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Abstract

The present study examined the use of verbal-acalyand visual-spatial strategies in
anatomical learning. An interference paradigm angdestionnaire were used to identify these
strategies in a test that was used to assess kihgsvidhat participants had acquired after
studying two computerized 3D models of human angtdRelations of cognitive abilities

with strategy use were also examined. Individu#fiecences in effects of two interference
tasks suggest that under single task conditionwidhehl differences in strategies existed.
However, these strategies were neither pure veralytical, nor pure visual-spatial as the
results indicate that the strategy that was usiddren both verbal-analytical and visual-
spatial working memory resources. Although bothoueses were required, the latter was
thought to be the most important of the two. Thieeto which participants relied on either

resource was suggested to be mediated by theiitoagabilities.



Introduction

Acquiring knowledge of human anatomy is a crucet @f becoming a medical practitioner.
Several different methods such as cadaver disssgtidustrated texts, models, and computer
applications are used to teach anatomy to mediagdkents. Although these methods differ in
several aspects, all have the purpose of providingents with opportunities to acquire an
accurate mental representation of human anatomg.ifttoduction of non-invasive imaging
techniques in diagnosis and minimally-invasive teghes in surgery has made it even more
important to have an accurate mental representafitn these techniques, the anatomy of a
patient is often viewed from unfamiliar angles and2-D only. Thus, in order to make a
correct diagnosis or perform successful surgemgtiioners have to manipulate their mental
representation of the anatomy to compare it withitifiormation at hand.

It is of interest then to know how anatomy is méntaepresented and how this
representation is used. In his dual coding thedrynental representations, Paivio (1986)
argues that two separate cognitive subsystemsfexibbth the representation and processing
of information. One subsystem is specialized fotbakinformation and one for nonverbal
information. He further argues that these subsysteam be active alone or in parallel, and
that interconnections between both subsystemsassilge. Wickens (1986), in his multiple
resource model, distinguishes between verbal aatia$processing codes, which play a role
in perception as well as cognition. In Baddeleysdel of working memory (2003), separate
systems are involved in the storage of verbal aisdalspatial information. Thus, these
models all suggest that information can be mentalhresented and processed in both verbal

and visual-spatial ways.

Srategies

Verbal and visual-spatial ways of mentally repréisgnand processing information are
thought to play a role in visual-spatial tasks tigio the employment of different strategies. In
line with the verbal and visual-spatial nature adntal representations, these strategies can
generally be arranged on a continuum between varaltical and holistic visual-spatial
strategies (Gluck & Fitting, 2003; Boulter & Kirb2001; Cooper, 1982; Kyllonen, Lohman,
& Snow, 1984). When employing a holistic visual{salastrategy, individuals are thought to
visualize the required manipulation as a wholecdntrast, individuals are thought not to rely

on visualization when a verbal-analytical strateggmployed. Typical of this strategy is that
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the required manipulation is thought to be perfatre parts of the stimuli in a sequential
manner, and is accompanied by internal speechdigii, Lohman, & Snow, 1984; Boulter
& Kirby, 2001). Between these two strategies thakenup the extremes of the continuum,
intermediate strategies that combine charactesistidoth strategies exist. One such strategy
is that of sequentially visualizing parts of thgu#ed manipulation (Boulter & Kirby, 2001,
Gliick & Fitting, 2003).

Strategies and performance

Knowledge of verbal-analytical and visual-spatibtegies is important as strategy use has
been found to be related to performance on vispatia tasks. Cooper (1982) examined how
mental representations were compared with extgrnpilesented visual information.
Participants had to decide whether a visually priegskstimulus was the same or not as an
earlier presented stimulus. Two distinct patterhgperformance were observed that were
thought to be related to the use of different egis. Participants whose reaction times were
not affected by differences in similarity were tghtito have been using a holistic strategy,
while participants whose reaction times droppedwliécreasing similarity were thought to
have been using an analytical strategy. When degihether the two stimuli were the same
or not, no differences were found. However, whentigipants were asked to identify the part
of the second stimulus that was different, those wilere thought to have been using a
holistic strategy were less accurate. Contraryhts, tresults of a study by Schultz (1991)
showed that self-reported strategy use correlagguficantly with mental rotation and spatial
orientation accuracy, with the use of a visualispadtrategy being associated with better
performance. This was true even after effects dfewtvariables possibly influencing
performance, such as sex and handedness, were lledn@cait. Wanzel, Anastakis,
McAndrews, Grober, Sidhu, Taylor, Mikulis, and Harag2007) also suggested that the use
of a visual-spatial strategy was related to merdtdtion accuracy. In a fMRI study, they
found a positive correlation between mental rotadocuracy and the amount of activation in
cortical regions that were associated with visuabgery and motion processing. They
suggested that this was the result of a visualapatrategy used by best performing
participants. Summarizing the results from thesmliess seems difficult at first. However,
when the relations of strategy use with charadtesisof both tasks and individuals are

considered, a clearer picture emerges.



Task characteristics

The speed advantage of a visual-spatial over aalrarmalytical strategy found by Cooper
(1982) is not surprising considering the sequematlre of a verbal-analytical strategy as
opposed to the parallel nature of a visual-spatrattegy. However, the advantage of a visual-
spatial strategy over a verbal-analytical one atuescy in the studies of Schultz (1991) and
Wanzel et al. (2007) seems in contrast with thelteof Cooper (1982). Cooper found no
difference in accuracy between the two strate@ied, neither a negative correlation between
the use of a visual-spatial strategy and accurgleg.differences between these studies lie in
the task that was used. Cooper used a visual cisopaask, while Wanzel et al. (2007) used
a mental rotation test and Schultz (1991) both atateotation test and spatial orientation
test. Thus, task characteristics play a role iremeihing which strategy leads to the best
performance. Difficulty is one of the task charaistecs that has been found to be related to
strategy use in other studies. Kyllonen, Lohmarm &now (1984) used different instruction
videos in an attempt to train participants to usleee a visual-spatial or a verbal-analytical
strategy, in order to improve their performanceaopaper folding test. They suggested that
verbal-analytical strategies were most effectivemhbolving the more difficult items, while a
visual-spatial strategy was more successful for ghsiest items. Stimulus complexity is
another task characteristic found to be relatestretegy use. Glick and Fitting (2003) argued
that use of holistic strategies is related to levwslus complexity, while use of either holistic
or verbal-analytical strategies is related to imediate levels of stimulus complexity. High
levels of stimulus complexity are argued to beteslao the use of intermediate strategies,
which incorporate features of both holistic andlainzal strategies. Thus, task characteristics

such as difficulty and stimulus complexity are tgbuto be related to strategy use.

