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Abstract: Studies have identiﬁed speciﬁc brain regions that increase activation during rest relative to
attention-demanding tasks; these regions subserve the ‘‘default mode of brain function’’. Most of these
studies have been conducted in the presence of scanner background noise (SBN). This noise has been
shown to lead to altered attentional demands, and thus may modulate the default-mode network. Twelve
subjects were examined during a rest condition that was contrasted with an auditory task. Words were
presented either with SBN employing a conventional acquisition or without SBN using a sparse sampling
approach. The number of experimental and resting trials was equated between the designs. Selecting the
images in the condition with SBN that corresponded in time with the images in the condition without
SBN made a direct comparison of the default-mode network (rest contrasted with active task) possible.
There was typical activation of the default-mode network during rest versus task for both designs. However, SBN suppressed major components of the default-mode network, including medial prefrontal cortex,
posterior cingulate, and precuneus. Our results suggest that the default mode of brain function differs
when assessed in the presence compared to the absence of scanner noise, with the presence of scanner
noise perhaps adding attentional demands that diminish activation changes between rest and task in a
nonlinear way within the default network. Further studies are needed to clarify whether the use of a
sparse sampling technique might enhance clinical utilities that have been proposed for analysis of the
default-mode network. Hum Brain Mapp 29:858–867, 2008. V 2008 Wiley-Liss, Inc.
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INTRODUCTION
Many studies using functional magnetic resonance imaging (fMRI) or positron emission tomography (PET) have iden-
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tiﬁed a network of brain regions that demonstrate greater activation during a resting period than during engagement in
attention-demanding goal-directed tasks. Because this network is ubiquitously more active during rest than during a
broad range of tasks, it has been called the default-mode network [Binder et al., 1999; Fox et al., 2005; Greicius and Menon,
2004; Greicius et al., 2003; Gusnard and Raichle, 2001;
Mazoyer et al., 2001; McKiernan et al., 2003; Raichle et al.,
2001]. Typical regions that show these activations during rest
include posterior cingulate cortex, medial prefrontal cortex,
anterior parietal regions, ventral anterior cingulate, precuneus, and medial temporal/parahippocampal regions [Greicius
et al., 2003; Gusnard and Raichle, 2001; Raichle, 2001].
The default-mode network was discovered in silent PET
studies [Raichle et al., 2001], but most current studies
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assessing activations associated with ‘‘rest’’ or doing
‘‘nothing’’ [Fransson, 2005] employ fMRI, and therefore have
been conducted in the presence of scanner background noise
(SBN). This noise accompanies every conventional fMRI
measurement and can reach noise levels up to 130 dB [for a
review see Amaro et al., 2002; Moelker and Pattynama,
2003]. Assessing the default-mode network in the presence
of a loud auditory stimulus (SBN) might differ from its
assessment during uncontaminated silence. The defaultmode network might therefore not represent the true
default-mode network but rather the default-mode network
in the presence of a loud continuous auditory stimulus.
Studies using PET to detect the default mode of brain
region network found similar brain networks when compared to the fMRI studies. However, a direct comparison
to assess the inﬂuence of SBN is difﬁcult because of the
differences in sensitivity and limitations of the PET study
duration necessitating differences in overall session lengths
and number of presented trials. Furthermore, a comparison of signal intensities between the silent method (PET)
and the noisy method (fMRI) cannot be performed because
of the differences of the dependent variables (rCBF vs.
BOLD signal).
Several studies have shown that SBN can have complex
inﬂuences on activations. Nonlinear effects in response to
SBN have been reported, suggesting that SBN in the experimental and control conditions is not ‘‘canceling’’ out when
conditions are contrasted against each other [Gaab et al.,
2007a,b; Talavage and Edmister, 2004]. Therefore, the
effects of SBN on activation within cortical areas can differ
between the experimental and control condition. Additionally, it has been suggested that increased attentional or
cognitive resources are invoked in studies with continuous
SBN compared to studies with less SBN [Gaab et al.,
2007a,b; Tomasi et al., 2005]. Listening to words in the
presence of SBN seems more like a selective or divided
attention task where attention to one set of stimuli (e.g.
words) is required, whereas cognitive inhibition is necessary to neglect the second set (SBN).
Therefore, one could hypothesize that SBN as a source
of external stimulation could suppress activation of the
default-mode network, deﬁned as the resting state in contrast to an active task. If so, employment of a silent scanning design such as sparse temporal sampling [e.g., Belin
et al., 1999; Gaab et al., 2003; Hall et al., 2000] would
reveal increased activation of the default-mode network.
We examined our hypothesis regarding the inﬂuence of
SBN by varying the degree of SBN during a silent rest
interval, which was contrasted with an active auditory
task, but keeping the number of acquisitions and experimental stimulation constant. If the SBN adds an additional
cognitive or attentional demand to the brain, it will augment the task-induced metabolic demand in some fashion.
Because other studies have shown that the inﬂuence of
SBN is nonlinear in auditory regions, it is reasonable to
suppose that the inﬂuence of SBN will be nonlinear in the
default mode network as well. Therefore, one would
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expect altered activation of the default mode network (i.e.,
resting 2 task contrast) with SBN present compared to
scans without SBN. The most likely form of nonlinearity is
a saturation of the default mode activation as total metabolic demand increases, in which case the inﬂuence of
SBN would be to decrease the observed default mode network activation. However, if the default mode network
activation is linear with total task demand (including SBN)
then the SBN will have equal and noninteractive inﬂuences
on both rest and task conditions, in which case activation
of the default-mode network (rest 2 task contrast) would
be equal with or without SBN.

