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(Embodied) Language Comprehension VWP 

So far …

• Using the VWP to study situated language 
comprehension 

• Eye-tracking in visual scenes w/ auditory sentence 
comprehension 

• Integration of linguistic and concurrent & previous scene 
information (and world knowledge)



(Embodied) Language Comprehension VWP 

Summary

• Eye-movements  

• are a result of (incremental) information integration 

• index predicted contents 

• help (?) memory retrieval 

• index online up-to-date representations of the context

activated contents

predicted contents



(Embodied) Language Comprehension VWP 

Lexical access again

• Are eye-movements to objects, generated during the 
recognition of a spoken word, mediated by structural, 
as opposed to phonological, representations of these 
objects?  

• Concurrent eye-movements to related objects reveal 
activated contents



(Embodied) Language Comprehension VWP 

Activation of Semantic Category

• “An object with meaning that is found in the same 
semantic category as a spoken word should attract 
more eye movement during the course of that word 
than an object with no overlapping meaning”

(Altmann & Huettig 2005)
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Activation of Semantic Category

• “Eventually, the man agreed hesitantly, but then he 
looked at the piano and appreciated that it was 
beautiful” 

  

Experimental Method

1. Target condition target object and three unrelated distractors

2. Competitor condition competitor object and three unrelated distractors

3. Target and competitor condition target, competitor and two distractors

“Eventually, the man agreed hesitantly, but then he looked at the piano and 

appreciated that it was beautiful”

Target Competitor Both
  

Results

Target-competitor condition 

Fixations at onset 

Target and competitor were fixated on less than the distractors.

Saccades during the word 

More looks toward the target object than the competitor object.

Fewer looks away from the competitor object than the distractors.



(Embodied) Language Comprehension VWP 

Activation of Shape

• Participants to move the 
named object above/
below symbol 

• “Snake” + look at snake 
AND rope? 

• (cf. hearing “rope” and 
looking at snake)

GOAL OF THE STUDY 

Example of a display. 

 
Monitoring of eye movements to a PC display (see the picture) as a name 
of one of four objects is uttered 
 
 
• Referent picture (snake) 
• Competitor picture (rope) 
• Distractor pictures 
 

 
Would participants fixate the 
competitor picture more than the 
distractor pictures, having heard 
the referent’s name*? 
 
 
* None of the displayed pictures 
matched the referent’s name to avoid 
phonological pre-activation 

19 

(Dahan & Tanenhaus, 2005)

456 DAHAN AND TANENHAUS

using the thresholds for motion (0.2º), velocity (30º/sec),
and acceleration (8,000º/sec2). Fixation duration corre-
sponded to the time interval between successive sac-
cades. Fixation location was assessed by averaging the x
and y coordinates of the fixation’s samples and by su-
perimposing the fixation location onto the displayed grid
and pictures. Fixations that fell within the grid cell con-
taining a picture were coded as fixations to that picture (see
Salverda, Dahan, & McQueen, 2003, for further detail).1

We calculated, over successive 10-msec intervals, the
fixation proportion to each picture and to the central fix-
ation point for each condition and each participant or
item, excluding trials where a saccade or blink occurred
during the relevant time interval. Fixation proportions
were averaged across participants and across items for
subject and item analyses, respectively. Figure 2 pre-
sents, for each preview condition, the fixation propor-
tions to each picture type (referent picture, e.g., snake;
competitor picture, e.g., rope; and averaged distractor
picture, e.g., couch) averaged across participants, from 0

to 1,500 msec after the onset of the referent picture’s
name, in the strong condition. Given an estimated 200-
msec motor delay for programming and launching an eye
movement, the first signal-driven fixations should not
begin until 200 msec after the onset of the referent’s
name (e.g., Hallett, 1986). At around 300 msec in the
300-msec preview, and 200 msec in the 1,000-msec pre-
view, fixation proportions to the referent picture fixa-
tions to the competitor picture began to rise and diverge
from those to the distractors. Thus, pictures sharing vi-
sual similarity with the visual representation associated
with the referent’s name were fixated more than were
distractor pictures.

