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Abstract Previous research has demonstrated that readers
use word length and word boundary information in targeting
saccades into upcoming words while reading. Previous stud-
ies have also revealed that the initial landing positions for
fixations on words are affected by parafoveal processing. In
the present study, we examined the effects of word length
and orthographic legality on targeting saccades into parafo-
veal words. Long (8–9 letters) and short (4–5 letters) target
words, which were matched on lexical frequency and initial
letter trigram, were paired and embedded into identical
sentence frames. The gaze-contingent boundary paradigm
(Rayner, 1975) was used to manipulate the parafoveal in-
formation available to the reader before direct fixation on
the target word. The parafoveal preview was either identical
to the target word or was a visually similar nonword. The
nonword previews contained orthographically legal or or-
thographically illegal initial letters. The results showed that
orthographic preprocessing of the word to the right of fixa-
tion affected eye movement targeting, regardless of word
length. Additionally, the lexical status of an upcoming sac-
cade target in the parafovea generally did not influence
preprocessing.
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Word perception

For skilled readers, the act of extracting meaning from text
seems simple, if not completely effortless. However, this
impression belies the complexity of the necessary coordina-
tion of perception, attention, motor control, and language

processing. A comprehensive understanding of eye move-
ment behavior during reading has the potential to elucidate
broad aspects of human cognition. Determining what factors
influence when and where the eyes move is crucial for
understanding written language processing. Despite over a
century of research and several decades of investigation
using extremely sophisticated instruments and measure-
ments, there is still some contention about what influences
the most basic temporal and spatial characteristics of eye
movement behavior during reading. In the present study, we
further investigated the factors that influence where the eyes
go once the decision to move is made. Research on the
spatial characteristics of eye movement behavior has the
potential to further illuminate the nature of the eye move-
ment targeting system and the constraints imposed on this
system during normal reading.

Readers acquire information during fixations, or periods
when the eyes are relatively still (Rayner, 1998, 2009). It is
important to note that high-spatial-frequency information,
such as letters and words, is easily identified in the foveal
region. In the region beyond the fovea, the parafovea, be-
cause of steep degradation of visual acuity, word and letter
information can be extracted, but with greatly reduced effi-
ciency (Schotter, Angele, & Rayner, 2012). Outside the
parafovea, in the peripheral region of the visual field, only
low-spatial-frequency information such as word boundary
and length information can be extracted. This limits the
letter or word identification span (Rayner, Well, Pollatsek,
& Bertera, 1982; Underwood & McConkie, 1985) for
skilled readers to a maximum of about eight letter spaces
to the right of fixation. Due to the constraints imposed by
visual-acuity limitations, the oculomotor system must plan
and execute ballistic eye movements, or saccades, directed
to fairly precise locations in text in order to obtain new
information or to resample old information. Bringing
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regions of text into the foveal region of the visual field
allows readers to reliably identify letters and words. Infor-
mation specific to local areas of text is extracted from the
extrafoveal regions and is utilized during eye movement
targeting processes. The mechanisms responsible for target-
ing the location of the next fixation in text have been found
to show sensitivity to various kinds of information.

The spaces between words provide visual cues as to word
boundaries and word length that readers are able to extract
from parafoveal and peripheral vision. Previous research has
demonstrated that word length and word boundary informa-
tion is used by the eye movement targeting system during
reading (Pollatsek & Rayner, 1982; Rayner, Fischer, &
Pollatsek, 1998). Furthermore, studies have demonstrated
that presenting inaccurate word length information or re-
moving spaces between words in the parafovea leads to
disruptions in normal reading behavior (Inhoff, Radach,
Eiter, & Juhasz, 2003; Inhoff, Starr, Liu, & Wang, 1998;
Juhasz, White, Liversedge, & Rayner, 2008; Morris, Rayner,
& Pollatsek, 1990; Rayner et al., 1998; Spragins, Lefton, &
Fisher, 1976). Prior research has also demonstrated that word
length positively correlates with the number of fixations re-
ceived during normal reading, leading to more fixations on
long than on short words (Rayner & McConkie, 1976;
Rayner, Sereno, & Raney, 1996). Previous studies have also
well established that distributions of initial fixation locations
reflect what is known as the preferred viewing location (PVL),
which is located slightly to the left of center for words across
all lengths (Rayner, 1979). In a study of word length effects,
McDonald (2006) manipulated the visual angles subtended by
target words of different lengths in an effort to assess the
influences of number of letters and of spatial extent indepen-
dently. The basic finding was that word-processing differen-
ces as a function of length were primarily driven by the
number of letters, as opposed to the spatial area of the word.
There was also no effect of this spatial manipulation on initial
fixation landing position, further demonstrating that word
boundary information drives the PVL. However, readers do
not always fixate a word at its PVL, because of randommotor
error and the saccadic range effect (McConkie, Kerr, Reddix,
& Zola, 1988). The saccadic range effect during normal
reading captures the tendency for close saccade targets to be
overshot and for distant saccade targets to be undershot. There
is also abundant evidence that readers extract useful informa-
tion from words to the right of the word being fixated. The
availability of word information in the parafovea has been
shown to facilitate the processing of a word once it is fixated;
furthermore, denial of accurate information in the parafovea
has been shown to significantly disrupt processing. This is
conventionally known as the preview benefit (Rayner &
Pollatsek, 1981, 1989; see also Schotter et al., 2012, for a
review). Accurate parafoveal previews have also been shown
to increase the probability that words will be skipped during

first-pass reading (Angele & Rayner, 2011; Angele, Slattery,
Yang, Kliegl, & Rayner, 2008). In addition, previous research
has revealed the particularly important role of initial letter
sequences for parafoveal processing (Johnson, Perea, &
Rayner, 2007; Rayner, 1975; White, Johnson, Liversedge, &
Rayner, 2008). Because of the sharp decline in acuity outside
the fovea, parafoveal processing is most likely to be affected
by the initial letters of parafoveal words. Taken together, these
findings raise the question as to what features of a word in the
parafovea, aside from its length, might be utilized by the
oculomotor system’s targeting mechanisms. In particular,
what is the role of linguistic (lexical and sublexical) process-
ing on eye movement targeting during normal reading?

Interestingly, many studies have in fact observed small
but reliable deviations from the PVL that cannot be
accounted for by systematic or random error. Some studies
examining the distribution of informativeness within words
have suggested that readers target saccades to the most
informative regions in a word—specifically, to regions that
allow readers to constrain lexical candidates and to distin-
guish one word from another (Everatt & Underwood, 1992;
Hyönä, Niemi, & Underwood, 1989; Underwood, Clews, &
Everatt, 1990). The crucial finding in these studies was that
initial fixation landing positions were farther into target
words when the latter half of the word was more informative
than the first half. However, Rayner and Morris (1992)
failed to replicate these findings and raised important theo-
retical and methodological issues with these studies, partic-
ularly with regard to morphological processing prior to an
initial fixation (see also Hyönä, 1995). Radach, Inhoff, and
Heller (2004) also found no effect of morphological com-
plexity on initial fixation landing positions. However, in a
study of morphologically complex words, Hyönä and
Pollatsek (1998) found that landing positions were closer
to word beginnings for noun–noun compound words when
the first constituent had low frequency.