METHODS
Participants
Twelve healthy right-handed volunteers (mean age: 21.3)
participated in this study. Informed consent was obtained
from each subject in accordance with a protocol approved
by the Stanford IRB.

Imaging Procedure
The fMRI scanning was conducted with a 3.0 T GE
Signa scanner (General Electric, Milwaukee, WI). T1weighted whole-brain anatomy scans were collected and
high order shimming was employed [Kim et al., 2002]. The
fMRI data were collected using a spiral in/out T2* pulse
sequence [Glover and Law, 2001] (30 slices, 64 3 64 voxels,
3.43 mm inplane resolution, TE 30 ms, 4 mm slice thickness, 0.5 mm skip).
Two types of acquisitions were used, a conventional continuous acquisition that included SBN throughout the rest
intervals and a sparse sampling acquisition [STsamp; Gaab
et al., 2003, 2007a,b] that measured responses following
periods of silent intervals. The slice prescription for the two
experimental conditions was kept constant as was the approximate duration of the scans. During the SBN- acquisition, the 30 slices were acquired in the ﬁrst 1.995 s of the
16 s TR period. Therefore, images were only acquired every
16 s and no SBN was present for 14 s following the 2 s
acquisition time. In the continuous scan condition, the 30
slices were spaced evenly throughout the 2 s TR, which
resulted in continuous SBN throughout the experiment.

Stimuli and Experimental Tasks
All subjects underwent two experimental scan runs of
differing acquisition type and were instructed to perform
the same task in both scans (see Fig. 1]. During the active
condition, they listened to a series of four words and had
to decide whether two of the four presented words were
the same or not. This experimental condition was contrasted with a rest control condition [details in Gaab et al.,
2007a,b]. No speciﬁc instruction was given for the rest
conditions. Because of the nature of the experimental
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Figure 1.
Experimental design. [A] represents the sparse temporal sam- stimulation (four words). The auditory stimulation was identical
pling technique with reduced SBN during the active condition between the two designs and 64 images were selected out of all
and silent rest intervals; [B] represents the design with continu- images acquired during ERcont (B) that corresponded in time to
ous SBN and noisy rest intervals. Orange shaded boxes indicate the images acquired during STsamp (A). These images are represcan acquisitions, while the green boxes represent the auditory sented by the red boxes [C].
design (see below), subjects could not anticipate rest conditions.

Sparse temporal sampling design (STsamp)
Subjects listened to 48 sets of words and 16 silent periods
with the TR held constant at 16 s (ﬂip angle 908). The start
of the 2 s clustered MR acquisition varied with regard to
the onset of auditory stimulation by pseudo-randomly jittering the start of the auditory stimulation frame within the
16 s TR period [Fig. 1A; for details see Gaab et al., 2003].
Overall, 64 time frames were acquired (17 min/34 s).

