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PELTEERGECEBOBIERZERITHILOTHEN - 5HEM A ¥ —7 = — X, Brain-Computer
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THoTHEL TETWRWNWE W) Z LTS EEZBND, [REEE) L72o7- 741, IRET
FORIROT-DIZEEZ RD20ODBR#ETH 7289 TH 5D,
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ZORER, HOTTEREEZ LRV ENET LN TV, BCI ORBEEERE LIEFEREL 2
BEL LCH#T B &, AEENRHSERILLEWERDSL T URE, P =0.027),

F 1. BCLIZ L BXFASIDIERMES & MQoL

D [MRI) s | IEfES | ASRS | SRR | S i@t | DI | FEAEMGE | 8- | ¥HRaT
cl | F [ 4 100 12 3.67 8 8.25 7.17 9 7.69
c2 [ M| 6l 100 6 2.67 2 8.2 5.67 7 6.00
M| 4« 71 1 1.00 0 8.5 7.00 10.5 7.64
4 [ M| 4a 86 22 6.33 1 9.25 7.33 9 8.00
G [ M| sl 100 12 4.67 8 9.5 7.50 10 8.4
6 [ M | 53 100 1 0.00 10 9.5 5.17 7.5 6.93
HL | M | 51 83 1 0.00 3 1.25 6.17 9.5 4.00
W2 | F | 6 “ 1 - 8 7.5 6.83 9.5 7.54
H | F | 62 93 1 4.33 7 2.75 .33 7 5.56
ha) 52.2 | 919 6.3 2.83 5.2 7.19 6.69 8.78 6.87
FEEE | 81 10.1 7.5 2.33 3.7 304 0.82 1.30 L42

¥ H1, H2, H3IIBCI DEEESMFERE

FIT, 2BEELOTHEBT 21T 2 A 09, AT~ DIENMARE, X 2), UUTORBMET
BELAEENIRD b TFERSMER & DEER EREZEOFBMEYY), FIEER S B A EMER,
BCI ASIDIERES & B iffEhat, ALS FRS & BAAEIR, ALS FRS 72 5 UNZOLEREIR & MQoL 2 TAIIE B ¥
Za7, EEEHER L ODEERICOWTIE, BRI TERIZR T EORMTH D,

F2. AT < DIBAFEBMREATSI (09, KIBEIIT VA XfrE)

. _ .| BETEE MQoL T{iL
BCIIE ALS FRS ; 24k | JLERE F—

b X BNGER | BIREN FRSER i A k HE T
EEER | 0.508| -0.381 | -0.603 | —0.19 | 0.093 | -0.829 | -0.046 | -0.046 | —0.639
Pi& 0.0s9| 0311 | 0086 | 0652 | 0812 | 0.006% | 097 | 0.906 0. 064
e 0.338 | -0.541 | -0.235 | 0453 | —0.419 | 0.3 | —0.464 0.58
0.374 | 0132 | o555 | 0221 | o021 | 0434 | 0.209 0.102
0.345 | 0.147 | 0.708 | 0.38 | -0.114 | —0.414 0.218
BCLIERE S 0.363 | 079 | 0033 | 0305 | 0771 | 0.268 0.574
S s 0.771 | 0.11 | 044 | 055 | —0.0&2 0.716
0.025« | 0774 | 0231 | 0147 | o0.915 0. 03%
. 0.12 | 023 | 0867 | -0.048 | 0.6%
SR 0.776 | 0.573 | 0.005% | 0.909 0.091
— 0.18 | -0.128 | -0.15 0. 051
SRR 0.68 | 0743 | 0.691 0.897
N 0. 143 0.17 0.714
(LIRIER 0.713 | 0.662 0. 031%
0. 552 0.603
(FE(TIE 0. 495 0.086
0. 456
FR—b 0.218

¥ BRI L B EATO R LIE B BOMBMRE, TEOEFIIPE : # p < 0.0, * p < 0.05.
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Introduction

Brain-computer interfaces (BCls) give their users communication and control channels that do not
depend on peripheral nerves and muscles. The user’s intent is decoded from electrophysiological or other
measures of brain activity. This brain activity is recorded noninvasively by electrodes on the scalp or
invasively by electrodes placed on the brain surface or within the brain. BCIs can enable people who are
severely paralyzed by amyotrophic lateral sclerosis (ALS), brainstem stroke, or other disorders to
communicate their wishes, to operate word-processing or other computer programs, or even to control a
neuroprosthesis. With further development and clinical validation, BCIs should significantly improve the
lives of people with severe disabilities [1-2].

ALS is the most common motor neuron disease. It has a prevalence of about 1.6 to 8.5 per 100,000
worldwide [3]. There were 7695 individuals diagnosed with ALS in Japan in 2006 [4]. Thus, estimates there
compare with those in the United States and other industrial nations. According to the ALS Association, 95%
of individuals with ALS lose all functional speech by the terminal stage. In addition, deterioration of
voluntary motor control eventually preclude both writing and typing. Thus, augmentative and alternative
communication (AAC) options for individuals in this late stage of the disease are quite limited. A BCI can
allow an idividual with ALS to continue to intitate written and spoken communication [S].

In recent years, advances in supportive care have eased the symptom burden of ALS for the patient and
their caregiver(s), and allowed some preservation of quality of life through the disease [6,7]. In proposing the
use of BCI to assist advanced ALS patients to communicate, it is assumed that use of this technology will
improve their quality of life (QoL). A number of studies have demonstrated that, in ALS patients, QoL does
not correlate with physical functioning [8-10]. However, there is little data on patients whose disease is so
advanced that they have difficulty communicating. It would be desirable to choose an instrument that could
be used to assess QoL in patients with such advanced disease, and especially to measure whether use of the
BCI improves their QoL. In addition, it would be desirable to specifically assess the patient’s view of the
usefulness of the technology.