Several lines of research have yielded effects on landing
positions bymanipulating the correctness of target word spell-
ings, orthographic regularity, and orthographic familiarity
(Hyönä, 1995; Radach et al., 2004; White & Liversedge,
2004, 2006a, 2006b). In all of these studies, initial fixation
landing positions were found to be closer to word beginnings
when the initial letters were difficult to process than when
orthographic processing was relatively easy. Other studies
have revealed no effect on landing positions when manipulat-
ing foveal processing load (White & Liversedge, 2006a),
target word contextual predictability (Rayner, Binder, Ashby,
& Pollatsek, 2001), or manipulations of length and predict-
ability (Rayner, Slattery, Drieghe, & Liversedge, 2011). It is
important to note that nearly all of the critical words in these
studies were relatively long, raising the question of whether
word length would modulate any of the observed landing
position effects.
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Using short target words embedded in neutral sentences,
White (2008) failed to observe any effects of orthographic
familiarity or lexical frequency on initial fixation locations.
To reconcile those results with previous work that had
observed orthography affecting landing positions, she sug-
gested that the influence of orthographic characteristics on
saccade targeting might differ across long and short words.
Because all of her critical words were relatively short (four
or five letters), this possibility could not be explored using
her data. One might expect word length to influence the
effect of initial letter information on saccade targeting for a
variety of reasons. Since empirical evidence has indicated
that both random and systematic oculomotor error probably
have proportionally larger impacts on the processing of
short than of long words, it seems plausible that a sensitive
and flexible targeting system might compensate for this by
employing different strategies for programming saccades
into words of different lengths. This is not to say that letter
information should be extracted differently as a function of
word length, only that letter information might exert a
different influence (i.e., be utilized more or less) as a func-
tion of word length. For instance, the eye movement target-
ing system may not use available letter information when
accounting for the increased likelihood that all of a relative-
ly short word’s letters will be foveated once the eyes saccade
into the word. This might explain why informativeness
effects have only been observed for long words. One would
not expect to see informativeness affect landing positions in
short words, since all of the letters will most likely fall in a
region of high visual acuity once the word is fixated. This
would eliminate the need to strategically target saccades to
portions of a letter string that would ordinarily fall outside
the average letter identification span in an effort to maxi-
mize word identification speed. If targeting a region of
potential orthographic processing difficulty would lead to
a less-than-optimal viewing position for the entire word, the
eye movement control system might forgo the use of ortho-
graphic information for saccade-targeting processes. This
would more likely be the case for long words, since the site
of orthographic processing difficulty could then be relative-
ly far from the PVL. The saccade-targeting system may also
be sensitive to the increased likelihood that a relatively long
word will ultimately receive more than one first-pass fixa-
tion. This might result in the programming of saccades
directly to the site of orthographic difficulty, irrespective
of its distance from the PVL.

In sum, prior research has yielded mixed results with
regard to the roles of lexical and sublexical processing on
saccade characteristics. Previous studies have defined, oper-
ationalized, and manipulated orthographic familiarity, infor-
mativeness, legality, saliency, and regularity in a variety of
ways in an attempt to highlight the possible role of ortho-
graphic characteristics as important driving factors behind

the observed differences in initial fixation landing positions
(Everatt & Underwood, 1992; Hyönä et al., 1989; Inhoff et
al., 2003; Radach et al., 2004; Underwood et al., 1990;
White, 2008; White & Liversedge 2004, 2006b). Across
many experiments, areas of text containing difficult-to-
process or visually “salient” low-level linguistic information
seem to be strongly correlated with deviations from pre-
dicted spatial saccade characteristics (i.e., deviation from
the PVL). Only a few theoretical accounts have addressed
how parafoveal word characteristics might result in initial
landing positions closer to the beginning of the word. One
possible source of landing position effects could be linguis-
tic difficulty at the word or discourse level. It has been
posited that any processing difficulty induced by word or
text characteristics may influence spatial eye movement
control (Hyönä, 1995; Hyönä & Pollatsek 1998, 2000). By
this account, word length should influence landing posi-
tions, since other lexical characteristics that modulate pro-
cessing difficulty tend to differ as a function of word length.
A word’s orthographic neighborhood size, for example,
reflects the number of words that contain similar letter
sequences and is negatively correlated with word length.
Previous reading studies have observed effects whereby
higher-frequency orthographic neighbors, as well as rela-
tively large neighborhood sizes, elicit processing disruption
for target words (Perea & Pollatsek, 1998; Pollatsek, Perea,
& Binder, 1999). As a result of increased lexical compe-
tition and activation of associated orthographic represen-
tations, large orthographic neighborhoods for a word
could disrupt orthographic processing and mediate the
influence of orthographic characteristics on saccade tar-
geting. Lexical frequency is another well-known and
important lexical variable. Generally, long words have
lower lexical frequencies and take longer to process than
do short words. To the extent that lexical processing
difficulty affects saccade targeting, long and short words
should tend to differ in the relative positions of initial
fixations, even when standardizing across different char-
acter lengths.

Another account of observed landing position effects
assumes that words containing initial letter sequences “pop
out” due to irregularity or unfamiliarity (Beauvillain, Doré,
& Baudouin, 1996; Findlay & Walker, 1999; Hyönä, 1995).
This account might also predict interactive word length and
letter influences on landing positions. The initial letters,
which are often extracted during parafoveal preview, con-
stitute a larger proportion of short than of long words. Thus,
orthographic irregularities could be more likely to attract the
attention of the word-processing and saccade-targeting sys-
tems in relatively short words. In all, several factors at
different levels of language processing may affect saccade
targeting and produce interactive effects of word length and
orthographic information.
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Prior research has been informative as to the influence of
linguistic processing on where the eyes move. Still, there is
no well-developed theoretical account for why these small
but seemingly reliable effects on landing positions seem to
be inseparably linked to (but not necessarily limited to)
orthographic characteristics. It is also true that none of the
theoretical accounts of effects on saccade targeting have
spoken directly to the possible influences of word length.
Since parafoveal word length processing clearly plays a role
in saccade targeting, and since linguistic information is
extracted during the time when saccades are targeted, further
examination of parafoveal linguistic processing may help to
engage this empirical trend. No previous study has utilized a
controlled manipulation of word length and of the ortho-
graphic legality of initial letters. Testing the specific char-
acteristics of orthographic effects in the context of word
length could help to make these empirical trends clearer.
In an effort to further illuminate the nature of orthographic
processing of parafoveal words, we investigated the roles of
word length and orthographic features on parafoveal pro-
cessing and saccade target programming. More specifically,
in the present study, we investigated how eye movement
behavior is affected by the orthographic legality of initial
letter sequences and tested whether word length systemati-
cally constrains the extraction and processing of parafoveal
letter information. In addition, the study further examined
the effects of word length and word boundary information
on eye movement behavior.