In order to evaluate this effect statistically, mean fix-
ation proportions to each picture type were computed
over a time interval starting from 200 msec and extend-
ing over the average duration of the name of the referent
(600 msec)—a window from 200 to 800 msec. In order
to compare fixation proportion with the competitor and
distractor pictures without violating the assumption of
independence between samples, we computed the ratio
between the proportion of competitor fixation and the
sum of competitor- and distractor-fixation proportions,
and compared the mean ratio—averaged over partici-
pants or items—to .50. A ratio greater than .50 indicates
that, out of the fixations devoted to the competitor and
either distractor, the competitor received more than half
of those fixations. A one-sample t test revealed that the
competitor picture was fixated significantly more than
either of the distractor pictures [with a mean ratio of .70,
t1(39) ! 8.6, p " .001; t2(21) ! 5.7, p " .001]. Two-way
[Preview (300 vs. 1,000 msec) # condition (strong vs.
weak)] analyses of variance (ANOVAs) with participants
and items as random factors were also conducted on the
ratio values, reported as F1 and F2, respectively. The
ANOVAs revealed a main effect of condition, with higher
ratios in the strong condition than in the weak condition
[.73 vs. .68; F1(1, 38) ! 6.2, p " .05, MSe ! .0069; F2(1,
20) ! 5.5, p " .05, MSe ! .0130] and a main effect of
preview, with higher ratios with the 1,000-msec preview
than with the 300-msec preview [.82 vs. .59; F1(1, 38) !
53.4, p " .0001, MSe ! .0192; F2(1, 20) ! 4.9, p " .05,
MSe ! .0238]. The interaction between preview and con-
dition was significant only by participants, with a large
difference between the strong and weak conditions in the
300-msec preview (.63 vs. .55), but no such difference in
the 1,000-msec preview [.82 vs. .81; F1(1, 38) ! 4.9,
p " .05, MSe ! .0069; F2 " 1]. One-sample t tests con-
firmed that the ratios in the 300-msec and 1,000-msec
previews were significantly greater than .50 [t1(19) !
3.4, p " .005; t2(21) ! 3.3, p " .005; and t1(19) ! 19.9,
p " .001; t2(21) ! 5.3, p " .005, respectively].

These results indicate a clear visual competition ef-
fect. Competitor pictures were fixated more than were
distractor pictures even though the names of the com-
petitor pictures did not overlap with the phonetic infor-
mation. The greater difference between competitor and
distractor fixations in the strong condition than in the

Figure 2. Fixation proportions over time from the onset of the
referent’s name (in msec) to the referent picture, the competitor
picture, and the averaged distractor pictures, in the strong con-
dition, with 300-msec preview (upper panel) and 1,000-msec pre-
view (bottom panel).



(Embodied) Language Comprehension VWP 

Predictions

• Verbal arguments 

• Semantic (verb selectional preference) 

• Stereotypical info (agent + verb) 

• Specific object? object label? category?

“motorbike” motorized vehicle



(Embodied) Language Comprehension VWP 

• (For the sake of completeness, here no eye-
movements…) 

• Compare EEG on within-category and between-
category violations

Prediction of Semantic Category
(Federmeier & Kutas, 1999)



(Embodied) Language Comprehension VWP 

Prediction of Semantic Category
• They wanted to make the hotel look more like a tropical resort. 

So along the driveway, they planted rows of palms/pines/tulips.  

• The air smelled like a Christmas wreath and the ground was 
littered with needles. The land in this part of the country was just 
covered with pines/palms/roses.  

• The gardener really impressed his wife on Valentine’s Day. To 
surprise her, he had secretly grown some roses/tulips/palms.  

• The tourist in Holland stared in awe at the rows and rows of 
color. She wished she lived in a place where they grew tulips/
roses/pines. 

(Federmeier & Kutas, 1999)



(Embodied) Language Comprehension VWP 

Prediction of Semantic Category
(Federmeier & Kutas, 1999)

A Rose by Any Other Name: Long-Term 
Memory Structure and Sentence Processing 
- Results 



(Embodied) Language Comprehension VWP 

Prediction of Shape

• Shape similarity detected upon processing of word 

• Is shape also predicted? 

