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Abstract

To examine the hypothesis that abnormalities in those cognitive functions for which cerebellar components have
been implicated contribute to the pathophysiology of autism, tests of judgment of explicit time intervals and
procedural learning were administered to 11 participants with autism and 17 age-and-IQ-matched controls. Results
indicated that the group with autism demonstrated significant impairments in procedural learning compared with the
group of controls. No significant difference in judgment of explicit time intervals was found. The data suggest that
deficits in procedural learning may contribute to the cognitive and behavioral phenotype of autism; these deficits
may be secondary to abnormalities in cerebellar—frontal circuidijdg 2000,6, 752—759.)
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INTRODUCTION neocerebellar cortex and the adjacent archicerebellar cor-

L . . . . tex. There is no associated glial cell hyperplasia, which sug-
Autism is a syndrome characterized by impairments in so- g yperp g

ial related d cati I it (%ests an onset in early prenatal development at a time when
clal relatedness and communication as well as a pattern ergmann’s glia cells are not able to proliferate (Bauman &

repetitive behavior and a restricted range of interests. Re; mper, 1994).

cent reports estimate the prevalence to be as highas 1:1,0 Using positron emission tomography (PET), investiga-

tors have observed alterations in serotonin synthesis in the
Afontal cortex and thalamus and contralateral dentate nu-
cleus in autistic boys, suggesting that abnormalities in a

. : ) . . dentatothalamocortical circuit may underlie the disorder
mefric magnetic resonance imaging (MRI) techniques haV?Chugani et al., 1997). Structural MRI studies have re-

led to suggestions that abnormalities in the cerebellum MaYealed abnormalities in the cerebellar vermis (Ciesielski

contribute to the behavioral and cognitive phenotype of aUst al., 1997; Courchesne et al., 1994; 1988; Hashimoto et al.,

tism. The cerebellum is one of the few brain regions in which1993; 1995: Kates et al., 1998) and hemispheres (Muraka-

consi:_stent abnor_malities are described on neuropathologlr%i et al., 1989), although these reports conflict with others
examination (Bailey etal., 1998; Bauman & Kemper, 1994;that have not shown these abnormalities (Garber & Ritvo,

Ritvo et al., 1986; Williams et al., 1980). There is a diffuse 1992 Holttum et al.. 1992° Kleiman et al.. 1992° Piven
decrease in Purkinje cell numbers that involves the vermi%Et al ' 1997) v ' v ’
and hemispheres with a lesser degree of granule cell loss. ~.° .

The changes are most prominent in the posterior inferi0|fO

been implicated is the cerebellum.
Investigations utilizing histopathological and morpho-

