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Abstract

Praxis (procedural memory) can be defined as atsufisteps necessary to execute a routine;
apraxia is an early finding in Alzheimer’s diseasel frontal lobe dementias. Functional MRI
was used to detect active areas of cerebral cdugrg a script processing task. Over four
consecutive sessions, eight right-handed subjeat$ five-item descriptions of common
behavioral scripts (e.g., dining at a restauramd) jadged whether they were in proper semantic
order (experimental condition) or in alphabeticesr(tontrol condition). Subjects were highly
accurate across sessions, and improved resporns fiatfowing the first session. Initially, script
processing preferentially activated left fronteft ktemporal, and right cerebellar regions. During
subsequent sessions, activations spread to adaiframtal, temporal, and occipital regions,

with most diffuse activation during the third sessi During the last session, activations became
localized to left temporal and midline cerebellegions. These sequential changes form a
pattern associated with progressive improvemetitartask, consistent with plasticity expected
to accompany learning. The pattern of changesfitedel whereby discrete regions reorganize
to optimally handle script processing. These fugdimay serve as a basis for early detection of

Alzheimer’s and related disorders, where a diserating pattern would potentially emerge.
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I ntroduction

A major question in cognitive neuroscience is logher order information is
represented in the brain. One particular frameywdekived from work in artificial intelligence,
is the notion of a script. Scripts are mental ¢auss referring to the ways in which individuals
interpret and interact with their environments. Bxecution of a script leads to the realization of
a goal; thus, scripts encapsulate goal-oriented\ietsl. Scripts are typically expressed as a
linear sequence of steps, each of which must beleted before proceeding to the next. For
example, a script for grocery shopping might inelailiving to the store, getting a cart, selecting
groceries, paying for groceries, and loading thgsba the car. As types of procedural
memories, akin to praxis, scripts are involvedvargday planning and execution of behavioral
routines. These higher-order cognitive functiopgear to be associated with executive system
abilities1.2

Identification of brain regions associated withigicprocessing is important not only
from a basic science perspective, but also fronp#repective of eventual application to
diagnosis and treatment of neurological dysfunctiBasic research on script processing
contributes to brain mapping efforts; such researaly ultimately lead to improved
understanding of apraxia and executive disordeng;winvolve the frontal lobes and often
appear as early signs of dementia such as Alzh&indisease.

Lesion studies indicate that script processiraj ieast partially subserved by frontal lobe
regions. Sirigu et al. found that patients witbnfial lobe lesions, when given written script
components (steps) in random order, were unahiestite behavioral scripts without making
sequencing errors (in which the scripts were npt@priately ordered), and boundary errors (in

which there was mixing of conceptual steps betveeeipt domains¥. Even when given an
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opportunity to correct their scripts, they did gotrect their sequencing errors and continued to
include inappropriate steps in their scripts.

Functional neuroimaging has confirmed that thettblobes are involved in script
processing, along with the temporal lobes. Inahly previously published functional
neuroimaging study of script processing, Parti@letised positron emission tomography (PET)
to identify the right frontal lobe, left superi@mporal gyrus, and bilateral middle temporal
gyrus as regions subserving the sequential ordefisgript components When various
conditions were subtracted from the script ordegagdition, results suggested that the temporal
lobe activations were related to semantic procgssin

Our goal was to isolate the cognitive activity asated with the sequential ordering of
scripts by making the experimental and control ¢imas as similar as possible with the
exception of the semantic ordering component. dihieent study compared brain activity during
a semantic verification task (experimental conditjon which subjects were asked if a series of
five script events was in the correct sequentideénrand an alphabetical verification task
(control condition), in which subjects were askietthé events were in the correct alphabetical
order. Thus, the control condition is virtuallertical to the experimental condition in that it
demands basic lexical processing, basic sequengswgl scanning, and a motor response to
indicate an answer. By subtracting the sequenovmved in the alphabetizing task from the
sequencing involved in the semantic task, we exoktct identify only brain regions involved in
a) procedural memory or praxis, and b) semantioesecjng of script events.

The current study focuses on the effect of semamtiering of script events in discrete
domains, thereby avoiding the potential confoundaifndary errors. The script ordering task

used in the current study differs from the one use@artiot and colleagues in that it presents
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five script steps simultaneously, rather than dreetamel. Thus, we expected our semantic task
to reflect a unitary cognitive operation and toueel the working memory requirements of the
task. Generation of scripts was also avoided lsradeft dorsolateral prefrontal activation
would probably appear, as has been seen in seneging studies involving a generation
condition4. The current study replicates and extends previterature using functional MR,
which has the advantage of higher spatial and teahpesolution than PET, and the ability to
carry out more repetitions without fear of accurtintaradiation dose.