Present experiment

In the present experiment, we investigated orthographic
legality effects on saccade programming using a design that
would be sensitive to any modulatory effects of word length.
For the purposes of this study, orthographic legality is
operationally defined as the extent to which a sequence of
letters conforms to the general rules of the written English
language. To achieve the desired experimental design, the
gaze-contingent invisible boundary paradigm (Rayner,
1975) was employed to manipulate parafoveal preview. In
this paradigm, a particular letter string was displayed in
place of the target word until the eyes moved past an
invisible boundary, which prompted the replacement of the
preview by the target word. An examination of potential
word length effects on parafoveal orthographic processing
was achieved using frequency-matched long–short word
pairs that shared identical initial letter strings. By employing
the nonword orthographic legality manipulation, the present
study design provides the potential for a detailed analysis of
lexical and sublexical parafoveal processing. Using the
boundary paradigm, initial letter sequences for target words
were altered in such a way as to produce (1) a nonword with

illegal orthography or (2) a nonword with legal orthography;
in addition, a further condition was based on (3) a parafoveal
preview identical to the target word. Because identical pre-
views contain actual words, which necessarily conform to
orthographic rules, legal nonword and identical previews have
much higher orthographic regularity and pronounceability
than do illegal nonword previews. Since orthographic infor-
mation about upcoming words is most likely to be extracted
from initial letters, manipulation of the beginning of words
should yield the strongest experimental effect. Given that
word length information can be easily extracted from non-
foveal regions, effects associated with parafoveal word length
will have the potential to interact with parafoveal orthographic
processing. Critically, the use of the boundary paradigm en-
abled us to distinguish parafoveal and foveal processing and
to detect any systematic changes in saccade target processing
as a function of orthographic legality and length.

If parafoveal processing of orthographic legality affects the
targeting of landing positions for saccades into upcoming
words, the parafoveal manipulation should result in different
patterns of data across preview conditions. Specifically, land-
ing positions for illegal nonword previews should significant-
ly deviate from the PVL when compared to those for identical
and legal nonword previews. This would provide strong evi-
dence that conventional saccade programs, aiming fixations at
the centers of words, can be adjusted to target sites of anomaly
or of potential orthographic processing difficulty. If the lexical
status of a preview string, whether word or nonword, affects
saccade programming, then the landing positions for both
legal and illegal nonwords should differ significantly from
those for full previews. If orthographic legality and lexical
status do not have reliable effects on spatial eye movement
control, no differences should be detected across preview
conditions. If word length systematically constrains saccade-
targeting processes or the extraction of parafoveal informa-
tion, different patterns of results should be observed across the
length conditions.

Method

Subjects

A group of 36 undergraduates at the University of California,
San Diego, participated for course credit. All subjects were
native English speakers with normal or corrected-to-normal
vision who were naïve about the research goals.

Stimuli

The experimental stimuli consisted of 60 frequency-
matched long–short word pairs with identical initial trigram
letter sequences (e.g., actor–activist). Lexical frequencies
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for all stimuli (target and pretarget words) were computed
via log-transformed HAL frequency norms (Lund &
Burgess, 1996) using the English Lexicon Project (Balota
et al., 2007). The range of target word frequencies was 5–11,
with an average frequency of 7.91. Long target words
contained either eight or nine letters (M 0 8.3) and had an
average log frequency of 7.83 (4,938 counts per million).
Short target words contained either four or five letters (M 0

4.72) and had an average log frequency of 7.99 (5,748
counts per million). The differences in lexical frequency
for each long–short pair were always less than one log
frequency count. In an attempt to avoid effects associated
with morphological complexity, no target nouns or pretarget
adjectives were compound words. Nevertheless, there were
morphologically complex words in both the long and short
target word conditions. The average number of morphemes
comprising the short target words was 1.39 (SD 0 0.49)
morphological units, and the long target words averaged
2.18 (SD 0 0.75) morphological units. Standard t tests
revealed significant differences in the average number of
morphological units [t(118) 0 6.904, p < .01].

The parafoveal preview available to the reader either was
identical to the target word (full) or was a visually similar
nonword. The nonword previews contained either ortho-
graphically legal letter sequences (legal) or orthographically
illegal and unpronounceable (illegal) initial letter sequences
created by substituting the second and third letters of the
target word. The letter substitutions used to create the non-
word parafoveal previews were identical for the long and
short targets of each item. In this design, orthographic
legality was necessarily confounded with familiarity and

regularity, in that orthographic structures that conform to
the rules of English language will have an inherently higher
frequency than will illegal and irregular orthographic struc-
tures. To assess the orthographic regularity and familiarity
of the parafoveal preview strings, n-gram frequencies, as
well as orthographic neighborhood sizes, were calculated
using the CELEX English Lexical Database (Baayen,
Piepenbrock, & Gulikers, 1995) via N-Watch (Davis,
2005). In addition, Bigram Frequency × Position values
were calculated using the English Lexicon Project (Balota
et al., 2007). For this study, n-grams represented letter
sequences, such that hats has three bigrams—ha, at, and ts
—and two trigrams—hat and ats.

Bigram token frequency is computed as the sum of the
frequencies for lexical items that contain a particular two-
letter sequence in a specific position. Bigram type frequen-
cies represent the number of lexical items of the same length
that contain a particular two-letter sequence in a specific
position. Bigram Frequency × Position represents a sum of
bigram frequencies, counting only instances in which the
bigram appears in a specific position. Orthographic neigh-
borhood is defined as the number of words that can be
obtained by changing one letter while preserving the iden-
tities and positions of the other letters. For example, the
English Lexicon Project reports such orthographic neigh-
bors for CAT as COT, HAT, and CAM (Balota et al., 2007;
see Table 1). The critical experimental manipulation was
performed on the initial trigram of each target word. Table 2
displays the average Bigram Frequency × Position for the
initial trigrams of target word previews. These averages
were the same across length conditions, since the long–short

Table 1 Preview letter string by length condition: Average sublexical frequency means and orthographic neighborhoods for entire preview letter
strings, grouped by length condition

Short Long

Full Legal Illegal Full Legal Illegal

BG_TK 1,157 (1,116) 863 (890) 350 (512) 532 (255) 464 (264) 391 (255)

BG_TP 30 (37) 22 (16) 11 (14) 75 (35) 66 (35) 56 (35)

TG_TK 206 (120) 48 (151) 8 (30) 139 (133) 116 (130) 108 (127)

TG_TP 4.7 (2.9) 1.7 (2.4) 0.4 (1.4) 17.8 (13.1) 14.8 (12.5) 13.9 (12.4)

BG_F_P 1,315 (498) 906 (531) 373 (348) 2,460 (760) 2,024 (749) 1,461 (596)

Ortho_N 4.33 (4.78) 2.23 (3.04) 0.22 (0.52) 0.2 (0.48) 0.03 (0.18) 0.0 (0.0)