Individual characteristics

In addition to task characteristics, individualfdiences may also be related to strategy use.
The most likely difference would be that of cogretiabilities. Given the distinction between
visual-spatial and verbal-analytical strategiesisitinteresting to examine whether visual-
spatial and verbal-analytical abilities of the majpnts are related to the strategy that is used.
Individuals high in visual-spatial ability relativi® verbal-analytical ability may be more
likely to use a visual-spatial or primarily visugatial strategy, as such a strategy would be
expected to be more successful for them. Likewissuld be argued that individuals high in
verbal-analytical relative to visual-spatial alyilitnay be more likely to use a strategy that

would be verbal-analytical or primarily verbal-aytatal. Kyllonen, Lohman, and Snow
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(1984) used different instruction videos in an ratié to train participants to use either a
visual-spatial or a verbal-analytical strategypider to improve their performance on a paper
folding test. They also subjected their particigatt a number of cognitive ability tests,
which included visual-spatial, analytical, verbahd memory abilities. They combined these
tests to form one index of fluid-analytic and vikzation ability, and one index of verbal-
crystallized ability. Their results showed seveffécts of training, with the most pronounced
effect being that participants with a high verbgjlstallized ability index score and a low
fluid-analytical and visualization ability score rfiemed best after receiving the analytic
strategy training. Although other cognitive abdgiwere assessed in the Kyllonen et al. study
than the verbal-analytical and visual-spatial &basiin the present study, the results show that
cognitive abilities are related to differences isual-spatial and verbal-analytical strategy
use.

Another cognitive ability that may be related toastgy use is that of working
memory span. Baddeley’'s model of working memory0@0distinguishes between separate
storage components for verbal and visual-spatfalmmation. Similar to verbal-analytical and
visual-spatial ability, it can be argued that mapints with a large visual-spatial relative to
verbal working memory span may be more likely te asvisual-spatial or primarily visual-
spatial strategy, as this would be expected to bemoae successful strategy for these
participants. Likewise, participants with a largerbal working memory span may be more
likely to use a strategy that would be verbal-atiedy or primarily verbal-analytical.

While in the domain of anatomical learning little known about strategy use,
cognitive abilities, in particular visual-spatidbibty, have been found to play an important
role in predicting anatomical learning success. ¥égrHamstra, Anastakis, Matsumoto, and
Cusimano (2002) found a positive correlation betwesual-spatial ability and performance
on tasks related to anatomical learning, such aslgarning of spatially-complex surgical
procedures. Garg, Norman, and Sperotable (2001ndfothat anatomical learning
performance was predicted by the visual-spatialitgbof students. Luursema, Verwey,
Kommers, Geelkerken, and Vos (2006) used the saateraical learning task as was used in
the present study. They found that performancehantask was predicted by visual-spatial
ability scores of the participants when the anatevag studied using limited 2D views of the
model of the anatomy. However, when participantsev8D enabling shutter-glasses to study
a fully interactive 3D model of the anatomy, thegictive value of visual-spatial ability
disappeared, as it was found that performance eflatv visual-spatial ability participants

improved more than that of the high visual-spadiaility participants. One way to explain
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these results is that participants of high visyatsl ability were using a more visual-spatial
strategy that was more successful than a primeeiipal-analytical strategy, that was used by
participants who were relatively low in visual-sphtability compared to verbal-analytical
ability. In the Luursema et al. (2006) study, tise of fully interactive 3D models might have
caused the participants of low visual-spatial #piio switch from a primarily verbal-
analytical strategy to a more visual-spatial orlegrdby increasing their performance.
Unfortunately, in none of the studies discussedvabeerbal-analytical ability or working
memory span of participants was measured, andthieugelation of verbal-analytical ability
and working memory span with anatomical learninggeenance is unknown. In the present
study, therefore, both visual-spatial and verbalbgical abilities, as well as verbal and visual

spatial working memory span of participants werseased.

The present study

The present study aimed to identify the use of aeamalytical and visual-spatial strategies in
anatomical learning. Furthermore, participants’liaés that were thought relevant to this
learning were assessed, and relations between #tdgees, performance, and strategy use
were examined. First, participants were subjected humber of paper-and-pencil tests of
visual-spatial and verbal-analytical abilities, asfdverbal and visual working memory span.
Second, they were required to study two computdri® virtual anatomical models. After
each model was studied, they performed a testdsgssed the knowledge they had obtained
of the anatomical models. In this test, the pgrtinots were presented with cross-sections of
the model of the anatomy that they had studied.t@&serequired participants to compare the
visually presented cross-sections of the modehefanatomy with their mental representation
of this model. The setup was adopted from thatuafrsema et al. (2006), with the anatomical
model and the task used to assess the obtainedliddgavbeing exactly the same. Finally,
participants were presented with a questionnaine@ming self reported strategy use.

In order to identify the use of a verbal-analyticala visual-spatial strategy by the
participants, a questionnaire and an interfererm@adigm were used. The questionnaire
featured questions about the way in which partiipdad studied the models and had made
the test that assessed their acquired knowledge. ifterference paradigm was used to
examine the strategy use on the test that ass#ssednowledge of the anatomical models.
Two interference tasks were used. These tasks wosen with Baddeley’s model of
working memory (2003) in mind. His model featureparate systems that are involved in the

storage of verbal and visual-spatial informatiora ihterfere with the use of a verbal-
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analytical strategy, an interference task was ssdethat disrupted verbal processing in
working memory. The task that was used for this ti@sarticulatory suppression task (e.g.
Logie, 1995; Noordzij, van der Lubbe, Neggers, &thwa, 2004). In this task participants are
required to repeat aloud a sequence of words. iBhikought to occupy the phonological
loop, which is the component of Baddeley’s modelvofking memory that is involved in the
storage of verbal information. When the articulptasuppression task is performed
simultaneously with the anatomical knowledge tést,amount of resources available for the
use of a verbal analytical strategy is decreashkd.ifiterference task that was chosen in order
to disrupt the use of a visual-spatial strategys Wee spatial tapping task (e.g. Logie, 1995;
Noordzij et al, 2004). In this task, participan@vé to repeatedly tap a number of spatial
positions in a fixed sequence. This task is thotgipiace a load on the visual-spatial sketch-
pad, the component of Baddeley’'s model of workingmmory involved in the storage of
visual-spatial information, thereby leaving a desed amount of resources available for

other visual-spatial information.

