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CHAPTER 1

INTRODUCTION

Background

A great deal of research has contributed to understanding

how much information readers can process on a single fixation.

This research has shown that for American English readers the

window of effective vision often referred to as the perceptual

span extends from the beginning of the fixated word to no more

than 4 characters to the left of the fixation point [McConkie

and Rayner, 1976; Rayner, Well, and Pollatsek, 1980; Underwood

and McConkie, 1985] and to about 15 characters to the right of

the fixation point [McConkie and Rayner, 1975; Rayner, Inhoff,

Morrison, Slowiaczek, and Bertera, 1981]. The perceptual span

is asymmetric, extending farther in the direction from which

information is to be acquired on the next fixation [Inhoff,

Pollatsek, Posner, and Rayner, 1989; Pollatsek, Bolozky, Well,

and Rayner, 1981] and varies in size depending on the

difficulty of the fixated word [Henderson and Ferreira, 1990;

Rayner, 1986], the difficulty of the text to the right of

fixation [Balota, Rayner, and Pollatsek, 1985; Inhoff and

Rayner, 1986], and the skill of the reader [Rayner, 1986].

The architecture of the visual system constrains the

quality of the processing. Information located 2 degrees of

visual angle (6-8 characters) around the fixation point is

processed in foveal vision. Information located 10 degrees of

visual angle around the fixation point (5 degrees to the right
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of the fixation point and 5 degrees to the left of the

fixation point) , yet outside of foveal vision, is processed in

parafoveal vision. The difference between foveal and

parafoveal processing is one of acuity. Acuity is greatest in

the center of the visual field. As the distance from the

fixation point increases, acuity decreases substantially.

During reading, most words are processed in both foveal

and parafoveal vision. Except for the first word fixated of

each line of text, every word processed in foveal vision

during a given fixation could have been processed in

parafoveal vision during the previous fixation. Research

suggests that there is a savings observed in reading time on

a word if that word is first processed in parafoveal vision

and subsequently in foveal vision. This is referred to as the

parafoveal preview effect [Rayner, 1978; Rayner, McConkie, and

Ehrlich, 1978; Rayner, McConkie, and Zola, 1980].

Foveal Processing Difficulty

In two experiments, Henderson and Ferreira [1990] showed

that parafoveal preview benefit measured on a word is

influenced by the processing difficulty of a preceding word.

When readers fixated the preceding word, the word to the right

of fixation was either identical to the next word in the

sentence or it was a visually dissimilar nonword (e.g.

"dnslmr"). A third type of parafoveal preview was also used

in the experiment, but will not be discussed here.
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The technique used to vary the availability of parafoveal

preview of individual words during reading was the Boundary

Technicfue [Rayner, 1975]. The technique allows the

experimenter to directly measure the parafoveal preview of a

single word. The display of the preview is contingent on the

position of the eyes. When the eyes move past an

experimenter-defined invisible boundary, the display changes

replacing one type of parafoveal preview with a target word.

Because the display change occurs during the movement of the

eyes, the subject is rarely aware of the display change.

Parafoveal preview benefit is measured by comparing fixation

duration on a word when there was no parafoveal preview of

that word with fixation duration when there was full

parafoveal preview of that word. This technique provides an

opportunity to measure the impact of parafoveal processing on

the fixation time on individual words.

Henderson and Ferreira [1990] referred to the word on

which parafoveal preview benefit is measured as the parafoveal

target word and the preceding word which contained the

boundary, triggering the display change as the fovea 1 target

word . For the sake of clarity, hereafter the word on which

parafoveal preview benefit is measured will be referred to as

the target word , and the preceding word which contained the

boundary will be called the boundary word.

In two experiments, Henderson and Ferreira [1990] found

that parafoveal preview benefit measured on a word was larger
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when the preceding word was easy to process. In Experiment 1,

the preceding word was either high or low frequency (assessed

by Francis and Kucera, 1982). In Experiment 2, the preceding

word either violated readers' syntactic expectations (e.g.

"She warned Harry bought small gifts.") or did not violate

readers' syntactic expectations (e.g. "She warned that Harry

bought small gifts." In both cases, the word "bought" served

as the boundary word and the word "small" served as the target

word)

.

Henderson and Ferreira [1990] argued that these results

were a problem for the Morrison model [1984] of eye movement

control during reading. The model is attractive because it

describes a wide range of eye movement data within a simple

framework. According to the model, word n (i.e. the boundary

word) , is fixated until a criterion level of processing is

reached. An internal attention mechanism shifts to begin

processing the next word, word n+1 (the target word) . This

word becomes the spatial target location of the next saccade.

The shift of attention initiates the programming of this

saccade, and the saccade is executed after a delay

corresponding to the time required to program the saccade.

The time to program a saccade has been estimated to be

approximately 175 milliseconds [Arnold and Tinker, 1939;

Rayner, Slowiaczek, Clifton, and Bertera, 1983; Salthouse and

Ellis, 1980]. It is assumed that this time does not vary as

a function of boundary word difficulty. This assumption
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predicts no difference between parafoveal preview benefit

observed when the boundary word was easy to process or when

the boundary word was difficult to process. In all cases, the

amount of time that the target word is processed is equal to

time necessary to program the next saccade.

In order to account for their results, Henderson and

Ferreira [1990] revised the Morrison [1984] model, adding two

provisions. The first provision was a fixation cutoff, a

limit on how long a fixation can last. The second provision

was an eye movement programming deadline, which was equal to

the fixation cutoff minus the average saccadic programming

latency. Regardless of the processing status, the programming

deadline specifies when the eye movement control system starts

programming the next saccade in order to ensure that the eye

does not fixate for longer than the fixation cutoff.

These provisions explained the Henderson and Ferreira

[1990] results in the following manner. When boundary words

are easy to process, the shift of attention occurs before the

eye movement programming deadline. When attention shifts,

saccadic planning is initiated and the amount of parafoveal

processing is equal to the time necessary to program the

saccade. When boundary words are difficult to process, the

shift of attention occurs sometime after the eye movement

programming begins. Because the next saccade is planned

before the shift of attention, the amount of time spent

processing parafoveal information is smaller than the time



required to plan a saccade. Consequently, the amount of time

spent processing parafoveal information is longer when the

boundary word is easy to process.

Considering the previous research which suggests that the

nature of the target word also influences parafoveal preview

benefit [Balota, Pollatsek, and Rayner, 1985; Inhoff and

Rayner, 1986], an important question is whether the processing

difficulty of the boundary word and the target word interacts

to produce parafoveal preview benefit. Henderson and

Ferreira's [1990] model predicts that the processing

difficulty of the target word should influence parafoveal

preview benefit only when the frequency of the boundary word

is high, for it is in this case that attention shifts before

the eye movement programming deadline, allowing adequate time

to process the target word.

A second prediction shared by both the Henderson and

Ferreira [1990] and Morrison [1984] models is that the

property of the parafoveal preview should in no way influence

the fixation duration on the boundary word. When attention

shifts to the target word, saccadic programming is initiated.

It is assumed that unless the target word is fully identified,

the next saccade will be executed as soon as saccadic

programming as been completed.

A third prediction of the Henderson and Ferreira [1990]

model concerns the fixation cutoff and the saccadic

programming deadline. Frequency distributions of fixation
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durations on high and low frequency boundary words should

differ. Reading times on high frequency boundary words are

predicted to be smaller than the fixation cutoff, because

attention shifts before the saccadic programming deadline.

Distributions for high frequency boundary words should be

continuous with little truncation at long durations on the

right. However, reading times on low frequency boundary words

are predicted to be about equal to the fixation cutoff,

because attention does not shift until after the saccadic

programming deadline. Distributions of low frequency boundary

words should be truncated at long durations on the right.

Working Memory Capacity and Parafoveal Processing

The present experiment also aimed to determine whether

parafoveal processing and eye movement control in reading

occur uniformly in individuals having different working memory

capacities. The term "Working Memory Capacity" grew out of

research conducted by Baddeley and Hitch [1974; Hitch and

Baddeley, 1976]. This work showed that when readers were

required to perform a language comprehension task and a digit

recall task simultaneously, there appeared to be a trade off

between readers 's performances on the two tasks. This trade

off indicated that readers had a finite amount of resources
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available for processing concurrent tasks. Daneman and

Carpenter [1980] as well as other researchers [Perfetti and

Lesgold, 1977] began to assess the variability among

individuals in their processing capacities.

Daneman and Carpenter [1980] used the Reading Span Test

to assess such differences. Subjects read sets of unrelated

sentences and were asked to recall the last word in every

sentence. An individual's score on the Reading Span Test has

been found to correlate with several measures of reading

ability: 1) answering factual questions, r=.72 [Daneman and

Carpenter, 1980]; 2) answering pronoun reference questions,

r =.90 [Daneman and Carpenter, 1980]; 3) the Verbal Scholastic

Aptitude Test, r=.59 and r=.49 [Daneman and Carpenter, 1980],

r =.46 and r =.58 [Daneman and Carpenter, 1983]; 4) the

Nelson-Denny standardized test for reading comprehension,

r =.53 [Masson and Miller, 1983]; and 5) learning the meanings

of novel words from sentence contexts in which the word

meanings could be inferred, r(28) = .69 [Daneman and Green,

1986]. Recent studies have also claimed that differences in

working memory capacity are also related to differences in how

syntactic information is used in sentence processing [Just and

Carpenter, 1991; King and Carpenter, 1991; MacDonald, Just,

and Carpenter, 1992],

As more of these studies rely on eye tracking to assess

differences between these two reading groups, it is important

to determine if there are perceptual differences between the
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two reading groups. Reduced reading times in a region may be

interpreted as resulting from sentences processing factors,

when in fact they may be the result of increased parafoveal

processing in the prior region. Previous research has shown

that there is a relationship between reading ability and

perceptual processing, [Fisher and Lefton, 1976; Fisher and

Montanary, 1977; Hochberg, 1970; Rayner, 1986; Spragins,

Lefton, and Fisher, 1976]. In particular, Rayner [1986]

reported that adult skilled readers had larger perceptual

spans than beginning readers. Furthermore, when good readers

were given text that was too hard for them, their perceptual

spans were smaller than when reading easy text due to

difficulty processing the fixated word. The relationship

between reading ability and scores on the Reading Span Test

predicts that high span readers may produce larger parafoveal

preview benefit than low span readers.
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CHAPTER 2

THE EXPERIMENT

Introduction

In the present experiment, the printed frequency of the

boundary word, the target word, and the availability of

parafoveal preview were independently varied. Using the

boundary technique, the impact of these three factors was

measured on the reading time of both the fixation duration of

the target word (word n) and the fixation duration of the

boundary (word n+1 )

.

Method

Subjects

The Reading Span Test was administered to 244 students at

the University of Massachusetts. The mean score was 3.15

(SD=.83); 16 percent scored 4.0 or above and were considered

high span subjects; 57 percent score 3.5 or 3.0 and were

considered mid span subjects; and 27 percent scored 2.5 or

below and were considered low span subjects. From this pool,

24 high span (scoring 4.0 or above) and 24 low span readers

(scoring 2.5 or below) were recruited to participate in the

reading comprehension experiment. The mean reading span score

for high span readers was 4.8 (SD=.63) . For low span readers.
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the mean reading span score was 2.3 (SD=.25). These 48

subjects were native speakers of American English and had

normal or corrected vision.

