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Mindless reading revisited: Eye movements during

reading and scanning are different

KEITH RAYNER and MARTIN H. FISCHER
University ojMassachusetts, Amherst, Massachusetts

In an extension of a study by Vitu, O'Regan, Inhoff, and Topolski (1995),we compared global and
local characteristics of eye movements during (1) reading, (2) the scanning of transformed text (in
which each letter was replaced with a z), and (3) visual search. Additionally, we examined eye be
havior with respect to specific target words of high or low frequency. Globally, the reading condition
led to shorter fixations, longer saccades, and less frequent skipping of target strings than did scan
ning transformed text. Locally, the manipulation of word frequency affected fixation durations on the
target word during reading, but not during visual search or z-string scanning. There were also more
refixations on target words in reading than in scanning. Contrary to Vituet al.'s (1995) findings, our
results show that eye movements are not guided by a global strategy and local tactics, but by imme
diate processing demands.

During the past few years there has been a debate re
garding the type of model that can most adequately ac
count for eye movement behavior during reading (see
Rayner, Sereno, & Raney, in press, and Vitu, O'Regan,

Inhoff, & Topolski, 1995, for two recent examples of this
debate). Any serious account of such eye movement be

havior must explain where the reader fixates next and
when the reader moves his/her eyes. Vitu et al. (1995)
have referred to the two main types of models that have

addressed this issue as processing models and oculomo

tor models. One characteristic that distinguishes between
these two types of models is whether they conceptualize

the two decisions regarding the spatial aspects (the where

decision) and the temporal aspects (the when decision)
of eye behavior during reading as independent.

According to the processing models (Henderson &

Ferreira, 1990; Morrison, 1984; Rayner & McConkie,
1976; Rayner & Pollatsek, 1989; Rayner et al., in press),

the when decision is primarily affected by linguistic vari
ables so that fixation times on words reflect moment-to
moment processing complexities of the language. For ex
ample, the frequency of a currently fixated word affects
how easy the word is to identify, and thus determines the

time the eyes spend on the word. Somewhat indepen
dently from this, the where decision is affected by per
ceptual aspects of the forthcoming word, such as its
length and distance from the current fixation, reflecting
the reader's attempt to maximize letter identification (see,
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e.g., McConkie, Kerr, Reddix, & Zola, 1988). Spatial eye
behavior (the where decision) is, however, not directly

affected by lexical factors such as the information distri
bution in the forthcoming word (e.g., Rayner & Morris,
1992). It may indirectly be affected by the ease of pro

cessing ofa parafoveal word, as will be described below.
In summary, processing models focus primarily on the
temporal aspect ofeye behavior, but the spatial aspect of

this behavior is also important.
Oculomotor models (O'Regan, 1990, 1992), on the

other hand, focus primarily on the spatial aspect of eye

behavior. Thus, the location in a word at which the eyes
are initially fixated largely determines how long the eyes

remain fixated. Perceptual considerations, such as the
strong loss of visual resolution from foveal to parafoveal
vision, have led oculomotor theorists to tightly link the
ease of processing of a word to the location at which the

word is being fixated. In this sense, the when decision
depends on the outcome of the previous where decision.
A detailed algorithm ofthis sort will be described below.

Proponents of both types of models can point to vari
ous results in support of the model they advocate. Con
sistent with the processing model's focus on temporal as

pects ofeye behavior, the gaze duration (i.e., the time the
eyes spend on a word prior to moving to another word)
and the durations of individual fixations are strongly in
fluenced by word frequency (Inhoff, 1984; Inhoff &
Rayner, 1986; Rayner & Duffy, 1986; Rayner, Sereno,
Morris, Schmauder, & Clifton, 1989; Rayner et al., in
press) and by the predictability ofa word from prior con
text (Balota, Pollatsek, & Rayner, 1985; Ehrlich & Ray
ner, 1981; Zola, 1984). Word frequency and predictabil

ity are also known to affect the probability of refixating
a word (i.e., the probability of making another fixation
on a word before moving to a new word). In addition, a
number of other linguistic variables have been shown to
influence eye fixations (for reviews, see Rayner et al.,
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1989; Rayner & Pollatsek, 1987, 1989; Rayner & Se

reno, 1994).
Other observations regarding the spatial aspect of eye

movements in reading lend support to oculomotor mod

els of eye movement control during reading. For exam

ple, it has been shown that the position that the eyes land

in a word does not depend on the linguistic context

(O'Regan, 1990; Rayner & Morris, 1992) or on the avail

ability of the word in parafoveal vision (Inhoff, 1989;

Vitu, 1991), but rather, on the lengths of the fixated word

and surrounding words (O'Regan, 1979; Rayner, 1979;
Vitu, 1991). The landing site of the eyes in a word is also

influenced by where the eyes came from on the prior fix

ation (McConkie et aI., 1988; Radach & Kempe, 1993;
Rayner et aI., in press). Likewise, within-word eye be

havior can be influenced by low-level oculomotor fac

tors (Vitu, 1993).
Clearly, both approaches to understanding eye move

ments in reading have their merits. To discriminate be

tween the two types of models, it is useful to consider in

more detail a prototypical model of each type. Thus, we

will describe the processing model proposed by Morri

son (1984) and the oculomotor model proposed by

O'Regan (1990, 1992).

According to Morrison's (1984) model, at the begin

ning of each eye fixation, attention is oriented on the

foveal word (word n). After foveal word processing has

reached some criteriallevel (such as lexical access), at

tention shifts to a parafoveal word (word n+ I) during

the fixation. The shift of attention allows processing of

word n+ I to begin and also signals the eye movement

system to prepare a motor program for an eye movement

to the newly attended location. Once the motor program

is completed, it is executed and the eyes then move to the

new word. Because there is a lag between the attentional

shift and the actual eye movement (due to motor pro

gramming latency), information accumulates from the

parafoveal word before it is directly fixated. If the

parafoveal word is identified quickly, attention can thus

shift to the next parafoveal word (word n+2) before the

eye movement to word n+1 is fully programmed. In this

case, the motor program that would have directed the

eyes to word n+1 is modified and the eyes move to word

n+2, skipping word n + I. However, there is a cost in

modifying the motor program, and this is reflected in an

inflated duration of the fixation prior to a skip (Hoga

boam, 1983; Pollatsek, Rayner, & Balota, 1986). If the

motor program to direct the eyes to word n+1 is too far

advanced for its modification, however, the two pro

grams will both be executed in rapid sequence, or they

will be merged. Consequently, there will either be (1) a

short fixation on word n+1 followed by a longer fixation

on word n+2, or (2) a fixation located at an intermedi

ate position between words n+ 1 and n+2. Via the atten

tional mechanisms just described, Morrison's model ac

counts for two puzzling aspects of eye movement

behavior in reading: (1) very short fixations (e.g., under

100 msec) given that saccade latency in simple oculo-
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motor tasks is typically on the order of 175-200 msec

(Rayner, Siowiaczek, Clifton, & Bertera, 1983; Salthouse

& Ellis, 1980); and (2) unusual fixation locations (e.g.,

the spaces between words).