Event-related continuous scanning design (ERcont)
The ERcont condition involved the same auditory stimulation design as the STsamp task, but with the continuous
scanner noise during the entire experiment as occurs typically in event-related fMRI experiments (Fig. 1B). A TR of
2 s was used for this condition with ﬂip angle 758
(17 min/12 s; 516 time frames).

Selecting time-correspondent scans (ER64)
To directly test the inﬂuence of the SBN on the defaultmode network without interference of the number of
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images acquired, we selected 64 evenly spaced images out
of the 516 images in the ERcont condition. The selected
scans (ER64; Fig. 1C), here named ‘‘matched’’ scans, corresponded exactly in time with the 64 images in the STsamp
condition. The order of the three designs was pseudorandomized between subjects.

fMRI Data Analysis
fMRI data preprocessing
After image reconstruction, each set of axial images was
slice time corrected, realigned to the ﬁrst image and coregistered with the corresponding T1-weighted high-resolution data set, spatially normalized and smoothed with a
4 mm isotropic Gaussian kernel. Grand mean scaling was
not performed.

Statistical analysis of group fMRI data
The main statistical data analysis was performed using a
general linear model as implemented in SPM2 [Friston
et al., 1995; Wellcome Department of Cognitive Neurology,
London, UK]. Statistical thresholds were varied because of
differences in statistical power for the various analyses.
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TABLE I. Activation table for the combined
default-mode network analyses of ER64 and STsamp

Main effects within each experimental design
By convolving the silent (STsamp) and noisy (ER64)
14 s rest intervals with a hemodynamic response function
(HRF) [Glover, 1999] a covariate ‘‘default’’ was developed and utilized as a regressor in two separate (ER64
and STsamp) simple regression analyses. This technique
treats the rest intervals (silent for STsamp and noisy for
ER64) as a 14 s event, which starts right after the end of
scan X and lasts 14 s until the beginning of scan X 1 1.
Furthermore, the same technique was chosen for the
active task. However, only the 4 s of the auditory stimulation were treated as an event excluding the no-stimulation periods prior and after the auditory stimulation
within one TR. The contrast images so obtained for each
subject were then entered into an overall random-effects
group analysis (for both experimental designs combined)
and two separate random-effects one sample t-tests (one
for each experimental design). The combined analysis
was analyzed using a threshold of P < 0.001 (extent: 50;
uncorrected for multiple comparisons). This was chosen
in order to obtain relatively large clusters for the ROI
analysis. A less conservative threshold was used for each
design separately (P < 0.005, extent: 25; uncorrected for
multiple comparisons), since statistical power is lower in
the separate analyses when compared to the combined
analysis.

Between design effects
To compare the STsamp and the ER64 design, we performed a paired t-test (random-effects analysis) with the
contrast images (silent rest interval or noisy rest interval
contrasted versus all other images). If the SBN has no
inﬂuence on the default-mode network then these two
designs should be identical and a paired t-test should
reveal no difference. For this between design analysis a
threshold of P < 0.005 (extent: 15; uncorrected for multiple comparisons) was chosen to reveal smaller clusters as
well.

ROI delineation
The overall group analysis (both experimental designs
combined) was used in order to obtain functionally
deﬁned ‘‘regions of interest’’ (ROIs). Our analysis
revealed 12 ROIs (Tables I and V). Two individual contrast maps (silent rest interval or noisy rest interval contrasted versus all other images) were created for each
subject (STsamp and ER64) using a single regression
analysis with the corresponding covariates (see above)
and region-speciﬁc values were averaged for each of the
two experimental designs. Furthermore, the ROIs were
applied to the active word task and weighted parameter
estimates were obtained. For the active task, a covariate
‘‘active’’ was developed by convolving the task with a
HRF [Glover, 1999] [see Gaab et al., 2007a,b for more
details].
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MNI coordinates
Region
Left middle temporal gyrus
Left angular gyrus
Middle temporal gyrus
Right middle temporal gyrus
Right anterior cingulated
Right middle occipital gyrus
Right precuneus
Right posterior cingulated
Left middle frontal gyrus
Middle frontal gyrus
Left superior frontal gyrus
Left posterior cingulated
Left precuneus
Medial frontal gyrus
Medial frontal gyrus
Left anterior cingulated
Left superior frontal gyrus
Left superior frontal gyrus
Left superior frontal gyrus
Left precuneus
Left cuneus
Right precuneus
Right precuneus
Left parahippocampal gyrus
Left parahippocampal gyrus
Right paracentral lobule
Right cingulate gyrus
Right middle frontal gyrus
Right middle frontal gyrus