The Reading Span Test

Subjects were given the same ordered set of index cards

on which sentences were pasted, one per card. Blank index

cards appeared in the stack to separate sentences into 23

sets. The first five sets of sentences contained two

sentences each; the next five sets, three sentences each; the

next five, four sentences each; the next five, five sentences

each; and the last three sets, six sentences each. Subjects

read the sentences from index cards aloud, proceeding at their

own pace. When a blank index card was reached, subjects

reported the last word of each sentence in the set just

completed. Words could be reported in any order, as long as

the most recent item was not recalled first.

The reading span score was determined by noting the

sentence level at which the reader failed to report three of

the five sets correctly. If a subject answered only one of

the five sets for a particular level, the subject's reading

span score was the previous sentence level. If a subject

reported only two of the five sets, the score was the previous

level plus one half. If a subject reported three or more of

the five sets, he or she would continue to the next level.
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For example, if a subject correctly reported all five

sets at the 2 -sentence level, the subject continued to the

3 -sentence level. If the subject correctly reported all five

sets at the 3 -sentence level, the subject continued to the

4 -sentence level. If the subject correctly reported two of

the five sets at the 4-sentence level, the experiment ended

and the subject's score was 3.5. If the subject answered

correctly one or fewer of the five sets, then the experiment

ended and the subject's score was 3.

Materials

For each item in the eyetracking study, two adjectives

and two nouns were selected. Each word in each pair were

related in meaning, roughly the same length (± one letter) and

number of syllables, and varied in printed word frequency as

assessed by Francis and Kucera [1982]. Each adjective-noun

pairing was chosen to have similar overall meaning. Target

words were chosen to be between 4 and 8 letters long, and

between 1 and 3 syllables. All words chosen as high frequency

had a frequency of occurrence higher than 40 words per

million, and all words chosen as low frequency had a frequency

of occurrence below 15 words per million (one exception was

the word "jungle" which had the frequency of 24). For those

instances in which the adjective could also be used as a noun,

it was always the case that the adjective usage occurred more

frequently than the noun usage (as assessed by Francis and



Kucera, 1982). In order to ensure that the pairings in each

set were same in terms of target word predictability, forty-

eight additional University of Massachusetts undergraduates

completed a sentence completion guestionnaire to determine how

predictable the target words were from the preceding sentence

context. Only those items in which fewer than 5 percent of

readers filled in the target word were used. Sixty-four items

were selected. A complete list of boundary words and target

words is provided in Appendix A.

The sentences containing the adjective-noun seguences

were under 4 2 characters. Each adjective-noun seguence occurs

in the middle of each sentence, usually as the third or fourth

word of the sentence. The boundary was always located between

the penultimate and the last letters of the boundary word.

For each of the four conditions, two parafoveal previews

were created for the target word. The first parafoveal

preview was identical to the target word. The second

parafoveal preview was visually dissimilar to the target word,

created by replacing the letters of the target word with a

random letter string.

Apparatus

Sentences were displayed on a Data Check 5114 point

plotting cathode ray tube (CRT) driven by a D-A board in an

Epson microcomputer. Each letter was comprised of a 5x7

dot matrix. The CRT has a 3 msec refresh period and a P-31



phosphor with the characteristic that removing a character

results in a drop of 1% maximum brightness in .25 msec.

Eye movements were recorded by a Stanford Research

Institute Dual Purkinje eyetracker with a resolution of 10 min

of arc and a linear output over the visual angle (14 deg)

occupied by the sentence. An Epson microcomputer controlled

the eyetracker as well as the CRT. The voltage signal from

the eyetracker was sampled at a 1 kHz rate through an analog

to a digital converter. At the start of each trial, the

calibration voltage values were used to convert the boundary

location into a voltage threshold. When the subject's eye

moved passed the position in the sentence corresponding to

this threshold, the display change occurred within 5 msec.

The subject's eyes were 46 cm from the CRT, and three

characters equaled 1 deg of visual angle. Eye movements were

recorded from the right eye, although viewing was binocular.

The luminance on the CRT was adjusted during the practice

items and held constant throughout the experiment. The room

was dark, except for a dim, indirect light source.

Procedure

The experiment began by the experimenter making a bite

bar for the subject, to minimize head movements during the

experiment. The eye tracking system was calibrated. This

process generally takes 5-10 minutes. At the beginning of the

experiment, the subject read 8 practice sentences. After the
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practice sentences, the subject read 96 sentences: 64

experimental sentences and 3 0 filler items.

The subjects were told that they would read sentences and

answer comprehension questions. At the start of each trial,

the subject fixated a box in the center of the computer

screen. The experimenter then directed the subject to fixate

a box at the left of the screen. When this was done, the

sentence appeared. After the subject read the sentence, a box

in the low right corner of the screen was fixated, and the

subject terminated the trial by pressing a key on a hand-held

keypad, which the subject held throughout the experiment.

Subjects received comprehension questions on 80% of the

trials.

Experimental Design

A mixed design was used using reading group as a between-

subject factor and using boundary word frequency, target word

frequency, and type of parafoveal preview as within-subject

factors. There were 16 conditions: 2 levels of boundary word

frequency X 2 levels of target word frequency X 2 levels of

parafoveal preview X 2 levels of reading group. A

Latin-Square design was used to ensure that each subject saw

an equal number of sentences in each condition. Eight

counterbalancing lists were used.
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Results and Discussion

For all the analyses of fixation duration which follow,

fixations shorter than 80 milliseconds and within one

character of the prior or next fixation were merged with that

prior or next fixation, and fixations shorter than 40

milliseconds and less than three characters away from the

prior or next fixation were deleted, as were fixations longer

than 1000 milliseconds. These results will be presented in

seven sections: 1) global reading characteristics; 2) reading

time on the target word; 3) target word reading time as a

function of distance; 4) skipping of the target word; 5)

reading time on the boundary word; 6) boundary word reading

time as a function of distance; and 7) is there a fixation

cutoff?

.

Global Reading Characteristics

The mean Reading Span Test score for the 244 subjects was

3.15 (SD=. 83) . Of this group, 16 percent scored 4.0 or above

and were considered high span subjects; 57 percent score 3.5

or 3.0 and were considered mid span subjects; and 27 percent

scored 2.5 or below and were considered low span subjects.

From this pool, 24 high span and 24 low span readers were

recruited to participate in the reading comprehension

experiment. The mean reading span score for high span readers

was 4.8 (SD=. 63) . For low span readers, the mean reading span

score was 2.3 (SD=.25).
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Per sentence averages of total sentence reading time,

number of forward fixations (i.e. all fixations except

regressions), number of regressions per sentence, number of

words skipped per sentence, number of words refixated per

sentence, mean forward fixation duration per sentence, and

mean saccade length per sentence were calculated for the two

reading groups. These means are displayed in Table 1. Trials

were excluded if the last letter of the boundary word was

fixated, causing the display change to occur during the

fixation; if the subject reported seeing the display change;

if there was track loss, equipment malfunction, or subject

error causing data for the trial to be unobtainable.

Table 1. Mean per sentence reading measures for high and low
span readers.

Per Sentence Measures High Span Low Span

Total Sentence Reading Time (msec) 2475 2818

Number of Forward Fixations 7.45 8.05

Forward Fixation Duration 269 274

Forward Saccade Length 6.69 6.28

Number of Regressions 0.88 1.28

Number of Refixated Words 1.24 1.55

Number of Words Skipped 1.44 1.33
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ANOVAs were conducted using subject group as the only

factor. Low span readers spent more time reading the

sentences, (2818 ms vs 2475 ms) , ( 1 , 46) =3 . 88 , p < .06,

Z2i^i^^)=&0.Al, p < .001. Low span readers also made more

forward fixations, (8 . 05 vs 7.45), (1, 46) =2 . 87 , p < .10,

Z2i^,^^)=^8 '20 , p. < .001. Forward fixations were slightly

longer on average for the low span readers, significant by

items only (274 ms vs 269 ms) , F^ (1,46) = . 1438, p < .71,

^2 (1/94) =4, 55, p < .05. Low span readers made slightly

shorter saccades, significant by items only (6.28 chrs vs 6.69

chrs) , F^(l,46)=1.82, p < .20, £2(1, 94) =28 . 43 , p < .001. Low

span readers made more regressions, (1.28 vs .88),

F, (1,46) =6. 24, E < .02, F2 ( 1 , 94 ) =38 . 40 , p < .001 and made more

refixations, (1.55 vs 1.24), F^ (1, 46) =3 . 94 , p < .06,

£2(1, 94) =20. 39, p < .001. The two reading groups showed no

significant difference in the number of words skipped per

sentence.

These results suggest that low span readers experienced

more difficulty during reading. The detailed analyses which

follow reveal that there are also local differences between

the reading groups in reading time on the boundary and target

words and in word skipping. However, no difference in the

amount of parafoveal preview benefit was observed.
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Reading Time on the Target Word

Trials were excluded from fixation duration analyses if

either the boundary word or the target word was skipped; if a

regressive fixation was made immediately following fixation of

the boundary word; or if the fixation on the boundary word was

shorter than 100 milliseconds. These exclusions were in

addition to those made for the global reading characteristics

analyses. The amount of data remaining for each reading group

was 69 percent for high span readers and 77 percent for low

span readers. This difference stemmed solely from those

exclusions involving target word and boundary word skipping.

High span readers consistently skipped more than low span

readers in these two categories. Approximately six

observations per subject per condition constituted the

remaining data set.

First Fixation Duration . Table 2 displays the mean first

fixation duration on the target word for each frequency pair

by preview type and subject group. The largest amount of

parafoveal preview benefit occurred in the HL and the LH

frequency pairs for both high span readers (38 ms and 29 ms)

and low span readers (33 ms and 30 ms) . The smallest amount

of parafoveal preview benefit occurred in the HH and the LL

frequency pairs also for both high span readers (12 ms and 14

ms) and low span readers (18 ms and 4 ms) .

An ANOVA was carried out using reading group as the

between-subject factor and using frequency of the boundary

19



Table 2. Mean first fixation duration and parafoveal previewbenefit (in milliseconds) on the target word by frequency pairfor each reading group and averaged across reading group

HIGH SPAN READERS

Frequency Pair No Preview Full Preview Benefit

HH 277 265 + 12

HL 320 282 +38

LH 302 273 +29

LL 311 297 + 14

Mean 303 279 +23

LOW SPAN READERS

Frequency Pair No Preview Full Preview Benefit

HH 284 266 + 18

HL 308 275 +33

LH 314 284 + 30

LL 299 295 +4

Mean 301 280 +21

POOLED

Frequency Pair No Preview Full Preview Benefit

HH 281 266 + 15

HL 314 279 +35

LH 308 279 +29

LL 305 296 +9

Mean 302 280 +22
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word, frequency of the target word, and preview type as

within-subject factors. In the items analyses, high span

readers had 19 missing means and low span readers had 13

missing means. The large number of missing means resulted

because there were only three observations per item per

condition for each reading group. These missing means were

replaced with the mean for the respective condition.

There was only a suggestion that parafoveal preview

benefit was larger when the boundary word was high frequency

(25 ms vs 19 ms) , as predicted by Henderson and Ferreira

[1990], but the boundary word frequency x preview type

interaction was nonsignificant, Fl < 1, F2 (1,94)=1.43,

E < .24. Two means, in particular, deviated from the

prediction. Parafoveal preview benefit in the HH frequency

pair was predicted to be larger, not smaller than that in the

LH frequency pair. These two means were responsible for the

significant three-way interaction of boundary word frequency

X target word frequency x preview type F^ (1,46) =7. 44, p < .01,

F2(l,94)=4.21, E < .05.

