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６．要約 
 
 機能的磁気共鳴画像法（fMRI）の賦活領域特定に用いる統計解析法について２つ
の方法を提示する。最初の解析法（t test）は Gaussianノイズ中に含まれる既知の賦
活信号の特定に関し、その特徴を有した。また、この解析結果は、fMRI 領域で広く
用いられている cross-correlation 法と同じであった。２つ目の解析法（F test）は
Gaussian ノイズを附加した既知の低次元部分空間中に含まれる未知の賦活信号をモ
デル化することに関し、その特徴を有した。モデル化に際し周期的な賦活・安静パラ
ダイムを用い、フーリエ級数を使用した。F testの特徴は、パラダイムが周期性を持
つことが必要という条件以外には、hemodynamic 遅延に関して何らの仮定を必要と
しない点にある。両者を用いて実際の画像解析を行い、その結果を比較した。 
 
７．研究目的 
 

 In a typical functional magnetic resonance imaging (fMRI) experiment, 
blocks of baseline and activation images are scaned periodically while the subject 
is at rest (or some other "baseline" condition), and while the subject is performing 
a specified motor or cognitive task or is receiving a given sensory stimulus. The 
image series must then be analysed in order to detect those picture elements 
(pixels) that show significant responses to the activation-baseline pattern. This 
paper presents two statistical tests that can be used to perform this task. 
 The first test is called the t test. This is the optimal solution to the 
problem of detecting a known activation signal in a time series when it is 
embedded in white Gaussian noise. The results of this test are known to be 
equivalent to the cross-correlation method that is widely used for activation 
detection in fMRI [1]. 



 

 

 The second test is the optimal solution when the measured data is 
modeled as an unknown activation signal that lies in a known subspace of the 
measurement space and has additive white Gaussian noise. This is called the F 
test. Also, a model for the signal subspace based on a truncated Fourier series is 
proposed for periodic activation-baseline paradigms. The advantage of this second 
method is that it does not assume any information about the shape or delay of the 
activation signal except that it is periodic and has the same period as the 
activation-baseline pattern. This makes it easier to apply this test in comparison 
to the t test or cross-correlation methods. 
 These tests are not new and have been applied to areas as diverse as sonar 
and radar signal detection. This paper serves as a compact review of the methods 
in the context of fMRI brain mapping and should serve as a useful reference for 
researchers in this area. Both problems are special cases of the general linear 
model that has recently been applied to funtional brain mapping [2], [3]. 
 
８．材料と方法 
 

 In order to test the algorithms presented in the paper, the two models 
were applied to sets of fMRI motor activation data. The data was collected with a 
1.5T whole body system (Siremens Magnetom Vision, Erlangen, Germany) with a 
standard head coil. All studies were approved by the institutional review board at 
the Research Institute for Brain and Blood Vessels, and proper informed consent 
was obtained from all subjects. 
 The activation task consisted of flexing and stretching digits 2-5 on a flat 
plastic surface within a fixed 2.5cm distance without moving the wrist. Subjects 
wore headphones so that the frequency of finger movement could be paced by the 
metronomic sounds created by software on a Macintosh computer. Functional 
imaging consisted of a single-shot, blipped, and echo-planar pulse sequence. The 
acquisition time for a 128 x 128 slice was 96ms. Each frame consisted of five axial 
slices with a slice thickness of 3mm and a slice gap of 0.75mm. A scan consisted of 
120 sequential frames (600 slices in total) centred 5cm above the axial plane 
containing the anterior and posterior commissures line (AC-PC line). The echo 
time (TE) was 67ms, and the interframe interval (TR) was 3sec, yielding a total 
scan time of 6 minutes. Subjects were instructed to keep their eyes open 
throughout the studies. They were provided with instructions and were allowed to 
practice before the scanning session. After an initial 60sec rest period, the motor 
task was performed for 15sec (5 activation frames) followed by a 15sec rest (5 
baseline frames). Thus, a total of 10 frames were acquired during each 30sec 



 

 

period (T=10). The 20 frames that were acquired during the initial 60sec rest 
period were discarded in order to ensure that the level of net magnitisation had 
reached a sufficiently steady state. This left N=100 frames that contained 10 
activation-baseline cycles. The average intensity image of the remaining 100 
frames was computed and subtracted from each individual frame. In addition, a 
linear drift component was estimated using linear regression and subtracted from 
the data at each pixel. No motion correction was applied to the data before 
processing. 
 An activation map was computed for the t test by calculating the t statistic 
for the time-series collected at each pixel of the functional image. In computing 
the t values the known activation signal was taken to be a delayed version of the 
square-wave stimulus paradigm. The test was repeated 5 times with delays of 0, 1, 
2, 3, and 4 frames. The activation map was thresholded at a significance level of 
0.01 according to the Student t distribution. This final result is called a t map. 
Similarly, an F map was obtained by calculating the F statistic for each 
time-series in the image and then thresholding at the F value corresponding to 
the 0.01 significance level of the F distribution. 
 