Standard deviations are provided in parentheses. Within length conditions, t tests were performed across preview conditions for each measure. All
bigram and trigram averages were significantly different across short target word previews [all ts(118) > 2.01, all ps < .05], except for full as
compared to legal previews in bigram token and type frequencies [both ts(118) < 1.60, both ps > .10]. In the long target word conditions, only full
and illegal previews differed significantly for bigram token and type frequencies [both ts(118) > 2.97, both ps < .01], all other comparisons yielded
no significant differences [all ts(118) < 1.70, all ps > .09]. The lack of significant differences across preview conditions is attributable to the
influence of the unaltered bigrams after the initial trigram. For orthographic neighborhood size, all averages across previews for short targets
differed significantly [all ts(118) > 2.86, all ps < .05]. For long target previews, the full versus legal and full versus illegal conditions differed
significantly [both ts(118) > 2.55, both ps < .05], but legal versus illegal previews did not [t(118) 0 1.29, p 0 .20]. BG_TK, bigram token frequency;
BG_TP, bigram type frequency; TG_TK, trigram token frequency; TG_TP, trigram type frequency; BG_F_P, Bigram Frequency × Position;
Ortho_N, orthographic neighborhood size
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target word pairs were matched for initial trigram identity
and since identical manipulations were performed for each
member of the target word pair.

Design

Either the long or the short item from the target word pair
was embedded in a neutral sentence frame (see Fig. 1). In all
of the sentence frames, target words were always preceded
by a six- to nine-letter adjective (M 0 7.65) with log fre-
quency ranging from 6 to 12 (M 0 9.04). Target words in all
sentence frames were followed by a word at least four letters
long, in order to capture any potential spillover effects. To
ensure a lack of differences across the length conditions, 11
undergraduates from the University of California, San
Diego, who were not subjects in the eyetracking study,
performed a standard cloze task for each sentence frame
after being presented with the sequence of words up to the
target word’s position. Short target words were correctly
predicted an average of 0.3% across items (SD 0 1.6%).
Long target words were correctly predicted an average of
1.1% across items (SD 0 5.3%). There were no significant
differences in the average predictability of the long and
short target words given the prior sentence frames
[t(118) 0 1.054, p 0 .29]. An additional 20 undergraduates
from the University of California, San Diego, who were also

not subjects in the eyetracking study, rated the goodness of
fit for either the long or the short target word in the context
of the prior sentence frame for each item. Subjects were asked
to rate how well the target word fit grammatically and plausi-
bly with the preceding word sequence, on a scale of 1–7, with
1 being very poor and 7 being very good. The goodness-of-fit
ratings averaged 5.48 (SD 0 1.89) for short target words and
5.49 (SD 0 1.88) for long target words; again, there was no
significant difference in the average goodness of the target
words fits across the length conditions [t(1198) 0 0.123, p 0
.90]. Counterbalanced assignments of the sentence frames to
the length and preview (2 × 3) conditions were accomplished
using a Latin square design, resulting in six lists of the 60
sentence frames. Each subject was exposed to each experi-
mental condition an equal number of times; however, no
subject read any sentence frame more than once. The exper-
imental sentences were presented with 40 filler sentences in a
randomized order, and all sentences were preceded by five
practice trials. Each sentence was followed by a true–false
comprehension question.

Procedure

Eye movements were recorded from the right eye of each
subject using a tower-mounted SR Eyelink 1000 eyetracking
system with a sampling rate of 1000 Hz. The stimuli were
presented on a 20-in. NEC MultiSync FP1370 CRT Desktop
Monitor at a distance of 55 cm, with a display resolution of
1,024 × 768 and a refresh rate of 150 Hz. At the beginning of
each session, the tracker was calibrated using a nine-point
procedure; the calibration was checked after each trial, and
recalibration was performed when necessary. Subjects were
seated in a well-lit room with their head movements mini-
mized by a chinrest and forehead rest. They were instructed to
read the sentences silently at a normal and comfortable pace
and to answer the subsequent true–false questions using a

Table 2 Initial trigram of preview: Average Bigram Frequency ×
Position measures for the initial trigram of the preview for both long
and short target words

Full Legal Illegal

Bigram Frequency × Position 4.63 (3.19) 3.45 (2.27) 0.11 (0.26)

Standard deviations are provided in parentheses. Paired comparisons
revealed significant differences across preview conditions [all ts(118) >
5.38, all ps < .01]

Fig. 1 Examples of a long–short target pair under all experimental
conditions. The letter string in brackets in each sentence provides the
parafoveal preview that is displayed before the reader crosses the
invisible boundary. Upon boundary crossing, the correct target word

is presented. Sentences 1a and 1d are examples of the full-preview
conditions; 1b and 1e are examples of the orthographically legal
nonword preview conditions; and 1c and 1f are examples of the
orthographically illegal nonword preview conditions
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handheld response pad. Subject accuracy on comprehension
questions was very high (M 0 90%, SD 0 6%). The experi-
menter monitored eye movements throughout the session. The
sentences were presented from the left-center of the display
screen after subjects had fixated a drift correction point in that
position. All sentences and questions were presented using
monospaced Courier New 14-pt. font with 1 deg of visual
angle subtending 2.2 characters and one character being 11
pixels wide. The invisible boundary was placed at the begin-
ning of the space immediately to the left of the target word. All
target words were presented close to the center of the screen.
Display changes occurred an average of 9 ms (SD 0 2ms) after
the boundary crossing had been detected. All trials on which
the subject blinked during first-pass reading of the critical
region—consisting of the pretarget adjective, the target word,
and the word after the target—were excluded from the analy-
sis. In addition, all trials on which the display change occurred
prior to the first saccade that crossed the invisible boundary or
after the onset of the first fixation to the right of the invisible
boundary were excluded from the analysis. By these criteria,
11% of the data were lost (230 of 2,160 trials). Seven subjects
(19%) reported awareness of at least one display change. Each
subject was exposed to exactly 60 display changes, 40 of
which were visible; however, no subjects reported awareness
of more than four display change events.

Analysis of eye movements

Reading time measures were calculated after eliminating
outliers with durations less than 40 ms or greater than
900 ms (two trials were lost due to the upper, and one to
the lower, limit). The measures of interest followed gener-
ally accepted definitions (Rayner, 1998). First-pass fixa-
tions are fixations after the eyes first enter a word until
they move off the word, given that they had not progressed
beyond that word before the first fixation. Single-fixation
duration (SFD) is the duration of the initial first-pass fixa-
tion on a word when the word has received only one first-
pass fixation. First-fixation duration (FFD) is the duration
of the initial first-pass fixation on a word, regardless of
whether there have been subsequent first-pass fixations on
the word. Gaze duration (GD) is the sum of all first-pass
fixation durations on a word before leaving that word to the
right or the left. The go-past time (also called the regression
path duration) for a word is the sum of all fixation durations
from the initial first-pass fixation on that word until the eyes
have moved beyond the word’s right boundary, including all
regressive fixations on words to the left. The number of first-
pass fixations (NFix) is the total number of fixations a word
receives after first being encountered until the word region
is exited to the left or the right. This particular measure also
captures the probability of refixation during first-pass read-
ing. The first-pass skipping rate (Skip) for the target word is

calculated as the proportion of trials on which the target word
was not fixated at all or was only fixated after a subsequent
word had been fixated. A separate measure of first-pass skip-
ping proportion (Restricted Skip) was calculated after reclas-
sifying first-pass skips that were immediately followed by a
fixation on the target word. This particular behavior is con-
ventionally thought to reflect oculomotor error in saccade
targeting (Drieghe, Rayner, & Pollatsek, 2005). An analysis
of variance (ANOVA) was performed for each of the depen-
dent measures. Effects were analyzed using subjects (F1) and
items (F2) as random factors.

