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The scientific objective of the study was to idgnfactors modifying the eye movements obse-

rved during the performance of mental rotation $a$dn the one hand, differences were sought in
indicators concerning eye movements between thegshaf the perception of an object in the

original and rotated positions; on the other hahd,study tested the influence of object complexi-
ty on the strength of similarity between perceptéod visualization in terms of the times of eye

fixation in corresponding regions of interest. Tiesults showed longer mean fixation times as
well as a lower number and frequency of eye fixatiovhen visualizing objects compared to vie-

wing them. It can therefore be concluded that mdntages required longer and deeper data pro-
cessing than viewed objects did. The similaritypefception and visualization in terms of visual

fixation times in corresponding regions of interests stronger for simple objects than for com-

plex ones. Moreover, it was demonstrated that dogdr rotation angles the number of fixations

was higher and their frequency was lower compaveshtaller angles, which suggests an increase
in perceived task difficulty and an increase inmitige engagement with the increase in rotation

angle.
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MENTAL ROTATION

Performing mental operations (e.g., mentally saagthe memorized scene,
enlarging/diminishing an object) is a subjectivepenence (Chlewiski, 1997),
which constitutes a significant impediment to reskan this phenomenon. Part-
ly overcoming this limitation was made possiblesalty by the research conduc-
ted by Shepard and colleagues (Shepard & Metz8f1)1 In their experiments
on mental rotation, two visual stimuli were presehto the participants (conse-
cutively or simultaneously). The first object (aohdimensional representation of
an object) was the original material. The seconelwas the experimental stimu-
lus, being either the original object rotated acb@am axis perpendicular to the
surface of the object, or its mirror image, als@mared. The participantstask was
to recognize whether the object presented to thes tive same stimulus as the
original one or its mirror image. The participdntesponse time increased with
the increase of object rotation angle, which showed the mental rotation of
the object proceeded similarly to its physical tiota

Thanks to research on the mental rotation of coxnptegular polygons, the
linear relationship between response time and ologation angle was demon-
strated again (Cooper, 1975). An advantage of thealization instruction ap-
plied in this study is the clearly specified retaiship between the obtained re-
sults and the mental image, as the participantergéed such images in a delibe-
rate, intentional way. On the other hand, a divésitalization instruction leads to
a difficulty in interpreting the results of the dfu The participants may delibera-
tely try to behave in accordance with the experit@es expectations, regardless
of what cognitive processes are actually involwethie performance of the task.
The problem of participants conforming to the expenters’ expectations has
accompanied many areas of research on mental pexésee Orne, 1962), but it
is present in a special way in research on ima@sgg Intons-Peterson, 1983).
This makes it so important to find objective indaa of cognitive processes
also in a situation of no instruction being prowda the task. It seems that eye
movements may be this kind of indicator.

Eye movement tracking may also resolve issues ataedavith the course of
mental operations. Mental rotation speed is uswusdlsumed to be constant. Ho-
wever, de’Sperati (2003) demonstrated that, duttegperformance of a visuali-
zation task, the saccades initially performed higghdr amplitudes while those
performed towards the end of rotation angle assessmere shorter and more
precise. Although the research schema he appliwavied a considerably sim-
plified situation (two points on a circumferenceating a particular angle), it is
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possible on the basis of the results he obtainethatienge the hypothesis postu-
lating constant mental rotation speed.

Factors differentiating
mental rotation task performance

Numerous factors, both personality-related and atbjglated, differentiate
the course of mental rotation task performanceividdal differences in the abi-
lity to perform accurate and fast mental rotati@vdnbeen sought; the influence
of the characteristics of the rotated stimulus lom ¢ourse of the operation has
been tested. Researchers have tested, for instidnecenpact of familiarity with
objects, the impact of inducing movement directitbrough the perception of
a moving object (Corballis & McLaren, 1982), anck timfluence of training
(Ehrlich, Levine, & Goldin-Meadow, 2006). Differeex in the level of mental
rotation performance depending on participants’dgerhave been found many
times (e.g., Alexander & Evardone, 2008; Burtonnilager, & Hafetz, 2005;
Rafi & Samsudin, 2009), and for this reason gelglesually included in studies
as a controlled variable. Interestingly, differesidtween women and men did
not occur when the rotated material was human géttes (Alexander & Evar-
done, 2008).

