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Abstract

We used event-related functional magnetic resonance imdgirftylRl) techniques to examine the cerebral sites
involved with target detection and novelty processing of auditory stimuli. Consistent with the results from a recent
erfMRI study in the visual modality, target processing was associated with activation bilaterally in the anterior superior
temporal gyrus, inferior and middle frontal gyrus, inferior and superior parietal lobules, anterior and posterior cingulate,
thalamus, caudate, and the amygdhippocampal complex. Analyses of the novel stimuli revealed activation bilat-
erally in the inferior frontal gyrus, insula, inferior parietal lobule, and in the inferior, middle, and superior temporal gyri.
These data suggest that the scalp recorded event-related pot@ngal®l2 and PBelicited during similar tasks reflect

an ensemble of neural generators located in spatially remote cortical areas.

Descriptors: Functional magnetic resonance imaging, Target detection, Novelty processing, Auditory

More than three decades ago, Sutton, Tueting, Zubin, and Johio the canonical P3, or P3b, several studies have shown that low-
(1967 reported that low-probability, unexpected auditory stimuli probability, task-irrelevant novel stimuli elicit a P3 with an earlier
elicited a large positive wave at approximately 300(fR8) in the latency and more anterior scalp distributidfnight, 1984. The
averaged evoked brain potential. This discovery that cognitive achovelty P3, or P3a, is thought to reflect processes related to the
tivity could modulate brain potentials revolutionized psychophys-orienting response.
iological research. It is now known that the amplitude and latency Although the time course and scalp topography of the P3 is
of the P3 are modulated by a variety of experimental manipulawell characterized, considerable controversy persists regarding the
tions, including stimulus probability, task difficulty, and task de- neural generators of the both the P3a and P3b. Converging evi-
mands(Donchin & Coles, 1988 These observations have led to dence from magnetoencephalograghyEG), positron emission
the suggestion that the P3 reflects processes related to attenticlmmography(PET), intracranial recordings, and data from patients
decision making, and memory updating. The P3 also has beewith brain lesions suggest that the thalamus, inferior parietal lobe,
shown to be abnormal in a variety of clinical conditions, including temporal lobe, dorsolateral prefrontal cortex, cingulate cortex, amyg-
schizophrenia, depression, and psychopdtfgrd et al., 1994; dala, hippocampal formation, and orbital frontal cortex may be
Kiehl, Hare, McDonald, & Liddle, 1999; McCarley, Faux, Shen- involved in generating the scalp recorded @&lgren, Marink-
ton, Nestor, & Adams, 1991The utility of the P3 for examining ovic, & Chauvel, 1998 More specifically, using evidence from
cognitive processes and characterizing clinical conditions has madatracranial studies, Halgren and colleagues argued that target pro-
it a valuable tool in the psychophysiologist’s repertoire. In additioncessing is associated with neural activity in the hippocampal for-
mation, superior temporal gyrus, lateral orbital frontal gyrus, and
supramarginal gyrus. Halgren et al. also observed that processing
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fMRI studies of cerebral activity associated with processing lowProcedure
probability stimuli. McCarthy, Luby, Gore, and Goldman-Rakic Two runs of 244 stimuli were presented to the participant by a
(1997 found that low probability visual stimuli elicited activa- computer-controlled auditory sound system that delivered the au-
tion in the middle frontal gyrus, inferior parietal lobe, and in the ditory stimuli with insert earphones embedded within 30-dB sound-
posterior cingulate. Menon, Ford, Lim, Glover, and Pfefferbaumattenuating MR compatible headphones. The nontarget stimulus
(1997 found that target stimuli in the auditory modality generated was a 1000-Hz tone, the target stimulus was a 1500-Hz tone, and
activity in the inferior parietal lobe, thalamus, and anterior cingu-the novel stimuli consisted of nonrepeating random digital noises
late. Opitz, Mecklinger, Von Cramon, and Krugg&b99, usinga  (e.g., tone sweeps, whistjesll stimuli were presented at approx-
blocked fMRI design, found that target and deviant stimuli elicitedimately 80 dB. All participants reported that they could hear the
activation in the transvergsuperior temporal gyrus and neostria- stimuli and discriminate them from the background scanner noise
tum. Using an MR pulse sequence that allowed imaging of thesee the results of the behavioral data
entire brain, we(Kiehl, Laurens, Duty, Forster, & Liddle, 1999, The target and novel stimuli each occurred with a probability of
submitted found that low-probability, task-relevant target visual .125; the nontarget stimuli occurred with a probability of .75. The
stimuli elicit activation in bilateral anterior superior temporal gy- stimulus duration was 200 ms with a 2,000-ms interstimulus in-
rus, amygdala, thalamus, inferior and superior parietal lobules, interval (1SI). The rate of stimulus presentation is similar to that
ferior frontal gyrus, anterior and posterior cingulate, and lateraltypically used in analogous ERP studigdexander et al., 1996
frontal cortex. We also observed that low-probability, task-irrelevantTarget and novel stimuli were always preceded by at least three
novel stimuli generated activation in the cingulate, dorsolaterahontarget stimulirange three to five The intervals between stim-
prefrontal cortex, and inferior and superior parietal lobule. uli of interest(i.e., target and novel stimylivere allocated in a

