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ABSTRACT

In this paper it is hypothesized that the spatiahtions of objects both in a verbal description
and from a complex picture are reflected in the mpgements during a visualization of these
objects. In four experiments, eye movements warerded while test subjects recalled
objects that were either previously observed inramgex picture or presented in a verbal
description. In both cases, the subjects spontahetmoked at regions on a blank screen that
reflected the spatial locations of the objects ttemalled. These results contribute to evidence
that the eyes are connected with the cognitivege®es that occur during imagery, and that
we indeed have mental images or at least procethaesiake us experience mental images.
It is also argued that tacit knowledge can not$exas an argument against the results of the
experiments.
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1. Introduction

Eye movements are essential to visual perceptidrceeate the illusion, when shifted, that
we see entire scenes. The eye movements can bie $sidised to organize the parts of a
scene that are fixated and then integrate themaimtentire scene. But what about eye
movements during mental imagery? Is it possiblétti@aeyes scan a visualized internal
image in a similar way as when you look at an extescene?

As early as in 1968 Donald O. Hebb proposed theaetle movement scanpaths that occur
when viewing objects and scenes are automatiaédigdred when the same object or scene is
later imagined (Hebb, 1968).

With the eye tracking equipment of today it is plokesto monitor and record a person’s eye
movements during the scanning of an external sardeluring a mental recreation of that
scene. Experiments of this type have been doné¢hame is strong evidence that the eye
movements during the scanning of a scene are tefldry the eye movements that occur
during a mental visualization of that scene (Brafa@tark, 1997, Laeng & Teodorescu,
2002). It is even possible that the eye movemawtsuactionally involved in the mental
imagery process.

An area that has not been studied in the sametagteow the eye movements are reflected
during a mental visualization of a verbal descoptiBut a couple of experiments have been
done that show the same tendencies in eye movemeifts mental visualizations of
perceived scenes (Demerais & Cohen, 1996, Spiv&eig, 2001). How can this be? Is it
possible that verbal descriptions can generatenaténages that are of a similar nature as
those generated by external pictures and scendg? ?hJohnson-Laird (1981) has created a
theory of how language is understood and arguésiibeourse sometimes is represented in a
form akin to that of perception and internal imagdés states in his theory that (Johnson-
Laird, 1981, p. 353):

“First utterances are translated into a mental ¢bdeprovides a direct linguistic
representation of them. This stage concerns thifabation of speech sounds, the
recognition of words, and the recovery of supeafisyntactic structure. Secondly, the
linguistic code may be used as part of the basithinferential construction ofraental
modelof the state of affairs that the utterances describ

A common argument against the possibility that mpeements during a visualization do
reflect an internal image is that they occur beeafs$acit knowledgéPylyshyn, 2003,
p.113), i.e. that they occur because we mimic #febior we have during perception. But if
we can construct mental models from a verbal detsen, and if the spatial locations in the
description are proved to be reflected in the eggements, i.e. when no actual perceptual
process has taken place, this argument seems lynlike

This paper describes a study of eye movementsdawthg the visualization of a complex
picture and during a verbal description. The geabiexamine if the eye movements reflect
the spatial locations of objects from the pictund ¢he description, and, if so, if these
reflections are similar or different. If the reftems are found to be similar for the eye
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movements generated by pictures and verbal deserititis will be used as an argument
against the possibility that the eye movements olbbeuause of tacit knowledge.

2. Theoretical Background
2.1 Vision

The visual system that allows us to perceive viguarmation is physiologically dependent
on our eyes. The most important area of the eyéei®veg which is a very small area at the
center of the retina. It is within this area th& @an perceive detailed information of high
acuity. The fovea extends a visual angle of ab&duivRich is about the width of one’s thumb
held out at arm’s length or the width of an averaged held at normal reading distance
(Glenstrup, Engell-Nielsen, 1995.1:Eye structure The remaining part of the retina, outside
of the fovea, does not have the same acuity (08§46 of the acuity of the fovea) and is
therefore said to offgueripheral vision By moving our eye, i.e. changing the locatiorheaf
fovea and our peripheral vision, we perceive argkdarnce the visual information around us.
The eye movements that occur when the eyes arenménam one location to another is
calledsaccadesBetween the saccades, when the eyes foveatgest,dhe so-called
fixationsoccurs. It is during the fixations that the maingessing of a retinal image takes
place. A saccade lasts for about 10-100 ms andatidn for about 150-600 ms (Duchowski,
2003, pp. 44-49). Besides fixations and saccadee #ixist a number of other eye
movements. The most commorpigrsuit motion which occurs when the eyes are following a
moving object, i.e. when the eyes keep a movingaildpveated (Glenstrup, Engell-Nielsen,
1995,3.3:Eye movemenjtsHowever, in this study only saccades and fixatiare of interest.

2.2 Visual attention

To understand the phenomenon of visual attentignimportant to distinguish between
“where” and “what”. Where we look is not always s&me place as what we look at, e.g. it is
possible to foveate a certain object but to haeeatkention at peripheralobject. This
attentional dichotomy is commonly calledertandcovertattention, where overt attention
corresponds to foveal attention and covert attarcarresponds to parafoveal attention. This
dichotomy is particularly relevant when explainimgw we select our attention, and
especially in @ottom-upexplanation (Wolfe, 1998, pp. 43-44). In a bottamexplanation

the visual attention selection mechanism can leeteatonsist of two stages. First we have an
earlypre-attentivestage (“where” to look) and later attentivestage (“what” to look at). The
pre-attentive stage is working in parallel acréesentire visual field (parafoveal) and the
attentive stage is limited and can only handlearject at a time (foveal). When an object is
processed from the pre-attentive to the attentagesit is considered to be selected. This
attention selection also means that visual attensishifted to a new locatidreforethe
saccade occurs. This selection process of attehtierbeen explained by a number of
different metaphors. The most common metaphor®asaer’s “spotlight”, Treisman’s

“glue”, and Kosslyn’s “window” (Duchowski, 2003, pp-12). The spotlight-metaphor
suggests that the attentional mechanism move®isdime manner as a spotlight and that the
object in the spot is what we attend to. The gletaphor means that attention provides some
sort of glue that integrates separated featuresaimonjunction that makes it possible to

! Since nothing moves in the stimulus that are useckiexperiments.
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perceive an object in its entirety. With this expon attention can be said to select features
from a “master map” (that shows “where” the feasumee but not “what” they are) and glue
them together. The window-metaphor means that we kame sort of window that is
responsible for the selection from a “visual buff@his window is needed because while
some information must be filtered out some mugiken in. This window has the ability to
adjust itself incrementally, i.e. it is scalable.

To sum all this up one can say that when giveinaustis, like an image or a scene, this is
first mostly seen in parallel and through peripheision. At this phase of attention certain
features that attract the viewer may “pop out™ha tield of view. This pop-out effect then
directs the attention towards these features fidinéu and more detailed inspection. When this
occurs the attention is disengaged from the foleeaition and is repositioned to the feature
that has attracted the attention. When the eyes tawipleted this movement the fovea is
directed towards the interesting feature, and ttem@on is now engaged so that the feature
might be inspected at high resolution.

This is, however, a bottom-up model of how attemi®directed during an inspection of a
scene. But it is also possible that the attensadirectedop-down i.e. that the interesting
features are voluntarily chosen by a certain irgietiee. user-driven, and not by some sort of
pop-up effect (Wolfe, 1998, pp. 44-45). This voamytand task dependent attention has been
showed when people look at pictures, i.e. they kotkhem differently depending on what
they are looking for and what their interests afarbus, 1967, pp. 171-196).

However, the nature of the representations formeuhg the viewing of pictures and scenes
is a wildly debated question. There are two ma@otles that are competing. The first, the
localist-minimalist approacliHenderson & Hollingwoth, 2000, p. 5), suggestt toherent
visual representations falls apart as soon astatteis withdrawn from an object, which
means that the visual representation of a scemgex out (Rensink, 2002, Rensink,
O’Regan & Clark, 1997). The second suggests tlsaavirepresentations do not necessarily
disappear when attention is withdrawn, but careastoe stored in a visual memory and be
integrated with previous attended regions of as¢etenderson & Hollingworth, 2000, pp. 6-
8). The localist-minimalist theory could serve agoad explanation to why we sometimes
have change blindness, i.e. that we sometimetofaphprehend changes in pictures and
scenes. But it has quite convincingly been showhrglatively detailed visual representation
of objects from a scene are retained over timeaanolss several eye fixations, which gives
evidence to the theory with a visual working memtenderson & Hollingworth, 2003;
Hollingworth & Henderson, 2002; Hollingworth, Walins & Henderson, 2001; Irwin &
Zelinsky 2002; Ishai & Sagi, 1995).

2.4 Eye movements and mental imagery

In the early days of eye tracking the pioneer Yar(i967) showed that while subjects view
pictures and scenes eye movements are not randwreyE movements are in some way
related to the content of the picture or scenetti@subjects are watching. The pattern of the
eye movements can also be altered depending andinacted search task, e.qg. if you are
instructed to observe the picture freely or wita task to study certain aspects of the picture.

Noton & Stark extended Yarbus’ results and shovket subjects tend to fixate regions of
special interest according to certain “scanpathigt¢n & Stark, 1971a, 1971b). These
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scanpaths are however very individual and diffenfiviewer to viewer and even when the
same scene is viewed by the same individual agréifit occasions. Noton and Stark (1971a,
171b) suggested that the internal representationeonory of the scene is an alternating
sequence of sensory and motor memory traces, iagaatternately a feature of the scene and
the eye movement required to reach the next feature

Another pioneer, Hebb, analyzed imagery and praptss eye movements have an
important and necessary function in visual imadetebb, 1968). He suggested that, as in
perception, eye movements are necessary to puhtrgend organize the “part-images” to
construct a whole visualized image. This meanraitg to Hebb, that the eye movements
during scene perception are automatically triggel@thg imagery of that scene.

Kosslyn found, in 1973, that the time during a s@ag was linear with the spatial distance
between points in a mental image (Finke, 19896@p65). He showed that when subjects
mentally focused on one end of a previously obskedrawing and then “looked” for a
designated feature of the drawing on their imagetithe increased as the distance between
the feature and the initial point of focus incrahéspatial equivalence as mentioned above).
This finding with other similar experiments supgariosslyn’s theory of a visual working
memory with two-dimensional properties (Finke, 1988. 62-65). Further experiments
suggest that this visual working memory also maselathree-dimensional structure (Finke,
1989, pp. 65-68).