Mean first fixation on the target word was shorter when

the target word was high frequency, (283 ms vs 298 ms) ,

Fi(l,46)=8.68, E< -006, F2(l,94)=9.06, E< .005. However, the

effect of target word frequency was reliable for high span

readers (279 ms vs 303 ms) , F^ (1,23)=17.87, e < .001,

£2= (1,45) =18. 04, E < .001, but was not reliable for low span

readers (287 ms vs 294 ms) , Fs < 1. Consequently, there was
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an interaction of target word frequency x reading group

interaction, which was significant by items only,

F,(l,46)=2.37, E < .13, FgCl, 94) =4 . 42
, p < -05. There was also

an effect of boundary word frequency. Mean first fixation on

the target word was shorter when the boundary word was high

frequency, (285 ms vs 297 ms)
, ( 1 , 46) =9 . 38 , g < .005,

F2(l,94)=4.91, £ < .04.

When the full preview conditions and the no preview

conditions were analyzed separately, the effects of boundary

and target word frequency were additive in the full preview

condition, but were not additive in the no preview condition.

In the full preview condition, the effect of target word

frequency was significant, F, (1, 48) =6 . 39 , p < .02,

£2(1, 94) =4. 84, E < .03, as was the effect of boundary word

frequency, F^ (1,48)=8.14, p < .007, FjCl, 94) =6. 22 , p < .01.

The interaction of boundary word frequency x target word

frequency in the full preview condition was not significant,

F^ < 1, £2(1, 94) =3. 47, p < .07. In the no preview condition,

only the effect of target word frequency was significant,

F, (1,48)=4.91, E < .03, F2 ( 1 , 94 ) =3 . 56 , p < .07. The

interaction of boundary word frequency x target word frequency

in the no preview condition was significant, F^ (1,48)=16.44,

E < .001, F2(l/94)=4.26, E < -04.

Additional significant results include the following.

Mean first fixation on the target word was shorter, when there

was preview of the target word (280 ms v 302 ms) ,



Fi(l,46)=27.08, E < .001, ( 1 , 94 ) =23 . 96 , £ < .001. Mean first

fixation for the HH frequency pair was significantly shorter

than the other three conditions, producing a two-way

interaction of boundary word frequency and target word

frequency, collapsed over preview type, (1, 46) =4 . 45

,

E < .05, F2(l,94)=5.79, g < .02.

Parafoveal preview benefit was reliably different from

zero except in the LL frequency pair: HH, F, (1,46) =3. 74,

E < .06, £2(1, 94)=8. 0659, p < .01); HL F, ( 1 , 46) =23 . 28
,

E < .001, F2(l,94)=13.74, p < .001); LH F^ ( 1 , 46) =14 . 61

,

E < .001, F2(l,94)=9.30, £ < .001; and LL F^ ( 1 , 46) =1 . 12 ,

E < .29, £2(1, 94) =1.06, E < .31. There were no interactions

with reading group. Further analyses showed that parafoveal

preview benefit in the HL frequency pair was reliably

different from that in the LL frequency pair F, (1 , 46) =5 . 88

,

E < .02, £2 (1,94) =4. 38, E < .04 and the HH frequency pair,

F^ (1,46)=4.89, E < .04, Fg ( 1 , 94 ) =1 . 58 , £ < .22.

The failure to replicate Henderson and Ferreira's [1990]

results in first fixation duration may stem from the small

parafoveal preview benefit in the HH frequency pair. It was

predicted to be the largest, because it was the easiest

frequency pair. It is possible that the reading time in the

full preview condition of the HH frequency pair reflected the

minimum processing time on a word (a floor effect) . Minimum

processing time would mean that fixation duration equaled the

time required to register the word and to program the next
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saccade. The small difference between the no preview and the

full preview conditions then would not reflect the absence of

parafoveal preview benefit, merely the inability to reliably

detect it.

A second factor contributing to the minimal parafoveal

preview benefit in the HH frequency pair may be due to the no

preview condition in the HH frequency pair. This condition

was notably shorter than the three other no preview

conditions. The fact that this condition was shorter than the

no preview condition of the LH frequency pair suggests that

the frequency of the preceding adjective influenced the

reading time on the following noun. Rayner, Sereno, Morris,

Schmauder, and Clifton [1989] reported that when a word was

preceded by a low frequency word, reading time was longer than

if it was preceded by a high frequency word. This has been

referred to as the spillover effect.

Rayner and Pollatsek [1987] suggest that spillover from

a preview word probably does not influence lexical access of

the fixated word, but that it influences later processing of

the word. If spillover from a previous word delays the

lexical access of the fixation word, then spillover would

increase the reading time of the fixated word by an amount

equal to the delay. This delay in lexical access would occur

for all words, regardless of frequency class. The results of

the present experiment indicate that spillover impact reading

time on high frequency words, but not on low frequency words.
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The difference was highly significant; ( (HH - LH ^ -
^ ^ np np'

("^np ~ LL^p))/ Fi(lf 46)=16.44, £ < .001, F2 ( 1 , 126) =9 . 00 ,

E < .004. This result supports the proposal that spillover

does not simply delay lexical processing of the fixated word.

Further research is need to determine at what stage of

processing spillover has an impact.

Gaze Duration. Table 3 displays the mean gaze duration

on the target word by frequency pair by preview type by

subject group. The largest parafoveal preview benefit

occurred in the HH and the LH frequency pair for both high

span readers (35 ms and 26 ms) and low span readers (55 ms and

48 ms) . The smallest amount of parafoveal preview benefit

occurred in the HL and the LL frequency pair for both high

span readers (19 ms and 14 ms) and low span readers (20 ms and

21 ms)

.

An ANOVA was carried out using reading group as the

between-subject factor and using boundary word frequency,

target word frequency, and preview type as the within-subject

factors. There was slight indication that the frequency of

the boundary word systematically determined parafoveal preview

benefit of the next word (33 vs 22). However, the boundary

word frequency x preview type interaction was nonsignificant,

Fs < 1. Parafoveal preview benefit was larger when the

target word was high frequency (41 ms vs 13 ms) . The target
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Table 3. Mean gaze duration and parafoveal preview benefit(m milliseconds) on the target word by fregency pai^ foreach reading group and averaged across reading group.

HIGH SPAN READERS

Frequency Pair No Preview Full Preview Benefit

HH 327 292 +35

HL 343 324 + 19

LH 331 305 +26

LL 362 348 + 14

Mean 341 317 +24

LOW SPAN READERS

Frequency Pair No Preview Full Preview Benefit

HH 370 315 +55

HL 388 368 +20

LH 386 338 +48

LL 372 351 +21

Mean 379 343 + 36

POOLED

Frequency Pair No Preview Full Preview Benefit

HH 349 304 +45

HL 366 346 +20

LH 359 322 + 37

LL 355 350 +5

Mean 358 331 +27
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word frequency x preview type interaction was significant in

the subjects analysis and marginally significant in the items

analysis, (1,46)=5.68, e < .03, ( 1, 94 ) =3 . 02
, g < .09.

Mean gaze duration was shorter when the target word was

high frequency for both reading groups, (333 ms vs 357 ms)
,

Fi(l,46)=27.93, £< .001, F2 ( 1 , 94 ) =33 . 30 , £< .001. The effect

of boundary word frequency was significant for high span

readers (322 ms 347 ms)
, F, (1,46)=4.40, q< .05, Fj ( 1 , 94) =4 . 99

,

E < .03, but was nonsignificant for low span readers

(360 ms vs 362 ms) , Fs < 1. The effect was nonsignificant

when reading group was collapsed (341 ms vs 347 ms)
,

F,(l,46)=2.24, E < .14, Fg ( 1 , 94 ) =2 . 66 , p < .10

When the full preview conditions and the no preview

conditions were analyzed separately, the effects of boundary

and target word frequency were additive in the full preview

condition, but were not additive in the no preview condition.

In the full preview condition, the effect of target word

frequency was significant, F^ (1,46) =22. 68, p < .001,

£2(1, 94) =28. 05, E < .001, but the effect of boundary word

frequency was significant for high span readers only,

F,(l,23)=3.18, E < -09, Fg ( 1 , 45) =5 . 60 , E < -02. The effect

overall was only suggestive, F^ (1, 46) =2 . 89 , e < '09,

F2(l,94)=1.64, E < '21. The interaction of boundary word

frequency x target word frequency in the full preview

condition was not significant, Fs < 1. In the no preview

condition, only the effect of target word frequency was
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significant, (1, 48) =4 . 36, g < .04, £2(1,94)=?. 78, p < .007.

The interaction of boundary word frequency x target word

frequency in the no preview condition was significant only for

low span readers, (1 , 23) =2 . 96, p < .10, F2(l,52)=8.04,

p < .07. The overall interaction was not significant,

F^(l,46)=2.41, p < .12, £2 < 1.

Low span readers had longer gaze durations,

(329 ms vs 361 ms) , F, ( 1 , 46) =3 . 88
, p < .06, £2 ( 1 , 94 ) =21 . 68 ,

p < .001. Mean gaze duration was shorter when readers

received a preview of the target word, (330 ms vs 360 ms)
,

F^ (1,46)=30.32, p < .001, £2 ( 1 , 94 ) =24 . 92 , p < .001. Gaze

durations for the HL frequency pair for low span readers were

longer than those for the LL frequency pair, whereas for high

span readers, gaze durations for the LL frequency pair were

longer than those in the HL frequency pair, producing a

significant boundary word frequency x target word frequency x

reading group interaction, collapsed across preview type,

F^ (1,46)=6.30, p < .02, £2 (1, 94 ) =11 . 40 , p < .002.

Parafoveal preview benefit was reliably different from

zero in all but the LL frequency pair: HH, £^ (1, 46) =18 . 73

,

P < .001, F2(l,94)=21.70, p < .001; HL, £^ ( 1 , 46) =3 . 10 , p < .09,

£2(1,94)=5.62, p < .02; LH, £^ ( 1 , 46) =13 . 50 , p < .001,

F2(l,94)=13.90, p < .001; and LL, £1 (1 , 46) =2 . 67 , p < .11,

£2 (1,94) =1.58, p < .21. Further analyses showed that

parafoveal preview benefit in the HH frequency pair

significantly differed from that in the LL frequency pair, in
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the subjects analysis only (1,46)=5.81, e < .02,

F2(l,94)=2.73, E < .10.

First Fixation vs Gaze Duration . Previous research has

generally found parafoveal preview benefit in gaze duration to

be similar to that in first fixation duration. The present

results show different patterns of parafoveal preview benefit

for first fixation and gaze duration. It is important to

determine if the factors contributing to parafoveal preview

benefit on first fixation are the same factors contributing to

parafoveal preview benefit on gaze duration.

Those trials on which a single fixation occurred on the

target word were analyzed separately. For these trials, the

first fixation and the gaze durations would be identical.

This analysis produced the same pattern of results for reading

time and for parafoveal preview benefit as was observed in the

overall first fixation results (See Appendix B) . This

suggests that the same factors influenced first fixation in

the overall results influenced reading time when only one

fixation was made on the target word. Therefore, those

factors contributing to the refixation of the target word are

most likely the factors responsible for the distinctive

pattern in parafoveal preview benefit for gaze duration.