To the extent that the cerebral sites activated during these epseudorandom manner in the range of 6-10 s so as to ensure that
fMRI paradigms reflect the generators of the scalp-recorded P3hese stimuli had equal probability of occurring at 0, 1, and 2 s
event-related potentidERP), the observed pattern of hemodynam- after the beginning of a 3-s image acquisition period. As a result,
ics suggested that the P3 is generated from a concert of spatiallhe hemodynamic response to each type of stimulus of interest was
remote processing units. It should be noted, however, that it is natampled uniformly at 1-s intervals. A custom visual and auditory
possible to precisely determine whether the observed hemodynamresentation package was used to tightly couple the presentation of
ics reflect the generators of the P3 @adother electrical compo- the stimuli with the acquisition of the MR scanner.
nents such as the N2, a negative potential observed approximately Participants were instructed to respond as quickly and as ac-
200 ms after stimulus presentation. curately as possible with their right index finger every time the

Many investigators have shown that the scalp-recorded P3 catarget tone occurred and not to respond to the nontarget tones or
be elicited reliably in the visual, auditory, and somatosensory mothe novel stimuli. A commercially available MRI compatible fi-
dalities, suggesting that this P3 is independent of stimulus modalberoptic response deviddightwave Medical, Vancouver, B.C.
ity. The purpose of the present study was to elucidate the cerebralas used to acquire behavioral responses. Reaction times were
sites activated during auditory target detection and novelty procomputed on trials for which the participant responded correctly
cessing and to compare these sources with our previous findings iwithin 1,200 ms poststimulus. Omission errors included any missed
the visual modality. We used an experimental methodology identarget tones or any response with a latency of longer than 1,200 ms
tical to that in our previous study of visual target detection andafter the onset of the target stimulus. Errors of commission were
novelty processingKiehl et al., 1999, submittedin which we  defined as responses following the nontarget or novel stimuli within
presented stimuli every 2 s, with a random 6—10-s interval betweeit,200 ms of stimulus onset. Before entry into the scanning room,
target and novel stimuli. Three to five nontarget stimuli occurredeach participant performed a practice block of 10 trials to ensure
between consecutive target and novel stimuli. understanding of the instructions.

On the basis of our findings from the visual modality study, we
predicted that for target stimuli there would be activation bilater-  Imaging parameterslmaging was implemented on a standard
ally in the anterior superior temporal gyrus, inferior and superiorclinical GE 1.5 T system fitted with a Horizon Echo-speed up-
parietal lobule, inferior frontal gyrus, cingulate, thalamus, amyg-grade. The participant’s head was firmly secured using a custom
dala, and lateral frontal cortex. We also predicted that noveltyhead holder. Conventional spin-echgweighted sagittal localiz-
processing would be associated with activation in dorsolateral preers were acquired to view the positioning of the participant’s head
frontal cortex, cingulate, temporal lobes, and parietal lobes. in the scanner and to graphically prescribe the functional image