Hypotheses and predictions

The present study featured two hypotheses. Firstjas hypothesized that in anatomical
learning individual differences in strategy woukist. The strategies were expected to range
from a pure verbal-analytical strategy to a pusaial-spatial one. In the present study, the use
of a verbal-analytical or primarily verbal-analgictrategy was expected to result in a greater
performance decrease on the anatomical knowledgfe wéhen the test was performed
simultaneously with the articulatory suppressigktthan when performed together with the
spatial tapping task. Conversely, the use of vispatial or primarily visual-spatial strategy
was expected to result in a greater performancesdse when the anatomical learning tests
were performed together with the spatial tappirgk tdhan when performed simultaneously
with the articulatory suppression task. Secondlwas hypothesized that participants of high
verbal-analytical ability would be more likely te@ia more verbal-analytical strategy, while
participants of high visual-spatial ability woul@ Imore likely to use a more visual-spatial
strategy. Therefore, in the present study, it wameeted that participants whose performance
would be more affected by the articulatory suppogsgask than by the spatial tapping task,
would be of relatively high verbal-analytical abjli Similarly, participants whose
performance would be more affected by the spa#ipping task than by the articulatory

suppressions task, were expected to be of relgtiugh visual-spatial ability.



Method
Participants

Sixty-seven right-handed students (50 females; XBlesh of the faculty of Behavioral
Sciences of the University of Twente participatedaturn for course credit. Participants were
between 18 and 27 years of ae=£ 19.8,SD = 1.7), and had normal or corrected to normal
vision. All were questioned about their prior knedge of the anatomy that had to be studied
in the experiment. Participants whose prior knog&dxceeded high school levels were
excluded from the study. For this reason, data off the 67 participants who took part in the

experiment was removed.

General procedure

The experiment required the participants to take jpathree one-hour test sessions. There
were multiple occasions in which each session cbeldittended, and the participants were
free to attend the sessions in the order that duliem most. Two of these sessiotig
cognitive ability test sessions, were group sessions. In these sessions, paritsipaere
subjected to paper-and-pencil tests that testedilvspatial and verbal-analytical abilities and
visual and verbal working memory span. The twoisesswere scheduled in such a way that
there were always at least 48 hours between thenthe remaining test sessiothe
anatomical learning session, participants were tested individually, using anpaiter. In this
session, participants studied two computerized 3ilets, each of a different part of the
human anatomy. After a model had been studiedpéngcipants were presented with the
localization task that assessed the knowledge cjgaatits had acquired of the studied
anatomy. The test consisted of twenty trials whiare presented in two groups of ten. For
each patrticipant, one of these groups of trialstbaoe performed under dual task conditions
with either a verbal or a spatial interference t&&unterbalancing was used to determine if
the first or second group of trials had to be penied under dual task conditions.
Counterbalancing was also used to determine intwhbrder the two models were studied,
and in which order single and dual task conditis@se presented. Table 1 shows the eight
orders which were a result of the counterbalandiagh participant was subjected to one of
these eight orders. Finally, at the end of the @natal learning session, participants had to

fill out a questionnaire concerning self reportedtegy use.



Table 1

Ordersin which the two models and the verbal and spatial interference tasks were presented
to the participants. Each row of the table represents one order. A cell with a dot indicates that
the localization task was made under single task conditions.

L ocalization task L ocalization task

Model 1 Trials1-10 Trials11-20 Model 2 Trials1-10 Trials11-20
Abdomen . Verbal int. Neck . Spatial int.
Abdomen . Spatial int. Neck . Verbal int.
Abdomen Verbal int. . Neck Spatial int.

Abdomen Spatial int. ) Neck Verbal int. .
Neck . Verbal int. Abdomen . Spatial int.
Neck . Spatial int. Abdomen . Verbal int.
Neck Verbal int. . Abdomen Spatial int.

Neck Spatial int. . Abdomen Verbal int.

Cognitive ability test sessions

In the cognitive ability test sessions, visual-sgaand verbal-analytical abilities of the
participants, as well as their visual and verbatkivgg memory spans were assessed. In group
sessions of maximum twenty participants each, @pants were subjected to paper-and-
pencil tests that tested these cognitive abilifieach of the sessions, participants made five
tests in the order and at the speed the test atstrindicated. All abilities were assessed
twice, once in each of the two sessions. The tastiswere used, and the order in which the
tests were presented, were different for each efo sessions. For each test, the scores of
the participants were divided by the maximum pdessitore on the test. Then, the two test
scores that were obtained for each cognitive gbiliere averaged to form one index that
indicated the participants level of ability.

Visual-spatial ability of participants was assesbgdests of Visualization (Vz) and
Spatial Relations (SR). Tests of Vz measure thétyldo manipulate relatively complex
visual patterns, while in tests of SR the manipafabf relatively simple visual patterns is
tested. A greater emphasis is placed on speedsia t& SR than in tests of VZ (Carroll,
1993). The tests of Vz that were used were ther®etirawn version of the Vandenberg and
Kuse Mental Rotation Test (Peters et al, 1995; ¥abdrg & Kuse, 1978), and the Surface
Development Test from the Kit of Factor Referen€aagnitive Tests (Ekstrom, French,
Harman & Dermen, 1976). SR ability of the particifsawas assessed by the Figures test and
the Cards test (Thurstone, 1938). The verbal-aicalytability of the participants was
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measured by two nine-item subsets of the 36-iteintl £ the Raven Advanced Progressive
Matrices (Raven, 1965). The subsets were selectmu the items of set Il that were
identified by DeShon et al. (1995) as items thatewgredominantly solved by the use of a
verbal-analytical strategy. Of the two resultingnit sets, one set contained items 8, 14, 17,
19, 25, 27, 28, 31 and 34 of the original set Ithed Raven Advanced Progressive Matrices,
while the other item set contained items 1, 6, 4@, 21, 26, 29, 30 and 35. The visual
working memory span tests that were used were tiepeés Memory Test and the Map
Memory Test. Finally, the Auditory Number Span Tast the Auditory Letter Span Test
were used to test verbal working memory span. élirfmemory span tests were selected
from the Kit of Factor Referenced Cognitive Teskgttom et al., 1976). An overview of the

tests that were used is presented in table 2.

