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Abstract 
The major challenge to be addressed in this article is to 

explore the functional connectivity for the language switching 
in the brains of early bilinguals. We recycled the data that Lei 
et al., 2014 recorded in the fMRI scans with a cohort of 
students from the Chinese Korean minority, who were 
requested to perform two types of property generation task 
that involved language switching. These tasks were 
subdivided into two-day sessions with different levels of 
difficulty: situational non-translation language switching 
condition (abbreviated as ‘SnT’) and focused simultaneous 
translation language switching condition (abbreviated as 
‘FST’). We found that the natural task based on living of 
bilinguals (SnT) recruited more broadened realms of 
functional connectivity than the artificial and difficult 
experimental switching-translation task (FST), encompassing 
in the former the bilateral nodes of both Default Mode 
Network (DMN) and the other task-positive networks. 
 
Keywords ̿  fMRI, functional connectivity, 
bilingualism, language switching, DMN. 
 

 ࡟ࡵࡌࡣ .1

 ᮏ◊✲ࠊࡣ᪩ᮇࡿࡅ࠾࡟ࣝ࢞ࣥࣜ࢖ࣂゝㄒษ᭰ࡢ

⚄⤒ᇶ┙ࢆ᫂ࡓࡋ࡟࠿ࡽ Lei ࡽࡉࠊࢆᐇ㦂⤖ᯝࡢ[1]ࡽ

ࡓࡋ෌ゎᯒࡽ࠿ほⅬࡢᶵ⬟ⓗ㐃⤖ᛶࡢࢫ࣮࣋ࢡࢫࢱ࡟

ࣜ࢖ࣂ᪩ᮇ࠸᪩ࡢᚓᖺ㱋⩦ࡢゝㄒࡢᩘ「ࠋࡿ࠶࡛ࡢࡶ

ᕥ⫼እഃ๓㢌๓㔝[2], ഃ㢌ⴥእഃࠊࡣ࡚࠸࠾࡟ࣝ࢞ࣥ

Leiࠋࡿ࠸࡚ࢀࡽ▱࡚ࡋ࡜┙ᇶ⤒⚄ࡢゝㄒษ᭰ࡀ࡝࡞[3]

