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ABSTRACT 

 

The present investigation sought to examine and replicate previously observed patterns of 

both normal progressive and regressive saccades, as well as to further understand regression 

behavior by using a new experimental paradigm for experimentation and to compare previously 

unstudied characteristics of regressive eye-movements with those of normal progressive reading. 

A spatial memory component was also included in the main experiment to determine if those 

with better visuo-spatial working memory are able to make more regressions. The sample studied 

did exhibit normal progressive reading, and it was found that the saccade-distance effect for 

progressive saccades was absent for regressive saccades. Readers also seemed to exhibit two 

different regression strategies for locating previously fixated text.  These two strategies seemed 

to rely on different cognitive processes, meaning that task type and information available for 

saccade programming may have an effect on the accuracy of a reader’s regressive saccades.  

Those readers with higher spatial memory made more accurate regressions with fewer total 

number of regressions to find the target.
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CHAPTER 1 

INTRODUCTION 

When people look at any object, they direct their gaze to a particular location in the 

visual field with a series of eye-movements called saccades.  In between saccades are periods 

called fixations where the eyes remain stable in order to extract visual information from the 

environment.  Saccade-fixation pairs are present in all eye-movements, but eye-movement 

behavior during reading is systematically different than that of scene perception or visual search 

(Rayner, 1998). While reading, the eye moves over text with saccade-fixation pairs that interact 

with the text in an observable pattern.  Written English requires several cognitive processes to 

work in conjunction in order for a reader to be able to navigate through text and extract meaning 

from the words on the page, and these higher level processes can affect eye-movements during 

reading.  Silent reading has been extensively researched and much of the understanding of 

normal eye-movements during reading comes from quantitative analyses where subjects’ reading 

behavior was studied over several pages or even entire books (McConkie et. al. 1988; Radach & 

McConkie, 1998).  

Most readers’ eye movements occur in a forward direction, but readers also predictably 

but less frequently make backward movements called regressions or regressive saccades, which 

move eyes towards areas of text that have already been located.  While regressions are a normal 

occurrence during reading, certain aspects of regressive eye behavior have not been examined at 

length.  Several trends that have emerged from eye-tracking research were pivotal in the pilot 

study and the main experiment, such as the perceptual span during reading, the preferred viewing 

position of words based on initial fixation positions, the optimal viewing position, effects of 

word properties on eye-movement behavior, and the differences between progressive saccades 

during reading versus regressive, or backward directed saccades. The main goal of the present 

investigation was to investigate the basic strategies behind regressive saccades, and to compare 

how word properties affect progressive saccades versus regressive saccades by replicating 

previously observed patterns and including new variables not yet studied at length.  A new 

sentence paradigm was also introduced to help examine regressive behavior. 
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  The perceptual span, which is the “region of effective vision” in scene perception, is 

defined in the field of reading research as the number of letters available around the center of the 

fixation.  For English readers, it is asymmetrical and skewed to the right, since English is read 

left to right, and generally extends 3-4 letter spaces to the left of fixation and about 14-15 spaces 

to the right of fixation (Rayner & Fischer 1987; Rayner, 1998).  The perceptual span can by 

affected by high level linguistic properties found in difficult text, and can also vary as a function 

of orthography (Rayner, 1998).  The pilot study attempted to limit the effects of the text material 

on the perceptual span by choosing high frequency target words often encountered in normal 

reading that should be easy for a sample of college age readers. 

The “preferred viewing position” is a point in a word that corresponds to a landing 

position slightly left to the center of a word, usually halfway between the beginning and middle 

of the word (Rayner, 1979; Rayner, 1998).   Patterns of the preferred viewing position (PVP) 

suggest that these landing position preferences are systematically related to the launch position 

of the reader’s eyes when they make a saccade, which was first reported by McConkie and his 

colleagues (1988). While it is true that most readers exhibit this “preferred viewing position,” 

there is also a need to recognize what is known as the “optimal viewing position”, or the location 

within a word at which recognition time in minimized (O’Regan & Levy-Schoen; O’Regan, 

1990; Rayner, 1998).  This optimal viewing position (OVP) is defined as being located between 

one letter before and one letter after word center, and is the “most effective in terms of word 

recognition and oculomotor control.  This was determined by the fact that readers whose eyes 

land directly in the center of a word have the least chance of making a re-fixation on that same 

word (O’Regan, 1990).   

It is important to understand the distinction between the preferred and optimal viewing 

locations, and it is possible that the preferred viewing position may actually be due to an error on 

the optimal viewing position. When examining fixation positions in reading, Radach and 

McConkie (1998) determined that while most readers attempt to land in this optimal viewing 

position that ensures the highest chance of comprehension, they tend to make visuomotor errors 

based on word properties like length, which results in the phenomenon of the preferred viewing 

position.  Using a corpus of over 200,000 saccade-fixation pairs from four different readers, they 

found an effect of word length on the mean landing positions for a fixed launch distance, dubbed 
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the word length effect (Radach & McConkie, 1998).  For instance, when the launch site was held 

constant, the “target” for the OVP was always the middle of the word.  The middle of the word 

moved farther away from the launch site as word length increased, and the reader tended to land 

in what is closer to the preferred viewing position [See Figure 1.1].  There was also a saccadic 

range error effect, or launch site effect, which describes the effect of the launch distance on the 

landing position within or near the target word.  When word length was controlled, as the launch 

site moved farther from the target word (this would be to the left, since English reading 

progresses left to right), the initial fixation within the target word shifted to the left as well.  

However, the relationship in letters was not equal; for every one letter space the launch site shifts 

to the left, the landing position moves back about 1/3 to 1/2 a letter space (McConkie et. al. 