A major problem with Morrison's (1984) original

model is that there was no explanation for why words are

sometimes refixated: If lexical access is the trigger for

attentional shifts and eye movements, the reader should

never refixate on the currently fixated word before mov

ing to the next word. A modification ofMorrison's model

by Henderson and Ferreira (1990; see also Sereno, 1992)
suggested a deadline for programming an eye movement:

If lexical processing has not reached a criterion level by

this deadline, attention does not shift from the current

word, resulting in a refixation on the word. In another

modification ofthe original model, Pollatsek and Rayner

(1990) suggested that the signal to stay on a word may be

related to the decision that something does not fully

compute. For example, the word that has been accessed

might not fit into the syntactic or semantic structure of

the sentence being constructed.

According to O'Regan's (1990, 1992) strategy-tactics

model, the eyes' initial landing position in a word primar

ily determines how long they remain fixated and where

the following fixation is made. O'Regan argued that

readers adopt a global strategy of either careful or risky

reading that coarsely influences fixation times and saccade

lengths. He further argued that readers implement local

within-word tactics that are based on lower level, nonlexi

cal information available early during the first fixation

on a word, such as the distance of the current fixation

from the spaces surrounding the currently fixated word.

The question is whether there is any convincing evidence

in favor of the proposed global strategy and the local tac

tics ofeye movement control during reading. We will first

discuss the operation and control of the within-word tac

tics because they are most relevant to the current debate.

The tactics module of 0 'Regan's (1990, 1992) model

operates on the basis of an evaluation of the current eye

position of the initial fixation in a new word. If the eyes

land at a region in a word that is perceptually optimal for

the processing ofits constituent letters (i.e., near the mid

die of the word), then the word will be fixated only once

and will be lexically processed during this fixation if the

fixation is relatively long (i.e., over 300 msec). However,

if the eyes land at a nonoptimal location, a refixation

elsewhere in the same word is quickly initiated without

regard for the lexical status of this word. In this situation,

effects of lexical processing can thus only be reflected in

the second of two fixations in the same word. In sum

mary, the strategy-tactics model proposes that fixation

durations are determined mainly by oculomotor con

straints, and that the probability that a word will be re

fixated does not depend on its lexical status, but on the

initial landing position of the eyes within that word. Fur

thermore, according to the model, linguistic factors, such

as word frequency, influence only long single fixations

or the second of two fixations in a refixated word.
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One problem with this hypothesis is that it was origi

nally based on research in which words were presented

in isolation, whereas normal reading involves more than

recognizing individual words. In agreement with the

model's assumption, reading studies have demonstrated

that readers are more likely to refixate a word if they ini

tially fixate away from the optimal viewing location (Ray

ner et al., in press; Vitu, 1991; Vitu, O'Regan, & Mittau,

1990). However, fixation durations in reading are not

strictly determined by the initial landing position in a

word (Vitu et al., 1990). For example, Rayner et al. (in

press) found systematic effects ofword frequency on the

duration ofboth the first and the second of two fixations

in a word (see also Rayner et al., 1989; Sereno, 1992).

Furthermore, we believe that the strategy-tactics theory

overemphasizes the role of refixations in reading. Sin

gle fixations occur much more often than do refixations,

yet the durations of these single fixations are typically

below 300 msec. Finally, fixation durations on high- and

low-frequency words in Rayner et al. (in press) were in

dependent ofthe landing position in the word when only

a single fixation was made, thus exhibiting no fixation

cost as a consequence of being fixated at a suboptimal

viewing position in the word. In summary, there is now

growing evidence against the existence of the proposed

oculomotor tactic in reading.

We now turn to a discussion of the global, strategic

component ofthe strategy-tactics model. Vitu et al. (1995)

recently provided a first direct test of this hypothesis and

claimed to have found evidence to support it. In their

study, subjects read normal text or scanned lines in which

all ofthe letters from the original text were replaced with

zs. They found that eye movement characteristics were

quite similar when subjects read text or scanned z-strings

under instructions to pretend that they were reading. Vitu

et al. argued that both global characteristics (e.g., the

length of saccades, durations of fixations, and the fre

quency distribution of fixation durations and saccade

lengths) and local characteristics (e.g., skipping rates,

landing position, and refixation probability) ofeye move

ments were quite similar. From this, they argued that "the

astonishing resemblance observed between the global and

local characteristics of eye movements, during normal

text reading and during the scanning of meaningless let
ter strings, suggests that predetermined oculomotor

strategies might be an important element in determining

oculomotor behavior during normal-text reading, influ

encing which word to go to next, where to land in a word,

and how many fixations to make on any particular word"
(Vitu et al., 1995, pp. 361-362).

The Present Study
The present study was concerned with whether eye be

havior during reading and scanning is similar, and whether

such a finding, if it were true, would be remarkable. We

provide evidence that eye movement data obtained during

scanning might mimic reading superficially, but that they

differ from reading behavior in some fundamental ways.

Like Vitu et al. (1995), we examined the eye move

ment characteristics of subjects who read normal sen

tences and scanned z-transforrned versions of these sen

tences. However, we added three important experimental

manipulations to our study. First, we addressed the ques

tion ofwhether there is a global setting ofeye movement

parameters depending on the reader's expectations about

the processing difficulty of the forthcoming sentences.

To investigate this issue, we presented normal and z

transformed sentences either in a blocked or in a ran

domized sequence. This provided a more clear-cut ma

nipulation of the strategic adjustment of eye movements

than did Vitu et al.'s (1995) frequent alternation between

normal and transformed text. According to O'Regan's

(1990, 1992) strategy-tactics hypothesis, the blocked pre

sentation should allow for a strategic adjustment ofglobal

eye movement parameters, whereas in the randomized

presentation order, subjects can adjust their eye move

ment behavior only on the basis of the visual information

they process during each trial. Thus, any differences be

tween reading and scanning eye movements due to such a

general strategic adjustment should become evident

from the comparison ofdata obtained in the blocked con

ditions. The same contrast between data obtained in the

randomized condition should, however, not yield such a

difference.

Second, unlike Vitu et al. (1995), we examined data

from specific target words that were determined in ad

vance. To this end, we prepared sentence frames in which

either a high- or a low-frequency word (neither of which

was predictable from the prior context) could be in

serted. Thus, the visual and linguistic environment was

exactly the same except for the target word. The same

sentences were also converted into z-strings. In this con

dition we preserved the visual context in terms of the

string lengths around each target string but excluded all

possible effects of lexical processing on eye behavior. In
contrast to Vitu et al.'s approach, this method allows us

to evaluate whether and how eye movement behavior de

pends on visual or lexical context.

Third, we included a visual search condition that was

somewhat different from that used by Vitu et al. (1995).