Table 2
Overview of the tests that were used to assess the cognitive abilities of the participants. Participants

were required to attend both sessions, although they were free to attend the sessions in the order that suited

them most.
Test session 1 Test session 2
Spatial Relations Cards test Figures test
(SR) (Thurstone, 1938) (Thurstone, 1938)
Visualization (Vz)  Mental rotation test Surface development test
(Peterset al, 1995; (Ekstromet al., 1976)

Vandenberg & Kuse, 1978)

Verbal-analytical Raven advanced progressive matrices Raven advanced progressive matrices

ability ltems 1, 6, 13, 20, 21, 26, 29, 30, 35 Items 8, 14, 17, 19, 25, 27, 28, 31, 34
(Raven, 1965; DeShon et al. , 1995) (Raven, 1965; DeShon et al. , 1995)

Verbal working Auditory number span test Auditory letter span test

memory span (Ekstromet al., 1976) (Ekstromet al., 1976)

Visual working Map memory test Shape memory test

memory span (Ekstromet al., 1976) (Ekstromet al., 1976)
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Anatomical learning session

In the anatomical learning session, participantsewested individually. They were seated at
a desk, facing a computer screen. The desk wagglaca cubicle that was shut off from
outside disturbances. During the whole session,résearcher was present. The session
started with the researcher explaining the proeedurgeneral lines. Next, the participants
received verbal instructions from the experimeteout the interference tasks, after which
they practiced the tasks. For the articulatory seggion task, participants were told to count
aloud from one to four repeatedly. The speed athvtiiey had to count was indicated by a
beep that sounded at a rate of three times a seddnd task was practiced until the
participants were able to count at the right sdee®0 seconds without interruption, and felt
comfortable doing so. For the spatial tapping taskiicipants were instructed to use a pen to
touch, in a clockwise direction, four patches thate arranged in a square. The patches were
made of square sponges of 70x70 mm. The patches placed in four holes of a
corresponding size in a wooden board, with a sgacin25 mm between the holes. The
wooden board with the sponges was placed overemtrehic drawing tablet. Touches on the
sponge surfaces with the pen were registered bypnapeter that was connected to the
drawing tablet via an USB connection. The patchesewnade of sponges to provide the
participants with both tactile and auditory feedbaas the difference between touching the
hard wooden board or the soft sponges with thevpes clearly distinct by both touch and
sound. This was necessary as the wooden boardtimetlsponges was occluded from the
participants” vision by a sheet of cardboard. Bigdints were instructed to touch the four
sponge surfaces in a clockwise direction with tea pt rate of three touches per second. In
the same manner as with the articulatory suppnedagk, the correct rate was indicated by a
beep. Participants practiced until they were abléotich the correct patch 90% of the time
over a 30 second period.

After the interference tasks were practiced, noemv@rbal instructions were given by
the experimenter. The participants were told tdofelthe instructions on the computer
screen. However, the participants were informed twere free to ask the experimenter
guestions in case the on-screen instructions watrelear to them. First, the localization task
that would follow the presentation of a model waplained. Then a sample trial of the test
was presented. Participants were instructed togp@ytion to what was required of them in
this task, so that they could prepare themselvethie task during the study phase. Before the
model was presented, the participants were ingtutd put on the 3D enabling shutter-

glasses. After they had put on the glasses andateti they were ready, the model of the
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anatomy was presented. This could be either a najdbe anatomy of the human abdomen,
or a model of the anatomy of the human neck. Atip@ants studied both models. The order
in which the models were presented was counterbathbetween participants. The model
rotated around its vertical axes at a constant.pgdegt to the model, on the left side of the
screen, three pictures featuring a frontal vievthef anatomy were shown together with the
names of the different parts of the anatomy (figlireThe participants were allowed to study

the model for exactly three minutes, before it ppzared automatically.

I (=] B4
-8 x]
[ [ a5 a5 | ot e o0 @]

Je hebt minuten om deze
reconstructie te bestuderen.

#start| ] Outbox - Mieresoft Outlook | @) MedicalLearningstereopsis

. linker Bekkenhelft i) - ¥ !
] g it
l 8
De reconstructie in het rechtervenster 5 &
is manipuleerbaar met de muis. E E
o TTEERTT
e

Zoom «| | Il 450 Delly

B« HWIAE 2 33 m

Figure 1. Screenshot from the study phase of the experimenhich
participants studied a model of the human abdoarticipants

wore 3D enabling shutter glasses to perceive depth.

Localization task

After they had studied a model, the participantsensubjected to the localization task. The
presentation of the task that followed the firstd@lowas preceded by a repeat of the
instructions that had already been presented Wwihsample trial before the first model was
studied. When the participants were subjected &o Ititalization task after studying the
second model, only a short summary of the instonstiwas given. However, participants
were notified that a printed version of the fuliructions was available on the desk beside
the computer screen. They were free to read théngttuctions in case they felt they needed
more information than was provided by the summadriae-screen version. The participants
were then presented with a number of practicestribhe number of practice trials depended

on the model that was just studied; three trialsewmesented in case the anatomy of the
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abdomen was studied, four in case of the anatonlgeoheck. The number of trials differed
due to the limited number of uniquely availablalgifor each model. The localization task
featured a total of twenty trials, which were prase in two groups of ten each. The order in
which the trials appeared in each group was ranzieani

For each trial, the left side of th@een showed a frontal-view screenshot of the
model that was studied. Over this screenshot, ebeuf horizontal lines was drawn. On the
right side of the screen, a similar picture of aatamical CT cross-section was shown. The
task of the participants was to indicate the ldv@in which the cross-section was taken. A
test trial started when participants pressed thke§ on the numeric keypad of the keyboard.
Participants were instructed not to release theuy they thought they had identified the
correct height in the frontal-view screenshot o thodel. When the key was released, the
cross-section disappeared, leaving only the frental screenshot on screen. If after thirty
seconds the ‘5’ key had not been released, thes-s®dion disappeared any way. After the
picture of the cross-section had disappeared, tbetdl-view screenshot of the model
remained. The participants then had to use the entwmglick on the line drawn over the
screenshot that they thought corresponded withctiveect level. The reaction time was
defined as the time that the ‘5’ key was pressedorg were defined as clicking on an
incorrect line over the frontal-view screenshotfailing to click on a line at all. After each
trial, a message was shown indicating whether e tine was clicked or not. Trials of
which participants verbally informed the experingrthat they had accidentally released the
‘5’ key or accidentally clicked the wrong answerere removed from the analyses. An
example of a trial of the localization task is simaw figure 2.

