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Effects of syntactic context
on eye movements during reading
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Previous research has demonstrated that properties of a currently fixated word and of adjacent
words influence eye movement control in reading. In contrast to such local effects, little is known
about global effects on eye movement control, for example global adjustments caused by processing difficulty of previous sentences. In the present study, participants read text passages in which
voice (active vs. passive) and sentence structure (embedded vs. non-embedded) were manipulated. These passages were followed by identical target sentences. The results revealed effects of
previous sentence structure on gaze durations in the target sentence, implying that syntactic properties of previously read sentences may lead to a global adjustment of eye movement control.

INTRODUCTION

respective word (see Rayner, 1998). Additionally, prolonged fixation

Since the earliest days of psychology, the explanation of spatial and

semantically implausible, or violate semantic expectancies (e.g., Balota,

temporal variability of eye fixations has been a constant challenge.

Pollatsek, & Rayner, 1985; Ehrlich & Rayner, 1981; Morris, 1994;

In response to this challenge, experimental studies revealed multiple

Rayner, Warren, Juhasz, & Liversedge, 2004). Even though in these

sources of influence on eye movement control, which can be placed

examples the preceding context outside the current perceptual span

on a continuum ranging from local to global (e.g., Pynte & Kennedy,

may play a crucial role, such findings still qualify as local effects since

2006). Local effects subsume any influence of properties of the current-

the relevant source of influence is, for example, the unexpectedness of

ly fixated information, including input within the current perceptual

a currently fixated word.

durations were also demonstrated for words that are unpredictable,

span, that is, the region around a current fixation within which infor-

However, further evidence suggested that the coupling between

mation can be extracted. In contrast, global effects refer to a compara-

the current fixation position and currently processed information

tively long-lasting adjustment of oculomotor patterns based on task

could be much looser. More specifically, properties of words n-1 and

demands, the subject’s overall goals, or general properties of previously

n+1 may also affect eye movement patterns on word n. For example,

processed information outside the current perceptual span. Although

the spillover effect is the tendency of the eye to remain longer on a

substantial effort has been put into the exploration (and modelling)

word when the previous was a low frequency word compared to a high

of local influences (see Rayner, 2009), global factors have been largely

frequency word (Rayner & Duffy, 1986). Furthermore, a recent regres-

neglected. The present study aims at specifying global effects in the

sion analysis of corpus data suggested that several words within the

domain of reading. More specifically, we ask whether reading of a par-

perceptual span might be processed in parallel on different perceptual

ticular syntactic structure of previous text passages may lead to a global

and cognitive levels (Kliegl, Nuthmann, & Engbert, 2006; but see also

adjustment of eye movement control during the reading of a following

Reichle, Liversedge, Rayner, & Pollatsek, 2009). In addition to such lo-

identical target sentence.

cal influences on the level of word recognition, there is also evidence

A very influential account regarding the local control of eye movements in reading was proposed by Just and Carpenter (1980), mainly
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for syntactic, semantic, and pragmatic influences on oculomotor con-

comprehension (Branigan, 2007; Branigan, Pickering, & McLean,

trol on the level of sentence comprehension (higher-level local effects,

2005; Frazier, Munn, & Clifton, 2000; Frazier, Taft, Roeper, Clifton, &

see Rayner, 1998, for a review). For example, syntactic and semantic

Ehrlich, 1984). For example, reading times for a phrase were reported

ambiguity or anomaly is known to affect fixation times and/or the oc-

to be shorter when the previous sentence shared its syntactic structure

currence of regressions (i.e., saccades back to previously inspected text)

(Staub & Clifton, 2006). However, these effects hinged on the presence

for disambiguation purposes (for a recent review, see Rayner, 2009).

of cues in the sentence that were informative regarding its syntactic

Similarly, syntactic complexity (e.g., when a verb’s object appears not

similarity to the previous sentence, for example by repeating specific

adjacent to the verb but at the end of a sentence) is known to play a role

words or commas in the prime and target sentence. Thus, it remains

in eye guidance (see Clifton, Staub, & Rayner, 2007, for a review). Again,

an open question to what extent syntactic priming might play a role

even though information outside the current perceptual span has to be

during the reading of natural text passages (see Clifton et al., 2007).

integrated for sentence processing, these findings qualify as local ef-

Taken together, up to now, there has been no experimental evi-

fects, since currently fixated information (e.g., a syntactically ambigu-

dence for global tuning mechanisms during reading of natural text

ous word) is the primary source of influence on eye movement control.