1988) [See Figure 1.2]. 
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Figure 1.1: Landing positions within words as a function of launch distance and word length.  
This chart shows the effects of 4 launch site distances (1, 3, 5, and 7 letters to the left of word 
beginning) on landing positions with 3 words of different lengths (4, 6, and 8 letters).  From 
McConkie, Kerr, Reddix & Zola (1988). 
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Figure 1.2: Landing position function in normal reading.  This graph shows the landing position 
within words by launch site relative to word center.  As the launch site moves farther from the 
center of the word, the landing position within the word also moves to the left. From Radach and 
McConkie (1998). 

 

While the majority of text navigation occurs in a forward (left to right) manner, research 

has shown that anywhere from 10% to 25% of eye movements in reading are made either in a 

backwards direction (right to left) or to a previously read line of text, resulting in a regression 

(Rayner, 1998; Rayner & Pollatsek, 1989).  The reasons for making a regression during reading 

are varied, but some researchers agree that regressions occur much more frequently in a text that 

is difficult to the reader and thus requires higher linguistic processing levels (Vitu, McConkie, & 

Zola, 1998; Vitu, 2005).  This implies that if a reader’s comprehension of an area of text is 

incomplete, a regressive saccade is initiated “to re-encode or to process it to deeper levels” (Vitu, 

2005).  However, regressions can also help to re-locate information that is needed to resolve 

some decision making task, such as a factual question about the content of reading material 
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(Inhoff & Weger, 2005).  Because up to 85% of these regressions can be defined as “short term”, 

or usually falling around 10 characters in length or well within the perceptual span for normal 

reading, it has been suggested that the motives for making a regression are usually based on 

lower level cognitive processes (Radach & McConkie, 1998; Rayner, 1979).  The motives 

behind regressions seems to come from two possibilities: the reader lands on a wrong word due 

to oculomotor error tendencies (lower level processes), and the other being the similarly 

described by Vitu as “higher linguistic processing” errors, such as incomplete comprehension or 

word recognition.  Radach and McConkie (1998) suggest that a larger percentage of long 

distance regressions are due to failure of higher level cognitive processes such as sentence 

comprehension and syntax parsing. 

Some intriguing trends emerged from a corpus study by Radach and McConkie, namely 

the fact that the two variables that had the greatest effect on landing position during normal 

progressive reading, launch site and target word length, had little or no effect on interword 

regressive saccades. This means that “no matter where the [regressive] saccades were launched, 

the mean landing position in the word on which [the reader] lands is the same” (Radach & 

McConkie, 1998; Vitu et. al., 2001) [See Figures 1.3, 1.4 and 1.5]. The research on regressive 

saccades seems to show that the oculomotor processes involved in making a regression are 

systematically different, as many of the patterns found in progressive reading are not observed 

during regressions.  The research on regressive saccades seems to show that the oculomotor 

processes involved in making a regression are systematically different, as many of the patterns 

found in progressive reading are not observed during regressions.  The lack of these phenomena 

during regressive eye movements was one of the main impetuses for the investigation into the 

accuracy of regressions.  It is important to note that while making short regressions back to a 

previous word (within 10 letter spaces), regressions are extremely accurate and the landing 

position within the word operates on a function where the average landing position is the word 

center, in comparison with the preferred landing position during progressive saccades which 

places the eyes between the beginning and center of the word (Radach & McConkie, 1998; 

Rayner 1979).  Replication of these findings was expected for the pilot study and the main 

experiment.  Examination was extended to regressions outside of this short range, and thus 

thought to be outside of the perceptual span because a comparison between the lengths of 
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saccades and their effect on landing position accuracy needed to be re-examined in a more 

precise manner. 

 

 

 

 

 

 

 

 

 

 

Figure 1.3: Launch site effect.  This graph shows the effect of launch site on initial landing 
positions for progressive saccades. From Radach & McConkie (1998). 
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Figure 1.4:  Missing launch site effect. This graph shows the effect of launch site on initial 
landing position within the target word for three different launch distances for regressive 
saccades. From Radach & McConkie (1998). 

 

 

 

 

 

 

 

 

 

 

 

0

5

10

15

20

25

-4 -3 -2 -1 0 1 2 3

re
la

ti
v
e

 f
re

q
u

e
n

c
y
 (

p
e

rc
e

n
t)

Landing position relative to word center

Landing position (regressions)

start 1/2 start 3/4

start 5/6



 

9 

 

 

 

 

 

 

 

 

 

 

Figure 1.5: Missing word length effect.  This graph shows the missing effect of target word 
length effect for regressive saccades (Figure 1.1 show word length effect for progressive 
saccades for comparison). From Inhoff, Weger & Radach (2005).  
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beneficial because most readers take between 4 and 10 seconds to read one line of text, which 

could mean that the spatial layout could still be accessible in working memory, and certain words 

could be accessible in the phonological loop proposed by Baddeley and Hitch (1974).  

Another impetus for the current examination of regressions related to a reader’s spatial 

representation of a sentence was a theory proposed by Kennedy and colleagues that described a 

spatial coding hypothesis.  It concluded that “readers must maintain and use a level of 

representation of text that involves the computation of special coordinates” (Kennedy et al., 

2003).  This idea would mean that readers are constantly encoding and retrieving spatial aspects 

of the text while reading.  Their objective was to show that readers can execute very accurate and 

large regressive saccades to areas of peripheral vision where actual physical identification of a 

potential target is impossible.  However, the only regressions that were included in their analyses 

were left-moving saccades longer than 16 characters and landing within 5 letter of the target 

word boundary.  Any single saccade that met these criteria was considered “accurate”.  Since 

they included the area of 5 letters within the target word boundary, it is possible that participants 

could have landed on the wrong word but were still considered “accurate.”  They concluded that 

“readers can execute very large and accurate [single shoot] saccades back to text information” 

for long distance targets, but these results have yet to be replicated (Kennedy et al., 2003).  In the 

present investigation, subjects were not expected to  replicate the finding that it is possible to 

elicit fairly long distance singular saccades that are “accurate” at landing on the target, since this 

finding has not been verified by other eye-tracking studies that examined regressions.  Moreover, 

a novel sentence shifting paradigm was used in order to see whether information used in saccade 

programming comes from memory and thus determine how often the spatial index code is 

updated by the visual system.   

