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Objective: This study investigated the
neural substrates of implicit sequence
learning in subjects with and without
small animal phobia, in a follow-up to
analogous studies of obsessive-compul-
sive disorder (OCD).

Method: Ten subjects with specific pho-
bia and 10 healthy comparison subjects
were studied by using a serial reaction
time task paradigm and functional mag-
netic resonance imaging.

Results: A main effect of condition (im-
plicit sequence learning versus random
sequence) was observed across diagnostic
groups in the right striatum, as well as in
other regions. In the striatum, the a priori
region of interest, there were no signifi-

cant effects of diagnosis or the interaction
of diagnosis and condition.

Conclusions: Brain activation in the stri-
atum of subjects with specific phobia
does not significantly differ from that of
normal comparison subjects during im-
plicit sequence learning. This suggests dif-
ferent pathophysiological mechanisms
for specific phobia in contrast to OCD, in
which deficient striatal recruitment has
been reproducibly found with this para-
digm. This approach offers promise for
demonstrating diagnostic specificity
across different neuropsychiatric disor-
ders based on the presence or absence of
deficient striatal activation.

(Am | Psychiatry 2004; 161:67-71)

r]jhe basal ganglia have been implicated in several cog-
nitive and motor processes, one of which is implicit or
procedural learning (1-3). The serial reaction time task
has been used as an experimental paradigm for measuring
implicit sequence learning (4). In combination with func-
tional neuroimaging, the serial reaction time task has
been used to demonstrate that the striatum (i.e., caudate
and putamen) is engaged during implicit sequence learn-
ing in healthy subjects (2, 3, 5). Striatal dysfunction is
strongly implicated in the pathophysiology of obsessive-
compulsive disorder (OCD); this prompted earlier work
comparing striatal function in patients with OCD and
healthy comparison subjects by using the serial reaction
time task and functional neuroimaging. We used positron
emission tomography (PET) and the serial reaction time
task (6) to demonstrate that adults with OCD display a def-
icit in striatal activation in relation to healthy comparison
subjects during implicit sequence learning. We subse-
quently replicated this finding using the serial reaction
time task in conjunction with functional magnetic reso-
nance imaging (fMRI) (5, 7). However, the specificity of
this striatal deficit in OCD in comparison to other psychi-
atric disorders has not been established. Consequently, in
the current study, we sought to investigate whether sub-
jects with another common anxiety disorder (specific
phobia) would also exhibit striatal dysfunction in relation
to healthy comparison subjects with the serial reaction
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time task and fMRI. Our a priori hypothesis was that the
deficit in striatal activation during implicit learning found
in OCD would not be present in subjects with specific
phobia compared to healthy comparison subjects.

Method

Subjects

Ten adults with a SCID-derived DSM-IV diagnosis of specific
phobia and 10 healthy comparison subjects who were matched
for age (mean=29.8 years, SD=6.8, versus mean=26.7, SD=6.7, re-
spectively) (F=1.07, df=1, 18, p=0.32), gender (six women and four
men), right-handedness (8), and educational level (mean=17.4
years, SD=2.5, versus mean=17.0, SD=2.2) (F=0.15, df=1, 18, p=
0.71) were studied. To increase homogeneity in the group with
specific phobia, only individuals with small animal phobias were
included (i.e., in this cohort, subjects had phobias to spiders,
snakes, lizards, and insects). All subjects had no history of signifi-
cant neurological or medical conditions, had not been taking psy-
chotropic medications for at least 6 weeks, and did not have any
other current axis I disorder. This investigation was conducted in
accordance with the guidelines of the Subcommittee on Human
Studies of Massachusetts General Hospital, and written informed
consent was obtained from each subject. The current study was
powered based on two previous neuroimaging studies that used
the serial reaction time task to compare patients with OCD and
matched comparison subjects (6, 7). Both of those experiments
found between-group effects sizes of >1.2 (9). Therefore, in the
current experiment, we planned to study 10 subjects in each
group in order to provide >75% power to detect a difference of
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comparable effect size between the two groups at a statistical
threshold of p=0.05.