Over the past several years there has emerged evidence
r a role of the cerebellum in cognitive function, based on
observations of the effects of lesions and on functional im-
Reprint requests to: Stewart H. Mostofsky, M.D., Department of De- aging studies of adults (A”(.an etal., 1997; Appolionio etal.,
velopmental Cognitive Neurology, Kennedy Kriéger In"stitute, 707 N. Broad-1993; Botez et al., 1989; Fiez et al., 1992; Gao et al., 1996;
way, Baltimore, MD 21205. E-mail: mostofsky@kennedykrieger.org Grafman et al., 1992; Kim et al., 1994; Mostofsky et al.,
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1998). Specific cognitive functions for which cerebellar con-Cyr et al., 1988; Vakil & Herishanu-Naaman, 1998). Within
tributions have been implicated include judgment of ex-the frontal lobes, the supplementary motor area (SMA) and
plicit time intervals and tasks involving implicit learning prefrontal regions have been implicated in lesion studies
including classical eyeblink conditioning and visual-motor (Ackermann et al., 1996; Gomez-Beldarrain et al., 1999).
procedural learning. Investigations utilizing functional imaging have been some-
Judgment of explicit time intervals is a cognitive domain what less well sublocalized, implicating these areas as well
for which cerebellar circuits may be critical. Ivry and col- as premotor and primary sensory motor cortices (Grafton
leagues have found that, compared to individuals with ceet al., 1992; Hazeltine et al., 1997; Honda et al., 1998; Jen-
rebral cortical lesions and those with Parkinson’s diseaseins et al., 1994).
adults with cerebellar lesions perform worse on tasks in- The differential roles played by the frontal lobes, basal
volving judgment of duration (Ivry & Keele, 1989). In a ganglia and cerebellum (or more plausibly frontal—striatal
PET study investigators utilized a similar task; cerebellarand frontal—cerebellar circuits) in procedural learning re-
activation that included the vermis was observed supportmains unclear. Observations of dual afferent systems of
ing the findings of Ivry and colleagues (Jueptner et al., 1995)climbing fibers and mossy fibers coupled with synaptic plas-
Judgment of duration was also found to be impaired in childicity of the long-term depression type in Purkinje cells has
dren and adolescents with ataxia—telangiectasia, a disord&d to the hypothesis that the cerebellum provides adaptive-
with onset in early childhood in which the most consistentlearning capabilities to systems controlling motor behavior
and predominant neuropathologic finding is diffuse degen{lto, 1990). In a review of functional imaging of procedural
eration of the Purkinje cell and granular cell layers of the(“skill”) learning, Doyon (1997) concluded that findings
cerebellar cortex (Mostofsky et al., 2000). from several studies (Flament et al., 1994, 1995; Grafton
There is some conflicting evidence for a contribution of et al., 1994; Seitz et al., 1994) suggest that these cerebellar
the basal ganglia to judgment of short-duration intervalssystems may play a critical role in the early acquisition stages
While Ivry did not find individuals with Parkinson’s dis- of motor and visuomotor skill learning. The findings also
ease to be impaired in judging explicit time intervals (Ivry suggest that th@euronal representatiofengram) of the
& Keele, 1989), another investigation of adults with Par-learning is not stored in the cerebellum, but may be medi-
kinson’s disease revealed deficits in judgment of durationsted by cerebral cortical-subcortical (basal ganglia) systems.
in the 50-ms range (Rammsayer & Classen, 1997). It has In another review of investigations of the cerebellum in
been proposed that the cerebellum may be critical for exmotor skill learning, Hallett and Grafman (1997) con-
tracting temporal information and for learning to produce acluded that the cerebellum appears to play a principal part
precisely timed response whereas the frontal lobe and basal adaptation learning; while its role in skill learning is less
ganglia may be more important in implementing the motorclear, evidence from studies using the SRTT and tasks with
response (Penhune et al., 1998) which includes holding theerial finger movements suggest that the cerebellum may
temporal information in working memory (Mangels et al., be critical when sequencing is important.
1998). Based on findings from a study of rotary pursuit in pa-
The cerebellum has also been implicated in nondeclaratients with Parkinson’s disease, Haaland et al. (1997) hy-
tive (implicit) learning. Lesion studies in both animals and pothesized that the role of the basal ganglia during procedural
humans have found the cerebellum to be critical for cerdearning may be in planning and executing motor sequences
tain forms of implicit learning including classical condi- that require switching (or selecting) among multiple motor
tioning and procedural learning (Daum et al., 1993; Lyeprograms. Consistent with this hypothesis are findings from
et al., 1988; Mostofsky et al., 1999; Solomon et al., 1989;a PET study utilizing the SRTT in which the time course of
Thompson et al., 1997; Topka et al., 1993; Woodruff-Pak blood flow changes suggested that the ventral striatum is
1997; Woodruff-Pak et al., 1996). Procedural learning retesponsive to novel information (Berns et al., 1997). Alter-
fers to the process by which motor skills and actions arenatively, Gabrieli proposed that closed-skill loop learning
acquired through repeated exposure to a task. In contragtvolving continuous external visual feedback about move-
to declarative learning, acquisition of procedural knowl-ment errors is dependent upon the cerebellum. Open-loop
edge, as reflected by improvement in performance of thekill learning involving the planning of movements and de-
task, is not linked to a conscious memory (Squire, 1986)layed feedback about errors is dependent upon the basal gan-
In studies utilizing the Serial Response Time Task (SRTT)glia (Gabrieli et al., 1997).
a visual-motor procedural learning task, investigators re- In order to investigate possible cerebellar contributions
ported adults with cerebellar lesions to be impaired in im-to the cognitive phenotype of autism, judgment of explicit
plicit learning of the sequence (Gomez-Beldarrain et al.time intervals (using a task similar to the one described by
1998; Molinari et al., 1997; Pascual-Leone et al., 1993). Inlvry) and procedural learning (using the SRTT) were stud-
contrast, individuals with PD were not impaired (Pascual-ied in participants with autism and age-and-1Q-matched con-
Leone etal., 1993). Nonetheless, there is evidence from othérols. It is recognized that cerebellar circuits may not be
studies supporting roles played by the basal ganglia and froninique as a neural basis for these tasks; however, based on
tal lobes in procedural learning (Ackermann et al., 1996;evidence for a cerebellar contribution in performance of these
Gabrieli et al., 1997; Gomez-Beldarrain et al., 1999; Sainttasks and evidence for cerebellar abnormalities in autism, it
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was hypothesized that performance on both tasks would be For the judgment of duration (perceptual timing) task,

impaired in individuals with autism. participants compared successive time intervals generated
by two pairs of tones that were 73 dB, 50 ms in duration,
and at a frequency of 1000 Hz. The first tones were sepa-