The purpose of this grant was to identify individuals capable of using the BCI and to explore the impact
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of the BCI on the quality of life of those individuals. The specific aims were to identify clients with ALS who
are not adequately served by conventional assistive technology (AT) and who can use the compact BCI
system; to optimize system parameters for daily use by these individual; and to install BCI systems in their
homes; to evaluate these users and their caregivers in the operation of BCI or of other AT; to assess the extent
and success of the AT usage, and its impact on QoL. Currently, four individuals diagnosed with late-stage
ALS use the Wadsworth BCI independently for communication and control in their own home [11-13].

Methods

The primary goals of this project are to demonstrate that BCI systems can be used for everyday
communication, and that using a BCI has a positive impact on the user’s quality of life [11]. To be accepted
into this study an individual should: have little remaining useful motor control; are not adequately served by
conventional augmentative communication devices; have decided to accept mechanical ventilation if needed;
are in otherwise stable health; have supportive living and social environments; and caregivers with basic
computer skills. Once these criteria are met, prospective BCI home users undergo an evaluation to ascertain if
they can use the system.
Evaluation

Candidates are identified by the staff at the Center for Rehabilitation Technology at the Helen Hayes
Hospital. We then carry out an initial assessment either in the clinic or in the home. For this evaluation, we
record 16 channels of EEG from frontal, central, and posterior scalp locations with BCI2000 software [14]
while the subject views a psuedo-randomly flashing 6x6 visual keyboard of letters and numbers. The user is
instructed to attend to 36 letters, one by one, over about 50 min. Data from 8 channels and the first 18-21
selections are then processed and classification coefficients are derived by a stepwise linear discriminant
analysis [15]. These coefficients are then applied to 14 subsequent selections and online BCI accuracy is
recorded. Responders’ data classifies above 70% correct. The ability to use the BCI is then confirmed in
second screening session.
Home Installation

Once the candidate has demonstrated the ability to use the system, we begin a series of training visits
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with the goal of placing our prototype system in the home for independent use. This system includes a laptop
computer, a flat panel display, an eight-channel electrode cap and an amplifier with a built in A/D board. The
caregiver is trained to apply the electrode cap, inspect signals, and start the system. The user interface is an
onscreen NxN keyboard containing letters, numbers, and function calls that could make the computer and
Windows-based programs (e.g., Eudora, Word, Excel, PowerPoint, Acrobat) completely accessible via EEG
control. Each user’s data are uploaded to an fip site every week and analyzed in the lab, so that classification
coefficients can be updated as needed using our standard SWLDA procedure [15]. Using a remote access
protocol, we can also monitor performance in real-time and update system parameters as needed.

Quality of Life and Use of the Technology

We have begun to administer the McGill QoL (MQoL) questionnaire, which was designed for patients
with advanced disease [16]. It is widely used as the basis for other, more elaborate questionnaires, including
the Simmons scale designed specifically for ALS. The McGill questionnaire is relatively simple, consisting
of 17 questions in two parts. Part A consists of one comprehensive question asking the patient for an overall
assessment of his’her quality of life. Part B includes 16 questions that cover physical, psychological,
existential, and support domains. Answers are indicated on a 10-point Likert scale. This is much more
manageable than the Simmons instrument (ALSSQOL), which has 60 questions [17]. Patients with a very
low score on the ALSFRS are the ones most likely to benefit from use of the BCIL, and they are also the ones
that would have the most difficulty in completing a multi-question QoL instrument.

The MQoL, Part A, question is considered a good measure of the subject’s view of his or her own quality
of life, and the Part A score correlates strongly with the total MQoL score. [16,17]. Simmons uses the MQoL
Part A question to determine concurrent validity of his instrument, the ALSSQOL. The McGill Part A
question also correlates well with results of the SEIQoL-DW (Schedule for the Evaluation of Individual
Quality of Life — Direct Weighting), which is an interview-based instrument that allows respondents to
nominate and then rate the areas of life most important to them. [18]. The McGill has been translated into
many languages including Japanese. [19]

In addition to Quality of Life, we endeavored to assess the patient’s view of the usefulness of the BCI

20



technology. While we have used the ATD PA survey, a speech survey developed and modified for the BCI by
Dr. Marcia J. Scherer from the Institute for Matching Person and Technology [20], the PIADS [21] and the
QUEST [22] may be useful in a cross-cultural comparison which is the next step in these studies. Finally, the
most valid assessment of BCI usefulness is the frequency and duration of the patient’s actual use of the
technology, which we can monitor through the EEG data collection procedures [11].

Results

Over the past 6 months we have made substantial progress on all three Specific Aims. We have
evaluated 19 people with ALS (14 men and 5 women, 40-75 yrs, ALS Functional Rating Scale 1-35).
Results fell into two distinct groups: Successful (N=12; accuracy 71-100%); and Unsuccessful (N=7;
accuracy 14-29%. (Chance is 3% and >70% gives generally acceptable BCI performance). The 7 people for
whom results were not successful had difficulty seeing the visual keyboard due to ptosis or nystagmus. For
some of these individuals, results could be improved by increasing the length of the intertrial interval,
optimization of matrix size, brightness, and stimulus presentation rate [23].