In addition to the normal reading and the z-string condi

tions, Vitu et al. included two other conditions in their

study: (1) a condition in which subjects searched normal

text and responded each time they saw the letter c, and

(2) a condition in which subjects searched through z

strings and responded each time they saw the letter c. In

the visual search condition included in our experiment,

we were also interested in examining eye behavior in a sit

uation in which lexical information is available to the

subject but is not necessarily processed. Thus, rather

than reading the sentences, subjects in our visual search

condition were instructed to search for a target word. The

same sentences that were used in the reading condition
were used in the search task; thus, either a high- or a low

frequency word was present in the sentence. Our primary

motivation for including this condition was to compare



it to the normal reading and z-string scanning conditions;
it allowed us to compare eye movement measures on tar
get words when lexical processing ofeach word was nec
essary (reading) and when it was not (search).

In terms of the comparison between normal reading
and z-string scanning, the experimental question was
how the data would compare on (1) fixation times and
(2) other eye movement measures (such as the probabil
ity of skipping a word) when subjects read normal text or
scanned z-strings. On the basis of prior data (see, e.g.,
Inhoff & Rayner, 1986; Raney & Rayner, 1995; Rayner
& Duffy, 1986; Rayner et al., in press), we anticipated
that there would be differences between the high- and
low-frequency words in terms of various eye movement
characteristics. We also anticipated that the visual search
condition would be more like the z-string scanning con
dition than like normal reading.

METHOD

Subjects
Forty psychology students at the University of Massachusetts

participated for either course credit or $5. All of the subjects had
normal or corrected vision, were native speakers of English, rated
themselves as fluent readers, and were naive concerning the purpose
of the experiment. Thirty subjects read normal and z-transforrned
sentences, with 10 subjects each assigned to (I) blocked, normal
transformed order; (2) blocked, transformed-normal order; and
(3) randomized order. The other 10 subjects searched for the tar
get word zebra.

Materials
Eighty sentence frames and 160 target words were used in the

normal reading condition. Sentences were selected on the basis of
low predictability of the target word. In a pilot study, 10 subjects
from the same population, who did not take part in the later eye
movement study, were asked to predict the next word after read
ing each sentence up to, but not including, the target word. Only
sentences in which the predictability ofthe target word wasp = .2
or less were used in the subsequent eye movement experiment.
Sentences had a maximal length of 70 characters and thus fit on
a single line of the display.

Eighty high-frequency (HF) and 80 low-frequency (LF) nouns
were selected from the Francis and Kucera (1982) norms as target
words. The target words were 5, 6,7,8, or 9 letters long and were
equally divided in terms of length. For each HF noun there was a
matching LF noun of equal length that could be inserted in a given
sentence frame without rendering the sentence awkward. The av
erage frequency of occurrence in the printed language of the HF
targets was 187 per million (range = 54-827), whereas the aver
age frequency of LF targets was 3 per million (range = 1-10).
Table I shows example sentences for each length of target word.
Consistent with Vitu et al. (1995) and with Inhoff, Topolski, Vitu,
and O'Regan (1993), we generated the z-transformed sentences
by replacing all letters of the alphabet with the letter z, preserving
letter cases, interword spaces, commas, and punctuation.

In the visual search condition, 40 filler sentences, each of which
contained the search target word zebra, were added to the 80 tar
get sentences. This word appeared about equally often in the first
third, middle third, or end third of a sentence, and each sentence
was grammatically and semantically legal or viable. Subjects were
instructed to push a response key each time they encountered the
word zebra. However, the data that were of primary interest were
those from sentences in which zebra did not occur (so that we
could examine differences between the HF and LF target words).
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Table 1
Examples of Stimulus Sentences

I. He invested his moneyto build a store/wharfandwassoon bankrupt.

2. Sheri and her friendlfiance went to Hawaii for their vacation.

3. The exhaustedstudent/steward left the train and wentto the station.

4. The enormous size of the business/dinosaur left them all dazzled.

5. The mafia boss tried to hide his influence/deformity from the
community.

Note-c-High-frequency words are shownbefore low-frequencywords.

Apparatus
A Fourward Technologies Dual Purkinje Eyetracker was used to

record subjects' eye movements in the study. Viewing was binoc
ular, but only the right eye was monitored. The eyetracker has a
resolution of 10 min of arc and was interfaced with an Epson Eq
uity III computer that controlled all aspects of the experiment and
sampled the eye position every millisecond. The initiation of a
fixation was defined as the point when five consecutive samples
each differed from the sample taken 5 msec earlier by less than \13
ofa character space. The initiation ofa saccade was defined as the
point when five consecutive samples each differed from the sam
ple taken 5 msec earlier by more than Y6 of a character space.

The sentences were presented on a ViewSonic 17G monitor
with standard VGA characters. The characters were white on a
black background and presented in upper- and lowercase format.
The HF and LF target words were always located in the middle of
a sentence and thus appeared near the center ofthe monitor. At the
viewing distance used in the study (80 em), three character spaces
equaled 1° of visual angle. Since the sentences were between 56
and 70 letters in length, the total visual angle was between 18.6°
and 23.3°. The brightness of the monitor was adjusted to a com
fortable level for each participant and held constant throughout
the study.

Procedure
Each subject was tested individually. When subjects arrived in

the laboratory, a bite bar was prepared that served to eliminate
head movements. Subjects were then given instructions for the ex
periment and a description of the apparatus, followed by an initial
calibration of the eyetracker (which took about 3 min).

Prior to the presentation of each sentence, five horizontal cali
bration boxes were displayed where the sentence would be shown.
Each box was square-shaped with a side length of \13 of a degree.
The subject was instructed to look at each box, ending at the
left-most box, which was in the same location as the first letter of
the sentence would be. If the calibration was satisfactory, so that'
a dot that moved with the eyes fell within each calibration box, the
experimenter then presented the sentence. If the calibration was
unsatisfactory, the experimenter recalibrated the eyetracking sys
tem. After reading the sentence, scanning the z-strings, or search
ing for the word zebra, the subject pressed a response key that
cleared the monitor screen. In the normal reading condition, about
20% of the normal sentences were followed by questions about
their content, which the subject answered with ayes/no response;
subjects answered these questions correctly over 90% of the time.
In the visual search condition, subjects pushed different response
keys to indicate whether or not the search target word zebra was
present in the sentence. Subjects were fairly accurate in their
search behavior; they missed the word zebra less than 8% of the
time and they made false alarms less than I% of the time.

Design
Subjects were assigned to one of four groups. Three of these

groups were determined according to the order of presentation of
the normal sentences and their z-transformed counterparts. Ten
subjects first read a block of 80 normal sentences and then
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Table 2
Different Eye Behavior Patterns for the Target Strings

Target

z-strings LF HF

Total trials 2,400 1,200 1,200
Eliminated* 20.3% 9.6% 12.2%
One fixation 68.0% 70.9% 79.2%
Two fixations 25.7% 25.1% 18.4%
More fixations 6.3% 4.0% 2.4%

Note-LF, low frequency; HF, high frequency. *Elimination was
due to track loss or to skipping of the target word, as well as extremely
short «500 msec) or long (>10 sec) reading times per sentence.

scanned a block of 80 lines of z-transformed sentences. Ten other

subjects began with the block of z-transformed lines. Ten other

subjects were presented with both types of sentences in a ran

domized order. All of these subjects were instructed to read the

normal text for comprehension and were aware of the possibility

of being questioned. Consistent with Vitu et al. (1995), the only

instruction given to the subjects in the transformed text condition

was that they should pretend that they were reading each line of

z-strings. Finally, 10 subjects were asked to search through 120

sentences for the word zebra and to push a response key each time

they saw this word. Eighty of the sentences they saw were the

same ones that the other 30 subjects had seen (with the HF and LF

words appropriately present and counterbalanced), while the re

maining 40 sentences contained the word zebra.