Analysis of landing position

Using the previously stated selection criteria, landing posi-
tions on the target words were calculated as proportions
through the word region of the initial fixation. Reporting
landing position in terms of the proportion through the word,
as opposed to the number of characters into the word, allowed
for a more meaningful comparison of the results across the
two length conditions. Landing position was measured from
the first pixel of the first character in the target word and
included five pixels of blank space after the last pixel of the
last character in the word. For completeness, the landing
position results will also be reported in character spaces into
the target. Saccade length is the amplitude, measured in char-
acter spaces, for the saccade first entering the target region.
Launch site, measured in character spaces, is the total number
of characters away from the target word’s left boundary (as
defined for the landing position analysis) for the starting point
of the saccade first entering the target word region. Conven-
tional ANOVAs across subjects (F1) and items (F2) were
conducted for ease of comparison to the results of previous
landing position studies. In addition, linear mixed-effects
models were used to analyze the landing position results.

Results

Landing position

Table 3 displays landing position averages for first fixa-
tions across conditions. A main effect of target word
length was observed [F1(1, 35) 0 45.99, p < .01; F2(1, 59) 0
30.69, p < .01]. The proportions through the target averaged
.465 for short words and .397 for long words; in terms of
character spaces, these were equivalent to 2.33 characters for
the short words and 3.44 characters for the long words. Preview
condition for the target word also showed a main effect on the
initial fixation landing position [F1(2, 70) 0 5.02, p < .01; F2(2,
118) 0 4.62, p < .01]. The average proportions through the
target word of the initial landing position were .448 for full
previews, .424 for orthographically legal previews, and .407 for
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orthographically illegal previews; in terms of character spaces,
the character positions for first fixations on target averaged 3.03
characters for full previews, 2.92 for orthographically legal
nonwords, and 2.78 for orthographically illegal nonwords.
Using Tukey’s HSD test to detect the specific nature of the
preview effect revealed that landing positions for the full
previews were significantly different from landing positions
for the orthographically illegal previews across both subjects
(p < .01) and items (p < .01). Landing positions on ortho-
graphically legal previews did not differ significantly from full
or orthographically illegal previews across subjects or items
(Tukey’s HSD, all ps > .15). Importantly, no interactions of
word length and parafoveal preview were observed for land-
ing positions across subjects or items (all Fs < 1). These
results suggest that orthographic features influence saccade
targeting in a graded, stepwise fashion and that there were no
systematic differences in orthographic processing across sac-
cade targets of different lengths. While there were significant
preview condition effects, these suggest that lexical status and
orthographic legality affect saccade characteristics indepen-
dently. Orthographic regularity, which is closely tied to both
legality and lexical status, provides a more suitable dimension
on which to assess the landing position effects.

A linear mixed-effects regression was conducted that in-
cluded by-subjects and by-items random intercepts, Subject ×
Experimental Condition random slopes, and a full factorial
analysis of length and preview. In addition, the model included
saccade launch site as a continuous predictor of initial landing
position. Including the last parameter allowed us to account for
the influence of saccade launch site when assessing the effects
of preview and length conditions. All parameters were set
using restricted maximum likelihood (REML) estimations. In
this more comprehensive landing position analysis, target
word length yielded a significant effect on landing position
[F(1, 31) 0 30.66, p < .01]. Preview condition of the target
word also maintained a significant effect on initial fixation
landing positions [F(2, 67) 0 5.79, p < .01]. As before, there
was no significant interaction of length and preview [F(2,
1643) 0 0.72]. The launch site of the critical saccade into the

target word had a significant effect on initial fixation location
[F(1, 1769) 0 371.56, p < .01]. These results indicate that
orthographic preprocessing influences eye movement target-
ing mechanisms during normal reading. Furthermore, this
influence is not systematically constrained by word length.
Crucially, the pattern of significant effects remained even
when accounting for the influence of saccade launch site.1

Launch site and saccade length

The spatial characteristics of eye movements leading to the
initial fixation of the target word were analyzed. Results for
all first fixations on the target word are presented below and
in Table 3. The launch site of the first saccade entering the
target word region was calculated as the number of charac-
ters to the left of the leftward boundary of the target. The
subject and item analyses failed to show significant main
effects for length or preview condition on critical saccade
launch site (all Fs < 1). There were was also no interaction
of length and preview for launch site into the target region
(all Fs < 1.6). The amplitude of the saccade entering the
target word was calculated as the distance, in letter spaces,
between the location of the first fixation on the target word
and the immediately preceding fixation. Saccade length
yielded a significant main effect of target word length:
Saccades into long target words averaged 9.4 characters in
length, whereas saccades into short target words averaged
8.1 characters [F1(1, 35) 0 88.96, p < .01; F2(1, 59) 0 87.75,
p < .01]. Although the average saccade amplitude and
critical saccade launch site did differ across preview con-
ditions (see Table 3), due to high variability there were no
significant effects. No main effect of preview condition or

1 An additional analysis of landing positions restricted to only trials on
which the target word received exactly one fixation was conducted
using both a standard ANOVA and a linear mixed-effects modeling
approach identical to the unrestricted first-fixation landing position
analysis. The patterns of significant results were identical to those
found in the unrestricted landing position analysis for both statistical
approaches.

Table 3 Critical saccade characteristics

Short Long

Full Legal Illegal Full Legal Illegal

LP prop .489 (.263) .451 (.245) .430 (.264) .406 (.202) .398 (.210) .383 (.210)

LP char 2.5 (1.5) 2.3 (1.4) 2.2 (1.5) 3.5 (1.8) 3.5 (1.9) 3.3 (1.9)

Launch site 5.5 (3.0) 5.8 (3.0) 6.0 (3.3) 5.9 (3.5) 6.0 (3.3) 5.9 (2.9)

Saccade length 8.1 (2.9) 8.1 (2.8) 8.2 (2.9) 9.5 (3.2) 9.5 (2.9) 9.2 (2.8)

First-fixation landing positions are reported in terms of the average proportion through the target, beginning from its left boundary (LP prop).
Landing positions are also reported in terms of average character spaces into the target, beginning from its left boundary (LP char). The launch site
measure presents the average distance from a target word’s left boundary of the fixation prior to the saccade entering the target word. The saccade
length measure is presented as the average amplitude in character spaces. Standard deviations are provided in parentheses
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interactions of length and preview were found to be signif-
icant across subjects or items [all Fs < 1.22].