In another examination of the spatial aspects of reading, Radach and Heller (2000) sought 

to investigate the relationship between spatial and temporal aspects of reading, and found a 

defined relationship between the launch distance and the subsequent fixation on the target word 

for normal progressive reading due to the effects of a parafoveal preview benefit.  The previously 

observed parafoveal preview benefit suggests that readers can begin to process words that aren’t 

directly fixated but still remain within the perceptual span, especially the word following the 

currently fixated word during normal reading (Inhoff, 1989; Balota and Rayner, 1991; see 
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Rayner, 1998, for a detailed discussion).  Radach and Heller found that the farther the launch 

distance from the target, the longer the subsequent fixation on the target word.  As the launch site 

moves farther from a target, the target word moves outside the perceptual span, gradually 

eliminating the possibility of a parafoveal preview benefit.  Utilizing this approach appears to be 

a good way to determine whether or not parafoveal preview benefit is accumulated during 

regressions.  This question has not been raised in the research literature prior to this study, thus 

the current study will hope to show the saccade distance effect for progressive saccades, but not 

regressive saccades.  This would lend further support to the idea that the processes underlying 

progressive and regressive saccades are indeed separate. 

Also of particular interest to this investigation into the accuracy of regressions was a 

study that sought to examine regression behavior by examining eye-movements in conditions 

similar to the Kennedy experiment in order to determine if word type, a word’s presence, and the 

direction of the saccade to the target word affected saccade behavior (Inhoff & Weger, 2005). 

Inhoff and Weger failed to find the long, accurate, single-shoot saccades, but concluded that 

regressions were indeed spatially selective, meaning they moved in the correct direction and 

landed near the target, and but were not precise.   However, this study utilized multiple line text, 

and the launch site was centrally based below the text.  Thus, any regressions in this particular 

study actually moved upwards across multiple lines of text as well as either to the left or right. 

They also failed to find an effect of word type on saccade accuracy, and an effect of target word 

presence.  From the pattern observed, subjects make several shorter regressions aimed towards 

the target.  The authors concluded that, in this series of saccades, the initial regressions were 

based on spatial memory, or the visually based layout of the sentence, and that follow up 

regressions are based on higher level processes like word recognition.  Since this pattern is not in 

line with regression behavior observed by Kennedy and colleagues (2003), the study hoped 

clarify the discrepancy with other data to find out what can be described as normal regressive 

strategies for reading. 

To clarify, the purpose of the main experiment was largely to replicate previously 

observed patterns of normal progressive reading and also regressive reading, such as findings 

from Radach and McConkie’s (1998) corpus studies like the missing launch site and word length 

effect for regressions.  It was also planned to investigate the strategies involved in making such 
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regressions; specifically, if they are they based on memory of the spatial layout of the sentence, 

or based on visual information. This study sought understand regression behavior further by 

using a new sentence paradigm for experimentation and to compare previously unstudied 

characteristics of regressive eye-movements with those of normal progressive reading. A spatial 

memory component was also included in the main experiment to determine if those with better 

visuo-spatial working memory are able to make more accurate regressions.  Specific hypotheses 

for both the pilot study and main experiment are included within their respective introductions.
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CHAPTER 2 

PILOT STUDY 

A small scale pilot study was conducted to test the experimental sentence paradigm 

developed for this study. As mentioned previously, the goal of this technique was to shift the line 

during the saccade made to a cue located to the right of the line of text.  This cue was a visual 

cue or an auditory cue of the target word, and participants were expected to re-fixate the target 

word via regressive saccades. More specifically, the pilot study helped to verify the technical 

feasibility and effectiveness of the sentence shifting manipulation and to decide whether a visual 

or acoustic triggering of regressive saccades was more pragmatic for the main experiment. A 

visual presentation of the target word delivers the visual form of the target word, which may then 

be used much more readily in visually guided saccade programming.  The acoustic presentation 

may, on the other hand, be more amenable to a memory based programming of regressions, 

which would be reflected in a less pronounced shift effect on regression saccade amplitude.   

Triggering a regression via the acoustic presentation of the target word could create a condition 

where the visual identity and/or location of the target on the line of text have to be derived from 

memory. These considerations led to the hypothesis that a visual presentation may show an 

effect of the line shift if regression saccades are programmed based on visual information. Since 

the target was shifted one letter position to the left, the regression back into the line should be 

prolonged compared to regressions in a non-shifted trial.   

2.1 Participants:   

Participants were visually screened and required to sign a consent form before taking part 

in the experiment.  Undergraduate participants came from the research pool, by volunteer and 

graduate participation was on a volunteer basis.   Participants included 13 students at Florida 

State University, 4 of which were undergraduate Introductory Psychology students who received 

class credit, 7 were undergraduate volunteer research assistants, and 2 were volunteer graduate 

students.  They were all native English speakers and had normal or corrected-to-normal vision 

from glasses or contact lenses.  The mean age was 22.9 years, and 6 of 13 participants were 

female. 
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2.2 Procedure and Materials:  

Participants read sentences and received instruction to “look back to a target word” after 

they received a target cue that was either visual: the target word was presented at the end of the 

sentence, or audio: the target word was heard auditorily through speakers. The cues were 

triggered using a boundary paradigm where the cue occurred when the participant’s eye crossed 

an invisible boundary at the end of the sentence.  For the visual condition, crossing the boundary 

unmasked the target word.  In the audio condition, crossing the boundary triggered a recording of 

the target word to play through speakers. Sentences were blocked within the two cue conditions: 

visual and audio.  Within each block, 1/3 sentences had far targets, 1/3 sentences had near 

targets, and 1/3 sentences were filler sentences with middle targets to avoid a training effect.  It 

is important to note that sentences with near and far targets were designed to contain both the 

near and far target to allow for between subjects comparison. 