The Serial Reaction Time Task

Use of the serial reaction time task, modified for fMRI, has been
previously described in detail (5). In brief, each trial consisted of
an asterisk appearing in one of four horizontally arranged boxes
for 1.0 seconds, followed by a gap of 0.2 seconds in which no as-
terisk was presented. The subjects were instructed to press one of
four spatially corresponding keys in immediate response to the
appearance of the asterisk by using a separate finger for each key
(left and right index and middle fingers). A 96-trial practice run
was followed by two runs (each lasting ~7.5 minutes and consist-
ing of 312 trials). Each run consisted of contiguous alternating
blocks of random and implicit learning conditions bracketed by a
27.5-second fixation block (i.e., low-level baseline): random/im-
plicitlearning/random/implicit learning/random/implicit learn-
ing/random. In the implicit learning condition, the stimuli fol-
lowed a 12-item sequence (position: 1-2-1-4-2-3-4-1-3-2-4-3)
that repeated six times for a total of 72 trials. The random condi-
tion entailed 24 stimuli in which stimulus locations were pseudo-
randomly determined. The random and implicit learning blocks
were not marked or distinguished before or during task adminis-
tration. A Sharp XG-2000-V color liquid crystal display projector
(Osaka, Japan) was used for stimulus presentation; reaction time
and response accuracy were recorded.

Debriefing

Immediately following the two experimental runs, the subjects
completed a computerized debriefing procedure, as previously
described (2, 5). After answering multiple-choice questions to as-
sess their awareness of the stimuli, the subjects were informed
that a sequence had been present and were asked to attempt to
recall the sequence by making 15 key presses. The recall task was
scored based on the longest consecutive string of correct re-
sponses, which was then compared with a chance distribution as
an index of significant explicit knowledge. All subjects also com-
pleted the following self-report measures of anxiety and depres-
sion: the Beck Anxiety Inventory (10) and the Beck Depression
Inventory (11).

fMRI

A 1.5-T imaging device equipped for echo-planar imaging was
used with a three-axis gradient head coil. After an automated
scout image was made and appropriate shimming was conducted,
two high-resolution three-dimensional magnetization prepared
rapid gradient echo (MP-RAGE) sequences (TR=7.25 msec, TE=3
msec, flip angle=7°, voxel size=1.3x1x1 mm) were collected for
spatial normalization and positioning. fMRI images were acquired
by using a gradient echo, T»*-weighted sequence (TR=2.75 sec,
TE=40 msec, flip angle=90°). T, images were collected in an ob-
lique coronal plane (24 slices perpendicular to the commissural
line, with a voxel size of 8x3.125x3.125 mm). For each fMRI run,
measurements from 160 time points were acquired.

Analysis

Each functional run was motion-corrected to the first run by
using AFNI software (12, 13) (http://afni.nimh.nih.gov/afni/in-
dex. shtml), spatially smoothed (full width at half maximum=5
mm) with a three-dimensional Gaussian filter (http://www.fm-
rib. ox.ac.uk/fsl), and normalized to the low-level baseline (i.e.,
the fixation block). Normalized, motion-corrected functional
images were aligned to a three-dimensional structural image
created by motion-correcting and averaging two high-resolution
three-dimensional sagittal images. After Talairach transforma-
tion (14, 15), functional data were averaged across all subjects ac-
cording to condition. A t statistic for the group statistical maps
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was then computed on a voxel-wise basis for the main contrast of
interest (i.e., implicit learning versus random) by using a fixed-
effects model. The threshold for significance of the striatum, our
a priori region of interest, was p<2x107%; for the remaining sub-
cortical regions, the adjusted threshold was p<6.6x10~>; for the
cerebral cortex, the threshold was pS5.8><10‘6. This reflects Bon-
ferroni corrections for multiple comparisons based on voxel size
(8x3.125x3.125 mm) and the average total volume of the relevant
structures in healthy young adults (16).

To assess for differences between groups in the striatum, a
functionally derived region-of-interest analysis was performed. A
region of interest was defined as 3 or more contiguous voxels ex-
ceeding the statistical threshold (i.e., p<2x10~%). Significant acti-
vations were found within the right caudate and right putamen.
Labels were made based on the Talairach coordinates of the func-
tional voxels in these striatal regions of interest; blood-oxygen-
level-dependent (BOLD) signal intensity data were extracted
from the functional images of each subject. Percent BOLD signal
change for each condition versus baseline values was entered
into an analysis of variance for repeated measures to assess main
effects of condition (i.e., implicit learning or random) across the
entire cohort and diagnosis (specific phobia or healthy). A post
hoc voxel-based random-effects analysis was also performed to
compare brain responses between groups for the implicit learn-
ing versus random task contrast and to confirm the results of the
region-of-interest analysis.

