
MENTAL IMAGERY: SPOKEN AND 
VISUAL ELICITATION YIELD THE 
SAME EYE MOVEMENTS
The proportion of eye movements that reflect spatial positions during mental imagery is almost 
identical while retelling a complex picture (experiment 1) and while retelling a spoken scene 
description (experiment 2): 74.8% and 74.9% for low correspondence coding, and 54.4% and 
55.2% for high correspondence coding. These results indicate that the effect is equally strong for 
eye movements elicited by a complex picture as for eye movements elicited by a spoken description.

There has been strong evidence 
that spontaneous eye movements 
occur during visual imagery and 
that these eye movements closely 
reflect the content and spatial 
relations from the original picture 
or scene. In Brandt and Stark 
(1997), this phenomenon was 
observed for subjects who were 
first introduced to a simple visual 
grid pattern which they were then 
asked to imagine. Similar results 
were found by Holsanova et al 
(1998) and Laeng and Teodo-
rescu (2001).

There is also evidence that eye 
movements reflect verbally cons-
tructed scenes. Demarais and 
Cohen (1998) demonstrated that 
subjects that solved vertical and 
horizontal syllogisms exhibited 
eye movements in the corres-
ponding plane. Spivey and Geng

Exp1:
Retelling

Exp2:
Retelling

Low corr. .0015 .0012
High corr. .0051 .0040

Table 1: Wilcoxon p-values for directions significance indicate that eye move-
ments reflect imagined spatial positions both for spoken and visual elicitation.

Exp1:
Retelling

Exp2:
Retelling

Low corr. 74,8% 74,9%
High corr. 54,4% 55,2%

Table 2: Proportions of correct eye movements are virtually identical whether 
the original elicitation was spoken or visual.

(2001) showed that subjects 
listening to a spatial scene 
description tend to make eye 
movements in the same directions 
as in the described scene. Now 
we know that similar eye 
movements appear during 
visualizations of pictures and

of spoken scene descriptions. 
And the effect is equally strong.
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Experiment 1&2
Experiment 1: Subjects viewed 
a complex picture and then 
described it orally while watching 
a white board.
The hypothesis: Spatial positions 
of objects in the picture are 
reflected by the eye movements 
of subjects who later describe it.
Picture:
50*70 cm
150 cm from
subjects
30 seconds

Experiment 2: Subjects heard a 
prerecorded description of a scene 
and then retold it while watching 
a white board.
The hypothesis: Spatial positions 
of objects in the scene description 
are reflected by the eye move-
ments of subjects both while 
listening and while retelling it.

“At the center of the picture a large green 
spruce grows. In the top of the spruce a 
bird is sitting. To the left of the spruce 
and to the far left in the picture there is a 
yellow house with a black tin roof and 
white corners. The house has a chimney 
on which a bird sits. To the right of the 
large spruce and to the far right in the 
picture a tree grows, which is as high as 
the spruce. The leaves of the tree are 
colored in yellow and red. A bit above 
the tree at the top of the picture a bird 
flies…”

Participants
In each experiment, twelve 
students at the University of Lund, 
6 females and 6 males.

Procedure
The participants were told that 
their pupil size was being 
measured during a description 
task. Eye movements and sound 
were recorded during one 
perception phase (picture or scene 
description) and one retelling 
phase. In post-test interviews, it 
was confirmed that all participants 
were naive about the experiment.

Apparatus 
SMI iView X 50 Hz pupil and 
corneal reflex imaging system; 
with head-set and  magnetic head-
tracking.

To test if visual indexes could be 
the explanation to our results 
these experiments were later 
replicated in complete darkness 
i.e. without any possible visual 
features. Again, subjects made 
eye movements that reflected 
objects from both the description 
and the picture (Johansson et al. 
forthcoming). We therefore 
conclude that visual indexes, that 
only assume the binding of 
propositional objects to real ones, 
can not be the explanation to eye 
movements during mental 
imagery.
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Within a number of situated 
approaches it has been suggested 
that we can use our environment 
as an external memory store (e.g. 
O’Regan, 1992). The eyes could 
then “leave behind” a deictic 
pointer or spatial index in the 
external memory (Ballard et al, 
1997; Spivey et al, 2004). In this 
view the “scanning” of an image 
is accomplished by binding the 
imagined objects onto the actual 
visual features in the world. A 
visual feature is then used as a 
sort of demonstrative reference. 
Pylyshyn  (2001;2002) calls the 
mechanism for binding imagined 
objects to perceived ones visual 
index.Thinking that something is 
at a certain location is then no 
more than thinking ‘this is where

I imagine X to be located’ 
(Pylyshyn, 2002). 