• Predictive sentences (.72 cloze probability) 

• See 4 object (1 target) then hear sentence 

• Eye-movements before (VWP) / EEG on critical word

(Rommers et al. 2013)



(Embodied) Language Comprehension VWP 

Prediction of shape
(Rommers et al. 2013)

“In 1969, Neil Armstrong was the first man to set foot on the moon.”

Experiment 1: Visual World Paradigm Items

Target

In 1969 Neil Armstrong was the first man to set foot on the moon.
Hannah Seitz (Saarland University) Shape prediction June 11, 2015 6 / 24Target

Experiment 1: Visual World Paradigm Items

Shape Competitor

In 1969 Neil Armstrong was the first man to set foot on the moon.
Hannah Seitz (Saarland University) Shape prediction June 11, 2015 7 / 24Competitor

Experiment 1: Visual World Paradigm Items

Control

In 1969 Neil Armstrong was the first man to set foot on the moon.
Hannah Seitz (Saarland University) Shape prediction June 11, 2015 8 / 24Control



(Embodied) Language Comprehension VWP 

Prediction of shape

• More fixations on shape 
competitor than control 

• But: visual objects may 
enforce shape effect 

• Measure in absence of 
visual world (N400!)

(Rommers et al. 2013)

Experiment 1: Visual World Paradigm Results

Results

General:

Less fixation of distractors
when target present

Anticipation:

-250 - 200ms
target > competitor > control
control = distractor

Hannah Seitz (Saarland University) Shape prediction June 11, 2015 9 / 24
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Prediction of shape
(Rommers et al. 2013)

Experiment 2: EEG Overview

N400 (Kutas and Hilyard, 1980)

Hannah Seitz (Saarland University) Shape prediction June 11, 2015 12 / 24



(Embodied) Language Comprehension VWP 

Prediction of shape

• “In 1969, Neil Armstrong was the first man to set foot 
on the moon / tomato / rice.”

(Rommers et al. 2013)
Experiment 2: EEG Results

Results

General:

Di↵erence starts at ⇠150ms
Distribution: more frontal
N400 e↵ect: Semantic
violation

N400 e↵ect:

control > target
competitor > target
1. competitor ⇡ control
2. competitor < control

Hannah Seitz (Saarland University) Shape prediction June 11, 2015 15 / 24



(Embodied) Language Comprehension VWP 

Interim Summary
• (?)Activation of shape during lexical access 

• Activation of semantic category 

• Prediction of semantic (verb-based) features 

• Prediction of stereotypical information 

• Prediction of shape of target object 

• Prediction of semantic category ?



(Embodied) Language Comprehension VWP 

Beyond Comprehension

• VWP for investigating cross-/multi-modal language 
comprehension  

• Drawing on various resources 

• at different points in time 

• to predict upcoming (verbal) contents 

• Visual world also crucial / insightful during production?



(Embodied) Language Comprehension VWP 

Language Production

• Again: two-way interaction in production? 

• Do eye-movements in visual scene reflect planning 
process (cf. prediction earlier) in production? 

• Does visual scene influence planned contents?
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Referential Eye-movements?
• Referring in image 

description 

• Distinguish: 

• Scene apprehension (Image 
schemas, who chases 
whom?) 

• Planning linguistic 
formulation? (“The dog chases 
the mailman” vs “The mailman 
is chased by the dog”)

that is responsible for lexical encoding is incremental (e.g., Bock,
1982; Kempen & Hoenkamp, 1987; Lindsley, 1975), eye movements
should indicate that word selection and execution overlap. In contrast,
if only phonological encoding is incremental (Meyer, 1996), there
should be evidence that all words are selected before speech begins.

METHOD

Participants

Participants were native speakers of American English ages 18 to
30 years. They were recruited from the University of Illinois commu-
nity. All participants reported normal or corrected-to-normal vision.
They received $5 or credit in introductory psychology courses. There
were 20 participants in the extemporaneous-speech condition, 12 in
the prepared-speech condition, 8 in the detection condition, and 8 in
the inspection condition.

Apparatus

A binocular EyeLink head-mounted eyetracker (SR Research Ltd.)
controlled by a Gateway 2000 P5-120 computer recorded eye move-
ments with a temporal resolution of 4 ms and spatial resolution of
approximately 0.5°. Another Gateway computer controlled the pre-
sentation of pictures and digital recording of speech. The digitized
pictures were displayed on a 21-in. ViewSonic P815 monitor. Four
reflectors at the corners of the monitor provided references for the
eyetracker’s head-position camera. A hand-held button box was used
for manual responses, and a tie-clip microphone for voice recording.