passages that result from differences within the text material. In the

In contrast to the study of local influences, only few studies ad-

present experiment, we address this issue by presenting participants

dressed the issue of global effects on eye movements in reading. For

with semantically identical text passages, which include either active

example, some studies reported effects of interindividual differences

or passive voice constructions, and embedded or non-embedded

in working memory span (Kennison & Clifton, 1995), differences in

sentence structures (see Figure 1). We reasoned that these syntactic

reading skill (Huestegge, Radach, Corbic, & Huestegge, 2009; Rayner &

manipulations allow us to vary the overall difficulty of text processing

Juhasz, 2004), or different reading strategies and/or intentions (Heller,

without changing much of the physical visual input, including overall

1982; Hyönä, Lorch, & Kaakinen, 2002; O’Regan & Levy-Schoen,

word length and frequency. Crucially, these passages were followed by

1987; Radach, Huestegge, & Reilly, 2008). While these findings show

identical target sentences, on which a global adjustment of eye move-

that readers are able to adjust their eye movement patterns globally,

ment control may occur. The comparatively subtle manipulations of

the sources of these effects are located in the reader and not in the text.

syntax structure were chosen to minimize the likelihood of local effects

Studies that addressed global manipulations on text-level are even rar-

to occur. For example, a pronounced difference in semantic processing

er. For example, a study by Vauras, Hyönä, and Niemi (1992) reported

ease (e.g., by varying the number of low frequency words or foreign

effects of text coherence. They found significantly more regressions

words) between the context and the target sentence would probably

towards incoherent text segments and worse recall performance for

yield local surprise effects during reading of the target sentence.

incoherent text (i.e., text in which a change of sentence order induced

As a by-product, the present design also allows us to assess to what

incoherence). Other studies found that the language in which a text

degree passive (vs. active) voice and embedded (vs. non-embedded)

was written (e.g., Kennedy & Pynte, 2005, who found that French text

sentence structures hamper reading performance, a claim that has

is generally processed more slowly than English text) or the overall text

often been raised by highly influential guidelines of writing style

difficulty (Rayner, Chase, Slattery, & Ashby, 2006) may affect overall

(e.g., APA, 2001; Strunk & White, 1918/1999). Previous research sug-

text processing speed. However, it remained unclear to what extent

gested an advantage of active over passive voice on recall parameters

these findings really represent global effects, since the locus of the ma-

(Coleman, 1965), and linguistic theories about text comprehensibility

nipulation and the locus of measurement coincide, and any changes in

often assume that active voice and simple sentence structures should

the eye movement record can be attributed principally to local effects.

enhance processing ease (see e.g., Groeben & Christmann, 1989, for

More direct evidence for global effects of text surroundings on cur-

an example in German). However, these assumptions have not been

rent eye movement control was reported by Radach et al. (2008). They

thoroughly backed by empirical studies.

demonstrated that the format in which a text was presented (single sentences vs. the same sentences embedded in text passages) significantly affected eye movements during reading. Furthermore, Pynte and Kennedy
(2006) found that an increase of the average word length of words n-4

Method

to n-10 went hand in hand with an increase of the mean number of

Participants

fixations on word n. They interpreted this finding in terms of a global

Thirty-two native German speakers (20 female and 12 male students,

fine-tuning mechanism in response to previously experienced text pa-

aged 21-28 years) with normal or corrected-to-normal vision took part

rameters. However, these findings were based on a quasi-experimental

in the experiment.

design, and further experimental evidence is needed to support this
claim of text-based global tuning mechanisms in oculomotor control.