Each subject in the reading and z-string conditions saw each

sentence twice, once as normal text and once as z-transformed

text. The subjects thus saw either only the HF or only the LF tar

get word, but not both. However, since the z-transformed strings

cannot be distinguished by word frequency, there were twice as

many observations for each target word length in the z-transformed

condition as for the HF and LF target words.

Data Analysis

Trials were eliminated after a track loss of the eyetracker dur

ing data collection (due to eye blinks), or when subjects either re
sponded prematurely (i.e., finished reading or searching the sen

tence after less than 500 msec of stimulus exposure) or forgot to

respond (i.e., finished reading or searching the sentence after

10 sec). Table 2 shows the percentage of eliminated data in each

of the three text conditions when subjects read either normal text

or z-strings; these data will be discussed separately from the vi

sual search data. Consistent with many prior studies, including

Vitu et al. (1995), only fixations lasting more than 50 msec were
analyzed. Track losses resulted on 7.4% of the trials. Two sets of

analyses were performed on the remaining data. Global analyses

were carried out on all observations from all sentences (see

below). In addition, local analyses of fixation times, skipping
rates, initial landing sites, and refixation probabilities focused on

observations pertaining to the target word in each line (i.e., the

HF or LF words, or the corresponding strings ofzs). A target word

was considered to be fixated when the point offixation fell either

on one of its component letters or on the immediately preceding
blank space. A target word was considered as having been skipped

when the last fixation before it during the first-pass reading was

followed by a forward saccade that brought the eyes beyond the

last letter of that word. Consistent with Vitu et al. (1995), unless
otherwise specified, in the local analyses means or proportions

were calculated for each subject for each dependent variable, and

these were averaged across subjects. Thus, the weights of indi

vidual subjects' contributions to the values were not influenced by
the number of fixations in a particular cell.

RESULTS AND DISCUSSION

We will first discuss the data from the reading and z

string reading conditions and then discuss the visual

search data. Following Vitu et al. (1995), the results are
presented first on a global level, and then more local
analyses are presented. The global results stem from
analyses of(1) the total reading time, (2) the average fixa
tion duration, (3) the average saccade length, and (4) fre

quency distributions of fixation durations and saccade
lengths. These results address the issue of whether the
eyes are guided by a global oculomotor strategy.

Global Analyses
We manipulated the order of presentation of normal

and transformed text to investigate possible strategic ad
justments of the reader's eye behavior depending on the
sequence of presentation and the stimulus material. On

the basis of the strategic component ofO'Regan's (1990,
1992) oculomotor model of eye movement control, we

expected to find strong effects of such an adjustment be
tween the two blocked presentation conditions and no
such effect within the random presentation order. These

predictions were tested with a 3 (order of presentation:
normal-transformed, transformed-normal, or random,
varied between subjects) X 2 (text material: normal vs.
z-transformed text, varied within subjects) mixed-factors

analysis of variance (ANOVA). Separate ANOVAswere
conducted on average sentence reading times, average
fixation durations, and average saccade lengths.

Reading times. The average sentence reading time
was strongly affected by the nature of the text material
[F(1,27) = 12.39,p < .01]. Consistent with results re

ported by Vitu et al. (1995), subjects took longer to
"read" a line ofz-transformed text (4,460 msec) than to
read a line of normal text (3,863 msec). Neither the ef
fect of order of presentation [F(2,27) = 1.83, P > .15]
nor the interaction between order and material (F < 1)

was significant. Post hoc simple effects tests revealed
that the difference between the normal text and the
z-transforrned text in the random presentation order
(380 msec) was not reliable [F(1,27) = 1.68,p > .2].
Reading times were, on the other hand, reliably slower
(by 815 msec) with z-transformed text that was read be
fore the normal text condition [F(1,27) = 7.70,p < .01]
and marginally slower (by 596 msec) when z-transformed

text was read after normal text [F(1,27) = 4.11, P < .06].
Fixation duration. Eye fixation times contribute

about 90% to the reading times. Therefore, the results
from an analysis offixation durations resembled those of
the reading times. Consistent with Vitu et al. (1995),

fixations were much longer on z-transformed strings
(317 msec) than on normal words (279 msec) [F(1,27) =
33.45,p < .001]. As before, neither the effect ofpresenta
tion order [F(2,27) = 2.13,p > .10] nor the interaction be
tween order and material (F < 1) was significant. Post hoc
simple effects tests revealed that the difference between
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Figure 1. Distribution of all observed fixation durations during
the reading of normal text (black squares) and transformed text
(white circles).
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levels than those that were analyzed. A one-way com
parison of the normal text condition with thez-transformed
text condition was performed for each class of fixation
duration and for each level of saccade length.

The fixation duration distribution analysis yielded a
significant difference between the two text conditions
for each level of fixation duration [Fs(1,29) = 13.42 or
larger, ps < .01] except where the distributions crossed
(the bin for fixations between 275 and 324 ms, F < 1).
These data are quite consistent with those reported by
Vitu et al. (1995).

The results of our analysis of the saccade length dis
tribution differ from the findings of Vitu et al. (1995).
While the average length of forward saccades in our
study was comparable to that reported by Vitu et al. (ap
proximately 7 characters), we found significant differ
ences between the normal text condition and the trans
formed text condition for all levels of saccade length
between -17.5 and 7.5 characters [Fs(1 ,29) = 31.14 or
larger, ps < .001]. Both regressive and short progressive
eye movements were generally fewer when participants
looked at transformed text than when they looked at nor
mal text. Only for the number of large forward saccades
were there no reliable differences between the text con
ditions (allp values> .05; Figure 2).

Figure 2. Distribution of all observed saccade sizes during the
reading of normal text (black squares) and transformed text
(white circles).

Discussion of Global Analyses
In the global analyses of eye movement behavior we

found that subjects had a harder time "reading" trans
formed text than normal text. As predicted by the oculo
motor theory, the reading times reflected this difference
only with the two blocked presentation orders, but not
with the randomized presentation order for normal and
transformed text. This result might be claimed to support
the notion of a strategic adjustment of the eyes' behav
ior. However, a closer look at the pattern of fixation du-
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fixation times in the normal text and the a-transformed
text conditions was significant (p < .01) for all three
orders of presentation. However, presentation order af
fected only the fixation durations with normal text
[F(2,27) = 4.13, P < .05], where the means ranged be
tween 258 msec in the randomized order condition,
283 msec in the condition with transformed text after
normal text, and 295 msec in the condition with normal
text after transformed text. The latter three values were
305,320, and 327 msec in z-scanning; presentation order
did not affect the scanning of transformed text (F < 1).
Thus, the randomized condition led to the shortest eye fix
ations, and the condition that began with thez-transformed
text block led to the longest eye fixations, irrespective of
the text material.

