and into word,,, the ambiguous word, when it was previ-
ously skipped. A regression was made out of the disambiguating
word,,;; on 29 % of all trials. On 83 % of those trials the regres-
sion was made to the ambiguous target word,,, and on 17 % of
those trials it was made to an earlier part of the sentence. We only
analyzed the 83 % of trials in which the regression was made into
the ambiguous target word so that we can be certain that the

3 Technically, word,,; is word,,3, but we maintain this wording to avoid
confusion between Experiments 1 and 2. Word,,,; is always the word from
which a regression was made.
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regression was made as a result of comprehension difficulties.
On those 83 % of trials, RR accounted for 61 % (1,112 trials) of
the data and NRR accounted for 39 % (711 trials) of the data. In
contrast to Experiment 1, the analyses revealed no significant
differences between the fixation duration on word,,; prior to
the RR condition (M = 296 ms, SE = 10 ms) compared to
NRR condition (M = 291 ms, SE = 8 ms), 3 = 7.18,
SE = 18.08, t = < 1. Thus, no IOR effect was observed when
the regression was the direct result of comprehension difficulty.*

The presentation of a null effect is often problematic and
should be met with some skepticism, as the conclusion could
simply be a result of Type II error. To address this, we calcu-
lated the posterior probability in support of the null effect
(Masson, 2011). This method relies on the Bayes factor and
can quantify the degree to which a null effect is likely to be
real, and not the result of Type II error. The results indicated
that the probability of the null hypothesis given the data was
HO|D = .94, which strongly supports the null effect. Thus, we
can be confident that there is no inhibition to return the eyes to
a previously processed word, when the regression was initiat-
ed as the result of comprehension difficulty.

Discussion

In a series of two experiments we attempted to determine
whether IOR effects occur for the two main causes of regres-
sive eye movements: (1) an immediate regression caused by
oculomotor adjustment and (2) a regression caused by com-
prehension difficulty from misidentifying or misinterpreting a

4 We also conducted analyses with the frequency and length of the disambig-
uating word as factors to ensure that linguistic characteristics of this word did
not erase any possible effects. The inclusion of these factors did not change the
results.



Psychon Bull Rev

previously read word. Previous work has indicated that low-
level oculomotor IOR effects occur in the complex tasks of
reading (Rayner et al., 2003) and mindless reading
(Henderson & Luke 2012), but we have taken a different
approach by isolating the different causes of regressive eye
movements. Therefore, we have expanded on previous re-
search by demonstrating that IOR effects occur when a regres-
sive saccade is initiated for oculomotor adjustment, but not
when it is initiated to correct for a comprehension break-
down.” These results have implications for understanding
the connection between low-level and high-level control of
eye movements during reading and for models of eye move-
ment control.

Upon first discovering IOR effects in reading, Rayner et al.
(2003) noted that it is striking that such a low-level oculomo-
tor effect is present in such a complex task as reading. The
duration and direction of eye movements in reading are deter-
mined primarily by linguistic processing, and it is therefore
surprising that the duration of eye movements can also be
determined by whether or not the eyes will be returning to a
previously fixated word. However, they also noted that some
other low-level effects have carried over into reading while
others have not. For example, parallel programming of sac-
cades, range effects, and center of gravity effects have all been
observed in reading, while express saccades and the gap effect
have not. The current results support the finding that low-level
effects have carried over into reading, but suggest that higher-
level processing has dominance over these effects. When a
regressive eye movement is initiated by the higher-level cog-
nitive system rather than the lower level oculomotor system,
the cost of making a regression is not present. This conclusion
makes sense given that the goal of reading is to understand
and comprehend the written text. One would not expect a
mechanism to be included in this process that would delay
or interfere with comprehension processes. The existence of
IOR in other tasks such as visual search can be facilitative, as
Klein and Maclnnes (1999) suggest. It is beneficial to have
some reluctance to move the eyes back to a target that has
already been processed in visual search. In contrast, in reading
it is necessary to sometimes move the eyes back to a target that
has already been processed (Schotter et al., 2014).