Apparatus

A separate line of evidence supporting the idea of global tuning

Participants were seated with a chin rest 60 cm in front of a 21” moni-

mechanisms comes from syntactic priming studies. Originally, syntac-

tor (1024 × 768 pixels resolution) running at 120 Hz. Eye movements

tic priming referred to the tendency to repeat syntactic structure across

were recorded using an Eyelink II system (SR Research) with a tempo-

utterances, but similar effects were shown in the domain of language

ral resolution of 500 Hz and a spatial resolution of < 0.022°.
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active
Diese Patientenbroschüre vermittelt grundlegende Informationen über
non-embedded Angst. Sie basiert auf dem neusten Forschungsstand.
Die Angsterkrankung bildet das zentrale Thema. Sie ist eine sehr
weit verbreitete Störung.
Der Ratgeber klärt über Diagnostik und Behandlungsmöglichkeiten auf.
Er soll auch Angehörigen zu einem besseren Verständnis verhelfen.
passive
Mit dieser Patientenbroschüre werden grundlegende Informationen über
non-embedded Angst vermittelt. Sie basiert auf dem neusten Forschungsstand.
Das zentrale Thema wird durch die Angsterkrankung gebildet. Sie ist
eine sehr weit verbreitete Störung.
Der Ratgeber klärt über Diagnostik und Behandlungsmöglichkeiten auf.
Er soll auch Angehörigen zu einem besseren Verständnis verhelfen.
active
embedded

Diese Patientenbroschüre, die auf dem neusten Forschungsstand
basiert, vermittelt grundlegende Informationen über Angst.
Die Angsterkrankung, die eine sehr weit verbreitete Störung ist,
bildet das zentrale Thema.
Der Ratgeber klärt über Diagnostik und Behandlungsmöglichkeiten auf.
Er soll auch Angehörigen zu einem besseren Verständnis verhelfen.

passive
embedded

Mit dieser Patientenbroschüre, die auf dem neusten Forschungsstand
basiert, werden grundlegende Informationen über Angst vermittelt.
Das zentrale Thema wird durch die Angsterkrankung, die eine sehr
weit verbreitete Störung ist, gebildet.
Der Ratgeber klärt über Diagnostik und Behandlungsmöglichkeiten auf.
Er soll auch Angehörigen zu einem besseren Verständnis verhelfen.

active
This patient‘s brochure communicates basic information about
non-embedded fear. It is based on the recent state of research.
The disease of fear represents the central topic. It is a
very common disease.
The guidebook explains diagnostics and possibilities of treatment.
It may also help relatives to improve their appreciation.
passive
By this patient‘s brochure basic information about
non-embedded fear is communicated. It is based on the recent state of research.
The central topic is represented by the disease of fear. It is a
very common disease.
The guidebook explains diagnostics and possibilities of treatment.
It may also help relatives to improve their appreciation.
active
embedded

This patient‘s brochure, which is based on the recent state of
research, communicates basic information about fear.
The disease of fear, which is a very common disease, represents
the central topic.
The guidebook explains diagnostics and possibilities of treatment.
It may also help relatives to improve their appreciation.

passive
embedded

By this patient‘s brochure, which is based on the recent state of
research, basic information about fear is communicated.
The central topic is represented by the disease of fear, which is a
very common disease.
The guidebook explains diagnostics and possibilities of treatment.
It may also help relatives to improve their appreciation.

Figure 1.
Example of the manipulated text passages. The figure shows active non-embedded, passive non-embedded, active embedded,
and passive embedded sentence structures in the first four lines. Lines 5 and 6 remained unchanged. Each subject read a continuous
text consisting of four blocks with 14 passages each. English glosses (lower panel) are translated from the original German text passages (upper panel).
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Material

produced adjective and substantive (see Huestegge et al., 2009; Radach

The text material was constructed around a German brochure on

that this specific scoring procedure usually leads to substantially lower

fear. The final text consisted of 56 semantically consecutive passages,

comprehension scores than do procedures involving only a semanti-

each containing six lines of text (60-68 characters per line). The first

cally correct rephrasing of the previous passage. Each passage (always

four lines were manipulated syntactically according to a 2 × 2 design,

preceded by a 9-point calibration) was presented when participants

whereas the last two lines always remained unchanged. The first four

pressed the space bar of the keyboard. When they finished reading,

lines included either active vs. passive voice sentences and embedded

they pressed the space bar again, and the question was displayed.

et al., 2008, for successful implementations of this procedure). Note

vs. non-embedded structures, while words and semantics remained

Each subject read 56 passages, which were divided into four blocks of

unchanged as much as possible. The first two lines either consisted of

14 passages that were each presented in one syntactic condition. For ex-

(a) two sentences, both in active voice (active non-embedded), or (b) of

ample, one subject started with 14 active/embedded passages, continued

two sentences, with the first in passive voice and the second unchanged

with 14 passive/non-embedded passages, etc. The condition sequence

(passive non-embedded), or (c) one sentence in active voice, with the

was counterbalanced according to a Latin square design, resulting in

second sentence embedded as a relative clause (active embedded), or

four groups of participants. The block design was chosen to maximize

(d) one sentence in passive voice, with the second sentence embedded as

the chance for global tuning effects to occur, since global oculomotor

a relative clause (passive embedded). The same manipulations were im-

routines may establish only in the course of several text passages pos-

plemented within lines 3 and 4 to provide a context large enough to al-

ing a specific processing demand. The experiment lasted about 90 min.