Example: 

 

Half of the subjects received the near target cue and half received the far target cue.  Half 

of all sentences also underwent a shift one character space to the left when crossing the invisible 

boundary, and then shifted back to their original positions upon leaving the cue area.1  The 

shifting took place during the saccade, and thus should have been undetectable by the participant. 

This allowed the determination if currently available visual information is used to determine 

saccade programming.   

 There were a total of 144 sentences plus 12 practice sentences, six for the audio cue 

condition and six for the visual cue condition. Of the 144 trial sentences, 1/3 had far targets, 1/3 

had near targets, and 1/3 were filler sentences with middle targets. The order of target distance 

and the order of shifted sentences were randomized and counterbalanced.   This experiment used 

a unique paradigm for sentence creation – all target words were matched on frequency and 

                                                            
1 See Appendix A for example sentences for all shifting conditions and Appendix B for example sentences. 
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length within each sentence.  Sentence materials were highly controlled compared to previous 

regression research in that both the near and far target words within each sentence were held at 

high frequency (>100 instances per million according the CELEX database) and matched for 

length.  This eliminates possible confounds of processing difficulties due to low frequency words 

which tend to be rare in the lexicon, and the matching length makes it less likely for one word to 

“stand out” over the other, in both verbal and spatial memory.  Having sentences with both the 

near and far targets allows for between subject comparison without the possible effects that 

sentence order and different sentence material might have on one participants’ performance over 

the other. 

2.3 Apparatus: 

Sentences were displayed one at a time on a 15 inch monochrome CRT monitor with a 

display refresh rate of 200 Hz that was positioned at 60 cm distance from the subject’s eyes.  

Sentences were written in Courier font, size 12, and each character is the same width on the line 

of text.. At this distance, each letter subtended 0.33˚ of visual angle laterally. Viewing was 

binocular but eye movements were recorded from the right eye only with an EyeLink 2000 eye 

tracking system (SR Research, Mississauga, Ontario, Canada) sampling at a rate of 2000 Hz. 

Heads were positioned on a chin rest to minimize head movements. Relative accuracy of 

measurement was in the order of 0.02˚, absolute accuracy was maintained at less than one 

character width via calibration and validation routines. Sound files of target words played 

through stereo speakers placed on either side of the viewing monitor.  The sounds files were 

equalized for volume in units of dBs using the freeshare software Audacity 

(http://audacity.sourceforge.net/) to ensure all auditory cues were played at equal loudness.    

2.4 Results and Discussion 

Tables 2.1 and 2.2 show the present amplitude in character spaces of the first regression 

moving back into the sentence for first the audio and then the visual cue.  For the audio cue, 

saccade amplitudes to far targets did not show any shifting effect, t=.0376, p=.97, SE=2.166; nor 

did amplitudes for near targets, t=.1505, p=.8805, SE=1.922.  For the visual cue, saccade 

amplitudes to far targets did not show any significant shifting effect but were not nearly as non-

significant as the audio cue values, t=1.1578, p=.248, SE=2.254; the same for amplitudes to near 
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targets, t=.6194, p=.5362, SE=2.188.  While differences in shifting for both the audio cue and 

visual cue remain non-significant for the pilot study, the values for the visual cue come closer to 

showing an effect that might become significant with more subjects.  This result could also have 

interesting implications for the findings of the main experiment, suggesting that the visual code 

may not be constantly updated as previously suggested if the effects of shifting are indeed 

present for both initial and subsequent regression fixations.  

 

Table 2.1 Outward Saccade Amplitudes for Visual Cue  

Distance Condition Shift Mean (SD) 

Far No Shift -22.08 (18.29) 

  Shift -24.69 (18.01) 

Near  No Shift -18.71 (16.50) 

  Shift -20.07 (17.86) 
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Table 2.2 Outward Saccade Amplitudes for Audio Cue 

Distance Condition Shift Mean (SD) 

Far No Shift -26.46 (18.47) 

  Shift -26.38 (20.13) 

Near  No Shift -18.76 (16.31) 

  Shift -18.47 (14.93) 

 

In summary, results from the pilot experiment helped to refine the main experiment 

further in order to examine regressive saccades in as detailed as manner as possible.  The 

feasibility of the sentence paradigm has been verified, and patterns from the effects of the 

shifting conditions did indeed emerge although the number of participants was too few to 

determine any statistical trend yet, which was expected to appear in the main experiment.  

Normal progressive reading behavior was also observed, which suggests that the sample 

represented the average abilities and skills of normal adult readers, and thus their regressive 

behaviors were likely to describe normal patterns.  Critically, since an effect of line shifting was 

only seen in the visual version, this seemed to be the more promising candidate for the main 

experiment.  In the pilot experiment, the audio condition also did not significantly affect reading 

time, time to complete the task, or landing position within the words when compared to the 

visual. It was also determined that the visual cue condition is the most effective at showing 

effects of the shifting conditions, so only the visual cue was employed in the main experiment.  
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CHAPTER 3 

MAIN EXPERIMENT 

 There were several aspects of the pilot experiment that were incorporated in the main 

experiment and some that were changed.  Keeping the sentence paradigm adapted in the pilot 

study allowed the examination of the effects of near and far between subjects without the 

possible confound of any effect that different sentence material might have on saccade 

programming.  The addition of more filler sentences with middle targets was intended to 

eliminate any training effect from subjects who noticed that target words tended to be either at 

the beginning or and the end of the sentence.  Along with the replication of normal reading and 

regression behavior, the shifting condition was also used in order to determine how quickly the 

“spatial code” is updated.  This sentence manipulation involving shifting of the line helped to 

detect if the effects of the shift are still seen for the landing position of long distance saccades.  A 

shift in landing position was expected to occur for the targets of short-distance (near) saccades, 

but it is not known if it will hold for targets of long-distance (far) saccades.  Replication of 

missing launch site and word length effects for short term regressions was also expected, as was 

the previously discussed center landing position for short-range regressions (Radach & 

McConkie, 1998; Inhoff, Weger, & Radach 2005).   