Extent

x

y

z

T

855

242
248
248
44
50
36
18
12
222
222
232
210
214
2
10
22
28
218
220
224
224
12
16
230
220
10
14
28
28

274
272
264
260
272
280
260
248
18
26
30
250
250
48
54
40
56
42
38
284
282
260
256
238
242
230
228
28
14

22
30
16
18
30
20
24
18
46
40
48
22
30
28
0
26
34
34
42
40
30
64
58
22
4
52
40
44
44

6.78
6.62
5.69
8.10
6.25
5.64
5.85
5.14
5.79
5.62
5.13
4.81
4.47
4.67
4.41
4.46
6.54
4.51
4.40
6.08
4.57
4.97
4.01
5.09
5.07
5.79
3.98
5.13
4.15

853
255
235
209
149
144
143
114
98
83
73

Extent is presented in voxel. MNI, montreal neurological institute.
T is presented in t-values. Data presented for P < 0.001, uncorrected (Cluster size  50). The top row of each cluster (indicated by
numbers) shows the center peaks for the ROIs (see also Table V).

IMAGING RESULTS
For our purpose, we will deﬁne positive weighted parameter estimates when assessed with the covariates
‘‘default’’ as ‘‘activation’’ of the default-mode network.
Negative parameter estimates when assessed with the
covariate ‘‘default’’ will be deﬁned as ‘‘deactivation’’ of the
default-mode network. Furthermore, positive weighted parameter estimates when assessed with the covariate
‘‘active’’ will be deﬁned as activation for the active word
task and negative parameter estimates will be deﬁned as
deactivation for the active word task.

Within Design Analyses
For the combined analyses of ER64 and STsamp, there
was activation of the default-mode network regions typically activated during rest contrasted with all other
images, including medial frontal gyrus, anterior cingulate,
and posterior cingulate (Table I; Fig. 2). Activations in
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three ROIs showed signiﬁcantly decreased activation (or
deactivation) during the active condition, posterior cingulate, medial frontal gyrus, and right paracentral lobule.
Thus, SBN had a consistent inﬂuence on activation during
rest, and this was most likely enhanced by an additional
inﬂuence during the active task in the posterior cingulate
and the medial frontal gyrus.

DISCUSSION

Figure 2.
First row: The default-mode network for STsamp and ER64
combined. Data presented for P < 0.001, uncorrected (Cluster
size  50). Second row: The default-mode network for STsamp.
Data presented for P < 0.005, uncorrected (cluster size 5 25).
Third row: The default-mode network for ER64. Data presented
for P < 0.005, uncorrected (cluster size 5 25).
most of these regions were also evident in separate analyses of the STsamp (Table II) and ER64 (Table III) conditions (see Fig. 2).

We examined the inﬂuence of SBN on the default-mode
network by varying the degree of SBN across two designs
in an event-related verbal working memory fMRI design
and resting baseline, while keeping the number of acquisitions and experimental stimulation constant. SBN suppressed major components of the default-mode network,
including medial prefrontal cortex, posterior cingulate, and
precuneus. In medial prefrontal cortex and posterior cingulate, listening to SBN while performing an active verbal
working task led to decreased activations of the defaultmode network most likely due to the increased cognitive
TABLE II. Activation table for default-mode network
analyses of STsamp