Reading times on the word before the target

Single-fixation durations on the pretarget adjective (see
Table 4) showed a main effect of preview condition, whereby
durations on the adjectives differed significantly as a function
of preview condition. Average durations on the adjectives
preceding targets with identical previews (238 ms) were lon-
ger than those with legal previews (231 ms), and durations on
adjectives preceding both legal nonword and identical pre-
views were longer than those before illegal previews (223 ms)
[F1(2, 70) 0 5.11, p < .01;F2(2, 118) 0 4.72, p < .01]. No other
dependent measures showed effects of length or preview
across items or subjects (all Fs < 1). Tukey’s HSD demon-
strated that average single-fixation durations on the adjective
preceding the target for full as compared to illegal nonword
previews differed significantly (p < .05). Legal nonword pre-
views differed numerically from illegal nonword and full
previews; however, this effect was not significant (both ps >
.35). These results show that the orthographic characteristics
of an upcoming word have a small but reliable effect on
single-fixation durations. Orthographic difficulty in the paraf-
ovea decreased fixation durations on pretarget adjectives;

however, neither lexical status nor orthographic legality could
account for this effect independently. Interestingly, this effect
was only observed on the fixation immediately preceding the
first fixation on the target when the pretarget adjective re-
ceived only one first-pass fixation.

First-pass reading measures for the target word

Table 5 displays the average first-pass reading time meas-
ures for all conditions. Three first-pass reading times where
analyzed: first-fixation duration, single-fixation duration,
and gaze duration. Word length had an effect on target word
gaze duration, such that shorter target words averaged
292 ms, whereas long target words averaged 316 ms
[F1(1, 35) 0 20.79, p < .01; F2(1, 59) 0 14.09, p < .01].
Word length had no significant effect on first-fixation or
single-fixation durations (all Fs < 1). All first-pass reading
times showed significant effects of preview condition [for
FFD, F1(2, 70) 0 8.27, p < .01; F2(2, 118) 0 7.85, p < .01;
for SFD, F1(2, 70) 0 8.73, p < .01; F2(1, 118) 0 8.27, p <
.01; for GD, F1(2, 70) 0 9.19, p < .01; F2(2, 118) 0 8.24, p <
.01]. First-pass reading times, by all measures, were longest
in the illegal nonword preview conditions and shortest in the
full-preview conditions, with legal nonword preview con-
ditions falling in between. Tukey’s HSD revealed that full-
preview conditions yielded significantly shorter first fixa-
tions, single fixations, and gaze durations than did ortho-
graphically legal nonword preview conditions (all FFD,
SFD, and GD analyses: p < .05 for both subjects and items).
Full-preview conditions also resulted in significantly shorter
reading times on target words than did orthographically
illegal nonword preview conditions (all FFD, SFD, and GD
analyses: p < .01 for both subjects and items). No significant

Table 4 Average
single-fixation durations
on the adjective preced-
ing the target word

Standard deviations are
provided in parentheses

Short Long

Full 235 (77) 237 (84)

Legal 227 (73) 232 (81)

Illegal 224 (77) 223 (91)

Table 5 Reading measures on the target word

Short Long

Full Legal Illegal Full Legal Illegal

FFD 249 (4.8) 270 (5.5) 271 (5.3) 249 (5.2) 267 (4.8) 265 (4.7)

SFD 256 (5.3) 281 (6.2) 285 (6.2) 266 (6.4) 278 (5.5) 282 (5.8)

GZD 282 (6.6) 298 (6.4) 309 (6.4) 303 (6.8) 320 (6.6) 330 (7.7)

Skip .138 (.019) .123 (.018) .120 (.018) .036 (.010) .015 (.006) .009 (.004)

Restricted skip .102 (.017) .077 (.015) .071 (.014) .027 (.009) .008 (.004) .005 (.003)

NFix 1.17 (.02) 1.17 (.02) 1.22 (.03) 1.30 (.03) 1.32 (.03) 1.35 (.03)

Go-past 351 (14.7) 383 (15.5) 400 (15.2) 370 (13.2) 412 (16.0) 409 (12.7)

TTime 384 (11.2) 407 (13.4) 402 (11.2) 423 (13.6) 457 (14.4) 496 (16.7)

Reading times on the target word are all presented in milliseconds. Target word skipping and restricted skipping rates are presented as the
proportions of trials on which the target word did not receive a first-pass fixation. All measures report standard errors in parentheses. FFD, first-
fixation duration; SFD, single-fixation duration; GZD, gaze duration; NFix, average number of first-pass fixations on the target word; TTime, total
time of all fixations on target word
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differences were observed between orthographically legal pre-
views and orthographically illegal previews for subjects or
items (all ps > .21), and no interactions of length and
preview were found for any first-pass reading time mea-
sure (all Fs < 1). These results suggest that readers re-
ceived a significant preprocessing benefit when the target
word was fully available for parafoveal preview, as com-
pared to all nonword previews. Moreover, no preprocess-
ing benefit was observed for nonwords exhibiting
orthographic legality rather than illegality. Taken together,
these results demonstrate an effect of lexical status but not
of orthographic legality in first-pass reading.

The number of first-pass fixations on the target word was
also analyzed. Target word length had a significant effect,
such that long words received more fixations during first-pass
reading (1.18 vs. 1.32) than did short words [F1(1, 35) 0
39.90, p < .01;F2(1, 59) 0 35.61, p < .01]. Preview condition
had no significant effect on the number of first-pass fixations
(all Fs < 2.3), nor did we find an interaction of length and
preview for any of the four first-pass measures (all Fs < 1).

Intermediate and late reading measures

Two measures thought to reflect relatively intermediate or
late processing, go-past duration and total reading time,
were examined. Preview condition for the target word had
a significant effect on go-past reading times [F1(2, 70) 0
5.06, p < .01; F2(2, 118) 0 5.32, p < .01]. The average go-
past reading times were 358 ms for full previews, 394 ms for
orthographically legal nonword previews, and 401 ms for
orthographically illegal previews. The effect of target word
length resulted in go-past reading times averaging 23 ms
longer for long than for short target words. This effect was
significant by subjects [F1(1, 35) 0 3.97, p 0 .046] but only
marginal by items [F2(1, 59) 0 3.20, p 0 .074]. We found no
statistically significant interactions of word length and pre-
view effects (all Fs < 1). Total reading times on target words
showed a main effect of length for both subjects and items
[F1(1, 35) 0 39.62, p < .01; F2(1, 59) 0 34.42, p < .01]:
Long words were fixated an average of 63 ms longer than
short words. The nature of the parafoveal preview also had a
significant influence on total reading times, which averaged
403 ms when previews were identical to the target words,
431 ms when the previews were nonwords with high ortho-
graphic legality, and 448 ms when the previews were ortho-
graphically illegal nonwords [F1(1, 35) 0 6.35, p < .01;
F2(1, 59) 0 6.03, p < .01]. The interaction of word length
and parafoveal preview approached marginal significance
[F1(2, 70) 0 2.76, p 0 .064; F2(2, 118) 0 2.47, p 0 .084]. The
total reading times for long target words increased numeri-
cally across preview conditions, whereas smaller differences
in total reading times were observed for short target words
across preview conditions (see Table 5).

