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Brain Activation Related to Perspective-Taking in Adolescents : Differences from Adults
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Objectives  The purpose of this study was to investigate the differences between adolescents and adults, in the perspective-taking
ability, as well as the brain activation patterns during the perspective-taking situation.

Methods  We recruited healthy adolescents aged 13 years to 15 years (n = 20) and adults aged 19 years to 29 years (n = 20). All the
subjects were scanned while performing the perspective-taking task, in which an emotional situation was presented in the form of state-
ments comprising first person, as well as third person perspectives. Differences in brain activation between groups were assessed by
contrasting neural activity during the tasks.

Results In the between-group analysis, while performing the third-person perspective-taking task, the adolescent group showed
greater neural activities in the middle frontal gyrus and precentral gyrus as compared to the adult group. Positive correlation was ob-
served between the activity in the frontal areas (Brodmann area 6/9) and the score of scales related to perspective-taking and social cog-
nition in the adolescent group.

Conclusions  This study suggests that several frontal brain areas of adolescents needs to be overactivated in order to compensate for
low perspective-taking ability when they ought to take another person’s point of view.
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Fig. 1. Schematic of the perspective-taking task. Stimuli were presented in blocks of 22. Each block was composed of 2 tasks, and in-

troduced by a instruction indicating a perspective of the block.
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Table 1. Demographic and other characteristics of adolescent
group and adult group

Adult Adolescent
Characteristics group group t P
(n=20) (n=20)
N (%) of male 10 (50) 10 (50)
Age 24.40 + 2.72 1420 + 0.83 16.023 0.000'
1Q 99.30 + 6.55 100.39 £ 9.33 —0.426 0.673
EQ 43.10 + 9.42 38.10 + 10.53 1.583 0.122
IRI-total 102.15 £ 8.27 9435 £ 7.86  3.057 0.004*
IRI-PT 27.30 + 2.74 2375+ 2.86  4.009 0.000'
IRI-FS 25.25 + 4.20 24.30 + 3.51 0.776 0.443
IRI-EC 26.45 £ 2.61 23.60 + 3.15  3.117 0.003*
IRI-PD 23.15 £ 4.22 22,70 + 3.40 0.371 0.713

Data are presented as mean =+ standard deviation unless oth-
erwise indicated. = : p < 0.005, T : p < 0.001.1Q : Inteligence
quotient, EQ : Empathy quotient, IRl : Interpersonal Reactivity
Index, IRI-total : Total score of the IRI, IRI-PT : Perspective-taking
subscale of the IRI, IRI-FS : Fantasy subscale of the IRI, IRI-EC :
Emotional concern subscale of the IR, IRI-PD : Personal distress
subscale of the IRI

Table 2. Rating accuracy and reaction time of adolescent group and adult group

Characteristics Adult group (n = 20) Adolescent group (n = 20) toru o)
Accuracy (%)

F 81.88 + 7.16 84.06 = 11.11 —0.740 0.464

T 80.63 + 7.63 75.86 + 10.58 —1.344" 0.183
Reaction fime

F 777.42 + 120.57 784.41 + 212.27 -0.128 0.899

T 795.71 £ 151.96 822.56 + 197.06 —0.483 0.632

Data are presented as mean * standard deviation unless otherwise indicated.

: Comparison by Mann-Whitney test, T : Mann-

Whitney’s U. F : First person perspective condition with 4 emotional situations, T : Third person perspective condition with 4 emo-

fional situations
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[RI9] #AHEE AHESS o, IRI-PT HE GA| oW
(23775 + 2.86)°] AJQ1E(27.30 + 2.74)9) B3l S-2Ja1A] Wk
ot = 4009, p < 0.001), IRI-EC Fx= HJA] H2H123.60
+ 3.15)0] Aol(26.45 + 2.61)00 vl S-2J51A FkTht =
3.117, p = 0.003). ¥HH IRI-FS, IRI-PD #=9| 3¢ F
7k Zpo) 7} F-olekA] QhotTh AleA49] ¢ 4d%1+H(99.30 £
6.553 A4\7(100.39 + 9.33)9) 2fol= §oJ5kA] ot
(t = -0.426, p = 0.673).
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HES- AIZFS A RS u, 1913 T 3914 T B A
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Table 3. The results of within-group analyses

fMRI &< 23}

ek 24 4G 3)

JATe] 749 F-T tix 2704 -5 Soi/d3][Brod-
mann area(BA) 29] 9&lo] &A3E B, T-F o= =4
A= &= Z==T3](middle temporal gyrus, BA 39),
= A= F3|(superior temporal gyrus, BA 22), Y= A3
(lingual gyrus, BA 18), 5 4] ZAkdeclive), ¥& 54
=3](middle frontal gyrus, BA 6/9), %= 54143](precen—
tral gyrus, BA 6), &= dju}3](parahippocampal gyrus,
BA 19) 9o /dt=|TH1H 2).

Hid AJlte] - F-T 2704 &5 v)4dg] v (cau-
date tail), = 3=%3|(transverse temporal gyrus, BA 41)
o] FAlE L) 1Eu T-F ZHdolA &-2J51A &Ads}
H 92 U] ghoteh(d 3).