Materials

The experimental pictures were black-and-white line drawings of
simple transitive events, selected for eliciting reliable descriptions in
a preliminary norming study. There were four versions for each of
eight events (see Fig. 1). We created two versions by switching the
elements that performed and underwent the actions (agents and pa-
tients, respectively), to control the perceptual, conceptual, and lexical
properties of the elements. We refer to these as the original and
role-traded versions. Both versions were then mirror-imaged to coun-
terbalance left-to-right scanning preferences (Buswell, 1935).
The experimental pictures depicted two types of events. Active

events elicited predominantly active sentences in the experiment, re-
gardless of which element was the agent. Passive-active events in-
cluded a human who was consistently used as the grammatical
subject, eliciting passive sentences when the human was the patient
(original version) rather than the agent (role-traded version), so that
the order in which event elements were mentioned did not change.
Figure 1 illustrates picture sets of the two event types. There were 5
active and 3 passive-active sets. An additional 17 pictures served as
example, practice, and filler items. These pictures depicted events that
elicited intransitive descriptions (sentences without objects; e.g., “A
baseball player is bunting”), although some of the events included
patients (e.g., the baseball).
The four versions of each experimental picture were distributed

across four lists, with each list containing an equal number of mirror-
imaged, original, and role-traded picture versions. Each participant

viewed one list. Within tasks, participants were divided equally
among the four lists.

Procedure

Participants were instructed and tested on two printed example
pictures before being equipped with the eyetracker. Both extempora-
neous and prepared speakers were told to describe each pictured event
in one sentence without pronouns, and to press a button on the button
box at the end of the description. In addition, prepared speakers were
instructed to press a button when they were ready to speak; the button
press caused the picture to disappear. To encourage normal formula-
tion, we gave speakers no guidelines about the form or content of their
descriptions, and speed was not mentioned. Participants in the detec-
tion task were asked to locate the “victim” in each picture by fixating

Fig. 1. Examples of picture sets used in the experiment. The top panel
shows a sample active picture set, typically described with active
sentences in all four versions shown (“The mouse is squirting the
turtle with water” and “The turtle is squirting the mouse with water”).
The bottom panel shows a sample passive-active picture set, typically
described with active sentences if the human is the agent and with
passive sentences if the human is the patient (“The mailman is being
chased by the dog” and “The mailman is chasing the dog”). Within
each set, the upper pictures are the original and role-traded versions,
and the lower pictures are their mirror images.
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that is responsible for lexical encoding is incremental (e.g., Bock,
1982; Kempen & Hoenkamp, 1987; Lindsley, 1975), eye movements
should indicate that word selection and execution overlap. In contrast,
if only phonological encoding is incremental (Meyer, 1996), there
should be evidence that all words are selected before speech begins.

METHOD

Participants

Participants were native speakers of American English ages 18 to
30 years. They were recruited from the University of Illinois commu-
nity. All participants reported normal or corrected-to-normal vision.
They received $5 or credit in introductory psychology courses. There
were 20 participants in the extemporaneous-speech condition, 12 in
the prepared-speech condition, 8 in the detection condition, and 8 in
the inspection condition.

Apparatus

A binocular EyeLink head-mounted eyetracker (SR Research Ltd.)
controlled by a Gateway 2000 P5-120 computer recorded eye move-
ments with a temporal resolution of 4 ms and spatial resolution of
approximately 0.5°. Another Gateway computer controlled the pre-
sentation of pictures and digital recording of speech. The digitized
pictures were displayed on a 21-in. ViewSonic P815 monitor. Four
reflectors at the corners of the monitor provided references for the
eyetracker’s head-position camera. A hand-held button box was used
for manual responses, and a tie-clip microphone for voice recording.