Saccade length. Again consistent with Vitu et al.
(1995), the mean saccade length was not influenced by
the nature of the stimulus material. Forward saccade
length was approximately 7 character spaces with both the
normal and z-transformed text (F < 1). As before, neither
the effect oforder ofpresentation (F < 1)nor the interac
tion between order and material (F < 1) was significant.

Distributions of fixation durations and saccade
lengths. Figure 1 shows the frequency distribution for
fixation durations and Figure 2 shows the frequency dis
tribution for saccade lengths in the normal text and
z-transformed text conditions.FollowingVituet al. (1995),
we analyzed the percentage of fixations for 10 levels
(going from 125 up to 575 msec in 50-msec steps) and
the percentage of saccade lengths for 9 levels (from
-17.5 letters, with the negative sign indicating regres
sions, up to 22.5 letters in 5-letter steps). Although Vitu
et al. analyzed only 10 levels of fixation duration and 9
levels of saccade length, their figures showed more data
points (15 for fixation durationand 11 for saccade length).
To facilitate comparisons, our figures also show more
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length. There was also a marginally significant interac
tion [F(8,232) = 1.91, p < .06]. Post hoc tests revealed

the following results (Figure 3): With 5-letter and 6-letter
targets, the HF words and z-strings were skipped equally
often and more often than (p < .05) LF words; with

7-letter targets, skipping probability was significantly
different (p < .05) for each type of target word; for the
8-letter and 9-letter targets, the HF and LF words were
both skipped less frequently (p < .05) than were z-strings,

The skipping data clearly reveal two different eye

movement strategies for the reading of words and for the
scanning ofz-transformed strings. Consider first the nor
mal reading condition. For long words (8-9 letters),
word frequency had little effect on skipping probability.

Presumably, readers could not extract enough visual in
formation from such words when they were fixated to
the left of them. To process the meaning of these target

words, a direct fixation was necessary. For target words
that were 5 to 7 letters long, however, readers could oc
casionally extract enough visual information about the

targets parafoveally to process their meaning. Therefore,
the probability of skipping these shorter target words in
creased. The increase was steeper for HF words than for
LF words, presumably because the latter were not as fa
miliar to the reader and so could not be fully identified

on the basis of parafoveal information alone.
Consider next the scanning condition. With the z

transformed text, the missing requirement to identify the
target strings led to significantly higher skipping rates

for long strings than for long words. Even though short
z-strings were skipped as often as were short HF words,
the increase in skipping probabilities with shorter strings
was less than the increase with shorter words. Thus, the
comparison between target skipping in the reading and

scanning conditions reveals that both visual and lexical
factors influenced the eyes' behavior in normal reading,
whereas only visual factors affected the eyes during
scanning. Moreover, our manipulation of the difficulty

Figure 3. Probability of skipping a high-frequency (white
squares), low-frequency (black circles), or z-transformed (hatched
line) target as a function of its length.

Local Analyses
In this section we report analyses ofeye movement be

havior relative to the target string in each sentence.
These analyses allow us to identify effects of visual fac
tors (target length) and lexical factors (word frequency)

on the hypothesized eye movement tactic. The results to
be reported next stem from analyses of (I) the probabil
ity of skipping the target, (2) the relative frequencies of
single fixations and of two fixations on a target, (3) the
refixation probability of two fixation cases, (4) the land
ing positions in a target, and (5) fixation times for single

fixations and for two fixation cases.
Word skipping. Figure 3 shows the probability of

skipping targets as a function of their length. An overall
3 (type of target: HF, LF, or z-string) X 5 (target length:
5, 6, 7, 8, or 9 characters) ANOVA yielded significant
main effects of type of target word [F(2,58) = 5.48,p <

.01] and of target length [F(4,116) = 18.42,p < .001].
Overall, z-strings were skipped more often than were
both HF and LF words, and skipping rate systematically
decreased from 14.8% to 2.9% with increasing target

rations revealed that the randomized condition led to the

shortest eye fixations, and the condition that began with
the a-transformed text block led to the longest eye fixa
tions for each type of material. Thus, the global eye
movement adjustment depended on the presentation
order of the material, rather than on the material itself. It

is therefore unlikely to be in the service of the cognitive
processes involved in these tasks.

This conclusion is supported by the observation that
the adjustment is in the opposite direction from what the

oculomotor strategy hypothesis should predict. Since no
lexical information can be processed from the trans
formed text, fixation durations should be shorter on av

erage than fixation durations in reading. However, both
Vitu et al. (1995) and the present study showed that the
eyes fixate longer on the less informative text. We there
fore propose a different interpretation for any apparent

similarities in the global oculomotor behavior during
reading and the scanning of z-strings. Since we know
that these tasks impose different amounts of cognitive
load, the lack of effects of this manipulation on the out

put of the system indicates to us that visual information
is processed quite differently in these two tasks. We fur
ther argue that only a processing model ofeye movement

control can properly capture the availability ofadditional
(lexical) information as beneficial for the ongoing ocu
lomotor task. Specifically, our method makes it possible

to attribute the difference in fixation durations to the
lack of lexical information, because visual information
(in terms of string length) was held constant across the

two text conditions.
In summary, then, the global comparison ofeye move

ments during reading and a-string scanning indicates that
the eyes' behavior is tuned to the central processing de

mands. The decision when to move the eyes seems to be
easier when the reader can process lexical material.



MINDLESS READING REVISITED 741

6

5

6 7543

--er- High Frequency

---.- Low Frequency

Z-Transformed

2

Landing Site (char)

,,,,,,
.............. '",,,,

o

c) L =7

.6

.8

.2

.4

1.0

a) L =5
.8

.6

.4

.2

.0
0 2 3 4

C 1.0
0 b) L=60;::
tG

.8><
;::
G)

a:: .6-0
>- .4
~

:s .2tG
.a
0... .0
D. 0 2 3 4 5

Figure 4. Refixation probabilities. Panels a--cshow, for targets
of 5, 6, and 7 characters in length, the probability of refixating the
target, separately for high-frequency (white squares), low
frequency (black circles), and z-transformed (hatched line) tar
gets. Probabilities are plotted at the site of initial fixation, where
orefers to the space before the target word.