Based on previous research we expected a) thardcedural memory demands of the
task would activate the left superior temporal gyand bilateral middle temporal gyrus, and b)
that frontal gyri would be involved due to the taslkequirement for semantic sequencing
Recent research has suggested the left superigafrgyrus also subserves sequencing of verbal
items®. We anticipated that prefrontal activations oifid, would reflect the act of
determination of logical sequence, rather thanaleslorking memory, as seen in left frontal
cortex in accordance with previous findirfgs

It stands to reason that some degree of mentalengag involved in the determination of
semantic order. Indeed, our pilot subjects inéiddhat they imagined themselves executing the
scripts. Evoking imagery has been associated pvéhuneate and extrastriate activafién

Recent research has identified the cerebellum asportant structure in mental
imagery, shifting attention, planning, and othee@xtive functiond. Because the semantic
condition was believed to differentially recruieste functions, we anticipated cerebellar
activation. Neuroscience research over the pastdi#ehas revealed afferent and efferent
connections between frontal regions and contralbtarebellar region$10. Previous functional

neuroimaging studies have confirmed that frontbklactivity correlates with contralateral



Flitman 6

cerebellar activity. As the semantic task is a verbal task, we exgdeotédentify left frontal and
right cerebellar activations during this task.

Up to now we have discussed only the static reptatien of scripts in the brain. To
extend this work into the arena of learning andxplore the interaction of script memory with
the acquisition of the semantic task, we exposéergubjects to four consecutive sessions in
order to assess practice-related changes over time.

To summarize, we have hypothesized that (a) thesgowverification condition would
result in bilateral temporal, left frontal, and t@ateral cerebellar activation, (b) a non-sentanti
ordering condition such as determination of alphialder would not result in such activations,
as there is sufficient “cognitive distance” betwdlea two conditions, (c) activation seen when
subjects are naive to the task should change withegjuent repetition, in accordance with

findings in the brain plasticity and learning laeurel1-13

Methods

Subjects

Subjects were eight healthy adults (6 women, 2 pam@raging 26 years of age (range 19-33)
and 16.9 years of education (range 13-20), whontekred for the study and produced useable
data. Subjects were all strongly right-handedhwit average Edinburgh Handedness Inventory
14 score of 95.4 (range 84.6-100). Subjects werkudgd if they had any history of neurological
or psychiatric dysfunction, illicit drug use, orawy alcohol use. Additional exclusion criteria
included current use of psychotropic medicatiobatxo, or high levels of caffeine within one

week of the study. All subjects gave written imi@d consent, and were paid a modest hourly
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stipend. The current study was approved by thetutisnal Review Board for Human Subject
Research at Barrow Neurological Institute.

The Beck Depression Inventory was used to confirat $ubjects were not currently
depressed; no subject had a score greater th#S-R (The Psychological Corporation, San
Antonio) Vocabulary and Picture Arrangement scovese used to confirm normal cognitive

performance, with mean scores of 12 on both subtest no scores lower than 10.

Apparatus and Scanning Procedure

All scans took place on the same imager, a Gekgeatric Signa 1.5T with EchoSpeed Echo-
Planar Imaging upgrade (GE Medical Systems, Milves)k The series of scans obtained
comprised a sagittal T1-weighted localizer uponchtslices were planned for subsequent axial
acquisitions; a 3D volumetric spoiled-gradient-eskquence (effective T1-weighting) anatomic
image; and four subsequent sets of functional MRIich were acquired using a 2D spiral EPI
pulse sequence. A frame of 15 slices with 7 mneisga(0 mm skip) were acquired every 3 s
with a flip angle of 60, 20 cm field of view, and displayed on a 128 x b2&rix, giving voxels

of 1.56 mm x 1.56 mm x 7 mm in size.