A study by Brandt and Stark (1997) has shown thah&neous eye movements occur during
visual imagery and that these eye movements claoséigct the content and spatial relations
from the original picture or scene. In this stuldg subjects were first introduced to a simple
visual grid pattern that they should memorize, simortly afterwards they were asked to
imagine the pattern. Their eye movements were decbduring this procedure, and it was
possible to show that the unigseanpathsestablished during the viewing of a pattern
spontaneously reappeared when the subjects ladgyined the same pattern.

These findings suggest that there is a clear quoretence between the eye movements
during an examination of a picture, or a scene,thacye movements during imagery of the
same picture or scene. Brandt and Stark (1997)ogefhat eye movements play a significant
and functional role in visual imagery and suggkat the scanpaths are linked to the
arranging of part images into their correct locasio

But although eye movements during perception aratjery show significant similarity (and
perhaps are constituting imagery) there are diffegs. It has been found that the fixations
during imagery are longer and that the amplitudénefsaccades is smaller (Brandt & Stark,
1997, p. 33). The longer fixations can be explaimgdhat a construction of a mental image is
more difficult than in perception, i.e. it is harde arrange the sub-features into a whole
scene. The smaller amplitude can be explaineddyittimagery there is not the same need
for full range eye movements as in perception, ehiee fixations are necessary to identify
certain sub-features of a scene.

Laeng and Teodorescu (2001) have with a receny gjivén new evidence to the idea that
eye movements play a functional and importantiroldsual imagery. They replicated and
extended Brandt and Stark’s experiment and shohagdstibjects who fixed their gaze

centrally during a scene perception did the sapantaneously, during imagery. They also
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showed that subjects free to explore a pattermdyperception, when required to maintain
central fixation during imagery, got a decreasatitglbo recall the pattern. According to

these results Laeng and Teodorescu proposed thayghmovements during perception are
stored along with the visual representation andtee used as a spatial index for the parts of
the image during the imagery.

Although the results by Brandt and Stark (1997} baeng and Teodorescu (2001) are very
interesting, they used quite simple visual stinnuliheir experiments (grids with black and
white squares). You can not make the assumptidritibae results would be the same for a
more complex stimulus, like a real picture or d seane.

While the correspondence of eye movements durincepéon of pictures, or scenes, and
during imagery have been quite well studied, lesgkvhhas been done in the area concerning
eye movements during a verbally constructed scedalaring the imagery of that scene.

The difference with imagery during verbally constad scenes is the absence of a visual
input, i.e. when imagining an object we have toal@y a mental representation of that object
that has a spatial structure. During the constaabf such a spatial mental model cognition
often uses linguistic input to activate memory esgntations (Bower & Morrow, 1990;
Johanson-Laird, 1981). These memory representatiaysthen be used in imagery to
partially activate perceptual representations (8pivyler, Richardson, & Young, 2000).

Demarais and Cohen (1998) demonstrated that sshifet solved auditory presented
syllogisms containing the words “left” and “righglicited more horizontal eye movements,
and syllogisms containing “above” and “below” efiéd more vertical eye movements.

Spivey and Geng (2001) extended Demarais and Cahgresiments and showed that
subjects, when listening to a spatial scene ddsmmipgend to make eye movements in the
same directions as in the described scene. Theipksts where of the following type:

“There is a train extending outwards to the leftisl pointed to the right, and you are
facing the side of the engine. It is not movingersars down is a cargo holder with pink
graffiti sprayed on its side. Another six cars dawa flat car. The train begins to move,
Further down the train you see the caboose comingrad a corner.”

In this experiment the subjects were instructeidhtagine the scene. This experiment was also
followed by another that demonstrated that subjiectd to make eye movements in the same
directions as in a description even when their eylesre closed and when they had no
instructions to imagine anything (Spivey, TylercRardson, & Young, 2000).

2.3 Theories of Mental Imagery

But what does it mean that reflection in eye movetsmi@ppear during mental imagery?
During imagery, there is no visual input to driyeeenovements bottom-up and no scene or
picture to be inspected top-down. So what can eyements say about the nature of mental
imagery?

Mental images are not always an exact copy ofttmg$ they depict. Most people experience
mental images that merely resemble the things diepyct. Mental images are also subjective,




Roger Johansson, Cognitive Science, Lund University
Eye movements During Visualizations of Pictures and Y@&bscriptions

i.e. they are not observable for others than thdse produce them. Mental images are also
very elusive, e.g. they can appear at one momehtaalie away at the next moment. Because
mental images are subjective, not observable arsivel it is very hard to define and study
them.

Finke defines “Mental imagery” dee mental invention or recreation of an experietic in

at least some respects resembles the experieramuaily perceiving an object or an event,
either in conjunction with, or in the absence afedt sensory stimulatiofFinke, 1989, p. 2).
This definition is inspired by the quasi-pictoribkory that has been developed by Stephen M.
Kosslyn (Kosslyn, 1980, Kosslyn, 1994). The quasiepial theory suggests that the mental
representations of a mental image hswmeproperties that are the same as pictures, but not
necessarihall the properties. This theory is also in line witk &ttention theory that we have
some sort of visual working memory (or buffer).

Finke also identifies five major principles of ineayg that are intended to provide a general
description of the fundamental characteristics ehtal images (Finke, 1989). These
principles are: the principle ahplicit encodingthe principle operceptual equivalengéhe
principle ofspatial equivalencehe principle otransformational equivalen¢cand the

principle ofstructural equivalenceThese principles are based on experiments tivat been
done, but are not to be seen as absolute laws. 8feayore like hints to how today it is
possible to describe mental images based on thectsd evidence from the experiments and
research that have been done on the subject.

The principle of implicit encoding means tmaéntal imagery is instrumental in retrieving
information about the physical properties of obgecr about physical relationships among
objects that was not explicitly encoded at any jonev time(Finke, 1989, p. 7)The point is
that imagery is particularly useful when recallinfprmation about spatial relations and
objects whenever the information has not been efglencoded.

The principle of perceptual equivalence meansithagery if functionally equivalent to
perception to the extent that similar mechanisniténvisual system are activated when
objects or events are imagined as when the saneetsiyr events are actually perceived
(Finke, 1989, p. 41)The point is that mental images have many visuatastteristics in
common with perceived objects and events. For el@ognstraints on resolution for mental
images do in a way correspond to those in visuagption, and changes in visual-motor
coordination for mental images do resemble thoseltiag when one adapts to actual vision
distortions. But there are also important diffelecThe principle of perceptual equivalence
seems to be limited down to the levels in the Misyatem where visual associations occur.
For example there does not seem to be any retir@kgortical involvement in mental
imagery (which are responsible for chromatic affects), and it does not seem to be any
involvement in the initial information process stagdn the visual cortex (where simple
features are analyzed).

The principle of spatial equivalence means thatspatial arrangement of the elements of a
mental image correspond to the way objects or thaits are arranged on actual physical
surfaces or in an actual physical spaéénke, 1989, p. 61)Ihe point is that spatial relations
among objects are preserved in images. But itssipte that they are distorted.

10
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The principle of transformation equivalence medwasitnagined transformations and
physical transformations exhibit corresponding dymacharacteristics and are governed by
the same laws of motidfinke, 1989, p. 93)The point is that imagined transformations are
like physical transformations holistic and continape.g. in size and shape.

The principle of structural equivalence means thatstructure of mental images corresponds
to that of actual perceived objects, in the sehséthe structure is coherent, well organized,
and can be reorganized and reinterpre{€thke, 1989, p. 120 he point is that mental
images possess structural characteristics corrdgppto those of physical objects. For
example the relationships among an object’s pansbe reinterpreted and preserved. But this
principle seems very limited when it comes to deteiclden” parts of a pattern, or when it
comes to interpretations of ambiguous figures.

Applied to eye movements during mental imageryqinasi-pictorial theory would say that
these reflections in eye movements support theiguetsrial theory because perception and
imagery shares the same patterns in eye movenfantexample Kosslyn and Mast have
interpreted the results of Laeng and Teodorescl(Pquasi-pictorial, and argue that eye
movements play a functional role in mental imaggerg that the eye movements are stored as
spatial indexes that are used to arrange the pfift® image correctly during mental imagery
(Kosslyn & Mast, 2002).

The competing theory to the quasi-pictorial theisrihe description theory, often represented
by Zenon W. Pylyshyn, who proposes instead thairtéetal representations that we
experience of images do not share any propertigstive perception of a scene or a picture,
i.e. there are no equal properties between pewsepfian object and the mental
representation of this object. This theory alsanetathat all our mental representations are of
the same functional nature, i.e. whether we havetaheepresentations of for example a
scene or a verbal sentence these mental représaathive the same functional nature. The
consequences of this theory is that the cognitreegsses that are used during perception are
absent during imagery (Pylyshyn, 2000). This thesmiso in line with the localist-
minimalist theory of attention and means that themo such thing as a visual working
memory (or buffer).

Pylyshyn also suggests that the reason that mamgriexental findings support the theory that
we have internal pictures is becauseaaft knowledgdPylyshyn, 2003, p.113). This tacit
knowledge means that when people imagine somethaygsimulatemany of the aspects that
would happen when they percesemething, i.e. findings of similarities in cogudi

processes between perception and imagery do neaappcause of a functional connection.

Another approach to the question of mental imagéisat we use the world as an outside
memory, i.e. that our environment can be considasea kind of external memory store that
is used as an index for spatiality for both percepand imagery (Pylyshyn, 2000, O’'Regan,
1992). This approach is also compatible with thecdption theory because this external
memory could be so strong that internal pictorgresentations are unnecessary.

Applied to eye movements during mental imagerydiscription theory would say that these
eye movements occur because of tacit knowledgle;nasiced demand or that the eye
movements are a by-product that has no functiaialin mental imagery.
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Although the quasi-pictorial theory and the degariptheory are the main opponents in the
imagery debate there is an interesting contendkedcine perceptual activity (PA) theory.

The PA theory has a proceduralist approach to mgiad suggests that the nature of
perceptual learning does not involve storing ofyries, or descriptions, of what we perceive,
but instead as a continual updating and refiningro€edures that specihowto direct our
attention in different situations, i.e. how to exaenand interpret scenes and objects (Thomas,
1999, pp. 218-219). This means that neither inf@uges nor descriptions are created, i.e. no
thing in the brains the image. Perceptual experience is instead aning@xploration of the
environment guided by certain procedures. An imagdhe PA theory is something we
experience when a procedure, that is not necegsal@vant to the exploration of the
environment, takes control of the exploratory appas (Thomas, 1999, p. 218).

Applied to eye movements during mental imageryRAetheory would say that the
reflections of eye movements during mental imadpaypen in order with the procedures that
take control of the exploratory apparatus durirgekperience of an image, i.e. the eyes
constitute a fundamental part of the perceptuaés&pce of an image.