To quantify the spatial behavior of the eyes in the

two-fixation cases, we used Vitu et al.'s (1995) zoning
algorithm to categorize the initial landing position into
beginning, middle, or end of a word. In this case, the al
gorithm normalized landing positions according to the
following formula: (initial fixation position - 0.5)/word

length, and then recoded the event in terms of three
zones of equal size 0/3). To further overcome problems
associated with empty cells, we collapsed across target
lengths of 5 and 6 letters to create a short condition and

across target lengths of7, 8, and 9 letters to create a long
condition. These data were then submitted to a 3 (type of
target: HF, LF,or z-string) X 2 (length of target: short vs.
long) X 3 (landing zone of first fixation: beginning,
middle, or end) ANOVA. This ANOVA yielded signifi-

of lexically accessing the target word (via the word fre
quency manipulation) had an immediate effect on eye

movement behavior. Consistent with results reported by
Rayner et al. (in press; see also Inhoff& Topolski, 1994),
the meaning ofthe word, and more specifically, how eas
ily this meaning could be accessed, immediately influ

enced the reader's eye behavior.
Frequency ofsingle versus two fixations. One ofthe

problems with the idea of an oculomotor tactic that was
mentioned in the Introduction concerned its overempha

sis on refixations. Consistent with this criticism we
found that, when the target word was fixated, single fix
ations were considerably more frequent than two fixa

tions on the target word (Table 2). Readers made single
fixations more frequently when the target was an HF
word than when it was an LF word and, conversely, there

were fewer two-fixation cases when the target was an HF
word; both effects were significant (ps < .01).

These findings are all consistent with data reported by

Rayner et al. (in press). They imply that the current lex
ical processing activity strongly influences the likeli

hood of a refixation. This is not to say that oculomotor
factors are not involved in refixations, because there is
clearly an effect of initial landing position in the word

(see below). Our point is that lexical processing is a pri
mary factor in whether or not words are refixated. On
the basis of these findings we argue that the first fixation
on a word is regularly used to acquire lexical informa

tion, and that the outcome of this first attempt at lexical
access plays a role in the decision where to move the eyes

next. To demonstrate this powerful and immediate influ
ence of lexical factors on eye behavior, we next discuss
the refixation probabilities when two fixations were made

and then present separate analyses of cases with either a
single fixation or two fixations on a target string.

Refixation probability of two fixation cases. Fig
ure 4(a-c) shows the probabilities of refixating a target

of 5, 6, or 7 characters length, plotted as a function of
where in the target the first fixation occurred. Targets
that were 8-9 letters long showed similar results, but due
to the lack of fixations at the ends of the target strings

(Figure 6), the overall pattern was noisier. We therefore
do not show refixation probabilities for these word lengths.
In general, the data in Figure 4 are consistent with data
reported by Vitu et al. (1995) and others (O'Regan,

1992; Rayner et aI., in press) in showing that readers are
more likely to refixate a word if the initial fixation is at
the beginning or end ofa word than if the initial fixation

is in the middle. From our point of view, the most strik
ing aspect of the data in Figure 4 is that there are sys
tematic differences between the three text conditions
when the initial fixation occurred at the end of the target
word. Consider first the 5-letter targets. Readers refixated
LF words when the initial fixation was at the end, but

were much less inclined to do so if the target was either
an HF word or a z-string. Consider next the 6-character
and 7-character targets. When these targets were initially
fixated at their ends, both HF and LF words were refix
ated more often than were the z-strings.
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stable means. Thus, the fixation duration data of22 sub
jects who made many dual fixations were analyzed in a
3 (type oftarget) X 5 (length of target) X 2 (first vs. sec
ond fixation) ANOVA. There was a highly significant
main effect of type of target [F(2,21) = 59.39,p < .001]

due to more time spent on the z-strings (average fixation
time, 313 msec) than on LF words (244 msec) or HF
words (214 msec); all three conditions differed signifi
cantly from one another (allps < .01), and there was no

interaction of type of target with first versus second fix
ation [F(2,42) = 2.26, p > .10]. Additionally, first fixa
tions (271 msec) were longer than were second fixations
(242 msec) [F(I,21) = 15.6,p < .001]. The effect of tar

get length was not significant [F(4,84) = 2.36,p > .05],
but all of the two-way interactions and the three-way in

teraction were either significant or marginally signifi
cant. These interactions were largely due to unsystem
atic differences in the z-string condition (i.e., whether

the first or second fixation was longer differed slightly
as a function of word length) that were not present in the
other two conditions (where second fixations were shorter

independent of word length). Post hoc comparisons re
vealed that there was no reliable difference between the
first (318-msec) and the second (308-msec) fixation for

the z-string condition (F < 1). For normal text, however,
the average first fixation was longer than was the second
fixation, both with HF target words [F(I,21) = 15.97,

p < .01] and with LF target words [F(I,21) = 14.06,p <
.01].

More importantly, there was a frequency effect present

in both the first and second fixations. For first fixations,
the means were 235 and 260 msec for HF and LF words,
respectively [F(I,21) = 6.70,p < .05]. For second fixa

tions, the means were 192 and 228 msec, respectively
[F(I,21) = 16.67,p < .001]. The finding ofa frequency
effect for both first and second fixation durations is con
sistent with results reported by Rayner et al. (in press)
and points to the importance of lexical processing for

temporal aspects of oculomotor behavior.
Landing positions ofsingle fixations. Figure 6(a-e)

shows, for all single fixation cases, the landing position
of the eyes on the targets as a function of target length

and type of target. Like many researchers before us,
we found a moderate preference to fixate a word in the
middle rather than at its beginning or end (see, e.g.,

McConkie et aI., 1988; O'Regan, 1990; Rayner, 1979).
More importantly for the present issue, and consistent
with results reported by Rayner et al. (in press), there was
generally no difference in where readers landed as a
function of target type. We determined, at each charac
ter position of each target and at the empty space before
each target, the effect of target type (HF, LF, or z-string)
on the percentage of single fixations. We performed a
total of40 simple effects tests, only five ofwhich yielded

reliable differences. These results are quite consistent
with Vitu et al.'s (1995) finding ofno reliable differences
in landing sites between the normal and transformed
texts.

End
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.1

--0- High Frequency

- Low Frequency

Z-Transformed

cant main effects of type of target [F(2,58) = 11.89,p <
.001] and oflanding zone [F(2,58) = 8.992,p < .001], as
well as an interaction ofthese two variables [F( 4,116) =

16.37,p < .001]. There was no main effect oflength and
no interaction oflength with either of the other variables
(allps> .53). The basic data pattern can be seen in Fig

ure 5.
Post hoc tests to examine the target type X landing

zone interaction revealed that there were no differences
between conditions when the initial fixation was at the
beginning [F(2,58) = 1.38, P > .25] or in the middle of
the word [F(2,58) = 1.28, p > .28]. However, when the

initial fixation was at the end of the word, the three con
ditions differed significantly from one another [F(2,58) =

21.07,p < .001]. The post hoc comparisons were as fol

lows: LFversusHF [F(I,29) = 18.14,p<.001],LFver
sus z-string [F(I,29) = 30.46,p < .001]; and HF versus
z-string [F(I,29) = 5.24, p < .05]. As demonstrated pre

viously (Rayner et aI., in press), the lexical status of the
target word influenced whether or not the word was re
fixated. The refixation pattern clearly shows that the

failure to identify a word from a perceptually suboptimal
viewing position induced a refixation in the word. Im
portantly, the same deviation from an optimal viewing
position induced fewer refixations in a meaningless

string. This difference illustrates the importance oflex
ical processing demands for the spatial aspect of oculo
motor control and shows that visual factors alone cannot

account for the eyes' behavior during reading.
Fixation durations of first and second fixations.

