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Abstract

People fixate on blank locations if relevant viswstiimuli
previously occupied that location; the so-callenbKing-at-
nothing’ effect. While several theories have bessppsed to
explain potential reasons for the phenomenon, rorthhas
attempted to predict the stability of this effeathapractice.
We conducted an experiment in which participarstetied to
four different sentences. Each sentence was assoondth
one of four areas on the screen and was preseftéithés.
After every presentation participants heard a statg
probing one sentence, while the computer screenbleak.
More fixations were found to be located in areasoeisted
with the probed sentence than in other locationsreldver,
the more trials participants had completed, the feequently
they exhibited looking-at-nothing behavior. Fixaso on
blank locations seem to occur when an attempt idema
retrieve information associated with a spatial tmsaas long
as it is not strongly represented in memory.

Keywords: Eye tracking, practice, spatial cognition, mental
representation, working memory

Introduction

When processing information from the visual woHdman
cognition integrates visual and auditory input watbstract,
higher level mental representations (Huettig, OBye&
Hartsuiker, 2010).
representation leads the gaze back to spatialidosator
areas that were previously occupied by relevamtrimétion.

For example, when we mention something about aetablframework

information was presented compared to other areath®
screen.

This so-called ‘looking-at-nothing’ behavior (Fereg
Apel, & Henderson, 2008) also occurs when the pfobe
information is presented visually (Laeng & Teodares
2001; Renkewitz & Jahn, 2010; Spivey & Geng, 2001),
when information is anticipated (Altmann & Kami&§07),
in light and in complete darkness (Johansson, Holsa &
Holmgvist, 2006), and for simple (Brand & Stark9¥9 and
more complex pictures (Johansson, Holsanova, &
Holmqvist, 2010).

Ferreira et al. (2008) assumes a memory repregamiait
an object or event that integrates visual, auditorg spatial
information and leads to a corresponding visuahdistic,
spatial, and conceptual representation. When orieopthis
integrated memory representation is reactivateuergparts
are retrieved, as well. This in turn causes gahehavior
toward the location where the information was poasly
presented. For example, seeing a table on a wisitdbeads
to the activation of a visual as well as conceptual
representation of the figure. Additionally, spokanguage
leads to the formation of a linguistic representatiThe
visual world leads to the activation of a spatiabex
(Pylyshyn, 2001), which can be used later to dicertgaze

Reactivation of such a memoryback to the area on a whiteboard, where the figuas

previously presented.
Huettig et al. (2010) recently proposed a general
to describe how linguistic and visual

presented on a whiteboard, we might point towatds t representations are bound together in an integratsdory

whiteboard, even if the table is no longer thergnaore.

representation. Their model, like that of Ferregt al.

Richardson and Spivey (2000) were among the fost t(2008), assumes the integration of information in a

show a close link between eye movements, auditorgonnected visual,
informationrepresentation.

information  processing and semantic
processing, in an information-retrieval task. R#sants
were presented with a spinning cross in one of fmual-

linguistic, spatial, and concaptu
It further includes ideas propoded
Altmann and Kamide (2007), Knoeferle and Krocker
(2007), and Spivey (2007). Here, we briefly introeuheir

sized areas on a computer screen together withespokframework. It is worthwhile to note that they indki a

factual information. After four facts were presehte
participants heard a statement probing one of tkegmted
facts and had to judge the truth of the statenigmting this
retrieval phase the computer screen was blankicipemts
fixated more in the critical area where the souwfter

detailed description of how integrated memory
representations can be linked to existing theooifetong-
term and working memory (c.f., Baddeley, 2000). tigeet
al. (2010) propose that language—-vision interastieme
based on long-term memory, where conceptual
representations (e.g., the concept of a figure brao
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whiteboard) are derived from. Therefore, long-tenemory  memory. With more practice, the strength with which
serves as a stable knowledge base. It is then mgrki retrieval-relevant information is represented in nmey
memory that grounds cognition in space and timeleads increases (e.g., Anderson & Schooler, 1991). Ikiog at
to the formation of short-term connections betwebjects  nothing increases with practice, then Huettig etsal
(e.g., spoken language, a figure, and a whiteboardassumptions would be supported. On the other hénd,
Contents of working memory are linked to conterittong-  looking at nothing decreases with practice, oudifigs
term memory via spatial indices. Because of thi®eistion  would support Spivey (2007) and conclude that Ingkat
working memory can instantiate a gaze back to thiecd. nothing varies with the degree of relevant infororat
In describing connections between memory repreSenta  included in the mental representation.