The scanning session began with placing the suibjeébe scanner with the head secured
by tape and foam padding to minimize range of nmotiBarplugs minimized subject discomfort.
Subjects were given thumb-triggers built into bieygrips which were to be depressed with the
left or right thumb for YES and NO; assignment &Y or NO responses to the right or left
thumb triggers was counterbalanced across subfeglgects were naive to the tasks but were
given verbal instruction prior to the experimerdaeding what to expect and which thumb-

triggers to use to respond YES and NO.
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A session consisted of 72 frames and lasted 2T8using each session, subjects were
exposed to alternating experimental and controtitmms via a back-projection screen
illuminated by an 800 lumen Epson projector (Ep&arerica, Torrance, CA) which was in the
control room and not the magnet chamber to avoidnidfference. An Intel-based computer
drove the projector using CNS Presenter (XenoseigPloenix), a stimulus presentation system.
The Signa has an RF-unblank TTL line, which washeated to the computer via a custom
joystick port, in order to synchronize the startagks with the initiation of a set by the MRI

technologist.

Image Analysis

Images were obtained in raw format from the scaandrtransferred electronically to a Sun
SparcStation (Sun Microsystems, Inc., Mountain VJieWhere they were reconstructed into
individual files corresponding to frames, which wamn a format suitable for Statistical
Parametric Mapping (SPM) for Windows 1.81 This version of SPM has been deemed
statistically identical to SPM 96 with regard tsu#s16.

Within each of the four consecutive sessions glesubjects were realigned together
using the SPM package, and then averdded his produced a single set of realigned images,
corrected for head motion using a 6-parameteraftfiansformation. The averaged set of images
was then normalized into the stereotaxic spacead@ifich and Tournoudé, permitting
reporting of statistical activation in a standaedizoordinate system. Once normalized, the
images were then smoothed with an 8 mm Gaussiaekevhich enhanced comparability and

minimized anatomic variation.
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Statistical analysis for fMRI was performed usihg tmodule in SPM for Windows,
examining one-tailed differences in the experimlecdadition contrasted with the control
condition. The threshold of expected peaks (u) seast 0.001 (2 3.09). Clusters were
accepted if they exceeded 5 voxels in siz&}k These clusters are deemed activations in the

following discussion.

Results

Behavioral Data

An accuracy score of 90% across experimental anttaaondition sessions was required for
inclusion in subsequent behavioral and fMRI anay&ax of the eight subjects had complete
behavioral data, but the data of two subjects caoldbe analyzed due to technical difficulties
with our recording equipment. The data of these swgects, while not included in subsequent
analyses, did indicate that the subjects were atelyrcompleting the experimental and control
tasks. Thus, their imaging data were included iM&Ralyses.

Behavioral data were analyzed in terms of readimoe (RT) and accuracy. Subjects
differed in their RTs (F=7.85, p<0.01), but did widfer in their accuracy of responding (F=1.22,
ns). Reaction times decreased significantly folloyihe first session, such that Session 1 RTs
were longer than those of Session 2, Session 3Sassion 4 (Tukey HSD p<0.001). Overall
subject accuracy rates ranged from 91% to 99% scmsditions. Accuracy rates remained
stable across task sessions (F=1.44, ns).

As expected, subject RTs were significantly shadterng the control task, requiring
them to judge the alphabetical order of the stimutems, than during the experimental task,

requiring them to judge the semantic order of tams (M=2586 ms and 3592 ms, respectively;
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F=48.80, p<0.005). Subjects were highly accuratenduhe experimental and control tasks
(mean accuracy was 95% for the experimental tadkd@po for the control task; F=0.15, ns).
There was significant subject variability in RTsass tasks (the task by subject interaction was
significant, F=11.18, p< 0.001) and across sesghiessession by subject interaction was
significant, F=3.54, p<0.05). There was also sigaiit subject variability in accuracy across

tasks and sessions (the session by task by suljeciction was significant, F=4.33, p<0.001).

Functional MRI

Activations in the experimental (semantic) conditinitially engaged left frontal area BA 6, left
temporal regions BA 20 and 37, as well as rightgrasr cerebellum. Activations for this first
session were modest in size with a total activationé voxels. This compares with a total
activation of 73 voxels in the control (alphabejicndition where activations were primarily
frontal and parietal, and also lateralized to #fehemisphere.

