
Introduction
For clarification of the information processing mechanism of the brain, the temporal characteristics 

reflecting activity patterns or the timing of activation signal changes in various areas of the brain as 
well as spatial information related to functional specificity and selectivity were examined. Several 
functional MRI（fMRI）studies using tasks have focused on the latter. They have identified brain 
areas involved in specific functional characteristics, resulting in producing spatial functional brain maps 
providing static aspects of brain function [1-10]. However, the brain is not a static system, but a 
dynamic one that is constantly active. Therefore, obtaining information on the dynamic activities from 
each area of the brain or signal flow between brain areas is key to understanding how the brain works 
[11-20]. In recent years, the spatial resolution has been improved by high magnetic field MRI, but 
basically there is no change in the meaning of measuring the spatial characteristics on the function of 
the brain [10, 21]. To acquire the temporal information needed to make brain maps reflecting dynamic 
information, this study examined the possibility of estimating the latency distribution among category-
specific brain areas across the whole brain via resting-state fMRI（rs-fMRI）signals. This did not 
require a number of tasks or scan time to acquire that kind of information by utilizing task fMRI. 
Resting-state fMRI signals reflect various aspects of the functional characteristics of the brain [21-25]. 
One of our previous studies reported that functional brain networks reflecting human characteristics 
were identified using rs-fMRI data [26]. In this study, by analyzing the rs-fMRI data acquired in the 
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previous study, the spatial and temporal relationship among the brain areas involved in categorically 
specific information processing related to perception and cognition could be examined.

Materials and Methods
Resting-state fMRI data from 153 subjects acquired in a previous study [26] were used for analysis. 

The brain areas involved in perception and cognitive processing were identified from Neurosynth. This 
is a platform for the large-scale, automated synthesis of fMRI data [27]. Several keywords such as 
visual, auditory, emotion, memory, attention, language, etc. were used for the identification of category-
selective brain areas. Estimation of latency distribution was examined by correlation analyses for the 
identified brain areas on the basis of the time at the maximum positive peak value at time courses in 
each brain area.

Results and Discussion
Ninety-six brain areas were identified from Neurosynth and were related to visual, auditory, emotion, 

memory, attention, language, etc. Table 1  shows the coordinates and functional categories of these 
brain areas. A correlation map was created from the time courses in these brain areas for each subject. 
The correlation maps corresponding to 153 subjects were averaged. The averaged correlation map 
showed several clusters of brain areas with high within/between-category correlation. The red circles 
in Figure 1  represent specific clusters reflecting different functional characteristics. The clusters 
showed differences in their sizes depending on function, and the largest cluster was the one consisting 

Figure 1. Correlation map of resting-state fMRI signals among the brain areas involved in processing information 
related to perception and cognition. Clusters surrounded by red circles indicate high correlation values（r > 0.6）. ① for 
visual areas, ② for auditory areas, ③ for memory areas, ④ for emotion areas, ⑤ for language areas related to auditory 
processing, ⑥ for short-term memory areas related to visual processing, ⑦ and ⑧ for attention areas related to visual 
processing, ⑨ for attention areas related to auditory processing, ⑩ for attention areas related to olfactory processing, 
⑪ for language areas related to phonetic processing, ⑫ for emotion areas related to word and sentence processing, ⑬ 
for emotion areas related to sensory memory, and ⑭ for other functions related to mental processing.
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of visual areas. Latencies were estimated for the time points around the positive maximum value of the 
brain areas, and a representative brain area such as the primary visual area was used as a reference 
area. The time course signals from the brain areas related to visual, auditory, attention, language, 
emotion, and social cognition were used to estimate the latency. Figures 2-5 show the latency 
differences between some of the visual areas, the latency differences between the auditory areas and 
the word processing areas, the latency differences between the auditory areas and the attention areas, 
and the latency differences between the emotion areas and the word processing areas, respectively. 
These figures show a tendency of latency delay from low to high levels.

The difference in latency estimated from rs-fMRI time courses suggests the possibility of functional 
causality related to signal flow in a basal state, and this information is potentially used to examine the 
functional dynamics of the brain. Further studies are needed to elucidate the functional causality of rs-
fMRI signals among these brain areas.
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Figure 2  | Rs-fMRI signals of brain areas related to visual information.
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Figure 3  Rs-fMRI signals of brain areas related to Auditory and Language information.

Figure 4  | Rs-fMRI signals of brain areas related to auditory and attention.
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Conclusions
Resting-state fMRI signals are likely to reflect intrinsic spatial and temporal information related to 

higher cognitive function as well as primary sensory information. We demonstrated temporal 
differences between category-specific areas. Our results suggest the potential use of rs-fMRI data for 
temporal/dynamic brain maps.
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Figure 5  Rs-fMRI signals of brain areas related to emotional information and word processing.