low an impact on further reading. As a result of the manipulations, mean

Text passages were presented in monospaced black font on

word count and mean number of characters on lines 1-4 varied across

a white background. Each letter comprised a visual angle of about

conditions; (a) 30.9/217.1, (b) 31.0/234.1, (c) 30.6/219.0, (d) 32.7/235.1

1/3°.

words/characters, respectively. Line 5 consisted of the unchanged tar-

A 2 × 2 repeated measurement ANOVA based on subject means

get sentence. Line 6 contained an additional unchanged sentence (see

with the independent variables voice (active vs. passive) and embed-

Figure 1). All versions of the passages were presented to three lecturers

dedness (embedded vs. non-embedded) was conducted (significance

in linguistics who confirmed that all variants were natural and plausible.

level = .05). The results will focus primarily on word-based reading
measures, since oculomotor control in reading is known to be word-

Procedure and design

based (Rayner, 1998), and any global tuning mechanism is thus likely

Participants were instructed to read the text silently for comprehen-

to occur in word-based parameters in the target sentence, such as gaze

sion. They responded orally to a comprehension question as accurately

durations (defined as the sum of durations of all fixations on a word

as possible after each passage (e.g., “What can be very expensive?” −

until the word is left for the first time). We additionally report item-

“Good treatment by a competent doctor”). Of all the questions, 25%

based analyses (F2) except for the analysis of comprehension scores,

of them targeted material in the target sentence. Examples of correct

which represent aggregate measures across all passages within a block.

answers were given during practice trials. The answers to the questions

Due to the overall large amount of dependent variables (see Tables 1

were written down by the experimenter and afterwards used to compute

and 2), we will provide a somewhat condensed overview of the most

a comprehension score for each subject by counting every correctly re-

important results to maintain readability.

Table 1.
Oculomotor Parameters on Text Line 5 (target sentence): Means and Standard Errors of Eye Movement Parameters on the Target
Sentence (line 5) of the Passages as a Function of the Previously Read Sentence Structure (active vs. passive and embedded vs. nonembedded).

Number of
fixations on
sentence (N)

active

passive

Progressive
saccade
amplitude
(letter units)

Regression
rate (%)

Total
sentence
reading
time (s)

Number of
fixations per
word

Gaze
duration per
word (ms)

Total reading
time per word
(ms)

Mean

SE

Mean

SE

Mean

SE

Mean

SE

Mean

SE

Mean

SE

Mean

SE

non-embedded

15.4

0.9

6.9

0.3

16.5

0.8

3.75

0.2

2.13

0.11

273

7.9

439

22.8

embedded

14.7

0.7

6.8

0.3

15.4

1.0

3.54

0.2

2.07

0.09

282

9.2

424

17.6

non-embedded

14.9

0.9

6.9

0.2

16.6

0.9

3.61

0.2

2.07

0.11

271

6.6

426

24.0

embedded

15.2

0.8

6.8

0.3

16.5

0.9

3.68

0.2

2.17

0.10

285

9.7

444

20.5
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Table 2.
Oculomotor Parameters on the Syntactically Manipulated Text Lines 1 to 4: Means and Standard Errors of Eye Movement Parameters
on the First Four Lines of the Passages as a Function of Sentence Structure (active vs. passive and embedded vs. non-embedded).

Number of
fixations on
lines 1-4 (N)

active

passive

Progressive
saccade
amplitude
(letter units)

Regression
rate (%)

Overall
reading time
on lines 1-4 (s)

Number of
fixations per
word

Gaze
duration per
word (ms)

Total reading
time per word
(ms)

Mean

SE

Mean

SE

Mean

SE

Mean

SE

Mean

SE

Mean

SE

Mean

SE

non-embedded

58.6

3.2

6.7

0.2

23.8

0.8

15.63

0.80

2.63

0.14

311

10.7

530

25.8

embedded

59.5

3.3

6.8

0.2

23.9

0.8

15.71

0.82

2.63

0.12

309

7.5

530

24.8

non-embedded

56.9

3.2

6.8

0.2

23.5

0.9

16.17

0.84

2.46

0.11

308

8.1

510

21.7

embedded

62.8

3.4

6.6

0.2

23.5

0.8

16.50

0.87

2.79

0.14

329

9.3

558

25.4

Results

also reflected in total reading times per word, but only in passive con-

Overall text comprehension

tended to be shorter (15 ms) after reading embedded as compared to

ditions. Surprisingly, in active conditions, total reading times per word
non-embedded structures.