Session two showed an increase in total activatidhe experimental condition (198
voxels) while the total number of active voxelghe control condition decreased (27 voxels).
Increased experimental condition activation dutlmg second session was due to a continuation
of the frontal (BA 6) and temporal (BA 20, 37) aetiions, with the addition of an occipital
activation in area BA 19. Cerebellar activatiorfted toward the midline but remained
posterior. Cortical activations in the experiméatad control conditions dissociated
hemispheres in session two with all experimentavaiions lateralizing to the left hemisphere
while control activations now lateralized to thght hemisphere. Control activations consisted

of modest parietal lobe activity.
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A definite increase in activation occurred in be#perimental and control conditions in
session three. This session was characterized mceease in the total number of activated
voxels per task (378 voxels for the experimentaldition and 163 for the control condition),
and an increase in the number of areas activatéldeotasks. In the experimental task left
frontal activation shifted rostral and ventral e tfrontal lobe from BA 6 to BAs 9 and 47. This
frontal activation also grew in size from 75 vox&<200 voxels. Left temporal activations in BA
37 persisted into this third session. A dichotarhgctivations within both the experimental and
control conditions occurred in this session wittivations lateralizing to both hemispheres.
Experimental condition activations moved into tigit cerebrum with occipital activations
localized to Brodmann Areas 18 and 19. Cerebatitivations for this condition were strongly
lateralized to the posterior region of the rightetllar hemisphere. Control condition
activations become bilateral in the frontal lobe arclusively left hemispheric in the parietal
lobe.

Session four was characterized by a distinct @seren activation in the experimental
condition (192 active voxels) but an increase andbntrol condition. Experimental condition
succinctly activated BAs 21 and 38 in the left temgb lobe, and bilateral anterior cerebellum.
Control condition activations were primarily rigihtntal and parietal with some left temporal

lobe and left cerebellar activations.

Discussion
In the 1890s William James observed that habiirdghes the conscious attention with
which acts are performed. Indeed, the observatianfamiliarity and learning alter the

performance of actions is not a recent revelatidowever, the ability to quantify how these
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changes in performance are reflected in human tiogras only recently been addressed with
the advent of functional imaging. Previous studiekigher-order cognitive processing have
documented changes in activations across timelgscs become increasingly familiar with the
task. A common observation involves increasedalegtivation while performing novel tasks.
Haier et al used FDG-PET to determine that a deereacurs in regional glucose metabolic rate
when subjects perform a complex visuospatial/ mask after weeks of daily practice on this
task19. The cognitive activations altered most dramé#ticaith practice were associated with
the greatest improvements in performance, sugg@gstat learning may result in a more efficient
cognitive strategy that recruits fewer metabol&otaces.

Practice in the form of priming also produces augtin in activation. Buckner reported
that comparing the activation of a primed task®activations during naive or unprimed task
exposes an overall reduction in neural activatidth yriming?%. In Raichle et al's 1994 study
the neural circuitry associated with a verbal resgoselection task was transformed by brief
practice such that the neural circuitry associatih this task became indistinguishable from the
circuitry activated by word repetitiof. Evidence is mounting to suggest an economy ofate
activation whereby exposure to a task is associaittdincreased neural efficiency as measured
by decreased activation.

Neural activation during the first session of tiierent task (when subjects were naive to
the tasks) highlighted activation in left frontabk, left temporal lobe, and right cerebellum.
Raichle and colleagues discovered a similar patiefrontal and temporal activation during
naive performance of a verbal response selectgki®a The current study replicates this
pattern of activation in the naive condition, as plattern does not persist beyond the first

session. Andreasen et al. also demonstrated senldeontal activation with performance on a
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novel task1.12 This heightened frontal activation may be attiél to encoding of a novel
stimulus or navigating a new situation.

Frontal activation is related to the implementatbrrognitive planning and strategy.
Studies of individuals with frontal lobe damageslirate the importance of frontal lobe function
in higher order cognitive tasks. Patients witmfed lobe dysfunction exhibit difficulty on
executive function tasks such as the Tower of Handithe Tower of Londo#22 Although
the source of these frontal lobe associated diffesihas not been firmly established it is
suspected that these patients are unable to effigi@ssemble events or actions into a coherent
plan23,

In the current study frontal activation was coresily elicited in the first three sessions
of the semantic condition when subjects were askeldtermine whether or not a series of
events was arranged in a logical sequence. Fraatiahtion was not seen in the fourth session,
presumably because subjects were sufficiently famwith the task and the items from the 24
script domains that the task incorporated lesswgikexfunction involvement in this final
session.