ᮅ㩭ࡿ࠶୰ᅜㄒ࡛ࡀ஧ẕㄒ➨ࠊ㡑ᅜㄒࡀẕㄒ୍➨ࠊࡣࡽ

᪘ࣝ࢞ࣥࣜ࢖ࣂࡢヰ⪅ࢆᑐ㇟ࠊ࡟ゝㄒษ᭰᫬࡟ẕㄒ㛫

࠺࠸࡜࠿ྰ࠿ࡴྵࢆヂ⩻ࡢ 2 ␗ࡢᐇ㦂᪥ࠊ࡛௳᮲ࡢࡘ

ࡿ࡞ 2 ࡢࡘ fMRI ⤒⚄ࡢゝㄒษ᭰ࠊࡌ㏻ࢆࣥࣙࢩࢵࢭ

ᇶ┙ࢆ⢭ᰝࡢࡑࠋࡓࡋ⤖ᯝࠊ⿵㊊㐠ື㔝ࠊᑿ≧᰾ࠊ⦕ୖ

ᅇࠊ⣳㗽≧ᅇࡢ࡝࡞ゝㄒษ᭰࡟≉᭷࡞⓶㉁ࠊ⓶㉁ୗ㡿ᇦ

 ࠋࡓࡋฟ᳨ࢆ

Leiࠊࡋ࠿ࡋ ࢞ࣥࣜ࢖ࣂࡢ࡛ࡲࢀࡇࠊࡵྵࡶ✲◊ࡢࡽ

ࡢ࡝ヨ⾜ෆ࡛࡚ࡋᑐ࡟ゝㄒ่⃭ࡢಶูࠊࡣ✲◊ࡢ⬻ࣝ

᫬ࡢᐃ୍ࠊࡾࡲ㞟ࡀ㛵ᚰ࡟࠿ࡿࡍࢆ㛫ⓗ཯ᛂ▐࡟࠺ࡼ

㛫ෆ࡛ྠ✀ࡢゝㄒษ᭰ࡀࢡࢫࢱ཯᚟ࡿ࠸࡚ࢀࢃ⾜࡚ࡋ

࠺ࡼࡢ࡝࡟ศ㛫ᩘ࡚ࡋ࡜඲యࡀ⬻ࠊ୰࡛ࡢቃ⎔࠺࠸࡜

ࡾࡲ࠶ࡣ࡟࡜ࡇ࠺࠸࡜࠿ࡍ♧ࢆ࣮ࣥࢱࣃ㈿άࡢᐃ୍࡞

㛵ᚰࡀᐤ୍ࠋࡓࡗ࠿࡞ࢀࡽࡏᐃ᫬㛫ࢭࢡ࢛ࣦྛࡢ⬻ࡢ

࣭ࣝ 㡿ᇦ㛫ྠࡢㄪⓗ㈿άࡢࡑࠊࡣኚືࡢప࿘Ἴᖏࡢ᫬⣔

㛵┦ࡢࡽ࠿ࢻ࣮ࢩࠊࡸᡂศゎᯒ(ICA)❧⊃ࠊࢆࢱ࣮ࢹิ

ศᯒ࡟ᇶ࡙ࢡ࣮࣡ࢺࢵࢿࡃゎᯒ࡛࡜ࡇࡿࡅ࠿࡟᫂࠿ࡽ

ᅛࡎࢃ⾜ࢆࢡࢫࢱ࡞ᐇ㉁ⓗࠊࡣࡃከࡢࡑࡋ࠿ࡋࠋࡿ࡞࡟

どⅬࢆぢ࡚࠸࡞ࡶࡵ࡜ࡾྲྀࠊᛮ⪃ࡿࡂࡼࡀ௨እࣛࣜࡣ

ࢆᏳ㟼᫬ᶵ⬟ⓗ㐃⤖ᛶࠊ࠺࠸࡜ࡘಖࢆែ≦ࡓࡋࢫࢡࢵ

ࣔࢺ࢛ࣝࣇࢹࠊࡣ࡛ࡇࡑࠋࡿ࠸࡚ࡋ࡜㇟ᑐࢆ཯ᛂ⬻ࡍ♧

ෆࠊࢀࡉ࡜ᇶᗏ≧ែࡢ✀୍ࡀ(DMN)ࢡ࣮࣡ࢺࢵࢿࢻ࣮

ഃ๓㢌๓㔝ࠊᴂ๓㒊ࠊᚋᖏ≧⓶㉁ࠊୗ㢌㡬ᑠⴥࠊᑠ⬻⬮

I࣭ᑠⴥ IXࠊᾏ㤿ഐᅇྠࡢㄪⓗ㈿ά࡚ࡋ࡜ほ ࠋࡿࢀࡉ

DMN ᕫཧ↷ᛶ࣭⮬ࡣ࡚ࡋᑐ࡟ ⮬ᕫ㓄ྥᛶ࣭ ௚⪅⌮ゎ࡞

ᆺㄆ࣮࣐࢖ࣁࢶࣝ࢔ࠊࢀࡉ㈿୚ࡀ⬟ㄆ▱ᶵ࡞ࠎᵝࡢ࡝

▱⑕ࡢ࡝࡞⚄⤒⑌ᝈࡶ࡚ࡋ࡜࣮࣮࣐࢝࢜࢖ࣂࡢㄆࡽࡵ

㝜ᛶࢡࢫࢱࠊࡎࡽࢃ࠿࠿ࡶ࡟Ᏻ㟼᫬ࠊ᪉୍ࠋࡿ࠸࡚ࢀ

(task-negative)࡛ࡿ࠶ DMN ࢫࢱࡢ࠿ࡘࡃ࠸ࠊ࠼ຍ࡟

