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Acoustic noise generated by the MR scanner gradi-
ent system during fMRI studies of auditory function is
a very significant potential confound. Despite these
deleterious effects, fMRI of the auditory cortex has
been successful and numerous practitioners have cir-
cumvented the problem of acoustic masking noise. In
the context of auditory cortex fMRI, the sequence re-
peat time (TR) has the effect of altering the length of
time during which the scanner is quiet. Indeed, the
move to whole-brain fMRI makes the problem of
acoustic noise more acute and points to the need to
examine the role of TR and its influence on the BOLD
signal. The aim of this study was to examine the effect
of varying the TR time on activation of auditory cortex
during presentation and performance of a phonetic
discrimination task. The results presented here dem-
onstrate that the influence of sequence repeat time is
considerable. For a short repeat time it is likely that
the noise from the scanner is a significant mask and
hinders accurate task performance. At the other ex-
treme, a repeat time of 9 s is also suboptimal, probably
due to attentional effects and lack of concentration
and not least because of the longer overall measure-
ment times. The results of this study point to a com-
plicated interplay between psychophysical factors as
well as physical parameters; attention, acoustic noise,
total duration of the experiment, consideration of the
volume of acquisition, and overall difficulty of the task
have to be assessed and balanced. For the paradigm
used here, the results suggest an optimal TR of around

6 s for a 16-slice acquisition. o 2000 Academic Press

INTRODUCTION

The application of fMRI to study activation of human
auditory cortex, despite the presence of acoustic noise
generated by the gradient system of the MR scanner
(Bandettini et al., 1998; Edmister et al., 1999; Hall et
al., 1999; Shah et al., 1999; Talavage et al., 1999), has
become widespread (Belin et al., 1999; Jancke et al.,
1999; Wessinger et al., 1997; Millen et al., 1995; Binder
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et al., 1994). Regional changes of the nuclear magnetic
resonance signal during brain activity are brought
about by changes in regional blood flow and are taken
to reflect underlying neural activity. It is generally
accepted that increased blood flow and oxygenation at
the capillary venous level in activated tissue lead to
decreased intravoxel dephasing, resulting in increased
signal. The feasibility of fMRI as a tool for the study of
auditory perception processes has been shown by a
number of research groups (e.g., Belin et al., 1999;
Binder et al., 1994, 1995, 1996a, 1996b, 1997; Edmister
et al., 1999; Hall et al., 1998; Jancke et al., 1998; Millen
et al., 1995; Woodruff et al., 1996). However, many
early studies did not concentrate on optimization of the
various paradigms that were employed. Mainly, it was
only later that the focus of attention shifted to the
elucidation of the more elementary stimulus variables
such as intensity (Binder et al., 1994; Jancke et al.,
1998), duration (Jancke et al., 1999), and the influence
of acoustic noise (Bandettini et al., 1998; Edmister et
al., 1999; Hall et al., 1999; Shah et al., 1999; Talavage
et al., 1999; Cho et al., 1997, 1998). The increase in
sophistication of the basic fMRI experiment demanded
by studies designed to probe language and higher cog-
nitive function has required a reexamination of these
more elementary variables. Jancke et al. (1998) have
shown that the intensity of the stimulus is an impor-
tant parameter and has to be carefully controlled. The
rate of presentation of auditory stimuli has also been
shown to affect the elicited BOLD response while stim-
ulus duration did not affect the BOLD response signif-
icantly (Binder et al., 1994; Jancke et al., 1999). Sev-
eral recent studies have also attempted to deal with
the question of just how much acoustic noise affects the
response of the auditory cortex, either qualitatively
(Bandettini et al., 1998; Hall et al., 1999; Shah et al.,
1999; Cho et al., 1997, 1998), or quantitatively (Tala-
vage et al., 1999). Some of those latter studies have
instigated the development of methods to splice the
presentation of the auditory stimuli with the acoustic
noise from the scanner, with the resultant methods
generically termed as “clustered volume acquisition”
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(Van de Moortele et al., 1998; Edmister et al., 1999) and
“sparse temporal sampling” (Hall et al., 1999). Both
studies have raised the issue of the sequence repeat
time, and this work, which has been presented in par-
allel to the aforementioned studies, in the form of a
conference abstract (Shah et al., 1998), attempts to
deal with the self-same issue but for the specific case of
phonetic discrimination. Edmister et al. note that clus-
tered volume acquisition method is typical on Siemens
scanners; such a scanner with clustered volume acqui-
sition was used for this study.