感性福祉研究所年報　Vol.21 75



cortex specialized for face perception. J Neurosci 1997; 17: 4302-11.
6 ） Andrews TJ, Ewbank MP. Distinct representation for facial identity and changeable aspects of 

faces in the human temporal lobe. Neuroimage 2004; 23: 905-31.
7 ） Grill-Spector K, Henson R, Martin A. Repetition and the brain: neural models of stimulus-specific 

effects. Trends Cogn Sci 2006b; 10: 14-23.
8 ） Henson RN, Rugg MD. Neural response suppression, haemodynamic repetition effects, and 

behavioral priming. Neuropsychologia 2003; 41: 263-270.
9 ） Sung Y, Kamba M, Ogawa S. An fMRI study of the functional distinction of neuronal circuits at the 

sites on ventral visual stream co-activated by visual stimuli of different objects. Exp Brain Res 
2007; 181: 657-63.

10） Ogawa, S. et al. Ugurbil, K.（2000）An approach to probe some neural systems interaction by 
functional MRI at neural time scale down to milliseconds. Proc. Natl. Acad. Sci. USA 97, 11026-
11031.

11） Sung, Y., Choi, S.-H., Hong S.-J., Choi, U.-S., Cho, J.-H., Ogawa, S.（2010）An fMRI study of neuronal 
interactions in face-selective areas of the brain. Brain Research 1366, 54-59.

12） Bodurka, J., Bandettini, P.A.（2002）Toward direct mapping of neuronal activity: MRI detection of 
ultraweak, transient magnetic field changes. Magn. Reson. Med. 47, 1052-1058.

13） Witzel, S., Lin, F.-H., Rosen, B.R., Wald, L.L.（2008）Event-related single-shot volumetric functional 
magnetic resonance inverse imaging of visual processing. Neuroimage 42, 1357-1365.

14） Luo, Q., Lu, H., Senseman, D., Worsley,K., Yang,Y., Gao, J.-H.（2009）Physiologically evoked 
neuronal current MRI in a bloodless turtle brain: Detectable or not? Neuroimage 47, 1268-1276.

15） Chow, L.S., Cook, G.G., Whitby E., Paley, M.N.J.（2006）Investigation of MR signal modulation due 
to magnetic fields from neuronal currents in the adult human optic nerve and visual cortex. Magn. 
Reson. Img. 24, 681-691.

16） Chu, R. et al.（2004）Hunting for neuronal currents: absence of rapid MRI signal changes during 
visual-evoked response. Neuroimage 23, 1059-1067.

17） Petridou, N. et al.（2006）Direct magnetic resonance detection of neuronal electrical activity. Proc. 
Natl. Acad. Sci. USA 103, 16015-16020.

18） Sung Y., Kang D., Ogawa S.（2016）A challenge for sub‐millisecond fMRI. The 44th JSMRM, PDF-
043.

19） Lin, F.-H. et al.（2008）Event-related single-shot volumetric functional magnetic resonance inverse 
imaging of visual processing. Neuroimage 42, 230-247.

20） Choi U-S, Sung Y, Ogawa S（2017）Steady-state and dynamic network modes for perceptual 
expectation. Scientific Reports 7, doi:10.1038/srep40626+

21） Choi US, Sung YW, Ogawa S.（2020）Measurement of ultra-fast signal progression related to face 
processing by 7 T fMRI. Hum Brain Mapp. 2020 Jan 10. doi: 10.1002/hbm.24907.

22） Fox, M. D., and Raichle, M. E.（2007）. Spontaneous fluctuations in brain activity observed with 
functional magnetic resonance imaging. Nat. Rev. Neurosci. 8, 700-711. doi:10.1038/nrn2201.

23） Fox, M. D., Zhang, D., Snyder, A. Z., and Raichle, M. E.（2009）. The Global Signal and Observed 
Anticorrelated Resting State Brain Networks. J. Neurophysiol. 101, 3270-3283. doi:10.1152/
jn.90777.2008.

感性福祉研究所年報　Vol.2176



24） Fransson, P.（2005）. Spontaneous low-frequency BOLD signal fluctuations: An fMRI investigation 
of the resting-state default mode of brain function hypothesis. Hum. Brain Mapp. 26, 15-29. 
doi:10.1002/hbm.20113.

25） Mason, M. F., Norton, M. I., Horn, J. D. V., Wegner, D. M., Grafton, S. T., and Macrae, C. N.（2007）. 
Wandering Minds: The Default Network and Stimulus-Independent Thought. Science 315, 393-395. 
doi:10.1126/science.1131295.

26） Sung Y, Kawachi Y, Choi US, Kang D, Abe C, Otomo Y, Ogawa S.（2018）A Set of Functional 
Brain Networks for the Comprehensive Evaluation of Human Characteristics. Front Neurosci. 2018 
Mar 14;12:149. doi: 10.3389/fnins.2018.00149. eCollection 2018.

27） Neurosynth.org; PRID:SCR_006798

Table 1. List of brain areas with functional selectivity

感性福祉研究所年報　Vol.21 77