One of the disputable factors modifying mental tiotatime is object com-
plexity. The influence of object complexity on mahtotation times was found
in the studies by Bethell-Fox and Shepard (1988)vel as by Folk and Luce
(1987), while Cooper (1975) and Cooper and Podg¢it8y6) observed an ab-
sence of this influence. Moreover, there are diffiees in the ways in which
these authors explain the obtained results iniogldd the holistic vs. piecemeal
distinction. However, these differences may steomfidivergent interpretations
of the relations between object complexity andhhbbstic or piecemeal charac-
ter of mental rotation. It seems that researchsestlie termSholistic” and* pie-
cemeadl in different ways. Folk and Luce (1987) tend toadpef holistic/piece-
meal representation (referring to the level ofcitenplexity, the number of me-
morized elements of the image), which means thewtdcbe no differences be-
tween simple and complex objects in the case afepneal representation. Co-
oper and Podgorny (1976) speak of holistic/piecémaation operation. When
the entire object is rotated, it is not importantvhcomplex it is, whereas com-
plexity may have an effect in the case of piecemettion. No effect of com-
plexity would attest the holistic character of nsmbtation. It is therefore worth
looking for a method that would make it possiblehbm determine the level of
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representation complexity and to verify the marinewhich mental transforma-
tions are performed during rotation. Tracking eyevementsseems to be this
kind of tool.

Oculomotor indicators
of mental rotation

The mental rotation operation is connected witlewat €rucial questions that
are not easy ones to answer only on the basisspbrse times. Mental rotation
tasks usually take less than 5 seconds and mayodkerbdown into a sequence
of very fast mental operations whose duration terofestimated at between 50
and 800 milliseconds. Consequently, in order ta gasight into the order and
duration of the phases, research was undertakemich eye movements during
the performance of mental rotation were trackedt(&Carpenter, 1976). The
main idea behind the analyses of eye positionsatftxation reflects what is the
object of interest at a particular moment. If salesymbols are processed in
a particular order, vision should be fixed on thefierents in the same order, and
the duration of fixation on each referent may Hateel to the time of processing
a particular symbol (Mariwa, Xu, & Pomplun, in psgsJust and Carpenter
(1976) succeeded in dividing the mental rotatiagk tewith a simultaneous pre-
sentation of objects: in the original and rotatexsipons) into stages: search,
transformation, and verification.

An example of a mental rotation study in a seqaémdnfiguration is the
experiments conducted by Nakatani and PollatseR4R0rheir participants lo-
oked at a scene consisting of three objects placed desktop, and next they
looked at a comparison scene. The comparison swasddentical, except for
the viewpoint (rotation was performed around onéhoée rotation axex — the
horizontal axis,Y — the vertical axisZ — the axis perpendicular to the plane of
the image), or different (one or more objects ie ttomparison scene had
swapped places or had been rotated around theilagish The participants were
supposed to compare these scenes. A characteffgiit was obtained — reaction
times were longer when rotation angles of the campa scene increased. Also,
the size of the effect of rotation differed acrosmtion axes.

Total reaction times were divided into three congaus: initial latency, first-
pass time, and second-pass time. Initial latentlyagime between the appearan-
ce of the comparison scene and the initiating siecahe first pass is defined as
completed when one of the objects has been viemwed gecond time or when
the response has been given immediately, after amylook at the elements of
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the scene (without “return visits”). Second-passetiwas the sum of fixation

times from the first “return visit” until the momeaof the participant’s response.
As in analyses of eye movement recording in studieseading (see Rayner,
1998), the authors assumed that the time of tis¢ fiass of the eye through the
scene corresponded to the initial coding of the mamson scene, while the time
of the second pass corresponded to the subsequestsping.

Comparing the studies conducted by Just and Carpét276) and by Naka-
tani and Pollatsek (2004), one can find certaifedéinces and limitations perta-
ining to both the research procedure and the metbbdnalysis. Just and Car-
penter (1976) analyzed the mean number and timfisations when both stimu-
li were presented simultaneously, which enabledptréicipants to refer back to
perceptions (relying on memory to a smaller degaee)) easily compare objects.
Nakatani and Pollatsek (2004) presented the stisaduentially; however, they
did not analyze mean fixation times but first-pasd second-pass times. In their
study, the authors divided response times into $tages and did not analyze
changes in the general characteristics of eye memt&snMoreover, their analy-
ses concerned the time of looking at particulamelets of the scene, without
addressing the specific way of looking at themis Itherefore worth asking the
guestion about the changes in the characteristiegeomovements depending on
rotation angle during sequential presentation ¢éais.