Between Design Analyses
Direct comparison of the two designs revealed signiﬁcantly greater activation during rest contrasted with all
other images for scanning without SBN than with SBN in
anterior cingulate, medial temporal/parahippocampal
regions, bilateral precuneus, and inferior parietal regions
(see Fig. 3) and Table IV.
ROI analysis for default-mode network (Table V, parts a
and b; Fig. 4; all statistical tests were uncorrected for multiple comparisons): Parameter estimates for each subject
were compared between the STsamp and ER64 in each of
the 12 ROIs that had the greatest activation during rest for
the combined conditions (Table I). Increased weighted parameter estimates for scanning without SBN vs. scanning
with SBN were found for the posterior cingulate, the bilateral precuneus, medial frontal gyrus, and other regions.
Examination of the weighted parameter estimates provides information about why default-mode network activations were greater without SBN than with SBN, speciﬁcally
whether the activation differences arose from increased
deactivations of the default-mode network during the
active task condition, increased activation of the default
network during the rest condition, or both (see Fig. 4). If
the SBN has an inﬂuence on the active task by adding
additional cognitive load to the verbal working memory
task, then one would expect greater deactivations of the
default-mode network during the active task. Ten of the 12
ROIs showed signiﬁcantly greater activation during rest
without SBN than with SBN, including posterior cingulate,
left and right precuneus, and medial frontal gyrus. Only
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MNI
coordinates
Region
Left precuneus
Left superior occipital gyrus
Left superior frontal gyrus
Left superior frontal gyrus
Left middle frontal gyrus
Right superior occipital lobe
Right angular gyrus
Right precuneus
Left posterior cingulate/precuneus
Left posterior cingulate
Right posterior cingulate
Left medial frontal gyrus
Left superior frontal gyrus
Left medial frontal gyrus
Left hippocampus
Left parahippocampal gyurs
Left anterior cingulate
Left anterior cingulate
Right superior parietal gyrus
Right precuneus
Right middle frontal gyrus
Right middle frontal gyrus
Right parahippocampal gyrus
Right parahippocampal Gyrus
Right Middle Temporal Gyrus
Right Middle Temporal Gyrus
Left Precuneus
Left Cingulate Gyrus

Extent

x

y

z

T

628

242
240
228
220
224
40
46
32
212
220
20
24
214
212
226
220
214
28
18
8
26
28
34
26
44
42
24
210

270
284
30
28
238
282
274
280
256
252
258
40
58
60
238
248
40
50
254
252
22
14
242
236
256
258
238
244

32
30
48
54
24
22
32
44
22
14
22
34
28
16
24
2
24
2
60
56
44
44
0
26
12
4
46
40

6.98
6.30
8.95
6.71
6.29
6.58
6.58
6.12
5.35
4.22
7.20
5.19
4.47
4.44
7.35
4.60
6.04
5.31
3.62
3.50
4.70
4.34
6.71
3.84
3.89
3.84
6.28
4.21

459
445
284
256
225
184
136
122
67
62

34

Extent is presented in voxel. MNI, montreal neurological institute.
T is presented in t-values. Data presented for P < 0.005, uncorrected (cluster size 5 25).
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TABLE III. Activation table for default-mode network
analyses of ER64

TABLE IV. Activation table for default-mode
network between design analyses for STsamp > ER64
and ER64> STsamp.

MNI
coordinates
Region
Right middle temporal gyrus
Right angular gyrus
Left angular gyrus
Left middle temporal gyrus
Right precuneus/cingulate gyrus
Right posterior cingulate
Left parahippocampal gyrus
Left parahippocampal gyrus
Left cingulate/posterior cingulate
Left medial frontal gyrus
Medial frontal gyrus
Left precuneus/cingulate gyrus
Left superior frontal gyrus
Right insula
Left middle frontal gyrus
Left superior frontal gyrus
Right postcentral gyrus

Extent

x

619

46
38
228
252
16
12
228
236
222
28
6
28
210
36
224
228
6

546
125
91
79
73
40
30
29
28
27

y

z

MNI
coordinates

T

258
8 5.95
278 32 5.48
282 22 10.09
272 30 5.30
250 26 7.41
250 16 4.46
244
0 5.72
242 26 3.83
252 24 7.13
48 26 6.96
50 24 3.81
248 36 4.38
42 44 4.15
24 16 3.94
22 44 3.81
26 50 3.33
250 66 6.24

Extent is presented in voxel. MNI, montreal neurological institute.
T is presented in t-values. Data presented for P < 0.005, uncorrected (cluster size 5 25).

load resulting from the addition of SBN to task performance.
Typical regions of the default mode of brain function
were observed in designs with and without SBN, including posterior cingulate, bilateral precuneus, anterior cingulate, medial frontal gyrus, and left parahippocampal gyrus.
Thus, SBN does not alter spatial characteristics of the
default-mode network, but instead inﬂuences the magnitude of activations in that network. The SBN-induced
change in default-mode network activation indicates that