Target word skipping

As would be expected, target word length yielded a robust
effect on first-pass skipping probability [F1(1, 35) 0 102.6,
p < .01; F2(1, 59) 0 89.05, p < .01]: Short target words were
skipped 12% of the time, whereas long target words were
skipped 2% of the time. Preview condition did not yield
significant effects on first-pass skipping rates (all Fs < 1.78).
However, after reclassifying skips immediately followed by
regressions into the target word, both length [F1(1, 35) 0
59.646, p < .01; F2(1, 59) 0 56.560, p < .01] and preview
[F1(2, 70) 0 3.253, p 0 .039; F2(2, 118) 0 3.358, p 0 .035]
yielded significant main effects. Under restricted skipping
criteria, short target words were skipped 8% of the time and
long target words were skipped 1% of the time. Target
words were skipped on 6% of full-preview trials and 4%
of both orthographically legal preview trials and orthograph-
ically illegal preview trials. Of trials initially recorded as
first-pass skips, reclassification affected 35% of the cases, or
exactly 48 trials (2.5% of all critical trials). No interactions
of length and preview were significant, using either method
of calculating skipping proportions (all Fs < 1).

Discussion

The purpose of the present study was to assess the effects of
word length and orthographic characteristics by manipulat-
ing the letter information available to readers during paraf-
oveal processing. The use of frequency-matched long–short
word pairs with identical initial letter trigrams allowed for
the examination of word length effects on eye movement
behavior, independent of many other lexical and sublexical
features. The use of the invisible boundary paradigm per-
mitted strong manipulations of parafoveal information with-
out excessive disruption to subsequent foveal processing.
The results confirmed prior research demonstrating that
word length and orthographic information in the parafovea
influenced initial landing positions during reading. Word
length affected the incoming saccade amplitudes, initial
fixation landing positions, and numbers of first-pass fixa-
tions. The orthographic characteristics of the target word
preview affected the initial fixation landing positions and
all first-pass reading times. The findings also indicated that,
across both long and short words, parafoveal preview
manipulations exerted similar effects on saccade character-
istics. If readers were utilizing different amounts of ortho-
graphic information during saccade targeting as a function
of word length, interactions of length and preview would
have been observed.

Despite attempts to control as many lexical and sublex-
ical characteristics as possible, there were large differences
in orthographic neighborhood size across target word length
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conditions. Furthermore, the patterns of orthographic neigh-
borhood size differences across preview conditions were not
identical for the short and long target word conditions. That
being said, if orthographic neighborhood size had an appre-
ciable influence on saccade-targeting processes, one would
expect this pattern of differences in orthographic neighbor-
hood size across conditions to have generated an interaction
of target word length and parafoveal preview. The facts that
long target words are more likely to receive multiple first-
pass fixations and have relatively lower lexical frequencies
could also have contributed to the observed main effects of
word length on the proportion into the target word for initial
fixations. Nevertheless, the influence of lexical frequency
was eliminated as much as possible by the selection of
frequency-matched long–short target word pairs. It is also
important to reiterate that some portion of the differences in
the landing position distributions between length conditions
can be attributed to the differential impacts of random and
systematic oculomotor error. Systematic error, related to
saccade launch site, and random error, related to eye move-
ment targeting, necessarily have bigger impacts on shorter
than on longer words. The spatial components of oculomo-
tor error are more likely to place fixations in less-than-
optimal viewing locations for short than for long words,
since short words take up less space. Simply put, no type
of human motor plan is executed perfectly all of the time. In
spite of the constant constraints imposed by oculomotor
error, initial landing positions into both long and short
words reflect precise targeting processes that are sensitive
to information with both low (word length information) and
high (letter identity information) spatial frequency that is
retrieved during parafoveal processing.

When controlling for the influence of saccade launch site,
which is a relevant predictive factor for initial landing posi-
tions, the critical results were the same. The linear mixed-
effects regression model, which included the launch site of
the critical saccade as a predictor, yielded a pattern of results
identical to the one from a conventional ANOVA. Post hoc
analyses revealed significant differences in landing posi-
tions for full-preview and orthographically illegal preview
conditions, with average landing positions for orthographi-
cally legal previews falling between the two other condi-
tions. This pattern of results was the same for the single-
fixation restricted analyses and for landing position analyses
on all first fixations. As is shown in Tables 1 and 2, letter
strings comprising actual words are more frequently en-
countered in their respective positions than letter strings
comprising orthographically legal nonwords. Likewise, the
letter strings forming legal nonwords are more frequent than
letter strings comprising illegal nonwords. Because the
study included categorical manipulations of orthographic
legality and lexical status, as well as a graded manipulation
of orthographic familiarity and regularity (which subsume

legality and are highly influenced by lexical status), the
landing position results could reflect a combination of all
three manipulations. The graded effect of orthographic reg-
ularity and familiarity on landing positions is quite similar to
the effects Radach et al. (2004) reported. One possible
explanation for the stepwise orthographic effect is a cumu-
lative effect of orthographic processing difficulty in general,
encompassing orthographic legality, regularity, and famil-
iarity. However, it is not necessary to assume that all aspects
of orthography are assessed simultaneously. Specifically,
there is the possibility that orthographic legality, regularity,
and familiarity are assessed independently or sequentially
during parafoveal preprocessing. In such a system, letter
sequence legality and familiarity would codetermine ortho-
graphic processing difficulty in conjunction with position-
specific letter sequence frequency. For example, the bigram
lt is frequently encountered at the end but not at the beginning
of a word. Although this bigram is relatively frequent in
English, it is neither familiar nor regular at the beginning of
a word. Orthographic processing difficulty may result from
letter sequences that are either illegal or infrequently encoun-
tered at a particular position. This kind of account would offer
possible explanatory power for research demonstrating the
flexibility of letter encoding during reading and nonreading
tasks (Johnson & Dunne, 2012; Johnson et al., 2007).

It is also possible that the legality of letter sequences is
assessed in the initial stages of orthographic processing
before regularity and familiarity exert an influence. If this
is the case, an orthographically illegal initial letter sequence
would elicit a larger deviation from the PVL, because its
influence on saccade targeting is exerted earlier than that of
orthographic regularity in general or lexical status. If
orthographic-to-phonological activation routinely occurs
during parafoveal letter processing, the observed landing
position effects could also reflect an influence of phonolog-
ical processing on eye movement programming. Indeed the
results make it entirely possible that when a letter sequence
encountered in the parafovea fails to activate an existing
phonological representation, saccade-targeting strategies are
affected. This effect could lead to readers either targeting
saccades directly toward regions of phonological processing
difficulty or generally adopting a more conservative
saccade-targeting procedure ultimately resulting in shorter
saccades. The increased likelihood that the initial letters of a
legal nonword would activate existing phonological repre-
sentations relative to an illegal nonword may have contrib-
uted to the observed landing position effects. Moreover, the
increased likelihood of speeded phonological activation
when processing actual words rather than pronounceable
nonwords might also have contributed to the observed land-
ing position results.