In order to investigate what these factors might be, the

proportion of two-fixation trials was determined for each

condition. Table 4 displays the proportion of two-fixation

trials for each frequency pair by preview type and subject
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group. An ANOVA was carried out using reading group as the

between-subject factor and using boundary word frequency,

target word frequency, and preview type as within subject

factors. High span readers had fewer multiple fixation

trials, (.17 vs .25), (1,46)=4.95, p < .03. There was a

target word frequency x boundary word frequency x preview type

interaction, (1,46) =6. 18, p < .02. There was a target word

frequency x boundary word frequency x reading group

interaction, largely due to the small proportion in the HL

frequency pairs for high span readers only, F, (1, 46) =7 . 54

,

E < .009.

These results indicate that in the HH and the LL

frequency pairs, the availability of preview influenced the

probability of refixation. Fewer refixations were made in the

full preview condition than in the no preview condition.

Essentially, refixations increased parafoveal preview benefit

from first fixation to gaze duration. However, in the HL

frequency pair, more refixations occurred in the full preview

condition than in the no preview condition. The higher

probability of refixation decreased parafoveal preview benefit

from first fixation to gaze duration.

Frecfuencv Distributions of Fixation Duration . Although

the pattern of parafoveal preview benefit is different in

first fixation duration and in gaze duration, parafoveal
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Table 4. Percentage of trials on which the target word wasfixated more than once by frequency pair and preview type foreach reading group and averaged across reading reading group

HIGH SPAN READERS

Frequency Pair No Preview Full Preview Benefit

HH 23 16 +7

HL 10 16 -6

LH 14 17 -3

LL 20 18 +2

Mean 17 17 0

LOW SPAN READERS

Frequency Pair No Preview Full Preview Benefit

HH 26 19 +7

HL 29 30 -1

LH 26 25 + 1

LL 25 22 +3

Mean 27 24 +3

POOLED

Frequency Pair No Preview Full Preview Benefit

HH 25 18 +7

HL 20 23 -3

LH 20 21 -1

LL 23 20 +3

Mean 22 21 + 1
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preview benefit is consistently associated with more short

fixations occurring in the full preview condition.

Figures 1-2 display the frequency distribution of mean first

fixation duration for no preview and the full preview

conditions for each frequency pair. The Kolmogorov-Smirnov

two-sample test [Siegel, 1967] was used to test parafoveal

preview benefit evident in the distributional differences. In

the HH frequency pair, the distributional differences was

significant when reading group was collapsed (p=.ll9,

E < .05), but was not significant for each reading group

separately. In the HL frequency pair, the distributional

difference was significant for high span readers (D=.19,

E < .03), but not for low span readers. When reading group

was collapsed, the distributional difference was also

significant (D=.12, p < .05). In the LH frequency pair, the

distributional difference was significant only when reading

group was collapsed (D=.13, p < .05). In the LL frequency

pair, the distributional differences was significant only when

reading group was collapsed (D=.17, p < .001).

Figures 3-4 display the frequency distribution of mean

gaze duration for the no preview and the full preview

conditions for each frequency pair. In the HH frequency pair,

the difference was significant for high span readers (D=.19,

E < .03), but not for low span readers. When reading group

was collapsed, the difference was significant (D=.15,

E < .01). In the HL frequency pair, no comparison yielded
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significant results. m the LH frequency pair was

significantly different only when reading group was collapsed

(D=.15, E < .005). In the LL frequency pair, the difference

was significant for the high span readers (D=.21, p < .01),

but not for the low span readers. When reading group was

collapsed, the difference was significant (D=.l2, p < .05).

Target Word Reading Time as a Function of Distance

A reader is more likely to process a word when that word

is near to the fixation point, where acuity is greatest.

Consequently, the distance of the target word from the

previous fixation would influence parafoveal preview benefit.

Larger parafoveal preview benefit is expected when the

fixation on the boundary word is near to the target word than

when it is far away. The frequency of the target word may

have a larger impact on parafoveal preview benefit when the

eye is near to the target word than when it is far away.

Trials were separated into two categories: near and far.

Trials on which the last fixation on the boundary word was

within 3 characters were considered near trials. Three

characters constituted one degree of visual angle. For these

trials, the first letter of the target word fell within the

range of foveal processing. Trials on which the last fixation

on the boundary word was four or more characters away from the

target word were considered far trials. For these trials, the

first letter of the target word fell outside of the range of
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foveal processing and within the range of parafoveal

processing.

Approximately 40 percent of the trials for both high and

low span readers were classified as near, and 60 percent as

far. In the near trials, both the subject and the items means

contained many missing data points. in the subject means,

there were 11 high span readers and 11 low span readers with

no missing means. Because the pattern of results in the near

trials was distinctive and different from the preceding

results, the data from these 22 subjects were analyzed, and

the results presented below stem solely from these subjects.

Items means for these subjects contained many missing means

and are not presented.

There was concern that these subjects may not have been

representative of the entire data set. Specifically, these 22

subjects may have shown the unique pattern of results observed

in the near trials in the far trials as well. In order to

rule out this possibility, the far trials for these 22

subjects were analyzed separately. The results indicated that

the means for the far trials taken from these 22 subjects were

extremely variable. The means for these trials were different

from the overall first fixation and gaze duration results.

They also differed from the means for near trials for these 22

subjects.

Another possibility was that the near trials for these 22

subjects differed from the near trials for all 48 subjects.
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in order to rule out this possibility, the near trials were

averaged across all 48 subjects. The means averaged across

all 48 subjects were similar to the means averaged across the

22 subjects with complete data. Although these means were not

statistically tested, they are provided in the following

tables. It must be stated that the following analyses must be

considered with caution.

First Fixation on Near Trials. Table 5 displays mean

first fixation duration on the target word for near distance

trials for 22 subjects (and for all subjects). Parafoveal

preview benefit was largest in the HH and the HL frequency

pairs for both high span (44 and 58 ms) and low span readers

(53 and 47 ms) . An ANOVA was carried out using reading group

as the between-subject and using boundary word frequency,

target word frequency, and preview type as the within-in

subject factors. As predicted by Henderson and Ferreira

[1990], parafoveal preview benefit was larger when the

boundary word was high frequency (51 vs 20) , although the

difference was not significant, F,, (1,20)=2.80, p < .11.

Other significant results include the following. First

fixation was shorter when readers had received full preview of

the word, (293 ms vs 328 ms) , F, (1, 20) =10. 57 , p < .005. There

was a second suggestive result, a target word frequency x

reading group interaction, F^ (1, 20) =3 . 18 , p < .09. High span

readers produced a target word frequency effect,

F^ (1, 10)=5.81, p < .05, but low span readers did not, F, < 1.
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Table 5. Mean first fixation duration and parafoveal previewbenefit (in milliseconds) on the target word for near t?Ia?s
^L5fJ^^"^^

pair for ll subjects in each reading group and
^'"''.T^ l^^^^

subjects. The parentheLl containmeans for all subjects: 24 high span, 24 low span, and 48

HIGH SPAN READERS

Frequency Pair No Preview Full Preview Benefit

HH 326 (306) 282 (263) +44 (+43)

HL 353 (340) 295 (286) +58 (+54)

LH 334 (309) 292 (267) +42 (+42)

LL 356 (337) 342 (311) +14 (+26)

Mean 342 (323) 303 (282) +39 (+42)

LOW SPAN READERS

Frequency Pair No Preview Full Preview Benefit

HH 326 (317) 273 (264) +53 (+53)

HL 307 (330) 260 (274) +47 (+56)

LH 322 (314) 301 (286) +21 (+28)

LL 302 (308) 297 (279) +5 (+29)

Mean 314 (317) 283 (276) +31 (+41)

POOLED

Frequency Pair No Preview Full Preview Benefit

HH 326 (312) 277 (264) +49 (+48)

HL 330 (335) 278 (280) +52 (+55)

LH 328 (312) 297 (277) +31 (+35)

LL 329 (323) 320 (295) +9 (+28)

Mean 328 (320) 293 (279) +35 (+41)
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Parafoveal preview benefit was reliably different from zero in

the HH frequency pair, (1 , 20) =8 . 47 , p < .009; the HL

frequency pair, (1, 20) =7 . 76, p < .02; and the LH frequency

pair, F^(l,20)=3.36, p < .08. Parafoveal preview benefit in

the HH frequency pair differed from that in the LL frequency

pair, Fi(l,20)=3.71, p < .07.

Gaze Duration for Near Trials. Table 6 displays mean

gaze duration on target word for near distance trials for 22

subjects (and for all subjects) . Parafoveal preview benefit

was largest in the HH and the LH frequency pairs for both high

span (50 and 54 ms) and low span readers (81 and 63 ms) . An

ANOVA was carried out using reading group as the only

between-subject factors and using boundary word frequency,

target word frequency, and preview type as the within-in

subject factors. As predicted by Henderson and Ferreira

[1990], parafoveal preview benefit was larger when the

boundary word was high frequency. The boundary word frequency

X preview type interaction was significant, F^ (1, 20) =8 . 39

,

E < .009.

Additional significant results include the following.

When readers had received full preview of the target word gaze

duration was shorter (324 ms vs 358 ms) , F^ (1, 20) =11 . 13 ,

E < .004. When the target word was high frequency, gaze

duration was shorter, (324 ms vs 359 ms) , F^ (1,20) =11. 54,

E < .003. Parafoveal preview benefit was reliably different

from zero in the HH frequency pair, F^ (1, 20) =13 . 61, p < .002,
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T?^ ™-i*T
^^^'^^^aze duration and parafoveal preview benefit(m milliseconds) on the target word for near trials byfrequency pair for 11 subjects in each reading group andaveraged across these 22 subjects. The parentheses containmeans for all subjects: 24 high span, 24 low span, and 48uotai

•

HIGH SPAN READERS

Frequency Pair No Preview Full Preview Benefit

HH 333 (321) 282 (274) +50 (+47)

HL 377 (354) 322 (303) +14 (+51)

LH 336 (312) 322 (293) +55 (+19)

LL 362 (335) 376 (336) -14 (-1)

Mean 352 (330) 325 (301) +27 (+29)

LOW SPAN READERS

Frequency Pair No Preview Full Preview Benefit

HH 363 (347) 282 (278) +81 ( + 69)

HL 407 (391) 344 (325) +63 (+66)

LH 337 (347) 335 (311) +2 (+36)

LL 350 (352) 337 (318) + 13 (+34)

Mean 364 (359) 324 (308) +40 (+51)

POOLED

Frequency Pair No Preview Full Preview Benefit

HH 348 (334) 382 (276) +68 (+58)

HL 392 (372) 333 (314) +59 (+58)

LH 337 (329) 328 (302) +9 (+27)

LL 356 (344) 356 (327) 0 ( + 17)

Mean 358 (345) 325 (305) +33 (+35)
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and the HL frequency pair, F, (1,20) =6. 72, g < .02. The amount

of parafoveal preview benefit in the HH frequency pair was

different from that in the LH frequency pair, F, (1, 20) =9 . 29

,

E < .007, but only marginally different from that observed in

the LL frequency pair, F, (1, 20) =3 . 05, p < .lo.