Figure 3.
Statistical comparison (paired t-test) for the default-mode network between ER64 and STsamp. Data presented for P < 0.005,
uncorrected (cluster size 5 15.

r

Region
ER64 > STsamp
Right insula
Right superior temporal gyrus
Left superior temporal gyrus
Left Insula
STsamp> ER64
Left middle temporal gyrus
Left middle temporal gyrus
Right cuneus
Right cuneus
Left precueus
Left precuneus
Right angular gyrus
Right postcentral gyrus/inferior
parietal gyrus
Right middle temporal gyrus
Right middle occipital gyrus
Right precuneus
Right precuneus
Right precuneus
Right anterior cingulate
Right anterior cingulate
Right middle frontal gyrus
Left cuneus
Left cuneus
Superior frontal gyrus
Left parahippocampal gyrus
Left paracentral lobule
Left inferior parietal gyrus
Left postcentral gyrus
Left precuneus
Left superior occipital gyrus
Right superior frontal gyrus

Extent

x

y

z

T

29

44
42
246
240

218
212
210
218

16
10
4
6

6.35
3.40
4.08
3.30

248
238
32
34
214
28
46
30

266
262
284
276
270
272
274
228

16
16
34
40
36
44
32
42

4.90
4.20
5.03
3.31
5.88
3.60
5.92
5.93

44
38
16
18
8
12
20
22
214
216
0
224
212
236
228
234
240
20

258
266
268
264
272
42
40
28
290
294
58
238
238
230
226
266
282
60

4
0
36
44
36
24
26
46
28
18
28
24
54
38
44
32
32
32

5.19
3.88
5.54
5.16
4.20
4.76
3.94
6.29
4.30
4.14
7.22
6.26
3.93
4.42
3.96
4.76
4.06
5.91

19
72
59
45
44
42
38
32
31
28
28
27
25
23
21
18
17
15

Extent is presented in voxel. MNI, montreal neurological institute.
T is presented in t-values. Data presented for P < 0.005, uncorrected (cluster size 5 15).

SBN does not simply add a constant inﬂuence that is eliminated when active and rest conditions are contrasted.
Rather, SBN interacts with the two conditions nonlinearly.
The default-mode network activation is typically deﬁned
by the difference between activity during rest and activity
during task performance. Thus, altered default mode of
brain function activation with SBN could reﬂect the inﬂuence of SBN on activity level during rest or deactivation
during task performance, or both. The ROI analysis
revealed that SBN suppressed activation during rest compared to all other nonrest images in most components of
the default-mode network, including medial prefrontal cortex, posterior cingulate, and bilateral precuneus. This ﬁnding suggests that passive processing of SBN provided
enough external stimulation to diminish introspective
processes thought to be mediated by the default-mode network [Gusnard et al., 2001; Gusnard, 2005; Fox et al., 2005;

863

r

r

Gaab et al.

r

TABLE V. ROI results for (a) default-mode network and (see also Fig. 4).
No. of voxel

Anatomy

Result

P-value

28/y 5 56/z 5 34
210/y 5 250/z 5 22
222/y 5 18/z 5 46
224/y 5 284/z 5 40
230/y 5 238/z 5 22
242/y 5 274/z 5 22
2/y 5 48/z 5 28
10/y 5 230/z 5 52
12/y 5 260/z 5 64
18/y 5 260/z 5 24
28/y 5 28/z 5 44
44/y 5 260/z 5 18

144
209
235
143
98
855
149
83
114
255
73
853

Left superior frontal gyrus
Left posterior cingulated
Left middle frontal gyrus
Left precuneus
Left parahippocampal gyrus
Left middle temporal gyrus
Medial frontal gyrus
Right paracentral lobule
Right precuneus
Right precuneus
Right middle frontal gyrus
Right middle temp. gyrus

Not signiﬁcant
ER64 < STsamp
Not signiﬁcant
Trend: ER64 < STsamp
Trend: ER64 < STsamp
ER64 < STsamp
ER64 < STsamp
Trend: ER64 < STsamp
ER64 < STsamp
Trend: ER64 < STsamp
ER64 < STsamp
ER64 < STsamp