One aspect that did need to be addressed was the tendency for some subjects to simply re-

read the sentence from the beginning after receiving the target cue until they find the word, 

which makes the reading task closer to a search task.  This could have possibly affected the 

observed regression pattern, making it more difficult to discern a clear regression strategy.  In 

order to discourage this behavior, the instructions were modified from the pilot version to say 

“look back to the word as quickly and as accurately as possible” in order to discourage the 

participant to avoid the more timely strategy of re-reading.  If they were any more explicit, such 

as directing them to try and make as few fixations as possible during the regression, regression 

behavior may be too unnatural.  

 Another critical component missing from the pilot experiment was a way to measure the 

effect of memory on reading behavior, since this was a key factor measured in many of the 
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previous research done on relocating text, and one that was purported to be used to make 

regression decisions (Inhoff and Weger, 2005; Weger and Inhoff, 2007).  It was important that 

the memory test did not have a verbal component, since the eye-movement properties being 

studied are assumed to independent of word properties because of the previously mentioned 

missing launch site and word length effect on the targets of regressive saccades.  This study used 

the immediate block span version of the Corsi block test, which examines the “capacity of the 

visuo-spatial subsystem within the short-term-memory” (Wiener Testsystem Modulotests, 2008).  

The Corsi block test nicely fit this criterion, as well as having high reliability, ranging between 

r=0.81 and r=0.89 depending on the test form.   

To summarize, the purpose of the main experiment was largely to replicate previously 

observed patterns of normal progressive reading and also regressive reading, such as findings 

from Radach and McConkie’s (1998) corpus studies like the missing launch site and word length 

effect for regressions. Specifically, the current student attempted to improve upon previous 

research by examining if the saccade distance effect for progressive saccades is also present for 

regressive saccades.  An investigation into the strategies involved in making such regressions 

aimed to determine if they are they based on memory of the spatial layout of the sentence, or 

based on visual information.  This experiment also endeavored to clarify the discrepancies 

between regression behaviors seen in Inhoff and Weger (2005) versus those found by Kennedy 

and colleagues (2003).  If initial regressions back into previously fixated text are based on 

memory, as suggested by Inhoff and Weger (2005), then these fixations should not be affected 

by the shifting manipulation.  Visually guided regressive saccades would be affected by the 

shifting.  It could be possible to see how quickly the visual system is updated by examining if 

subsequent refixations also show a shifting effect.  Incorporation of the Corsi block test allowed 

spatial memory to be measured, which could be then correlated with certain variables used to 

determine accuracy.  Readers with higher spatial memory scores were expected to make more 

accurate regressions.  The main experiment describes accuracy in terms of regression amplitudes 

and the total number of saccades to target.  Higher accuracy corresponds with larger amplitudes 

for long distance regressions, and less total number of saccades to reach the target.   
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3.1 Participants:   

Participants included 28 students at Florida State University, both undergraduate general 

psychology research pool participants who received credit, and volunteer graduate students.  

They were all native English speakers and had normal or corrected-to-normal vision from glasses 

or contact lenses.  The mean age was 23.1 years, and 16 participants were female. 

3.2 Procedure and Materials:  

Participants read sentences and received instruction to “look back to a target word as 

quickly and as accurately as possible” after they received a target cue that was presented visually 

after the sentence. The cues were triggered using the same boundary paradigm from the pilot 

experiment where the cue occurred when the participant’s eye crossed an invisible boundary at 

the end of the sentence, and crossing the boundary unmasked the target word.  Participants read 

174 sentences, 1/3 of which had far targets, 1/3 sentences had near targets, and 1/3 sentences 

were filler sentences with middle targets to avoid a training effect.  Once again, the highly 

controlled sentence material was used, and any new sentences created adhered to the same 

frequency and length matching as the pilot experiment.  Participants were randomly assigned to 

one of four lists, all which contained the same word material but was varied based on shift 

condition and target distance condition so that one half of participants received the far target for 

a sentence, while the other received the near target.  Half of sentences were randomly assigned to 

the shift condition, and half of participants saw these sentences shifted while the other half 

counterbalanced by seeing the other half of sentences shifted, and the remaining half with no 

change.  When in the shift condition, the sentence underwent a shift one character space to the 

left when crossing the invisible boundary, and then shifted back to its original position upon 

leaving the cue area.2  The shifting took place during the saccade, and thus should have been 

undetectable by the participant. Having sentences with both the near and far targets allows for 

between subject comparison without the possible effects that sentence order and different 

sentence material might have on one participants’ performance over the other. 

                                                            
2 See Appendix A for example sentences for all conditions and Appendix B for example sentences. 
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Participants were administered a computer version of the Corsi Block-Tapping test that 

was developed by Schufried and operates on the Vienna Test System platform distributed by 

Lafayette Instrument.  (Wiener Testsystem Modulotests, 2008).  During the test, participants 

were prompted with nine irregularly positioned blocks on the screen. An animated pointer finger 

“tapped” on a number of these blocks in turn. The respondent was required to use the mouse in 

order to “tap” on the same blocks by clicking them in the same order. After three items, the 

number of blocks increased by one. The test ended when the participant made an error in three 

successive items.  

The test produced two scoring variables for each participant, the immediate block span 

and the raw score.  The variable “immediate block span” operationalizes the visuo-spatial 

memory span and indicates the longest sequence length that has been reproduced correctly at 

least once. The raw score is the total number of sequences reproduced correctly out of all trials 

attempted.  The problem here is that not all subjects underwent the same number of trials on the 

Corsi test because it is an item-response based test.  The test ends when the subject gets three 

trials in a row incorrect.  However, “mis-sequencing” does not count as “incorrect” for the raw 

score because all the correct blocks are tapped, just not in the correct order.  The Corsi block test 

has previously demonstrated a reliability of r=.81 among a sample of normal adult readers whose 

mean score on the Corsi block test is a span of six. 