It seems that in a situation of both images bewajlable to perception in-
dividuals perform the task at the lowest cogniteféort possible. The partici-
pants behave in accordance with the “switch-ovepgation” model, performing
more switch-overs between images (more shifts efetyes from one stimulus to
the other) in order to reduce the involvement ofkilg memory (Mariwa et al.,
in press). Although Mariwa and colleagues (in pressiclude that the applied
paradigm of research on mental rotation using gsenelous presentation and
introducing a local change makes it possible tessshe interaction of visual
attention, working memory, and mental transfornmatitnere is a certain limita-
tion involved. With this kind of procedure, it isffitult to distinguish the func-
tion of eye movements and their relation to thesadization process, since the
perception process takes place simultaneously. iShés limitation found in all
the existing studies on mental rotation using epgement measurement.

Eye movement indicators such as the number ofifiraf their duration or
distribution may be an indirect indicator of thegodive processes (e.g., object
perception or visualization) taking place duringge ayovements. These general
characteristics are independent of where the efigad, which makes this kind
of measurement different and independent of analpddanterest regions. The
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number of fixations may indicate participanitsterest in the image they are vie-
wing. Fixation time is often interpreted in ternfstlve intensity of processing of
the material that the eyes are fixed on at a pdaicnoment. These indicators
make it possible to compare the intensity of prews of the material being
viewed with the intensity of processing of that ehhis retrieved from memory
(visualized). What is therefore interesting is tiise there differences between
object perception and visualization in the gengrdicators of eye movements?

Moreover, it can be said that while in studies @tis visualizations attempts
were made indeed to capture the movements anddoaattthe eyes when gene-
rating visualizations without the presence of auaisstimulus at that particular
moment (e.g., Brandt & Stark, 1997), in studiesmantal rotation the main
object of analysis was the record of eye movemaitsn looking at a scene
rotated by a certain number of degrees or durimgsimultaneous presentation
of two scenes. The sequential presentation of tiggnal and rotated image ena-
bles measuring eye movement separately for eagk sfaask performance.

As regards the influence of object complexity onntaé rotation, there are
studies directly addressing this phenomenon. Based comparison of the re-
sults of two studies, and based on analyses ofitihation times of each mental
rotation stage, Carpenter and Just (1978) fountlttieadifference between re-
sponse times for simple and complex objects doésteon from a slower rota-
tion of complex objects, since the transformatitage proceeded similarly for
both stimuli. Differences occurred at the stageseafrch and confirmation. How-
ever, these conclusions follow only from a metahgsia of two studies. Just and
Carpenter did not include object complexity in thrgisearch as an independent
variable; there are no statistical analyses ofitfleence of complexity on eye
movements. This issue is therefore worth addressingsearch. Moreover, the
sequential presentation of objects for rotation radgitionally reveal the effect
of complexity when the compared object has to kréereed from memory.

MENTAL ROTATION OF SIMPLE AND COMPLEX OBJECTS:
THE PRESENT STUDY

The present study concerned the measurement aheyements during the
performance of a mental rotation task. It entets sndebate with studies present
in the literature on mental rotation using eye mmoeat measurement (Just &
Carpenter, 1976; Mariwa et al., in press; NakagaRbpllatsek, 2004).
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The results of previous research (Bataj & Fran@4,2) show the existence
and continuance of similarity between eye movementsng the viewing and
visualization of a static object in a mental scagrtiask when the participants are
instructed to try to visualize the memorized ohj&ttll, there may be doubts as
to whether or not, when hearing the visualizatiostruction, the participants try
to behave in such a way as to meet the expectatibtise researcher who has
given them the instruction (cf. Intons-Petersor83)9A question therefore arises
of whether the participants would move their eyiethey were spontaneously
generating visualizations without having been inded to generate them.

In the present study, eye movements measured iintbeval between the
perception of the object in the zero position amel perception of that object in
a new position make it possible to avoid the infleee of direct instruction to
generate visualizations. This made it possible ¢asare eye movements without
a physical stimulus present and without a visutibrainstruction being given.
The measurement of eye movements was also perfodomaty the performance
of the mental rotation task namely, from the moment of the presentation of the
rotated object to the moment of the participangsponse concerning whether
the object viewed was identical to the one in thigimal position.