Together with Helen Hayes Hospital, we have now installed home systems in the homes of five people
severely disabled by ALS (4 currently in use, 1 in hiatus). These individuals use the systems regularly to
communicate with family members and caregivers. We have addressed making the system more
user-friendly by automating several of the BCI2000 software processes, and enabling the caregiver to start
the program with a short series of mouse clicks. The caregiver’s major tasks are to place the electrode cap
and inject gel into the electrodes, a process that takes about 10 minutes. The software has also been modified
to include a menu-driven item selection structure that allows the BCI user to navigate various hierarchical
menus to perform specific tasks (e.g., basic communication, basic needs, word processing and environmental
controls) more easily and rapidly than earlier versions of the sensorimotor rhythm and P300 software. In
addition, a speech output option has been added for users who desire this ability.

In-lab studies are currently evaluating methods for using data from independent home use to

automatically optimize system parameters [24]. The first user has now had his system for more than three
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years. Average accuracy for all four users using the 6x6 or 8x9 matrix has ranged from 51% to 83% (while
chance performance is 2.7% or 1.4% respectively).

Table 1 summarizes the results from the McGill Quality of Life Questionnaire from 9 responders, i.e.,
individuals with advanced ALS who could or do use the BCI for communication and control. The physical
domain included the following symptoms: muscle weakness, shaking, clonus, choking, lack of mobility,

inability to communicate, adjusting air mattress, positioning for communicator, bowels, jaw spasms, and

positioning in
D [ Sex [Age [ Accuracy [ ALSFRS | PhsQOL | PhWelBeing | PsySmpt | Existental | Support| AveScore | Wheelchair. There are
C1| F [47] 100 12 367 8 825 747 9 769
C2l M [61] 100 6 267 2 825 567 7 6.00 .
G M2 7 1 100 0 85 700 | 105 | 764 significant
cAlM[41| 8 2 6.33 1 925 7.33 9 8.00 )
C5| M |51 100 12 467 8 95 750 10 844 correlations between
C6| M [ 53] 100 1 0.00 10 95 517 75 693
HI{M[51] 83 1 0.00 3 125 6.17 95 4.00
| F 62| % 1 N 8 75 683 | 95 754 home use and
H3| F |[62] 93 1 433 7 275 733 7 556
Average [522] 919 63 283 52 719 669 | 878 6.87 psychological
SD. |[81] 101 75 233 37 304 0.82 130 142

Table 1. Initial scores for the five McGill Quality of Life (MQoL) Domains for nine responders, ie.,  symptoms, and score
individuals with ALS who are either using the BCI in their homes (H1, H2, H3) or are capable of

doingso. on the ALSFRS (an

indication of progress
of disease [25]) and the overall score. These scores will be repeated at regular intervals throughout the period

of home use.

Conclusion

These initial results, including data suggest that a P300-BCI can be useful to individuals with severe
motor disabilities, and that their caregivers can leam to support its operation without excessive technical
oversight, is an important beginning in the development of BCI technology for home use.

We are concentrating on decreasing the system’s complexity, increasing the system’s functionality, and
decreasing its need for technical oversight. We have also begun to administer the PIADS [21], a test that can
be compared with Japanese Assistive Technology results.
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WT, £% 8~10 » AICEEBEOBHITE (RREH, S LEBR., B#F OB I LB, thE
ORB - B LI REER) BSHERL, EWTAER 11~12 » BICERDOIEE - HRIT
BUSEDORT - FEL, BEORT - FTEL, BHEEB BSHERL, HBICAEE 12~14
yAIZEEOFEMTITEN(BEROBEI L, EROBILICHI RAELERE, ERoEI L,
BRI S LI REEH) BNHET S L L,

ERR2OOMETIE, AR XRAFEETHEXEOHSNTHOHEARHN 1 KATRICE
FLTWE, LWIRTH—BELERBER/TONTWVE D, FHEOIEFMELE VO A TIEHE
ENRR-oTVWD, ZOBABALLT, MR TRAREZTEHOBESCERZELSLTLLEALT
TR nEWnWHIZEnbiFonsd, B, HBROBREDERIZ OV T, Carpenter & (1998)
i3, WERHBOEDOBREYZ ERICIEZDZLEL TSR L, HF S (2006) 1,
LEBKADHEBOFRAIIRIET DL ELTEY, RBOEDBEEMERZDZ L 2T
BIZMEZDENENEVI HTRELER>TWSD, F7z, Carpenter 5 (1998) 1k, &1TE)
WOWTHERRELTEETHYTEZ L, EiEE2RLZOII L, BF S (2006) X L8 xR
D 7= ¥IZ Carpenter H (1998) LRI U EAEZRAWVWTWA L DD, £ITEID A EA O @@ E
WKLo THAPTEZLTEY, DEFEDLER-TVDE, TOFKE, BHRIZBVWT, EE
DBRITERLEEORE - MRBBHOHBRIEF R ANEDLY | ELEBIE ENDITEH
WIEBEWRAELZEEZLND, —F T, LR 2O0OHETHARLZITHICOWVT, IZITFAE
LEZLNDLOEMEBNCLE L TAZ L, I LERM, Eik, 7 - FELIHRLE
BT, BROBEL, HEOBILAHERETLILVWH Z LiL, XBLTWDHLEE R D,