In addition to examining the activations for the target and novelvolumes. Functional image volumes were collected with a gradient-
stimuli (relative to the baseline of nontarget processing alsodi-  echo sequencé€TR/TE 300040 ms, flip angle 98 FOV 24 X
rectly contrasted target stimuli versus novel stimuli, and novel stim24 cm, 64X 64 matrix, 62.5 kHz bandwidth, 3.78 3.75 mm in
uli versus target stimuli, respectively. These latter contrasts wer@lane resolution, 5 mm slice thickness, 29 sljcefectively cov-
included to examine the areas in which significant differences in theering the entire brailil45 mn). This sequence is sensitive to the
hemodynamic response occurred between target and novel stimublood oxygen level dependent contréste review by D’Esposito,
Zarahn, & Aguirre, 1999 The two stimulus runs consisted of 167
time points, prefaced by a 12-s rest session that was collected to
allow for T, effects to stabilize. These initial images were not
Participants included in any subsequent analyses.
Ten healthy right-handed voluntedis men and 5 women, mean
age 26.3 yearsSD = 7.2) participated in the study. Participants Image processingFunctional images were reconstructed off-
provided written informed consent and were screened for MRIline and the two runs were separately realigned using the pro-
compatibility before entry into the scanning room. All experimen- cedure by Friston, Williams, Howard, Frackowiak, and Turner
tal procedures met with University and Hospital ethical approval.(1996 as implemented in Statistical Parametric Mappi8§M97,
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Wellcome Department of Cognitive Neurology; Friston et al., both analyses, regardless of global normalization zatcore value
1995a. Translation and rotation corrections did not exceed 1.5 mnygreater than 1.97, correspondingfdo< .05, uncorrected signifi-
and 1.5 degrees, respectively, for any of the participants. A meanance level.
functional image volume was constructed for each participant The advantage of modeling the hemodynamic response in terms
for each run from the realigned image volumes. This mean im-of basis functions, in this case, gamma functions and their deriv-
age volume was then used to determine parameters for spatiatives, is fourfold. First, it has been shown that these gamma
normalization into the modified Talairach space used in SPM97unctions provide both reasonable and comprehensive models of
using both affine and nonlinear compone(fsiston et al., 1995b  the hemodynamic respongBoynton, Engel, Glover, & Heeger,
In this space, coordinates are expressed relative to a rectanguld®96; Friston, Jezzard, & Turner, 199%econd, by fitting the
coordinate frame with the origin at the midpoint of the anterior hemodynamic response for each voxel, we were able to effectively
commissure and thg-axis passing through the posterior and model variations in the hemodynamic response in both amplitude
anterior commissures. The normalization parameters determineghd latency between different brain regions and between different
for the mean functional volume were then applied to the corre-events. Third, the creation of the parameter estimates in terms of
sponding functional image volumes for each participant. Theperistimulus time allows us to achieve an effective temporal res-
normalized functional images were then smoothed with an 8-mnolution less than the total acquisition tini@osephs et al., 1997
full width at half-maximum Gaussian filter to yield a smooth- This temporal resolution cannot be achieved using standard aver-
ness in the final analyses of 10.9, 11.0, 10.6 mm inxhg and  aging techniquesgakin to ERP studigs Lastly, formulating the
z dimensions, respectively. model in this way allows us to use standard procedures developed
Event-related responses to the target and novel stimuli weréor analyzing serially correlated fMRI time series that use the
modeled using a synthetic hemodynamic response function congeneral linear model and a sound theoretical correction for the
posed of two gamma functiorisee Josephs et al., 1997, for math- number of comparison examinéHriston et al., 1995a; Worsley &
ematical model; and Friston et al., 1998, for illustrajiorhe first ~ Friston, 1995 We note, however, that the technique we used for
gamma function modeled the hemodynamic response using a peakodeling event-related responses is controversial. In particular,
latency of 6 s. A term proportional to the derivative of this gammathe technique we used assumed that the events must occur repeat-
function was included to allow for small variations in peak latency.edly and must elicit stereotyped and reproducible responses. We
The second gamma function and associated derivative was used @ave also assumed linear hemodynamic response functions. Recent
model the small “overshoot” of the hemodynamic response orerfMRI studies suggest that there may be nonlinear components of
recovery. The modeled composite hemodynamic response for each
run was derived by constructing a sequence of appropriately lo-
cated synthetic responses for target stimuli and for novel stimuli.
Because nontarget stimuli were presented at the rate of once eve
2 s with the object of maintaining a sustained hemodynamic re-
sponse that did not vary substantially throughout the task, the
response to the nontarget stimuli was treated as the bag@ine
the first two comparisons, see belpand therefore not included in
the model. Because multiple voxels were examined, a correctio
for multiple comparisons based on the theory of Gaussian fields
was used(Worsley, 1994; Worsley & Friston, 1995Reported
statistical levels are significant at the voxel le¢d@lorsley & Fris-
ton, 1995 and were all greater thgm< .05 corrected for multiple
comparisons unless otherwise noted. A high-pass filceit-off
period 89 $ was incorporated into the model and remove noise
associated with low frequency confour(@sg., respiratory artifact;
see Holmes, Josephs, Buchel, & Friston, in prea& also applied
a low-pass filter at the Nyquist frequen¢period of 6 secondgo
remove noise associated with alternations of the applied radic
frequency field. All images were normalized to a mean of 100
(arbitrary unit$ for each run to compensate for any intensity vari-
ations across runs. In addition to this intensity normalization, we
also performed an additional analysis in which we used a propor
tional scaling technique to compensate for global signal variation
(Fox, Mintun, Reiman, & Raichle, 1984; Friston et al., 129his
latter analysis was performed to address the issue that excessive
Type |l errors are possible when comparing conditions in whichFigure 1. lllustration of the areas of activation for the comparison of
one condition produces much more activation than another. In ou® target stimuli versus the nontarget baseline condition. Data are pre-
study, the target detection condition produced about 30% moréenteq in the modified Talairach space used in _Statlstlcal Param_etrlc
activated voxels than did the novelty processing condition, Whid}lMappmg (SPM97, Wel!come Department of Cognitive NeumIOgy;.F”S'