3. Purpose

The purpose of this study is to extend the expartmby Brandt and Stark (1997) and Laeng
and Teodorescu (2001) by studying eye movements shigjects visualize a more complex
picture then the simple grids they used. The salsly attempts to extend the experiments by
Spivey, Tyler, Richardson and Young (2000), and/&pand Geng (2001) by studying eye
movements when subjects listen to a complex ddsmmighat they are to mentally visualize.
The results will then be analyzed, i.e. if, and htve eye movements reflect the spatial
locations of objects during these visualizationdine with Johnson-Laird’s (1981) theory
that language and discourse sometimes are repeesierd form akin to that of perception
and internal images the results will be comparetisamilarities or differences in eye
movements in these two situations will be studitthere are no significant differences the
results will be used as an argument against thekiacwledge explanation, because tacit-
knowledge is hard to apply to reflections in eyeveraents that are generated by a verbal
description, i.e. when no actual perception hasiwed.

4. Experiment 1

One group of subjects was instructed to listemtb\dasualize a prerecorded verbal
description, which was later to be imagined whaytiwere questioned about its objects and
spatial relations. The description described adweensional picture.

Based on the results by Spivey and Geng (2001ye8piyler, Richardson and Young
(2000), and Demarais and Cohen (1998) the hypatiesiat the positions of objects in the
description are reflected by the eye movementsiduhie description and during the
guestions about it.

This means that when the subject listens to thiealetescription the eye movements should
follow the spatial relations of the objects in thescription. These eye movements shall also
appear later when the subject is questioned abheutltjects from the description, i.e. when
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the subject is asked questions about the posifian object relative to another from the
verbal description, the eye movements should béasio the eye movements that occurred
when these objects first were presented in theaveldscription.

4.1 Method
4.1.1 Participants

Twelve students at the University of Lund, 6 fersadaed 6 males volunteered to participate to
an experiment in cognition science. All subjecisoréed normal vision, or corrected to

normal (with contact lenses or glasses). The ppatits were told that their pupil size was
being measured during a visualization task. Atethé of each session, participants were
questioned about their beliefs about what had aetied in the experiment. It was

confirmed that eleven participants were naive atfweifact that there eye movements were
recorded and that they had no specific knowledgeitaihe experimenters’ expectations. One
of the participants thought that the eye movememet® recorded in some way, but it was
pretty vague and it was not considered that thisgg@ant had seen through the nature of the
experiment.

4.1.2 Apparatus and stimuli

The eye tracker that was used is an SMI iView 5@Htizil and corneal reflex imaging
system. The eye tracker consists of a headset,matinetic head-tracking, which allows the
subject freedom of motion of the head. The outptitbe system were MPEG video and eye
movement coordinates.

The visual stimulus used in the experiment condiefea white screen (657mm960mm),

and the auditory stimulus used in the experimensisted of a prerecorded description (2
minutes and 6 seconds). The participants wered@afeont of the white screen at a distance
of 150 cm (picture 1). The prerecorded descriptias the following’

“Imagine a two dimensional picture. In the centetlod picture a large green spruce grows. In the
top of the spruce sits a bird. To the left of the spammtto the far left in the picture is a yellow
house with black tin roof and white corners. The hdwasea chimney on which a bird sits. To the
right of the large spruce and to the far right in thetpre a tree grows, which is as high as the
spruce. The leaves of the tree are colored in yellowraddA bit above the tree at the top of the
picture a bird flies. Between the spruce and the staads a man in blue overall, who is raking
leaves. In front of the spruce, the house, the tredladan, i.e. below them in the picture, there
is a long red fence, which goes from the pictureslddie to the pictures right edge. In the left
edge of the picture a bike is leaning towards thedeand just to the right of the bike there is a
yellow mailbox. On top of the mailbox a cat is slagpin front of the fence, i.e. below the fence in
the picture there is a road, which goes from the pictleft®dge to the pictures right edge. On the
road to the right of the mailbox and the bike a klaaired girl stands bouncing a ball. To the

right of the girl sits a boy who wears a red cap and vghwatching her. To the far right on the
road walks a lady who is wearing a big red hat and Wwhe books under her arm. To the left of
her, on the road, a bird is eating a worm.”

4.1.3 Procedure

2 In the experiment the description was presenteaviedfh, but is here translated to English.
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Before the actual experiment, at the beginningachesession, a standard calibration routine
was used. The eye position was recorded at nineatd calibration points (appearing as
black crosses on a white background), corresponditige size of the picture (657mm
960mm). Using a laser pencil the participant wasrutted to fixate each point (picture 2).

Picture 1 - Example of the white screen the test Picture2 - Example of the calibration poir
subjects were watching during the description (the
circle is the position of the eyes).

The experiment consisted of two main phases, oseriggion phase in which the participants
listened to the verbal description and one quegiiase in which the participants answered 8
guestions about the description. Afterwards thgesuilbvas asked a few questions about the
experiment. Eye movements were recorded both dthmgerbal description and during the
guestions.

At the beginning of the description phase the stibjeeceived the following instructions:

“You will soon hear a prerecorded verbal descriptid he description will describe a two
dimensional picture. We want you to listen to thsadiption as carefully as possible and

to visualize it as thoroughly as possible. Durihgs tdescription we will measure your

pupil size. It is important that you do not closeiyeyes, but you may freely look wherever
you want on the white screen”.

When the description finished the subject was toldnswer, a couple of prerecorded
guestions about the description. The subjects walstespecifically told to keep their eyes
open during this phase, but that they were frdedk wherever they wanted on the white
screen. They were also informed that their pugg sigain would be measured during these
questions. These instructions took about 40 semder to prevent afterimagésfter the
subjects had answered the questions about theiptestthey were asked to:

1) Rate the vividness of your visualization during tlescription phase (a rating scale
ranging from 1 to 5).

2) Rate the vividness of your visualization during tjuestion phase (a rating scale
ranging from 1 to 5).

3) Make an assumption whether you usually imaginegthin pictures or words.

4) What do you think we studied in this experimentdisure that the subject was naive
about the hypothesis of the experiment)?

¥ When neural mechanisms are activated for prolongéddsethey become fatigued and need time to recover.
If they do not get the time to recover percepttigraffects can occur (Finke, 1989, p. 44).
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4.2 Analysis

The description was divided into eightesmeas of interestor which the correspondences of
the eye movements were analyzed.

These areas of interest can be seen in pictulee3éhce and the road were analyzed both as
an object below the objects above them and as jastdbom the left to the right edge).

En
House Spruce Tree
tan

Fence

Fioad | Gl | ‘ Boy |

Picture 3 — Areas of interest in the description

The analysis of the eye data was done with anmepéing analysis progranView for
Windows which can trace the saccades and fixations o$ubgect’s eyes over time.

Pictures 4 — 7 are examples of how the eye movesiienbne subject is represented in iView
(circles = fixations, lines = saccades).

R Wiew for Windows /27 (c] SMI MEEE
File  Acquisiion Analpsis Setip Window 2

ErEE=E]EnnT

Used [ 0:02:09 X =
Free e —

+| 0:00:00.00 |+| |+ +| |[«| 0:00:19.18 |+
0:01:56.28 L*] | 1+| 0:02:09.18
Use Raw Datal Smaller I Larger | Close I

iﬂSIalI”J & B A ”J EY Cutter [ I ﬁMlnadu..I T Microso I @Vassars...l s View [:LAna\ys\s...l Hﬂ@é@@_ﬂ@ﬁ 1458

Picture 4 — The fixations and saccades after 19 s inléseription, i.e. when the spruce and the bird indbjp
had been described.
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B view for Windows /77 [c) SMI _ (&l x|
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Picture 5 — The fixations and saccades after 32 s inlélseription, i.e. when the house with the bird ondbihe
chimney to the left of the spruce had been described.

B view for Windows /77 [c) SMI _ (&l x|
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e s 2 Used [ 0:02:09][ 1 | -
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Picture 6 — The fixations and saccades after 52 s iméseription, i.e. when the tree to the right of tbede
and spruce had been described.
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Picture 7 — The fixations and saccades after 1 min asihthe description, i.e. when the man between the

The eye movements of the test subjects were semt@gh correspondence, low
correspondencandno correspondencédigh correspondence was considered according to
the following criteria:

1. In the description phase the eye movement frompaiséion to another must appear
within 5 seconds after an object is mentioned endescription.

2. In the question phase the eye movement from oné@ot another must appear
within 5 seconds before or after a subgetrtsto answer a question.

3. The spatial relations that appear in the eye mowésmaust be correct in relation to
each other.

The 5 second limit is based on video-based obsensbf how long it took before an actual
eye movement appeared. It was found that this eyxement behavior was somewhat
individual between subjects. Some subjects werg fast and the eye movements appeared
almost immediately after a new area of interestlie®h mentioned in the description, or
when a question had been asked. Other subjectsstesver and it took a couple of seconds
before the eye movements appeared.

In order to set an acceptable time limit for howgan eye movement could be delayed one
must also consider the time between the mentiooirae object until the next object is
mentioned. If the time limit is too long, a latéject might interfere with an earlier, and it
would be hard to say which object a particular eyg@ement corresponds to. After careful
consideration to the individual differences anavtten the objects are mentioned in the
description, 5 seconds were considered a sound limi

For the questions the case was a bit differentalmsE now there were no objects that may
interfere with another. The one thing to considdnawever how long it took to answer a
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question when the question was finished. Agairstiigects showed individual differences.
Some subjects first moved their eyes to a newiposiind then answeréayhile others
answered fast and then moved their eyes to théiqgqogprobably to ensure that they
answered correctly). This behavior made it necggsanave a time limit both before and
after the question was answered. After careful icemation to the individual differences
during the answering of the questions 5 secondsagam considered a sound limit both
before and after a subject starts to answer aiquest

For example, the situation is that the subject$#sr following question:

In the described picture there was a house andacep Was the house positioned to the
left or to the right of the spruce?

If the eye movements are considered as high canelgnce the eyes have to move to the
correct position (to the left) within 5 secondsdrefor after the subject starts to answer the
guestion. Above this all the positions of the eya/ements that appear for every question
must be spatially correct in relation to each atker example if the next question is the
following:

In the picture there was a raking man wearing aebdwerall and a tree with yellow and
red leaves. Was the raking man in blue overall gpwsed to the right or to the left of the
tree with the yellow and red leaves?

If high correspondence is to be considered fordlyggestions the spatial relations for the
positions of the eye movements must be correalfdhe mentioned objects, i.e. the spruce
in the center, the house to the left of the sprtieeiree to the right of the spruce and the man
between the spruce and the tree. Example of @é&dislescription with high correspondence
for most of the objects can be seen in picture 8.