Method

The research method was based on classic merdaéibrostudies, with men-
tal rotation task performance accuracy and timendigators. Additionally, eye
movements during the performance of different phadethe task were measu-
red. The technique chosen was sequential presemtatithe object in the origi-
nal and rotated positions. The sample was compase@0 people (aged
M = 23.18,SD= 2.4). The results of 10 women and 10 men wectuded in
analyses. The experiment was conducted in the Bagcinophysiological Labo-
ratory at the Department of Experimental Psycholofjthe John Paul 1l Catho-
lic University of Lublin.

The experimental material was presented in a randater on an LCD
screen with a resolution of 1920 x 1200 pixels. $timuli were two-dimensio-
nal figures. The objects were placed inside a&irthe experimental stimuli had
been designed using Adobe Photoshop CS3. Applitamabling their presen-
tation were written using e-Prime software, vers?od. This software also ena-
bled communication with iView X, a program trackiage movements. BeGaze
software enabled the visualization and processindata from eye movement
tracking. Data were analyzed statistically using SITATISTICA 8.0 package.
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The measurement equipment consisted of an eyeetrg8kill iView X Hi Speed
measurement frequeney1250 Hz, measurement resolutien0.01°), a keybo-
ard with a modified key configuration, two compwtdfor the presentation of
stimuli and for the measurement of eye movemetis), monitors (for the pre-
sentation of stimuli and for the researcher to irhe experiment).

Statistical model. The object of statistical anesysas the indicators of the
dependent variables, namely: (1) (a) the parameteeye movements tracked
during the perception of the rotated object and ghgormance of the mental
rotation task- ANOVA with repeated measurement (for the independariable
— rotation angle); (b) similarity between perceptanmd visualization (a record of
eye movements in the form of fixations in specifgions of interest, registered
during the perception of the object in the origipakition and during visualiza-
tion), correlational analysis and a test of diffares between correlations (the
replacement of coefficients with Fishés z and a comparison usingtdest);
(c) the parameters of eye movements (the numbéxatfons, the frequency of
fixations, etc.) registered during the perceptibthe object in the original posi-
tion and during visualizatior a t-test for dependent data; (2) mental rotation
accuracy (0-1 responses)log-linear analysis of contingency tables (for daal
tive independent variables) and (3) mental rotatiome (response time in a visu-
alization task after logarithmic transformationANOVA with repeated measu-
rement.

Analysis la

Three rotation angle sizes within half a revolutieere chosen for the study
(60°, 120°, 180°). Many studies showed that rotatian take both directions,
and that the dependency of response time on rotaigle increases linearly
until the angle of 180° and then decreases urtilaihgle of 360°. Therefore, in
order to reduce the number of trials, only halkesotution is often analyzed in
studies. The material for analyses was providethbymeasurements of the eye
movements (indicators analyzed: the number, freqgeand duration of fixa-
tions; amplitude and duration of saccades) perfdrinrem the moment the rota-
ted object appeared until the moment of the paiitis decision in the mental
rotation task— that is, until the moment of response on whetherabject seen
had been only rotated or both rotated and trangdrimto a mirror image.
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Analysis 1b

In order to test the influence of object complexjty accordance with the
studies by Bethell-Fox & Shepard, 1988; Bataj &rinaz, 2012), | used simple
and complex objects in the present study. Theaindiage of the operationaliza-
tion of this variable was generating many objeatssisting of the same number
of elements (gray squares connected on at leassideg, but differing in the
total number of sides (cf. Balaj & Francuz, 20R%et of 61 objects was obtain-
ed. The simplest six and the most complex six dbjeere selected. The simple
objects had 8 to 10 sides, whereas the complex lom@sl4 to 16 sides. Object
complexity was an object-related independent véjalshich means that all the
participants performed tasks on simple objectselkag on complex ones.

The degree of similarity between perception-basedl \dsualization-based
scanning was measured by determining the valueeafrd®hs r correlation
between the eye fixation times in 25 regions ofliest (making up a square cir-
cumscribed on the circle inside which the presestedulus was located) regi-
stered when the object was viewed in the origimaligoon and when it was visu-
alized.