In contrast to the findings of Partiot et al th&satal lobe activations associated with the
semantic condition lateralized exclusively to tbft,las opposed to the right, hemisphere. This
may be attributed to a difference in methodolo@ie Partiot study presented script components
one at a time, thus increasing the retrieval demandhe task, while the current study presented
all script components to the subject in a singteest. Indeed, right frontal activations are a
consistent finding in retrieval tasks involving seqtial presentation of lists, and this retrieval

scenario was not implemented in the methodologh®turrent studs;
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Executive processing difficulties are also seepatients with cerebellar damage.
Grafman et al. found that patients with cerebetanphy exhibited increased time in planning
the initial move on the Tower of Hanoi ta&k Motor deficit, verbal memory demands or a
specific population characteristic could not explnis cognitive planning deficit. Appollonio et
al. discovered that patients with cerebellar atyophre significantly impaired only on tests of
executive function when faced with a neuropsychicidattery including tests of intellectual
ability, memory, speed of processing and verbarfty10.

Cerebellar activation is implicated in both exeeefprocesses and practice related
learning. The crucial role of cerebellar activatio practice related learning has been
demonstrated through studies of normals and oépitiwith cerebellar pathology:-25.26
Specifically, executive functions appear to aceviie posterior cerebellum while motor activity
translates into activation of the anterior cerabal?.27. Cerebellar activations in the current
paradigm shifted from their initial location in tpesterior cerebellum in session one to a more
anterior location by the fourth session. This iiigdis consistent with posterior cerebellar
recruitment of executive functions during novetratlus presentation.

It is interesting to note that evolutionary expansof the neocerebellum has paralleled
expansion of the frontal lobe. Coactivation of ke frontal lobe and the right cerebellar
hemisphere is well documented in previous funclionaging literature of higher order
cognitive task$-13.28 These patterns of frontocerebellar coactivasioow a tendency for
parallel increases or decreases in activationasdlareas, and suggest that concurrent frontal
and cerebellar activation plays a role in verbatkivag memory tasks with increased working

memory demand®. The current study replicates this frontoceretvalbactivation in the early
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sessions of a semantic task where subjects respaad®th working memory and planning
demands.
Functional imaging studies have demonstrated teahpube activity in both the

encoding and retrieval of memori&s Similar activations have been attributed to pr%\xThe

semantic task of the current paradigm engagedmegibthe left temporal lobe throughout all
four sessions, culminating in a final session thaharacterized solely by temporal and
cerebellar activity. This may reflect the procedarad working memory demands of the
semantic condition, as temporal activation wasrelwbly elicited during the alphabetical
condition where subjects were asked process tlg gems according to lexical order.

Medial and superior temporal gyri in the left hephisre were consistently activated
during this script processing task. The medial suygerior aspects of the temporal lobe in the
left cerebral hemisphere appear to have a roledandtrieval of episodic memorié&3l
Subjects may be representing the individual scripthe current study as episodic memories,
thus contributing to medial and superior tempocéivations lateralized to the left hemisphere.
Such activation is most notable in the final sasswhere subjects may be sufficiently familiar
with the 24 scripts that they are essentially eging the script items as episodic memories.

The addition of occipital lobe activation in thecend and third sessions of the current
study suggests that the semantic condition invobedparatively more reading than the
alphabetizing condition. Indeed, occipital lob&\ation is associated with readigg
Following the initial session subjects may havetcwad strategies to scan only the first letter in
the alphabetizing condition rather than read th@eiiem as was necessary in the semantic
condition. The lack of occipital lobe activatianthe final session suggests that subjects were

recruiting fewer neural resources to complete blothsemantic and the alphabetizing tasks, thus
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no differential occipital activation was observedhother possible explanation attributes this

extrastriate occipital activation to subjects inmagkmental imagery during the intermediate
sessions of the semantic conditfon

Overall, the semantic verification condition resdlin the hypothesized temporal,
frontal, and cerebellar activations. Extrastred@vation in the occipital lobe was realized in
two of the four sessions, possibly due to subjestsking mental imagery or due to the
differential reading involved in sessions two aheé of the semantic task. The alphabetizing
condition resulted in predominately parietal arahtal activations, presumably because
sufficient “cognitive distance” exists between tiv® conditions. Neural regions activated by
the semantic and alphabetical tasks changed thoomigie progressing sessions in accordance
with the literature on brain plasticity and leamiri-13

These changes in cerebral activations over fouemx@ntal sessions appear to reflect
increased cognitive efficiency with learning. Thatprn of activation over time suggests a
model of cognitive processing whereby distinct br&gions reorganize to optimally execute the
semantic task. This model is consistent with thenemy of activation believed to occur with
brain plasticity. Economizing neural activatiofiewas for a reduction in total activation over
time so that fewer active clusters are necessagogitiorm a familiar task. This reduction in
neural activation may be advantageous in minimiimgnumber of synapses (connections)
necessary to complete an action, thus reducingdhksibility of adverse events occurring in the
neural cascade leading to action.