Low correspondence was considered according ttotlosving criteria:

1. In the description phase the eye movement frompaséion to another must appear
within 5 seconds after an object is mentioned endiscription

2. In the description phase the spatial relationsdpgear in the eye movements must be
correct in relation to the previous mentioned objec

3. In the question phase the eye movement from oniéiguosd another must appear
within 5 seconds before or after a question is @neu

4. In the question phase the spatial relations tha¢apin the eye movements must be
correct for each question separately.

For low correspondence it is acceptable if the eyege correctly for each object or question
separately. Low correspondence often appears wigesubject re-center or changes center,
and for subjects that are shrinking the pictura small area on the white screen. Example of
a finished description with mostly low correspondescan be seen in picture 9.

* This behavior is consistent with a picture percepsinidly by Holsanova (2001, pp. 104-105), in whichids
found that subjects sometimes have a delay for abdwgetonds from when a certain area of interest was
fixated until it was verbally described.
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Sometimes it happens that the subject have ocasancades that move away from the
object in question and then back again (this hapgemetimes when the subjects blink there
eyes or in some way corrects their gaze). Theseemenwuts are not considered as a change in
location for either the low or the high correspamzie and have been neglected in the
analysis.

No correspondence was considered according tmtloeving criteria:

1. No spatial relations from the mentally construatedge appear in the eye
movements.

Example of a description with no correspondencebeaseen in picture 10.
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[B[LeT=] oo -5 2
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Picture 9 — Example of mostly high correspondences tiféedescription is finished, i.e. most of the objects fiioe
description have the correct spatial locations towagdsh other in the eye movements, e.qg. in the tdprotre
spruce is positioned, to the left of is the hous#heaight is the tree, and below them goes the fandethe road.

B View for Windows 2// (c) SMI
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Picture 8 — Example of mostly low correspondences #ifeedescription is finished, i.e. the eye movemerssgds
the center sometimes and shrinks the picture to a smallaardlae white screen, e.g. the tree, the girl, the, lzikd
the boy (they are positioned in the lower blur offiiens) is positioned correctly to one another but lseathey are
in the same vertical plane they are scored as low corresgrace. However, it shall be noted that the sprucktha
house still have high corresponder
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Picture 10 — Example of no correspondences, i.eeyke move randomly in a very small area.

4.3Results
4.3.1 Correspondence in eye movements

A table was created for the correspondence ofyher@vements for each subject and each
area of interest in the description. B means high correspondence 14 ‘means low
correspondence, & ‘means no correspondence}’aneans the subject answered wrong but
that the eyes moved in the answered directionadridneans that data is missing. Table 1
describes the eye movements during the descriphdrtable 2 describes the eye movements

during the questions.

Table 1 - Description

#1 | #2 |#3 | #4 |#5 | #6 | #7 | #8| #9| #10| #11#12
Spruce *|1 |1 (o1 )1]1] -|1]1 1 1
Birdintopofspruce [0 |1 |1 [0 [O ]| O] 1] -| 0] 1 1 1
House |1 (1*|o |1 |21 -]1]1 1 1
Chimney with bird 0O (1 [0 |0 |0 |21 [1]- o] 1* 0 1
Tree * (1 j1*|o [1 |21 )1 ]-|1]1 1 1
Bird above tree o|jofjfojOojOf1] 1] -1 0[O 1* 1
Raking man 1* (1 [1*]0 | 1*|1 [1 ] - 1]1 1 1
Fence (below) O[1] 10| 2| 2] 1] - 11 1 1 1
Fence (left to right) 1 |1 [(0[0]0] O] 2% - 0] 1 0 1
Bike 1* 11 [0 |0 | 1*]1 [- |- |1*|1 1 1*
Mailbox 1* |1 |0 [0 |1*]Oo [- [- |1*]1 1 1
Cat 0 |12 |ofo|]O]JO|-]-]10]0O 0 0
Road (below) O |1 |1[{Oo |21 1| -|]-[1]1 1 -
Road (left to right) 1 |1 ]1 |0 f[0O0]O] - - 0| 1* 0 -
Girl 0O (1 (|1*]0 j21* [1* |- |- |0 [1* (1 1
Boy 0O |1 [1*]0 | 2*|1*|- |- |O |1* |1 1*
Lady 1 (1 |j1*j0o |1 [1*]- |- [0 |1 |1 1
Bird with worm 1* 1 |0 (0 (1 JO |- (- [O |O 0 0
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Table 2 - Questiofis

#1 | #2 |#3 | #4 |#5 | #6 | #7 | #8| #9| #10| #11#12
Question1 |1* |1 [1* [0 |1* |1* |! - |- |- 0 !
Question2 |1* |1 [1* |- 1 1|1 |- |- ! ! 1
Question3 | 1*|1 (- |O |- | O|! - |- 1* 1 1*
Question4 | 1* |1 [1*|0 | 1 | 1*[ 1 | - ! 1 1
Question5( 1* |1 | 1*| O 1*1 1 | - - 1* 1 1
Question6 | 1* |1 |1 [ 0 | - 0] 1 - 0 1 -
Question7 | 1* (1 | 1*| 0 | 1 | ! 1] - 1* 1 1
Question8 | 1*|1 |0 [ O | - 1| - 0 ! !

The data from the tables were then separatedwdaoding estimations:

Low correspondence coding

High correspondence (1), low correspondence (1¢)wrong answers with correct eye
movements (!) are considered as results that stifpohypothesis that the spatial locations
are reflected in the eye movements.

High correspondence coding
Only high correspondence (1) is considered asudtrmat supports the hypothesis that the
spatial locations are reflected in the eye movement

As a consequence of applying this spatial critesidninominal distribution in the data is
obtained: the spatial relations are either comectot (for each coding).

A test of significance of differences between pmtipas that is mathematically equivalent to
thex’test under one degree of freedom was employed.Was done by defining the
possibility that a test subject moved his or hexseip the right direction by chance. When the
eyes move from one area of interest to anotheeyks, in most cases, have 5 possibilities:
they can stay in the same position, move up, movengdmove to the right, or move to the
left. In some cases they even have more possiisilitie. when they can move to many
positions in one direction. But in some cases, Wken the road and the fence are imagined
the eyes move from the left to the right, i.e. yould say that the eyes have the possibility to
stay, move in the vertical plane or in the horizabplane. So to be on the safe side you could
say that the possibility that the eyes move tortaceposition by chance is at least not larger
then 1/3 (move vertical, horizontal or stay).

The amounts of correct and false eye movementsWocorrespondence coding and high
correspondence coding for both the descriptionthaedjuestions were counted and tested in
direction significance, i.e. with the proportion18B that the eyes moved to the correct
position by chance. These results are presentidbia 3 and 4.

How well the eye movements corresponded with tla¢iagdocations for all the areas of
interest during both the description and the qoastior each subject is presented in diagrams
1-4. This is done both for low correspondence agpdind high correspondence coding.

® Question 8 was a “trick” question, i.e. it was askeols an object that did not exist in the descriptibime
point was to see if the subjects scanned the entinesoesearch of this object.
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Table 3

Description # of 1's | # of 0's | Direction significange
Low correspondence 121 84 p<.0001

coding

High correspondence 85 120 p<.05

coding

Table 4

Questions # of 1's | # of O's | Direction significange
Low correspondence 58 13 p<.0001

coding

High correspondence 26 45 p=.65

coding
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4.3.2 Subject ratings

To test if there were any relationship betweenespondence in eye movements and the
subjects vividness ratings a simple correlatiohwes employed, i.e. to see if high and low
correspondence correlate with high and low vividmagings. However, no correlation was
found either for the description phase (correlatioafficient = -0.0054) or the question phase
(correlation coefficient = 0.3055).

A similar test was employed between correspondanege movements and the subjects
decision whether they usually imagine things irtyres or words, i.e. to see if high
correspondence correlates with pictures and lowespondence with words. However, no
correlation was found either for the descriptioas# (correlation coefficient = -0.0430) or
the question phase (correlation coefficient = 0278

4 .4 Discussion

The main conclusion from these findings is that ey&ements during a visualization of a
description have high correspondence with the alpatisitions of objects in the description.
The eye movement direction was significant bothtfierlow correspondence codinggp
.0001) and the high correspondence coding @b6). For the high correspondence coding, 6
of the 11 subjects had eye movements that had ads08tger correspondence with the
spatial relations of the analyzed areas of intefestthe low correspondence coding, 10 of
the 11 subjects had eye movements that had a 508#ger correspondence with the spatial
relations of the analyzed areas of interest. Onby subject showed no correspondence at all.

It was also found that the eye movements duringtipres about the description corresponded
with the spatial positions of the objects in quastiBut the eye movement direction was only
significant for the low correspondence coding:(j9001). However, 4 of the 5 subjects that
had a 50% or larger correspondence for the higiespondence coding during the
description also had a 50% or larger correspondfmdde high correspondence coding
during the questions. Because of technical probkbmsliata for subject 9 is missing during
the question phase.

5. Experiment 2

One group of subjects was instructed to view aupgstwhich was later to be visually
imagined. This was done by letting the subject amsyuestions about the picture’s objects
and spatial relations while he or she looked ah#enscreen.

Based on the results by Brandt and Stark (199d)Laeng and Teodorescu (2002) the
hypothesis is that the spatial positions of objetthe picture are reflected by the eye
movements during the visualization of it (during tuestions).

This means that if the subject is to answer if obgct in the picture is to the left or to the
right of another object, the eye movements shoalditmilar to how the spatial relations of
these objects were positioned in the observedngictu
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5.1 Method
5.1.1 Participants

Ten students at the University of Lund, 5 femaled & males volunteered to participate to an
experiment in cognition science. All subjects repdmormal vision, or corrected to normal
(with contact lenses or glasses). The participaet® told that their pupil size was being
measured during a visualization task. At the endaah session, participants were questioned
about their beliefs about what had been studigdarexperiment. It was confirmed that nine
were naive about the fact that their eye movemaste recorded and that they had no
specific knowledge about the experimenters’ expgecta. One of them did see through the
nature of the experiment, and realized that theneyeements were recorded and that there
was some sort of mental images versus picture peocethat were studied. This participant
will be handled separately during the analysis.

5.1.2 Apparatus and stimuli
The output and the eye tracker that was used Wwersame as in experiment 1.
The visual stimuli used in the experiment consisted complex picture (500mm700mm)

(picture 11) and a white screen (the same as iarempnt 1§. The participants were seated in
front of the picture or the white screen at a diséaof 150 cm (picture 12).

Picture 12 - The picture in the environment as it was
observed by the subjects.

® This picture was chosen because it had been used imisgioture perception studies before (Holsanova,
1999; Holsanova, 2001).
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5.1.3 Procedure
Before the actual experiment the same calibratroogriure as in experiment 1 was done.

The experiment consisted of two main phases, oreepton phase and one question phase.
Afterwards the subject was asked a few questionatahe experiment. Eye movements were
recorded both in the perception phase and in tieetgun phase.