0.480
0.028
0.388
0.099
0.071
0.002
0.028
0.099
0.034
0.071
0.019
0.005

28/y 5 56/z 5 34
210/y 5 250/z 5 22
222/y 5 18/z 5 46
224/y 5 284/z 5 40
230/y 5 238/z 5 22
242/y 5 274/z 5 22
2/y 5 48/z 5 28
10/y 5 230/z 5 52
12/y 5 260/z 5 64
18/y 5 260/z 5 24
28/y 5 28/z 5 44
44/y 5 260/z 5 18

144
209
235
143
98
855
149
83
114
255
73
853

Left superior frontal gyrus
Left posterior cingulate
Left middle frontal gyrus
Left precuneus
Left parahippocampal gyrus
Left middle temporal gyrus
Medial frontal gyrus
Right paracentral lobule
Right precuneus
Right precuneus
Right middle frontal gyrus
Right middle temp. gyrus

Not signiﬁcant
Trend: ER64 > STsamp
Not signiﬁcant
Not signiﬁcant
Not signiﬁcant
Not signiﬁcant
ER64 > STsamp
ER64 > STsamp
Not signiﬁcant
Not signiﬁcant
Not signiﬁcant
Not signiﬁcant

0.814
0.099
0.239
0.480
0.347
0.182
0.000
0.002
0.158
0.136
0.583
0.239

ROI center
(a)
x5
x5
x5
x5
x5
x5
x5
x5
x5
x5
x5
x5
(b)
x5
x5
x5
x5
x5
x5
x5
x5
x5
x5
x5
x5

Fransson, 2005]. In a few regions, including medial prefrontal cortex and posterior cingulate, SBN also led to
decreased activation (deactivation) during task performance. This deactivation of default mode of brain function
regions can be interpreted as a consequence of the greater
perceptual difﬁculty, attentional demands, or cognitive
load in listening to words with SBN present.
Prior studies have found that the magnitude of taskinduced deactivations tends to increase with task demands
[Daselaar et al., 2004; McKiernan et al., 2003; Tomasi et al.,
2005]. The increased attentional demand of SBN (i.e., the
greater demand on attention to external stimuli) can
explain the signiﬁcantly higher deactivation in the design
with SBN.
Suppression of default-mode network activity during rest
(versus all other images) was found in most components of
the default-mode network, and may involve a different
mechanism. In this case, SBN may provide auditory stimulation that draws attention to the external environment,
rather than to introspection of thoughts and feelings. However, this interpretation is challenged by at least two studies. Greicius and Menon [2004] reported that passive visual
and auditory stimulation did not lead to modulation of the
default-mode network, and listening to SBN can be considered as passive stimulation. Furthermore, using a correlational analysis, Fox et al. [2005] showed high reproducibility of the default-mode network across three different resting states (eyes open, eyes closed, and ﬁxation) for
predeﬁned seed regions (posterior cingulate/precuneus,
lateral parietal cortex, and medial prefrontal regions), and

r

therefore suggest that default-mode network activation
cannot be attributed to the imposition of a low-level tasks.
However, both studies employed continuous SBN, which
was present throughout all conditions (passive stimulation
and rest as well as ﬁxation, eye movements or the presence or absence of visual input) and therefore may have
altered all of them. This could have resulted in similar
activation of the default-mode network throughout each of
the experiments and differences may therefore not be detectable.
Our results suggest that a loud continuous noise (SBN)
can suppress the default-mode network activation. The
ﬁnding that SBN inﬂuences active and rest conditions to
different degrees suggests a nonlinear inﬂuence of the SBN
on the default mode of brain function network analogous
to that shown for the auditory system before [Gaab et al.,
2007a,b; Talavage and Edmister, 2004]. Deactivation in the
default mode of brain function regions may exhibit a saturation effect as the total metabolic load due to task activation and SBN increases (see Fig. 5). In this way, as total
metabolic load in the brain increases, the deactivation will
show a disproportionate increase, and, as suggested in the
ﬁgure, the net deactivation from task activation will be
less when SBN is present. This model is in accordance
with our observations.
There is at least one alternative explanation of these
results. Our analysis aimed to calculate [rest during silence
2 words presented during silence] 2 [rest during SBN 2
words presented during SBN], which can be rewritten as
[rest during silence 2 rest during SBN] 2 [words pre-
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Figure 4.
Yellow/Solid bars: ROI analysis for ER64. Blue/White/striped Weighted parameter estimates for the active task are plotted on
bars: ROI analysis for STsamp. The ROIs were derived from the the left side of each graph. Values for the rest condition are
combined default-mode network analysis (see Fig. 2, ﬁrst row). plotted on the right side (**P < 0.05; *P < 0.1).