Heuttig et al. (2010) assume that the strongeasiseciation

between the linguistic and conceptual represemsitithe Experiment

higher “the probability of triggering a saccadic €ey T test looking-at-nothing behavior under differtaels of
movement (p. 5). . practice we conducted an experiment in which padits

Richardson, Altmann, Spivey, and Hoover (2009) 8haryere presented with four different sentences. Eatfience
Huettig at al.’s (2010) general idea of an integlanemory  gescribed an artificial scene. The same set of $eatences

representation. In contrast, however, they sugiestonly a5 presented in each of 12 experimental trialgerAdvery
sparse internal representations are built duriegeticoding  resentation trial a retrieval phase followed irickhone of
of information. They assume that during informationine four sentences was probed. In every trial eecttence

retrieval, an eye movement can be launched to thg,q associated with the same spatial location congputer
associated area in order to gather more informafids screen.

occurs when the spatial pointer (i.e., the visuat pf the
integrated memory representation) does not inclt®® M ethod
searched information: “If the pointer’s tag does$ imclude
the attribute, then the pointer's address to theereal
environment is the next obvious resource” (Spi&8Q7, p.
298). The link between information sampling fromet
environment and eye movements can be understotiteas
covert orienting of visual-spatial attention (Hofm &

Subramaniam, 1995). Targeting a position makes i . - .
necessary to allocate attention towards that pBeeause it }Xfpparatus ?nd materlalt. Pzrt&cmantsfvggge sea;):j djlgtfrémt
is impossible to make an eye movement without arf’ @ computer screen at a distance o mm N

h ; to position their head in a chin rest. The eyekeasystem
attentional movement (Shepherd, Findlay, & Hockey, g i
1986), attending to information stored in an instgd SMI iview REDpt was used to sample data of thetrigye

memory representation leads to eye movements t@Nar@ 50Hz with a precision of 0.05°. Data were reedravith

associated spatial areas iView X 1.7 and analyzed with BeGaze 2.3 and MatLab
Summarizing, we conclude that during the encodifg 07'0':L stoféwar(_e pr(IJEg?r_ns. Szt'g]u" in thszoexperlTw;al(r)g

information an integrated memory representatiofoimed presente using 't-h fime I.t' on fEE\SOO x-(Sn(])g]l ; -mm

from different modalities. However, theories divergn computer screen with a resoiution o pIXe

terms of how much information is included in themuoey

The visual stimuli consisted of a grid dividing thereen
representation and how this in turn affects thekilog-at- into four equal-sized areas with a fixation crostha center
nothing behavior. Ferreira et al. (2008) assumé tha

of the grid. Each set of four sentences was adgsaciaith
probability of triggering an eye movement increagét the same symbol — a black circle with a white |qedsker
the strength of the association between the liniguend

in it — which appeared in one of the four areashef grid
conceptual representation. Consequently, one corddict de_ﬁ(]endm%'?n thet_senlt_ence tha;[ v(\j/a§ ptrﬁsented. tatical
that looking-at-nothing behavior becomes strongih &n € auditory stimull présented In theé presenta
increasing association between these represergatmivey

Participants. Eighteen students (14 female; dge= 22.8)

from Chemnitz University of Technology participatedhe
h experiment. All reported normal or corrected-tomat
vision with contact lenses. All participants werative
German speakers.