3.3 Apparatus: 

 Sentences were displayed one at a time on a 15 inch monochrome CRT monitor with a 

display refresh rate of 200 Hz that was positioned at 60 cm distance from the subject’s eyes.  

Sentences were written in Courier font, size 12, and each character was the same width on the 

line of text. The viewing distance between each reader’s eyes and the monitor was set to 

approximately 60 cm. At this distance, each letter subtended 0.33˚ of visual angle laterally. 

Viewing was binocular but eye movements were recorded from the right eye only with an 

EyeLink 2000 eye tracking system (SR Research, Mississauga, Ontario, Canada) sampling at a 

rate of 2000 Hz. Heads were positioned on a chin rest to minimize head movements. Relative 

accuracy of measurement was in the order of 0.02˚, absolute accuracy was maintained at less 

than one character width via calibration and validation routines.  
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3.4 Results and Discussion 

Because readers exhibited normal reading behavior, it was safe to assume that their 

regressive eye movements were also representative of adult readers because the proportion of 

progression and regressions was in line with previous research, like readers from Radach and 

McConkie’s experiment (1998) who showed between 16.7% and 36.1% of all total eye 

movements were regressions, and the general report of anywhere from 10% to 25% of eye 

movements resulting in regressions (Rayner, 1998; Rayner & Pollatsek, 1989).   

 In order to simplify the comparison between normal progressive saccade behavior and 

that of and normal regressive saccades, the results will discuss each effect and compare its effect 

on progressive versus regressive saccades.   For this study, progressive reading data was 

extracted from the initial sentence reading portion of the task before the subject receives the cue, 

and regressive data came from eye-movements occurring after the cue.  Looking at participants’ 

initial sentence reading before reaching the cue, 91.9 percent of all incoming initial saccades 

were progressive (2557 cases) and 8.4 percent were regressive (233 cases).   Readers did exhibit 

normal reading trends such as the launch site effect and the preferred viewing position [See 

Figure 3.1].  Landing position data confirms that the launch site effect for progressive saccades is 

significant when comparing subject means for near launches versus far launches, the distance of 

which were determined individually for each subject based on their individual means.  The same 

data also confirms that the launch site effect is missing for regressive saccades [See Table 3.1 

and Figure 3.2].   
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Table 3.1 Launch Site Effect for Progressive and Regressive Saccades 

 

 
Mean 

Std. 

Deviation 

Std. Error 

Mean t df 

Sig. (2-

tailed) 

Landing 

positions for 

progressive – 

near versus 

far 1.21 .404 .082 14.674 23 .000 

Landing 

positions for 

regressive – 

near vs. far .138 1.47 .300 .462 23 .649 
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Figure 3.1: Launch site effect for progressive saccades.  Those saccades launched from father 
away from the center of the target word have landing positions that are closer to the beginning of 
the word.  Saccades launched closer to word center are land closer to the word center, or optimal 
viewing positions. 
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Figure 3.2: Missing launch site effect.  This graph shows the lack of launch site effect for 
regressive saccades to near and far targets; the landing positions is not effected by launch site. 
 

 

Tables 3.2 and 3.3 show the data for landing positions and viewing times for progressive 

saccades and regressive saccades, respectively, and these values were used to determine if the 

saccade distance effect that is present for progressive saccades is present for regressions; in other 

words, if there was an increase in fixation duration on the target word for launch distances that 

are far.  Table 3.2 clearly shows the effect for initial fixation duration due to launch distance, 

being that the duration for fixations launch from far distances is about 18 ms.  The increase in 

time for initial fixation duration for progressive saccades between the near and far targets was 

significant, t(2555) = 5.6552, p < .0001, SE = 3.215.  For regressive saccades, the difference in 

initial fixation based on saccade distance was not statistically significant, confirming that there in 

indeed no saccade distance effect for regressive saccades as hypothesized, t(231) = .2793, p = 

.7802. 
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Table 3.2: Landing positions and viewing times for progressive saccades as a function of launch 
distance 

 

Progressive Saccades 

Incoming 

saccade 

amplitude 

(letters) 

Landing 

position after 

progression 

Fixation 

duration 

Gaze 

duration

To near target Mean 5.93 3.09 238 256

Std. 

Deviation 

1.71 1.20 82.87 98.75

To far target Mean 8.67 1.85 256 298

Std. 

Deviation 

2.88 1.21 78.63 113.51

Total Mean 7.17 2.52 247 275

Std. 

Deviation 

2.69 1.35 81.45 107.75

 

 
Table 3.3: Landing positions and viewing times for regressive saccades as a function of launch 

distance 
 

Regressive saccades 

Incoming 

saccade 

amplitude 

(letters) 

Landing 

position after 

regression 

Fixation 

Duration 

Gaze 

Duration

To near target Mean -7.35 3.35 219 237

Std. 

Deviation 

3.98 1.44 76.11 122.78

To far target Mean -4.66 2.91 221 227

Std. 

Deviation 

2.23 1.41 79.84 83.78

Total Mean -5.89 3.11 220 232

Std. 

Deviation 

3.42 1.44 77.99 103.40
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When turning the analysis toward the strategies readers use to make regressions, the 

details became more complex because it was not easy to observe any clear preference for one 

strategy over the other, referring to either the single-shoot regression behavior described by 

Kennedy and colleagues (2003) or the series of regressive saccades observed by Inhoff and 

Weger (2005, 2007).  If most people can make one accurate regression, there should be little to 

no observable difference in the number of saccades it takes readers to re-locate the target, but 

there was a noticeable difference based on distance.  If readers tend to make a series of 

regressions, the number of regressions to find the target word should increase as a function of 

target distance, but there is no statistical difference between the number of saccades to reach a 

center target and the number to reach a far target, t(2542) = .8104, p = .4178, SE = .074.  Figure 

3.3 does not seem to show either of these findings.  At first it was thought this could be due to 

the previously mentioned habit of some reader to re-read the sentence, but 94.8 % of the 

outgoing saccades from the cue area are indeed regressive. In addition, due the distance between 

cue and line of text, a minimum of 5 letters was demanded for a valid regression amplitude 

because it was possible for a reader to regress but still land in the cue area; this eliminated a 

further 0.6 percent of the observations.    There is an increase in the number of saccades based on 

target length for near and far targets, but it makes sense that there would be an increase from 

center targets to far targets, which is not present.  Instead of discrediting both Kennedy’s 

findings and Inhoff’s findings, it is entirely possible that both of these strategies are used by 

readers, depending on the task.  
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Figure 3.3: Mean number of saccades to target based on distance. 