MNI coordinates (mm)

Region Side BA » y . Peak t Cluster size (voxels)
Adolescent

F-T
Posterior cingulate Right 29 18 —49 10 413 25

T-F
Middle temporal gyrus Right 39 60 —58 14 4.62 44
Superior temporal gyrus Right 22 51 —55 18 3.77
Lingual gyrus Left 18 -15 -82 -2 4.37 284
Declive Left -36 =76 -18 3.86
Lingual gyrus Right 18 9 —91 -2 3.85
Middle frontal gyrus Left 9 =57 20 30 4.03 96
Precentral gyrus Left 6 -57 5 42 3.53
Precentral gyrus Right 6 45 2 30 3.94 143
Precentral gyrus Right 6 36 8 34 3.78
Middle frontal gyrus Right 6 45 14 42 3.58
Parahippocampal gyrus Left 19 -18 —58 -2 3.46 22
Parahippocampal gyrus Left 19 —24 -52 -6 3.43

Adult

FT
Caudate tail Left -18 —40 18 4.13 98
Transverse temporal gyrus Left 41 -39 -37 10

T-F

(No significant results)

Thresholded at p < 0.005 uncorrected voxel level, extent threshold 20 voxels. x, y, and z : the MNI coordinates corresponding to
the left-right, anterior-posterior, and inferior-superior axes, respectively, F-T . First person perspective condition compared to third
person perspective condition, T-F : Third person perspective condition compared to first person perspective condition, BA : Brod-

mann area, MNI : Montreal Neurological Institute
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Fig. 2. Significantly activated brain regions of within-group analysis in adolescent group. (A) In F-T contrast, adolescent group exhibited
significant activation in the right posterior cingulate (BA 29). (B) In T-F contrast, adolescent group exhibited significant activation in the
right middle temporal gyrus (BA 39), the right superior temporal gyrus (BA 22), the bilateral lingual gyrus (BA 18), the left declive of cere-
bellum, the bilateral middle frontal gyrus (BA 6/9), the bilateral precentral gyrus (BA 6), and the left parahippocampal gyrus (BA 19). Thres-
holded at p < 0.005 uncorrected voxel level, extent threshold 20 voxels. F-T : First person perspective condition compared to third person
perspective condition, T-F : Third person perspective condition compared to first person perspective condition, BA : Brodmann area.

Fig. 3. Significantly activated brain regions of within-group analysis
in adult group. In F-T contrast, adult group exhibited significant ac-
tivation in the left caudate tail, and the left transverse temporal gy-
rus (BA41). In T-F contrast, there’s no significant activated region
of within-group analysis in adult group. Thresholded at p < 0.005
uncorrected voxel level, extent threshold 20 voxels. F-T : First per-
son perspective condition compared to third person perspective
condition, T-F : Third person perspective condition compared to first
person perspective condition, BA : Brodmann area.

Aadtel] A 24 dat
Ak Ul 249 T-F A0 A Fadwto] ot EAsts
Hod 998 WA d9or AAe & o] JdEe] &3}
Aol Fauate] AEA| A4 1] AHEAlE AT
71 A} $-& SHF3(BA 6)91412] S5t A== EQ A
IRI-PT H4=0} 27} o AAE Bl = 0493, p =
%l

0.027, 21 5A; r = 0.591, p = 0.006, 18 50), &= 5
3|(BA 9) F4e] &3}t Ao} IRI-EC A7 49 4
AE HFHr = 0473, p = 0.035).

e 2 2704 1o fofulshA BAsH
| 9ol w1y geloz WSS u 4R ol Al
2 BE} fofueh A BT gkt e
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Table 4. The results of between-group analyses, when third-person perspective condition compared to self-perspective condition (T-F

contrast)
) ) MNI coordinates (mm) .
Region Side BA . y . Peak t Cluster size (voxels)

Adult > Adolescent

(No significant results)
Adolescent > Adult

Precentral gyrus Right 6 36 2 30 3.75 55

Middle frontal gyrus Left 9 -57 20 34 3.63 40

Middle frontal gyrus Left 8 —54 17 42 3.39

Middle frontal gyrus Left 6 -57 8 42 3.16

Thresholded at p < 0.005 uncorrected voxel level, extent threshold 20 voxels. x, y, and z : the MNI coordinates corresponding to
the left-right, anterior-posterior, and inferior-superior axes, respectively, BA : Brodmann area, MNI : Montreal Neurological Institute

Fig. 4. The brain regions that adolescent group showed greater
activity than adult group in T-F contrast. During T-F contrast, ado-
lescent group exhibited more activation in right precentral gyrus
(BA 6) and left middle frontal gyrus (BA 6/8/9) than adult group.
Thresholded at p < 0.005 uncorrected voxel level, extent threshold
20 voxels. T-F : Third person perspective condition compared to first
person perspective condition, BA : Brodmann area.
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Fig. 5. Correlation analyses between brain areas showing activity and scales. (A) Correlation between right MFG (x =45,y = 14, z = 42)
activation (% signal change) and the score of EQ on condition of T-F contrast in adolescent. (B) Correlation between left MFG (x = 57,y =
20, z = 30) activation (% signal change) and the score of IRI-PT on condition of T-F contrast in adult. (C) Correlation between right MFG
(x =45,y = 14, z = 42) activation (% signal change) and the score of IRI-PT on condition of T-F contrast in adolescent. (D) Correlation be-
tween right PCG (x = 36, y = 8, z = 34) activation (% signal change) and the score of IRI-PT on condition of T-F contrast in adult. EQ : Em-
pathy quotient, IRI-PT : Perspective-taking subscale of the Interpersonal Reactivity Index, MFG : Middle frontal gyrus, PCG : Precentral
gyrus, X, y, and z : The MNI coordinates (mm) corresponding to the left-right, anterior-posterior, and inferior-superior axes, respectively. MNI

: Montreal Neurological Institute.
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