Results

Subject and Data Selection

Twelve subjects with specific phobia and 17 healthy
comparison subjects were initially tested. Two subjects
with specific phobia and three healthy comparison sub-
jects were eliminated because of image quality and ex-
plicit contamination (i.e., more than six consecutive cor-
rect responses on the debriefing task), respectively. Ten
healthy comparison subjects were selected blind to indi-
vidual fMRI or other behavioral data from the remaining
14 to best match the age, gender, educational levels, and
the number of subjects in the specific phobia group. De-
briefing data for one specific phobia subject was missing
(reaction time data was complete, however). Analysis of
reaction time data revealed a mean reaction time advan-
tage or improvement of 16.1 msec for this subject (less
than the mean for the specific phobia group of 34.0 msec),
which was not indicative of explicit contamination. There-
fore, this subject’s data was included; thus, 10 subjects
with specific phobia and 10 healthy comparison subjects
were included in the final analysis. There was no differ-
ence in the index of explicit contamination (maximum
consecutive correct responses on the debriefing task [2, 5])
in either the initial cohort (11 subjects with specific pho-
bia versus 17 healthy comparison subjects) (t=—1.80, df=
26, p=0.08) or the final study cohort (nine subjects with
specific phobia versus 10 healthy comparison subjects) (t=
-0.65, df=17, p=0.52).

Behavioral Performance

At the time of assessment in our laboratory, there were
no significant differences between the subjects with spe-
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FIGURE 1. Striatal Activation in Subjects With Animal Phobia and Normal Comparison Subjects During Implicit Sequence
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2 The uppermost images depict a statistical map from all subjects superimposed upon sagittal (A) and coronal (B) group-averaged T structured
images. Significant signal changes during functional magnetic resonance imaging in the right caudate and putamen are indicated. The bar
graphs show the percent of blood-oxygen-level-dependent (BOLD) signal change versus the baseline fixation in the caudate (C) and putamen
(D). Although a main effect of condition was present, there was no significant difference between the groups.

cific phobia and the healthy comparison subjects regard-
ing measures of anxiety or depression (Beck Depression
Inventory score—subjects with specific phobia: mean=
1.5, SD=1.3; comparison subjects—mean=3.1, SD=2.7; F=
2.90, df=1, 18, p=0.11; Beck Anxiety Inventory score—
mean=4.8, SD=4.9; mean=3.4, SD=3.6, respectively (F=
0.53, df=1, 18, p=0.48).

The debriefing task revealed an explicit contamination
index of 4 (SD=1) across the cohort (all <5; chance perfor-
mance, mean=3.71, SD=1.26), such that individual scores
greater than 6 were suggestive of significant explicit
knowledge. Error rates were less than 6% for all subjects
(subjects with specific phobia: mean=2.19%, SD=1.80%;
comparison subjects: mean=2.07%, SD=1.85%) (F=0.02,
df=1, 18, p=0.88). There was a significant reaction time ad-
vantage for the implicit learning versus random condition
across subject groups (implicit learning: mean-median re-
action time=410.5 msec, SD=51.7; random: mean-me-
dian=443.7 msec, SD=55.1) (F=159.58, df=1, 18, p<0.0001),
reflecting implicit learning but no between-group differ-
ence (F=0.05, df=1, 18, p=0.83).
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JFMRI Results

For the main contrast (implicit learning versus random)
across groups with a fixed-effects model, the foci of signif-
icant activation were found within the right caudate (four
voxels; Talairach coordinates of peak voxel: x=13.9, y=3.1,
and z=13.7; p=1.45x1077), the right putamen (eight voxels;
peak: x=26.0, y=—1.8, and z=1.9; p=1.7x1079) (Figure 1), and
in the left thalamus (seven voxels; peak: x=—13.4, y=—10.6,
and z=1.0; p=1.14x1077). In the cortical search volume,
there were significant activations in the left insula (three
voxels; peak: x=-37.4, y=-25.3, and z=17.6; p=1.02x107%),
the left superior temporal gyrus (five voxels; peak: x=—61.4,
y=-48.3, and z=15.8; p=1.7x107%), and the bilateral mid-
cingulate cortex (11 voxels; peak: x=-2.0, y=-13.7, and z=
36.2; p=2.45x10711).

Of note, when we used a more stringent random-effects
model, a similar pattern of activations was found for the
implicit learning versus random contrast; however, this
did not meet the threshold for statistical significance.

Regions of interest were defined based upon the find-
ings of the fixed-effects analysis. In the striatum, our a pri-
ori region of interest, region-of-interest analysis con-
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firmed a main effect of condition (implicit learning versus
random) in both of the regions of interest in the right cau-
date (F=17.9, df=1, 18, p=0.0005) and the putamen (F=7.8,
df=1, 18, p<0.02). However, there was no main effect of di-
agnosis (caudate: F=0.2, df=1, 18, p=0.66; putamen: F=0.2,
df=1, 18, p=0.66) or the diagnosis-by-condition interaction
(caudate: F=0.0, df=1, 18, p=0.99; putamen: F=0.01, df=1,
18, p=0.94) in either striatal region. Post hoc voxel-wise
random effects analysis also revealed no between-group
difference in the striatum or in any other brain areas for
the implicit learning versus random contrast.