LNLARRS, ZTROOEIE. 1 BATRICFEAZ DHENTHOREDIEFEIZ OV
THARXTWVBELDOD, PDDIZEELLEZL DT . PDD RO B OHLSHITE O EER 72
HREBRIZEAOLNMNITEIEDIZEIAR T+ THEEEZLNS, PDD RICA LN D HFREER
OEEIT, —HEFROEELRML TV 5 (Leekam et al., 1998) LW IH EFR B H DO
HEZLED., SOIIHEHEHOPD BRTIIHEENRDPRZNI ERREEINTNS, KA
DEE*WET S L5278, BEHE2 02 REIZE- T 3ITHR0HELEMBRE LD
HEWTHLED TRETALENH D, ThbDITEIZED T, $EHEHOLSRED
HEMITEORERBREPRINT A LT, PDD BRET TR, —BAHROELHITE O
REXIEETILTHLEETHI EE2ZOND, TORATHFRZEMKSE LT, AWHEH
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HEEF = v 27 VU R MEER (Modified Checklist for Autism in Toddlers ; M-CHAT,
Robins et al., 2001) 3Z T b5, M-CHAT i3 b et b &, 2 BMAITE CHEATE S PDD O
A7 V==Y — L LTKETHEINZ22BHEORTCAREMETH E8. £
DEBIIZARK yr APO IR¥EE CEHFEZIALMTERICEB L EZ<EFTh T
DORKEETHD, DD M-CHATZ 1 RFETO—HRASRICH L THERATHZ & T,
1 BIEETKFEXAIHASVTHORERHARORBEIEFEICOVWTRINTEZENT
¥pLEZOND, BATIHHELICL>THREINLTEY (MR LfHE, 2006), £/,
W VWX O ZER-TRIZTHDFETHVHENRT U,

o T, ABFETIX, PDD THERZRZRRLZ LI LI, 8% 1 m¥EEE TIHF
AEZBDHEUTECO VT, —RANERTEBSINIRHB LT LDIEREIZ SOV T,
AARFER M-CHAT Z AW CHLMZ L. PDD RORZREZFMT 22D DOR—2F7 4 %
BETHZELEEBNET S,

2. FE

B HBIT, UNKERDL AR, MILITEEAR ZRHTR M (Japan Science
and Technology Agency: JST) F ¥ bHFFEBICEH L TWAANIE, - 13ERAR. £E R,
RIGE, BER, EEHANOREE., BRY—Z VB IUSNET, 4% 8 7 H~204+ A
DEE L, E2EBFTHIC, BREETH D B AER M-CHAT ZEAF L, EUXTE 7= 327
Ho>b, REXRDHAEIZEEZRWE, BHERIZE B HESITOMNERLE Lz, &EHEBHICRT
ABEBIT. RIKTTEY TH D,

K1 XAROBE
A & A | (B &)
8 » A 21 17 : 4
95 A 23 12 : 11
10 » A 18 14 : 4
11 % A 37 15 : 22
125 A 29 9:20
135 A 33 18 : 15
14 » A 22 13:9
15 » A 18 11:7
16 » A 27 16 : 11
17 » A 19 11:8
18 » A 14 10 : 4
19 » A 17 9:8
20 » A 20 13: 7

FAEFE WNKERLRAMER., JST FELMERICIT., BXICTEMKOERS - [
NEITo7-, BHEE, EEER, BEBFER, SR, EEHNORER. BRY—27 LTI,
HEWHEEBEL, BRIV — AT L ICEMKOESR - B % 1T - 72,
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TENE MFHICFT. BAREBHRM-CHAT X, 156 » AL 2RIINT TOSR D BB/
REEOCRMIKEZLLXDIEZENE L THEIN-EFTECAHOERMK TS S,
HESBPITENCE TS 16, SEEMICET S 1EHA, BRAEICKHEMNICALONDITEN 4
HE, RO, BEHICET S 2HADEF 23 HA»OHEREIND, RAFEX, 23 HBIIR
ENBEITEHIZOVWT, EEBZ3HFEN., TV Tz oWFAATERZETSZHDT
HB,

3. aWHE

HE2HTBDOELAH HE01TE 16 HEICSOWT, ZOEBZ2RABLTWHAHERD
EE(BRR)ZABMERLSZEICEHL, BRER %MD TELEGAIL., T0T8H %%
BlLiztAhL, FEHEOBEABEZRA -,

KHTEDOBERDORFRS HEWTHOBBOIAF 2RI T 27-OIC Friednan RE %
1Tolze BEERALNIZHLDIZDWTIE, Bonfferoni WA IE® . Wilcoxon HF B NEN K E
WL DB AT o7, HEHAENTIL T < T SPSS 12.0J for Windows # A\ 7z,

4. R

HE2HTTHOEERAR TE2OTEICETS I6HBIZOWT, E#ER 5% TEL
RAEBEBEBARLEARLIELEZA, KEL 3 SOEBIIOMNDEEZDNT: (K 2),
HEERETDHLEES, ME~DOBEL, A1 FTAATAN—2ES, AR, WE~DEE, F
ZRIIE. 8 y AT T TIREESINTWE(EB 1 B), A-TEWY, ERkofEsL, #
BROFEE L, #Hl. 5 LB, BoEE®REIX, 11~12 » AR TESINLGE28) ., &
BB, BERH2 605 RE5. HEENK. £ RIT, 15 »r ABUBRICERSSh
7= (5 3 ),
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€€

K2 HZWTEIO A wmBl@EEE (%)