consisted of four prerecorded sentences each Heggri

(2007), on the other hand, proposes that lookingoging three attributes of an artificial scene (e.g., ‘fehis a place

mainly occurs for the purposes of gathering infdforanot Wki]th ﬁ”pu_:_ple Iighthousbe,ha _sicl_<|e hbay, gnv?aaa weode
yet included in the mental representation. In hvith this church.”). To test gaze behavior in the retrieviaage, we

one might conclude that looking at nothing dimimishas generated 24 statements: A true and a false vefsrcmach
relevant information is included in the memory of the four statements multiplied by three attrésuf{The

representation. false statement probing the example sentence frioovea

To test these assumptions we varied the degreéichw was “There is a place ‘.N'th a wqoden cottage.”) ufegl
information is included in memory representationori shows 1 of the 12 experimental trials.
precisely, we manipulated the degree of practica task,
where auditory information, which is associated hwit
contents from a visual scene, has to be retrievech f

Procedure. To mask study intentions, students were told
they were participating in a study concerning pulilétion
that involved solving a memory task. No instrucion
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concerning gaze behavior were provided. The eyekéra
was calibrated using a 9-point calibration methdtiis

procedure lasted between 5 and 10 min. Subsequéndy
12 experimental trials started. In each of the ralst the

same four sentences were presented in random &rdery

sentence always appeared with the symbol in the sara
on the screen with a presentation duration of 30 s.

“There is a place with a purple lighthouse, a sickle bay,
and a wooden church.”

“There is a place with a brick stone bridge, a bumble bee
club, and a huge moorland.”

) “There isa place with a copper gallery, a barley
® mill, and a blue river head.”

“There is a place with a hotel ‘golden
4s chicken’, a magpie castle, and a chocolate
45 lake.”

“Thereisa place with a
wooden cotrtage.”

RT response

Figure 1. Exampletrial with the four experimental
sentences (presentation phase) and a statemeinigpthb
first sentence (retrieval phase). Original materigdberman.

After presentation of the fourth sentence withitrial, the
retrieval phase followed. Participants heard aestant,
which referred to a fact from one of the four sanes, and
judged it to be true or false. To observe participagaze
behavior, they were intentionally not instructedréply as
soon as possible. Presentation of one statemeaetdldss.
Statements were randomly assigned to trials antitjmants
with the restriction that every statement was pdotxece for
each participant. Participants had to answer the or the
false version of a statement balanced across taal$
participants such that every participant was preskmwith
six true and six false statements. A true statenvess
recorded when participants responded verbally wight’

and a false statement with ‘wrong’. Immediatelyidaling

this response, the investigator pressed a key laignthe
start of the next trial. In this way, participaniere not
required to look at the keyboard (This procedurs wlzosen

to prevent gazing away from the monitor towards theaesponding,

keyboard, which could have led to loss in qualifyege-
tracking data). After depressing the key, the itigesor
noted the particpant’s response on a sheet of papeging
the 12 experimental trials and their retrieval glsasggaze
data were recorded. Afterwards, participants filleat a
questionnaire which interrogated demographic véetgmbnd
the assumed goal of the study. Before leaving,igaaints
were informed about the true nature of the study.

reaction times are prone to error through outlierg., when
an investigator does not stop recording immediatgign a
participant’s response) we did not exclude outltaws used
median reaction times for further analysis.

To assess looking at nothing, gaze data from the
beginning of the retrieval phase to a participargjly (i.e.,
analogous to response time) was analyzed. Fourcedja
‘areas of interest’ (AOIs) were defined correspondio the
four areas on the screen. Numbers of fixations/aryeAOI
were counted per person and per trial. A fixatioasw
defined as having a minimum duration of 100 ms and
maximum dispersion of 100 pixels (1.3° visual ahglehe
AOI associated with a probed sentence is calledctitecal
area’. Gaze behavior was analyzed, whereby triadsew
discarded in which tracking data was missing fo@%4of
the trial duration (8% of all trialsMissing tracking data
was caused by blinks, lost pupil or corneal reflace, or
looking away from the screen.

To test the independent variable practice, we agdesl
the number of fixations in the AOIs as well as the
performance data over sets of four experimentalstriT his
allowed us to compare three conditions of practideck 1
(consisting of trials 1-4), block 2 (trials 5-8)dablock 3
(trials 9-12).

