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Results from the cohort study. Shown are changes in L2 competence (TOEIC), GM, and FA in the cohort study; *p << 0.05. There were no significant differences in behavioral or imaging

parameters between the TG and (G at the Pre stage. @, Mean total TOEIC score changes from Pre to Post-1in (G (left of the dotted line) and from Pre to Post-1and Post-2 in TG (right of the dotted
line). Error bars indicate standard error of the mean. Asterisks show significant differences with p << 0.05. b, Right, Colored voxels represent a cluster in the right IFGop (x, y,z = 36, 11,28; zvalue =
7.84) showing significant GM increases from Pre to Post-1in TG compared with those in (G (group-by-time interaction, p <C.0.05 FWE-corrected). Mean GM volume changes are shown (upper left)
for the right [FGop from Pre to Post-1in (G and from Pre to Post-1 and Post-2 in TG. Changes in GM volume for the right IFGop significantly correlated with improvement in total TOEIC score across
individuals (lower left). ¢, Right, Colored voxels represent WM clusters showing significant FA increases from Pre to Post-1 in TG than those in (G (group-by-time interaction, p < 0.05 FWE-
corrected). Upper left, Shows mean FA changes from Pre to Post-1in CG and from Pre to Post-1 and Post-2 in TG. The change in FA value beneath the right IFGop was significantly correlated with

change in total TOEIC score (p << 0.05, lower left). R, right.

Table 3. Means and SDs of subject L2 proficiency tests
TG (n = 24) (G(n=20)
Pre Post-1 Post-2 Pre

Post-1

TOEIC(200) 102.5 = 4.0 129.6 £ 5.1 1141 = 45 1008 =43 103.7 £43 —
EVT(100) 113109 169 %81 124110 129+ 121 120101 —
NART(100) 35645 378*46 37040 398%=40 38044 —

Post-2

Post-2 data, however, we noticed that three participants showed fur-
ther improvement in L2 ability from Post-1 to Post-2 (8.3, 7.5, and
7.8% increases in TOEIC score), despite the overall decreases of the
TOEIC score as a group. Two of those exceptional participants con-
tinued to study L2 to pass a certification examination, and one par-
ticipated in a short-term study abroad program after finishing our
training program. Even though these were anecdotal findings in a
small number of participants, we deemed them important and per-
formed a subgroup analysis: three participants with increased
TOIEC score from Post-1 to Post-2 (continued subgroup) and the
rest (n = 21; discontinued subgroup). There were significant differ-
ences in changes of TOEIC score from Post-1 to Post-2 be-
tween the continued and discontinued (mean —21% = 8.5)
subgroups (Mann—Whitney U test, p < 0.001). Intriguingly, the
continued group showed increases in GM volume in the right
[FGop (3.1, 2.9, and 2.5%, respectively) from Post-1 to Post-2 as
opposed to the discontinued group (mean —4.5% = SD 1.2). The
same held true for the FA value in the right sub-IFGop (2.8, 3.2,
and 2.1%, respectively, for the continued group) as opposed to
the discontinued group (mean —3.6% = 1.5; Fig. 4b). These
differences reached significance for the GM change (p = 0.001 by
Mann-Whitney U test) and for the FA change (p = 0.001 by
Mann-Whitney U test).

Discussion

Currently, international communication relies heavily on Eng-
lish. This fact imposes educational challenges to non-English na-
tive cultures in the rapidly globalizing world, prompting us to
advance our understanding of the mechanisms of L2 acquisition.
The human capacity for language relies on neural networks that