At the beginning of the perception phase the stbjesceived the following instructions:

“You will soon se a picture. We want you to study picture as thoroughly as possible.
During your study of the picture we will measureiypupil size”

The picture was shown during 1 minute. Then a wdtteen was placed over the picture and
the subjects were told that they now where abolistien to, and answer, a couple of
prerecorded questions. The subjects where alsdfispég told to keep their eyes open

during this phase, but that they were free to lvbkrever they wanted on the white screen.
They were also informed that their pupil size agatuld be measured during these
questions. These instructions took about 40 semder to prevent afterimages. After the
subjects had answered the questions about thegittey received the following

instructions:

1) Rate the vividness of your visualization during theagery phase (a rating scale
ranging from 1 to 5).

2) Make an assumption whether you usually imaginegthin pictures or words.

3) What do you think we studied in this experimentdtsure that the subject was naive
about the hypothesis of the experiment)?

5.2 Analysis
The analysis of the eye data was done Witaw for windowsas in experiment 1.

The eye movements were also as in experiment lwihdhe same criteria, scoredfagh
correspondencdow correspondencandno correspondence

5.3Results
5.3.1 Correspondence in eye movements

As in experiment 1 a table was created (table 5)f® correspondence of the eye movements
for each subject and each question.

Table 5 — Questiofis

#1 | #2 |#3 | #4 |#5 | #6 |#7 |#8 | #9 | #10
Questionl |0 |0 [0 |O |O [ O (O |O |O [1*
Question2 |1* [1* [1* |[1* |O 0o |[1* |1* |1* |1*
Question3 |1* |0 [1* |0 |O |O (O |1* |0 |1*

" Question 8 was as in experiment 1 a “trick” questidth the same purpose.
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Question4 |1* |! 1* |1* |0 (0 |[1* |1* |0 |O
Question5 |1* |1* |1* [(1* |0 |0 [0 [21* |1* |O
Question6 |0 |0 [0 |[1*]0 |O (O |O |O |[O
Question7 |1* |0 [1* [1* |O |0 (O |1* |0 |O
Question8 |1* |0 |- - - |- - - -

Test subject 7 was the one who saw through theeafitthe experiment.

The data was analyzed with the same coding estmas experiment 1, and the direction
significance was also tested in the same way agperiment 1 (table 6). How well the eye
movements corresponded with the spatial locatiomsg the questions for each subject is
presented in diagrams 5 and 6. This is done batlofo correspondence coding and high
correspondence coding.

Table 6
Questions # of I's | # of O’'s | Direction significange
Low correspondence |30 42 p=.17
coding
High correspondence |0 72 p=1
coding
Questions - Low correspondence Questions - High correspondence
coding coding
100% 100%
80% 80%
60% M 60%
40% - 40%
20% H | 4|—|» <|—|» - 20%
0% R 0% —_—
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Subjects Subjects
Diagram 5 Diagram 6

5.3.2 Subject ratings

To test if there was any relationship between spwadence in eye movements and the
subjects vividness ratings a simple correlationdssn experiment 1 was employed.
However, no correlation was found (correlation fiogfnt = -0.2675).

As in experiment 1 a similar test was employed letwcorrespondence in eye movements
and the subjects’ decision if they usually imagdimags in pictures or words. However, no
correlation was found (correlation coefficient 9@45).
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5.4Discussion

The main conclusion from these findings is that ey&ements during the questions of the
observed picture did not show significant corresfmte. The eye movement direction was
significant neither for the low correspondence ngdp = .17) nor for the high
correspondence coding (p = 1). For the high comedence coding none of the subjects’ eye
movements showed correspondence with the spaliiones of the questions. For the low
correspondence coding, 4 of the 10 subjects hadneyements that had a 50% or larger
correspondence with the spatial relations of thedyared areas of interest.

Because test subject 7 saw through the natureeahtperiment this subject was intended to
be treated separately, but because the resultsotliiceach significance even when this subject
was included there was no reason to exclude thedub

If the results from experiment 1 and experimente2campared, it is found that for low
correspondence the mean correspondence for thedoespondence coding is 82% in the
guestion phase in experiment 1 and 40.5% in experird. For the high correspondence
coding the mean correspondence is 36.6% in expatitnand 0% in experiment 2.

To test if there were any significant difference tlee eye movement correspondences in
experiment 1 and 2 a test of significance of déferes between proportions that is
mathematically equivalent to thyé-test under one degree of freedom was employete(fb

A diagram that compares the mean value of subjeges’movement correspondence during
the retelling of the description and the retellafghe picture for both low correspondence and
high correspondence coding is presented in diagramd 8.

Table 7
Questions Picture | Verbal | Significance
Low correspondence 40,5% | 81,7% | p<.0001
coding
High correspondence0% 36,6% | p<.0001
coding
Picture vs Verbal Picture vs Verbal
Description (low Description (high
correspondence coding) correspondence coding)
100% 100%
80% - 80%
60% - 60%
40% - 40%
20% +— — 20% I
0% ‘ 0% :
1 2 1 2
1=Picture, 2 =Verbal Description 1 =Picture, 2=Verbal Description
Diagram 7 Diagram 8
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These results, with the significance p0001 both for the low correspondence coding aed t
high correspondence coding, show that there igrafgiant difference in eye movement
correspondences for experiment 1 compared to erpeati2.

So why are the results not as good in experimastid experiment 1? Could it be that the
eyes reflect a mental image during a verbal desonfut not when imagining an earlier
observed picture? This explanation was not foumg Meely when previous studies had
indicated the opposite. The answer was considerbd found irhowthe experiment was
designed. One design problem could be that thetignesabout the picture were too easy to
answer after observing the picture for a whole r@nue. the subjects did not have to employ
eye movements when recalling a mental image opittaere to answer the questions. It is, for
example, easy to remember the amount of men asdroat the picture. Another explanation
can be found from a study by Demarais and Cohe®3)19hey mean that many
experimental imagery tasks do not involve the in8ipa of the extremities of a linearly
extended image, but, rather, internal structurtditieof an image that may be relatively
compact, i.e. large eye movements are suppressaddrethey tend to move the image and
disrupt the inspection. This means that most eyeements are more likely to be low
amplitude “fixation” movements (microsaccades) eatthan the large, saccades evoked by
spatially linear transitive inference tasks. Ipassible that the design of the questions were of
a nature that suppressed these larger eye movements

To eliminate these possible problems another exygari was created in which the subjects
only were to observe the picture in 30 secondsnan@dnswer questions about the picture, but
instead with their own words retell what they hadrsin the picture.

6. Experiment 3

One group of subjects was instructed to view aupgtwhich was later to be visually
imagined when they freely with their own words wasked to describe the picture while
watching a white screen. The picture was the sanie experiment 2.

The hypothesis is that the spatial positions oéctgjin the picture are reflected by the eye
movements during the visualization of it (during thescription).This means that when
objects from the picture are mentioned, duringrételling, the eye movements should be
similar to how the spatial relations of these otgaweere positioned in the picture.

6.1 Method
6.1.1 Participants

Twelve students at the University of Lund, 6 fersaded 6 males volunteered to participate to
an experiment in cognition science. All subjecisorted normal vision, or corrected to

normal (with contact lenses or glasses). The ppaints were told that their pupil size was
being measured during a visualization task. Atetheé of each session, participants were
guestioned about their beliefs about the purposkebéxperiment. It was confirmed that all
participants were naive about the fact that thgeereovements were recorded and that they
had no specific knowledge about the experimengxgéctations. Two of them discussed the
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possibility that what you looked at during and aftes picture was measured, but it was not
considered that they had seen through the natuteaxperiment.

6.1.2 Apparatus and stimuli

The output and the eye tracker that was used Wwersame as in experiment 1 and 2.
The visual stimuli used in the experiment wereghme as in experiment 2.

6.1.3 Procedure

Before the actual experiment the same calibratroogdiure as in experiment 1 and 2 was
done.

The experiment consisted of two main phases, oreepton phase and one retelling phase.
Afterwards the participant was asked a few questaiout the experiment. Eye movements
were recorded both in the perception phase arkingtelling phase.

At the beginning of the perception phase the stbjeceived the following instructions:

“You will soon se a picture. We want you to study picture as thoroughly as possible.
During your study of the picture we will measurerypupil size”.

The picture was shown in about 30 seconds. Wheddkeription finished the subject was
told to describe the picture freely with his or bam words. The subjects where also
specifically told to keep their eyes open durinig fthase, but that they were free to look
where ever they wanted on the white screen. Theg also informed that their pupil size
again would be measured during these questionseTihstructions took about 40 seconds, in
order to prevent afterimages. After the subjectsdraswered the questions about the picture
they received the following instructiofis:

1) What do you think the meaning of this experimens\{ta ensure that the subject was
naive about the hypothesis of the experiment)?

2) Rate the vividness of their visualization during tmagery phase (a rating scale
ranging from 1 to 5).

3) Make an assumption whether you usually imaginegthin pictures or words.

6.2 Analysis

To analyze the data the test subjects’ descriptimre first transcribed so it was possible to
analyzewhencertain objects are mentioned. Example:

00:42 — And there is a tree in the middle
00:54 — In which it lives small animals and stuff ltkat

8 The question to test if the subjects were naive ®&ttperiments hypothesis was slightly different from
experiment 2 and was asked before the ratings, beitauas considered that the rating questions coivid the
subjects clues about the experiments nature. To ask pbpose instead of what had been studied was
considered less leading.
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The first numbers are the time when the senteragessand then the test subject’s description
follows.

The eye movements of all test subjects were dseirarlier experiments scoredhagh
correspondencgdow correspondencandno correspondencdut because the test subjects
themselves freely are describing the picture treeregvements are analyzed according to
certainareas of interesirom their descriptions. But these areas can betioread in a number
of ways and can be divided into smaller units tbgether form auperfocugHolsanova,
1999, pp. 16-17). Example of a superfocus:

01:20 — And ehhh to tHeft in the picture
01:23 — there are largaffodils
01:26 — it looks like there also sat soamémals there perhaps

In this example the flowers to the left in the pretis described by the direction left, they
being daffodils and that there were animals on them

Another difference in this experiment is that wiyen describe something with your own
words the eye movements can move to a certainbafeae you start to describe that area.
Therefore high correspondence was in this expetisigghtly different than in experiment 2.
High correspondence was considered according ttotlosving criteria:

1. The eye movement from one position to another mpgear within 5 seconds before
or after an area of interest is mentioned.

2. The spatial relations that appear in the eye mowésnmaust be correct in relation to
each other.

Low correspondence was considered according ttotlosving criteria:

1. The eye movement from one position to another mpgear within 5 seconds before
or after an area of interest is mentioned.