Discussion

Previous PET and fMRI studies have demonstrated im-
paired striatal recruitment in patients with OCD in rela-
tion to healthy comparison subjects with comparable
behavioral performance (6, 7). The present study investi-
gated the specificity of these findings by examining a
group of subjects with specific phobia, a disorder included
in the same nosological category as OCD (anxiety disor-
ders, DSM-1V). According to our a priori hypothesis, the
patients with specific phobia would not differ from the
healthy comparison subjects in behavioral and brain re-
sponses while performing the serial reaction time task be-
cause cortical-striatal dysfunction is not proposed in con-
temporary neurocircuitry models of specific phobia (17,
18). Indeed, both the specific phobia and healthy compar-
ison groups demonstrated implicit learning, which was
associated with activations in the right striatum, as well as
the thalamus and several regions of the cerebral cortex.
Furthermore, there were no main effects of diagnosis or
diagnosis-by-condition interactions in the striatum, our a
priori region of interest. These findings replicate previous
PET and fMRI studies of the serial reaction time task in
healthy subjects, providing further evidence for the reli-
ability of the serial reaction time task as a probe of striatal
function (7). However, it should be noted that while stri-
atal activation is believed to contribute to implicit learn-
ing, activation of this brain area in the context of the serial
reaction time task could also be related to processing
speed, as responses were faster to the implicit learning
versus the random condition.

According to DSM-1V, specific phobia and OCD are cat-
egorized as anxiety disorders. This is primarily based on
some shared phenomenological attributes of these disor-
ders (e.g., symptoms of anxiety). However, developing a
neurobiological framework for understanding psychiatric
disorders is essential for advancing specific preventive
and treatment strategies. The current findings of similar
striatal function in subjects with specific phobia and
healthy comparison subjects, in the context of our previ-
ous OCD studies demonstrating a striatal deficit relative to
health comparison subjects, suggest that OCD and spe-
cific phobia may have distinct pathophysiological mecha-
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nisms, despite sharing some phenomenological simi-
larities. In fact, several previous neuroimaging studies
converge to implicate sensory and paralimbic regions in
specific phobia. For example, Wik, Fredrikson, and col-
leagues (19-21) demonstrated significant changes in re-
gional cerebral blood flow (rCBF) within the secondary vi-
sual cortex as well as in the prefrontal posterior cingulate
and the anterior temporal-polar cortices when subjects
with snake and spider phobia were exposed to phobic
stimuli. In a separate PET study that also used symptom
provocation in subjects with small animal phobia, we (22)
demonstrated significant rCBF changes in anterior para-
limbic territories (including the insular cortex), the left so-
matosensory cortex, and the left thalamus. The sensory
cortical findings in these studies were interpreted in the
context of the modality in which the phobic stimuli were
presented (i.e., visual or somatosensory).

Limitations of this study include the modest number of
subjects, especially in light of negative between-group
findings. Nonetheless, these data indicate a minimal be-
tween-group effect size, which is noteworthy given the
large between-group effects found in analogous neuroim-
aging serial reaction time task studies of subjects with
OCD versus healthy comparison subjects. Both prior neu-
roimaging studies that used the serial reaction time task to
compare striatal activation on subjects with OCD versus
healthy comparison subjects found significant group dif-
ferences with comparable group sizes (eight to 14 sub-
jects) (6, 7). In addition to future studies with larger num-
bers of subjects, direct comparisons between matched
groups of subjects with OCD and specific phobia, as well
as cohorts with other psychiatric diagnoses, would be im-
portant to clarify diagnostic specificity. Conversely, to the
extent that cortical-striatal dysfunction has been hypoth-
esized as a core feature of so-called obsessive-compulsive
spectrum disorders (e.g., Tourette’s syndrome; see refer-
ence 7), these same methods could be used to assess the
generalizability of striatal recruitment deficiencies across
subjects with those diagnoses. In this regard, with neu-
roimaging and the serial reaction time task, initial experi-
ments also have observed abnormal activation patterns in
subjects with schizophrenia (23) as well as Tourette’s syn-
drome (7), although the reported abnormalities in those
disorders differ from those seen in OCD.

Finally, given that prior neuroimaging studies of sub-
jects with specific phobia have most consistently impli-
cated the involvement of paralimbic and sensory cortical
regions (19-22), neuroimaging studies employing spe-
cially designed probes to assess function within those sys-
tems are indicated to further elucidate the pathophysiol-
ogy of specific phobia. In conclusion, the current findings
do not support striatal dysfunction in subjects with spe-
cific phobia, in contrast to previous findings regarding
subjects with OCD.
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