orchestrate lexicosemantic, phonological, and syntactic subsys-
tems, which should undergo adequate tuning for L2 learning.
However, nonsyntactic aspects of L2 learning are scarcely under-
stood hitherto. Here we focused on L2 vocabulary learning,
which should involve the lexicosemantic and phonological sub-
systems. The present cross-sectional study showed that bilateral
front-subcortical-parietotemporal areas, predominantly in the
right hemisphere, might underlie superior L2 vocabulary ability
in late L2 learners. The cohort experiment showed that the brain
architecture before learning could not predict the future gain in
L2 ability after learning. This finding argues against the idea that
privileged persons with developed language network have advan-
tages in L2 learning, although it holds true for discriminating
speech sounds of unfamiliar L2 (Golestani and Pallier, 2007;
Golestani et al.,, 2007). This discrepancy suggests that relative
importance of predispositions and environmental effects may
differ, depending on which aspects of L2 should be learned. The
cohort experiment clearly disclosed that the gains and losses of L2
ability correlated with increases and decreases, respectively, of
GM structure and WM connectivity. This longitudinal consis-
tency of the behavior—structure relationship within individuals
highlights the notion that use-dependent plastic changes of neu-
ral networks underlie 12 learning. No overall gains of TOEIC
score in the Post-2 suggested that the present e-training protocol
was not sufficiently effective in leaving a long-term signature of
L2 vocabulary learning. Note, however, that the loss of L2 ability
measured by the behavioral test does not necessarily mean that
the once-remembered items had completely disappeared from
long-term memory. It is also possible that the items could not
be retrieved in a contextually timely manner. Such presumable
mechanisms agree with reduction of connectivity (i.e., discon-
nection) between the frontal executive areas and temporoparietal
cortices.

Recent imaging studies have begun to show GM/WM changes
related to learning. Biological interpretations of those imaging
measures are still challenging. Many possible mechanisms could
be involved: neurogenesis, gliogenesis, synaptogenesis, and vas-
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Figure3. PDTresults from cohort study. The strength of connectivity parameters for the IFGop-caudate pathway and IFGop-STG/SMG tract (dorsal pathway) were increased after the training
period in the right hemisphere, but not in the left. The improvement in L2 competence {TOEIC) was correlated with the increase in the right IFGop-caudate connectivity parameter only. Error bars
indicate standard error of the mean. Asterisk shows significant differences with p << 0.05. , The change in the right IFGop-caudate connectivity parameter positively correlated with improvement
in the total TOEIC score p << 0.05. b, Mean changes in right IFGop-caudate connectivity parameter from Pre to Post-1 in G (left of the dotted line) and from Pre to Post-1 and Post-2 in TG (right of
the dotted line). ¢, The red and blue areas show group-averaged IFGop-caudate tracts in the right and left hemispheres, respectively (data from Post-1in TG). The seed and target regions were set
in the right [FGop and the whole caudate nucleus (CN), respectively. d, Shown are left IFGop-caudate connectivity parameter changes from Pre to Post-1in (G and from Pre to Post-1 and Post-2 in
TG. e, The changes in the left IFGop-caudate connectivity parameter did not correlate with improvement in the total TOEIC score. f, Changes of connectivity parameter in the right dorsal pathway
(IFGop-STG/SMG) were not significantly correlated with improvement in the total TOEIC score. g, Shown are changes in the right dorsal pathway connectivity parameter (Figure legend continues.)
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cular changes for GM, and remodeling of
the myelin sheath and activity-dependent
axonal changes for WM reorganization in-
dexed by FA (Scholz et al., 2009; Zatorre et
al., 2012). Recently, an animal experiment
associated increases in FA with increased L
expression of a marker of myelination
(Blumenfeld-Katzir et al., 2011). An impor-
tant finding here was that the bidirectional
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b Post2 - Post1

changes of the behavioral, GM, and WM .
parameters paralleled each other, in
contrast to a previous study showing
discrepancy between training-induced
changes in GM and WM (Taubert et al.,
2010). The coupling of behavioral, GM, and
WM changes supports that learning de-
pends upon experience-dependent activi-
ties correlated across connected regions
(Fields, 2005; Zatorre et al., 2012).