First Fixation for Far Trials . The proportion of far

trials in the entire data set was 60 percent. Table 7

displays mean first fixation duration on target word for far

distance trials for all subjects. An ANOVA was carried out

using reading group as the between-subject and using boundary

word frequency, target word frequency, and preview type as the

within-in subject factors. As in the overall analyses, there

was no effect of boundary word frequency on first fixation,

(17 ms vs 16 ms) , F^< 1. The primary result was that

parafoveal preview benefit was influenced by the frequency of

both the boundary and target words, evident in a marginally

significant target word frequency x boundary word frequency x

preview type interaction, Fl(l,46)=2.92, p < .09.

Mean first fixation was shorter when the target word was

high frequency for high span readers (271 ms vs 292 ms) ,

F^ (1,23) =10. 44, p < .004, but not for low span readers (288 ms

vs 283 ms) , Fl < 1. First fixation was shorter when the

boundary word was high frequency (276 ms vs 289 ms) ,

Fl (1, 46) =4 . 00, E < .05. First fixation duration was shorter

when readers had obtained full preview of the target word

(275 ms vs 289 ms) , F, ( 1 , 46) =4 . 00 , p < .05. The HH frequency
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Table 7. Mean first fixation duration and parafoveal previewbenefit (m milliseconds) on the target word for far trials byfrequency pair for all subjects in each reading group andaveraged across reading group.

HIGH SPAN READERS

Frequency Pair No Preview Full Preview Benefit

HH 258 258 0

HL 305 276 +29

LH 294 274 +20

LL 292 296 -4

Mean 287 276 + 11

LOW SPAN READERS

Frequency Pair No Preview Full Preview Benefit

HH 291 266 +25

HL 291 276 + 15

LH 319 279 + 40

LL 284 279 + 5

Mean 296 275 +21

POOLED

Frequency Pair No Preview Full Preview Benefit

HH 274 262 +12

HL 298 276 +22

LH 306 276 +30

LL 288 287 + 1

Mean 292 275 + 17
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pair produced the shortest mean first fixation when preview

type was collapsed, producing a marginally significant target

word frequency x boundary word frequency interaction,

Fl(l,46)=2.98, p < .09.

For each frequency pair, an ANOVA was carried out using

reading group as the between-subject factor and preview type

as the within-subject factor. Parafoveal preview benefit

proved to be reliably different from zero in the HL frequency

pair, F, (1,46) =4. 77, p < .04 and the LH frequency pair,

F^ (1,46) =8. 12, E < .007. The amount of parafoveal preview

benefit in the LH frequency pair was marginally different from

that in the LL frequency pair, F^ (1, 46) =3 . 65, p < .07.

Gaze Duration for Far Trials . Table 8 displays mean gaze

duration on target word for far distance trials for all

subjects. An ANOVA was carried out using reading group as the

between-subject factor and using boundary word frequency,

target word frequency, and preview type as the within-in

subject factors. As in the overall analyses, the effect of

boundary word frequency on parafoveal preview benefit (12 ms

vs 11 ms) . There was a suggestion that parafoveal preview

benefit was determined by the frequency of the target word

(23 ms vs 5 ms) , but the target word x preview type

interaction was nonsignificant, F^< 1.

Mean gaze duration was shorter when the target word was

high frequency (343 ms vs 356 ms) , F^ (1,46) =3. 98, p < .05, and

when the boundary word was high frequency (341 ms vs 358 ms) ,
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Table 8. Mean gaze duration and parafoveal preview benefit
(in milliseconds) on the target word for far trials by
frequency pair for all subjects in each reading group and
averaged across reading group.

HIGH SPAN READERS

Frequency Pair No Preview Full Preview Benefit

HH 324 300 +24

HL 327 319 +8

LH 342 323 + 19

LL 363 346 + 17

Mean 339 322 + 17

LOW SPAN READERS

Frequency Pair No Preview Full Preview Benefit

HH 360 334 +26

HL 378 389 -11

LH 390 367 +23

LL 367 361 +6

Mean 374 363 + 11

POOLED

Frequency Pair No Preview Full Preview Benefit

HH 342 317 +25

HL 352 354 -2

LH 366 345 +21

LL 365 354 + 11

Mean 356 342 + 14
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F^(l,46)=3.98, E < .05, and when there was full preview of the

target word (342 ms s 356 ms)
, (1 , 46) =5 . 63 , e < .02. There

was also a three-way interaction of target word frequency x

boundary word frequency x reading group, Fl(l,46)=6.7l,

E < .02. For high span readers, gaze duration increased as

difficulty increased, but for low span readers gaze duration

was short in the HH frequency pair, but roughly equal in the

other three frequency pairs. The parafoveal preview benefit

proved to be reliably different from zero in the HH frequency

pair only, F^ (1, 46) =4 . 22 , e < .05. The parafoveal preview

benefit observed in the four frequency pairs were not reliably

different from each other.

Summary . When the eye was within three characters of the

target word, Henderson and Ferreira's [1990] results were

replicated. Parafoveal preview benefit was larger when the

boundary word was high frequency. However, when the eye was

four or more characters away from the target word, parafoveal

preview benefit was determined by the frequency of both the

boundary and the target words.

A remaining question is why parafoveal preview benefit in

the HH frequency pair is one of the largest in the near

trials, but is one of the smallest in the overall results.

One speculation concerns the no preview condition. In the

overall results, the no preview condition in the HH frequency

pair was much faster than the other three no preview

conditions. Earlier this was attributed to a spillover
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effect. However, in the near trials, the no preview condition

in the HH frequency pair was roughly equal to the no preview

condition in the LH frequency pair and both are smaller than

the other two no preview conditions, indicating no spillover

effect. There is no clear explanation for this pattern of

results. Further research is needed to address this question.

Target Word Skipp ing

Both Morrison's [1982] and Henderson and Ferreira's

[1990] models suggest that word skipping results when a reader

fully identifies the word in parafoveal vision. In this case,

word skipping can be considered the case when maximal

parafoveal processing occurs. Table 9 displays the percentage

of trials on which the target word was skipped for each

frequency pair by preview type and subject group. An ANOVA

was carried out using reading group as the between-subject and

using boundary word frequency, target word frequency, and

preview type as the within-in subject factors. As predicted by

Henderson and Ferreira [1990], the target word was skipped

more often when the boundary word was high frequency and there

was full parafoveal preview of the target word (2.9% vs .2%).

The boundary word frequency x preview type interaction was

significant, F^ (1, 46) =3 . 41, p < .07, F2 ( 1 , 94 ) =3 . 92 , p < .05.

The pattern of skipping differed between the two reading

groups. High span readers skipped the target word in all

eight conditions, particularly when there was full preview of
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It^ !V P^^^^'^tage of trials on which the target word wasskipped by frequency pair and preview type for each readinggroup and averaged across reading group.
reading

HIGH SPAN READERS

Frequency Pair No Preview Full Preview Benefit

HH 5.2 8.9 -3.7

HL 8.3 10.4 -2.1

LH 7.3 10.9 -3.6

LL 6.8 6.8 0.0

Mean 6.9 9.3 -2.4

LOW SPAN READERS

Frequency Pair No Preview Full Preview Benefit

HH 1.6 6.8 -5.2

HL 2.6 1.6 +1.0

LH 4.7 2.0 +2.7

LL 2.6 1.0 +1.6

Mean 2.9 2.9 0.0

POOLED

Frequency Pair No Preview Full Preview Benefit

HH 3.4 7.8 -4.4

HL 5.5 6.8 -1.3

LH 6.0 6.0 0.0

LL 4.7 3.9 +0.8

Mean 4.9 6.1 -1.2
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the target word and when either the boundary word or the

target word was high frequency. Low span readers skipped the

target word primarily in the full preview condition of the HH

frequency pair. This produced a four-way interactions of

target word frequency x boundary word frequency x preview type

X reading group interaction, (1, 46) =4 . 44 , £ < .04,

F2(l,94)=2.96, E < .09.

The other main effects and interactions implicated by the

four-way interaction were also significant. High span readers

skipped the target word more than low span readers,

(8.0% vs 2.9%), Fi(l,46)=5.55, £ < 03, Fg ( 1 , 94) =26 . 67
,

E < .001. A target word frequency x boundary word frequency

X subject group interaction was significant in the items

analysis only, F, (1, 46) =3 . 69 , p < .06, F2(l,94)=2.31, p < .13.

Low span readers skipped the most in the HH frequency pair,

whereas high span readers skipped more in the HH, HL, and the

LH frequency pairs.

To determine whether the proportion of trials on which

the target word was skipped was different in the full preview

from the no preview conditions for each frequency pair, an

ANOVA was carried out using reading group as the between-

subject factor and preview type as the only within-subject

factor. Only the HH frequency pair proved reliable: HH,

Fi(l,46)=6.79, E < -02, £2(1,94)= 6.98, p < .01.

Further analyses were carried out to determine if the

difference in the proportion of trials on which the target
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word was skipped for the no preview and the full preview

conditions for each frequency pair was reliably different from

each of the others. The difference for the HH frequency pair

was significantly different from the difference for the LL

frequency pair (-4.4 vs .8), (1,46)=5.73, p < .03,

£2(1*^^)= 4.13, p < .05, and marginally different from the

difference for the LH frequency pair, (-4.4 vs 0),

F,(l,46)=3.94, E < .06, £2(1,94)= 3.35, p < .07.

Skipping as a Function of Distance. For each trial on

which the target word was skipped, the distance of the last

fixation on the boundary word was determined. Approximately

85 percent of these prior fixations were 4 or fewer characters

away from the target word. This suggests that an important

factor in word skipping is the distance of the prior fixation.

When the target word is near to the fixation point and the

word frequency of either the boundary word or target word is

relatively high, maximal parafoveal processing can be achieved

and the target word is skipped. This result is also

consistent with Blanchard, Pollatsek, and Rayner's [1985]

finding that the probability of fixation increases as the

distance of the target word from the prior fixation point

increases.

Skipping No Preview Conditions . High span readers

occasionally skipped even when there was no preview available

of the target word, suggesting that some skipping may not be

due to the success of parafoveal processing at all. For 99
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percent of the trials on which the target word was skipped in

the no preview conditions, readers made an immediate

regression back to the word. For the two trials on which no

regressive fixation was made, it was the case that the eye

landed on the space following the skipped word. The word then

could be processed by shifting attention leftward.

Summary. These results indicate that the percentage of

trials on which the target word was skipped was related to the

frequency of both the target and the boundary words. However,

the pattern of skipping differed for the two reading groups.

High span readers skipped in the three easiest frequency

pairs: HH, HL, and the LH. Low span readers skipped primarily

in the full preview condition of the HH frequency pair.

The fact that the two reading groups exhibit different

skipping patterns may indicate that low span readers process

parafoveal information less efficiently. However, this is not

the only possibility. Studies have shown that sentential

constraint plays a role in word skipping [Balota, Pollatsek,

and Rayner, 1985]. Predictable target words produced larger

parafoveal preview benefit and were skipped more often than

unpredictable control words. This suggests that sentential

factors may influence the extraction of parafoveal

information. One possibility is that high and low span

readers are differentially sensitive to sentential

constraints. Words that are predictable for high span readers

may not be equally as predictable for low span readers.
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Another possibility is that the same words are predictable for

both high and low span readers, but that low span readers may

not be able to use this information as rapidly during reading

as high span readers can.

Reading Time on the Boundary Word

The amount of time readers fixated the boundary word is

most definitely influenced by the word frequency of that word.

It has also been shown that the word frequency of the previous

word (i.e. spillover) may influence reading time on a word.