. L . on et al., 1995nand is rendered onto a standard reference bfthie
may lead to a conservative bias in the comparison of the novelg pemisphere is on the IsftStarting at the top left comer and pro-
stimuli with the target stimulisee Andersson, 1997For these gressing from left to right, the levels for the slices in standard space
reasons we report the areas of activation for comparisons involvare, first row: —52, —44, —36, —28 mm; second row=20, —12, —4,
ing novel stimuli using this latter analysis. We note however, thata mm; third row: 12, 20, 28, 36 mm: last row: 44, 52, 60, and 68 mm,
in all cases, the areas of activation reported were significant inespectively.
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the hemodynamic respondeale & Buckner, 1997; Friston, Zarahn, contained voxels in which the model effectively characterized the
Josephs, Henson, & Dale, 199Fhese nonlinear components ap- observed data. Four contrasts were then used to creatét St
pear to be most prevalent for studies using short [8lg., less  our comparisons of interest. The SR\ were then transformed
than 1 §. However, in the present experiment, events of interesinto SPM(Z)s . The four comparisons wergk) activations for the
(e.g., targets and novel stimuhkvere spaced 6-10 s apart, thus target stimuli relative to the nontarget baseline conditi@;ac-
decreasing the likelihood that nonlinearities may have affected thévations for the novel stimuli relative to the nontarget baseli8g;
data. Thus, the validity of our conclusions depends on the correctdirect comparison of the target stimuli versus novel stimuli; @d
ness of the SPM model. More details on these issues can be fouraddirect comparison of the novel stimuli versus target stimuli.
in Buckner(1998, Friston et al(1999, and Rosen et a(1998.

To summarize, the multisubjeqt = 10) statistical analysis was

. . . . Results

constructed using a design matrix that included separate gamma
functions and their respective temporal derivatives for both theBehavioral Data
target and novel stimuli, a block effe(te., intensity normaliza- The mean reaction time and percentage of correct hits was 412 ms
tion), low-pass filter, and a notch filter. The resulting SRF) (SD=56.23 and 98.4%(SD 1.47), respectively. False alarms to

Table 1. Summary of the Significant Areas of Activation for the Comparison of the Target Stimuli
Versus the Nontarget Baseline Condition

Talairach coordinates

Region X y z z score

Frontal lobes

1. L superioymiddle frontal gyrus -30 50 30 6.62
2. R superiormiddle frontal gyrus 26 52 30 7.41
3. L inferior frontal gyrus —60 8 25 7.04
4. R inferior frontal gyrus 56 11 25 7.55
5. Medial frontal gyrus 0 -8 55 8.41
6. Anterior cingulate gyrus 0 16 40 8.26
7. Linsula -38 19 -10 7.65
8. R insula 44 24 -10 7.39
9. L precentral gyrus —38 —26 65 8.96
10. R precentral gyrus 38 -4 60 7.08
Parietal lobes
11. L postcentral gyrus —56 —22 20 8.59
12. L postcentral gyrus —26 —44 65 8.03
13. R postcentral gyrus 68 —19 20 8.25
14. L superior parietal lobule —38 —48 60 7.94
15. R superior parietal lobule 24 —60 55 5.78
16. L inferior parietafsupramarginal gyrus —56 —41 30 8.30
17. R inferior parietalsupramarginal gyrus 64 —-34 25 8.05
18. Posterior cingulate gyrus 0 -30 30 7.43
19. Precuneus 0 —45 55 6.60
Temporal lobes
20. L superior temporal gyrus —56 11 -15 8.12
21. R superior temporal gyrus 52 19 -15 8.29
22. L middle temporal gyrus -60 —56 5 7.18
23. R middle temporal gyrus 52 -22 -10 7.76
24. L inferior temporal gyrus —54 -18 -15 5.55
25. R inferior temporal gyrus 60 —64 5 6.91
26. L parahippocampal gyrgamygdala —18 -4 -20 6.30
27. R parahippocampal gyr(emygdala 20 -2 —-20 5.41
Occipital lobes
28. L lingual gyrugcuneus -11 =71 5 6.98
29. R lingual gyrugcuneus 19 —-71 10 7.51
Deep gray
30. L thalamugcaudate -8 -19 5 7.98
31. R thalamugcaudate 11 —-15 5 7.60
32. L putameriglobus pallidus —-38 0 -5 7.85
33. R putameyglobus pallidus 26 0 0 7.17
Cerebellum
34. L cerebellum —22 —64 -25 8.04
35. R cerebellum 19 -52 =30 8.59

Note: L = left; R = right.