The present study has provided the first
compelling evidence for increased connec-
tivity of specific tracts underlying L2 ability
and acquisition. We found that the IFGop constituted networks
with important language-related nodes: the STG/SMG (Price et
al., 1999; Price and Crinion, 2005; Saur et al., 2008; Carreiras et al.,
2009) and the caudate nucleus (Crinion et al., 2006; Friederici,
2006). The IFGop and caudate nucleus probably constitute the
corticobasal ganglia circuits relevant to language processing and
learning. Impairments of the caudate nucleus are identified in peo-
ple with mutation of FOXP2, which is an important genetic predis-
position for language acquisition (Liégeois et al., 2003; Enard et al.,
2009). Additionally, caudate activity underlies lexicosemantic con-
trol in bilinguals (Crinion et al., 2006), and reduced striatal dopa-
mine releases impair language processing (Tettamanti et al., 2005).
The corticobasal ganglia circuits are suggested for reward-based re-
inforcement learning since they receive both contextual information
from the cortex and reward signals from dopaminergic neurons
(Doya, 2008). Reinforcement learning might play a part in enhanc-
ing executive control of the IFG over the mechanisms for acquiring
L2 vocabulary.

We found increased connectivity of the “dorsal pathway,” corre-
sponding mainly to the temporal part of AF involved in phonologi-
cal processing (Rilling et al, 2008). AF underlies successful
associative learning between sounds and words (Wong et al., 2011;
Yeatman et al., 2011). AF may thus integrate phonological and se-
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(Figure fegend continued.)  from Pre to Post-1in (G and from Pre to Post-1and Post-2 in TG.
Error bars indicate SEM. Asterisks show significance differences with p < 0.05. h, The red and
blue areas represent the group-averaged dorsal pathway tractography including AF and SLF in
therightand left hemispheres, respectively (data from Post-1in TG). 7, Mean changes in the left
dorsal pathway connectivity parameter from Pre to Post-1 in (G and from Pre to Post-1 and
Post-2inTG. j, Changes in the left dorsal pathway connectivity parameter did not correlate with
the change in the total TOEIC score. k, Changes in the right ventral pathway (IFGtri-MTG) pa-
rameter were not significantly correlated with improvement in the total TOEIC score. ], Changes
in the right ventral pathway connectivity parameter from Pre to Post-1in CG and from Pre to
Post-1 and Post-2 in TG. m, The red and blue areas represent the group-averaged ventral
pathway tractography in the right and left hemispheres, respectively (data from Post-1in T6).
n, Mean changes in the left ventral pathway connectivity parameter from Pre to Post-1in CG
and from Pre to Post-1 and Post-2 in TG. o, Changes in the left ventral pathway connectivity
parameter did not correlate with improvement in the total TOEIC score. The connectivity pa-
rameters for the inferior longitudinal fascicles did not change in either hemisphere (data not
shown). R, right; L, left.
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Figure4.  Correlation between GMand WM changes induced byL2 training. a, Changes in GMvolume (abscissa) and FA (ordinate) from
Pre to Post-1in TG. The plots show significant correlation between GM volume and FA changes ( p = 0.03). b, Changes in GM volume and
FA from Post-1 to Post-2. The plots show significant correlation between GM volume change and FA change (p << 0.001, 7 = 0.65). The
Circles indicate participants with decreased TOEIC scores and the triangles indicate subjects with increased TOEIC scores from Post-1 to
Post-2. Thefilled circles indicate participants who showed decrement of the total TOEIC scores from Post-1to Post-2 while thefilled trianges
indicate participants who showed increment of the total TOEIC scores for the same period (see main text for the subgroup analysis).

mantic aspects of L2 vocabulary. The predominant involvement of
the phonological subsystem in L2 vocabulary learning agrees with
the present finding showing little connectivity changes in the ventral
pathway and ILF, which are involved mainly in semantic processing
(Saur etal., 2008). The predominant involvement of the dorsal path-
way suggests that phonology learning may have played a pivotal role
in the present L2 training paradigm. A future study, however, will be
needed to dissect the substrates for the lexicosemantic and phono-
logical aspects of L2 vocabulary learning.