Number of fixations and median reaction times wanrky
analyzed for trials that were answered correctly.

Results

Performance measures. Overall, mean percentage of
correctresponses to the statements Was 87.8% @D =
20.8%), suggesting that the material was neithedifficult

to memorize nor too easy to learn. A one-way reggbat
measures ANOVA revealed a significant effect faruaacy
over the three blocks3(2,34) = 11.04p < .001,n,° = .40.
Bonferroni post-hoc tests showed an increase in
performance from the first to the second blolg; = 73%
VS. Mpo = 93%, p = .004, and from the first to the third
block, Mp; = 73% vs.Mpz=97%, p =.005. There was no
significant change in performance from the secamdhe
third block,Mp,= 93% vsMpz= 97%,p = 1.00.

The median reaction time to the statement in théekal
phase was 6206 mS8 = 1617 ms). Over the three blocks
of practice participants became faster in correctly
Greenhouse—Geisser-correckd,48;34) =
9.61,p=.002n,° = .36.

Bonferroni post-hoc tests confirm a decrease in the
median reaction times from the first to the secbiodk M,
= 7211 ms vsM,,= 5798 msp = .016 and from the first to
the third blockMy; = 7211 ms vsMp3=5608 msp = .009.
Again, there is no difference between the secordi the
third block, My, = 5798 ms vsMpz = 5608 ms,p = 1.00.
Response accuracy and median reaction times shthaed
the practice manipulation was successful. With more

Analysis. To assess participants’ performance, we collecte@ractice, participants answered correctly more nofaad

data on the accuracy of their responses and resgonss
(i.e., the time beginning with the retrieval phase ending
with a participant’s reply as noted by the investay). As

replied more quickly to the statements.
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Mean number of fixations.

Exemplary gaze behavior of a typical participant. Figure 2
shows scan paths of a typical participant for tresentation
and the retrieval phase of three trials, wherectitizcal area
was on the bottom right. Lines show saccades artesi
represent fixations with bigger circles indicatimgnger
fixations. Scan paths on the top left and righe dl Figure
2 show a trial from block 1. In this trial, the semce that
was associated with the symbol in the bottom reyleia of
the screen was probed for the first time.

Presentation phase

Block 1

Retrieval phase

Block 2

Block 3

DTS

P

'V
g

Figure 2: Scan paths of one participant for a trial in black
(top), a trial in block 2 (middle) and a trial itobk 3
(bottom) with the critical area at the bottom right
Left: presentation phase (scan paths of four sereten
presentations) right: retrieval phase.

Scan paths on the left and right side in the middIEigure

2 show a trial from block 2. In this trial, the semce on the
bottom right was probed for the second time. Sathgon
the left and right side on the bottom of Figureh®w gaze
behavior when the sentence was probed for the third

(block 3). Comparing scan paths from top to bottumthe
left side of Figure 2, scan paths reveal that thhout the
experiment the participant kept on following thendpls

during the presentation phase. In comparison, bahavior
in the retrieval phase (Figure 2, right) seemshange over

! Longer fixations at the bottom right area are ostipwn by
displayed data and not systematically. To contooldaze biases
the critical area was randomized across trials.

the experiment. In block 1, the participant direseveral
gazes to the critical area (Figure 2, top right)ithw
increasing practice, fewer fixations in the critieaiea are
made (middle and bottom right).

Aggregated gaze behavior. Figure 3 shows the proportion of
fixations in the critical area during the retrievahase.
Proportions were aggregated for each block andsacro
participants. Participants showing looking-at-nothi
behavior should fixate in the critical area durthg retrieval
phase. To test this, for each block, we comparesl th
proportion of fixations in the critical area with chance
level of 25%. In block 1, the proportion of fixati® in the
critical area (37.2 %) is indeed above chamgél7) = 2.09,

p = .051,g = .99. In blocks 2 and 3 the proportion of
fixations in the critical area were at chance Isyehean
proportion block 2: 17.9 %,(17) = -1.73p = .102,g =
.82; mean proportion block 3: 28.5 %3(17) = 0.81,p =
.426,9 = .38. These results suggest that looking at ngthi
diminished from block 1 to block 2 and that the gmdion

of fixations did not vary meaningfully from chaniceblock

3.