ほ࡟㒊ศⓗࡶࢡ࣮࣡ࢺࢵࢿ㝧ᛶ(task-positive)཯ᛂࢡ

࣮࣡ࢺࢵࢿഃὀព⫼ࠊࡤ࠼࡜ࡓࡣࡽࢀࡑࠊࡀࡿࢀࡉ 

๓㢌ࠊࢡ࣮࣡ࢺࢵࢿ㢧ⴭᛶࠊࢡ࣮࣡ࢺࢵࢿឤぬ㐠ືࠊࢡ

㢌㡬ࡢࡑࡣ࠸ࡿ࠶ࠊࢡ࣮࣡ࢺࢵࢿ㒊ศࠊࡾ࠶࡛ࣇࣛࢢ㏻

ᖖࡣ DMN ୗ㢌ࠊࡋ࠿ࡋࠋࡿࢀࡉ࡜ࡍ♧ࢆ㛵┦ࡢ㈇࡜

㡬ᑠⴥࡽ࠿ᕥഃ㢌ⴥࠊ࡚ࡅ࠿࡟DMN ࣡ࢺࢵࢿゝㄒࡀ

ᵓ㐀࡜ࢡ࣮࣡ࢺࢵࢿ࠺⾜ࢆ⌮ฎࡢ᠈ព࿡グ࡟≉ࠊࢡ࣮

ⓗ࡟㔜ࠊࡽ࠿࡜ࡇࡿ࡞୧⪅ࡢ㛫ࡢඹ㏻ᛶࢆၥ࠺ㄽ⪃ࡶ

ぢࠋ[4]ࡿࢀࡽゝㄒࢆࢡࢫࢱᐇ⾜ࡀ⬻ࡿ࠸࡚ࡋ᫬㛫ⓗ኱

ᇦ࡟ரྠ࡞࠺ࡼࡢ࡝ࡾㄪ㈿άࢆ࠿ࡍ♧ࢆ࣮ࣥࢱࣃၥ࠺

ሙྜࡶゝࠊ ㄒᶵ⬟ࠊࡎࡽ࡞ࡳࡢࢡ࣮࣡ࢺࢵࢿDMN ࢸࡢ

 ࠋࡿࢀࡉ┠ὀ࡟≉ࡣ࣮ࣥࢱࣃࡿࡍࢳࢵ࣐࡟ࢺ࣮ࣞࣉࣥ

ゝㄒࡢࢫ࣮࣋ࢡࢫࢱᶵ⬟ⓗ㐃⤖ᛶᩘࠊࡣศ㛫࣮ࢺࢫ

㒊ศࡶ࡚ࡗ࠶ࡀ཯ᛂኚ໬ࡢෆ⬻ࠊ[5]࡞࠺ࡼࡃ⪺ࢆ࣮ࣜ

ⓗ࣭ ᒁᡤⓗ࡚ࡋ࡜ࡢࡶ࡞┦ẅࠊࢀࡉ᫬㛫ⓗ኱ᇦ࡟≉ᚩⓗ
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ࢨࢹᐇ㦂࡞࠺ࡼࡿࡁ࡛╔ᖐ࡟ὶືែኚ໬⾑ࡢㄪᛶྠ࡞

ࡗྲྀࢆࣥ࢖ࢨࢹ஦㇟㛵㐃ࡣᮏᐇ㦂ࠋࡿࡍ࡜๓ᥦࢆࣥ࢖

࡞ࡁ୙ྥࡣ࡟ ほࡢᶵ⬟ⓗ㐃⤖ᛶࡣᮏ᮶ࠊࡵࡓࡿ࠸࡚

㠃࡟࠿☜ࡶᏑᅾࠊྛࡋ࠿ࡋࠋࡿࡍ ヨ⾜่⃭࡚࠸࠾࡟㺃ࢱ

ࢆࢢࣥࣜࢱࢵࢪࠊࢀࡽࡅ௜ࡾ๭࡟ᅛᐃ㛗ࡀఇṆ࡜ࢡࢫ

ᐃ୍ࡓࢀࡤ㑅ࠊࡣ࡚ࡋ㛵࡟ゝㄒ่⃭ࡓࡲࠊࡎࡽ࠾࡚ࡗ⾜

ࡉไ⤫ࡀ㓄ศࡢ࣮ࣜࢦࢸ࢝ព࿡ࠊ࡚࠸࠾࡟࣒ࢸ࢖࢔ࡢ

࡟ཝᐦࡀࡿ࠶ࡣ㡰࡛࡞࣒ࢲ࡚ࣥࣛ࠸࠾࡟ࢺࢵࢭྛࠊࢀ

࡟ෆࣥࣙࢩࢵࢭ࡚ࡋ࡜ࢡࢫࢱࡢゝㄒษ᭰ࠊࡾ࠶୍࡛ྠ

ᶵ⬟ⓗࡢࢫ࣮࣋ࢡࢫࢱࠊࡵࡓࡢࡑࠋ࠸↓ࡀኚ໬ࡣ࡚࠸࠾

㐃⤖ᛶ[6-9]ࢆィ⟬୍࡟ࡢࡿࡍᐃࡢ᮲௳ࢆ‶㊊ࡿ࠸࡚ࡋ

 ࠋࡓࢀࡉุ᩿࡜

 