However, it has not been shown that the word to the right of

the fixation point can influence the fixation duration on a

word [Henderson, 1993; Just and Carpenter, 1983]. If the word

to the right of the fixation point can influence fixation

duration, then the reading time on the boundary word will be

longer when there is full preview available compared to when

there is no preview (main effect of preview type) . This will

be referred to as the parafoveal preview liability .

First Fixation . Table 10 displays the mean first

fixation duration on the boundary word by condition by subject

group. The only notable parafoveal preview liability occurred

in the HH frequency pair. However, this result in the pooled

means stemmed solely from the low span readers. An ANOVA was

conducted using reading group as the between-subject factor

and using within-subject factors: target word frequency,
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i^-.^^*
^^^^ first fixation duration and parafoveal previewliability (m milliseconds) on the boundary word by frequencypair for each reading group and averaged across reading group

HIGH SPAN READERS

Frequency Pair No Preview Full Preview Liability

HH 254 255 -1

HL 246 249 -3

LH 269 275 -6

LL 276 267 +9

Mean 261 262 + 1

LOW SPAN READERS

Frequency Pair No Preview Full Preview Liability

HH 251 283 -32

HL 263 266 -3

LH 283 278 +5

LL 278 282 -4

Mean 269 277 -8

POOLED

Frequency Pair No Preview Full Preview Liability

HH 253 269 -16

HL 254 257 -3

LH 276 276 0

LL 277 275 +2

Mean 265 269 +4
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boundary word frequency, and preview type. Overall

parafovealpreview liability (main effect of preview type) was

not significant, Fs < l.

Low span readers had longer mean first fixations than

high span readers, significant by items only,

[273 ms VS 261 ms)
, ( 1 , 46) = . 85 , p < 64, Fj ( 1 , 94) =12 . 21,

E < .001. First fixation duration was shorter when the

boundary word was high frequency (266 ms vs 280 ms) ,

F,(l,46)=18.69, E < .001, Fg ( 1 , 94 ) =16 . 87 , p < .001. Low span

readers produced the longest first fixation duration in the HH

full preview condition. This mean produced two significant

interactions. The first was a target word frequency x

boundary word frequency x reading group interaction,

significant in the items analysis only, F^ (1, 46) = . 09 , p < .76,

£2(1, 94) =4 . 26, p < .04. The second was a target word

frequency x boundary word frequency x preview type x reading

group interaction, significant in the subject analysis only,

F^ (1,46)=3.68, p < .06, £2(1, 94) = . 78, p < .62.

In order to determine whether the parafoveal preview

liability in the HH frequency pair was reliably different from

zero, an ANOVA was carried out, using reading group as the

between-subject factor and preview type as the within-subject

factor. Parafoveal preview liability proved significant,

£ii0hi2vsb3T<^'^6)=5.07.B
< -03. ( 1 , 94 ) =3 . 44 , p < .07. There was a

preview x reading group interaction, F^ (1, 46) =4 . 49 , p < .04,

£2 (1,94) =5. 34, E < .02. Low span readers produced a much

55



larger parafoveal preview liability (32 ms) , whereas high span

readers did not (1 ms)

.

Gaze Duration . Table 11 displays the mean gaze duration

on the boundary word by condition by subject group. in the

pooled means, two frequency pairs produced parafoveal preview

liability, but these were small (HL, 2 ms and LH, 7 ms) . None

of the parafoveal preview liabilities were reliably different

from zero. An ANOVA was conducted using reading group as the

between-subject factor and using the within-subject factors:

target word frequency, boundary word frequency, and preview

type. There no main effect of preview type indicative of

parafoveal preview liability, Fs < 1. Low span readers had

longer mean gaze durations (344 ms vs 311 ms) , significant in

the items analysis only, (1, 46) =2 . 24 , p < .14,

F2( 1,94) =2 1.97, p < .001. Gaze duration was shorter when the

boundary word was high frequency (308 ms vs 346 ms) ,

F^ (1,46)=22.68, p < .001, Fg ( 1 , 94 ) =30 . 99 , p < .001. High span

readers produced the longest gaze duration in the HH no

preview condition. This mean produced a target word frequency

X preview type x reading group interaction, significant in the

items analysis only, F^ (1, 46) =2 . 20, p < .14, £3(1, 94) =4 . 62

,

E < .04.

In HH and the LL frequency pairs, gaze duration increased

when the preview of the next word was random letters. The
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Table 11. Mean gaze duration and parafoveal preview liability
(in milliseconds) on the boundary word by frequency pair foreach reading group and averaged across reading group.

HIGH SPAN READERS

Frequency Pair No Preview Full Preview Liability

HH 339 291 +48

HL 274 286 -12

LH 326 325 + 1

LL 333 315 + 18

Mean 318 304 + 14

LOW SPAN READERS

Frequency Pair No Preview Full Preview Liability

HH 314 333 -19

HL 318 310 +8

LH 356 371 -15

LL 378 363 + 15

Mean 342 344 +2

POOLED

Frequency Pair No Preview Full Preview Liability

HH 326 312 + 14

HL 296 298 -2

LH 341 348 -7

LL 355 339 + 16

Mean 330 324 -6
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comparison for the HH frequency pair produced no reliable

difference. The LL frequency pair produced a marginally

significant result, F, (1,46)=2.78, p < .10, F2(l,94)=3.24,

P < .08. In the HH frequency pair, there was a preview x

reading group interaction, significant in the items analysis

only, Fi(l,94)=.575, p < .45, F2(l,94)=3. 14, p < .08.

Further analyses were carried out to determine if the

parafoveal preview liability for each frequency pair differed

from each of the others. The parafoveal preview liability in

the LH frequency pair (-7 ms) proved marginally different from

that in the LL frequency pair (+16 ms) , F, (1,46) =2. 68,

E < .11, £2(1/ 94) =3. 38, E < .07.

Boundarv Word Reading Time as a Function of Distance

If the fixation duration on the boundary word can be

influenced by the amount of parafoveal processing which

occurs, then one may find that the fixation duration on the

boundary word is impacted more when the target word is nearer

to the fixation point. Again a main effect of preview type

would indicate parafoveal preview liability. Near trials

included trials on which the target word was within three

characters of the fixation on the boundary word. Far trials

included trials on which the target word was four or more

characters away from the fixation on the boundary word.

First Fixation for Near Trials . Table 12 displays mean

first fixation duration on the boundary word for near trials

58



i^.H* ^}''^^ fixation duration and parafoveal previewliability (in milliseconds) on the boundary word for neartrials by frequency pair for 11 subjects in each reading groupand averaged across these 22 subjects.

HIGH SPAN READERS (11 subjects)

Frequency Pair No Preview Full Preview Liability

HH 262 250 -12

HL 253 235 -8

LH 258 265 +7

LL 286 276 -10

Mean 265 257 -8

LOW SPAN READERS (11 subjects)

Frequency Pair No Preview Full Preview Liability

HH 250 296 +46

HL 242 254 + 12

LH 284 268 -16

LL 235 246 + 11

Mean 253 266 + 13

POOLED (22 subjects)

Frequency Pair No Preview Full Preview Liability

HH 256 273 + 17

HL 248 244 -4

LH 271 266 -5

LL 261 261 0

Mean 259 261 +2
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only for the 11 high span readers and the ll low span readers

who had no missing data points in the subject analysis. The

items analysis is not reported. ANOVAs were conducted for

each reading group separately, each with three within-subject

factors: target word frequency, boundary word frequency, and

preview type. There were no significant results.

Separate ANOVAs were carried out on each reading group.

Each ANOVA had three within-subject factors: target word

frequency, boundary word frequency, and preview type. The

ANOVA for high span readers revealed that first fixation was

shorter when the boundary word was high frequency

(255 ms vs 265 ms) , (1, 10)=4.25, p < .07. The ANOVA for Low

span readers produced no significant results. None of the

parafoveal preview liabilities were reliably different from

zero, and they were not reliably different from each other.

Gaze Duration for Near Trials . Table 13 displays mean

gaze duration on the boundary word for near trials only.

These means include only those subject with no missing means:

11 high span readers and 11 low span readers. There was a

single significant result. Gaze duration was shorter when the

boundary word was high frequency (335 ms vs 411 ms) ,

(1,20) =45. 42, p < .001. None of the parafoveal preview

liabilities were reliably different from zero, and they were

not reliably different from each other.

First Fixation for Far Trials . Table 14 displays mean

first fixation duration on the boundary word for far distance
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T?^ ™A ^^^"9^=2® duration and parafoveal preview liability(in milliseconds) on the boundary word for near trials byfrequency pair for 11 subjects in each reading group andaveraged across these 22 subjects. y y

HIGH SPAN READERS (11 subjects)

Frequency Pair No Preview Full Preview Liability

HH 329 340 + 11

HL 318 312 -6

LH 389 367 -22

LL 399 390 -9

Mean 359 353 -6

LOW SPAN READERS (11 subjects)

Frequency Pair No Preview Full Preview Liability

HH 325 374 + 69

HL 355 329 -26

LH 468 457 -11

LL 405 412 +7

Mean 388 393 +5

POOLED (22 subjects)

Frequency Pair No Preview Full Preview Liability

HH 327 357 +30

HL 337 320 -17

LH 428 412 -16

LL 402 401 -1

Mean 373 373 0
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i^.^t* ^^^"^ ^^""^^ fixation duration and parafoveal previewliability (in milliseconds) on the boundary word for fartrials by frequency pair for all subjects in each readinqgroup and averaged across reading group.

HIGH SPAN READERS

Frequency Pair No Preview Full Preview Liability

HH 252 250 -2

HL 242 266 +24

LH 283 279 -4

LL 277 256 -21

Mean 264 263 -1

LOW SPAN READERS

Frequency Pair No Preview Full Preview Liability

HH 255 298 +43

HL 263 269 +6

LH 305 279 -26

LL 282 288 +6

Mean 276 284 +8

POOLED

Frequency Pair No Preview Full Preview Liability

HH 254 274 +20

HL 253 268 + 15

LH 294 279 -15

LL 280 272 -8

Mean 270 273 +3
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trials for all subjects. Due to the number of missing means

in the items analysis, only the subject analysis is reported.

An ANOVA was conducted using reading group as the between-

subject factor. Target word frequency, boundary word

frequency and preview type were within-subject factors.

Overall parafoveal preview liability was nonsignificant,

Fs < 1.

First fixation was shorter when the boundary word was

high frequency (262 ms vs 281 ms) , F^ ( 1 , 46) =13 . 70 , p < .001.

When the boundary word was high frequency and there was no

preview, first fixation was the shortest, evident in a

significant two-way interaction, boundary word frequency x

preview type interaction, F^ (1, 46) =9 . 34 , p < .004. There was

also a significant four-way interaction, target word frequency

x boundary word frequency x preview type x subject group

interaction, F^ (1,46) =8. 95, p < .005. High span readers

showed the largest parafoveal preview liability in the LH

frequency pair (24 ms) , whereas low span readers showed the

largest parafoveal preview liability in the HH frequency pair

(48 ms)

.