Analysis 1c

An analysis of differences between perception asdalization in terms of
selected eye movement parameters. Situations efingeand visualizing an
object were compared in terms of eye movements r{tleber, frequency, and
duration of fixations; the speed, amplitude, anchtian of saccades).

Analysis 2

In order to explain the accuracy of mental rotatiask performance, | per-
formed a log-linear analysis. The influence of thikowing factors was tested:
(1) Rotation angle size (60°, 120°, 180°), (2) @bjeomplexity (simple vs.
complex objects), (3) Mirror image of the objectirfior image vs. the actual
object), (4) Gender (controlled variable).

Analysis 3

A verification of the influence of the selected epéndent variables on men-
tal rotation task performance speed (i.e., resptinges). Independent variables
— as in the model with the accuracy indicator: Rbtation angle, (2) Object
complexity, (3) Mirror image, (4) Gender. Dependeatiable: Decision time in
the mental rotation task.



494 BIBIANNA BALAJ

Procedure

The study was carried out on an individual basi$ ok about 30 minute
per person. First, the participa’ ocular preference was established. The r
study was conducted in accordance with the stanpliarcedure of lental rota-
tion research with sequential presentation of Viguaterial. The participan
were shown an object, and then, after a mo’s interval, they were shown tt
object in a different position (either rotated bparticular number of degrees
rotated and additionally transformed into a mirror g@ga The participan’ task
was to give a response concerning the identicalok#se rotated object cun-
tly seen with the one seen previously. The procediipresented in Table

Table 1
TheScheme of the Proced!

The task prope-repeated 36 times (12 objects x 3 rotation an

Phase ] ]

Perceptio Mental rotation tas

Elements

on the

screen

Time 2 sec 2 sec. Response tir

Partici- Object perceptic Rotated objectecognitior

pants task: (giving a respons

Measure- Eye movemen Eye movements Eye movemen

ment of Task performance accura

and time

Eye movement measurement took place during theingewf the object ir
the zero position and during the presentation cempty circle —the latter wa:
the stage of visualization without the visualizatimstruction being provide:
These two measurements were correlated with eden ot terms of eye fixatio
time in corresponding regions of interest. Eye nmogets were ao measured i
the phase of viewing the rotated object and gidmgsponse. At this stage, ¢
movement parameters were analyzed according teizeenfthe rotation angle
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Results

The results of the study will be presented sepréde eye movement indi-
cators (both correlations and difference tests) fandhe accuracy and times of
mental rotation task performance.

Eye movements in the mental rotation task

Analysis laTesting differences in terms of general indicatmreye move-
ments measured in the phase of perception of tlectbotated by different
numbers of degrees (various angles).

Analyzing eye movements from the last phase oettgeriment (rotated ob-
ject perception and giving a response in the menotation task), it is possible to
find differences in selected eye movement charsties depending on rotation
angle. A lower number of fixations were observed dosmaller rotation angle
compared to a larger rotation angle (680°= 5.03,SD = 3.39; 120°M = 5.3
SD= 3.61; 180°M = 5.49SD = 3.35). Differences in the number of fixation de-
pending on rotation angle turned out to be statdti significant £ = 4.14,
df = 2, p = .016, partiah? = .009). The significance of linear contrast 8.03,
df = 1, p = .005, partian®= .016) and the nonsignificance of squared contrast
(F = 0.08,df = 1,p = .775, partial)?= 0) suggest that the observed relationship
has a linear character: the larger the rotatiorleartbe higher the number of
fixations.

A higher frequency of fixations was observed fosmaller rotation angle
compared to a larger rotation angle (80°= 2.76,SD = 0.96; 120°M = 2.64,
SD = 0.89; 180°M = 2.57,SD = 0.9). Differences in the frequency of fixations
depending on rotation angle turned out to be sizdiyy significant £ = 9.6,
df = 1.96, p = .001, partialn?® = .020). The significance of linear contrast
(F = 16.32,df = 1, p = .001, partian®= .033) points to the linearity of the ob-
served relationship between rotation angle anditirdrequency.

No significant differences depending on rotatiorglanwere observed for
the remaining eye movement parameters (mean tinfxaifons and saccades,
amplitude of saccades).

Analysis 1b.Testing differences in the strength of the sintijaof fixation
times in corresponding regions of interest depemndim object complexity.