IHH 8m 9m 10m 11m 12m 13m 14m 15m 16m 17m 18m 19m 20m
1 BEEELTLLIES 100 100 100 100 100 100 100 100 100 100 100 100 100
TR 2 it L2~ B 100 87.0 100 97.3 100 97.0 100. 0 94. 4 92.6 100 100 100 100
4 A FAAFANR—ESH 100 87.0 96. 4 94.6 100 100 100 100 100 100 100 100 100
8+ A 10 | &% 90.5 95.7 89.3 100.0 | 96.6 90.9 87.5 94. 4 81.5 100 85.7 100 100
LLR( 12 | EHERL 100 100 100 100 100 100 100 100 100 100 100 100 100
14 | FEA S 95.2 91.3 96. 4 100 96. 6 97.0 100 100 96. 3 100 100 100 100
5 Fr Tz THE 9.5 13.0 35.7 48.6 79.3 69.7 84.4 94. 4 88.9 100 100 94.1 95.0
B2 6 ERoEEEL 9.5 13.0 28.6 43.2 75.9 87.9 87.5 100 92.6 100 100 100 100
7 BRI E L 9.5 13.0 35.7 51.4 79.3 75.8 87.5 100 88.9 100 100 94. 1 100
11-12 13 | #Efk 28.6 26. 1 71.4 81.1 82.8 81.8 87.5 88.9 77.8 94.7 92.9 100 100
7 A 15 | X LB 38.1 52. 2 46.4 67.6 86. 2 78.8 90. 6 88.9 96. 3 100 100 100 100
19 | BoFEEBRL 57.1 56.5 64.3 75.7 86. 2 72.7 78.1 83.3 81.5 100 100 94. 1 95.0
8 | BERERUEN 14.3 8.7 14.3 27.0 41.4 21.2 40.6 72.2 66.7 78.9 92.9 100 95.0

IR

BHkdHAH 0% REIC
9 4.8 8.7 7.1 29.7 44.8 48.5 62.5 83.3 81.5 89.5 92.9 82. 4 95.0
Ho-TL3

15 » A

- 17 | {RBEBRE 47.6 52.2 53.6 48.6 69. 0 66. 7 62.5 83.3 70. 4 94.7 85.7 76.5 95.0
L

23 | HEHIB R 57.1 56. 5 53.6 70.3 65.5 66. 7 68.8 83.3 63.0 78.9 78.6 70.6 75.0




HEHTRIOBRBORERS] HEHTBOBBIEFEZH DM T 2720l B2HRUE 3
BIZEENDITRCOWTHRAN, 17 7 AEEU LTI, ZEAETXTOITEIT 75%LL
LOBRRERLIZZ DD, THEEOREIZHDEEZXOND 8 » AkLIE 16 » Al
UTDORDEET —# (0=248) Z VT, FE2HKIUE IHICEETNAITENIOVT, HZ
&IZ Friedman E%1To72, B 1 BICEEND1TEIL, 8 » AW TT TITIZIE 100% D
BEFEZTRL TWEEDO N LR LT,

ZORER, F2HTIL 6 DOITERIOEBIEMICEERENRD bhiz (K. 001), % 61T
BT R TOMREDLEICONTOX LB EITo/ LA, FOERBRE, 58S LER, &
D 3 SDITEIE . BRDIES L, BROIEE L, AL TEVD 3 DDOITEIE ORICIET
NRTHEERDY | fIEIIHELVABICRELER I TV (Wilcoxon FHIEMKRE, T
AT p<001), BOEEWE, 5 S LB KD 3 >OTEIMICIIVTh b EEZEIT R,
FREEOEI L, BEROBI L, AETEVRD 3 DOTEBREICH W TR EEET 2,
27,

WIZ, B 3BT OWT Friedman REZIT 272 & A, 4 DOITBIOEBIEFICERE R ZE
DD BT (pX.0001) . & 4 TEID TR TOMAE ORI OV TOREEKEIToT L T A,
HEHBRERRERED 2 SOTBIMICIT. BRIEMOFEREIR» o, £hbik
Wb, BERH D HDOE REITE - TS 2178 LERRAIEVD 2 SDOITE) & DFICIX
FTRTHEEERH T (TT pK.001), /2 BKRAEH Db D% AT > T 2178 L,
RN L ORICIZTEBEZENH o7 (K. 001), - T, HAWBR, BEERNES S
Ni#%ic, BERH 2 H0%E REIIRHF- T 2ITHNEBH/IN, TORBIEERNEO R ES
SINBZ EnFroT,

5. %

AL 0, RS R D PDD ROHEMITEHOREBELRINTIZIL2AMEL
T. BAFERR M-CHAT 2T 8 » A5 20 » HE D — XL R ORI 7227 — Z 1T &
SN BRI BRI OHESMITEI O R ERRICETAR—RA T4 UBREEINT,