Comprehension scores were lower for embedded, M = 41.03% correct,

Initial landing positions (overall M/SE for four-, five-, six-, seven-,

SE = 2.07, compared to non-embedded structures, M = 55.85% correct,

and eight-letter words amounted to 2.25/0.09, 2.42/0.10, 2.89/0.12,

SE = 2.72, F(1, 31) = 37.1, p < .001. This is clear evidence for increased

3.16/0.24, 3.47/0.28, respectively) and word skipping rate (overall

processing difficulty while reading embedded structures. There was

M = 19.15, SE = 1.16) while reading the target sentence did not sig-

no significant main effect of voice, active: M = 48.76%, SE = 2.55,

nificantly differ as a function of voice or embeddedness, all Fs < 1. The

passive: M = 48.13%, SE = 2.23, F < 1; and no significant interaction,

mean number of fixations on the whole target sentence (M = 15) and

F(1, 31) = 1.7, p = .206.

the mean total sentence reading time (including all fixations on the

Global effects on the identical
target sentence (line 5)

sentence) were also not significantly affected by the syntactic structure
of the previous text, all Fs < 2. Note, however, that there was a tendency
towards more fixations and increased sentence reading times for em-

Table 1 presents an overview of the relevant eye movement parameters

bedded vs. non-embedded structures in passive conditions, while this

on the target sentence. Prior to the computation of word-based param-

pattern tended to be reversed for active conditions (similar to the total

eters, the first and last word of the line 5 were excluded to rule out

reading times per word, see Table 1). There were no significant effects

effects of sentence wrap-up processing. Most importantly, mean gaze

on mean fixation durations (overall M = 213, SE = 3.82), regression

durations (sum of all fixations until the word is left for the first time)

rate (relative occurrence of saccades back to previously inspected text),

on words in the target sentence were significantly greater following

and the mean amplitude of saccades in reading direction. Additional

embedded sentence structures compared to non-embedded structures,

analyses on line 6 revealed no significant effects at all, indicating decay

F1(1, 31) = 4.2, p = .049; F2(1, 55) = 5.5, p = .023. There was neither

of global tuning mechanisms two sentences after the experimental

a significant main effect of voice, nor an interaction (all Fs < 1). This

manipulation.

finding is clear evidence for a change in oculomotor patterns resulting
from the previously experienced sentence structure.
Interestingly, there were no significant main effects on mean total
reading times per word, which include all fixations on the word (all

Eye movements
on the manipulated sentence
structures (lines 1 to 4)

Fs < 1), probably partly due to the overall high standard errors com-

Eye movements on the manipulated sentence structures (lines 1 to

pared to those for gaze durations (see Table 1). However, a significant

4) were additionally measured to see whether the processing diffi-

interaction of voice and embeddedness was present, F1(1, 31) = 4.4,

culty for embedded structures reported above is also reflected in the

p = .044; F2(1, 55) = 3.4, p = .070. A closer inspection of the data re-

eye movement record. Table 2 presents an overview of the temporal

vealed that in the passive conditions, the mean total reading time per

and spatial parameters as a function of experimental conditions.

word was 18 ms greater for embedded as compared to non-embedded

The mean number of fixations on lines 1 to 4 was significantly

structures. Thus, the effect of embeddedness on gaze durations was

smaller for non-embedded as compared to embedded sentence
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structures in the item analysis, although this effect was only margin-

stored in working memory for subsequent integration purposes (see

ally significant in the subject-based analysis, F1(1, 31) = 3.8, p = .062;

Caplan, Alpert, & Waters, 1998; Gibson, 1998).