Materials

The experimental pictures were black-and-white line drawings of
simple transitive events, selected for eliciting reliable descriptions in
a preliminary norming study. There were four versions for each of
eight events (see Fig. 1). We created two versions by switching the
elements that performed and underwent the actions (agents and pa-
tients, respectively), to control the perceptual, conceptual, and lexical
properties of the elements. We refer to these as the original and
role-traded versions. Both versions were then mirror-imaged to coun-
terbalance left-to-right scanning preferences (Buswell, 1935).
The experimental pictures depicted two types of events. Active

events elicited predominantly active sentences in the experiment, re-
gardless of which element was the agent. Passive-active events in-
cluded a human who was consistently used as the grammatical
subject, eliciting passive sentences when the human was the patient
(original version) rather than the agent (role-traded version), so that
the order in which event elements were mentioned did not change.
Figure 1 illustrates picture sets of the two event types. There were 5
active and 3 passive-active sets. An additional 17 pictures served as
example, practice, and filler items. These pictures depicted events that
elicited intransitive descriptions (sentences without objects; e.g., “A
baseball player is bunting”), although some of the events included
patients (e.g., the baseball).
The four versions of each experimental picture were distributed

across four lists, with each list containing an equal number of mirror-
imaged, original, and role-traded picture versions. Each participant

viewed one list. Within tasks, participants were divided equally
among the four lists.

Procedure

Participants were instructed and tested on two printed example
pictures before being equipped with the eyetracker. Both extempora-
neous and prepared speakers were told to describe each pictured event
in one sentence without pronouns, and to press a button on the button
box at the end of the description. In addition, prepared speakers were
instructed to press a button when they were ready to speak; the button
press caused the picture to disappear. To encourage normal formula-
tion, we gave speakers no guidelines about the form or content of their
descriptions, and speed was not mentioned. Participants in the detec-
tion task were asked to locate the “victim” in each picture by fixating

Fig. 1. Examples of picture sets used in the experiment. The top panel
shows a sample active picture set, typically described with active
sentences in all four versions shown (“The mouse is squirting the
turtle with water” and “The turtle is squirting the mouse with water”).
The bottom panel shows a sample passive-active picture set, typically
described with active sentences if the human is the agent and with
passive sentences if the human is the patient (“The mailman is being
chased by the dog” and “The mailman is chasing the dog”). Within
each set, the upper pictures are the original and role-traded versions,
and the lower pictures are their mirror images.
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(Griffin & Bock, 2000)
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Referential Eye-movements
• 2 description tasks, 2 viewing 

tasks: 

• Extemporaneous (concurrent) 
speech 

• Prepared speech 

• Patient detection 

• Picture inspection

that is responsible for lexical encoding is incremental (e.g., Bock,
1982; Kempen & Hoenkamp, 1987; Lindsley, 1975), eye movements
should indicate that word selection and execution overlap. In contrast,
if only phonological encoding is incremental (Meyer, 1996), there
should be evidence that all words are selected before speech begins.

METHOD

Participants

Participants were native speakers of American English ages 18 to
30 years. They were recruited from the University of Illinois commu-
nity. All participants reported normal or corrected-to-normal vision.
They received $5 or credit in introductory psychology courses. There
were 20 participants in the extemporaneous-speech condition, 12 in
the prepared-speech condition, 8 in the detection condition, and 8 in
the inspection condition.

Apparatus

A binocular EyeLink head-mounted eyetracker (SR Research Ltd.)
controlled by a Gateway 2000 P5-120 computer recorded eye move-
ments with a temporal resolution of 4 ms and spatial resolution of
approximately 0.5°. Another Gateway computer controlled the pre-
sentation of pictures and digital recording of speech. The digitized
pictures were displayed on a 21-in. ViewSonic P815 monitor. Four
reflectors at the corners of the monitor provided references for the
eyetracker’s head-position camera. A hand-held button box was used
for manual responses, and a tie-clip microphone for voice recording.