60

50 4

40 4

proportion of fixations in critical area

30 1 T
20 - T
10 4
[}
1 2 3
block
Figure 3: Percentage of fixations in the critical area asros

blocks. Error bars represent standard error, dditied
indicates chance level.

Discussion

Theories on the link between eye movements andaydi
and semantic information processing (Huettig et 2010)

assume that during the encoding of information

integrated memory representation is formed fronfieckht

modalities. However, these theories do not agred@m

much information is included in the memory repreaton.

Using the looking-at-nothing paradigm, we tried soed

some light on this question.

Assuming an integrated memory representation
proposed by Ferreira et al. (2008), the probability
triggering an eye movement during retrieval of infation
from memory will increase with the strength of the
association between the different parts of theasgmtation.
Spivey (2007), on the other hand, proposed that sparse
internal representations are built during the emmgpdf

an

as
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information. Consequently, eye movements during orgm
retrieval occur mainly to gather information thatriot yet
included in the mental representation. According¢oreira
et al. (2008), looking at nothing should increaséhw
practice, while for Spivey (2007) the same behastoould
diminish with practice.

Practice was induced by presenting participanth wiset
of four sentences, 12 times. Each presentationephas

the cognitive system can use both. The questiontien do

we rely on an internal memory representation angnan

an external memory store? Hoover and Richardso@820
and Johansson et al. (2010) suggest that lookimpthting
helps to relieve working memory when information is
retrieved from memory. For example, Johansson et al
(2010) presented participants with an auditory dpson of

a complex scene while participants had to fixate ¢bnter

followed by a retrieval phase where one sentence waf a whiteboard. In a second condition they sawpicture

probed. To test whether the manipulation was swstakes
we first checked if participants showed
performance in the retrieval task. Results show d¢kar the
three blocks, participants indeed replied with éaging

of a complex scene but again had to fixate on drger of

increasingthe picture’s scene. In both conditions, when thag to

retell the information they had heard, and whety thad to
describe the visual scene, they drew the scene tivih

accuracy and speed to the facts probing the prdenteyes on the whiteboard and did not maintain a akentr

sentences. Accuracy as well as response times|eevieat
the performance increase was stronger from thetbirshe
second block, than from the second to the thirctlldt

fixation. In contrast, in a study reported by Braardl Stark
(1997), simple block patterns were used. Duringeeal of
the block pattern, participants were allowed tokldeely

seems that over the three blocks of practice memorground the scene but kept a central fixation. Theee

associations for the sentences were strengtheaddhte to
more correct and faster responses. Therefore, welude
that the practice manipulation was successful.

Johansson et al. (2010) argue that looking-at-ngthi
behavior can relieve working memory load when task
demands (e.g., a complex scene description) reduire

The question we wished to answer was how lookirg-at Applying the findings of Johansson et al. (2010)oto

nothing behavior would be affected by the contenthe
memory representation. In block 1, participantké&mbmore
often to the critical area on the screen than achgevel of
25% would predict. In blocks 2 and 3 looking athiog
diminished. In both blocks, fixations in the créicarea did
not amount to more than that predicted by a chéed of
25%.

Results of the first block replicated results o€lirRirdson

results suggests that when memory load is highkimgoat
nothing is shown. When memory load is low — becalke
relevant information has been learned — lookingeathing
behavior diminishes. Indeed, in block 1 of our gtudhen
the presented material was new to participantkimhgoat
nothing was shown. Later, when the material wasngly
represented in memory, looking at nothing diminéshe