For each frequency pair, an ANOVA was carried out using

reading group as the between-subject factor and preview type

as the within-subject factor. The observed parafoveal preview

liability proved to be marginally significant in the HH

frequency pair, F^ (1,46) =3. 36, p < .08 and the HL frequency

pair, F, (1,46) =3. 37, p < .07. In the HH frequency pair, there
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was an interaction of preview type and reading group,

F^(l,46)=4.30, E < .05. Low span readers had reliable

parafoveal preview liability, (43 ms) , whereas high span

readers did not (-2 ms) . Further analyses revealed that the

amount of parafoveal preview liability in the HH frequency

pair was reliably different from that observed in both the LH

frequency pair, (1,46)=5.99, p < .02 and the LL frequency

pair, F, (1,46) =4. 93, p < .03. The amount of parafoveal

preview liability in the HL frequency pair was different from

that observed in both the LH frequency pair, F, (1,46) =5. 92,

E < .02 and the LL frequency pair, F^ (1, 46) =3 . 51, p < .07.

Gaze Duration for Far Trials . Table 15 displays mean

gaze duration on the boundary word for far distance trials

only. Due to the large number of missing means in the items

analysis, only the subject analysis is reported. An ANOVA was

conducted using reading group as the between-subject factor.

Target word frequency, boundary word frequency and preview

type were the within-subject factors. The only parafoveal

preview liability reliably different from zero was in the LL

frequency pair. Gaze duration was longer when the preview of

the next word was random letters, F^ (1, 46) =3 . 17 , p < .08. The

parafoveal preview liability in the LL frequency pair proved

to be different from HH and the HL frequency pairs,

F, (1,46)=3.72, E < .06 and F, (1,46) =5. 10, p < .03. The only

additional significant result was that gaze duration was
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T?^ t^ ;-
^^^^,9^2^ duration and parafoveal preview liability(m milliseconds) on the boundary word for far trials bv
P^"'' subjects in each reading group andaveraged across reading group.

HIGH SPAN READERS

Frequency Pair No Preview Full Preview Liability

HH 272 270 -2

HL 259 289 +30

LH 316 306 -10

LL 316 285 -29

Mean 291 288 -3

LOW SPAN READERS

Frequency Pair No Preview Full Preview Liability

HH 301 313 + 12

HL 299 287 -12

LH 324 361 +37

LL 358 325 -33

Mean 321 322 + 1

POOLED

Frequency Pair No Preview Full Preview Liability

HH 286 292 +6

HL 279 288 +8

LH 320 334 + 14

LL 337 305 -32

Mean 306 305 -1
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shorter when the boundary word was high frequency

(286 ins vs 324 ms)
, (1, 46)=31.91, £ < .001.

Summary . These analyses suggest that the target word

influences first fixation duration on the boundary word in the

HH frequency pair only. This effect was significant for low

span readers in the overall first fixation duration analyses

and in the first fixation duration analyses of the far trials.

However, when trials on which a single fixation occurred on

the boundary word were analyzed separately, the parafoveal

preview liability in the HH frequency pair was no longer

significant (See Appendix C)

.

One possible explanation for the parafoveal preview

liability in the HH frequency pair is the pattern of

refixations. When more than one fixation occurs on a word,

sometimes the first fixation is shorter than a single fixation

on that word [O'Regan and Levy-Shoen, 1987]. If there were

more single fixation cases in the full preview condition of

the HH frequency pair than in the no preview condition, then

first fixation duration may differ for the two conditions, but

gaze duration would be the same. Indeed, this was the case.

For low span readers, 80 percent of the trials in the full

preview condition of the HH frequency pair were single

fixation trials and 72 percent of the trials in the no preview

condition were single fixation trials. The difference was

significant, F^ (1, 23) =3 . 24 , p < .09. For high span readers,

there was no significant difference. In the full preview
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condition, 87 percent were single fixation trials and in the
no preview condition, 88% were single-fixation trials.

Is There a Fixation Cutnff?

However, if there is a fixation cutoff, then frequency

distributions of fixation durations should differ for high and

low frequency words. The frequency distribution for fixation

duration on high frequency words should be more or less a

continuous distribution, with no sharp truncation. Many

fixations would end before the saccadic programming deadline.

But the frequency distribution for fixation duration on low

frequency words should be truncated on the right. The

majority of fixations would equal the fixation cutoff.

Consequently, there would be sharp drop in the right tail at

the point of the fixation cutoff.

If the saccadic programming deadline can be detected in

frequency distributions of fixation duration, then it is most

likely to be detected in frequency distributions of fixation

duration when there has been a single fixation on the boundary

word. Second fixations may involve an attentional shift

whereas first fixations on words fixated more than once may

not. Because multiple-fixation trials may be a special case

in terms of the saccadic programming deadline, frequency

distributions of high and low frequency words were analyzed

when there was a single fixation on the boundary word.

Figure 5 displays frequency distributions of high and low
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frequency boundary words for high and low span readers. These

figures show absolutely no evidence for a saccadic programming

deadline. These comparisons suggest that the Henderson and

Ferreira [1990] deadline explanation is not adequate.

There is some indication that high span readers show

different distributions for high and low frequency words,

whereas low span readers do not. High span readers made more

short fixations on high frequency words than on low frequency

words, evident in the Kolmogorov-Smirnov test (D=.13,

E < .01). This effect of frequency was also evident in mean

fixation duration (259 ms vs 280 ms) , Fl (1, 23) =13 . 17

,

E < .01. For low span readers, the effect of boundary word

frequency was also evident in mean fixation duration

(270 vs 307 ms) , Fl ( 1 , 23) =12 . 87 , p < .002. However, the

distributional difference was not significant.
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CHAPTER 3

GENERAL DISCUSSION AND CONCLUSIONS

Eve Movement Control Purina Reading

The present experiment aimed to determine how the

frequency of two adjacent words influenced parafoveal preview

benefit on the second word. Several aspects of the eye

movement record were analyzed. Fixation durations on both

words, percentage of skipping of the target word, and

frequency distributions of fixation durations. The results

indicated that the effect of boundary word frequency on

parafoveal preview benefit previously reported by Henderson

and Ferreira [1990] was not consistently reliable. When the

processing difficulty of both the boundary and the target

words are controlled, parafoveal preview benefit was

influenced by the frequency of both words.

The extent to which these factors influenced parafoveal

preview benefit and target word skipping varied. When the

target word was parafoveal ly processed within three characters

of the prior fixation, boundary word frequency influenced

parafoveal preview benefit for both first fixation and gaze

duration as predicted by Henderson and Ferreira [1990].

Target word skipping was also a function of boundary word

frequency. More skips occurred when the boundary word was

high frequency and there was full preview of the target word.

However, in the overall analysis of first fixation duration
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and also when a single fixation occurred on the target word,

there was an interaction of boundary word and target word in

determining parafoveal preview benefit, in the overall

analysis of gaze duration, parafoveal preview benefit was

primarily influenced by the frequency of the target word. In

none of the results did the working memory of the reader

influence parafoveal preview benefit.

The results of the present experiment deviated from those

of Henderson and Ferreira [1990]. Foremost, there was no

overall effect of boundary word difficulty on parafoveal

preview benefit. One possibility is the materials used by

Henderson and Ferreira [1990]. Half of the target words were

short, high frequency function words, and half were middle

frequency, content words 4-10 letters long\ If those short,

high frequency function words were often skipped, those trials

would not have been included in the fixation duration

analyses. Consequently, the data would include a majority of

middle frequency target words. In this case, the main effect

of boundary word frequency would stem from two frequency pair:

high-middle and low-middle. In this case, Henderson and

Ferreira [1990] 's results are replicated in the comparison of

the HL and LL frequency pairs of the present experiment. This

would also explain the fact that Henderson and Ferreira [1990]

observed little difference in parafoveal preview benefit in

^Henderson and Ferreira 's (1990) materials acquired through
personal communication.
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first fixation and gaze duration. m these two frequency

pairs, first fixation and gaze duration effects are similar.

Nevertheless, the explanation offered by Henderson and

Ferreira [1990] to explain the effect is also not supported in

the present experiment. Frequency distributions of fixation

durations on high and low frequency boundary words showed no

evidence for Henderson and Ferreira 's [1990] fixation cutoff.

Frequency distributions of fixation duration for low frequency

words were continuous with no suggestion of a truncation

corresponding to a fixation cutoff. The failure to find the

truncation indicates that the account must be abandoned.

Whatever model replaces the simple Morrison [1984]

architecture, the shift of attention and saccadic programming

will most likely be addressed as related, but independent

processes. Future experiments should focus on investigating

these two aspects of eye movement control during reading

separately.

High and Low Span Reading Differences

These results suggest how a reader's score on the Daneman

and Carpenter [1980] Reading Span Test is related reading

performance. The analyses of global characteristics of

reading revealed that low span readers take longer to read

each sentence, made more forward and regressive saccades, made

slightly shorter saccades, had slightly shorter first fixation

duration, and made more refixations. The analyses of fixation
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duration revealed that generally there was no difference in

first fixation duration for the two reading groups, but low

span readers had consistently longer gaze durations than high

span readers. However, a reader's score was not related to

the amount of parafoveal preview observed.

These results indicate that the difference between low

and high span readers does not occur early in processing

during the extraction of parafoveal information or during the

early processing of the word, but occurs sometime later, a

stage where the word meaning is integrated into the sentence

meaning. It is possible that low span readers merely take

longer to accomplish this integration. When integrating a

word meaning into the sentence meaning, a reader would need to

maintain the representations of both the sentence meaning and

the meaning of the currently processed word in memory. Low

span readers may have difficulty maintaining both in memory

while carrying out this process. The larger number of

regressions for low span readers also suggest that when this

process of integration cannot be completed, readers may

regress to an earlier part of the sentence to reprocess the

information which was not sufficiently maintained in memory.

Another difference observed between the two reading

groups was that low span readers failed to show a frequency

effect on overall mean first fixation duration on the target

word and on mean first fixation duration on the target word

for the far trials, whereas high span readers consistently
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Showed shorter fixation duration on the target word when the
word was high frequency. However, low span readers did show
an effect of word frequency on boundary word first fixation
and gaze duration, as did high span readers, and both reading

groups produced frequency effects on trials on which only one

fixation occurred on the target word (first fixation equals

gaze duration)

.

One explanation for the overall lack of a frequency

effect for low span readers on the target word in the first

fixation analysis is related to the number of fixations these

readers made. Low span readers refixated the target word 26

percent of the time, while high span readers refixated on 19

percent of the time. The strategy-tactics theory [O 'Regan,

1993] proposes that refixations occur because words have an

optimal viewing location , a letter on which processing occurs

most easily. The initial fixation lands on a letter other

than the optimal viewing location and a corrective saccade is

made. In this view, first fixation will not necessarily show

frequency effects, because lexical access does not occur until

the second fixation.

Although there was no reliable difference between the two

reading groups in the total number of words skipped per

sentence (See Global reading characteristics) , the pattern of

skipping the target word was different. These two results may

not be contradictory. In the global analysis, when most of

the words skipped were short function words (e.g. the, in, to.
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etc.), high and low span readers skipped equally as often.

The analyses of boundary word skipping (not reported) and

target word skipping showed that when the skipped words were

content words (e.g. adjectives and nouns), high span readers

consistently skipped more than low span readers. These

results suggest that when processing difficulty increases, the

probability of skipping the next word decreases more rapidly

for low span readers than for high span readers.

High span readers also skipped in three frequency pairs,

whereas low span readers skipped primarily in the HH frequency

pair. Low span readers may be less efficient in integrating

the word meaning with the sentential context. If sentential

constraint plays a large role in the skipping of words, then

low span readers take longer to activate word candidates for

the parafoveal information and to decide that the next word

can be skipped.