The time devoted to perception and visualizatios the same; in the exam-
ple illustrated in Figure 1, it is therefore pos$sito notice certain similarities as
well as differences between eye movements duripecbperception vs. visuali-
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zation. What is worth stressing is the fact thatpharticipants were not instruct
to generate a visualization but moved their eyemsmeously as if they we
still looking at the object theyad previously seen.

A B

Figure 1.A sample record of eye movements while viewing A}l visualizing (B) an obje:

Correlations were compute— separately for simple and complex obje
Next, the significance of the difference betweeastcorrelations was computt

Mean fixation time in regions of interest rangedwsen 641 and 735 m
The observed distributions were symmetrical. Sta@ifly significant p = .002)
differences between the strength of correlationeyef movements in pelption
vs. visualization were observed for simple objegr = .45, p=.001) and fol
complex onesr(=.36, p = .00]). Stronger similarity of eye movements dur
perception and visualization was found in the aafssimple objecs than in the
case of complex ones.

Analysis 1cTesting differences between the perception of @dign the oric-
nal pasition and its visualization in terms of generalgmaeters of eye scanpa

More fixations were observed during object peraaptiand their frequenc
washigher as well. The mean fixation time in the cabeisualization was In-
ger compared to perception (le 2).
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Table 2
Descriptive Statistics and the Test of DifferenBesveen the Means of Fixation Indicators

N Mean Standard deviation t df p
Number of fixations — perception 1440 6.04 1.95
3345 1439 .001
Number of fixations — visualization 1440 4.15 1.83
Fixation fr_equency (per sec.) 1440 296 0.95
— perception
— 34.10 1439 .001
legnon' fre_quency (per sec.) 1440 202 0.89
— visualization
Mean fixation time (ms) — perceptio 1440 349 288
——— -20.21 1439 .001
Me_an fl)'(atlc_)n time (ms) 1440 574 410
— visualization

The mean duration of saccades in perceptMr=36.85,SD=7.12) was
longer than in the case of visualizatiovi € 35.63,SD= 9.4). These differences
were statistically significantt & 3.91,df = 1243,p =.001). Eye movements in
perception and visualization did not differ in thhean amplitude of saccades.

Analysis 2. The accuracy of mental rotation taskgrenance

The accuracy of mental rotation task performance aalyzed using log-
linear analysis. Rotation angle size, mirror imaayel gender were found to have
a significant influence on the accuracy of mentation task performance (Tab.
3). These variables were also found to have andatiwe influence.

1!\-/Ii11brlgeir13al and Partial Relationship Tests for MenRdtation Accuracy

Effect df Parztial Partial Mar%inal Marginal

X p X p

Accuracy 1 591.94 .001 591.94 .001
Accuracy x mirror 1 15.64 .001 15.34 .001
Accuracy x angle 2 15.89 .001 15.59 .001
Accuracy x complexity 1 0.37 .545 0.35 .551
Accuracy x gender 1 12.63 .001 12.36 .001
Accuracy x mirror x angle 2 7.04 .030 7.26 .027

Accuracy x mirror x gender 1 5.99 .014 6.20 .013
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The best-fitted model includes the relationshipsveen accuracy and mirror
image, between accuracy and rotation angle, amvieegt accuracy and gender. It
is therefore legitimate to say that mental rotatiask performance accuracy is
best explained by the influence of rotation angge ,smirror image, and gender.
This model is well fitted to the data, as showrthmy results of the chi-square test
(x> = 18.05df = 38,p = .997).

The tasks that did not involve comparison with aramiimage were perfor-
med more accurately (112 errors) compared to tekst#hat did involve that
comparison (171 errors). In a situation of perfergnmental rotations that requ-
ired comparing objects rotated by larger angleptrticipants made more errors
(in rotation by 60— 69 errors; in rotation by 126- 97 errors, in rotation by 180
— 117 errors). Women made fewer errors (168) comptrerden (115) in the
mental rotation task. Object complexity did noteaff the accuracy of mental
task performance.

Analysis 3. Mental rotation time

As regards the speed of performing mental rotatzgosignificant influence
of rotation angle size was observdd{2) = 16.02,p = .001, partialh® = .47) as
well as an interactive influence of object compigxand participantsgender
(F(1) = 6.96,p = .017, partiah® = .28).