Before the participants performed eaclaliaation task, they were presented with a
task that also assessed their knowledge of th@mauadl model. This task consisted of twenty
trials that featured similar anatomical cross-seias were used in the localization task.
These twenty trials were also divided into two grewf ten. Similar to the localization task,
one of these two groups of trials also had to bdemander dual task conditions, with either
the verbal or spatial interference task. The resoiftthis task showed an interaction effect
between task condition (single and dual) and tlterom which these two task conditions
were presented. Participants were found to alwayfopn better on the second group of
trials, regardless whether this group was maderusidgle or dual task condition. This made
it impossible to reliably analyze the results. Hfere this task will not be discussed further in

this paper.
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Figure 2. Screenshot of an item of the localization task thédwed the
study phase in which participants had studied aaihofdthe human
abdomen. Participants were required to seledintbeover the front-view
on the left that they thought corresponded withléwvel at which the

cross-section on the right was taken.

Interference tasks
Both localization tasks featured twenty items, whigere presented in two groups of ten
trials each. One of these two groups of trials hadbe made while the participants
simultaneously performed either the articulatorgmession task, or the spatial tapping task.
Before this group of trials was presented, paréioip first received instructions about how to
perform the two tasks simultaneously. They werdlieitly instructed that it was of utmost
importance to perform as best as they could oriritegference task, even if this meant that
performance on the anatomical learning tasks weufter. Then, the practice trials that had
been presented before were repeated, so partisipemild practice the simultaneous
performance of the two tasks. All participants tb@agberform the localization task once with
each of the inference tasks. The localization thsk followed the presentation of the first
model was combined with one interference task, evthie localization task that followed the
second model was combined with the other interfe¥etask. The order in which this
happened was counterbalanced.

In thearticulatory suppression task, the participants were required to count aloudhfro

one to four repeatedly. A beep sounded to inditaecorrect speed of counting. This beep
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started just before participants pressed the 'y’ tkestart the first trial, and disappeared only
after all ten trials were completed. Participaneravinstructed to start counting and have
counted at least once from one to four, before thessed the ‘5’ key, and not to stop
counting until they had released the ‘5’ key. Thostween trials, no counting was required.
The researcher was present during the whole expatimnd noted down the trials during
which participants stopped counting, skipped atdagi clearly did not count at the indicated
speed. These trials were later removed from tha. datthespatial tapping task, the same
procedure was followed. Again, the beep indicating correct speed of tapping sounded
from just before the first trial until after thestatrial. Participants were instructed to start
tapping before pressing the ‘5’ key to start thetrneial, and not to stop until they had
released the key again. They were required to td@aat four times before pressing the ‘5’
key. Participants were explicitly instructed to gdeoking at the computer screen and not to
look around the piece of card board that was ueedctlude the tapping board from the
participants’ vision. Trials during which participia failed to do so were excluded from
further analysis. Every tap on one of the four ggosurfaces was registered a drawing tablet
that was placed under the board with the spongles.drawing tablet was connected to a
computer that verified if the correct sponge swefaas touched at the corrected moment.
Trials during which participants failed to tap tt@rect sponge surface for 80 percent or less

of the time were removed from the data.

Questionnaire

Finally, at the end of the anatomical testing segsparticipants were required to fill out a
questionnaire. The questionnaire featured fourstat@ments which concerned both the study
phase and the localization task. Statements weheded that addressed how the models were
studied, how familiar participants were with thedals, the use of visual-spatial and verbal-
analytical strategies, and the effects of the fatence tasks on strategies. All statements were
each presented twice, once positively framed, amgk omegatively. Thus, the questionnaire
featured a total of 28 statements. For each staigrparticipants indicated how much they
agreed with the statement on a scale from 1 torbtHs scale, full disagreement with a
statement was indicated by 1, while 5 indicated &glreement. The questionnaire was an
expanded version of the questionnaire used by Koffhand Buckner (2006). The

questionnaire is included in appendix A.
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Apparatus

The anatomical learning session was run on a Henlit class PC with Windows XP as
operating system. The computer featured a PNY-Quddb80XGL videocard and a 19”
llyama Vision Master Pro CRT-monitor. The setup ther included Stereographic’s
CrystalEyes CE-3 active shutter-glasses, and areiifter and stereoEnabler. Together, this
setup was able to produce a monitor refresh rat@46f Hz. This resulted in an effective
refresh rate of 70 Hz with the use of the left aight alternating shutter glasses, which
enabled the anatomical models to be presented wtithaticeable flicker. The 3D anatomical
models were constructed from CT-Data of actualgpési The model of the abdomen was
also used in the study of Luursema et al. (2006& Surfdriver software package was used to
automatically generate 3D DXF models, by tracirgyrislevant anatomy in every slice. These
models were post-processed in 3D Max and Cosmowtoldreate VRML models for use in
the experiment. The Nvidia QuadroView 2.04 appiaratvas used to present the models to
the participants. The E-Prime 1.1 experimentalvgafié package was used to create the part
of the experiment that featured the anatomicalniegrtests, including instructions, sample
items and log files. The interference tasks wese afeated with the E-Prime software and
were run on a second computer which was contrdiedhe experimenter. This second
computer was also a Pentium IV class PC. The wobdand with the four sponge patches
used for the spatial tapping task was placed ovévagom Intuos2 A4 Regular drawing
tablet.

Data analysis

Before the results were analysed, the scores omwibeests that were used to assess each
cognitive ability were converted to percentageshef maximum possible score on the tests.
These two percentages were then averaged in arderrh one index for each participant’s
cognitive ability. Kolmogorov-Smirnov tests revedlehat the distributions of the five
resulting cognitive ability indexes did not diffeignificantly from a normal distribution.

For each participant, trials of the localizatioska@uring which they failed to perform
the interference tasks correctly were removed.tk®werbal interference task this meant that
on average 1.1% of the total number of trials veamaved, while for the spatial interference
task an average of 18% of all trials was removeata®f participants who failed to answer at
least one trial of the localization task correcthder single task conditions were also removed
from the analyses of that particular interfereregkt This meant that in case of the verbal

interference task, data from the localization taSK participants, which was 11% of the total
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number of participants, was omitted from furthealgses. In case of the spatial interference
task, data of 9 participants, 14% of the total namivas removed. To be able to compare the
effects of the two interference tasks on perfornsamicthe localization task, relative changes
between single and dual task performance on thelitation task were calculated by
subtracting accuracy under single task conditisomfaccuracy under dual task conditions
and dividing the result by accuracy under singlsk taonditions. Furthermore, relative
changes in reaction time were calculated by sutiigacreaction time under dual task
conditions from reaction time under single taskdibons, and dividing the result by reaction
time under single task conditions. In this way ardase in performance was always indicated
by a negative percentage, and an increase in psafare by a positive percentage, for both
accuracy and reaction time. Kolmogorov-Smirnovdestealed that none of the distributions
of the variables representing these relative difiees in performance differed significantly
from a normal distribution. The resulting data wes then subjected to the analyses that are

described in the results section below.
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Results

Cognitive ability test sessions

The descriptive statistics for the five indexegetthier with the correlations between the two
tests that were used to assess each ability, avensim table 3. Data from one participant for
one of the auditory working memory tests was rerdogtee to a misunderstanding of the
instructions.