2. ᐇ㦂࡜ศᯒ 

ᮏ◊✲ࡣࢱ࣮ࢹࡢ᪤ࠊࡵࡓࡿ࠶࡛ࡢࡶࡓࡗᢅ࡛[1]࡟

ཧࡢᮏᐇ㦂ࠋࡿࡵ࡝࡜࡟ࡿࡍ෌ᥖࢆ␎ᴫࡢࡑࡣ࡛ࡇࡇ

ຍ⪅࡛ࡿ࠶ᮅ㩭᪘ࣝ࢞ࣥࣜ࢖ࣂࡢヰ⪅ࠊࡣ➨୍ẕㄒࡀ

㡑ᅜㄒࠊ➨஧ẕㄒࡀ୰ᅜㄒ࡛ࡼࡿ࠸࡚ࢀࡽ▱ࡃࡼࠋࡿ࠶

୰ࡿ࠸⏝ࢆពᩥᏐ⾲࡜㡑ᅜㄒࡿ࠸⏝ࢆ㡢ᩥᏐ⾲ࠊ࡟࠺

ᅜㄒ࡛ࡢ⬻ࠊࡣ㈿ά㒊఩ࠊࡾ࡞␗ࡀ๓⪅ࡢ⬻ࡣ࿀ഃࠊᚋ

Leiࠋ[10-11]ࡿ࠶ࡀ✲◊࠺ゝ࡜ࡿ೫࡟ᑿഃࡣ⪅ ᐇࡢࡽ

㦂࡛ࠊࡣゝㄒษ᭰᫬࡟ẕㄒ㛫ࡢ⩻ヂ࠸࡜࠿ྰ࠿ࡴྵࢆ

࠺ 2 ࡿ࡞␗ࡢᐇ㦂᪥ࠊ࡛௳᮲ࡢࡘ 2 ࡢࡘ fMRI ࢩࢵࢭ

 ࠋࡓࡋ⢭ᰝࢆ┙ᇶ⤒⚄ࡢゝㄒษ᭰ࠊࡌ㏻ࢆࣥࣙ

ᐇ㦂ཧຍ⪅ࡣ㡑ᅜㄒ-୰ᅜㄒࡢ᪩ᮇ8ྡࣝ࢞ࣥࣜ࢖ࣂ

⥛ࡢ༢ㄒࡢ㡑ᅜㄒࡣ࠸ࡿ࠶୰ᅜㄒࡣ࣒ࢸ࢖࢔ᐇ㦂ࠊ࡛

ィࡾ 40 ㄒ࡛ࡣࡽࢀࡑࠋࡿ࠶ព࿡ⓗ့࡟ங㢮࡟㛵࢔ࡿࡍ

ࡀ࣒ࢸ࢖ 20 ಶࠊᡭ㐨ල࡟㛵ࡀ࣒ࢸ࢖࢔ࡿࡍ 20 ಶࡽ࠿

࠸࡚ࢀ࠿୰ᅜㄒ࡛᭩࡜㡑ᅜㄒࠎྛࡀ࣒ࢸ࢖࢔඲ࠊࡾ࡞

ࡎࡉฟࢆኌࠊࡣ࡚࠸࠾࡟ഃ㠃࡞ព࿡ฎ⌮ⓗࡣࢡࢫࢱࠋࡿ

ࡋඹ㏻࡛࡜ࡇ࠺࠸࡜ࡿࡍ㐃᝿࡚࠸ࡘ࡟ᒓᛶࡢ่⃭ࠊ࡟

ࠋྛࡿ࠸࡚ ࡟࣒ࢲࣥࣛࢆ㡰ࡢ࣒ࢸ࢖࢔ࠊࡣ࡛ࣥࣙࢩࢵࢭ

ኚࢆࢺࢵࢭ่⃭ࡢ୍ྠࠊ࠼ 6 ᅇ⧞ࡾ㏉ࡋᥦ♧ࠊࡋ㸯᪥

ィ࡟ 2 ᫬㛫⛬ᗘࢆせࠋࡓࡋ 

2 ࢫࢱࡢෆᚰࠊࢀࢃ⾜࡚࠼ኚࢆ᪥ࠊࡣࣥࣙࢩࢵࢭࡢࡘ

ࠊ୍ࡾ࡞␗ࡀࡳࡢ㑅ᐃࡢ౑⏝ゝㄒࡿࡅ࠾࡟ࢡ ᪉ࠕࡀ≧ἣ

ゝㄒษ᭰ࠖࡋ࡞ヂ⩻ࡓࡋ༶࡟ situational non-

translation language switching (SnT ௚᪉ࠊ(ࡿࡍ␎࡜

ゝㄒษ᭰ࠖࡁࡘ᫬⩻ヂྠ࡞㞟୰ⓗࠕࡀ focused 

simultaneous translation language switching (FST

SnTࠋࡿ࠶࡛(ࡿࡍ␎࡜ ࠊ่ࡣ࡛ࣥࣙࢩࢵࢭ ⃭ㄒ୍ྠ࡜

ẕㄒ࡛ᑐ㇟ࡢᒓᛶࠊ࡛ࡢࡿ࠼⪄ࢆゝㄒษ࣒᭰ࢸ࢖࢔ࡣ

࠸࡜ኚ໬ࡢゝㄒ࡚ࡌᛂ࡟ἣ≦ࡢ㝿ࡿ⛣࡟࣒ࢸ࢖࢔ࡽ࠿

FSTࠊࡀࡿࢀࢃ⾜ᙧ࡛࠺ ␗࡜ㄒ่⃭ࠊࡣ࡛ࣥࣙࢩࢵࢭ

ࡍ㛵࡟࣒ࢸ࢖࢔ࠊ࡛ࡢࡿ࠼⪄ࢆᒓᛶࡢ㇟ẕㄒ࡛ᑐࡿ࡞

ࢃ⾜ࢆゝㄒษ᭰ࡢᙧ࠺࠸࡜ព࿡ฎ⌮ෆ㒊࡛ྠ᫬㏻ヂࡿ

ࣉ࢖ࢱࡿ࡞␗ࡢෆ࣒ࢸ࢖࢔࡜㛫࣒ࢸ࢖࢔ࠊࡎࡽ࡞ࡤࡡ

㧗ࡀ㞴ᗘࡾ࠿࠿ࡀ㈇Ⲵࡢ஧㔜࠺࠸࡜࠺⾜ࢆゝㄒษ᭰ࡢ

 ࠋ࠸