F2(1, 55) = 16.9, p < .001. This may be interpreted as a reflection of in-

Most importantly, reading embedded structures increased overall

creased processing difficulty for embedded structures. There was neither

gaze durations on subsequent identical target sentences. In line with

a significant main effect of voice (all Fs < 1), nor a significant interaction,

the quasi-experimental study of Pynte and Kennedy (2006), this can be

F1(1, 31) = 2.7, p = .110, F2 < 1.

interpreted as experimental evidence for a global adjustment of word-

Interestingly, the overall reading time for all sentences on lines 1

based eye movement control, according to which the processing dif-

to 4 was not affected by embeddedness (F < 1), but it was significantly

ficulty regarding the first four lines led to globally adjusted gaze dura-

prolonged for passive compared to active sentences, F1(1, 31) = 5.7,

tions on the subsequent sentence. Since gaze durations reflect first-pass

p = .023; F2(1, 55) = 2.0, p = .158. There was no significant interaction

reading (i.e., fixations from the time the gaze first enters a word until it

(all Fs < 1).

moves outside the word for the first time), it is safe to say that the initial

The regression rate (percentage of saccades directed against reading

processing of words was prolonged after reading embedded structures.

direction) did not change as a function of embeddedness or voice, and

However, the results are more ambivalent with respect to parame-

there was no interaction (all Fs < 1). The length of saccade amplitudes

ters that additionally involve second-pass reading (i.e., when the reader

in reading direction also did not significantly change as a function of

fixates a word after it has been fixated and exited for the first time,

the conditions.

sometimes-referred to as late measures). These parameters include to-

In addition to these sentence-related measures, we computed mean

tal reading times per word, the total number of fixations per word, and

oculomotor parameters for words that received at least one fixation.

total sentence reading times. While the effect of embeddedness on gaze

We discarded data on the first and last words of each line to exclude ef-

durations seems to carry over to these measures in passive conditions

fects related to return sweeps. The mean number of fixations per word

(see Table 1), the overall pattern tends to be reversed in active condi-

was greater for embedded as compared to non-embedded sentence

tions, as indicated by the significant interaction in total reading times

structures, F1(1, 31) = 5.6, p = .024; F2(1, 55) = 8.5, p = .005, reflecting

per word. One potential reason for this deviating pattern in active con-

the corresponding sentence-related measure reported above. However,

ditions might be the overall greater variability of these late measures

the significant interaction of voice and embeddedness, F1(1, 31) = 5.5,

(see Table 1), which mirror a great variety of processing from lexical

p = .026; F2(1, 55) = 4.7, p = .035, indicates that this effect was only

to sentence level (see Rayner, 1998). However, the consistency of this

present in passive sentence environments (see Table 2). There was no

pattern among all of these late measures and a corresponding tendency

main effect of voice (all Fs < 1). Gaze durations and total reading times

in the regression rates (which tended to be lower after reading active

per word did not significantly differ as a function of the conditions.

embedded structures compared to the other conditions) rather point

However, it is noted that for passive voice conditions, these parameters

to a more systematic source of influence. First, it should be noted that

tended towards greater values for embedded (vs. non-embedded)

adverse effects of embeddedness on oculomotor parameters in lines

structures (about 20 ms for total reading times per word), thus resem-

1-4 were mainly present in passive conditions (see Table 2). Thus, one

bling the results regarding the mean number of fixations per word: in-

would expect the most pronounced effects of embeddedness on line 5

teraction of voice and embeddedness for total reading times per word:

in passive conditions, which is in line with our data. If we now assume

F1(1, 31) = 3.0, p = .095; F2(1, 55) = 4.8, p = .034. Mean initial landing

that active conditions draw (at least slightly) less cognitive resources

positions were computed separately for four-, five-, six-, seven-, and

than passive structures (e.g., due to the fact that in passive structures,

eight-letter words, but no significant effects were found within each

additional prepositions and more words in general need to be proc-

word length, all Fs < 1.

essed), the following reasoning might be viable: In the less demanding
active conditions, it is possible that the aforementioned overall dis-