Table 3
Descriptive statistics for the five indexes of cognitive ability and correlations between
the two tests that were used to measure each ability

N Min  Max M SD r
Spatial Relations (SR) 66 14 .96 .59 .19 .603
Visualization (V2z) 66 .19 .98 .57 .18 423
Visual WM span 66 .34 .98 71 .16 419
Auditory WM span 65 .08 .50 .26 .08 331
Raven M atrices 66 17 .94 .59 17 .327

** ggnificant at the p<.01 level, two-tailed
* ggnificant at the p<.05 level, two-tailed

Effects of interference tasks
Figure 3 shows means and standard deviations fitr &ccuracy and reaction time on the
localization task under single and dual task comast with either verbal or spatial

interference.
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First, it was examined if there were differencesmMeen the two interference tasks in their
effect on accuracy of the localization task. Ta netent, a repeated measures ANOVA was
performed with interference task (verbal or spaaalwithin-subjects variable and the relative
difference in accuracy between single and dual tasiditions as dependent variable. No
significant difference was found. Neither was angigant difference found when another
repeated measures ANOVA was performed with rea¢tine as dependent variable.

Next, the effects of the two inference tasks wetangned in more detail. For the
verbal interference task, repeated-measures ANOWAe performed with task condition
(single or dual) as within-subjects variable ana@uaacy or reaction time as dependent
variable. The ANOVA of accuracy on the localizattask showed a significant effect of task
condition,F(1, 58) = 11.56,p < .01. Thus, participants performed with lowecwacy on
the localization task when it was presented undel dask conditions. The analysis of
reaction time also revealed a significant effecthaf interference task(1, 49) = 10.00p <
.01. This means that participants on average rédemster under dual task conditions than
under single task conditions. No significant catein was found between the relative
differences in accuracy and reaction time betwésglesand dual task conditions.

For the spatial interference task, the repeatedsurea ANOVA of accuracy on the
localization task revealed a significant effecttask conditionF(1, 58) = 10.654p < .01.
Thus, participants had lower accuracy on the laaéibn task when it was performed together
with the spatial interference task, than when iswarformed under single task conditions.
The ANOVA of reaction time also showed a significaffect of task conditionf-(1, 45) =
26.92,p < .001. These results mean that the spatial anemte task also caused participants
to perform the localization task both faster anslsl@accurate under dual task conditions.
Again, no significant correlation was found betwékeea relative differences in accuracy and

reaction time between single and dual task conultio

Cognitive abilities and effects of interference

The relation between cognitive abilities and théedt of the interference tasks were
examined next. To this end, two multiple regressaoalyses were performed, in which the
five cognitive ability indexes of the participantgere entered stepwise as independent
variables. Relative differences in accuracy andtrea time on the localization task between
single and dual task conditions were entered aslépendent variable. The analysis with
relative difference in accuracy, between single dndl task conditions with the verbal

interference task, as the dependent variable shavggnificant model with Visualization as
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the only predictorF(1, 56) = 4.20,p < .05,r* = .07. The analysis with relative difference in
reaction time as the dependent variable yieldedyafeant model with auditory working
memory span as a sole predicte(l, 47) = 7.23,p < .01,r* = .13. Thus, the reduction in
accuracy on the localization task between singté dual task conditions was best predicted
by the Visualization score of a participant. Thdueion in reaction time, however, was best
predicted by the auditory working memory span sadrearticipants. The last relation was
negative, meaning that higher auditory working mgmgpan scores were associated with
decreased performance, as was shown by increaaetibretimes. Table 4 shows the results
from the multiple regression analyses.

To examine the relations of cognitive abilitiestwihe effects of spatial interference,
two further multiple regression analyses were peréml. The analysis with the relative
difference in accuracy on the localization taskh&sdependent variable yielded no significant
model. The analysis with relative difference inatean time as dependent variable also did
not reveal a significant model. Thus, no predictwese found for the relative differences in

accuracy and reaction time between single andtdaklconditions with spatial interference.

Table 4

Sgnificant variables for the multiple regression analyses with the five cognitive ability scores
as independent variables and relative changes in accuracy and reaction time between single
and dual task (articulatory suppression) conditions respectively as dependent variable

B Std. Error t p
Accuracy
Constant -.709 .269 -2.640 <.05
Visualization .906 442 2.049 <.05
Reaction time
Constant .590 178 3.311 <.05
Auditory working memory span  -1.750 .651 -2.689 .0%

To further examine the relations between cognitdities and the effects of the
interference tasks, the relations of cognitive iabd with performance under single task
conditions, and with performance under dual taskdd@mns were considered. To this end,
further multiple regression analyses were performadwhich the five cognitive ability
indexes of the participants again were enteredassepas independent variables. For verbal
interference, the analysis with accuracy underlsitgsk conditions as dependent variable
resulted in a significant modd#(1, 56) = 13.312,p < .001,r* = .192, with Visualization as
the only significant predictor variable. When aralgsis was performed with accuracy under
dual task conditions as the dependent variablenagsignificant model with Visualization as
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the only significant predictor emergel(1, 56) = 18.138,p < .001,r* = .245. Thus, for
accuracy on the localization task under both simgld dual task conditions, Visualization

was the only predictor. Table 5 shows the resuits1fthe multiple regression analyses.

Table 5

Sgnificant variables for the multiple regression analyses with the five
cognitive ability scores as independent variables and accuracy under
single and dual task (articulatory suppression) conditions respectively
as dependent variable

B Std. Error t p
Sngle task conditions
Constant .065 .076 .851 .398
Visualization 458 125 3.649 <.001
Dual task conditions
Constant -.051 .076 -.674 .503
Visualization .533 125 4259 <.001

For spatial interference, the analysis with accyran the localization task under
single task conditions as the dependent variabsiltexl in a significant model with
Visualization as the only significant predictd#(1, 57) = 8.29, p < .05,r* = .13. With
accuracy under dual task conditions as the depéndamable, the analysis yielded a
significant model with verbal-analytical abilitys aneasured by the Raven matrices test, as
the sole predictor(1, 57) = 4.61,p < .05,r*> = .08. Thus, under single task conditions the
Visualization score was the best predictor of amcyron the localization task, while under
dual task conditions this was the Raven matricesesd his difference in predictors between
single and dual task conditions is interesting assignificant predictor was found for the
relative difference in accuracy between single dndl task conditions. Table 6 shows the

results from these multiple regression analyses.