2. The spatial relations that appear in the eye momemaust be correct in relation to
the previous mentioned area of interest.

The time limit 5 seconds was used again. The retsthis is that in a retelling case there is
again the possibility that one area of interest m&srfere with another if you have too
generous a time limit, e.g. if a new area of irdere being retold before the time limit for the
previous one has ended. Above this the subjectalsiadshow individual differences in eye
movements and the retelling of an area of intef®me subjects first moved their eyes to a
new position and then started the retelling of #irat of interestwhile others started the
retelling of an area of interest and then moved #hees to the new location. This behavior
made it necessary to have a time limit both bedm after an area of interest was mentioned.
After careful consideration to the individual diféeces and the possibility that one area of
interest interfere with another the 5 seconds vageen considered a sound limit both before
and after a subject starts the retelling of an afeaterest.

® This behavior is again consistent with the study bisatwva (2001, pp. 104-105), in which it was foulmat t
in picture perception, subjects sometimes have a detabout 2-4 seconds from when a certain areatefast
was fixated until it was verbally described.

30



Roger Johansson, Cognitive Science, Lund University
Eye movements During Visualizations of Pictures and Y@&bscriptions

The areas of interest that were mentioned by thgests varied depending on how much they
remembered and what they considered of interestaBer transcribing all the subjects’
retellings the areas of interest in picture 13 wigned.

. o e T i i
12 I‘. L o R -1 o T L !
A e e ._.ir.& B b

Picture 13 — Areas of interest in the picture

Because it was common to describe the versiortseafian like!there were four versions of
a man”, and the cat like‘there were four versions of the catthose as a unit were also
considered as an area of interest. For exampaestibject said there were four men the eyes
had to go from the left edge to the right edgev{ce versa) to get correspondence.

When the picture was described it was common bHeastibjects shrunk the dimensions, i.e.
that the saccades were smaller like Brandt and $taserved (1991, pp. 32-33), or that they
smeared it out a bit (probably because the whiteescwas slightly larger then the picture).
This can be seen in pictures 14 — 17. As previosias also common that the subjects re-
centered and changed the center from time to tiove ¢orrespondence).

B Miew for Windaws 2// [c) SMI M=
Fle Acquistion Apslsic Sep Window 2
e o 2 Used| 0:01:46][ 2 | o= ]
(3] <] Frea [ 2.38d|[ L | L
+| 0:00:00.00 |+] |« +| |+| 0:00:37.86 |+
0:01:3530 |+ [ 1[E3} 0:01:45.96

Use Raw Data| Smaller | Larger | Close |
Astan| & ® A wr > e Simina.. | B Mo, | Elvasa|[mivie. | Fveral.| 0 anb. | |[Zd Dt 1701
Picture 14— One test subject’s fixations and saccades after tkerghtion of the pictur
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Picture 15 — The fixations and saccades for the sanheubgect after the retelling of the scene. This sulsjectars
the picture on a larger area (probably because theevbitreen where slightly larger than the picture).
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Picture 16 — One test subject’s fixations and saccades e observation of the picture.

32



Roger Johansson, Cognitive Science, Lund University
Eye movements During Visualizations of Pictures and Y@&bscriptions

ER iview for Windows 47/ (c) SMI (=] =]

File  &couisition Apalysis  Sefup Window 2

ErEEEEREn

Used| 0:01:57][ 2 | % =
Freo

| 0:00:38.28 [+] +| [+] 0:01:57.10
0:00:07.80 L] [ | [+] 0:00:19.50

Use Raw Dalal Smaller I Larger | Close |

iﬂStart"J -] E} :\ﬁ ¥ ”H ECulter...I @Mina...l T Micra.. I @Vassa..”é‘ Mie @varbal. | 1 Analy... |@@§@Qi@ﬁ 17:09

Picture 17 — The fixations and saccades for the sameddifer the retelling. This subject shrinks the picturéhe
vertical plane.

6.3 Results
6.3.1 Correspondence in eye movements

As in experiment 1 and 2 a table, with the samterion, was created for the correspondence
of the eye movements and the described areasevésts (table 8).

Table 8 — Retelling of the picture

#1 [ #2 | #3| #4[#5 | #6 | #7 | #8| #9| #10#11 |#12
Tree 1|1 |- *11 |1 (|11 1] 1 1* | 0
Daffodils 1 (1 |- 1* | - 1 (1/{- 1(1 - 0
Cows 1 |21%]- |- |- - - - 0 1* 0
Versions of the man (1 [ 1*f 1*( 1 |11 1| 14 1 1 0
Nesting box, birds in the tree 1 - 1*| 1*| 1 1 1 1 1 1]1* 0
The man raking 1 |1 |- 0O |0 | 1*| 1*]| - 1] 1*| - 0
Dragonfly 1 |- - - - 1 - - - - - 0
Versions of the cat O | 2| 1* 2% 2| 2 1| - 0] 1 1* 0
Sign 1 - - - - - - - - - - 0
The man sawing 1|1 1* 0] - 1* - 1] 1) 1 1 0
Up to the right 1 |- - - - - - - - 1 - 0
Cart 1 |- - 1* |- - - - - - - 0
The man digging - 1 |- o212 ] 1| 1% - - 1 1 0
Sky above - - - - 1| - - - 1 - - 0
The cat with waterpump - - - - - 1* | - 1 |- - - 0
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The direction significance was also tested in Hraesway as in experiment 1 and 2 (table 9),

and how well, i.e. for each area of interest, e movements corresponded with the spatial

locations during the retelling for each subjegtrissented in diagrams 9 and 10. This is done
both for low correspondence coding and high cooedpnce coding.

Table 9

Retelling #of I's | # of 0’'s | Direction significang
Low correspondence 77 26 p<.0001

coding

High correspondence56 46 p<.0001

coding

6.3.2 Subject ratings

To test if there were any relationship betweenespondence in eye movements and the
subjects vividness ratings a simple correlatiohdssn experiment 1 and 2 was employed.
However, no correlation was found (correlation fiogfnt = -0.2202).

As in experiment 1 and 2 a similar test was alspleyed between correspondence in eye
movements and the subjects decision whether thegllysmagine things in pictures or
words. However, no correlation was found (correlaicoefficient = 0.3163).

100%

Retelling - Low correspondence
coding

80% - -
60% - -
40% - -
20% - -

0%

Subjects

1 2 3 45 6 7 8 9 101112

100%

coding

Retelling - High correspondence

80% -

60% -

40% -
20% A

0%

=

Subjects

1 2 3 45 6 7 8 9101112

Diagram 9

6.4 Discussion

Diagram 10

The main conclusion from these findings is that eywements during the retelling of the
observed picture did show significant correspondefibe eye movement direction was

significant both for the low correspondence codpg .0001) and for the high

correspondence coding €0.0001). For the high correspondence coding 9eflthsubjects
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had eye movements that had a 50% or larger comespae with the spatial relations of the
analyzed areas of interest, and for the low comedpnce coding 11 of the 12 subjects had
eye movements that had a 50% or larger correspcordeith the spatial relations of the
analyzed areas of interest. This experiment shanwag indication that the eye movements
are reflected when a picture is described duringeatal visualization of it. The results are
even better than the results from the questioiseo¥erbal description in experiment 1. This
observation suggests that it is possible that éxyet 1 in some way also had similar
problems as experiment 2. With this possibilitynmd, and in order to make it possible to
compare the results from experiment 3 with a veelpkeriment, a new experiment was
created. This experiment was the same as experimaith the exception that there were no
guestions. The subjects were now to retell thergggm in the same manner as in
experiment 3.

7. Experiment 4

One group of subjects was instructed to listenpoeaecorded verbal description, which was
later to be visually imagined when they freely wotin words, while watching a white
screen, were told to describe the description teellistened to. The description was the
same as in experiment 1.

The hypothesis is that the positions of objecthédescription are reflected by the eye
movements during the description and during thellneg of it. This means that when the
subject listens to the verbal description the epgaments should follow the spatial relations
of the objects in the description, and when thectsjfrom the description are mentioned,
during the retelling, the eye movements shouldilmdas to how the spatial relations of these
objects were positioned in the description.

7.1 Method
7.1.1 Participants

Twelve students at the University of Lund, 6 fersaded 6 males, volunteered to participate
to an experiment in cognition science. All subjeeizorted normal vision, or corrected to
normal (with contact lenses or glasses). The ppaints were told that their pupil size was
being measured during a visualization task. Atethé of each session, participants were
guestioned about their beliefs about the meaningegxperiment. It was confirmed that all
participants were naive about the fact that thgeereovements were recorded and that they
had no specific knowledge about the experimengqgéctations. Although two of them
discussed the possibility that what you lookeduaitrdy and after the description/picture was
measured, but it was not considered that they éad through the nature of the experiment.

7.1.2 Apparatus and stimuli
The output and the eye tracker that was used wersame as in experiment 1, 2 and 3.

The stimuli were the same as in experiment 1.
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7.1.3 Procedure

Before the actual experiment the same calibratroogriure as in experiment 1, 2 and 3 was
done.

The experiment consisted of two main phases, oseriggion phase in which the participants
listened to the verbal description and one reglfihase in which the participants with own
words retold the description they had listenedMterwards the participants were asked a few
guestions about the experiment. Eye movements reecgded both while subjects listened to
the verbal description and while they retold it.

At the beginning of the description phase the stibjeeceived the following instructions:

“You will soon hear a prerecorded verbal descriptidhe description will describe a
two dimensional picture. We want you to listerhi® description as carefulyl as possible
and to visualize it as thoroughly as possible. Dgrihis description we will measure
your pupil size. It is important that you do nads your eyes, but you may freely look
wherever you want on the white screen”.

When the description finished the subject was wath own words freely to describe the
description they just had listened to. The subjedtsre also specifically told to keep their
eyes open during this phase, but that they weestéréook wherever they wanted on the
white screen. They were also informed that thepilgize again would be measured during
these questions. These instructions took aboued0irs order to prevent afterimages. After
the subjects had answered the questions abouidiueepthey received the following
instructions:

1) What do you think the meaning of this experimens \{ta ensure that the subject was
naive about the hypothesis of the experiment)?

2) Rate the vividness of your visualization during tlescription phase (a rating scale
ranging from 1 to 5).

3) Rate the vividness of your visualization during taelling phase (a rating scale
ranging from 1 to 5).

4) Make an assumption whether you usually imaginegghin pictures or words.