Such economy of activation is presumed to breakndovdementia. Functional imaging

studies of patients with Alzheimer’s Disease coragdo normals have shown that these patients
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recruit additional areas while performing the sdasks. This pattern of activation has been
documented in both visuoperceptual and verbal wgrkiemory paradigns:34

It would be worthwhile to use fMRI to investigatalning in a variety of modalities.
Time-series analysis of functional images appeademonstrate changes in activations over
time, reflecting changes in the underlying neusdivorks that comprise the cortex. Further
work will be necessary to clarify the nature ofsa@etwork interactions and how clusters of

activated cell columns cooperate to represent aedkinowledge in the task domain.
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Figure 1 Experimental Design
Schematic representation of the experimental pagnadi The design consisted of four
consecutive sessions presented to each subjedidBek through Session 4). Each session
consisted of four sets; two of these four sets weraprised of control condition items ( C ) and
two were comprised of experimental condition itgns). Control condition sets alternated with
experimental condition sets in each session; aalosgt was always presented first in the series.
Each set included one instruction screen followeeight trials. The first screen in each
set was an instruction screen presented feirBorming subjects to perform either the control
condition task or the experimental task duringgheceeding eight trials. Each trial consisted of
five script items arranged top to bottom on theesorfor 5s, during which the subject was to
respond with the YES or NO button regarding whethersteps were in proper semantic order
for that particular script (experimental conditionr) in alphabetical order (control condition).
After the 5s, a 1sfixation cross was displayed, acting as visual puetgon before the next trial.
Half of the displayed scripts were in proper sencamt alphabetical order; half were in a
randomized, non-semantic or non-alphabetical ordédo script items were interchanged
between scripts. There were 24 scripts total, whiehne selected from a larger set of 30 by
extensive pilot testing. Scripts were correcteotanding a similar visual angle in the displayed
font (Times New Roman, 32-point bold). CNS Presemandomized selection of script

domains.

Figure 2a Experimental Condition
An example instruction screen and a single experiatecondition trial for items belonging to

the “ballgame” domain. After the instruction sarde displayed for 6 s (top of diagram) eight
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consecutive trials of script items are displayed 3os each (middle of diagram). For 4
following each trial a fixation cross is display@mbttom of diagram) acting as visual punctuation

before the next trial.

Figure 2b Control Condition

An example instruction screen and a single cortamidition trial for items belonging to the
“baking cookies” domain. This condition also cated of an instruction screen followed by
eight trials. Trials were similar to the experirt@ncondition in every way, except that the
subject was to respond with the YES or NO buttogarding whether the steps were in

alphabetical order.

Figure 3 Subject Accuracy Across Sessions

Subjects were highly accurate during the experialecondition and control condition tasks
(mean accuracy was 95% for the experimental tagkSa8o for the control task; F=.15, n.s.).
Overall subject accuracy rates ranged from 91% 3% Sacross conditions. Accuracy rates

remained stable across task sessions (F=1.44, n.s.)

Figure 4 Subject Reaction Time Acr0ss Sessions

Behavioral data was analyzed in terms of reaciioe (RT). Subjects’ reaction times decreased
significantly following the first session, such tHaession One RTs were longer than those of
Session Two, Session Three, and Session Four (TH&&y p<.001). As expected, subject RTs

were significantly shorter during the control tagquiring them to judge the alphabetical order
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of the stimulus items, than during the experimetdak, requiring them to judge the semantic

order of the items (M=2586 ms and 3592 ms, respalgtiF=48.80, p<.005).

Figure 5 Plasticity Across Sessions

Rendered images showing the brain areas activatedebsemantic order condition versus the
alphabetical order condition. Active areas aredatiid by a hot metal palette color scheme
(corresponding Z values indicated by color bar)ctivations are illustrated across sessions as
subjects subsequently learn the semantic order thadalphabetical order tasks. Activity
throughout the progressing sessions was primaoihficed to the left cerebral hemisphere with
bilateral activation in the cerebellum. In sessame subjects are naive to the paradigm with
activations of 30 voxels or less in size distriloute the frontal and temporal lobes. Activations
continue to change in sessions two and three gedshearn the tasks. By the final session
activations are no longer distributed across Idigisconsolidated to BA 21 and BA 38 in the

temporal lobe.
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