Probability levels associated with tlzescores are: 7.03 = .0000001; 6.67p = .000001; 6.30p = .00001;
5.90,p = .0001; 5.46p = .001; 4.94,p = .01; and 4.62p = .05. These probability levels are corrected for
multiple comparisongWorsley & Friston, 1995
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novel and nontarget stimuli were relatively rgreovel,M = 1.2,
SD = .8; nontargetsM = .6, SD = .55).

Imaging Data &
Consistent with the results from the visual oddball task, analyses OffsSs
the auditory target stimuli revealed activation bilaterally in the
anterior superior temporal gyrus, inferior frontal gyrus, inferior
and superior parietal lobules, anterior and posterior cingulate,
superioymiddle frontal gyrus, thalamus, amygdala, caudate, and .
putamen(Table 1, Figure L Analyses of the target stimuli also
revealed activation in the left precentral and postcentral gyrus,
medial frontal gyrus, and right cerebellum consistent with the fact
that the target processing required a button press using the righ
index finger. All areas of activation for this comparison are re-
ported in Table 1.

Analyses of the hemodynamic response for the novel stimuli
revealed activation bilaterally in the inferior, middle, and superior
temporal gyrugsee Table 2, Figure)2Consistent with the hemo-
dynamic response to visual novel stimuli, activation was found for
the novel auditory stimuli bilaterally in the inferior, middle, and
medial frontal gyrus, and inferior parietal lobule and insula. Other
areas of activation are listed in Table 2.

The results of the direct comparison of the target stimuli versusigure 2. lllustration of the areas of activation for the comparison of the
the novel stimuli largely paralleled the comparison of the targethovel stimuli versus the nontarget baseline condition. The planes depicted
stimuli versus the nontarget baseline condition. In both compariare identical to those in Figure 1.

Table 2. Summary of the Significant Areas of Activation for the Comparison of the Novel
Stimuli Versus the Nontarget Baseline Condition

Talairach coordinates

Region X y z z score

Frontal lobes

1. L middle/inferior frontal gyrus —-56 15 25 6.87
2. R middl¢/inferior frontal gyrus 52 15 25 7.38
3. L inferior frontal gyruginsula —-38 16 -10 5.98
4. R inferior frontal gyruginsula 38 22 -10 6.99
5. Medial frontal gyrus 0 24 50 6.43
6. L anterior cingulate gyrus -2 10 35 4.74
7. Linsula —40 -4 5 5.38
8. R precentral gyrus 41 8 30 7.58
Parietal lobes
9. L postcentral gyrus —60 -19 20 5.91
10. R postcentral gyrus 66 —18 20 6.11
11. L inferior parietal lobule —54 —42 35 7.05
12. R inferior parietal lobule 60 —38 50 4.93
Temporal lobes
13. L superior temporal gyrus —62 —-34 10 7.94
14. R superior temporal gyrus 49 19 -15 7.08
15. R superior temporal gyrus 58 -40 25 6.75
16. L middle temporal gyrus —-56 8 -20 6.47
17. L middle/inferior temporal gyrus —56 —-19 -5 7.21
18. R middl¢inferior temporal gyrus 64 -19 -10 8.24
Occipital lobes
19. L cuneus -10 —80 10 4.95
20. R cuneus 12 —78 15 5.45
Deep gray
21. L thalamus -12 2 10 4.93
22. R thalamus 16 —-12 10 4.98
Cerebellum
23. L cerebellum -15 -79 -35 5.44
24. R cerebellum 19 =79 -35 5.05

Note: L = left; R = right
Probability levels associated with tlzescores are the same as those listed in the caption to Table 1.
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sons, activation was notably greater for target processing bilateisecond, one event may show activation and the other event may
ally in the superiofmiddle frontal gyrus, supramarginal gyrus, show deactivation; and third, one event may show deactivation but
inferior and superior parietal lobule, anterior superior temporalthe other event may show significantly greater deactivation. We
gyrus, in the anterior and posterior cingulate, insula, amygdalainspected the hemodynamic response to both events in each of the
and parahippocampal gyrus. Other areas in which the two condisignificant areas activated by these contrasts to isolate which of the
tions differed are summarized in Table 3 and illustrated in Figure 3above differences occurred. In all cases, the observed differences
Analyses of the novel versus the target stimuli comparisonbetween conditions were due to greater activation for one condi-
revealed a number of differences between the two conditions, intion and little or no activation for the other condition. There were
cluding bilateral inferior and middle frontal gyrus, anterior and no reliable deactivations observed in the present study. Illustration
posterior cingulate, middle temporal gyrus, and inferior parietalof the individual hemodynamic responses for target stimuli are
lobule. These data are presented in Table 4 and illustrated in Figure gresented in Figure 5.
It is important to note that there are three possible ways in
which differences would be revealed in the comparison of theDiscussion
target stimuli with novel stimuli and for the comparison of the
novel stimuli with target stimuli. First, activation for one event This study was designed to elucidate the cerebral sites involved
may be significantly greater than the activation for another eventwith auditory target detection and novelty processing. In general,