Although the influence of TR on the MR signal is
well-known, in the context of fMRI, the choice of TR is
often a compromise between the length of the entire
experiment and a desire for higher signal-to-noise ra-
tios in the acquired images. The acquisition of a time
series of EPI images may be viewed as a basic excita-
tion-recovery problem where the magnetisation in the
direction of the main magnetic field directly before a
90° pulse (excluding the first pulse) is proportional to
Mo[1-exp(—TR/T,)], where My is the initial magnetiza-
tion. If TR <T,, then T, relaxation effects lead to a
falling overall signal intensity in the first few images of
the time series until a steady state is established.
Further, to maximize the steady-state signal when us-
ing a TR < T, the optimal flip angle is not 90°. Gen-
erally, the optimal flip angle (the Ernst angle) should
be employed and is given by the well-known relation
® = cos '[exp(—TR/T,)]. The influence of TR on the
BOLD response is a more complicated issue and in-
volves psychophysical factors such as attention as well
as those briefly discussed above. The purpose of this
study is to try and answer this question. The use of
auditory paradigms brings with it the need to consider
additional factors since the noise of the scanner itself
elicits auditory activation, a topic which has been dis-
cussed eloquently by Bandettini et al. (1998), Hall et al.
(1999), and Edmister et al. (1999). Indeed, the move to
whole-brain fMRI makes the problem of acoustic noise
all the more acute and points to the need to examine
the role of TR and its influence on the resulting BOLD
signal. Varying the TR is expected to lead to differences
in the intervolume noise interference. The acquisition
of more slices to achieve whole-brain coverage will lead
to differences in the intravolume noise interference, if
the number of acquired slices is large and the clustered
volume acquisition time exceeds the BOLD response
onset time. Although we have not used whole-brain
coverage here, we note that there is an increasing
tendency amongst researchers to do so, and we there-
fore comment briefly on the consequences of so doing.
We examine here how varying the repeat time of the
MR sequence (clustered acquisition using EPI) influ-
ences activation of auditory cortex during presentation
and performance of a phonetic discrimination task.
Throughout the study the number of acquired slices
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(16), the total number of scans (48), and the slice ac-
quisition time have been kept constant.

MATERIALS AND METHODS

Five right-handed, healthy subjects (all male), with
no history of neurological or audiological illness, were
studied while performing a phonetic discrimination
task. The entire brain was scanned in 3-D to obtain
anatomical images using a high-resolution, T;-
weighted MP-RAGE pulse sequence (magnetization-
prepared, rapid acquisition gradient echo) with the
following parameters: TR (repetition time) = 11.4 ms;
TE (echo time) = 4.4 ms; 6 (flip angle) = 15°; 1 excita-
tion; field-of-view (FOV) = 230 mm; matrix = 200 X
256; 128 sagittal slices with 1.25-mm slice thickness.
Echo Planar Imaging (EPI) was performed on a Mag-
netom Vision 1.5 Tesla scanner (Siemens Medical Sys-
tems GmbH, Erlangen, Germany) equipped with a gra-
dient booster system; the standard radiofrequency
head coil was used for transmission of rf and signal
reception. Pulse sequence parameters were as follows:
gradient echo EPI; TE = 66 ms; FOV = 200 X 200 mm;
0 = 90°; matrix size = 64 X 64; pixel size = 3.125 X
3.125 mm; slice thickness = 3.0 mm; interslice gap =
0.3 mm; 16 slices. The fMRI paradigm consisted of a
preceding baseline of 9TR followed by three repetitions
of an activation-rest cycle and a final activation period,
with each activation and rest component being 6TR in
length. Each volunteer performed six experiments dur-
ing the whole measurement procedure. The TR of suc-
cessive experiments on each volunteer was varied, in a
pseudo-random manner, and was either 3, 5, 6, 7, 8, or
9 s. Using a left hemispheric, sagittal slice from the
anatomical MR images, 16 oblique slices were oriented
along the course of the AC-PC line. Subjects gave in-
formed, written consent following a full explanation of
the nature and risks of the research, according to a
protocol approved by the Ethics Committee of the
Heinrich-Heine University of Dusseldorf.