METHODS rated by 550 ms; the second pair (presdntes after the
first pair) were separated by a variable interval that was ei-
Research Participants ther longer or shorter in duration than 550 ms. Participants

were asked to say “shorter” or “longer” as appropriate. (The

Twenty-eight individuals participated in this study. There examiner then pushed “s” on the keyboard if the participant
were 11 individuals with autism (6 male and 5 female) with responded “shorter” and “I” if the subject responded “lon-

amean age of 13.3 years (range 6.8-17.8 yea_rs_) anda _meagr_,,) For half of the trials, test intervals varied so as to es-
fuII-.scaIe IQ (FSIQ) 0f101 (range 81-132). Indw@uals W't_h timate the lower threshold (the point at which the participant
autism were recruited as outpatients. The 17 individuals W'thborrectly responded “shorter” on approximately 90% of the
out autism (6 male and 11 female) had a mean age of 12. ials); the remaining trials were used to estimate the higher

years (range 8.3-16.7 year'.s). with a mean c_)f FSI,Q of lQ?hre:shold (the point at which the participant correctly re-
(range 80-133). For all par't|C|'pants with autlsm, d'agnos'%ponded “longer’ on approximately 90% of the trials). The
was based on DSM_I_V criteria a_md was conf_|rmed bY closer the thresholds were to the standard interval of 550 ms,
trained researcher using the AUt'Sm D|a_gnost|c_ Interviewy, o petter the performance. For example, a lower threshold
(ADI; Lord etal., 1997) an.d the Autism Diagnostic Obser- 550 mg would indicate that the participant could reliably
vat|(_)n_al Sche(_jule (A_‘DOS' Lord_ etal., 198_9)' None Of_ thedistinguish an interval of 500 ms from 550 ms; whereas, a
part!c!pants with autism had a history of seizures and N NGower threshold of 530 ms would indicate a better perfor-
Sgrtuzpant was there evidence of any other neuromedicg|,nce in that the participant could reliably distinguish an
ISorder. interval of 530 ms from 550 ms. Overall scores were based

FSIQ was determined using the Wechsler Intelligence, , i gifference between the higher and lower thresholds,
Scale for Children Ill (WISC-III) or the Wechsler Adult with lower scores indicating better performance

Intelliger_1ce Sc_ale—Revi_sed (WAIS-R). One of the partici- For the control task (judgment of pitch) participants com-
pants with autism received only part of the WISC-III; a ared a test pair of tones (73 dB, 50 ms in duration, sepa-

> of the control group. Of these, 3 were normal Siblingfashion entirely analogous to the duration task described

gontrols |ndstud|_es Olf fragile X syndrome, Turnerls S3in'above. Participants were asked to say “higher” if the fre-
rome, and ataxia-telangiectasia. Two were normal vo unE3|uency of the second pair of tones was perceived as being

teers. All of these participants had clinical histories gord higher than the first; they were asked to say “lower” if the
evaluations consistent with at least normal intelligence. Thefrequency of the second set of tones was perceived as be-
sibling controls in studies of Turner syndrome and ataxia-mg lower than the first. (The examiner then pushed “h” on
telangiectasia showed clinical profiles that were not CONthe keyboard if the pa}ticipant responded *higher” and “I"
sistent with these _diagnoses_; controls, incIu_ding ?ib”ngif the participant responded “lower.”) For half of the trials,
controls, from StUd'FT‘S of fragile X had genetic testing toy,o pitch of the second pair was chosen to estimate the
rule out the d'agnf’s_'s- . . , lower threshold (the point at which the participant cor-
Among the partlupants with autlsr_n, _aII 11 received therectly responded “lower” on approximately 90% of the tri-
SRTT; 10 received the Judgment of Timing Test. All 17 Con'als); the remaining trials were used to estimate the higher

trols received both the SRTT and the Judgment of Timingthreshold. Scores were based on the difference between the

Test. higher and lower thresholds with lower scores indicating
better performance.