The landing position distributions across preview condi-
tions suggest that the saccade programming system is
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capable of flexible fixation targeting. These findings fit well
with a claim that the eye movement targeting system is
capable of utilizing multiple sources of information at two
levels of visual perception. One source of information, word
length, is virtually always used and only requires the extrac-
tion of relatively low-spatial-frequency information. A sec-
ond possible source, orthography, requires the extraction of
high-spatial-frequency information, which may not always
occur in time to influence saccade programming. Due to
visual-acuity limitations, length information about a paraf-
oveal target can be acquired from farther away than letter
information. If parafoveal information is acquired and pro-
cessed as soon as possible, length should affect the targeting
system before orthography. The use of these two sources of
information by the eye movement targeting system may also
lead to initial landing positions reflecting two “centers of
gravity,” demonstrating both an imperative to process words
from an optimal position (i.e., the PVL) and the inclination
to target sites of detected processing difficulty within up-
coming words. The eye movement control system would
use the default center of gravity at the center of a saccade
target and an additional center of gravity at a site of detect-
able orthographic processing difficulty. For short and long
words, this would most likely result in a leftward shift to the
peak of an initial fixation landing site distribution. The
examination of a larger data set with greater statistical power
could potentially demonstrate a bimodal initial fixation
landing site distribution with one peak over the PVL and a
second over regions of orthographic processing difficulty.
Presumably, such a distribution could be demonstrated more
clearly with longer words, since the spatial distance between
the site of processing difficulty and the PVL would be large
enough to differentiate various saccade target regions.
Importantly, explanations positing an influence of general
orthographic processing difficulty, distinct processing of
orthography and phonology across several dimensions, a
“center-of-gravity” modulatory effect, or any combination
of the three are by no means mutually exclusive.

The first-pass reading times revealed a pattern similar to
the landing position results with regard to orthographic
feature effects. However, post hoc analyses showed that
the first-pass reading measures differed significantly for
identical parafoveal previews as compared to orthographi-
cally legal and illegal nonword preview conditions. Target
words with identical previews received significantly shorter
viewing times than did target words with orthographically
legal or illegal previews. For the nonword previews, there
was not a statistically significant effect of orthographic
legality. The size of the preview benefit for full previews
relative to orthographically legal and illegal nonwords sug-
gests that a mismatch between the orthographic information
extracted in the fovea and parafovea leads to processing
difficulty. And while the lexical status of preview strings

seems not to exert an effect on initial landing positions, it
does affect first-pass reading times.

The results of the analyses on the pretarget adjective are
surprising when considering the history of orthographic
parafoveal-on-foveal effects observed in previous experi-
mental research (White, 2008; White & Liversedge, 2004).
In a reading study similar to the present experiment, White
and Liversedge (2004) failed to observe parafoveal-on-
foveal effects on reading times for words preceding targets
that varied in orthographic legality, pronounceability, famil-
iarity, and informativeness. In their study, pretarget words
were controlled using constraints similar to those in the
present study; thus, the disparate findings could be indica-
tive of intrinsic differences between the experimental mate-
rials or of the fragile nature of parafoveal-on-foveal effects
in general. White (2008) observed that fixations immediate-
ly prior to entering critical words were slightly longer when
the critical word contained less as compared to more famil-
iar orthography. In the present study, single-fixation dura-
tions on the word preceding the target decreased
numerically as orthographic processing difficulty in the
parafovea increased across both length conditions. The dif-
ferences between these patterns of results could be caused
by the strength of the orthographic manipulation in the
present study. In White’s study, there was no parafoveal
preview manipulation; the experimental conditions were
achieved by independently manipulating the lexical fre-
quency and orthographic familiarity of the critical words.
Orthographic characteristics, in particular, were manipulated
by selecting words with high or low orthographic familiar-
ity; nonwords were never presented to subjects. Conversely,
in the present study, orthographic characteristics were al-
tered during parafoveal preview in order to manipulate
potential processing difficulty. This substitution of target
words with nonwords produced the strongest possible
manipulation of orthographic characteristics and the largest
differences between target word parafoveal preview condi-
tions within identical sentence frames. This procedural dif-
ference makes any comparison of the two studies difficult
without making strong assumptions about the influence of
the lexical status of a letter string on parafoveal processing.
The apparent parafoveal-on-foveal effect fits well into “pop-
out” accounts of orthography’s influence on saccade target-
ing (Beauvillain et al., 1996; Findlay & Walker, 1999;
Hyönä, 1995). Single-fixation durations on the pretarget
adjective decreased as the orthographic regularity of the
initial letters of the upcoming preview string decreased.
Under the assumptions of a pop-out account, this effect
was observed because orthographic abnormalities are easily
detectable. As parafoveal abnormalities become more pro-
nounced, the likelihood of attracting attention increases, and
may even prompt the eye movement control system to
terminate current fixations prematurely. Although eye
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movements and visual attention are not necessarily coupled,
a shift in attention will often be followed by an eye move-
ment. Prior studies have shown that short words are skipped
more often than long words during first-pass reading
(Brysbaert & Vitu, 1998; Rayner &McConkie, 1976; Rayner
et al., 1996; Rayner et al., 2011). Previous research has also
documented a tendency for fixation durations to be inflated
before first-pass word skips (Kliegl & Engbert, 2005;
Pollatsek, Rayner, & Balota, 1986; Rayner, Ashby, Pollatsek,
& Reichle, 2004). If the difference in single-fixation durations
preceding initial target fixation was driven by an increased
tendency to program first-pass skips of the target word under
full-preview conditions, one might expect an interaction in
single fixations, whereby fixation times were inflated for short
but not for long target words in full-preview conditions. Our
results showed skipping proportions in the expected pattern;
nevertheless, there were no statistically significant interactions
of length and preview. For both length conditions, the skip-
ping proportions across preview conditions went in the direc-
tion one would expect if the parafoveal-on-foveal effect was
driven by first-pass skipping. Considering these data, in-
creased durations associated with executing first-pass target
word skips remain the most well defined and supportable
explanation. Given the controversial nature of parafoveal-on-
foveal effects, further investigation of orthographic and lexical
processing in the parafovea is needed in order to illuminate the
influence of upcoming letters on processing in the fovea.

In summary, the present data demonstrate that extraction
of orthographic information from parafoveal saccade targets
influences targeting processes. This orthographic influence
on landing position is unaffected by the length of a saccade
target. These results also provide evidence that orthograph-
ically inaccurate parafoveal previews disrupt subsequent
processing once the saccade target is fixated. The present
study supports previous studies suggesting that the eye
movement targeting system has both the sensitivity to detect
regions of orthographic processing difficulty and the neces-
sary flexibility to aim saccades into those specific regions.
Furthermore, these results demonstrate that this sensitivity is
not modulated by the length of a saccade target.
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