In the presented study, a characteristic effectotdition angle size on the
speed of performing the mental rotation task waseplked. Longer response
times were observed for larger rotation angles (@02 7.42; 120°M = 7.51;
180° M = 7.63). The significant results of linear contrés1) = 22,p = .001,
partial n” = .55) and the nonsignificance of squared cont(&$l) = 0.45,
p = .51, partiah® = .02) indicate that the relationship between oesp time and
rotation angle has a linear character.

For simple objects, menW(= 7.41) performed mental rotation faster than
women M =7.6). This pattern is not observed in the caseomplex objects
(menM =7.51, womem = 7.55).

DISCUSSION

For larger rotation angles, more fixations and rgey mean fixation time
was found. Thus, the study demonstrated the nurfiegiyency, and mean dura-
tion time of fixations to be dependent on rotatimyle. These results are consi-
stent with those obtained by Nakatani and Polla(g@8k4). No significant diffe-
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rences were found in mean duration times and andgg# of saccades depending
on rotation angle.

A longer mean time of fixations and their lowerdquency suggest that fewer
fixations are performed in the same time unit mger rotation angles and that
their duration times are longer. This pattern canrberpreted in terms of stron-
ger cognitive involvement in the processing of thigserved visual material
(cf. Rayner, 1998). What is interesting is that dtxserved relationships exhibit
a configuration similar to the characteristic patseof mental rotation task per-
formance times increasing with the increase ofrtitation angle. Linear con-
trasts turned out to be significant. The resultaceoning differences in eye
movement parameters depending on rotation angke sipuld be approached
with caution due to the low values of eta-squared.

The present study revealed a significant relatignéletween eye fixation
time in corresponding regions of interest duringeobviewing and visualization.
These correlations are particularly important beeathe participants were not
given a visualization instruction. Despite the lagk instruction, individuals
moved their eyes in a similar way during the abearicthe stimulus as they did
when looking at the same object.

The authors of studies reported in the literatimeehdemonstrated the simi-
larity between perception and visualization foramiety of objects and scenes,
but the strength of this relationship has not beempared depending on object
complexity (cf. Brandt & Stark, 1997; Laeng & Teodscu, 2002; Spivey
& Geng, 2001). As hypothesized, significant diffeces depending on object
complexity were found in the strength of the relaship between perception and
visualization. A stronger similarity of eye moven®in perception and visuali-
zation was found in the case of simple objects thahe case of complex ones.
It is possible to explain this result by referritaigthe phenomenon observed ear-
lier, namely to the fact that complex objects témdequire more complex eye
movements (cf. Duchowski, 2007). In the case of glemobjects, there is also
a greater number of possible elements to note eraak, which leads to a lower
similarity of eye movements.

More fixations were observed during object peragpthan during visualiza-
tion. Their frequency was higher during perceptaanwell. It can therefore be
said that perception-based scanning was fastervisaalization-based scanning
of the object. The mean fixation time in visualiaatwas longer compared to
perception. This result is consistent with the ifiig$ obtained by Zangemeister
and Liman (2007). Because during visualization ¢bgect was unavailable to
perception, the material processed was object septation in the form of
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a visualization. The longer time of fixation may ingerpreted in terms of stron-
ger cognitive involvement in the processing of mateduring visualization-
based scanning compared to perception-based sgaiiis is how an increase
in the duration time of fixations is usually inteeed. For example, in research
on reading the total time of tHdirst pas$ is treated as the main measure of
interest in the text (cf. Rayner, 1998). An expl#@raof the longer duration ti-
mes of fixations can also be sought in the greditfficulty of constructing
a mental image compared to perception (cf. Bran&t&k, 1997).

Unlike the study by Brandt and Stark (1997), thespnt one revealed no
differences between perception and visualizatiotha amplitude of saccades.
Differences were observed in the mean duration bingaccades and fixations.
Thus, the study confirmed the hypothesis conceruiiffgrences between per-
ception and visualization in terms of the followiimgdicators: the number of
fixations, the frequency of fixations, the meandimf fixations, and the mean
time of saccades. These results point to differemeehe depth of information
processing between object viewing and visualizatldowever, this hypothesis
should be rejected with regard to the amplitudesaxcades, which is related to
the local/global character of visual scanning.