Table 3. Summary of the Significant Areas of Activation for the Comparison of the Target
Versus Novel Stimuli

Talairach coordinates

Region X y z z score

Frontal lobes

1. R superior frontal gyrus 28 54 0 5.61
2. R superiormiddle frontal gyrus 26 52 30 6.90
3. L middle frontal gyrus —41 41 30 6.99
4. R middle frontal gyrus 22 0 70 6.68
5. R middle frontal gyrus 26 -4 50 4.99
6. L inferior frontal gyrus —60 4 25 5.58
7. Medial frontal gyrus 0 -4 55 8.24
8. Anterior cingulate gyrus 0 11 45 7.86
9. R anterior cingulate gyrus 8 26 25 4.98
10. L insula —48 4 -5 6.72
11. Rinsula 49 4 -5 6.88
12. L precentral gyrus —36 —16 60 8.11
Parietal lobes
13. L postcentral gyrus —-34 -30 70 8.90
14. R postcentral gyrus 60 —26 45 7.04
15. L superiofinferior parietal lobule —26 —45 70 8.38
16. R superiofinferior parietal lobule 20 -50 70 6.40
17. L inferior parietafsupramarginal gyrus —52 —41 35 6.75
18. R inferior parietalsupramarginal gyrus 49 —26 45 7.36
19. L precuneus —15 —68 60 7.63
20. R precuneus 11 —52 70 7.70
21. Posterior cingulate gyrus 0 —-34 35 5.24
Temporal lobes
22. L superior temporal gyrus —56 8 -10 7.46
23. R superior temporal gyrus 56 19 -20 7.22
24. R superior temporal gyrus 56 -11 5 5.65
25. L parahippocampal gyr/amygdala —24 -4 -15 5.74
26. R parahippocampal gyriamygdala 18 0 -15 4.94
27. L transverse temporal gyrus —56 -19 15 7.96
Occipital lobes
28. L middle occipital gyrus —54 —68 10 5.73
29. Cuneus 0 —94 20 6.85
Deep gray
30. L putamen —-34 0 -5 7.50
31. R putameyglobus pallidus 30 0 -10 6.28
32. L thalamugcaudate -8 -19 5 7.11
33. R thalamugcaudate 15 0 15 6.20
Cerebellum
34. L cerebellum —38 —56 -25 7.32
35. R cerebellum 19 —52 -20 8.54

Note: L = left; R = right.
Probability levels associated with tlzescores are the same as those listed in the caption to Table 1.
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arhitrary units

Figure 3. lllustration of the areas of activation for the comparison of the
target stimuli versus the novel stimuli. The planes depicted are identical to
those in Figure 1.

arhitrary units

the results are consistent with recent erfMRI data on target detec-
tion and novelty processing in the visual modality from our labo-
ratory (Kiehl et al., 1999, submittedand other§McCarthy et al.,
1997). In both modalities, target processing activated bilateral in-
ferior frontal gyrus, anterior superior temporal gyrus, inferior and
superior parietal lobules, anterior and posterior cingulate, lateral

-0.2
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Figure 5. lllustration of the modeled hemodynamic response for target
stimuli for each participant from a voxel located in tf#) left (Talairach
coordinates:-41, 41, 30 and(B) right (Talairach coordinates, 34, 45,)30
lateral frontal cortex.

frontal cortex, amygdala, thalamus, and putamen. There were also
several modality-specific activations for auditory stimuli in pri-
mary auditory cortex and in the superior temporal gyrus that we
did not observe to be activated for visual stim(iiehl et al.,
1999, submitted