A rather surprising outcome was that the IFGop-caudate-STG/
SMG network correlated with L2 vocabulary competence and its
learning-induced plastic changes were lateralized to the right hemi-
sphere. These observations appear to contradict with mounting ev-
idence indicating significance of the left hemispheric language areas
for L2 (Tettamanti et al., 2002; Musso et al., 2003; Abutalebi and
Green, 2007; Abutalebi et al., 2008; Sakai et al., 2009; Méartensson et
al., 2012; Schlegel et al., 2012; Ghazi Saidi et al., 2013). Moreover,
learning of new languages induces plastic changes in GM and WM in
the left hemisphere (Schlegel et al., 2012). In early learning stages,
however, the right frontal cortex is involved in acquisition of artifi-
cial grammar and natural language (Fletcher et al., 1999, 2005; Tet-
tamanti et al., 2002; Musso et al., 2003). Recent evidence has begun
to highlight the importance of the right hemisphere for vocabulary
and phonological aspects of L2 processing. The right STG/SMG is
involved in non-L1 vocabulary learning (Smith et al., 2006; Jeong et
al.,, 2010; Raboyeau et al., 2010; Veroude et al., 2010). We previously
showed that right IFGop activity for switching phonology from L1 to
L2 was correlated with L2 vocabulary levels (Hosoda et al., 2012).
Others showed enhanced activity in the right prefrontal areas during
picture naming in 12 (Videsott et al., 2010), coupling of right IFG
activity with proficiency of word production in L2 (Calabrese et al.,
2001; Vingerhoets et al., 2003; van Ettinger-Veenstra et al., 2010),
and involvement of the right hemisphere in the control of verbal
interference in bilinguals (Filippi etal., 2011). Moreover, a case study
suggested an essential role of the right IFG for L2 (April and Tse,
1977); a dextral late bilingual patient suffering from a right IFG le-
sion had severe difficulty in finding words and reading more in L2
than in L1. Hence, evidence certainly supports the roles of the right
IFG and STG in nongrammatical aspects of L2 usage, although they
may not be as well recognized as the correlates of L2 compared with
the left counterparts.
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A limitation of the cohort experiment was no behavioral control
over CG during the training period. Although we cannot completely
exclude the effects of nonlanguage e-learning factors on the training-
induced changes, we considered them unlikely as the sole explana-
tion of the learning-induced plastic changes because of the following
reasons. First, there was no correlation of the total e-training time
with the GM/WM changes. Second, previous long-term computer-
learning studies did not report changes of right IFG, caudate nucleus,
or STG (Takeuchi et al., 2010; Wan et al,, 2012). Consistently, pre-
liminary results from our computer-based sequence learning exper-
iment for 10 weeks failed to find changes in the right IFGop, caudate
nucleus, or STG (C. Hosoda, M. Honda, T. Hanakawa, unpublished
observation).

Paucity of evidence allows us only to speculate specific functions
of the right IFEGop in L2 vocabulary learning. We theorize that the
right IFGop might link lexicosemantic-phonological knowledge be-
tween L1 and L2. For late 12 vocabulary learning, one should asso-
ciate new L2 vocabulary temporarily represented in short-term
memory with existing L1 vocabulary represented in the left hemi-
sphere. This agrees with a finding that acquisition of new L2 phonol-
ogy recruits the left-lateralized language network (Paulesu et al.,
2009). However, more long-term encoding-retrieval processes may
modify bilateral networks since the right prefrontal areas are impor-
tant for accessing to long-term memory (Ranganath et al., 2007).
Another simple, yet plausible, explanation is a spillover of language
representations/control functions from the left to the right hemi-
sphere. This could be particularly important here since Japanese is
one of the most linguistically distant languages from English (Chis-
wick and Miller, 2005). The spillover concept is consistent with find-
ings that mathematics/arithmetic experts show greater right
hemispheric activity than control subjects for whom left hemi-
spheric activity is more relevant (Hanakawa et al., 2003; Aydin et al.,
2007). These findings may characterize a repertoire of use-
dependent dynamic reorganization of the brain. A dramatic exam-
ple is a child who shifted the originally left hemispheric language
centers to the mirror-reversed, right hemispheric sites after surgical
removal of the left hemisphere (Hertz-Pannier et al., 2002). Lan-
guage experience-dependent changes may likely occur in the right
IFG because of weaker genetic influences on the right IFG compared
with the left (Thompson et al., 2001).