HE2H97TB) D AFHY
ASEFHAT- 16 HHB OHESHITENTL., KEHDIRT 17 » AME TIZEEIND Z LA

bintrolz, £l ThoDTENE, AlBIOBBRIZL Y, BEEHERKE 3 21T

34



gitbhic, T7bb, 8 y ABENIIAROEARIS/2 ED, BC —thE D _HBELRIZE
THTHNTTICERIN, 12 » AR, BOoD2ENbED L Z0EERE L L

H &45 L) REMITE., HOEBEXBSOHFICOI ) &1 L) 2BEOEEREITEHC.
MANEHDOGLDIZRILTEY, ZNbDEHDLINPDOLIREVE LY LTESL DR
ETEWMIMZ, B LERRCEI LEH 2D, BE—XR—thEF 0 =HERICET 2
TENZHR/ L, SHI215 7y ABLURBIZIE, RBEEEPHERH S D% REITRHF>TL
B8, B2 BIIEENDITEI L LN THEMS LM L =ZHBRICET 217812 8875
ZEDBHALMNE RS, RBRDEBREIL, S LIBREL AN THENFE Y B30 5,
FRHSHMSRIT. HORMEEML LS LT 5K, £ DORIITKT B MME ORER % FIA
3% Z & (Feinman, 1982) TH D7, TANIHERER L VW IOIERMNFTENTL %, EbIZ
HBEHDHDOERTICHES T 21T, MELAFOHEKEXFLLI LTHET TR
L FoTW EWIBBIOERPEEND, ELECICEALTH, AEFrEAIKAN
TEVHEE LIV T2 BREENEO»OHBRIN., BAEZBALVEDI=F2T7%E
LEEDTELE VoA EF Y OBEICE STV FET 52 ENERMICEZL 25, UL
EXY. 15 7y ABLIEIL, 12 » AWETRICER LIS TE 2 LV BHER LV THEA
THEMTHELEEZDND,

72, B2 BHERUE 3 BHICEEINTHOEERYICHET 2R EOKRIL, ERMT
BERWEEETHBREICI VAL Z N E TOH R (Hornik et al., 1984;
Butterworth, 1995; Corkum & Moore, 1995; Desrochers et al., 1995) & Rk DfE R % =
LTEY, —ROBEFERIFLLOHSBTHORZIZIOVWTITELLFMTEEZ &
DR SN,

B TE DEFEDRFRSY

AR TIE. SRR OESHITE OBSREHANFFE S Liznd, ERIDOITENC DV T
FHELLS 2D L, BEORRIINGH D Z LATRINT,

Carpenter © (1998). HH 5 (2006) DHFFEH b3 L Tl FE & LiBRE, Ak, 1’
T FELPHBR LIRS, BROBEI L, BKROES LAHET S &V MmRIL, &
FTIIFARXTWARWER « FELZBRVTIE, AR TH XSz, Carpenter 5 (1998)
i, REFEOBRND, TORENEFEELZRLE TV D, KbiT, MEOBERNITA.
BRL, ZLTAELIMELRLENERESZLIE, ZOME LR CITEBFRLFEHTE
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DT LEHEMTIBRFEOT v A2 KBRT 252 L T, LWEBH - 2ER0TE 28
THLLTWS, bk, EEOBRITENC., EEFEXNEL T, BEOFRAFMFTFIT
A BETHLMELTEY ., AFEICBOTH, & LIZBET3/TENC VTR, £
DZEEXFTIMRL o7, —FH T, AR TIE, KITD 2 DOHETITFALH
TWRPoBOEELBET AT OV THRE L L 2 A, SloEEmiEsTENL.
BRI LOEEDBENE, HELFEAHL T, EEOHAMITITEITH LS LEHDANIHE
BINDLNWD LR, FlHONI R o7z, ZOITENL, ROEBEEZBADIZEED
AR EXFELEY ETDEIANLEDaIa=r—va VKT OB RBENTEE
BRL, RABERALTWA Y 2 A F 27 OEMFE LEAEGLINDZ LITE- T, ¥
BV zAF 2T 2B L TERAL TEREZ FAMT XS LT 5780n5bN
HLEzZOLNS,

5 (2006) 1IXE 72, bODERT - FELD, HEEOBRE FEMTENET SR
HELHEHL WD, HEOIEELEHMTOLOERRET-VELIZV T LI 2E2R[AT
WBDIZRE L, ABFZE TRV B AGER M-CHAT TiX, b D2 REICF- T B 0ED
MEVIBEZEOTRRTEY, EBVRERD, TDH, APFETIIELNOZ LI
DVWTORFEITI Z LN TET, SHOWERLETH S,

BB BT~ DI & 58 DEE

AFFRIZL > TRHES Nz, SEHEMHOGSMITEHIORERRICETLIN—RF 1
&, BARFERIM-CHAT Z AW TH oM 7= PDD ROMSHITEN T — & L2 T2 Z L 2@ L
T, $IRHIE#D PDD B4 & 2 HESMTEIOREREBOHERMEIZOVWTRETHZ &
MATREIZ 2D L EX bND, ZTORFEEL T, SRHEH O PDD RIZH LT, EnHtR
FITEINFAEZX TV IO EFETE . ROFKERBIIATR2DONIONTHETE DL D
W57, WoLDX ) BRAAELRBT RELRONETIEALERzRBMHTIZL
DEREL 72D, DEV ., AR THLNIFERIT. SHEHEHD PDD Rizx L THRET
EEROOOXBHEEZ L TIROEEL 2D LEXLND,

LLARAL, FABOABSTITIINATYERDHY | Y IAEPB+H TIERWY
T2, A%ITE ST R OREEHI 27 — 2 2 &R L. 1 RATE DY IR OLSRITEI DR
FRRBIZOWTHMICR T I2LERH D, FFEIL, BEFEREOHEMEMAETHY .,
20, EMEERNFICOWTOERERS, FEHDHIMTEIC OV TORIEDERE
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ERERZEEFEOFELEFORBOFLED - KE - FRABMICET HHE

g AF
FRRZE BREIFR

1. IIC»IT

IR EREEILFEOHENOZTORERPRHFBEROBETH D Z ENHL NI
BRoT&El, L2L, MEAMPALNIR>TWARZ bt BEICET I HEBOLR
SHOLREABHOBENEONT FELOEEZBRORFVWTHDILEWVIHIRBBERF-TLESD
RE, BEZLOFELERILE., FICBBIXBEMNICR VML LY T 5HHmA
bdrLEZOND, ZHOLEHOLBENABELZBEBTIZOICLEEBEER - A2 bOo%
BAODXBIIEERZRVMATHD, LrL, REDCL ZALVBETEEROBEHRBOEE
EoERL+nTiEa, £, ZEEOBRYVMEALADOETAVRLEBEIZ OV TOEIERRE
BbHt+o Ty,