During scanning the room lights were dimmed and
the subjects kept their eyes open. Auditory stimuli
were presented binaurally using a digital playback
system, a magnetically shielded transducer system
and air conduction through paired plastic tubes. The
air conduction system terminated in tightly occlusive
headphones allowing unimpeded conduction of the
stimulus with good suppression of ambient scanner
noise by about 15 dB. The sound pressure level (SPL) of
the stimulus was on average 90dB SPL and remained
constant across experiments and subjects. This stimu-
lus intensity level was chosen on the basis of previous
experiments which demonstrated excellent auditory
cortex activation with the same paradigm (Jancke et
al., 1998). The intensity of the stimuli was determined
outside the scanner using an artificial head (Bruel &
Kjaer KA637) by measuring the mean signal intensity
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during a 30-s epoch. The average intensity of the scan-
ner noise was approximately 75 dB SPL after attenu-
ation by the headphones.

Auditory Stimuli and Experimental Conditions

Stimuli were 16-bit, digitally sampled, consonant—
vowel (CV) syllables (/ka/, /ta/, /pal/, /gal, /dal/, /bal)
recorded by a trained phonetician. The onset, duration,
intensity, and fundamental frequency of the stimuli
were edited and synchronised by means of a speech
editor. The criterion for temporal alignment of the syl-
lables was the onset of articulatory release. Each syl-
lable started with zero intensity of 43-ms duration
before start of the articulation and stopped with zero
intensity of 475- to 552-ms duration after vowel end.
This manipulation served to remove clicks at the be-
ginning and end of digital-to-analogue conversion. The
syllables were digitally produced and loaded into the
working memory of the PC used for stimulation. De-
pending on voice onset times, the duration of syllables
ranged from 405 to 482 ms. The duration of the entire
presentation (syllable, leading, and trailing intervals
of zero intensity) was thus exactly 1000 ms. These
syllables were randomized and arranged in syllable
pairs (each pair containing the same syllables for bin-
aural presentation). Each of the six CV syllables oc-
curred with equal frequency. Since all possible sylla-
bles were equiprobable, one-sixth of the trials
contained the syllable /ta/, which served as target syl-
lable in the experiments. The interval between syllable
pairs was 1 s. During the TR = 3, 5, 6, 7, 8, 9 s
experiments, the total number of syllable pairs pre-
sented was 72, 120, 144, 168, 192, and 216, respec-
tively. The order of the experimental conditions was
randomized across the six subjects.

Subjects were instructed to respond to the occur-
rence of each target syllable by briefly pressing a but-
ton with the right index finger. These responses were
recorded by the stimulus presentation software and
allowed subsequent analysis of performance rate and
reaction time. The stimulation program was written
using MEL Professional (Psychology Software Tools,
Inc. Pittsburgh, PA) and the button-press functioned
by interrupting a light beam, which was carried out of
the shielded magnet room for detection using a light-
carrying fiber.

Data Analysis and Statistical Parameter Mapping

Image analysis was performed on a SPARC Ultra 1
workstation (Sun Microsystems, Palo Alto, CA) using
MATLAB (Version 4.2c, The Mathworks, Inc., Natick,
MA) and SPM96 software (Statistical Parametric Map-
ping, The Wellcome Department of Cognitive Neurol-
ogy, London; http://www.fil.ion.ucl.ac.uk/spm). The
first three images of each time-series, during which the
MR signal reaches a steady-state, were discarded.
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These three images were discarded from all analyses
not only to allow the MR signal to reach equilibrium,
but also because subjects often jerk their heads in
response to the sudden noise of the scanner; the first
image if included in the data analysis has the potential
to be a serious confound. The 48 remaining volume
data sets of each condition were automatically re-
aligned to the first image to correct for head movement
between scans. All data sets were motion-corrected
using the coregister and reslice algorithms in SPM96
(Friston et al., 1996, 1995a, 1995b, 1994a, 1994b; Po-
line et al., 1995; Worsley et al., 1995).

Given the relatively low spatial resolution of the EPI
images, bilinear interpolation was employed during
the motion correction procedure. Significantly acti-
vated voxels were found by using SPM96 software
based on the “General Linear Model” and the theory of
random Gaussian fields for the analysis of time-series
data (Friston et al., 1995a, 1995b). The resulting
SPM(t) map was used for further statistical analysis.
Image sets for the six conditions were then coregis-
tered to the 3-D anatomical data using MPItool (Pietr-
zyk et al., 1990a, 1990b), the AC point identified, and
transformed into Talairach space, using the AC point,
thereby allowing direct cross-reference to atlas topog-
raphy. Transformed functional data sets from each
subject were smoothed with a Gaussian filter (root-
mean-square radius = 6 mm) to compensate for normal
variation in sulcal/gyral anatomy across subjects. The
time series were high-pass filtered to remove low fre-
quency artifacts due to cardio-respiratory and other
cyclical components.