In conclusion, the present study indicates that the macro-
scopic reorganization of the IFGop-caudate-STG network, espe-
cially on the right, can underlie L2 vocabulary learning in adults
(1500/1500 words).
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® Independent Living Skills Survey (USS)”)
2) BEWTHE (FEedsic L s REEAN)

3) THHES L OMEOEEICOWTORE. 112HE

* BEANN—Pardbdb

4) HURTDOEEZE>TVWBEA (B LARINDPSESLIETIA) DRAIZFFHRIHKODVTDOTRAX VM, B

X U ADENFFIE

5) w77 PRAOFHESEN T, AERE HIOBEROM, ERCRERLEORE, FANLEBEC O CTOE
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HE D Bl

* FHHOF] : BB ORI 1) EIERTEFFEL W, TEOEE  (0) £< kv, £REBZo8ERLY, (1)
LEEE, (2 X453, 3 BLALEDE, W) vwObd3b, FMEOBRE; () MEZALw, (1) BcfIE: 23,
(2) LErEfELLS, 3) XCHMELRS, ) wOLRELRS

® Life Skills Profile (LSP)"%

2) HFEWIFHME (FFR, ik HSEREROR Y v 7% EWERRICEA, FFEMRKTHHEATES L) ICTkRE

NnTw3)
3) fTEhERE

4) HIRTOEEREOFFED DI, MARMEORIFEES, BB 02 vk, BELRT

DR - BT — R DOSRHEICHA

5) A7 7 10MHE, METE12HE, H2E86HE, 21227 —ra v 6HE, HOEHMEN5HE, A&

39 HEEIDWT, 4BRETE

* FH OB : T3 1) BEHEZ B2E2 ROV BET 2 LT, —RICA»BENS Y 727 2FIceHEN
v, HTORESS S, H5BEORENDH S, KELE#END 2

® The Schizophrenia Outcomes Functioning Interview (SOFI) 16)

2) ZEREHE GMIEHRENE LEEL T, ER5EA)

3) ITEIE EREENE EN D, BRI OWT, 1~100 K E TOREZEFHEZE SO SEFEEE P S 2

4) HIBAEFE L TW A AD TR A XY B I URRAIE

5) BE4EE, FOLILHBETEATVZOD, BREILOVWTEDREDTEL2ZIITRE0O1kE, HEERE:
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TV, HE, FRACEENEHOENR Y, H2WES 41EE, LW REEICEOBRESML TW5D,
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T NALIEED]IDE L TUPSADR LS FIHE
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L7,

Bowie 5913, O#iiEsRtkeE, @UPSA TiF
fili U 7 SREEAVIERE ST & 0 — L 7L £ TRl 9 2 %t
NBEIGRE S, Q@B HH 41657 & & 574 L
T, ZRFNOBHRICOVTRABITZT>Tw»
%73, MEERINMRE L, 2B O (GLELAE
BIOWHAEL) 2MELT, b LIERK,
EEOAHEFBFELZE5 2T L, MAH
JEEEAIZ B DN ABMR &, HE0HISEE 7 3
EEPREANOREELEEI D 52 L, FEMER
ko TELZEEEND L Z LPREINTY
%,