 

 

The proportions of regressions were examined in a more finely tuned manner to see if it 

is indeed possible that both reading strategies were present in the current study.  Figure 3.4 

shows the number of saccades to the target words for every condition of the experiment.  The 

behavior for near targets is similar, whether shifted or not, as near targets seem to consistently 

demonstrate a fewer number of required saccades to locate the target.  This is on par with the 

findings of Radach and McConkie, who showed that short regressions to targets within the 

perceptual span are highly accurate, and also shows that readers can make single shoot accurate 

regressions for close targets.  Reading behavior for middle and far targets is qualitatively 
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different based on the means for all readers.  From this evidence and from my observations 

during data collection, this difference seems to be due to a behavior more closely resembling that 

found by Inhoff and Weger (2005, 2007). This behavior is referred to as “backward scanning” 

from this point in the manuscript.  

Another hint that there may have been two distinct regression strategies comes from the 

evidence of an observable shifting effect on mean amplitude, regardless of distance.  However, 

while it is still observable between the shifted and non-shifted conditions for far targets, it is no 

longer significant at this distance, t(1393) = 1.0521, p = .2929, SE = 1.009.  It is possible that 

with more subjects, this effect could move towards significant. As hypothesized before, if 

readers are able to make single-shoot regressions based on memory, there should be no 

observable effect of shifting.   
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Figure 3.4: Number of saccades to target for all distance and shifting conditions. 
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Figure 3.5: Mean amplitudes of initial regressions back into the sentence after the cue for 
distance and shifting conditions. 

 

 

 In an attempt to differentiate between the two strategies believed to be at work, trials 

were separated with a strict criterion.  The “single shoot” strategy was defined as trials where 

readers either elicited one single regression to the target, or who made one initial regression that 

was at least 2/3 the amplitude of the mean saccade amplitude for the condition, followed by one 

short correction saccade.  This criterion was chosen because it has been found that longer 

regressive saccades tend to undershoot the target (Radach and McConkie, 1998). It was assumed 

that this type of single shoot regression relies more heavily on memory, as previously mentioned.  

If single shoot regressions are based more on memory processes, then participants who exhibit 

higher proportions of this behavior should also have scored higher on the Corsi block span test. 

This behavior should also show a predictable increase in amplitude based on target distance, 

which was found [See Figure 3.6]. 
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All other cases were described as the “backward scanning” strategy, and included trials in 

which readers seemed to perform a backward directed visual search for the target word.  Readers 

who use this strategy more often should not show a correlation to the memory test, and their 

landing positions within the target words will be more subject to effects of line shifting.  A much 

more pronounced effect of line shifting was found for this strategy, but it faded as the target 

moved further away.  One somewhat peculiar finding after differentiating the two strategies was 

that trials that included the “backward scanning” strategy actually showed longer amplitudes for 

closer targets [See Figure 3.7]. This probably represents the previously mentioned tendency to 

simply re-read the line until the target is located. 
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Figure 3.6: Mean amplitude of initial regressions for trials using the “single shoot” strategy 
based on target distance and shifting condition. 
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Figure 3.7: Mean amplitudes of initial regressions for trials using “backward scanning” strategy 
based on target distance and shifting condition. 
 

  

 Analysis was originally planned to correlate the subjects’ Corsi block span scores with 

their accuracy, but because two separate reading strategies were detected, it was decided to 

examine the correlations for accuracy based on regression amplitudes and number of saccades 

needed to find the target between those subjects who have a higher proportion of single-shoot 

regressions and those who engage in the “backward scanning” strategy more often.  The variable 

immediate block span operationalizes the visuo-spatial memory span and corresponds to the 

longest sequence that was correctly reproduced at least once.  The Corsi block span represents a 
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subject’s memory without including a verbal component (e.g. calling numbers, recalling lists), 

and does not take a subject’s verbal abilities into account, allowing for clearer interpretation of 

the spatial aspects of word based reading analysis. 

As mentioned earlier, if single shoot regressions are based more on memory processes, 

then participants who exhibit higher proportions of this behavior should also have scored higher 

on the Corsi block span test.  Table 3.4 shows the correlations based on this differentiation, and 

those readers who have a higher proportion of single-shoot saccades have a correlation with their 

Corsi block span test score that approaches significance, p = .055.3  It is possible with more 

subjects and a beforehand knowledge of the different reading strategies would push finding into 

significance.  As expected, this does not correlate significantly with the number of saccades to 

find the target. 