7.2 Analysis
The analysis of the eye data was done Witbw for windowsas in experiment 1, 2 and 3.

The retellings were transcribed in the same wap agperiment 3 and the areas of interest
were the same as in experiment 1. The eye movemenésalso coded as in experiment 1
and 3 (during the description as in experimentd during the retelling as in experiment 3),
and with the same criteria scoredhagh correspondencéow correspondereandno
correspondence

The eye movements were like in the previous expartsisometimes re-centered and shrunk
into a smaller area. But the smearing effect thed found in experiment 3 was not found in
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this experiment (probably because the white sonenthe same in both the description
phase and the retelling phase). The eye movemkntstalways had the same proportions
during the description phase and the retelling has example of this can be seen in

pictures 18 and 19.
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Picture 18 — The fixations and saccades for one subjfeat the description phase.
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Picture 19 — The fixations and saccades for the saimectafter the retelling phase.
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7.3 Results
7.3.1 Correspondence in eye movements
As in experiments 1, 2 and 3 tables were creatét,tie same criterion, for the

correspondence of the eye movements for each $wryjdeach area of interest during the
description (table 10) and the retelling (table.11)

Table 10 — Description

#1 | #2 |#3 | #4 |#5 | #6 | #7 | #8| #9| #10| #11#12
Spruce 1 ]1(1{1]21] 1] 1f 1) 1] 1 0 0
Bird in top of spruce 1 |1 ]J]0f/O0 |1 ]1)1|] O0f 1] 1* 0 0
House 1 ]2 |1f{21|1)] 1] 2| 1] 1] 0 0 0
Chimney with bird 1 |12 [0 J]O|JO |1 f1])]1]0]0O 0 0
Tree 1 /12 |1 (1|1 1)1] 1 1] 1 0 0
Bird above tree 1 /1]0]0]{- - 1) 0] O O 0 0
Raking man 1 (1 |1 ]1)1|2[2] 1] 1] 1 0 0
Fence (below) 1|1 (1] 1] 1) 2f 2 1] 1 1 0 0
Fence (left to right) - 1*|0 |1*|1 |1 [O0]1]1] 0 0 0
Bike - |1 jJ1xj1*f1 |12 ]1]12f{0]1 0 0
Mailbox - 1 |0 (1*|1 |1 |1 (1 ])]0]1 0 0
Cat - [1*]0 |0 O [1]1]1[0] 0O 0 0
Road (below) - |1 o110 1 1] 1] 1 0 0
Road (left to right) - |1*]0 (1)1 |1 [1*|1*])0 |O 0 0
Girl - - (2 11 j1 (1 |1 |J1*|1 0 0
Boy 1* |- 1 |1*]1 |0 |1 0] 11 0 0
Lady - |- (1 [1*)- ]1 (1 |1 ]1]1 0 0
Bird with worm - - 0 [1* |- 1 ]0 |1 [1 |O 0 0

Table 11 — Retelling of the description

#1 | #2 |#3 | #4 |#5 | #6 | #7 | #8| #9| #10| #11#12
Spruce 1 /21|11 1) 2] 1f 1| 1 1* 1*
Bird in top of spruce 1 (1 |0 [ 1*{1 |1] - o 1] - 0 0
House 1 ]2 (1|21 1] 1] - 1] 1| 1 1* 1*
Chimney with bird 0O |1* |0 [1* (1 |1 |- - 1 |- 0 0
Tree * (1 |J1*|1 [1 |1 |1 (|1f[1]1 1* | 0
Bird above tree - |- 1*{o [1 |21 1[0 | 1] 1 1* 0
Raking man * 11 [1*f{1*|1 |- |1 [1]1*]1 1* | 0
Fence (below) 11 1] 0] 2| 2f 2 1] 1 1 0 1*
Fence (left to right) 0 [1 [1%]- 1 (1[1]1] 1] 1 0 1*
Bike 1 )1 [1*f{21*|1 |1 |1 |-]|- 1 0 0
Mailbox - 1 |0 (0|2 1 (|1f1])]1]1 0 0
Cat - 1* |0 |0 |1*]0 |- 1*|- 10 0 0
Road (below) - 1 ]|-10] 2|1 1] - 1] 1* 0 0
Road (left to right) - 1 |- - 1 |1 ([1]- 1] 1* 0 0
Girl 0 |1 (12*]0 |1 |1 |- 1 |1]1 0 0
Boy 1 | 1*]1*(1 [1 |- 1|11 |0 0
Lady - 1 ]2 J1*j1 (1 |1 ]1]1}1 0 0
Bird with worm - - 0 |0 |- 1* |- - 1 |- 0 0

38



Roger Johansson, Cognitive Science, Lund University
Eye movements During Visualizations of Pictures and Y@&bscriptions

The data was analyzed with the same coding esbmasg experiment 3, and the direction
significance was also tested in the same way agperiment 1, 2 and 3 (table 12 and 13),
and how well, i.e. for each area of interest, e movements corresponded with the spatial
locations during both the description and the lietgfor each subject is presented in
diagrams 11-14. This is done both for low corregjmte coding and high correspondence
coding.

Table 12
Description #of I's | # of O’'s | Direction significange
Low correspondence 128 71 p<.0001
coding
High correspondencel09 90 p<.0001
coding

Table 13
Retelling #of 1's | # of 0’'s | Direction significange
Low correspondence 137 46 p<.0001
coding
High correspondencel01 82 p<.0001
coding

Description - Low Retelling - Low correspondence
correspondence coding coding
100% 100%
80% 1 [ = 80%
60% -+ [ = 60% 1 [

40% H H - - 40% H H
20% H |H - - 20% H H ﬂ_ﬁ
0% 0%

1 2 3 45 6 7 8 9 101112 1 2 3 45 6 7 8 9 101112

Subjects Subjects

Diagram11 Diagram 1:
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Description - High Retelling - High correspondence
correspondence coding coding
100% 100%
80% - - 80% M ]
60% H [ | 60%

40% H (H - 40% -
20% H H ﬁ - 20% - ﬂT
0% AL 0% AL

1 2 3 45 6 7 8 9 101112 1 2 3 45 6 7 8 9 101112

Subjects Subjects

Diagram 12 Diagram 1

7.3.2 Subject ratings

To test if there was any relationship between spwadence in eye movements and the
subjects’ vividness ratings a simple correlatiost 8s in experiment 1, 2 and 3 was employed.
However, no correlation was found either for theagtion phase (correlation coefficient = -
0.1615) or the retelling phase (correlation coedfit = -0.1393).

Also as in experiment 1, 2 and 3 a similar test araployed between correspondence in eye
movements and the subjects decision whether thegllysmagine things in pictures or
words. However, no correlation was found eithertf@r description phase (correlation
coefficient = -0.0330) or the retelling phase (etation coefficient = -0.0119).

7.4 Discussion

The main conclusions from these findings are thatraovements during the retelling of the
description did show significant correspondences &e movement direction was significant
both for the low correspondence codings(f©001) and for the high correspondence coding
(p < .0001). For the high correspondence coding, 8®fl2 subjects had eye movements that
had a 50% or larger correspondence with the spalations of the analyzed areas of interest.
For the low correspondence coding, 11 of the 12estdbhad eye movements that had a 50%
or larger correspondence with the spatial relatmfrtie analyzed areas of interest. This
experiment shows strong indication that the eyeenmnts are reflected when a description
is retold from a visualization of it.

If the results from experiment 3 and experimentedampared, it is found that for low
correspondence the mean correspondence for thebigisspondence coding is 54.4% in
experiment 3 and 55.2% in experiment 4. For thedowespondence coding the mean
correspondence is 74.8% in experiment 3 and 74m8&periment 4.
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An interesting observation is that subjects thastigdhad high correspondences during the
description also mostly had high correspondencesglthe retelling, and subjects that

mostly had low correspondences during the desoriptiostly had low correspondence

during the retelling. Although a strange effect banseen for subjects 11 and 12, they had no
correspondence during the description but had smmespondence in the low
correspondence coding basis during the retellingogsible explanation could be found in
Johnson-Lairds theory (1981) that language candgatly stored both as linguistic
representations and as a form that are akin teep@on and internal images. It is possible that
these subjects had stored the description as 8tiguepresentation in the brain, i.e. not as a
mental model of the scene that had been desciiloedyhen they were to retell the
description this turned out to be a harder task fbst listening to the description and they
had to construct certain parts of the descriptido & mental model that they used when they
recalled the description.

To test if there were any significant difference tloe eye movement correspondences in
experiment 3 and 4 a test of significance of déferes between proportions that is
mathematically equivalent to thé-test under one degree of freedom was employet(tab
14).

A diagram that compares the average value of sighjege movement correspondence during
the retelling of the description and the retellafghe picture for both low correspondence and
high correspondence coding is presented in diag&eand 16.

Table 14
Retelling Picture | Verbal | Significance
Low correspondence 54,4% | 55,2% p=1
coding
High correspondence74,8% | 74,9% p=1
coding
Picture vs Verbal Picture vs Verbal
Description (low Description (high
correspondence coding) correspondence coding)
100% 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% . 0% T
1 2 1 2
1 =Picture, 2 =Verbal Description 1 =Picture, 2 =Verbal Description
Diagram 1¢ Diagram 16
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These results, with the significance p = 1 bothtlierlow correspondence coding and the high
correspondence coding, show that there is no signif difference in eye movement
correspondences during a visualization of a vedbatription or a complex picture. For the
low correspondence coding basis the correspondsratost 75% and for the high
correspondence coding basis the correspondeneeli$0%.

8. General discussion

The experiments that have been presented abovedesigned to test the hypotheses that the
spatial positions of objects in a picture are éd by the eye movements during a
visualization of that picture, and that the spat@sitions of objects in a verbal description are
reflected by the eye movements during a visuabmadif that description. An open question
was if the reflection in eye movements is similadifferent in these two situations.

In experiment 1 test subjects listened to a vedbatription while watching a white screen
and then answered questions about it (still watgkine white screen). In experiment 2 test
subjects viewed a picture and then answered quessgibout it while watching a white screen.
While these experiments involved some design problevo new experiments were
designed. In experiment 3 test subjects viewedtang and then retold what they had seen
while watching a white screen. In experiment 4 seffjects listened to a verbal description
while watching a white screen and then retoldtill (gatching the white screen). The eye
movements were recorded in all the experiments.

How well the eye movements corresponded with tlatigdocations during imagery was
considered for two coding bases. Low correspondeadang means that the eye movements
are considered to move correctly if they movedmdirections left, right, up, and down

when they were supposed to. High correspondendegodkans that the eye movements are
considered to move correctly not only if they moligd they should in the directions left,

right, up, and down, they also had to be locatetiencorrect position with each other, i.e. if
there are 3 objects positioned to the left it iserugh that the eyes move to the left when
the subject imagines one of these objects, thaiposiof the eye movements must be correct
with each other for all of these objects. Mean galaf how well the eye movements
corresponded, i.e. either they did or they did mogach experiment are presented in table 15.