In an analysis of the temporal aspects of the eyes' be

havior in the two-fixation cases, we compared the dura
tions of first and second fixations as a function of type
of target word and word length. This analysis could not
be carried out for all 30 subjects since not all made two
fixations with sufficient frequency to yield reasonably

Figure 5. Probability of refixation as a function of the initial
landing site, separately for high-frequency (white squares), low
frequency (black circles), and z-transformed (hatched line) targets.
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[F(2,58) = 19.33, p < .001] and an effect of length

[F(4,116) = 2.73, p < .05], with no interaction (F < 1).
To further evaluate the impact of the stimulus mater

ial on the landing position of the eyes, each landing po
sition was converted into one of five zones using Vitu

et a!.'s (1995) zoning algorithm; the algorithm normal

ized landing positions according to the following for
mula: (initial fixation position - 0.5)/word length; the
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Figure 6. Single fixation cases. Landing positions for targets of
5 to 9 characters in length are shown in panels a--e, separately for
high-frequency (white squares), low-frequency (black circles),
and z-transformed (hatched line) targets.
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Figure 7. Single fixation cases. Fixation durations for targets of
5 to 7 characters in length are shown in panels a--c, separately for
high-frequency (white squares), low-frequency (black circles),
and z-transformed (hatched line) targets. Panel d shows fixation
durations for all target lengths, but averaged across landing po
sitions.

d)

Single fixation durations. Figure 7(a-c) shows the

average durations ofsingle fixations as a function of tar

get length for words that were 5-7 letters long; again, be
cause infrequent fixations at the ends ofwords of 8-9 let
ters resulted in noisy data, fixation durations are not shown
for these word lengths. Figure 7(d) shows the data for all
string lengths, but averaged across landing sites. The

z-transformation of the text resulted in longer single fix

ations than did either of the normal text conditions. A 3
(type of target) X 5 (length of target) ANOVA on these
data yielded a highly significant effect of target type
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= 10.21, P < . 001] and for target length [F(4,116) =
27.37,p < .001], and no significant interaction [F(8,232)

= 1.47,P > .17]. The data are plotted in Figure 9, which
shows that the effect of word frequency was quite con

sistent across word lengths.
Visual search versus reading. We turn now to a com

parison ofthe visual search condition with the other con
ditions in the experiment. The comparison between the
search condition and the reading condition is important

because it allowed us to compare processing associated
with the target words (the HF and LF words) when there
was a need for lexical processing (reading) and when

such processing was not necessary (search). As noted
earlier, our primary interest in the search condition was
in the trials in which the word zebra was not present in

the sentence. On such trials, subjects searched to the end
of the sentence and then pushed a button indicating that

zebra was not present. These sentences contained either

an HF or an LF word so that we could determine whether

or not there was a frequency effect on these target words.
To this end, we examined single fixation duration, gaze
duration, and the probability of skipping the target word.
Thus, 2 (word frequency) X 5 (word length) ANOVAs

were carried out on these data. The data from all three
analyses were quite consistent in demonstrating no fre

quency effect on any of the measures; [the F values for
single fixation duration and skipping probability were
both less than 1, and for gaze duration, F(l,9) = 1.31,
p> .25]. For single fixation duration, the means were

214 msec for HF words and 210 msec for LF words; for
gaze duration, the means were 218 msec for HF and

215 msec for LF words; the skipping rates were 34% for
HF and 38% for LF words. Not surprisingly, word length
influenced both the probability of skipping [F(4,36) =

9.33, P < .001] and gaze duration [F(4,36) = 2.77, P <
.05]. Skipping rates were higher for 5-letter words (57%)
than for 8- and 9-letter words (19% and 20%, respec

tively), while the skipping rates for 6- and 7-letter words
were intermediate (39% and 43%, respectively). Gaze

durations ranged from 210 msec for 5-letter words to
225 msec for 9-letter words.

Figure 9. Gaze durations as a function of target length, sepa

rately for high-frequency (white squares), low-frequency (black

circles), and z-transformed (hatched line) targets.
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Figure 8. Single fixation cases. Fixation durations as a function

of landing zone for high-frequency (white squares), low

frequency (black circles), and z-string (hatched line) targets.

algorithm then recoded the event in terms of five zones
ofequal size (~). We then performed a 3 (target type) X

5 (landing zone) ANOVA that yielded significant main

effects of both variables and a significant interaction
(Figure 8). Specifically, subjects fixated longer on z
strings (326 msec) than on LF words (287 msec) than on

HF words (255 msec) [F(2,58) = 28.69, P < .001]; all
pairwise comparisons were significant (p < .01). Sub
jects also fixated longer on average on the second and

third zones (303 and 306 msec, respectively) than on the
fourth and fifth zones (278 and 269 msec, respectively)
[F(4,116) = 6.34, P < .01]; all interset comparisons were
significant (p < .01). Finally, the effect of landing posi

tion on single fixation durations was present with words,
but notz-strings [F(8,232) = 2.62,p < .01]. Simple ef

fects tests confirmed that the durations of single fixa
tions were not reliably affected by landing position in the

z-strings [F(4,116) = 1.20, P > .30], but they were reli
ably affected by landing position on the HF words
[F(4,116) = 11.31, P < .001] and on the LF words

[F(4,116) = 4.17,p < .01].

In summary, the single fixation data in Figures 7 and
8 are quite consistent with those reported previously by
Rayner et al. (in press) in demonstrating a word fre
quency effect on single fixation durations. This result
shows that lexical processing clearly affects the duration
of single fixations. From the absence of systematic dif

ferences in the landing positions (see above) we can fur

ther infer that the frequency effect on fixation durations
is independent of the landing position of the eyes.

Gaze duration. Gaze duration reflects the fixation
time on a word before the eyes move on to the next word.
Thus, the measure is a mixture of single fixation cases,

two fixation cases, and (a few) cases with more than two

fixations (see Table 2 for proportions). A 3 (type of tar
get) X 5 (target length) ANOVAon the gaze duration data
yielded significant main effects for type oftarget [F(2,58)
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in the search task. The function is less flat for 7-,8-, and
9-letter words, but it is obviously different from the read
ing data. Interestingly, with the possible exception ofthe

5-letter word data, the z-string reading data on landing
sites look more like the normal reading data than do the
search data.

To quantify these data, we used Vitu et al.'s (1995)
zoning algorithm to create five zones for the landing
sites; a 3 (task) X 5 (landing zone) ANOVAwas carried

out on the data. This analysis yielded a significant effect
oflanding zone [F(4,268) = 58.68,p < .001] and a sig
nificant interaction [F(8,268) = 4.02, P < .001] that is

apparent in Figure 11, which shows that the search con
dition differed from the other two conditions.