Additionally, evidence from visual search experiments sug-
gests that IOR is task-dependent (Dodd, Van Der Stigchel, &
Hollingsworth, 2009) and dependent on the relevance of the
previously attended position (Farrell, Ludwig, Ellis, &
Gilchrist, 2010). Dodd et al., (2009) found that IOR only
appeared in visual search tasks but found facilitation of return
in other visual tasks such as free viewing and scene

Sltis possible that IOR effects occur in other instances of regressions, or for
other types of comprehension difficulty; however, the current data were de-
signed to measure whether IOR effects occur for immediate corrective regres-
sions and comprehension difficulty from misidentifying an ambiguous word.

memorization. They suggest that IOR can be turned off
when it is not necessary to bias search away from novel
targets. This is consistent with the current pattern of results,
as it would not be beneficial to bias attention away from
misidentified words. Farrell et al. (2010) provide a detailed
explanation of how this process would work through an evi-
dence accumulation model. When it is known, through repeat-
ed exposure, that a return saccade is necessary and beneficial,
IOR is decreased. This could be applied to the current work in
that readers may know that a regression is likely to be made to
an ambiguous word because they are often misinterpreted
(e.g., Folk & Morris, 1995), therefore IOR would be de-
creased. This conclusion could be tested by investigating
whether IOR effects occur on other commonly misidentified
words.

These results also have implications for models of eye
movement control. While earlier version of the E-Z Reader
model focused almost exclusively on forward eye movements,
recent advances to the model have begun to explain regressive
eye movements (Reichle, Warren, & McConnell, 2009). The
current version of the model includes a 30 ms cost for all
regressive saccades; however, the current data suggest a
change to this cost. The data indicate that the cost could be
higher than 30 ms, or at least be flexible to include a range of
costs. Clearly, the size of the IOR depends on the cause of the
regression. However, we cannot definitively say that there is
no cost associated with regressions initiated for comprehen-
sion difficulty, as we do not have a baseline comparison.

There are several points that could be argued against these
new results. First, much of the conclusion rests on the null
effect from Experiment 2, so we accept that these results
should be viewed with some caution. However, the inclusion
of our analysis of posterior probability of the null effect indi-
cated that the lack of a difference between the two conditions
is likely real. Second, one could argue that the lack of an IOR
effect in Experiment 2 could be the result of expiration of an
IOR because these effects are not permanent. Posner and
Cohen (1984) found that IOR effects last up to two seconds,
and therefore we would argue against this criticism because all
of the regressive saccades were initiated in less than two sec-
onds from leaving the word that would be the target of the
regression. Third, there was a confound in that regressive sac-
cades were significantly longer in Experiment 2 (M = 12.2)
than in Experiment 1 (M = 4.8). However, previous work has
found that saccade length has no correlation with fixation
duration (Andriessen & de Voogd, 1973), and thus the differ-
ence in saccade lengths is unlikely to be related to differences
in reading times on word,,, ;.

Finally, one might question whether these two experiments
are truly indexing different causes of regressions. However,
there are several reasons to support that they are. First, the rate
of return regressions in Experiment 2 (61 %) was almost twice
as high as those in Experiment 1 (32 %). This suggests that
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readers were more likely to misidentify or misinterpret the
target word and had to make a regression to that word to
correct the misinterpretation. This conclusion is supported
by the fact that readers are more likely to make regressions
to ambiguous words that were misinterpreted than nonambig-
uous words (Jones et al., 2012). Second, readers make a cor-
rective regression when the eyes overshoot, or move too far
past the intended target, and this is more likely to occur when
the eyes launch from a close target (McConkie, Kerr, Reddix,
& Zola, 1988). Experiment 1 was designed to induce this
effect because readers launched their saccade from word,,_,
directly before the target word,,. Therefore, readers were mov-
ing their eyes back by one word to correct for the overshoot. In
Experiment 2, readers were making a regression back three
words, so this could not have been the result of oculomotor
error, but rather comprehension difficulty.

In conclusion, the current experiment has provided further
evidence that control of eye movements in reading is primarily
guided by cognitive processing, but that low-level oculomotor
control also plays a role in the duration of eye movements.
While original reports of the IOR effect in reading appeared to
suggest that this was predominantly a low-level effect, the
current data suggest that higher-order cognitive processing
can override this effect when the regressive eye movement is
initiated to improve comprehension processes. The current
results are limited to cases in which comprehension is
disrupted from misidentifying a single ambiguous homopho-
nic homograph, and therefore future work should investigate
whether the IOR effect is present in other instances of com-
prehension difficulty including misidentifying heterophonic
homographs or misidentifying entire phrases in garden path
sentences.
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