SnTࠊࡋࡔࡓ FSTࡶࣥࣙࢩࢵࢭ ࢡࢫࠊࡶࣥࣙࢩࢵࢭ

࠸㐪࡟ࡢࡶࡢࡑࢺࢵࢭ่⃭ࡿࢀࡽ࠼୚࡚ࡌ㏻ࢆ࣮ࣥࣜ

ࡣ⾜ヨྛࠊࡃ࡞ࡣ 3 ⛊㛫ࠊ㡑ᅜㄒࡣ࠸ࡿ࠶୰ᅜㄒ࡛༢

ㄒࡀᥦ♧ࠊࢀࡉᅛどⅬ࡟ࢡ࣮࣐ษࡾࢃ᭰ࡾ 7 ィࡃ⥆⛊

10 ࠋྛࡿ࠶࡛⛊ ィࡣࢺࢵࢭ 40 ヨ⾜࡛1ࠊ ࡟ࣥࣙࢩࢵࢭ

6ࠊࡁࡘ ࡀ཯᚟᫬㛫ࠊࡾ࠶ࡀ཯᚟ࡢࢺࢵࢭ 1 ࠊ࡛ࡢ࡞⛊

task 1 ィࡀࣥࣙࢩࢵࢭ ࡉࠋࡿ࡞࡟ࠊ⛊(6*40*10=)2400

Lei࡟ࡽ MVPAࡣ࡛✲◊ࡢࡽ ࣛࢫ࣮࣋ࠊࡵࡓࡢ⟭ィࡢ

⛊ィ6ᅇ40࡟ᚋࡢࢺࢵࢭྛࢆ཯ᛂ⬻ࡢᏳ㟼≧ែࡢࣥ࢖

 ᐃࡢࡇࠋࡓࡋᏳ㟼≧ែ rest ࡍ⟭ィࢆᶵ⬟ⓗ㐃⤖ᛶࡣ

཯᚟᫬㛫ࠊࡀ࠸▷ࡣ࡟ࡿ 1 ࡛ࡢ࡞⛊ 40 ᫬Ⅼࡇࠊࢀྲྀࡀ

⤖ᶵ⬟ⓗ㐃࠾࡞ࠋࡿࢀࢃᢅ࡚ࡋ࡜ࡢࡶࡓࡋ❧⊃ࡣࡽࢀ

ᛶࡢィ⟬ࡣ࡟ SPM12 ࡢୖ Connectivity Toolbox 

(CONN v.18.a)ࡢࡑ࡜⬻ᆅᅗ(atlas.nii)ࠋࡓ࠸⏝ࢆ 

 

3. ⤖ᯝ 

ᮏ◊✲࡛ࡣ CONN ⬟ᶵࡢࢫ࣮࣋ࢡࢫࢱࠊ࠸⏝ࢆ

ⓗ㐃⤖ᛶࢆ඲࡟ࣥࣙࢩࢵࢭர࡚ࡗィ⟬ࠊ࡚ࡋSnT ᮲

࡜௳ FST ᮲௳࡛㐃⤖㔜࡟ࡳ᭷ព࡞ᕪࡿ࠶ࡢ㡿ᇦ࣌

ࠋƫࡓࡵồࢆ(ROI-to-ROI)࢔ ⬟ⓗ㐃⤖ᛶࠊࡣvoxel ࡸ

ROI ⾜㛵┦ࡢࡑࠊࡋᢳฟࢆࢱ࣮ࢹ᫬⣔ิࡢ཯ᛂࡽ࠿

(ࡋ↓ࡣ࠸ࡿ࠶)ࡁ௜ࡳ㔜࡟ࡽࡉࠊ࡛ୖࡓࡋ⟭ィࢆิ

ࢆࢡ࣮࣡ࢺࢵࢿ᝟ሗఏ㐩࡟⬻඲ࠊࡵồࢆิ⾜㞄᥋ࡢ

ᙇࡾᕠࡍࡽ᪉ἲ࡛ࠊ࠾࡞ࠋࡿ࠶SnT > FST ࣛࢺࣥࢥࡣ

FST > SnTࠊ[1 1-]ࣝࢺࢡ࣋ࢺࢫ ᐇࠊࡋ⟭ィ࡛[1- 1]ࡣ

㝿ࡓࡗ⾜ࢆࢡࢫࢱ࡟ 2400(=400*6 ࢆ㛫⛊(ࢺࢵࢭ testࠊ

Ᏻ㟼᫬ࡢࣥ࢖ࣛࢫ࣮࣋ 240(=40*6 ࢆ㛫⛊(ࢺࢵࢭ rest

TRࠋࡓࡋ⾲࡛ ᩘ࣒࣮࢛ࣦࣗࣜࡣᩘ⛊ࡢࡇ࡛ࡢ࡞⛊1ࡀ

 ࠋࡿࡍ⮴୍࡟

⤖ᯝࠊ࡚ࡋ࡜⾲㸯࣭ᅗ 1 testࠊ࡟࠺ࡼࡿ࠶࡟ ᮲௳ୗ

࡛ 2 ࡀ⥺⤖㡿ᇦ㛫ࡢࡘ FST ᮲௳࡜ SnT ᮲௳ࡢ㛫࡛᭷

ព࡞ᕪࡀぢࡶ࠿ࡋࠊࢀࡽ཮᪉ࡶ࡜ DMN ࡢどぬ㛵ಀ࡜

㐃࡟ࡽࡉࠋࡓࡗ࠶࡛ࡢࡶࡍΏࡋᕪࢆ㛫ࡢࢡ࣮࣡ࢺࢵࢿ

⤖ᙉᗘࡣ 2 ゝㄒษ᭰ࠖࡋ࡞ヂ⩻ࡓࡋ༶࡟ἣ≦ࠕࠊࡶ࡜ࡘ

(SnT)ࡢ᪉ࠕࡀ㞟୰ⓗྠ࡞᫬⩻ヂࡁࡘゝㄒษ᭰ࠖ(FST)