These data suggest that there are real differences

between high and low span readers. While these data do not

address the claims made about the syntactic processing of

these two subject groups, it is possible that the differences

detected in the syntactic processing experiments stemmed in

part from differences in lexical processing between the two

reading groups. Future experiments must investigate both

lexical and syntactic sources of processing difficulty for the

two reading groups.
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Conclusion

During reading, parafoveal preview benefit is influenced

by the boundary word frequency, target word frequency,

availability of preview, and the distance of target word from

the prior fixation, but not by the working memory of the

reader. Henderson and Ferreira's [1990] previous finding that

parafoveal preview benefit on a word is determined by the

processing difficulty of the previous word was not generally

replicated. The extent to which parafoveal preview benefit is

influenced by boundary and target word frequency varies

depending on the number of fixations made and the distance of

the target word from the prior fixation. Furthermore, no

evidence for the Henderson and Ferreira [1990] fixation cutoff

explanation can be found when frequency distributions of

fixation durations are examined. A model of eye movement

control which decouples the shift of covert visual attention

and saccadic programming is favored. Further research is

needed to develop the details of such a model.
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CHAPTER 4

DIRECTIONS FOR FUTURE RESEARCH

The results of the present experiment suggests areas

which deserve further research. Foremost, more research is

needed to develop an alternative model of eye movement

control, one which can account for the influence of the

processing difficulty of the boundary word on parafoveal

preview benefit without appealing to a fixation cutoff or a

saccadic programming deadline. One such experiment is

underway. This experiment aims to determine when in a

fixation parafoveal processing occurs and if the timing of

parafoveal processing is the same for high and low frequency

boundary words. In this experiment, the boundary technique

will be used with high and low frequency boundary words and

high and low frequency target words to vary the type of

parafoveal preview. Parafoveal preview will appear at

different times during the fixation of the boundary word

(e.g. at the onset of the fixation, 75 ms after the fixation

begins, 150 ms after the fixation begins, or not at all), and

the parafoveal preview will remain in view for 50 ms. If

attention shifts early when the boundary word is high

frequency, then target preview benefit should be as great or

greater at the 0 ms and 75 ms delays as it is as the 150 ms

delay, but when the boundary word is low frequency, parafoveal
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preview benefit should be smaller at the 0 ms and 75 ms delays
than at the 150 ms delay.

A second question posed by the present experiment is

whether the boundary technique could be used to investigate

the impact of processing difficulty the boundary word on

parafoveal preview benefit of the next word, specifically when

this processing difficulty is related to stages of processing

that occur after lexical access. The benefit of this would be

twofold. First, advocates of the Morrison model [1984] have

assumed that the shift of attention occurs at lexical access,

and such results would suggest that the shift of attention

occurs somewhat later. Second, the boundary technique could

be used to detect differences of processing difficulty on the

boundary word. Detecting these differences might be used to

determine if factors increase processing load and when in

processing the increase occurs. Both of these experiments may

be tested on both high and low span readers to determine how

post-lexical processing difficulty impacts their fixation time

and parafoveal preview benefit.

This first experiment of this type would vary how

plausible the boundary word is with the preceding sentence

context, and whether plausibility of the boundary influences

parafoveal preview benefit. The second aims to determine if

there is a processing load associated with associating a WH-

phrase with a verb. In (1) , the verb drove would serve as

boundary word and the adverb carelessly would serve as target
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word. If readers associate the WH-phrase which truck with the

first possible verb and this association causes an increase in

processing load, then reading time on drove will be larger in

(la) than in the control which does not involve a WH-phrase

(lb). Parafoveal preview of carelessly will be smaller in

(la) than in (lb)

.

1 a. John wondered which truck Michael drove carelessly,
b. John wondered whether Michael drove carelessly.

The final area which may benefit from further research is

one which takes a second look previous experiments suggesting

that a parafoveal ly presented word cannot semantical ly prime

a different word on a following fixation [Rayner, Balota, and

Pollatsek, 1986]. The present results suggest that the

frequency of both the boundary word and the target word

influence the amount of processing which occurs during a

fixation. It is possible that the frequency of the materials

from these previous experiments contributed to null results.

An experiment currently underway aims to address this question

using materials in which the boundary words are high

frequency, the prime words are high frequency, and the target

words are low frequency.
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APPENDIX A

MATERIALS

HIGH AND LOW FREQUENCY BOUNDARY AND TARGET WORDS

Boundary Words Target Words
High Low High Low

1. yearly recent test quiz
2

.

wild tame animal gorilla
3

.

ideal lousy winter autumn
4

.

thick dense forest jungle
5

.

middle hidden window portal
6. terrible colossal danger hazard
7. British Scottish device gadget
8

.

heavy obese doctor banker
9

.

Russian Turkish church shrine
10. Catholic Lutheran woman patron
11

.

Jewish Hebrew bread cakes
12 . White beige chest trunk
13 . fresh stale food snack
1 A14 . quick swift snake mouse
lb

.

simple somber story fable
16

.

angry upset lawyer jurors
17 . French Swiss knife sword
18

.

funny silly picture cartoon
19

.

legal awful matter ordeal
20

.

modern trendy writer actress
21

.

strong stiff metal alloy
22 . green lush valley canyon
23 . American Canadian agency media
24 . Roman Polish report rumor
25

.

happy merry song tune
26

.

quiet timid king duke
27 . dirty filthy shoe sock
28

.

clean quaint yard lawn
29

.

sudden abrupt wind gust
30

.

local Asian weather climate
31. southern splendid island lagoon
32 . sharp biunt tooth fang
33. full bare kitchen pantry
34. brief terse letter lecture
35. large ripped cover quilt
36. serious perilous fight brawl
37. German Swedish dance waltz
38. perfect superb paper essay
39. poor crude boat raft
40. little petite dancer singer
41. older elder uncle nephew
42. bright bleak morning sunrise
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popular notable hotel
A A common bizarre faith
A (n snort stout maid
•i D . great famed record
4 / . gray drab dress
4 o . friendly cheerful worker
49 . free spare plastic
DO . soft damp fabric
Ol . early fatal fire

narrow slender tree
3 J • strange shrewd leader
I>4 . golden Celtic ring

issueso

.

foreign dreary
OK3 . ancient j agged stone
D / . young suave artist
RCOO • yenow purple chair
RQ active clever bird
c noU . empty vacant house
O X • serious perilous fight
62. pale limp flower
63. popular notable hotel
64. social polite children

hostel
creed
chef
album
scarf
butler
plaster
napkin
blaze
pine
tyrant
chain
topic
brick
flutist
couch
crow
lodge
brawl
orchid
hostel
orphans
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APPENDIX B

SINGLE FIXATION TRIALS FOR TARGET WORD

Table 16 displays the mean fixation duration on thetarget word for trials on which a single fixation occurredHigh span readers had 2 missing means in the subjects analysisand 41m the items analysis. Low span readers had 3 missinameans m the subjects analysis and 69 in the items analysis!
fx.

^^^^""^^ analysis, these missing means were replacedwith the mean for that condition. Due to the large number ofmissing means, the items were not statistically tested
The pattern of results was similar to the patternobserved in the mean first fixation duration. The largestamount of parafoveal preview benefit occurred in the HL and

the LH frequency pairs for high span readers (39 ms and 35 ms)
and in the LH frequency pair for low span readers (54 ms) .

The smallest amount of parafoveal preview benefit occurred in
the HH and the LL frequency pairs also for high span readers
(20 ms and 17 ms) and in the HH, HL, and LL frequency pairs
for low span readers (28 ms, 22 ms, and 14 ms) .

Contrary to Henderson and Ferreira's (1990) the effect of
boundary word frequency on parafoveal preview benefit was
nonsignificant, F, < 1. As in the overall results, there was
an three-way interaction of boundary word frequency x target
word frequency x preview type F, (1,41) =3. 83, p < .06,
indicative that parafoveal preview benefit varies as a
function of both foveal and target word frequency.

Fixation duration was shorter when the target word was
high frequency (300 ms v 323 ms) , F^ (1,41)=29.44, p < .001.
When the boundary word was high frequency, mean first fixation
was shorter, (303 ms v 320 ms) , F, (1, 41) =16 . 59 , p < .001.
When readers received a preview of the target word, mean first
fixation was shorter, (297 ms v 326 ms) , F^ (1, 41) =39 . 32 , p <
.001. There was a two-way interaction of foveal and target
word frequency, F, (1, 41) =3 . 75 , p < .06. Mean first fixation
for the HH was significantly shorter than the other three
conditions.

Parafoveal preview benefit proved to be reliably
different from zero in the HH frequency pair, F, (1, 41) =14 . 08

,

E < .001; in the HL frequency pair, F^ (1, 41) =13 . 69 , p < .001;
and in the LH frequency pair, F, (1,41)=26.58, p < .001.
Parafoveal preview benefit in the HL frequency pair was
marginally different from that observed in both the LL
frequency pair, F^ (1, 41) =3 . 58 , p < .07. No other comparison
yielded significant differences.
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Table 16. Mean fixation duration and parafoveal previewbenefit (in milliseconds) on the target word for sinqlefixation trials only by frequency pair for each reading groupand averaged across reading group.

HIGH SPAN READERS

Frequency Pair No Preview Full Preview Benefit

HH 293 273 +20

HL 333 294 +39

LH 317 282 +35

LL 336 319 + 17

Mean 320 292 +28

LOW SPAN READERS

Frequency Pair No Preview Full Preview Benefit

HH 307 279 +28

HL 333 311 +22

LH 352 298 + 54

LL 335 321 + 14

Mean 332 302 + 30

POOLED

Frequency Pair No Preview Full Preview Benefit

HH 300 276 +24

HL 333 302 +31

LH 334 290 +44

LL 336 320 + 16

Mean 326 297 +29
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APPENDIX C

SINGLE FIXATION TRIALS FOR BOUNDARY WORD

Table 17 displays mean fixation duration on boundary wordby frequency pair for single fixation trials only. Both highand low span readers had many missing means in the itemsanalysis. Only three observations per item per condition
constituted in the entire data set. There were no missing
means in the subjects analysis. These results are presented
The pattern of results was similar to the pattern observed in
the mean first fixation duration. There was no indication
that there was reliable parafoveal preview liability. The
main effect of preview type was nonsignificant F, < 1. Low
span readers had marginally longer fixation durations, (293 ms
vs 269 ms) , F.(l,46)=3.08, p < .09. Fixation duration was
shorter when the boundary word was high frequency (269 ms vs
293 ms) , F^ (1,46)=25.49, p < .001. None of the parafoveal
preview liabilities were reliably different from zero, and
none were different from each other.
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Mean fixation duration and parafoveal previewliability on the boundary word for single fixation trials oil

v

rLdlnH^^L"^^^ ^^^^^^^ ^^-P averaged\%?Cs^

HIGH SPAN READERS

Frequency Pair No Preview Full Preview Liability
HH 258 265 +7

HL 254 258 +4

LH 278 283 +5

LL 290 267 -23

Mean 270 268 -2

LOW SPAN READERS

Frequency Pair No Preview Full Preview Liability

HH 276 286 +10

HL 279 276 -3

LH 313 306 -7

LL 304 304 0

Mean 293 293 0

POOLED

Frequency Pair No Preview Full Preview Liability

HH 267 275 +8

HL 266 267 + 1

LH 295 295 0

LL 297 286 -11

Mean 281 286 0
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