Materials

The experimental pictures were black-and-white line drawings of
simple transitive events, selected for eliciting reliable descriptions in
a preliminary norming study. There were four versions for each of
eight events (see Fig. 1). We created two versions by switching the
elements that performed and underwent the actions (agents and pa-
tients, respectively), to control the perceptual, conceptual, and lexical
properties of the elements. We refer to these as the original and
role-traded versions. Both versions were then mirror-imaged to coun-
terbalance left-to-right scanning preferences (Buswell, 1935).
The experimental pictures depicted two types of events. Active

events elicited predominantly active sentences in the experiment, re-
gardless of which element was the agent. Passive-active events in-
cluded a human who was consistently used as the grammatical
subject, eliciting passive sentences when the human was the patient
(original version) rather than the agent (role-traded version), so that
the order in which event elements were mentioned did not change.
Figure 1 illustrates picture sets of the two event types. There were 5
active and 3 passive-active sets. An additional 17 pictures served as
example, practice, and filler items. These pictures depicted events that
elicited intransitive descriptions (sentences without objects; e.g., “A
baseball player is bunting”), although some of the events included
patients (e.g., the baseball).
The four versions of each experimental picture were distributed

across four lists, with each list containing an equal number of mirror-
imaged, original, and role-traded picture versions. Each participant

viewed one list. Within tasks, participants were divided equally
among the four lists.

Procedure

Participants were instructed and tested on two printed example
pictures before being equipped with the eyetracker. Both extempora-
neous and prepared speakers were told to describe each pictured event
in one sentence without pronouns, and to press a button on the button
box at the end of the description. In addition, prepared speakers were
instructed to press a button when they were ready to speak; the button
press caused the picture to disappear. To encourage normal formula-
tion, we gave speakers no guidelines about the form or content of their
descriptions, and speed was not mentioned. Participants in the detec-
tion task were asked to locate the “victim” in each picture by fixating

Fig. 1. Examples of picture sets used in the experiment. The top panel
shows a sample active picture set, typically described with active
sentences in all four versions shown (“The mouse is squirting the
turtle with water” and “The turtle is squirting the mouse with water”).
The bottom panel shows a sample passive-active picture set, typically
described with active sentences if the human is the agent and with
passive sentences if the human is the patient (“The mailman is being
chased by the dog” and “The mailman is chasing the dog”). Within
each set, the upper pictures are the original and role-traded versions,
and the lower pictures are their mirror images.
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that is responsible for lexical encoding is incremental (e.g., Bock,
1982; Kempen & Hoenkamp, 1987; Lindsley, 1975), eye movements
should indicate that word selection and execution overlap. In contrast,
if only phonological encoding is incremental (Meyer, 1996), there
should be evidence that all words are selected before speech begins.

METHOD

Participants

Participants were native speakers of American English ages 18 to
30 years. They were recruited from the University of Illinois commu-
nity. All participants reported normal or corrected-to-normal vision.
They received $5 or credit in introductory psychology courses. There
were 20 participants in the extemporaneous-speech condition, 12 in
the prepared-speech condition, 8 in the detection condition, and 8 in
the inspection condition.

Apparatus

A binocular EyeLink head-mounted eyetracker (SR Research Ltd.)
controlled by a Gateway 2000 P5-120 computer recorded eye move-
ments with a temporal resolution of 4 ms and spatial resolution of
approximately 0.5°. Another Gateway computer controlled the pre-
sentation of pictures and digital recording of speech. The digitized
pictures were displayed on a 21-in. ViewSonic P815 monitor. Four
reflectors at the corners of the monitor provided references for the
eyetracker’s head-position camera. A hand-held button box was used
for manual responses, and a tie-clip microphone for voice recording.

Materials

The experimental pictures were black-and-white line drawings of
simple transitive events, selected for eliciting reliable descriptions in
a preliminary norming study. There were four versions for each of
eight events (see Fig. 1). We created two versions by switching the
elements that performed and underwent the actions (agents and pa-
tients, respectively), to control the perceptual, conceptual, and lexical
properties of the elements. We refer to these as the original and
role-traded versions. Both versions were then mirror-imaged to coun-
terbalance left-to-right scanning preferences (Buswell, 1935).
The experimental pictures depicted two types of events. Active

events elicited predominantly active sentences in the experiment, re-
gardless of which element was the agent. Passive-active events in-
cluded a human who was consistently used as the grammatical
subject, eliciting passive sentences when the human was the patient
(original version) rather than the agent (role-traded version), so that
the order in which event elements were mentioned did not change.
Figure 1 illustrates picture sets of the two event types. There were 5
active and 3 passive-active sets. An additional 17 pictures served as
example, practice, and filler items. These pictures depicted events that
elicited intransitive descriptions (sentences without objects; e.g., “A
baseball player is bunting”), although some of the events included
patients (e.g., the baseball).
The four versions of each experimental picture were distributed

across four lists, with each list containing an equal number of mirror-
imaged, original, and role-traded picture versions. Each participant

viewed one list. Within tasks, participants were divided equally
among the four lists.