Discussion

advantage of embedded structures (greater working memory load) is

The present experiment was conducted to determine whether reading

the anaphoric reference of the relative pronouns. Although this did not

of syntactically varied prose passages might lead to a global adjustment

substantially affect regression rates on the first lines, it might still trigger

of eye movement control during reading of subsequent identical target

a reduced tendency towards executing regressions when comparatively

sentences. Overall, the comprehension scores indicated that processing

simple sentence structures are encountered (the target sentences). This

difficulty was greater for reading embedded as compared to non-em-

would explain why slightly fewer regressions (and less second-pass

bedded sentence structures. The eye movement record partly reflected

processing) were observed on the target sentence after active embed-

this processing difficulty: Embedded structures yielded an increased

ded as compared to active non-embedded passages. However, since

number of fixations, and a tendency for increased gaze durations and

these assumptions are rather speculative, further research is certainly

total reading times per word (in passive conditions). This difficulty

needed to strengthen these claims. At least, the proposed mechanism

for processing embedded sentences may result from a higher working

demonstrates that the somewhat deviating pattern of the late measures

memory load: In centre-embedded structures, the relative clause has to

does not weaken the main result, which is the prolongation of first-pass

be processed while the information of the preceding part needs to be

reading after processing embedded structures.
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It is important to note that due to the present block design, we
cannot finally decide whether the adjustment of temporal oculomotor

conscious cognitive strategies play a role, it should only be minor in
comparison.

routines during first-pass reading is only due to the ease (or difficulty)

In contrast to the embeddedness manipulation, we did not find evi-

of the current passage, or rather due to a sequence of easier (or more

dence for increased processing difficulty for passive as compared with

difficult) passages. However, the observation that there was no longer

active sentence structures. Comprehension was not negatively affected

an effect on line 6 rather suggests an explanation in terms of a short-

by passive voice constructions, and only overall reading times were

lasting effect, lasting for about one sentence after the processing diffi-

slightly increased for passive sentences (and only in the F1 analysis).

culty is encountered. This assumption is also in line with previous data

However, this overall pattern is in line with previous research suggest-

showing that the frequency of three consecutive words in one sentence

ing that syntax, which appears more complex at first sight (note that

may slow down the processing of a subsequent sentence (Slattery,

passive voice generally increased sentence length and the occurrence

Pollatsek, & Rayner, 2007), at least at the beginning of this sentence.

of prepositions), does not necessarily make sentences much harder to

One might further speculate whether it is possible that expectations

understand (e.g., Carrithers, 1989). Since there was no indication of

regarding the syntactic structure of the target sentence are generated

increased processing difficulty for passive voice sentences in the first

during the reading of the first lines of each passage. Previous research

place, it is not surprising that no corresponding global fine-tuning on

on syntactic priming suggested that expectancies could indeed influ-

the target sentence occurred.

ence eye movements on a following target sentence, but only when

It is important to note that the present syntax manipulations in-

the target sentence shares additional cues with the prime, for example,

evitably go hand in hand with changes regarding other text properties,

a repetition of specific words (e.g., Staub & Clifton, 2006). However, in

such as text length. This makes it difficult to draw any specific theoreti-

priming studies, subjects usually read sentences that changed syntactic

cal conclusions regarding the mechanisms of processing difficulty with

structure from sentence to sentence, and no natural text passages were

embedded structures, especially since performance was overall worst

used. Thus, in the present study it is more likely that the experience of

in the longest text condition (passive embedded). On the other hand,

overall high processing difficulty during reading embedded structures

the comparisons of the local effects of the syntax manipulations (on

in the present passage (or, additionally, in previous passages) led to a

the first four lines of each passage) might rightly serve as a basis for

global adjustment of eye movement patterns that maximized the time

practical recommendations regarding text readability, since any corre-

window for lexical processing, which is reflected in increased gaze du-

lates of syntactic manipulations (e.g., text length) actually define their

rations (Rayner, 1998). Note that any differences regarding text proper-

very nature: It is impossible to change syntax without systematically

ties in lines 1-4 across conditions that go hand in hand with the syntax

changing any other properties of the text. On the basis of the present

manipulations do not challenge the main conclusion of the study,

data, one can draw the conclusion that readability suffers from em-

which is the evidence for global fine-tuning of first-pass oculomotor

bedded text structures to some extent, but not generally from passive

routines across sentence and line borders. It is possible that future

voice constructions (at least in German). Furthermore, the reported

research will demonstrate even more pronounced oculomotor tuning

interactions between voice and embeddedness suggest that the specific

by using more effective context manipulations, such as a variation of

combination of passive voice structures within embedded sentences is

overall word length or frequency instead of syntax.