BE, MAEZRITWEIREBRER - BREOLD, W45 %RAKZOMALERZ D
DHLNBRWREOEDICIIEHNREREZIEEL, TORKRICE > THLERZ LT
HEINEBEIXETAILENELOQLEMEIRDZZLIZORNDZEFRHITES, Z0
LIOBRTFRADOLE, REXBY —EAORBRVERLFEXEOER L RDRIEORKMH
MERICBET 2 LEZEERN AR L2 EEHRETHI2EH2EIL D, 2EFEEOHE
REMNT TICRYIVBEA TV, EFRREBER XN T 2HDLEEIEY—ERADHA
BLERDODHEIIHETIINOOMEOHMEE O, AR TIEZOHEIZOVWTHRE
THELOTHD, TOMEICBVTIE, & FRERERRKEZZIELOLOEEHEE S
H— BEBE) L KT JHERERKZEICLDOLORENRE L ¥ — BEHE) %
MREBHELTEI2HLDOTH B,

2. FEDEB
REEERICHTINALLT, KFXEOHFTHLXT LY b hL—=r T OFEHHEN
BAONIROTETWS « _XFTLU b hL—=UFTHRIZESTOELIZERE L
T ORERZLEOBHOBRBENRD D Z EIIBALNIR-TERZ, LML, 29 LA
WEOoTETEL) DORBEORBLHADITITTHY, FOLHIETEINEIER
THILREETHILEZDND, ZITHE, THOLE2E L —RONLEFTRND
L, TARFELORERRL EOSBEETINEHALCT LI 2B L L,
TOMETIE, HIRHMOFELE L OB EMRIC, EREZFANDL I L2, RAEREHK
FAEICEL-TE_ET S, LL, TOLIRFABIZOVBETIERAON RV, £Z T, K
ETIHE—THNOL2ERAET —FICESW T ABEICKIT 5 2ED ADHD (ZBIJ 2 1TEHEE
EE, BICL AT ELEOEBTREORELZRI L -,

3. Hi

1. AERHBLUORESME

2008 9 AICRRAEAEM L7z, AESMEBIARXTOLREFEOER - £ - FHIR
(BF5294, KT 4874, R 144, 45 1,0304) OHR 1,004 Th-o7T, NIRIL,
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BH T4, RE3T4A., TOM 124, R 104, FHEEIL 34.58 (SD=5.19) »%k. #&
Bl 21~ THD, TNETFBETCLEAHIT, ¥ 2.20 (SD=.0.88) A, #HFHIX 0
~8AN.RHBLEROTEFEBLEFLENSGMABLEWIERMIZK L TIX, 0 ARG 7T AETOE
ENHolz, TONBKRLEN->7=DIX, 2 ABTho7 (37.5%), REDFEE - HHIZ &
D AN Table IR T, MRIBIZITFEFE - HHZEDABITIRY 372 ro T,

BB, FICHVEIRLRWVRY, RBEROTZLKERALTRELTWDS D, o
L2 TT— 2 BIIEFRERD,

Table FEWSIEDOHNER

R i Z DIt N o
B (AN) 37 971 12 10 1030
HE (%) 3.59 94.27 1.17 0.97 100

Table FAEH HEDOFHILIOFETALK

M SD MIN MAX B (KER)
FEin () 34.58 5.19 21 78 968 (62)
F5 TAE (N) 2.20 0.88 0 8 870(160)

Table XfRIEDFEE - R & DAEK

Al —ED ZE Ek o:

BF 175 159 195 529

TF 146 174 167 487
321 333 362 1016

X% (2) =3.73,, n.s.

4. AENEBLUFH &

REORFERUOREL LT, 60 HBEPDLRAITHFERELZIERL THWE, iz,
IR & > ADHD fE M Z BIE T 5 72 ®IZ ADHD Rating Scale-IVZ BV, &6z, BoEFE
EZRETHEHIC, 3EK, K 10EENCRIBEEEREXERLE, WThbLR#E
HZLDMEFEXORETH 5,

RERUZBETDZIREZ. £EFCQ2ER) ). IMABEFKOER) . [FH£GHEB)), NE
B B#CAQIER)), [EEOHEA)), FHEWQEE)] D6 >OTHMREDE 60IERB & »»
LR INDIHEORETHD, BRI, ITERWVWHLIFYTEELRY), LT
LA LY TITES], ITEBZHLLIEYUTHEHES) KZREFN 1 A, 2 A, 3
BArxEzl-, ThODOREDEBANEBWVIZEY, BREODEAVWABRWI L2EKT 3,

ADHD-RS |Z 18 HA M DR I N D 4 HIEDORETH D, 20y LITIFE ARV
P IEBICLELIEHD I ETOLEMTHRZEZRD, TNENL 08003 RE 5277,
REOEBEEANEWVIEE, ADID DREWVWA LN I ITHOHEENG VW L2 EKT S,