Both the judgment of timing and judgment of pitch tasks
were preceded by a practice session with 10 trials. Partici-
All participants were tested on a 33-MHz PC Warehousepants needed to answer correctly on at least 7 of the 10 tri-
desktop computer. Judgment of explicit time intervals wasals before proceeding with the actual task.
studied using a duration (“perceptual timing”) task based

on previous work_ by Ivry and Keele (Ivry & Keele, 19_89). Procedural Learning (Serial Response
As was the case in other reported studies, a contrasting aLI'_ime Task)
ditory perception task was included to control for the pos-
sibility of a general auditory processing deficit. In this caseProcedural learning was investigated using a variation of
a judgment of pitch (“frequency perception”) was used. Boththe Serial Response Time Task (SRTT) designed by Nissen
tasks used a threshold procedure known as parameter eséind Bullemer (1987). Participants were seated in front of a
mation by sequential testing (PEST) to determine percepeomputer screen with four open circles arranged horizon-

tual ability (Taylor & Creelman, 1967). tally; the preferred hand responded using four buttons laid

Judgment of Timing
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out in horizontal fashion, aligned with the circles on the com-Table 1. Judgment of Duration and Pitch scores in groups of
puter screen. Each time a circle illuminated (was filled in)participants with autism and controls
the participant had to press the corresponding button. The

circle remained filled in until a button was pushed, upon Group

which the next stimulus would appear after a 1500-ms de- Autism Control
lay. Each test consisted of five blocks of 80 trials. During (n=10) (n=17)
Blocks 1 and 5, the sequence of circles was random. During e M sD M SD

Blocks 2 through 4, there was a 10-trial sequence that re
peated eight times. Participants were not told about the reludgment of Duration  37.2 16.7 32.7 17.2
peating sequence. Acquisition of procedural knowledge wag (duration score)

measured by the shortening of response time over Blocks «luolllgment of Pitch y 3.9 34 4.7 55
through 4 and a rebound in response time from Block 4 ta (‘frequency score”)

Block 5. Response time was defined as the interval betweegote Differences between groups were not significant for either the judg-
the appearance of the stimulus (the circle lighting up) andnent of duration or judgment of pitch scores.

the pushing of a response button.

Statistical Analyses Primary Analyses

For the duration and frequency perception tasks, scores wedridgment of timing

not normally distributed; therefore nonparametric analyses ) )
(Mann—-WhitneyU tests) were used to compare perfor- Results for the two groups on the judgment of duration and

mances between the group with autism and the controls. pitch tasks are displayed in Table 1. There was no signifi-

For the SRTT, the shortening of response time over Block§ant difference between the two groups in performance on
1 through 4 was measured within each group using a rethe judgment of duration taskp(= .3; see Figure 1) or the

peated measures ANOVA. A Mann-Whitneyest was used Judgment of pitch taskig = .9; see Figure 2).
to compare rebound in response time from Block 4 to Block 5
between the control group and the autism group. For all analyprocedural learning (Serial Response

ses, a significance level was setpat< .05. Time Test)
Overall, control participants were faster than participants
RESULTS with autism during all five blocks of trials.
o As displayed in Figure 3, on the SRTT, the control par-
Preliminary Analyses ticipants demonstrated a significant reduction in the re-

There was no statistical difference in age or FSIQ betweeR P O">¢ time over the first four blocks of trials € .0003),

o . . whereas the participants with autism did n 7). In
the group of individuals with autism and the control 9roup. _ dition reborl)md inpresponse time from Bloqcnlt:(;f to)BIock 5
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Fig. 1. Scattergram showing the distribution of scores from theFig. 2. Scattergram showing the distribution of scores from the
judgment of duration task (“duration scores”) in participants with judgment of pitch task (“frequency scores”) in participants with
autism (AUT) and control participants (CNT). autism (AUT) and control participants (CNT).
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250 eral cerebellar regions (Jueptner et al., 1995). It may be that
w in autism, specific cerebellar regions are affected that result
700 in abnormalities in procedural learning but not judgment of
- time intervals.
E 650 - v Recent PET results suggested a “supramodal” role of the
s | T T cerebellum in timing, so that the role of the cerebellum in
600 = timing is not as a clock or counter but simply as the struc-
T ture that provides the necessary circuitry for the sensory sys-
550 7 tem to extract temporal information and for the motor system
500 ’ ‘ , ' . o learn to produce a precisely timed response (Penhune et al.,