Table 6

Sgnificant variables for the multiple regression analyses with the five
cognitive ability scores as independent variables and accuracy under
single and dual task (spatial tapping) conditions respectively as
dependent variable

B Std. Error t p
Sngle task conditions
Constant .090 .085 1.052 297
Visualization 403 140 2.879 <.01
Dual task conditions
Constant .040 .105 .378 .707
Raven matrices .363 169 2.146 < .05
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Questionnaire

A one-way ANOVA was used to examine if there wagliierence in familiarity of
participants with the anatomy of the abdomen (ApiperA, question 6) and the neck
(question 7). The analysis revealed that partidgparere more familiar with the anatomy of
the abdomenM = 4.19,SD = .94) than they were with that of the nebk£ 3.80,SD = 1.11),
F(1,64) = 4.846p < .05. Then, the relations between answers orgtlestionnaire and the
effects of the interference tasks were examinedthkb end, correlations were computed
between the answers participants gave to the questire and relative differences in
performance between single and dual task conditidossignificant correlations were found
between the answers and either relative differemeesccuracy or reaction time for both
verbal and spatial interference. Next, the relat@tween performance on the localization
task and the answers participants gave were exdrbyeomputing correlations between the
two. Accuracy under dual task conditions with tiicalatory suppression task was found to
be significantly correlated with the reported usemental imagery during the study phase
(question 5). Accuracy under dual task conditionth whe spatial tapping task correlated
significantly with both reported use of mental ireag (qQuestion 10) and internal speech
(question 11) on the localization task. These vileeeonly significant correlations that were

found and are shown in table 7.

Table 7
Sgnificant correlations between the answers on the questionnaire and accuracy
under single and dual task conditions with verbal and spatial interference

Verbal interference Spatial interference
Single Dual Single Dual
task task task task
Study phase
Used mental imagery 357 **
L ocalization task
Used mental imagery .354 **
Used internal speech 275 *

** ggnificant at the p<.01 level, two-tailed
* ggnificant at the p<.05 level, two-tailed
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Discussion

In the present study the use of verbal-analytical sisual-spatial strategies in anatomical
learning was examined. This was done in a taskabsg¢ssed visual-spatial knowledge that
participants had acquired of anatomical models thay studied before. The relations of
cognitive abilities and working memory span of freeticipants with strategy use were also
examined. A questionnaire and two interference stasiere used to identify strategies.
Articulatory suppression was used to interfere with use of a verbal-analytical strategy,
while spatial tapping was used to interfere with tise of a visual-spatial strategy.

The results showed that under dual task condifp@mscipants both made more errors
and were faster than under single task conditidhss was true for both interference tasks.
One explanation for this could be a speed-accutede-off. The participants might have
experienced the simultaneous performance of amféenémce task as difficult or annoying,
which caused the participanis spend less time solving the trials of the |lation under
dual task conditions, and as a result had a datteheffect on accuracy. The extent of the
decrease in reaction time would then be expectdueteelated to the extent of decrease in
accuracy, as less time spend on the localizatisk wauld mean lower accuracy. However,
for neither of the interference tasks such a mhatvas found to be significant. A strong
speed-accuracy trade-off therefore seems unliRédyertheless, the finding of a decrease in
both accuracy and reaction time under dual tasklitons, combined with the absence of a
relation between the two, is interesting. It metrad on average both accuracy and reaction
decreased, but that the amount with which eachedsed was independent of each other.
Thus, there were individual differences in how jgrants were affected by the two
interference tasks.

To further examine the effects of the interferetasks, their relations with cognitive
abilities were considered. For verbal interferentsualization was found to be the predictor
of the extent that accuracy decreased under dakldanditions. Participants of relatively
high Visualization ability were found to suffer tHeast from verbal interference. This
suggests that participants of relatively high Vigaaion were using a strategy that relied less
on verbal resources of working memory than relffil@v Visualization ability participants.
Thus, as hypothesized, participants of relativeg)nlvisual-spatial abilities were expected to
be using a more visual-spatial strategy. When i@adime was considered, the size of

participants’ auditory working memory span was fouon predict the relative decrease in
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reaction time on the localization task from singdedual task conditions. Higher auditory
working memory span sizes were associated witht@refecreases in reaction time. Thus,
participants with relatively large auditory workingemory spans gained the most from verbal
interference when reaction times were concernet fEsult seems to be in conflict with the
hypothesis that participants of relatively largebad-analytical ability were expected to suffer
the most from verbal interference. However, whemsatering that verbal-analytical
strategies have reliably been found to be slowan trisual-spatial strategies (Cooper, 1982;
Bethell-Fox and Shepard, 1988), these participanég have switched to a less time
consuming strategy of a more visual-spatial natlines positive result of verbal interference
was not anticipated, but has been found befordipBhiwynn, Gilhooly, Della Sala and
Logie (1999) studied the Tower of London task, &hd that the articulatory suppression
task caused faster performance of this task. Tlae @ similar explanation as they argued
that articulatory suppression prevented the paditis from using the phonological loop for
verbal rehearsal on the task, causing the partitsp@ switch to a more optimal strategy that
involved the visual-spatial sketch-pad.

For spatial interference, no predictors were fowién the relations of the cognitive
abilities and working memory span with the relatdferences in performance between
single and dual task conditions were examined. fhght have been caused by the removal
of a substantial part of the data due to partidipdailing to perform the spatial tapping task
correctly. As a result the power of the analysesretesed. However, the finding that
participants were having difficulties with performgi the spatial tapping task up to the set
criteria is interesting. Especially consideringtttize spatial tapping task featured the same
specifications as was used in Noordzij et al. (30@4o did not report high error rates. One
explanation for this difference could be that thektthey used the spatial tapping task to
interfere with, a sentence-picture verificationktasas of relative little complexity compared
to the localization task in the presented studyeréfore, in the present study, despite being
explicitly instructed to give priority to the inference tasks, participants might have failed to
do so and let the localization task impair theiatggd tapping performance. However, this
would mean that the localization task always resgimn amount of visual-spatial resources,
regardless of which strategy was used. This is il considering the finding that
Visualization emerged as the only predictor of aacy under single task conditions,
accuracy under dual task conditions with verbakrierence, and accuracy differences

between single and dual task conditions with venhi@rference. Furthermore, Visualization
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has been found to be related to anatomical learperformance before (Luursema et al,
2006; Garg et al., 2001; Wanzel et al., 2002).