INFEFTHRRNTEL LI FTHIREHL ITA
HERE & SUEAERE N IC DT TE R B NEVD B,
NABRIZE oI, ALELAEAWEHEIR
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ZERT 570 DBEENERED L  I3HSHYRRE
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WEE LRELE LS —LT LA 23 FTTh
N5, X EX b T w3 3EEDN AR
Al — v &, EEIMERIS D030 o T BET I
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Maryland Assessment of Social Competence
(MASC)Y 3L 4EED 6 B2 EF AR L,
£EEDHEN % FHTi 9 5. Social Skills Performance
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32 The UCSD Performance-Based Skills Assessment (UPSA)® oz

1) &8HEHAF L af YOREE O T, FRICHBEERHELLD, ¥HVLELAEZVBHYZHLEDTS
HA - BREHOELOHEREONEZEML T 5% A5, M55, 0~11 8

2) ala s —vav BRI THEZTIv—NLT LA, BEAOLEYZICEET L), EBEESVLIOR
VEFREITEDEERLD. BEOFHA-FRLEILT, 2V =y JBHELTFERVET L 7L
ARFFH. FRIA—F2DLICERZBHICETHED 20, ZRRICAEZEET20EL5. M55, 0~12 4

3) EEZELTS : H LUK EARICOVLTORMES 234, 20BERICOVTERSNLE, 22 TIHBIT
DITHERLDE T LEROONSG, 5, 0~14 1

4) RBFEOFMA 30— POANREAREFEINT, BEDBIITC TR EDANRIZESL D, B3 5,
SGHER BB E IR 5, EEEPBONIGRNICE IR o TR T P T OIS, %
D%, FHEOBFICHED SN THA ISR EDONRIARICES D, LOBL DR EREITLEI. 549
0~9 &

5) REDRERZYAVE (TP - rDLIERBEINT, BFFKII2EBMEZEBLT, A2EWICT I EBNEr%
BEAB. 54, 0~4 5

CHEAEOFBEIIOWTO— LT LA Lo TETTAI 2RO
- 5 5HE
- EERNOE D), 2) D&

£3 MTHEE1) D) L OWABEIL DL TOIFMRE

1) Maryland Assessment of Social Competence (MASC)®
cHEEFED 6 BHE T ARR
CBRE LRI T OREOR I R FHET 5
- BRI (RFEONE), EESENERE (HEDPY ATy —), 2RNENE GoERaEiEFlo—-1 714
DOBEEEZERT 287) O3 D0H% 5 BREE

2) Social Skills Performance Assessment (SSPA)%
<285 L WLBEA & OBIINERE, KRIACBEERERET 2B EWNERE
=7 LA DBTSIEEZFE
Dy 32— a3 v OHLSIRILICEEEDEESRE TW R0 E I b, QREOWHEE, O#F L 2HIECRET
W, @B L (REAREHERTE TV 2, OFESENERE (FH, FE 8, 2% &8, 0871
o GEEREREIC DV TIREE) 2 RIERR T2 Tw 5 D), OFRMICRBEBRRTE TV S, (HHEN:
), @ — N 7L A BZORITICE D THEWICATHEY T F— 22T, HFE2HELTH3FA T3
., *EEWEBIERXSICENEZERT 37O —B L TRETETL 32T 2

3) Assessment of Interpersonal Problem-Solving Skills (AIPSS)?
< 30 FE E DR LWIERR DS BRELZ Y T4 (@ TI3HMH) 2AT, ZNEE) LELLIDEIET, HF
B LEERREENET 20— T LA
cED &I LRMEND B, FNROWTEITEHT 20 ETRMAID 20, MEITERTETVWRVEAILIZZ
DOEBIRBELL %2, BRI ED L) RMERROTEE L o7d, ZONE, 7+—<v A, HHEFH
fli% FEET %

4) WETHRO — L 7L A F R B2
<47 A MK B 6BEIRR
=L FLAEREFAFEL, I5HEEZFEL, BFONOBRBICEISE4THRRELLTWS
DA RA XL  BEOHMOME, SkoRE, B RE Ao, BEWE, RiBE BNOZRE,
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@sHivEE DB IE