ࡣࢺࢫࣛࢺࣥࢥࡢࡁ㏫ྥ)ࡓࡗ࠿ࡁ኱࡟᭷ព࡚࡭ẚ࡟

beta DMNࡕࢃ࡞ࡍࠋ(ࡿࢃኚࡀྕ➢ࡢ್ ࣮ࣀ࡞㔜せࡢ

ࢡ࣮࣡ࢺࢵࢿᕥእഃどぬ࡜ᚋ㒊ᖏ≧⓶㉁ࡿ࠶࡛ࢻ

(MNI ᗙᶆ࡛-37, -79, 10)ࡢ࡜㛫 (p <0.01 FDR)ࡧࡼ࠾ࠊ
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DMN ๓㢌๓⓶㉁(MNI ᗙᶆ࡛ ഃὀព⫼ྑ࡜(3- ,55 ,1

๓㢌║㔝(MNIࢡ࣮࣡ࢺࢵࢿ ᗙᶆ࡛  ࠋࡿ࠶࡛(64 ,6- ,30

 

⾲1.୧ࡢࣥࣙࢩࢵࢭtest㛫࡛᭷ពᕪࡓࡗ࠶ࡢ⤖⥺ 

 

 

 

ᅗ 1 ୧ࡢࣥࣙࢩࢵࢭ test 㛫࡛᭷ពᕪࡓࡗ࠶ࡢ⤖⥺

(SnT > FST) 

 