９．結果 
 
 All subjects studied for this paper consistently showed activation in the 
motor cortex region of the brain. However, as the emphasis of this paper is on 
methodology, the physiological implications of the results are left as a subject for 
future writing. 
Figures 1a-e show the results of the t test applied to a single slice from one of the 
subjects for each of the five different delays. The t map is clearly sensitive to the 
delay that is unknown and may vary from region to region. Additionally, the 
shape of the reference activation signal may not be the presumed square wave 
and it may also vary from region to region. Moreover, both the shape and delay of 
the activation signal may vary with the activation task. These shortcomings apply 
equally well to both the t test and the cross-correlation methods. 
 Figure 1f shows the activated pixels obtained using the F test. There 
seems to be little difference between this result and those obtained from the t test 
with delays of 1 and 2, although the t map appears to have slightly more spurious 
solitary activated pixels. These may be pixels where the test has incorrectly 
declared the pixel to be activated. The clear advantage of the F test is that it does 
not require the activation signal or delay to be explicitly specified. 



 

 

 

Fig. 1: (a)Fig. 1: (a)Fig. 1: (a)Fig. 1: (a)----(e) (e) (e) (e) tttt maps (significance level 0.01) for delays of 0, 3, 6, 9, and 12 maps (significance level 0.01) for delays of 0, 3, 6, 9, and 12 maps (significance level 0.01) for delays of 0, 3, 6, 9, and 12 maps (significance level 0.01) for delays of 0, 3, 6, 9, and 12    secs, respectively. secs, respectively. secs, respectively. secs, respectively. 
(f) (f) (f) (f) FFFF maps (significance level 0.01) with a signal subspace dimension of 6. maps (significance level 0.01) with a signal subspace dimension of 6. maps (significance level 0.01) with a signal subspace dimension of 6. maps (significance level 0.01) with a signal subspace dimension of 6.    
 
 In order to gain more insight into the F test, Figs. 2 a and b plot the 
time-series from an active and inactive pixel, respectively. Also included in the 
figures is the component of the time-series that is contained in the signal 
subspace. It can be seen that for the activated pixel, much of the total energy of 
the observed fMRI time-series is contained in the signal subspace. This is not the 
case for the inactive pixel. In other words, the trigonometric Fourier series model 
does a better job of explaining the variation in an active pixel than in an inactive 
pixel. In both cases, however, the variance of the residual is about the same. 



 

 

 
Fig. 2: Observed fMRI time series and its computed signal subspace component for (a) an Fig. 2: Observed fMRI time series and its computed signal subspace component for (a) an Fig. 2: Observed fMRI time series and its computed signal subspace component for (a) an Fig. 2: Observed fMRI time series and its computed signal subspace component for (a) an 
activated pixel, and (b) an inactive pixel.activated pixel, and (b) an inactive pixel.activated pixel, and (b) an inactive pixel.activated pixel, and (b) an inactive pixel.    
 
10．考察  
 
 Two statistical tests for detecting activated pixels in fMRI brain activation 
studies were presented. The t test is equivalent to the cross-correlation method. 
The disadvantage of the t test and cross-correlation methods is that the shape and 
delay of the activation signal must be known a priori. On the other hand the F test 
does not require explicit knowledge of the activation signal. It only needs a 
subspace within which the signal is presumed to lie. In this paper such a subspace 
was specified for experiments that have a periodic stimulus paradigm. 
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19．Abstract 
 Two statistical tests for detecting activated pixels in functional MRI 
(fMRI) data are presented. The first test (t test) is the optimal solution to the 
problem of detecting a known activation signal in Gaussian white noise. The 
results of this test are shown to be equivalent to the cross-correlation method 
which is widely used for activation detection in fMRI. The second test (F test) is 
the optimal solution when the measured data is modeled to consist of an unknown 
activation signal which lies in a known lower dimensional subspace of the 
measurement space with added Gaussian white noise. A model for the signal 
subspace based on a truncated trigonometric Fourier series is proposed for 
periodic activation-baseline imaging paradigms. The advantage of the second 
method is that it does not assume any information about the shape or delay of the 
activation signal, except that it is periodic with the same period as the 
activation-baseline pattern. The two models are applied to experimental 
echo-planar fMRI data sets and the results are compared. 






