— 131 —



i - MAREOHLMEEZ £ L) ICHET 5

F4 AXTHOLNT B

AIPSS Assessment of Interpersonal Problem-
Solving Skills

CASIG Client Assessment of Strengths, Interests,
and Goals

CGI-CogS | Clinical Global Impression of Cognition in
Schizophrenia

DAS Disability Rating Scale

ICF International Classification of Functioning,
disability and health

ILSS Independent Living Skills Survey

LSP Life Skills Profile

MASC Maryland Assessment of Social Compe-
tence

NIMH- National Institute of Mental Health Mea-

MATRICS surement and Treatment Research to
Improve Cognition in Schizophrenia

QLS Quality-of-Life Scale

SBS Social Behavior Schedule

SCoRS Schizophrenia Cognition Rating Scale

SFS Social Functioning Scale

SLOF Specific Levels of Functioning Scale

SOCI Staff Observations and Client Information

SOFI Schizophrenia Outcomes Functioning
Interview

SSPA Social Skills Performance Assessment

UPSA UCSD Performance-Based Skills Assess-
ment

VALERO | Validating of Everyday Real World Out-
comes (VALERO) study

VRFSA Virtual Reality Functional Skills Assess-
ment

WBRS Ward Behavior Rating Scale

Assessment (SSPA)2 13 2 BT IC B W CEAIE
e & B BRI RS % Bl 9 5. Assessment of
Interpersonal Problem-Solving Skills (AIPSS)?
IS RIERR DL E 2 13 B2 W CEHE
T3, WETHMuE — V7L A5 A FOEZE I
- R EEED 3BT TE 2 D0RFETH
%,

72 BAGRICE Wi RO 4 GBS H
HT2DT, REODEEDDZD—EXFE LI
8173,

3. FHEACHEDE L ICED R
1) SEHFRTDIFEIOFHE
FRITRLAETRELSICEBEWNITMETH Y,

577
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{, BRREHEFCLIRERADANS, FH
FEHEPORNSICEBOEFZREBE TS I LI3E
BUC Iz WEECTH 2 DT, care giver IZ X B IEHD
TRESECERNTH -0 L BbNs, KO
E2ED L7012, H#ELA(TL T care giver D
SRR SE LD, BROERREE CH B
HEEEOTWIREDLH S8, EEMEICRITERE
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REAT RN HHE L, b L ITEEIE LEF
EBEEHALTVL LD H S, 7L 21 THhE
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BATEIIETH 508, ZNHE7 L CHEHEH I
EOTHYITHZDODE ) OEBBAS &\
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IR 1ICED EIF e RER I NS TEIEEE % B
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292 TIE, TERPVAY VI EL v FDHRE
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FIZLoT1I212DTEIZID LT 50Tk
{, FRERSFE L V- EEDOBEEEI DV
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ZIFLSP 3 2 N ZFNOEBOTEF I L TD
BHERTEDSRD SN b D ICHBEE» 2 L,
PO ERE S 10 7BETH 5. L LIEE
&, B LB EIC k- T, %Y Th 5
Doy TR URETH B0 BERE-TL B ENH
RFEZE&EATVS, —JILSS TRENDOTE Z
NENOWITEEIEZ RO TE Y, HEHDS
% { SHEIC R 232000 2 SH, & b BEEOE
LbDERHDTVDE, V=L fAZRkDEPIZE >
T, LoNBHEMIE-STLBI EICE D,
D B 542 FEligEEZ £ D & 9 % popula-
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Global Assessment Scale (GAS) ¥ L < iZ Global
Assessment of Functioning (GAF) 235 % & < fif
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ZEEbn, 7272 LFHiE O EENTETH B
Wl DIBREEICR T 2 EREICOVWTH, EE
PHETH B,
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