 

 

Table 3.4: Correlations of Corsi span score to proportion of reading strategy 

 
Single Shoot 

ratio 

# of saccades 

to find target 

Regression 

Amplitude CorsiSpan 

Single shoot ratio Pearson Correlation 1 -.841 -.333 .321

Sig. (1-tailed)  .000 .048 .055

N 26 26 26 26

# of saccades to 

find target 

Pearson Correlation -.841 1 .165 -.153

Sig. (1-tailed) .000  .211 .227

N 26 26 26 26

Regression 

Amplitude 

Pearson Correlation -.333 .165 1 .001

Sig. (1-tailed) .048 .211  .498

N 26 26 26 26

CorsiSpan Pearson Correlation .321 -.153 .001 1

Sig. (1-tailed) .055 .227 .498 

N 26 26 26 26

 

  

                                                            
3 See Appendix C for subjects’ individual Corsi scores and proportions of reading strategy. 
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There are several aspects of this study that could be addressed and refined through further 

experimentation using this sentence paradigm with some improvements to methodology.  One 

behavior that was noticed in the pilot study was the tendency for some subjects to simply re-read 

the sentence to locate the word.  An attempt to eliminate this behavior came in the form of a 

change in instruction to relocate the word “as quickly and as accurately as possible” in order to 

discourage the more timely strategy of re-reading.  While the frequency of re-reading was less 

for the main experiment, a few participants did exhibit the behavior.  There are a few 

possibilities that could correct this behavior, such as changing the type of task, or increasing the 

participant’s understanding of the intent of the study.  It was originally suspected that 

specifically instructing participants to restrict all eye-movements to regressions would elicit too 

artificial of a reading behavior, thus the purposely vague directions of “look back to the word” 

were chosen.  This method was also better than asking a question about the sentence and hoping 

the subject looked back to the area with relevant information, since this method does not reliably 

elicit this behavior, occurring less than ¼ of all trials for one study (Inhoff & Weger, 2005).  It 

appears that it might be necessary to find a more ecologically valid way to elicit regressive 

saccades. 

 Another possible point of contention could be the fact that words were not controlled for 

word type.  This could possibly have an effect on the outcomes of the study because previous 

research has shown better memory for certain word types over others.  For instance, previous 

research has shown that content words are fixated about 85% of the time and function words are 

fixated about 35% of the time (Rayner, 1998).  If a target word happened to be a function word, 

it’s possible that participants may not fixate the word during their initial pass of the sentence, and 

thus the memory of the word may not be very strong.  Another possible effect stems from the 

concreteness of target words, which has been shown to influence fixation times when other 

factors are controlled (Rayner & Juhasz, 2003).  Sometimes, within a sentence in the current 

study, even though words were matched for frequency and length, it was possible that they could 

differ in terms of concreteness, such as a noun and a preposition.  This study did not account for 

or control for this phenomenon.  It could be possible to control all factors at once: frequency, 

length, and word type, but then sentence material creation might be very limited and it is usually 

better to have large samples of eye-movements for each subject. 
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3.5 Conclusion 

The current study was successful in its attempt to first replicate several fundamental 

differences between progressive and regressive saccades.  The present study found many patterns 

of normal reading, such as the launch site effect, word length effect, and saccade distance effect 

on fixation durations for progressive saccades.  Previous findings were also replicated, such as 

the absence of both launch site effect and word length effect for regressive saccades. It was 

determined for the first time that another common trend of progressive saccade, the saccade 

distance effect on fixation durations, is not present for regressive saccades, further supporting the 

idea that the underlying cognitive processes behind regressions are indeed qualitatively different 

from progressive saccades. 

When trying to detect the main strategy for making a regression, the results of the study 

seem to imply that readers were actually implementing two separate strategies when making 

regressions. Either they were able to make a single accurate saccade to a target, or they use a 

series of shorter saccades to hone in on the target.  It is possible that these two behaviors resulted 

because different information was being used to make saccades.  For the long single shoot 

regressions, it makes sense that these relied on spatial memory because they showed no shifting 

effects;  a nearly significant correlation between higher Corsi scores and a higher proportion of 

single-shoot regressions seems to verify this finding.  One possible suggestion is that readers 

initially rely on spatial memory to relocate a word.  If this information is decayed or no longer at 

the time of relocation, then the more time consuming strategy of backward scanning is used.   

For those readers who tended to engage in the backward scanning strategy, it was 

demonstrated with the sentence shift paradigm that initial regressions for this strategy show 

effect of sentence shifting.  This is in opposition to the idea suggested by Inhoff that a reader’s 

initial large regressions in a series that scans backward are based on memory.  If this were 

correct, initial regressions based on memory would not show the effects of the sentence shifting.  

This led to the conclusion that a backward scanning strategy may be used when spatial memory 

information is no longer available, or simply wasn’t encoded in the first place.  Overall, the 

accuracy of regressions seems to rely on very different information than progressive eye-

movements that occur during normal reading, and a reader’s strategy may affect which 
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information is used to make a regression.  Thus, those readers who were able to use spatial 

memory a higher proportion of the time to make saccades were more accurate than those who 

rely on visual information. 
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APPENDIX A 

EXAMPLES OF VISUAL CUES 

Visual Cue Example with no shift, far target: 

 

Visual Cue Example with shift: 

 

Audio Cue Example with no shift, near target: 

 

Audio Cue Example with shift: 
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APPENDIX B 

EXAMPLE SENTENCE MATERIAL 

Sentences with near and far targets were created with specific criterion.  Both target words in 

each sentence had to be the same length and had to be high frequency (>100 per million using 

the CELEX database).  Far target word centers had to be the same number of characters from the 

beginning of the sentence as near target word centers had to be from the end of the sentence in 

order to eliminate spatial saliency of one target word over the other. 

Being ready for marriage is important before giving your heart away. 

Wait until the baseball is thrown before you try to steal third base. 

The long books the young author wrote became famous after she died. 

The early sun in the east had no effect on the sleep of the older man. 
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APPENDIX C 

 CORSI SCORES 

Subject # Corsi Score Proportion of Single Shoot to Backward Scanning 

1 6 .30:1

2 6 .38:1

3 5 .57:1

4 5 .45:1

6 8 1.10:1

7 6 .62:1

8 6 .66:1

9 6 1:1

11 5 1.03:1

12 5 .5:1

13 7 .51:1

15 8 .45:1

16 7 .43:1

17 6 .65:1

18 6 1.13:1

19 7 .61:1

20 6 .65:1

23 6 1.07:1

24 8 .43:1

25 6 .43:1

26 8 1.08:1

27 5 .34:1
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29 6 .43:1

30 5 .30:1

31 6 .43:1

34 6 .57:1
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