testࠊࡣࡢ࠸῝࿡⯆࡟ࡽࡉ ࢫ࣮࣋ࡢᚋ┤ࢺࢵࢭྛࡢ

ࢆᏳ㟼᫬཯ᛂࣥ࢖ࣛ 6 ィ࡛ࢺࢵࢭ 240 ศ࣒࣮࢛ࣦࣗࣜ

グ㘓ࢆࢀࡇࠊࡋ rest ࡢ11ಶࠊሙྜࡓࡋ࡜ seeds ࠸࠾࡟

࡚ FST ᮲௳࡜ SnT ᮲௳ࡢ㛫࡛᭷ព࡞ᕪࡀぢࡇࡓࢀࡽ

ࠊDMNゝࡣࡃከࡢࡽࢀࡑࠋࡿ࠶࡛࡜ ㄒฎ⌮࣮࣡ࢺࢵࢿ

㛵࡟ࢡ࣮࣡ࢺࢵࢿ๓㢌㢌㡬ࠊࢡ࣮࣡ࢺࢵࢿഃὀព⫼ࠊࢡ

ಀࡓࡗ࠿ࢃࡀ࡜ࡇࡿ࠸࡚ࡋ(ᅗ ࡼࡓࡋ♧࡛ࣇࣛࢢࠋ(3 ,2

࡚࠸࠾࡟ࢡ࣮࣡ࢺࢵࢿẚ㍑ᕪศࣥࣙࢩࢵࢭࡢࡇࠊ࡟࠺

ᕥᚋୖഃ㢌ᅇ(pSTGl)ࡀḟᩘ 5 ࡇࠊࡾ࠾࡚ࡗ࡞࡟ࣈࣁ࡛

DMNࠊࡾ࡞㔜ࡶ࡜㔝ࢣࢵࢽ࢙ࣦࣝࡣࢀ ࣮ࣀ࡞㔜せࡢ

ᕥᚋࠋࡃࡺ࡚ࡋ⥆㐃࡟(ゅᅇࠊᅇ≦⦖)ᕥୗ㢌㡬ࡿ࠶࡛ࢻ

ୖഃ㢌ᅇ(pSTGl)ࡀ seed SnT > FSTࡎᚲࠊࡣࡁ࡜ࡢ ᮲

FST > SnTࠊ(ࢀࡉ⾲ᐮⰍ࡛࡚࡭ࡍ)ࡾ࠶࡛௳ ᮲௳࡜ࡢ

ࢆࢻ࣮ࣀࡢࡇ࡟ࡁ seed  ࠋ࠸࡞ࡋ⌧ฟࡣ⥺⤖ࡿࡍ࡜

ḟᩘࡃࡌྠ 5 ࡶᚋᖏ≧⓶㉁(PC)ࡢ DMN ࣀ࡞㔜せࡢ

ࡶࢀࡇࠊࡾ࠶࡛ࢻ࣮ DMN ࣮࣡ࢺࢵࢿഃὀព⫼ࡢ௚ࡸ

⥺⤖࡜ࢻ࣮ࣀࡢ࠿ࡘࡃ࠸ࡢࢡ࣮࣡ࢺࢵࢿ๓㢌㢌㡬ࠊࢡ

ࢆࢀࡇࠊࡀࡿࡍ seed SnT > FSTࠊࡣ⥺⤖࡞᭷ពࡿࡍ࡜

᮲௳ୗࠊࡶࡢࡶࡢFST > SnT ᮲௳ୗࡶࡢࡶࡢᏑᅾࠋࡿࡍ

⯆࿡῝ࠊ࡟࡜ࡇ࠸SnT > FST ᮲௳࡛グ㘓ࡿࢀࡉ᭷ព࡞

ࡢ⌫༙ྑࠊࡣ⥺⤖ DMN ࢆゝㄒ㔝ྑ⬻┦ྠ㒊ࡧࡼ࠾

seed DMNࡢ⌫ᕥ༙ࠊࡎࡽ࡞ࡳࡢෆ⌫༙ྑࠊ࡚ࡋ࡜ ࡞

࡟ࡢࡿ࠸࡚ࢀࡉΏࡋᕪ࡟ࢡ࣮࣡ࢺࢵࢿ㝧ᛶࢡࢫࢱࡋ࠸

ᑐࠊࡋFST > SnT ᮲௳࡛グ㘓ࡿࢀࡉ᭷ពࠊࡣ⥺⤖࡞ᕥ

༙⌫ෆ࡟㝈ᐃ࡚ࡋᏑᅾࠋࡿ࠶࡛࡜ࡇࡿ࠸࡚ࡋ 

 

 

ᅗ 2 ୧ࡢࣥࣙࢩࢵࢭ rest 㛫࡛᭷ពᕪࡓࡗ࠶ࡢ⤖⥺

(FST > SnT SnT >FSTࠊᬮⰍࡀ  (ࡿࢀࡉ♧ᐮⰍ࡛ࡀ

 

ᅗ 3 ୧ࡢࣥࣙࢩࢵࢭ rest 㛫࡛᭷ពᕪࡓࡗ࠶ࡢ⤖⥺

 (ࣇࣛࢢࢢࣥࣜ)

subject effect FST>SnT
conditions test
seed/source(target) target(seed/source) beta p-FDR
atlas.PC (Cingulate Gyrus, posterior division) networks.Visual.Lateral (L) (-37,-79,10) -0.24 0.0079
networks.DefaultMode.MPFC (1,55,-3) networks.DorsalAttention.FEF (R) (30,-6,64) -0.14 0.0201
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4. ⪃ᐹ 