Our assumption that subjects were not processing the

meaning ofthe sentences in the search condition was ex
amined via a surprise test at the end ofthe experiment in
which subjects were given a list of 20 sentences and

asked to indicate if the sentence had appeared in the ex
periment. Subjects in the search condition were correct
55% of the time; a t test revealed that their performance

was not different from chance [t(9) = I.25,p> .2]. Their
performance was also compared to that of 10 readers
who were given the same test after reading the same sen

tences. These readers (who were not in the other condi
tions, but were from the same population pool) were cor
rect 76% of the time; the difference between the two

groups was significant [t(I8) = 3.45,p < .01].
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The present study was an extension ofa study recently
reported by Vitu et al. (1995). The issue under investi

gation was whether spatial and temporal characteristics
ofeye movement behavior during reading can best be ac
counted for by low-level visuomotor factors or by the

lexical processing demands on the reader. In both stud
ies, subjects were asked to read normal text and to pre
tend that they were reading strings ofz-transformed text.
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Figure 10. Distribution oflanding sites ofsingle fixations dur
ing reading, z-string scanning, and visual search for the word
zebra. Data are averaged across high-frequency and low-frequency
targets.

Figure 10 shows the landing site data for the search
condition in comparison with the normal reading and
z-string conditions. In this figure, we have collapsed
across HF and LF target words since there was no dif-
ference in the pattern in either reading or search between Initial landing Zone

the two types ofwords. It is interesting to note that for 5- Figure 11. Probability oflanding in different landing zones as

and 6-letter words, the landing site function is fairly flat a function oftask.
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The latter condition was meant to provide information
about oculomotor behavior in the absence oflexical pro
cessing demands that can be compared against the eye
behavior of the same readers in a normal reading task.
Based on their global analyses, Vitu et aI. (1995) con

cluded that eye movement characteristics are similar
when subjects read or scan z-strings. Although they were
appropriately cautious in acknowledging that factors re
lated to the ongoing lexical processing of the fixated

word are important for the spatial and temporal control
of eye movements, the primary gist of their article is that
eye movement behavior in the two situations is remark
ably similar. Our data, on the other hand, lead us to con

clude that while there are some similarities, for the most
part the eye movement characteristics (particularly fixa
tion times) are quite different for reading and z-string

scanning. Specific differences between the two condi
tions were observed in terms of (1) word skipping,
(2) fixation times, and (3) refixation probabilities.

With respect to word skipping, we found that how easy
the meaning of a word was to access determined word
skipping, whereas for z-strings the length of the string
determined the probability of skipping. For words that
were 5-7 letters long, HF words were skipped more

often than were LF words. We assume that this was be
cause the meaning of the HF word could be determined

more readily when readers were fixated just prior to the
beginning of the word than was the case when they were
fixated just to the left of the beginning of an LF word.
For words that were longer (8-9 letters), because ofacu

ity limitations the entire word could not be processed
when readers were fixated just to its left, and hence word
frequency had no effect on skipping.

The fixation time data also yielded very clear effects
of word frequency. As previously demonstrated by Ray
ner et aI. (in press), we found that in the case of single
fixations on words, there was a frequency effect that was
independent of the landing position; z-string scanning,

on the other hand, yielded longer fixations than either
HF or LF words. We also found that, for both HF and LF
words, when two fixations were made on the target word,
the first fixation was longer than the second fixation. For
z-string scanning, on the other hand, there was no dif
ference between the duration of the first and second fix
ation. Also, it is important to note that, like Rayner et aI.
(in press), we found a frequency effect on the first and
second fixations. This result, as well as the finding that

the frequency effect is independent oflanding position in
a word, is inconsistent with O'Regan's (1990, 1992) ocu
lomotor model (see Rayner et aI., in press, for further
discussion).

Finally, with respect to the comparison of reading and
z-string scanning, we found that refixation probabilities
differed for the two situations. Whether or not there was
a refixation (a second fixation on the target word before
moving to another word) was very much influenced by
the characteristics of that word. Specifically, subjects did
not refixate when they landed on the ends of z-strings,
whereas they did refixate after an initial fixation at the

ends of words. Presumably, in order to comprehend the
target word, it was often necessary to make a second fix
ation following an initial fixation at the end of the word.
In the z-string condition, it was impossible to meaning
fully process the target word and, hence, refixations were

not necessary.
From the analyses on the visual search data (fixation

times and skipping probabilities) and from comparing
the landing site data, it appears to us that the visual

search and z-string scanning data are similar in terms of
fixation times. Importantly, without the need to process
the meaning ofwords there was no frequency effect even

when subjects looked at lexically meaningful material
(see also Rayner & Raney, 1996). This lack of a fre
quency effect in the search task is in marked contrast to

normal reading, where there was a highly robust fre
quency effect, and is consistent with the hypothesis that
the trigger to move the eyes in a visual search task is dif

ferent from that in reading (Rayner, 1995). Our exami
nation of landing positions also showed that the search
data were quite different from the reading data; the land

ing position curves (particularly for 5- to 6-letter words)
were quite flat and did not show more fixations near the
middles of words, as is typically found in reading. The

z-string landing site data, however, looked more like
reading than search. Perhaps the instruction to "pretend"
to read the z-strings encouraged the subjects to program

saccades that are more typical of reading than of search.
Most readers have probably had the experience of

moving their eyes across text while at the same time their
mind wandered so that nothing was comprehended from
the text. This "daydream mode" would be very difficult
to study experimentally. Thus, Vitu et aI. (1995) instead

studied the characteristics of eye movements in a "mind
less reading" situation without linguistic information to
be processed. Their analysis showed, and our data con

firm, that the decision about where to fixate next is fairly
similar in the two situations. Thus, a number of global as
pects of eye movement behavior, as well as landing posi
tion effects, were quite similar in the two situations. It is,

however, not surprising that a lifetime of reading habits
yields eye movement patterns with some resemblance to
reading (in terms of the global behavior). On the other
hand, our data show quite clearly that decisions about
when to move the eyes are strongly influenced by the on
going linguistic processing. Specifically, (1) the highly
robust frequency effect in normal reading, (2) the differ
ences in fixation times between z-string scanning and

normal reading, and (3) the lack of a frequency effect in
the visual search task all demonstrate that there are

marked differences in when the eyes move as a function
of whether or not linguistic processing is necessary (or
possible). Additionally, our data demonstrate that some
decisions about where to fixate next are also influenced
by the ongoing linguistic processing. In particular, we
found word skipping and the probability of making a re
fixation to be strongly influenced by word frequency.

In summary, the data presented here suggest that the
oculomotor type of model may be able to account for



some aspects of where readers fixate. It does, however,
not doa good job of accounting for when readers move
their eyes. These two decisions (when and where) are

considered to be somewhat independent in processing
models, while they are not independently made accord
ing to oculomotor models. The hypothetical eye fixation

tactics module proposed by O'Regan (1990, 1992) ad
dresses specifically two-fixation cases and thus deals
with only a small subset of the overall eye behavior in

reading. For all these reasons, we conclude that the pro
cessing type of model is to be preferred over the oculo
motor model in accounting for eye movement behavior

in reading.
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