especially detrimental for reading. However, it should be noted that

Based on the present results, one might speculate to what extent

the overall effect sizes are comparatively small (see Table 2), and many

the observed adjustment of oculomotor control reflects a cognitive

measures of processing difficulty (such as the amount of regressions

strategy or, alternatively, a rather low-level automatic oculomotor rou-

back to previously inspected text) were not significantly affected. Thus,

tine. A related issue was raised by Rayner and Pollatsek (1989), who

these data cannot be regarded as an empirical underpinning of the

linked the notion of global factors (as opposed to direct control) to

general advice to use active voice and simple sentence structures for

automatic control, largely independent of cognition. An informal sur-

the sake of readability (e.g., Groeben & Christmann, 1989; Strunk &

vey at the end of the experiment revealed that none of the participants

White, 1918/1999).

was aware of any systematic text differences across the experimental

A further interesting observation refers to the overall regression

blocks, suggesting that conscious awareness only played a minor role.

rates in the present study, which exceeded the typically reported

Probably, the decision to utilize a manipulation of syntax instead of

10-15% for reading studies (see Rayner, 2009). However, these estimates

more prominent semantic variables reduced further the possibility of

are based on experiments utilizing the presentation of single sentences

noticing pronounced differences between experimental conditions.

and comparatively simple verification tasks to ensure comprehension.

However, it should be noted that even word frequency effects, which

Previous research demonstrated that passage reading (as opposed to

are usually referred to as prototype examples of cognitive effects, are

single sentence reading) and the use of more difficult comprehension

usually not consciously experienced by the reader, and it may well be

questions both substantially increase regression rates (Radach et al.,

that the observed global effect is due to the difficulty of integrating the

2008). This is also reflected in the present data, where regression rates

information provided by each word in the target sentence into a less

on the target sentence (which was always located on a single line of

comprehensible text discourse as provided by the preceding (embed-

text) were slightly above 15%, whereas the regression rates on the first

ded) passage. Taken together, we can only adhere to the notion that if

sentences (involving line breaks) amounted to more than 20%.
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In sum, we showed that syntax-related text properties outside the
current perceptual span affected subsequent oculomotor parameters,
likely representing a global fine-tuning mechanism of eye movement
control during first-pass reading. Current models of oculomotor con-

A dynamical model of saccade generation during reading.
Psychological Review, 112, 777-813.
Frazier, L., Munn, A., & Clifton, C. (2000). Processing coordinate
structures. Journal of Psycholinguistic Research, 29, 343-371.

trol in reading are predominantly built around local effects of factors

Frazier, L., Taft, L., Roeper, T., Clifton, C., & Ehrlich, K. (1984). Parallel

determining lexical processing (e.g., Engbert, Nuthmann, Richter, &

structure: A source of facilitation in sentence comprehension.

Kliegl, 2005; Reichle, Rayner, & Pollatsek, 2003), but interest regarding

Memory and Cognition, 12, 421-430.

post-lexical and syntactic processes seems to be growing (e.g., Reichle,
Warren, & McConnell, 2009). Although the relative weight of global (vs.

Gibson, E. (1998). Linguistic complexity: Locality of syntactic dependencies. Cognition, 68, 1-76.

local) influences on oculomotor control cannot be determined on the

Groeben, N., & Christmann U. (1989). Textoptimierung unter

basis of the present study, it seems reasonable to include a correspond-

Verständlichkeitsperspektive [Optimising text with respect

ing source of variance in forthcoming modelling stages to further in-

to comprehensibility]. In G. Antos & H. P. Krings (Eds.),

crease their success in explaining the spatial and temporal variability of

Textproduktion. Ein interdiziplinärer Forschungsüberblick [Text

eye movement patterns. A successful implementation of global factors

production. An interdisciplinary research survey]. Tübingen:

into the modelling of eye movement control during reading has been

Niemeyer.

recently provided. Radach et al. (2008) presented evidence for effects of

Heller, D. (1982). Eye movements in reading. In R. Groner & P.

the reading task (comprehension vs. word verification) and the format

Fraisse (Eds.), Cognition and eye movements (pp. 139-154).

of reading (sentence vs. passage reading) on gaze patterns. Crucially,

Amsterdam: North Holland.

these influences were successfully implemented into the Glenmore

Huestegge, L., Radach, R., Corbic, D., & Huestegge, S. M. (2009).

model of oculomotor control in reading (Reilly & Radach, 2006).

Oculomotor and linguistic determinants of reading develop-

The present data may serve to contribute further to the integration of
global factors into our conception of eye movement control.

ment: A longitudinal study. Vision Research, 49, 2948-2959.
Hyönä, J., Lorch, R. F., & Kaakinen, J. K. (2002). Individual differences in reading to summarize expository text: Evidence from
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