Procedure

Participants were instructed and tested on two printed example
pictures before being equipped with the eyetracker. Both extempora-
neous and prepared speakers were told to describe each pictured event
in one sentence without pronouns, and to press a button on the button
box at the end of the description. In addition, prepared speakers were
instructed to press a button when they were ready to speak; the button
press caused the picture to disappear. To encourage normal formula-
tion, we gave speakers no guidelines about the form or content of their
descriptions, and speed was not mentioned. Participants in the detec-
tion task were asked to locate the “victim” in each picture by fixating

Fig. 1. Examples of picture sets used in the experiment. The top panel
shows a sample active picture set, typically described with active
sentences in all four versions shown (“The mouse is squirting the
turtle with water” and “The turtle is squirting the mouse with water”).
The bottom panel shows a sample passive-active picture set, typically
described with active sentences if the human is the agent and with
passive sentences if the human is the patient (“The mailman is being
chased by the dog” and “The mailman is chasing the dog”). Within
each set, the upper pictures are the original and role-traded versions,
and the lower pictures are their mirror images.
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(c) how formulation was interleaved with execution (comparing per-
formance in the prepared- and extemporaneous-speech tasks).

Inspection

The inspectors did not systematically distinguish event regions
early in viewing. Only at 1,300 ms after picture onset did one region
attract significantly more fixation time than the other, and the differ-
ence favored patients over agents. With regions defined in terms of the
elements that served as subjects and objects in modal descriptions,
inspectors briefly preferred typical object over subject referents start-
ing at 1,508 ms. This implies that no event- or speech-related region
systematically attracted attention early in picture viewing, and reduces
the plausibility of a salience-driven account of sentence-subject se-
lection for these events (Osgood, 1971).

Apprehension and Formulation

To assess whether the extemporaneous speakers normally ex-
tracted an event’s causal structure prior to initiating speech, we com-
pared (a) the points at which fixations to the agent and patient regions
began to diverge in the patient-detection task, which demanded event
comprehension, with (b) the corresponding divergences for the refer-
ents of the subject and object noun phrases in extemporaneous speech.

During detection, fixations to the patient began to diverge from fixa-
tions to the agent at 288 ms after picture onset and reached signifi-
cance (with the alpha level adjusted for multiple comparisons) at 456
ms, z(60) > 3.10, p < .001. For extemporaneous speakers, the diver-
gence between the pictured elements began at 316 ms and reached
significance at 336 ms. The overt response times for the groups were
also comparable: Patient detectors took 1,690 ms to indicate that they
had located the patients in the events, and speakers started to talk at
1,686 ms after picture onset (HSD 4 370). These similarities suggest
that speakers rapidly extracted the event structure of the pictures.
Following apprehension, the eye movements in extemporaneous

speech appear to have been driven by a linguistic formulation process.
Strong evidence for this pattern is shown in Figure 4. The figure
summarizes the eye movement patterns during fluent extemporaneous
speaking, relative to the onset of the subject noun. The data represent
the mean proportion of time within successive 50-ms intervals spent
within regions corresponding to the ensuing sentence subjects and
objects, averaged over trials.
Figure 4 suggests a very orderly linkage between successive fixa-

tions in viewing and word order in speech. The sequential dependen-
cies were assessed by comparing the time spent fixating agents and
patients prior to subject onset and during the descriptions of original
and role-traded versions of active events. This contrast held constant
the picture elements, content words, and sentence structures, varying