1998). Motor timing was not tested in our study. Consider-
ing our findings of deficits in procedural learning, it could

—— Autism be that deficits would be observed in motor timing, reflect-
—=- Controls ing a difficulty with learning the precise motor response,

Block1 Block2 Block3 Block4 Block 5

Fig. 3. Plot of the mean reaction time (milliseconds) over the five PUt not in perceptual timing.
blocks of trials in the Serial Response Time Task (SRTT) in par- Alternatively, frontal lobe and basal ganglia have also been
ticipants with autism and control participants. reported to be involved in procedural and other forms of
implicit learning (Ackermann et al., 1996; Gabrieli et al.,
1997; Gomez-Beldarrain et al., 1999; Saint-Cyr et al., 1988;
Vakil & Herishanu-Naaman, 1998), so that, with respect to
L _ . the SRTT, it is certainly possible that our findings could be
was significantly greater in the control group compared Withge .o dary to abnormalities in frontalstriatal rather than
the autism groupg = .02). frontal—cerebellar circuits.
When considering the probabilities as to the most funda-
DISCUSSION mgnFaI Ievgl of involvement of the procedural Iearning cir-
cuit in autism, it may be helpful to note that there is no
Data from this study confirmed one of our hypotheses; parreported lesion in adults that results in autistic behavior. This
ticipants with autism had impaired ability to acquire proce-suggests that autism is trulydevelopmentatlisorder. In
dural knowledge based on a lack of significant reduction inother words, autism may not be due to a “lesion” in the brain
response time over the first four blocks of trials of the SRT Tthat results in a specific skill deficit, but rather, may be due
and a significantly lower rebound in reaction time from to an early lesion that impairs the ability to acquire or de-
Block 4 to Block 5 compared with controls. On the other velop specific skills. Evidence from neuropathological ex-
hand, the participants with autism demonstrated normal abilaminations of individuals with autism lends support to this
ity to judge explicit time intervals. hypothesis. Observed cerebellar abnormalities in autism, in-
In previous studies, acquisition of procedural knowledgecluding decreased Purkinje cell numbers, are not associated
on the SRTT has been shown to be impaired in adults witlwith hyperplasia of glial tissue and therefore likely occur
diffuse cerebellar degeneration and focal cerebellar lesionsarly in prenatal development (Bauman & Kemper, 1994).
(Gomez-Beldarrain et al., 1998; Molinari et al., 1997; Purkinje cells, through mechanisms involving long-term de-
Pascual-Leone et al., 1993). Results from functional imagpression, provide the cellular mechanism necessary for learn-
ing studies also provide evidence that the cerebellum is onimg. Purkinje cell abnormalities present early in gestation
of the structures important in acquisition of proceduralcould negatively affect the capacity for motor and other forms
knowledge (Flament et al., 1994, 1995; Grafton et al., 19940of procedural learning during early infant development.
Jenkins et al., 1994; Krebs et al., 1998; Seitz et al., 1990; Several investigators have reported deficits in motor im-
1994; Seitz & Roland, 1992) and suggest that a dentaitation and praxis in individuals with autism (DeMyer et al.,
tothalamocortical circuit may be critical in this process. Rel-1972; Hammes & Langdell, 1981; Hertzig et al., 1989;
evance to autism is supplied by a PET study of boys withLoveland et al., 1994; Ohta, 1987; Rogers et al., 1996; Rog-
autism in which abnormalities of serotonin uptake wereers & Pennington, 1991; Sigman & Ungerer, 1984). Based
found in a similar circuit involving frontal regions and the on these observations, Rogers and Pennington posited that
thalamus and the contralateral dentate of the cerebellurthe core deficits in autism may be due to abnormalities in
(Chugani et al., 1997). motor imitation, suggesting that this impeded early affec-
When compared with what is known about the cerebrative, social, and communicative development (Rogers &
cortex, little is known about functional localization within Pennington, 1991). Deficits in procedural learning might
the cerebellum. For competence in the judgment of time intesult in difficulty in developing or learning the sequence
tervals, studies of individuals with cerebellar lesions haveof motor movements necessary to perform skilled tasks,
primarily implicated lateral cerebellar regions (lvry et al., including those tasks utilized in studies in which individ-
1988); whereas, a functional imaging study using a similauals with autism were found to have deficits in motor im-
task found activation in both the cerebellar vermis and latitation and pantomime.
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When taken in conjunction with previous findings of ab- Bauman, M. & Kemper, T. (1994Neuroanatomic observations
normalities in motor imitation and praxis, the findings from  of the brain in autismBaltimore: Johns Hopkins University
this study suggest that deficits in procedural learning may Press.
contribute to the core behavioral and cognitive deficits of8ems, G.S., Cohen, J.D., & Mintun, M.A. (1997). Brain regions
autism. It appears that much of the behavior involved in so- r1e257p20n132|\;(;t0 novelty in the absence of awarerisience276,
cial interaction is learned through procedural, rather than, - © "o 1 Elie R & Attig, E. (1989). Role of the
declarative, means. In addition, deficits in procedural learn- cerebellum in complex human behavidsalian Journal of
ing might also account for the limited repertoire of motor Neurologic Sciencel0, 291-300.
activities observed in autism. Finally, some of the abnor-chygani, D., Muzik, O., Rothermel, R., Behen, M., Chakraborty,
malities in communication observed in autism might be ac-  p, Mangner, T., da Silva, E., & Chugani, H. (1997). Altered
counted for by deficits in procedural learning as well. In  serotonin synthesis in the dentatothalamocortical pathway in
examining the type of language deficit in many individuals  autistic boysAnnals of Neurology42, 666—669.
with autism it appears that there is a characteristic difficultyCiesielski, K.T., Harris, R.J., Hart, B.L., & Pabst, H.F. (1997). Cer-
with propositional language (e.g., a conversatigajsus ebellar hypoplasia and frontal lobe cognitive deficits in disor-
scripted, nonpropositional language (e.g., reciting the Pledge ders of early childhoodNeuropsychologia3s, 643—-655.
of Allegiance). Development of propositional language mayCourchesne, E., Townsend, J., & Saitoh, O. (1994). The brain in
depend upon procedural learning as suggested by recent con-infantile autism: Posterior fossa structures are abnorheli-
nectionist (neural network) theories (Elman et al., 1996).  rology, 44, 214-223.