Statistical analysis was performed for single subjects
and the stereotaxically normalized fMRI time-series
data from the six subjects were also pooled for further
analysis. The alternating periods of “baseline” and “ac-
tivation” were modelled using a smoothed, delayed box-
car reference vector.

Because the activated clusters covered a wide range
of auditory cortex, we defined volumes of interest (VOI)
in each hemisphere to account for the diversity of the
auditory cortex (primary, immediate, and secondary
auditory cortex). These VOIs were defined according to
the Talairach atlas, prominent sulcal, and gyral land-
marks, and previous articles on human PET and fMRI
studies concerning auditory cortex activation (Zatorre
et al., 1992; Binder et al., 1997; Jancke et al., 1998).
The anterior auditory cortex (Al) was defined as =28 <
X < £76, —36 <y < —8, 8 < z < 16, the middle
auditory cortex (A2) was defined as =76 < x < * 28,
—40 <y —36, 4 < z < 20, and the posterior auditory
cortex (A3) was defined as =76 < x < * 32, —48 <y
—40, 0 < z < 20 (for left and right auditory cortex
negative or positive x coordinates were used). The vol-
umes of these VOIs were 10.7 ml (Al), 3.1 ml (A2), and
7.7 (A3). For each VOI, the number of significantly
activated voxels and the mean t score representing the
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FIG. 1. The mean t scores from the group analysis obtained for each of three VOIs, Heschl's gyrus, the anterior and posterior portions
of the Planum Temporale. Results for each hemisphere are shown separately for the six experimental conditions. For both hemispheres, there
is an initial increase of the mean t score from TR = 3sto TR = 7 s, followed by a gradual levelling off to TR = 9 s. See text for a more detailed

description of the VOls.

normalised difference between the ON and OFF condi-
tions were calculated.

RESULTS

During the auditory phonetic discrimination task we
observed differing extents of activation in primary and
secondary auditory cortex of all volunteers and across
all conditions. This is consistent with the findings of
previous fMRI studies. From the group analysis, the
maximum t scores of the VOIs activated for each of the
six conditions were determined as described above. The
t scores for the six conditions are shown in Fig. 1,
separately for the left and right hemispheres, for three
VOIs (Al, A2, and A3). There is a gradual increase of
the t score as the TR increases from 3 to 7 s and
thereafter the t score exhibits a levelling off to TR =
9 s. This trend was confirmed by a series of trend
analyses with TR as predictor and mean t scores as

dependent variables. These trend analyses revealed
significant positive quadratic trends for all VOIs (R?
ranging from 0.95 to 0.99). Here, R® expresses the
goodness-of-fit of the trend curves ranging from 0 to 1,
where 0 indicated no fit and 1 indicates an optimal fit.
The mean number of voxels passing a threshold of t =
4 was also calculated (Fig. 2) and subjected to trend
analysis. For the mean t score, there is an increase in
the number of activated voxels with an increase in TR
for all regions (R? ranging from 0.79 to 0.98). However,
it is evident from the figures that the mean number of
activated voxels as well as the mean t score is lowest
for the TR3 condition while there are only subtle dif-
ferences between these measures obtained during the
other TR conditions. Therefore, we performed addi-
tional trend analysis by excluding the measures ob-
tained for TR3. These analyses also revealed substan-
tial quadratic trends with R?>—values ranging from
0.39 to 0.92. A closer inspection of the data obtained
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FIG. 2. The mean number of activated voxels passing a threshold of z = 4, obtained from the group analysis, for each of three VOlIs,
Heschl's gyrus, the anterior and posterior portions of the Planum Temporale. Results for each hemisphere are shown separately for the six
experimental conditions. As for the mean t scores, for regions H1 and Pt,, there is a gradual increase in the size of the activated volume with
increasing TR. For region PT,, there appears to be a maximum at around TR = 7 s, followed by a gradual decline to TR = 9 s; again, this

holds for both hemispheres.

shows that the mean t-scores were largest during the
TR7 condition. For the mean number of activated vox-
els we found on the posterior auditory cortex (A3) peak
activation during the TR7 condition.