sented during silence 2 words presented during SBN].
Our analysis assumes that the second term [words presented during silence 2 words presented during SBN]
equals null and that the active task can be used as a common baseline across the two conditions. However, most
studies investigating the inﬂuence of SBN show an inﬂuence of SBN on auditory regions [Bandettini et al., 1998;
Gaab et al., 2007a,b]. Our ROI analysis aims to separate
these two effects based on the spatial disparity between
the auditory regions and those involved in the default
mode, but the inﬂuence of the active task on the rest periods and vice versa cannot be fully eliminated in our analysis. One possibility would be to modify the continuous
scan by inserting a silent period at the end of the noisy
rest period, in order to allow a comparison with the
STsamp scan. However, making this period long enough
to account for the HRF to decay would unduly lengthen

r

the scan and was considered impractical. Alternatively,
using connectivity analyses one could examine spatial relationships of the network.
Additional studies are needed to clarify whether the use
of a sparse temporal sampling technique might enhance
the diagnostic value that has been proposed for the
‘‘default-mode network’’ [Greicius et al., 2004]. One can
argue that the observed differences in the default-mode
network between various patient populations [such as
Alzheimer’s disease, schizophrenia, depression, or attention-deﬁcit hyperactivity disorder; e.g., Greicius et al.,
2004, in press; Kennedy et al., 2006; Liang et al., 2006; Lustig et al., 2003; Rombouts et al., 2005; Tian et al., 2006;
Wang et al., 2006] and normal controls may be inﬂuenced
by differences in attention towards SBN.
However, designs that eliminate or reduce SBN during
stimuli presentation by reducing the number of acquired
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CONCLUSION
Research examining the components, characteristics, and
purposes of the default-mode network has increased tremendously over the last several years. However, virtually
all these studies examined the default-mode network in
the presence of SBN, a loud stimulus that has been shown
to interfere with attentional demands and task performance.
The present study shows a suppressed default-mode
network when assessed in the presence of SBN when compared with the absence of SBN. This ﬁnding suggests that
(a) resting in ‘‘silence’’ or ‘‘noise’’ may activate a similar
network but one that differs in activation magnitudes, and
(b) that even passive sensory stimulation leads to
decreased activation within default-mode network.
Although the term ‘‘resting’’ is often used to describe the
condition in which no task is performed and default-mode
network activation occurs, such a ‘‘resting’’ condition in
fMRI typically occurs in the presence of loud noise. Further studies examining the degree of the inﬂuence of SBN
on the default-mode network will be needed to clarify and
quantify whether the use of a SBN-free sparse temporal
sampling technique might enhance the diagnostic value
that has been proposed for the ‘‘default-mode network’’.
Figure 5.
This ﬁgure illustrates the suggested nonlinear inﬂuence of SBN
on default mode of brain function regions. The abscissa in each
part (A = SBN absent; B = SBN present) represents the amount
of work the brain is doing (metabolic load) in default mode of
brain function regions. The ordinate represents the signal
response. The hypothetical curve shows signal reduction (deactivation) as a nonlinear function of the metabolic load, suggesting
a saturation of the deactivation as the total load increases. The
blue (light gray/white striped) boxes represent the deactivation
within default mode of brain function regions due to the active
task. The red box (dark gray/white striped) represents the additional deactivation of SBN being present (increased cognitive or
attentional demand). With SBN present, the rest condition
shows additional deactivation of the default mode of brain function regions (due to the increased cognitive or attentional
demand), which results in a suppression of default mode of brain
regions, as conﬁrmed by the results.

images have several other limitations [see Gaab et al.,
2007a for an overview]. Therefore, a multifaceted set of
variables should be considered prior to the design of an
fMRI experiment. Important variables to take in consideration are e.g., subject group, required attention during
task, overall difﬁculty of the task, duration of the experiment, stimulus length, experimental hypothesis, statistical power, or number of conditions [see Gaab et al.,
2007a].
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