Analyses of the auditory novel stimuli revealed extensive bi-
lateral temporal lobe activation. Activation also was found in the
frontal lobe in the middle and inferior frontal gyrus. These data are
consistent with Knight'$1984) finding that the P3a to novel stim-
uli is reduced in patients with prefrontal lesions. The spatial loca-
tion of the middl¢/inferior frontal gyrus activation for novel stimuli
is similar to the location observed during other tasks that involve
response inhibition, but to not manipulate the novelty of the stim-
uli. Konishi et al.(1999 and Kiehl, Liddle, and Hopfinge2000),
using erfMRI techniques similar to those used in the present study,
observed that response inhibition trials during &mmyo para-
digms activated bilateral prefrontal cortex. These data suggest that

Figure 4. lllustration of the areas of activation for the comparison of the the inferioymiddle frontal activation observed in the present study
novel stimuli versus the target stimuli. The planes depicted are identical ténay be due, at least in part, to response inhibition processes placed

those in Figure 1.

on the subject to withhold the motor response to the novel stimuli.
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Table 4. Summary of the Significant Areas of Activation for the Comparison of the Novel
Versus Target Stimuli

Talairach coordinates

Region X y z z score

Frontal lobes

1. R superior frontal gyrus 11 49 35 6.42
2. L middle frontal gyrus -30 19 50 5.15
3. L middle/inferior frontal gyrus —49 19 25 7.43
4. R middl¢inferior frontal gyrus 42 26 25 7.25
5. L inferior frontal gyrus —38 34 10 6.76
6. L inferior frontal gyruginsula —45 34 -10 5.57
7. R inferior frontal gyrug/insula 50 36 0 6.57
8. L anterior cingulate gyrus —18 4 30 5.03
9. R anterior cingulate gyrus 22 26 30 5.41
10. R anterior cingulate gyrus 16 38 10 5.08
11. Corpus callosum 0 6 20 5.23
12. L precentral gyrus —-34 -4 40 6.01
13. R precentral gyrus 38 10 40 6.69
Parietal lobes
14. R postcentral gyrus 38 —26 55 6.13
15. L inferior parietal lobule —44 —-34 25 5.96
16. R inferior parietal lobule 44 —34 25 5.86
17. L posterior cingulate gyrus -19 —41 35 6.53
18. L posterior cingulate gyrus —22 -50 10 5.55
19. L precuneus —15 —40 40 5.73
Temporal lobes
20. L superioymiddle temporal gyrus —49 —22 -5 5.89
21. R superiofmiddle temporal gyrus 64 —-34 5 8.09
22. R superiofmiddle temporal gyrus 48 18 -20 6.47
23. R middl¢inferior temporal gyrus 66 —28 —15 6.95
24. L inferior temporal gyrus —56 0 -35 5.16
Occipital lobes
25. L superiofmiddle occipital gyrus -38 —-87 25 5.95
Deep gray
26. R putamen 34 —4 15 4.92
Cerebellum
27. L cerebellum —18 —50 -5 4.90

Note: L = left; R = right.
Probability levels associated with tlzescores are the same as those listed in the caption to Table 1.

The observed patterns of activation for both target and novetlorsolateral prefrontal cortex. We also confirmed that the cingulate
stimuli confirm numerous studies on the intracranial distribution ofis activated for target processing, but we did not observe strong
neural sources activated during similar tasks. Intracranial studieactivation in the medial cingulate for processing novel stimuli.
have shown that target processing of auditory stimuli is associateHalgren and colleagues also observed that the P3b response spe-
with neural activity in the dorsolateral prefrontal cortéx.g., cific to target processing is associated with neural activity in the
middle/superior frontal gyrus ventrolateral prefrontal cortee.g., hippocampal formation, superior temporal gyrus, lateral orbital
inferior frontal gyrug, supramarginal gyruge.g., inferior parietal  frontal gyrus, and supramarginal gyrus. Our data support this ob-
lobule), superior temporal sulcus, anterior and posterior cingulateservation as well. In addition, in the direct comparison of the
and medial temporal regionsee Halgren et al., 1998In this hemodynamic response for the target stimuli versus the novel stim-
study, we have confirmed that all of these regions are activated fouli, a comparison in ERP studies that yields a larger P3b, we
auditory target processing using erfMRI techniques. We also obebserved greater activation for target than novel stimuli bilaterally
served activation for target processing in a number of other area# the middle frontal gyrus, anterior superior temporal gyrus, hip-
including the anterior superior temporal gyrus, insula, inferior pa-pocampal formation, insula, thalamus, superior temporal gyrus,
rietal lobule, and sites in the anterior frontal lobe. These latter areaand superior and inferior parietal lobule.g., supramarginal gy-

not typically recorded from in intracranial studies. rus). Thus, we have confirmed and extended the results of intra-
Based on data from intracranial recordings, Halgren and colcranial studies of target detection and novelty processing.
leagueq1998 suggested that processing rare stintalg., target In the present study, we were interested in examining the role