“ Slight visual features on 
the  board  and  in  the  
surrounding could serve as 
visual indexes that bind the 
spatial locations of objects from 
the working memory.

Such an association would 
assume no pictorial properties of 
the memory, only the binding of 
active memory objects to real 
objects. Consequently, the eyes 
would just move to that position 
in the real world that was asso- 
ciated to the current propositional 
object.

REPLICATION IN COMPLETE DARKNESS RAISES 
DOUBTS ABOUT VISUAL INDEX EXPLANATION

EXPLANATIONS 
VARY – A LOT
These results are often taken as 
support for internal mental 
images that are constructed in a 
“visual buffer” (e.g. Kosslyn, 
1994) of the working memory. 
In this visual buffer it is possible 
to shift attention to certain parts 
or aspects of the mental image. 
Mast and Kosslyn (2002) argue 
that eye movements are stored as 
spatial indexes that are used to 
arrange the different parts of the 
mental image correctly. 	

Pylyshyn (2002) denies the 
existence of internal images and 
claims that all our mental 
representations are propositional. 
He argues that studies that support 
internal mental images occur 
because of tacit knowledge: the 
knowledge of what things would 
look like to subjects in situations 
like the ones in which they are to 
imagine themselves (Pylyshyn, 
2002). Eye movements then 
merely mimic the behavior we 
have during perception.	

Inspired by embodied cognition, 
Thomas (1999) has founded the 
“perceptual activity (PA) 
theory”.  He argues that  
perception is “active” in a similar 
way as active vision systems in 
robotics. Nothing in the brain is 
the image. Instead we store a 
continually updated and refined 
set of procedures or schemas that 
specify how to direct our attention 
in different situations. In this 
approach we always encode how 
to direct our attention and eye 
movements thus occur when we 
"act out" how we would visually 
explore a scene. 	

A similar approach is favored 
by Barsalou in his perceptual 
symbol systems (1999). A 
perceptual symbol is not a mental 
image but a record of the neural 
activation that arises during 
perception. Imagery is then the 
re-enactment or simulation of 
the neural activity. Remembering 
something that occurred in a 
specific spatial location would 
thus during the re-enactment 
make the eyes more likely to 
revisit that location than others.
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METHOD: HIGH AND LOW CORRESPONDENCE CRITERIA
While it is impossible to define 
an actual physical coordinate of 
an area of interest on the white 
board – it is e.g. possible to 
imagine the scene on the whole 
white board or on a certain part 
of it – a method was developed 
analyzing the relative position of 
an eye movement compared to 
the overall structure of the gaze 
pattern. Eye movements were 
scored as either high corres-
pondence, low correspondence 
or no correspondence.

High correspondence requires 
fixations to take place at the 
categorically correct spatial 
position relative to the whole gaze 
pattern. Low correspondence only 
requires that the eye move in the 
correct direction between two 
consecutive objects. 

Text:
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Schematics of high and low correspondence.
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FACTS

High correspondence
The eye movement to an area of 
interest must finish in a position 
that is spatially correct relatively 
to the subject’s entire gaze pattern.

Low correspondence
When an eye movement is moving 
from one area of interest to another 
it must move in the correct 
direction.
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Evolving eye movements over a white board for a subject listening to a spoken description of a scene.

19 s 32 s 52 s 67 s

Listening to a 
spoken scene 
description.

Retelling the same 
scene in subject’s 

own words.

Looking at a 
picture for 30 s.

Retelling the same 
picture in subject’s 
own words.

Exp2:

64,3%
54,8%

Exp2:
Listening

.0026

.0026

Listening

Examples of mostly high, mostly low and virtually no correspondence 
in eye movements.

HIGH LOW NO
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