≧ἣ࡟༶࡞↛⮬ࡓࡋሙ㠃㛫࡛ࡢゝㄒษ᭰(SnT)ࡢ᪉

ษ࡝ࡘࡢࡑࢆ᪉ྥᛶࡢヂ⩻ࡋせồࢆヂ⩻࡞㛫ⓗ▐ࠊࡀ

ࠊࡶࡾࡼゝㄒษ᭰(FST)࠸㧗ࡢ㞴ᗘࡍㄢࢆ㈇Ⲵ࡚࠼᭰ࡾ

ࢆ㒊ศⓗ㐃ᦠࡢ཮᪉ࡢࢡ࣮࣡ࢺࢵࢿ㝜ᛶ࣭㝧ᛶࢡࢫࢱ

㝿❧ࡶ࠿ࡋࠊࡏࡓ୧ഃ㛫࡛᭷ព࡟ᙉᗘࡢ኱ࢆ⥺⤖࠸ࡁ

ᙇࡾᕠࡣ࡜ࡇࡿ࠸࡚ࡋࡽὀ┠ࠊࡶ࠿ࡋࠋࡿࡍ್࡟ᐇ㝿ࡢ

DMNࠊ࡚ࡋ࡜⥺⤖࡞᭷ពࡣ࡟᫬ࢡࢫࢱ ࢺࢵࢿどぬ࡜

ࡀ༠ാࡢࢡ࣮࣡ SnT ᮲௳ࡶ࠿ࡋࠊࡳࡢ࡚࠸࠾࡟ 2 ⟠ᡤ

ࡓࡗࢃ⤊ࡀࢡࢫࢱࠊࡋᑐ࡟ࡢࡓࡗ࠿࡞ࢀࡉฟ᳨࠿ࡋ࡛

┤ᚋࡢᑠఇṆ࡛ࡢࣥ࢖ࣛࢫ࣮࣋ࡿ࠶Ᏻ㟼᫬࡛ᩘࠊࡣከ

࠸࡚ࢀࡉグ㘓ࡽ࠿௳᮲ࡢ཮᪉ࡀ⥺⤖ࡿ࠶ࡢ᭷ពᕪࡢࡃ

 ࠋࡿ

ゝࠖ࡞↛⮬ࠕ ㄒษ᭰ࡿ࠶࡛ࢡࢫࢱ(SnT)᮲௳᫬ࠊ࡟⫼

ഃ DMN ๓㢌๓㔝ࡿྖࢆ᫬㛫ⓗ㓄ྥᛶ[12]࡚ࡗ࠶࡟

(MPFC)ࡀ๓㢌ⴥࡢ║⌫㐠ື୰ᯡ࡛ࡿ࠶๓㢌║㔝

(FEF)ྠ࡜ㄪ࡚ࡋ㈿άࡢࡇࠊࡣࡢࡿࡍ᮲௳᫬ࣜࢡࢫ࡟

ࢆ࡜ࡇࡿ࠸࡚ࢀࢃ⾜࡟ࢬ࣮࣒ࢫࡀࡳㄞࡢ༢ㄒࡢୖ࣮ࣥ

ព࿡ྍࡿࡍ⬟ᛶࠋࡿ࠶ࡀヨ⾜ෆ࡛ゝㄒࢆ▐㛫ⓗ࡟ษࡾ

ࡇࡿࡌ⏕ࡀ΅ᖸ࡛ࣝ࣋ࣞ⌮Ꮠฎ⥛ࡣ࡛௳FST᮲ࡿ࠼᭰

testࠊࡔࡓࠋࡿࢀࡽ࠼⪄ࡶ࡜ ᫬ࡢ SnT ࡛ FST ࡭ẚ࡟

ᚋ㒊ᖏ≧⓶㉁(DMN)࡜ᕥእഃどぬࡶࢡ࣮࣡ࢺࢵࢿᙉࡃ

㐃⤖ࡢูࠊࡣ࡜ࡇࡓ࠸࡚ࡋゎ㔘ྍࡢ⬟ᛶࡶᇉ㛫ぢࡏࡉ

㝜ᛶ࣭ࢡࢫࢱࡣ࡜ࡇࡢࡇࠋࡿ 㝧ᛶࡢࢡ࣮࣡ࢺࢵࢿᏳ㟼᫬

㐃ᦠ࡞↛⮬࡚ࡗ࡜࡟ࣝ࢞ࣥࣜ࢖ࣂࠊࡀὶࡢࢀゝㄒษ᭰

⎔ቃ࡛ࠊࡀࡿࡌ⏕ࡣேᕤⓗࡾ࠿࠿ࡀࢫ࢔࢖ࣂ࡟వศࡢ

⥭ᙇࢆᙉࡿ࠸㧗㞴ᗘࡢゝㄒ㏻ヂ⎔ቃ࡛ࡣ㜼ᐖࡇࡿࢀࡉ

 ࠋ࠸࡞ࢀࡋࡶ࠿ࡿ࠸࡚ࡋ၀♧ࢆ࡜

ࡶ࡟᠁㛫ఇࢺࢵࢭࡓࡗᦾࡁᘬࢆవ㡩ࡢ(test)ࢡࢫࢱ

ࠊゝ࡚࠸࠾࡟Ᏻ㟼᫬ ᐃ(rest)ࡿ࡞ ㄒάື㈇Ⲵࡢ኱࡞ࡁ

FST ྠ࡜㔝࢝ࣟࣈᕥୗ๓㢌ᅇࡿ࠶඾ⓗゝㄒ㔝࡛ྂࠊࡀ

ഃࡢ⫼ഃ DMN ⯆ࡣࡢࡿ࠸࡚ࡏࡉ⬟ᶵࢆ⤖㛫࡛㐃ࡢ࡜

࿡῝࡟ࡽࡉࠊࡋ࠿ࡋࠋ࠸ὀ┠ࠊࡣࡁ࡭ࡍSnT ᮲௳ࡢ rest

࡞᭷ពࡋᑐ࡟ᕥഃ㢌ᴟࡢᑐഃࡀ㔝ྑ┦ྠ㒊࢝ࣟࣈࠊ࡛

ゝㄒࡢෆ⬻ࠊࡣ࡜ࡇࡢࡇࠋࡿ࠶࡛࡜ࡇ࠺࠸࡜ࡘࡶࢆ⥺⤖

ฎ⌮ࡢ⬻ྑࡿࡅ࠾࡟ᙺ๭[13-16]ࢆ⪃៖࡛ୖࡿࡍὀ┠࡟

Hub-and-Spokeࠊ࡟ࡶ࡜࡜ࡿࡍ್ ⌮ㄽ[17-18]࡛ᕥഃ㢌

ᴟࡀព࿡ฎ⌮୰ᯡ࡜ぢ೴࡚ࡏࢃྜࡶ࡜ࡇࡿ࠸࡚ࢀࡉ⪃

៖ྠࡓࡲࠋࡿ࠶࡛ࡁ࡭ࡍᵝ࡟ SnT ᮲௳ࡢ rest ࠊࣦࡣ࡛

DMNࠊ࡝࡞ゅᅇྑ࠸㏆࡟㔝ྑ┦ྠ㒊ࢣࢵࢽ࢙ࣝ ྑࡢ

ୗ㢌㡬ᑠⴥࠊࡀᑐഃࢣࢵࢽ࢙ࣦࣝࡢ㔝࡟㏆࠸ᕥୖഃ㢌

ᅇࠊ࡜୧ഃ࡟ᕪࡋΏࡍ᭷ពࢆ⥺⤖࡞ᙧᡂࡢࡇࠋࡿ࠸࡚ࡋ

⤖ᯝࣝ࢞ࣥࣜ࢖ࣂࠊヰ⪅࡞↛⮬ࡢ≧ἣୗ࡛ࡢゝㄒษ᭰

⪄ࢆㄆ▱≧ែࠊ࡜ゝㄒ㔝ࡓࢀࡉΏࡋᕪ࡟୧ഃࡢ⬻ࠊࡣ࡟

ྍࡿ࠸࡚ࡋ㛵୚ࡃ῝ࡀ㐃ᦠࡢ㉁㡿ᇦ⓶࡞㔜せ࡛ୖࡿ࠼

⬟ᛶࠊࡀᮏ◊✲࡛ᇉ㛫ぢ࡜ࡓࢀࡽゝࠋࡿ࠼ 
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