Figure 3 shows the glass brain projections from the
SPM analysis and schematically represents the mean
activated areas on stereotaxically normalised brains.
The regions of activation encompass the primary and
secondary auditory cortices and show an increase in
the volume of the activated regions as TR increases.
Performance during each experiment was recorded and
subsequently analysed for correctness of response and
reaction time. The percentages of correct responses
(number of correct responses as a fraction of the total
number of presentations for each condition, summed
across the volunteers) are shown in Fig. 4. It can be
seen that there was an improvement in performance as
the TR increased from 3 to 6 s. There then follows an
abrupt fall in performance for the TR = 7 s condition
and then a further gradual increase to TR = 9's. The
corresponding reaction times are shown in Fig. 5.
There is an apparent small drift downward from 3 to

7 s and then a gentle increase to the TR = 9 s condition.
The standard deviation, as indicated by the error bars
is, however, large, and significant changes in reaction
time, if any, are small. Subjecting these performance
scores to trend analysis revealed similar trends as for
the haemodynamic responses (correct performance:
positive quadratic trend, R*> = 0.44, reaction time: neg-
ative quadratic trend, R> = 0.80). In general, both
performance measures resemble the haemodynamic
responses in all VOIs as is also indicated by the strong
correlations between these performance measures and
the haemodynamic responses (correct performance
with haemodynamic responses for all VOIs: correlation
coefficient, r, ranges from 0.65 to 0.66; reaction time
with hemodynamic responses for all VOIs: r ranges
from —0.64 to —0.83).

DISCUSSION

The results of these experiments demonstrate an
increase in the t score as TR is increased from 3to 7 s
followed by a levelling off to TR = 9 s. This trend is
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FIG. 3. Schematic representation of the mean activated areas on
stereotaxically normalised SPM glass brains. The sagittal, coronal
and transverse views are shown for each of the six conditions,
namely, TR = 3,5, 6, 7, 8, and 9 s.

more or less reflected in the change of the volume of the
activated regions as a function of TR. The TR = 3 s
condition suffers from the fact that the acoustic noise
generated by the gradient system of the MR scanner is
present for about 2/3 of the imaging time and it is
therefore not surprising that subjects reported diffi-
culty in performing the task. These difficulties are
reflected in the poor performance figures for this con-
dition. During the whole experiment, only 72 target
stimuli were presented, at a rate of 1 Hz, which was
held constant throughout the study. For the TR = 3 s
condition, during the ON phase of the paradigm 18
target stimuli were presented. This is the same num-
ber as that used by Binder et al. (1994) with which they
achieved a robust BOLD response. There is no evidence
in the literature to suggest that this total number of
target stimuli is too low to evoke an adequate bold
response and therefore the low t scores in the TR = 3 s
condition cannot be attributed to this. Effects due to
partial saturation of the MR signal brought about by
the short TR may also be ruled out as a possible expla-
nation of the low t scores based on the observation that
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FIG. 4. Histogram showing performance rates for the six exper-
imental conditions. Performance during each experiment was re-
corded and subsequently analyzed for correctness of response. The
percentages of correct responses (number of correct responses as a
fraction of the total number of presentations for each condition,
summed across the volunteers) are represented in the histogram.
There is a notable improvement from TR = 3sto TR = 6 s, a decrease
in performance for the TR = 7 s and then a gentle increase for TR =
8sand TR = 9s.

much of the early work (see, for example, Binder et al.,
1994) on fMRI of human auditory cortex was per-
formed with a TR of 3 s. Furthermore, in studies of the
motor cortex, among others, a TR of 3 s is sufficient to
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FIG. 5. Histogram showing the averaged reaction times for the
six experimental conditions. Although no clear trend is discernible
from these data, there is an apparent small drift downward from 3 to
7 s and then a gentle increase to the TR = 9 s condition. The
standard deviation, as indicated by the error bars, is, however, large
and significant changes in reaction time, if any, are small.
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produce a robust BOLD response. The influence of
scanner-generated acoustic noise has been investi-
gated recently and shown to have a significant delete-
rious effect on the BOLD response in auditory experi-
ments (Bandettini et al., 1998; Shah et al., 1999; Ulmer
et al., 1998). The probable cause of the low performance
in the TR = 3 s condition is almost certainly the exces-
sive acoustic noise generated by the scanner which has
a masking effect and this is reflected in poor perfor-
mance and slightly longer reaction times.

The improvement in the t score as TR is increased
goes hand in hand with improved performance. Most
probably the improved performance results from the
fact that during these conditions the duration of the
acoustic noise, as a fraction of the total experiment
time, is less and this facilitates better task execution.
It is noted, however, that the number of target sylla-
bles presented is also greater (a consequence of the
longer experiment time combined with a constant pre-
sentation rate) and based on the experimental results
presented here, it is not possible to rule that out as an
influencing factor.