and novel stimuli from the present stydg associated with acti- of all the neural systems involved with target detection, including
vation of an orienting response. They argued that the orientinghe motor system. However, it is important to note that during this
response is generated in a spatially distributed neural networkask we required a manual response to target stimuli that raises the
including regions of the inferior parietal lobe, cingulate, and dor-issue that some areas of activation we observed for target process-
solateral prefrontal cortex. Similarly, we observed that both targetng may be related to the motor response and not to target pro-
and novel stimuli activated bilateral inferior parietal lobule and cessing per se. The results from a recently completed study from
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our laboratory in which we had participants silently count the  The relationship between the areas of activation observed in the
target stimuli, rather than respond to them, helps address whichresent study and the localization of the sources of the P3 and slow
neural areas might be involved in the motor respdi@ehl etal.,  wave are, however, more complex. Indeed, we note that it is also
submitted. In that study, we observed that the same areas oplausible that some of the areas of activation observed in the
activation for both target and novel stimuli as we did in the presenpresent study may be specific to hemodynamic imaggng., slow
study, with the exception of motor cortex and cerebellum. Thusaffective processing Nevertheless, in the present study we have
we are confident that the areas of activation outside these tweeplicated the results of many intracranial studies of the oddball
regions are more likely related to target detection than to som@rocessinge.g., Halgren et al., 1998which are considered the
aspects of motor processing. “gold” standard of source localization. In large part, these intra-
The present study used a relatively small sample size, whicleranial studies, and the data from the present study, support the
raises the possibility that some of the results are sample specifimotion that target processing and novelty detection are associated
However, in two subsequent studies from our laboratory we havevith activation of multiple, spatially distributed parallel processing
observed complete replication of the present results for both targetystems. Indeed, Halgren and colleagues have suggested that the
and novel stimuli(Kiehl & Liddle, 1999h. We have also shown brain seems to adopt the strategy of engaging all potentially useful
that the areas of activation observed for target processing are rareas, even though the probability may be very low that they will
producible in the same subjects after 6 weeks in a test-retest studyntribute to immediate task performance. Such a strategy, al-
(Kiehl & Liddle, 1999h. Nevertheless, despite the apparent reli- though not necessary for simple psychological tasks, may have
ability of these effects, we must note that the erfMRI analysisbeen advantageous, in an evolutionary sense. The ability to rapidly
techniques used in the present study remain controve(sigl,  identify, evaluate, and coordinate neural activity to execute a be-
McCarthy et al., 199y havioral response aridr withhold a behavioral response would
Although the implication of the present results for localizing lead to a longer survival and better reproductive réses Halgren
generators of the ERP elicited during similar tasks is still uncer-et al., 1998, for more Thus, these data provide strong support for
tain, some tentative conclusions can be drawn. ERP oddball taskbe hypothesis that the brain utilizes multiple parallel processing
have shown that target processing elicits a complex componermathways during even simple cognitive tagkge also Aguirre,
structure, the most prominent of which are an N2, P3, and a slowZarahn, & D’Esposito, 1998; Mesulam, 1990, 1994; Morecraft,
wave. In large part, source-modeling studies have shown that th€eula, & Mesulam, 1993
N2 component is localized to the temporal lobe, specifically the In conclusion, we have observed that target detection and nov-
superioymiddle temporal gyrus. In the present study, we observectlty processing in both the auditory and visual modalities activate
activation in these regions for both target and novel stimuli. Fur-a concert of spatially remote cortical areas. The spatial locations
ther support for this localization of the N2 component comes fromthat we have observed to be activated by target detection and
a recently completed study in our laboratory in which we hadnovelty processing are consistent with the intracranial distribution
subjects detect “gaps” in an otherwise continuous stream of audief the neural sources generated during similar tasks. However,
tory stimuli (Kiehl & Liddle, 19993. ERP studies using similar using erfMRI, we were able to examine the entire brain, which
tasks have shown that the N2 response to these stimuli is absemgvealed numerous additional areas of activation associated with
yet a strong P3 and slow wave remaifgiedman, 1984; Sutton target detection and novelty processing not previously observed to
et al., 1967. In the present study, we replicated all the areas ofbe involved in these tasks. Finally, these data support the hypoth-
activation for target stimuli observed in the present study excepesis that processing of even simple cognitive tasks is associated
that aspects of the middisuperior temporal gyrus were not ob- with a widespread activation of multiple parallel systems that en-
served to be activated. Thus, on balance, these data suggest that fege potentially all relevant brain areas to rapidly evaluate and
N2 component is related to neural activity emanating from bilat-process stimuli.
eral superiofmiddle temporal gyrus.
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