Fig. 3. Changes in viewing across successive 4-ms intervals from picture onset during extemporaneous speech, prepared speech, patient
detection, and picture inspection. Results for all picture types and versions are combined. The proportions of trials in which the two nonaction
regions were fixated are shown.
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Agent-patient divergence: 456ms vs 336ms 
Detection/speech start: 1690ms vs 1686ms
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only the event roles played by the picture elements. Significant inter-
actions between event roles and time period indicated that speakers
spent significantly more time fixating agents before subject onset than
during speech (646 and 179 ms, respectively), but spent more time on
patients during speech than before subject onset (244 and 812 ms;
HSD 4 281). The absence of interactions with picture version indi-
cated that this pattern held for both versions (Fs < 1). Significant
three-way interactions between event role, time period, and picture
version in the analyses of passive-active pictures imply that speakers
did not simply follow the causal structure of the events by fixating
agents early and patients later. Rather, when patients were encoded as
sentential subjects, they were fixated longer before subject onset than
after (1,123 and 503 ms), whereas agents were fixated less before
subject onset than during speech (150 and 1,041 ms). Thus, the dis-
tribution of fixation times anticipated the order of mention regardless
of sentence structure.
Further support for the inference that a linguistic formulation pro-

cess followed the divergence in eye fixations comes from compari-
sons between the extemporaneous and prepared speakers. Like the

extemporaneous speakers, the prepared speakers exhibited an early
divergence (beginning at 304 ms and becoming significant at 472 ms)
between fixations to the subject and object referents. For both groups,
the divergence marked the onset of sustained attention to the region
corresponding to the eventual subject of the sentence, with corre-
sponding inattention to the eventual object (see Fig. 3).
The early onset of selective eye fixations for speakers was not

attributable to making the first-fixated picture element the subject. In
both extemporaneous and prepared speech, the probabilities of ini-
tially fixating regions associated with subjects, objects, or actions did
not differ significantly, x

2s < 1. Rather, the early divergence reflects
short initial gazes to object and action regions and longer gazes to
subject regions.
In summary, the overlap in onset times for selective, response-

relevant eye movement activity by the speakers and patient detectors
suggests rapid apprehension of events (consistent with the results of
Biederman, Mezzanotte, & Rabinowitz, 1982; Gordon, 1999; Potter,
1975). Modal subject selection for these pictures depended on knowl-
edge of the relative humanness of the event elements and of their

Fig. 4. Mean proportion of 50-ms time intervals during which extemporaneous speakers viewed subject and object referents. Time intervals
are shown relative to the onset of the head of the subject noun phrase. Results are shown separately for the active events (left) and passive-active
events (right) in their original (top) and role-traded (bottom) forms, collapsed over mirror-imaged versions.
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The mouse 
squirts the 
turtle with 

water.

The turtle 
squirts the 
mouse with 

water.

The mailman 
is chased by 

the dog.

The mailman 
chases the 

dog.
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turtle
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• Speakers look at each object they mention  

• They look at the objects in the order of mention  

• They look at each object until they have generated the 
phonological representation of the corresponding 
expression 

• The moon next to the square is pale.
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Function of eye-movements
(Meyer, van der Meulen, Brooks, 2004)

The moon …The moon next to the square…The moon next to the square is pale.
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Function of eye-movements
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The moon next to the square is pale.
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Eye-movements during 
speech (planning)

• Scene apprehension & speech planning are separate 
processes reflected in eye-movements 

• Speakers look at the objects they name, sequentially 

• … on order to? / until they have retrieve(d) a suitable 
referring expression 

• Object identification & facilitated memory retrieval 

• Preference for depicted over memorised info
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Eye-movements during 
speech (planning)

• Scene apprehension & speech planning are separate 
processes reflected in eye-movements 

• Speakers look at the objects they name in order to? 

• Do object identification & facilitate memory retrieval 

• Visual complexity (Meyer et al., 1998) 

• Ease of lexical selection (Belke et al., 2005) 

• Name frequency & length (Meyer et al., 2003, 2005) 
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Summary (revisited)
• Eye-movements  

• are a result of (incremental) information integration 

• index predicted contents 

• help (?) memory retrieval 

• index online up-to-date representations of the context 

• index scene apprehension and speech planning

✓ 

✓ 

✓ 

✓ 

✓ 
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Overview & Outlook
• Word-learning, nouns 

and verbs, is embodied 
& situated 

• Embodiment theories 

• Situated (adult) 
language processing in 
the visual world

• Common ground and 
perspective-taking in 
interaction 

• Speaker/Listener as part 
of the ‘situation’ 

• Social/applied factors in 
LC 
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