The levelling off of the t scores for the TR =8and 9 s
conditions coupled with an increasing performance fig-
ure seems to suggest that the task became too easy and
that the presentation of an increased number of target
syllables (216) in a longer experiment may have led to
loss of attention. Indeed, during postmeasurement in-
terviews, volunteers reported some difficulty in concen-
tration during the TR = 9 s condition. Since it is known
that attentional factors play a large role in determin-
ing the levels of BOLD activation seen in auditory
stimulation experiments (Jancke et al., 1999b), it is
possible that activation in the TR = 9 s condition is
lower than it would be if attention had being strongly
directed to the task.

The results of this study suggest that the interplay
between task-difficulty, fractional duration of acoustic
masking noise from the scanner, and attention is im-
portant in determining the BOLD response of the au-
ditory cortex. Further complicating factors, which were
deliberately not included in this study, include presen-
tation of the auditory stimuli only during periods free
from the acoustic scanner noise. The move to whole-
brain imaging also presents new dilemmas since the
increase in the number of acquired slices (the simplest
way to increase coverage and maintain resolution in
the third dimension) results in more acoustic masking
noise and more intravolume contamination since the
whole-brain acquisition time exceeds the BOLD-signal
onset time.

A number of recent studies have investigated the use
of a variety of different acquisition schemes, either to
circumvent the influence of scanner noise or to try and
quantify the influence of that acoustic noise. Inevita-
bly, those strategies have led to the use of a variety of
repeat times. One study in particular directly investi-
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gated the effect of sequence repeat time on pure tone
thresholds, but only explored rather short TRs (1, 2,
and 3 s) and found that the change in the threshold to
be greatest for the TR = 1 s sequence. The results of
that study are not directly relevant here for two rea-
sons: first, we have chosen a binaural listening task,
since this is the one that has been most frequently
employed by our group, and second, we have chosen to
investigate longer TRs, ranging from 3 to 9 s, because
whole-brain scanning is of interest to us and the fMRI
community at large. The shortest TR that one can
consider for whole-brain scanning at 1.5T with echo-
planar imaging is approximately 3 s.

Although the issue of distributed scanning as com-
pared with cluster volume acquisition has been inves-
tigated by Edmister et al. (1999) and Talavage et al.
(1999), it is not of direct relevance here since in the
sense that we have only employed “clustered volume
acquisition,” by default, since we assume that if the
number of slices remains fixed, the duration and char-
acter of the gradient noise is also constant. Thus, by
changing the repeat time of the sequence, we are in
actual fact changing the length of the no-noise period
during which stimuli may be presented in the absence
of masking effects. It is this issue which we have ad-
dressed in order to optimise a frequently-used para-
digm. The discussion about the influence of sequence
TR cannot, therefore, be seen in isolation from that of
acoustic noise. Although we have not directly ad-
dressed the issue of separation of intravolume and
intervolume noise interference, we have gone some
way towards the “sparse” sampling scheme proposed
by Hall et al. (1999).

CONCLUSIONS

Using a phonetic discrimination task performance,
the current study demonstrates that the influence of
sequence repeat time is considerable. For short TR it is
likely that the acoustic noise from the scanner is a
significant mask and hinders accurate performance of
the task. At the other extreme, a TR of 9 s is also
suboptimal, probably due to attentional effects and
lack of concentration and not least because of the
longer overall measurement times. The presentation of
the total number of target syllables increased as the
TR was systematically increased, but contrary to the
fact that task performance was reportedly easier, for
the longest TR investigated here, 9 s, there was no
significant improvement in performance rate and a t
score plateau was reached under these conditions. The
results of this study point to a complicated interplay
between psychophysical factors as well as physical pa-
rameters; attention, acoustic noise, total duration of
the experiment, consideration of the volume of acqui-
sition, and overall difficulty of the task have to be
assessed and balanced. For the paradigm used here,
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the results suggest a TR of around 6 s for an acquisi-
tion (clustered volume), which is limited to 16 slices.
Performance data show a high success rate and seem-
ingly the task is difficult enough to hold the attention
of subjects and evoke strong and robust BOLD re-
sponses from the primary and secondary auditory cor-
tices. Based on the results of these experiments, it is
not possible to rule out an additional influence from the
presentation of more target syllables in the conditions
with longer TRs.
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