In conclusion, the data from this study suggest that in in-Courchesne, E., Yeung-Courchesne, R., Press, G.A., Hesselink, JR.,
dividuals with autism acquisition of sequential visual- & Jernigan, T.L. (1988). Hypoplasia of cerebellar lobules VI
motor procedural knowledge is impaired. This deficit, which and VIl in infantile autismNew England Journal of Medicine
may be secondary to cerebellar dysfunction, could result in 318 1349-1354. )
impaired implicit learning of social interactions and non- Paum. I, Schugens, M.M., Ackermann, H., Lutzenberger, W., Dich-
propositional forms of communication, thus contributingto 921 J.» & Birbaumer, N. (1993). Classical conditioning after

s . . . cerebellar lesions in humanBehavioral Neurosciencel 07,

autistic behavior. This study was limited by small sample 748-756.
SIZ? and .repllcatlon with Iarggr groups of mdw@uals Wlth Daum, I., Schugens, M.M., Ackermann, H., Lutzenberger, W., Dich-
a}utlsm WlII_be .needed to confirm this hypot'he3|s. In addi- gans, J., & Birbaumer, N. (1996). On the cerebellum and clas-
ggr:’og(;rg:v'nrzﬂﬁnagg ?rtlri]r?grprreo\feerigrcia'ltr{aes(rir:ggv&i?lstl)(z,hselljp():h sical conditioningCurrent Directions in Psychological Science

) -~ 5,58-61.
ful in determining whether the observed deficit is specificDeMyer’ M., Alpern, G., Barton, S., DeMyer, W., Churchill, D.,
to sequential procedural learning tasks, such as the SRTT, Hingtgen, J., Bryson, C., Pontius, W., & Kimberlin, C. (1972).
or whether it is more generalized. Finally, functional imag-  Imitation in autistic, early schizophrenic, and non-psychotic sub-
ing using the SRTT and other procedural learning tasks may normal childrenJournal of Autism and Childhood Schizophre-
be useful in showing where the brain of autistic persons may nia, 2, 264-287.

be different. Doyon, J. (1997). Skill learningnternational Review of Neuro-
biology, 41, 273-294.
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