Decreased looking-at-nothing behavior might also be

and Spivey (2000), which showed a close relatignshiexplained as the result of participants realizingrothe

between gaze behavior and language processindpdh b,
information was not strongly represented in memd&ye
movements were launched to the critical area orstheen
in order to collect information from the visual see For

blocks 2 and 3 we assumed that the looking-at-ngthi

behavior would become stronger or diminish, respeigt
Our results were not in line with the predictiorfsHuettig
et al. (2010), which stated that looking at nothbegomes

stronger as the association in memory is strengthen

While performance improved over the three blockeking
at nothing did not increase in strength. Our resséem to
support the assumption of Spivey (2007) that logdit
nothing behavior is executed to gather more infoiona

course of the experiment that the visual area tefiyate on
no longer includes relevant information and themefdhis
behavior becomes redundant. This implies that g@pents
consciously control their gaze behavior. Howeveyge e
movements as described in the context of the |lapkin
nothing effect are a highly automatic and unconsio
behavior (Rayner, 2009). Furthermore, if changegaze
behavior were due to conscious control (i.e., pigdints
realize that during the retrieval phase, nothingplissent
anymore), we would then expect looking at nothiog t
diminish within the first block. Looking at data tfe first
four trials, we could not find such a tendency. Brer, in
the post-questionnaire participants did not repioat they

from the environment. In blocks 2 and 3, the memorycontrolled their gaze behavior.

representation might have included all relevantrimation.
Thus, addressing an eye movement to the crities an the
screen became ‘unnecessary’.

We found that looking at nothing varies with thentemt
of the memory representation. This supports thekwair
Richardson et al. (2009), who assume the existehamn
internal memory story, whereby all relevant infotioa is
stored in an integrated memory representation, and

We also realize that looking at nothing might notyo
diminish because participants have learned theriahtbut
because they have given an automatic response eto th
stimuli that does not include fixations to theicat area. To
rule out this alternative explanation one could spre
participants with the same sentences throughoutdlese
of the experiment and sentences that change friahttr
trial. If it is indeed the content of the integitenemory

external memory store (O’ Regan, 1992), which agssum representation that is responsible for looking-athing

only sparse memory representations and uses alsipalix

behavior, our results should be replicated in a wet

to address the visual world. Moreover, these aré ndooking-at-nothing behavior diminishes for stabémtences

mutually exclusive abilities of the cognitive systelnstead,

and does not diminish for new sentences.
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From the results of this study it can be conclutlet  Hoover, M.A., & Richardson, D.C. (2008). When fagis

information is represented internally, and thatemckrtain down the rabbit hole: contrasting features and atbgnd
conditions the external world is addressed in otdagather as indexes to memorgognition, 108, 533-542.

more information (Spivey, 2007). We have furtheowsh  Huettig, F., Olivers, C. N. L., & Hartsuiker, R. (2010).
that both ways of retrieving information are notessarily Looking, language, and memory: Bridging researcmfr
mutually exclusive (Richardson et al., 2009). Buhen is the visual world and visual search paradigms. Acta
knowledge presented internally and when do we use a Psychologica. Advance online publication.

external memory store? We propose that working nmgmo  doi:10.1016/j.actpsy.2010.07.013.

load may influence the decision to use either a@riral or  Johansson, R., Holsanova, J., & Holmqvist, K. (30Hye
external memory store. However, a distinct boundeegd movements during mental imagery are not reenacsnent
not be imposed between these two modes of stoGieey of perception. In S. Ohlsson & R. Catrambone (Eds.)
(2007) proposes that knowledge representations mn  Proceedings of the 32nd Annual Conference of the
described in a vague manner. That is, informatiam ¢  Cognitive Science Society (pp. 1968-1973). Austin, TX:
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Bocklisch, Baumann, Scholz, and Krems (2010) hgitted  Johansson, R., Holsanova, J., & Holmgvist, K. (3006
a relationship between the concept of vagueness andPictures and spoken descriptions elicit similar eye

knowledge representations. This link could inforatufe movements during mental imagery, both in light @md
research that tests the usefulness of this apprimcthe complete darknes€ognitive Science, 30, 1053-1079.
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recent scene events on spoken comprehension: Eéden
Acknowledgments from eye movementsgournal of Memory and Language,
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