The relations between the effects of spatial ieterice and cognitive abilities were
further examined by considering the relations afgrenance under single task conditions and
performance under dual task conditions with cogeitibilities. Under single task conditions
Visualization was the only significant predictorafcuracy, while under dual task conditions
verbal analytical ability, as measured by the Ran@trices test, was the only significant
predictor of accuracy. This is in line with the eggation that the spatial tapping task would
interfere with visual-spatial processing in workinmgmory, causing visual-spatial ability to
lose predictive value to verbal-analytical abilifyne suggestion that visual-spatial working
memory resources were always required by the giygtarticipants were using, means that
the participants under single task conditions weatiger using a fully visual-spatial strategy,
or an intermediate strategy that required bothaklispatial and verbal-analytical working
memory resources. The finding that both interfeeetasks on average had a similar effect,
decreased accuracy and lower reaction times, andinding that no differences in effect
between the two interference tasks were found,estgfe latter. The finding of Visualization
as the only significant predictor under single taskditions suggests that the visual-spatial
working memory resources were most important. Hsellts further suggest that the amount
in which participants relied on verbal-analyticablavisual-spatial working memory resources
was mediated by their cognitive abilities. The sgjgpn that participants did not use a purely
verbal-analytical or visual-spatial strategy, isaydible considering the relatively high
complexity of human anatomy, as was studied inptiesent experiment, when compared the
material used in the studies that made the distimdbetween pure verbal-analytical and
visual-spatial strategies (Cooper, 1982; Bethek-Rad Shepard, 1988). Furthermore, it is
also in line with Glick and Fitting (2003) who aeglthat high levels of stimulus complexity
are related to the use of intermediate strategies.

Thus, the results of the present study suggest uhder single task conditions
individual differences in strategies existed. Hoemrwvthese strategies were neither pure
verbal-analytical, nor pure visual-spatial as tbguits indicate that the strategy that was used
relied on both verbal-analytical and visual-spatvarking memory resources. Although both
resources were required, the latter was thougbeétine most important of the two. The extent
to which participants relied on both resources stagjested to be mediated by their cognitive

abilities.
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Questionnaire

Very few relations between answers on the questioarand performance on the localization
task were found. However, the results that werendowere in line with what one would
expect considering the general trend of the belaa@ialata. Higher reported use of mental
imagery during the study phase was related to higbeuracy under dual task conditions with
verbal interference. This was expected as partit§pavho were using a more visual-spatial
strategy should suffer less from verbal interfeeenit also emphasizes the importance of
Visualization as a predictor of accuracy. Both leigheported use of mental imagery and
internal speech were related to higher accuracyemumial task conditions with spatial
interference. This confirms the suggestion thathbwérbal-analytical and visual-spatial
resources play a role in the strategy that paditip used. The finding that under dual task
conditions with spatial interference a relationséxisted between accuracy and reported use
of mental imagery, further emphasises the impogawfcvisual-spatial abilities. Finally, the
finding that only a very few relations existed beém answers on the questionnaire and
performance on the localization task suggests phaicipants were not very aware of the

strategy they used.

Limitations and recommendations

The present study was limited in a number of ways.important limitation was that a
substantial part of the data was omitted from th&lyses, as performance of the participants
did not reach the set criteria. On the localizatask under single task conditions, a number
of participants failed to answer at least one tt@arect. This suggests that the localization
task might have been too difficult for the currgndbup of participants. However, the number
of trials of the localization task was small, whigave the participants little room for error.
The number of trials was only half of that when kbealization task was used in Luursema et
al. (2006), as in the current study the trials wavded over two groups, one to be performed
under single task conditions, and one under ds&l¢anditions.

The number of trials under dual task conditions fuather reduced by the removal of
trials during which participants failed to perfothe interference tasks to the set criteria. The
number of trials of the localization task that wasnoved due to participants failing to
perform the spatial tapping task correctly was alsbstantial. As was discussed above, this
might have been the result of the localization tabkays requiring an amount of visual-

spatial resources. Despite being explicitly ingiedahat the interference tasks had to be given
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priority, participants might have failed to do sondalet the localization task impair their
spatial tapping performance. In future studiessitherefore recommended to better control
priority participants give to the interference t&sk would also be recommended to vary the
difficulty of the interference tasks. This could bsed to examine whether the present results
could be reproduced with a less difficult spatsgdding task, thus when all participants would
be able to perform the spatial tapping task atl¢wel of the set criteria. It would also be
interesting to vary the difficulty of the interferee tasks to examine when the participants’
performance starts to suffer. If with an interferemask of low difficulty, individuals could be
influenced to adopt to a more successful stratigy could be used for training purposes.
Furthermore, as the interference task might hauseth some participants to change
their strategy, this may also have had an effecstaategy use under single task conditions,
when dual task conditions preceded single task itond. Future studies might control for
this by only presenting dual task conditions afiergle task conditions, and providing a
control group to examine the effects of the duatktaconditions. Finally, another
recommendation for future studies would be to uesar@imaging techniques to examine
which brain areas are involved in the use of thasategies, which could provide further

evidence for the use these different strategies.
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Appendix A

Trandated version of the questionnaire that was presented in Dutch at the end of the

anatomical learning session. Each statement was presented twice, once positively framed and

once negatively. Responses were given on a 5 point scale ranging from totally disagree to

totally agree.

Study phase

| paid attention to the colours used in the models

| paid attention to the shapes of the separats pathe models

| paid attention to the positioning of the sepapa#gs of the models
| spoke to myself while studying the models

| used mental imagery when studying the models

The model of the abdomen was new to me

The model of the neck was new to me

© 0 N o g B~ wDbdPRE

| used different ways to study the two models

L ocalization test

10. 1 used mental imagery when solving the trials

11. | spoke to myself when solving the trials

12. | used a different way of solving the trials durveybal interference
13. 1 used a different way of solving the trials dursypatial interference

14. 1 used the same way of solving the trials all theet

| found the model of the neck harder to memorizamttihat of the abdomen
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