Mental rotation task performance accuracy is beglained by the influence
of rotation angle size, mirror image, and gendée Tasks that did not involve
comparison with a mirror image were performed maceurately compared to
the tasks that did involve that comparison. Intaation of performing mental
rotations that required comparing objects rotatgdaoger angles, the partici-
pants made more errors.

In the present study, a characteristic effect wasd pertaining to the influ-
ence of rotation angle size on the speed of meawntation task performance
(cf. Shepard & Metzler, 1971).

Comparisons between women and men yielded intagestisults regarding
the accuracy and duration times of mental rotafierformance. Women made
fewer errors than men did. For simple objects, mperformed mental rotation
faster than women did. This pattern was not fowordcbmplex objects. Perhaps
women regarded even the simple objects as more legngmd, consequently,
had longer rotation times compared to men. Howetér,equally probable that,
compared to women, men were able to better disiShggimple objects from one
another and that is why they rotated them fasfeiF@k & Luce, 1987).

Perhaps in those studies in which no significaffedinces were observed
between women and men (e.g., in the case of tlaiontobjects representing
human silhouettes; Alexander & Evardone, 2008% ipossible to explain the
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lack of effect precisely as stemming from the carjty of the objects that men-
tal rotation is performed on. The lack of influerafecomplexity on the accuracy
of mental rotation task performance can be expthimethe insufficient level of
similarity between objects, since the choice oftion strategy depends on the
level of similarity between the objects being congoia(e.g., an image only sli-
ghtly different from the actual stimulus is preszhinstead of a mirror image). If
they are very similar to each other, then the pipdints will rotate them holisti-
cally. The experiments carried out by Folk and L{t@87) showed that compa-
ring complex stimuli and ones that are difficultdifferentiate between proceeds
more slowly than comparing simple stimuli, and thanber of errors made in
that case is higher.

The study by Carpenter and Just (1978) revealddttisanot the rotation of
complex objects as such that proceeds more sldvig. cause of longer times
for more complex objects is the fact that for mommplex stimuli it is more
difficult to find appropriate elements for rotatiqthe first stage), especially
when the rotation angle increases. For the samsomeat is more difficult to
confirm the correctness of one’s suppositions i@ timal stage. The authors
suggest that in certain situations (when detailechmarison is not necessary)
only a fragment of a figure may be rotated, andhttiee effect of complexity
may not occur at all. This kind of situation midiagve been the case in the ex-
periment discussed.

— To sum up, it can be said that the measuremeay®fmovements during
visualization opens up plenty of possibilities fesearch on this still little known
process.

— During the performance of a mental rotation takk, number of fixations
is higher and their frequency is lower for largetation angles than for smaller
ones.

— The processes of perception and visualizatiore vieund to be similar in
terms of eye fixation times in corresponding regiaf interest when no visuali-
zation instruction was given.

— The influence of complexity on the strength @& gerceptionvisualization
relationship was demonstrated. Compared to compigects, visualizations of
simple objects showed stronger similarity to peticepin terms of visual fixa-
tion times in corresponding regions of interest.

— The present study also makes it possible to wheter the differences be-
tween perception-based and visualization-basedhsugiin terms of general eye
movement characteristics. In visualization, meaation times were found to be
longer and their number and frequency were lowais Buggests deeper pro-
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cessing of material during mental operations coeghdo the situation of vie-
wing objects.

The use of different research procedures (e.g.ulsameous or sequential
presentation of figures in mental rotation tasks)ds to differences in the degree
of engagement of cognitive processes (such as péyoe working memory, or
visual attention). Comparisons of eye movementthése two situations in one
experiment could make it possible to detect diffiess in the course of mental
rotation subprocesses. Moreover, in the case ofilameous presentation, the
participant can decide how much information to campat a time, which means
the extent to which perception and working memaeyiavolved partly depends
on him or her. By contrast, in the case of seqaéptesentation, having only the
rotated object at his or her disposal, the paricigs forced to rely on a mental
representation of the figure. A modification of thecedure also enables chan-
ging the proportions between the subprocesses ofahnetation, thus making it
possible to compare them.

The present study was limited to relatively simiigires and mental opera-
tions, which, in natural conditions, could be mgralfragment of the creative
process (e.g., the creation of a sculpture or atipgj). Eye movement tracking
may be applicable also in research on the stagemoné complex cognitive
processes.
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