The direction significance was also tested foraye movements during imagery in all the
experiments. These results are presented in té&ble 1

Table 15
Exp1l - Expl - Exp2 - Exp3 - Exp4 — Exp4 -
Description | Questions Questions | Retelling Description | Retelling
Low correspondence |59,0% 81,7% 40,5% 74,8% 64,3% 74,9%
coding
High correspondence | 41,5% 36,6% 0% 54,4% 54,8% 55,2%
coding
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Table 16
Expl - Expl - Exp2 - Exp3 - Exp4 — Exp4 -
Description | Questions Questions Retelling Description | Retelling
Low correspondence | p<.0001 p< .0001 p=.17 p <.0001 p<.0001 p< .0001
coding
High correspondence | p< .05 p=.65 p=1 p <.0001 p< .0001 p< .0001
coding

As can be seen in table 16 the eye movements idinedor experiment 1 and 2 were not
significant during the questions (during imageiy) the high correspondence coding either
for the verbal description (experiment 1) or thetymie (experiment 2), and there were no
correspondences in the eye movements for the pi¢experiment 1) during the questions.
The reason to these bad results was probably 8igrdef the questions. This problem was
eliminated in experiments 3 and 4 where the subjaestead of questions were to retell the
picture and the verbal description with own worlls.can be seen in table 15 and 16 the
correspondence in eye movements were much betigitha eye movement directions were
significant. However, a funny thing was that foe fbw correspondence coding the results
were better when the subjects retold the verbairgemn than when they listened to it
(64.3% and 74.9%). A possible explanation to thisid be that all eye movements that
appeared were not related to image scanning. lbéas found that eye movements also
appear during verbal tasks such as general araurgaiting reactions, and/or in cognitive
change (Demerais & Cohen, pp. 230-231). It is fbsshat eye movements appeared
because of these effects and sometimes were irttindbe low correspondence coding.
However, in the high correspondence coding, withhiigher demand on the results, this
difference between listening to the description aatdlling it was not found. As can be seen
in table 15 the results during the verbal des@iptind the retelling of it are almost identical
(54.8% and 55.2%). Another interesting observdtiom table 15 is that the results of the
retelling of what could be seen in the picture @ipent 3) and the retelling of the verbal
description (experiment 4) were also almost idehii¢4.8% and 74.9% for low
correspondence coding, and 54.4% and 55.2% fordogiespondence coding). These results
can also be seen in diagram 15 and 16.

So what do these results say about my hypothesketharopen question about if the
reflections in eye movements are similar or diff¢ii@ these two situations?

While the results for the low correspondence codigg be criticized (because of the possible
eye movements that were not related to image seghtiie results for the high
correspondence coding are very solid. The mearitsesu the subjects in experiment 4 with
high correspondence coding show that the eye mavisngerrespond with the spatial
locations during imagery to a degree over 50%. Eh®ry strong evidence that the spatial
positions of a verbal description are reflectedh®/eye movements during a visualization of
that description.

While the results for the low correspondence codiag be criticized also for picture imagery
(the effects with eye movements that are unrel@chage scanning might also appear in the
retelling of a picture) the results for the highrespondence coding again are very solid. The
mean results for the subjects in experiment 3 hiighh correspondence coding show that the
eye movements correspondence with the spatialitosatiuring imagery to a degree over
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50%. This is very strong evidence that the spabaitions of objects in a picture are reflected
by the eye movements during a visualization of gheture.

Diagram 15 and 16 show how well the eye movemesrtesponded during the retelling of
the verbal description (experiment 4) and the pectexperiment 3). The results are almost
identical. In table 14 it can also be seen thatetheas no significant difference for eye
movement correspondences during the visualizatidineoverbal description or the complex
picture. This is very strong evidence that theaefbn in eye movements is the same during
the visualization of a picture and during a veudbdcription. These results are consistent with
Johnson-Laird’s (1981) theory that language andaodisse sometimes are represented in a
form akin to that of perception and internal images

In all the experiments the subjects were alsotmidte the vividness of their visualizations
during imagery and to make an assumption whettesr tiormally think in pictures or words.
However, it was found that there were no corretabietween the subjects’ ratings and their
eye movement results, neither for visualizatiomget nor for the picture/word assumption.
These results strongly suggest that people in géaez not aware dfowthey are thinking,
i.e. these results show that when studying mentages, e.g. if at all we have any,
introspection is not a plausible way to find o i@all kind of researchf.

So what do these results say in a wider perspecige how do they correspond with
previous research? And how do they stand in rel@abdhe different theories about eye
movements and imagery?

Compared to the studies by Brandt and Stark (198w by Laeng and Teodorescu (2001) it
can be concluded that it is much harder to studyettact scanpaths that appear during the
mental reconstruction of a picture of the complegiiat was used in experiment 2 and 3.
However, even if the scanpaths are harder to sturdyomplex pictures, the results that
spatial locations of the picture’s objects to ahhilggree were preserved during the
visualization are consistent with the studies bgrit and Stark, and by Laeng and
Teodorescu.

Compared to the studies by Demerais and Cohen }18998&ey, Tyler, Richardson, and
Young (2000), and by Spivey and Geng (2001) itlmawconcluded that their findings of eye
movements moving to the directions left, right, apdown when a visualization of a scene
that is generated by a description that moves éadrthis directions also appeared in
experiment 1 and especially in experiment 4. Theselts are even extended by showing that
the subjects’ eye movements to a high degree bipilan entire scene with the correct spatial
locations for each of the objects and for theiatiehs to each other. Another extension is that
the subjects also retold the description and it fwaad that the spatial relations to a high
degree were preserved in the eye movements.

But although it has been shown that the eye movismefiect the spatial relations from the
mental visualization of both a complex picture ancbmplex verbal description, does this
mean that the eyes play a functional role in th@gengeneration process? Or are there other
explanations?

1 These suggestions are, however, based on the assurhptisrehavemental images and that they are
reflected in our eye movements during imagery, i.eeragn who is good at visualizing pictures should hgee e
movements that correspond with the spatial relations frenmental image.
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From a quasi-pictorial theory point of view theuks could be interpreted as further evidence
that eye movements play a functional role in visnahtal imagery and that eye movements
indeed are stored as spatial indexes that aretaswdange the different parts correctly when
a mental image is generated. Although this is dtneaterpretation of my results it is not
totally unproblematic. It gets difficult to explaimhy there were no correspondences in the
eye movements either in the low correspondencengaati the high correspondence coding
for some of the subjects. One explanation coulthbeduring imagery we tend to have low
amplitude “fixation” movements (microsaccades) ([2eams & Cohen, 1996), or like Brandt
and Stark (1997) state that in imagery there ine®d for eye movements with the full range
of amplitudes as in perception. One could theneatbat the amplitude of the saccades for
these subjects could be so small that they weressiple to analyze in this way. It is also
possible that the effect was absent because thegects shrink the picture so much that they
could “scan” most of their mental image covertlg, that their inner attention was shifted
without eye movements.

If instead the results are interpreted from a dpson theory point of view the explanation to
the results would possibly be that the correspocel@ccurred because of tacit knowledge,
i.e. that the subjects were simulating their past@ptual behavior. Although this critique
could be used towards the eye movements generptitx Ipicture it is more difficult to apply

it to the eye movements that were generated bydHsal description, i.e. what tacit
knowledge makes the eyes move to the same spat&ildns as are told in a description? | do
not find it very likely that we mimic a perceptushavior when listening to a verbal
description or when we are retelling this desaiptilf this was the case we would mimic a
perceptual process that never took place. | adsa#rtacit knowledge can not be used towards
my results from the verbal description experimexperiment 4), and while the results are
almost identical for the eye movements generatetthdypicture (diagram 15 and 16) | assert
that tacit knowledge can not be the case for eyeements generated by the picture either.
With respect to the results for the high corresgme coding it does also seem unlikely that
we are able to mimic a behavior in eye movemerasighso good that entire scenes of objects
with correct spatial locations are built up.

Another description theory explanation could bé&tasluced demand characteristics, e.g. that
the environment of the experiment, with the headmied eye tracker and the calibration
routine, made the participants realize what wepeeted of them, and therefore intuitively
made the expected eye movements. But this exptemigtialso rather weak, because all the
participants were asked after each experiment thiegtthought the meaning of the
experiment was. Almost none of the participantsitind that their eye movements had been
recorded. However, there were some subjects thatised the possibility that it was studied
whatthey observed in the picture, and some subjeatgtietty vaguely discussed a
comparison of mental images and perception, bwad not considered that they had seen
through the hypotheses of the experiments. Thesealg® one participant in experiment 2

that was spot on the hypothesis. Although this erpnt suffered from design problems an
interesting observation is that this subject ditdstmw better results (rather the opposite) than
the other subjects.

It is also possible, from a description theory poinview, to argue that the eye movements
only are a by-product. But this argument can natded towards my results that have
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direction significance both for the eye movememiseyated by the verbal description and by
the picture (table 16).

If the third theory, the perceptual activity (PAgbry, is used to interpret the results in its
proceduralist approach we have another healthypregtion. The PA theory would say that
the results of the experiments supports the thé@mtyeye movements during mental imagery
happen because of the procedures that take cafititod exploratory apparatus during both
the experiences of mental images generated byrpicand those generated by verbal
descriptions. The PA theory is also able to expley reflections in eye movements are
absent for some of the subjects. This could beusecthe procedures that are activated have
individual differences, which for example is th@asen why the reflections for some subjects
were totally absent and why for others they shramie-centered the experienced image. This
explanation gets even more plausible when thetestih subject during the verbal
description are compared to the results duringetedling of it, i.e. the same individual
differences that happened during the descriptisa Bhppened during the retelling.

To summarize, this research has provided new eg@trat the eye movements that occur
during the visualization, both for a complex verescription and for a complex picture, do
reflect the spatial locations of objects that appeshe description and in the picture. These
reflections were also as good for eye movementsrgéed by the complex picture as for eye
movements generated by the complex verbal desmmipirhich suggests that discourse can be
represented in a form similar to that of perceptiad internal images.

| have argued that the description theory do neelgood arguments towards the results of
my experiments. The results can not be explaingerins of tacit knowledge, task-induced
demand, or that the eye movements only are a byuptoTherefore the results do suggest
that we indeed have mental images (if interpreteabsgpictorial), or that the eye movements
that occur during imagery at least are involvethianprocedures that make us experience
mental images (if interpreted in line with the R¥edry). But it is hard from this study to say
whether the quasi-pictorial theory or the PA thesrthe most plausible explanation for the
results. But either way, the results do suggest‘tbaer-level” motor processes (e.g. the
eyes) are not separated from “higher-level” cogaiprocesses (e.g. imagery). Instead they
are connected and perhaps dependent of each dtleermental operations are executed.
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