BORBFTREZ?HET I RERX BBEEEKA0ER)), BREEK(Q0ER)), 1#F
K(I0EH)] O3 OOTMRE, A0 EENOHERIND SHEODRETHD, [£<
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FOTIERW] b [ THLEHIRY ) FTOSBRETHESRKRD, FRNENL 0 A1D 4
REEZT, TRNOOREOBEADEWVIEL, BBRENRS T A T THBRZ LE2EKRT
5

w0

AEIL. RERELVEMAZITV., HEOBREICHERWEEWEEBEAORICHHER
FEVL 7=, v

5. R

1) EARNZ2EEOR

FAEEHBIZOWT, EANRZBEEHLZRET 22010, ERHKHEZEH LE, £, &
BEMTRHEL, KIZ, BEZAHLTEHLERESSIZOVWTRHNZMZ B,
OFEHbDOREEICET HER

FAEBHAEC, BROFELDOREFEIIDVWTHSNRD60EBICEZEZRD-FER % Table
R L7, BB, T4E) TRAB&R) TF5E) TES -0 (S TEE 06 Bigic
SEEND, ZORBE, ETOHEBICBWVWT2A8ULEEZRLTEY., B-bix, B4 4E
BMOREZEOHEZEIZBHALT, BOOFELN ITEZHLLIIYTIEES) LEXZTWDHE
MBHBDZEBRTRRINT, /o, ETOHEBIZBWTITHBECEMR.30ULETHY, R
EZHEHT2EB L LTERERH D Z ERTRINT,

@F &b o ADHDEMICEE+ HIER
FELOADHDEAZRET S ISEHBIZSDWTIX, TORKE, £€TOEBIZBWTL A

K Tholz, £, ITHBEOHEIZILTHOEBIZEWT.60LETHY, REZEKRT S

HREELTHORYVIEEELRDDZENTBINT,

OBEDOEBTAFANIZEATHER

BOBRBRAIANEZRETS30ERIL, ZCOEBIZ, FELIZHTIEENRE 1%
BIANTHI2EEHNREE) (RFTEH OSHEBIIOEIN, ThZPhEBAREWVIZEEENR
BEW%EF,

EHORBR EBRHUICTFBRBATHI 2AIV bEVWEEAEZRITEERSL Bz biT,
EERMICIIBADOFELRLFETCRBE L TEENCIML TWA I EBRTRBRIhEZ, £,
IT HHETIX., 28I 30 BIEOEXE LR, —HIZ. 10 RBOEBE LA LN, IT
HMEBEOENMEL-EHEBIX, ROFELDOEFRLEIARLRILRD EZANVEEMIZ 10
FEREHTFOND R CTHEFOEFRLEIARRIIRD EZANEKIC 10 ARE
HToND R IBREDEBETHY MOEB LIIRREERANEEZZNLILOTH -T2,
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Table BOEFAIANIEE DO/ RO LZHERZER S UITHE

HE M SD IT4EEE
FELEE
1 BOFELIE, BTRTWVWFELE-72LRS 2.86  0.97 .55
2 FOFEBLIE, BT WFELE-LES (R) 2.83 1.03 .58
3 BOFELDWNWELZAEREHICIOERELITHZ LN TES 3.06  0.90 .32
4 FDOFELOBRAE-TWARELEZIAEALTNDEZA) BPEFKICIOEREHT 292  0.90 .26
BIENRTED
5 FOFLHLDEFRLEIARRIZRD L ZAVEEMCIERESHIFONS (R) 1.56  1.07 .07
6 FOTFELOR-TE Z A% EEMIZIERESHTONS (R) 1.78 111 .19
T FOTLEHDOERCEEN L DDroTVD 321 0.73 .36
8 FOFLHOEBLEENDILRVWERS (R) 3.02 0.91 41
9 HOFLBIX, LThhbhn 3.79 056 .34
10 RAOF L HidkEe b 72< 723 (R) 2.39 1.34 .39
BREE
1 BREHICTFEDOFRBELVWER-TER 3.14 084 47
2 BRECFELOFTRBOLVWEEB-TER (R) 261 116 46
3 FRAIFELOFRABIEL Vo TWNBEERLTER 2.34  0.86 .60
4 BRACFELOFEDIEL Vo TWRVWESIIZERLETER (R) 2.36 1.02 .62
5 FREHOVWWE Z A% BEMICI10ERESHTE LN TES 1.97 1.04 .35
6 HEFOBAME-TWAREZABEHALTWVAHLZA) REEMIZIVERELHITAZ 218 1.07 .27
LRTED
7T RREHFOEFRLIARRICRD EIANVELNCIVERELITONS (R) 1.57 1.01 .03
8 HEHOE-LZA%AFWICIOEREHTONS (R) 1.74  1.02 .09
9 FELEEDBZLENZN 2.65  0.89 .38
10 FEL&EUBZENZL (R) 123 091 .29
EBEH
1 FETUIBWTIE, BWTEBIZ - TEXRITAIE RS20 328 0.84 12
2 FETUWBVWTR, SWfTBIR¥DTHIRThERL 2V 3.75 055 .32
3 FETCCH-LEIZ, BHORBECHRICHRLTER 349 088 .42
4 FETCTHRoELEL, BEXDKRALEBIZHRLTE R 3.11 1.03 .23
5 FETCTHoLZIZ, HRTAIMEN VRS TEFTEZENH -2 (R) 3.29 1.00 .32
6 ADDFETORNFIIIEL L oTWERS 2.25  0.81 .40
7 BROFETORDERIEL Vo TWiehoz B R) 232 095 .35
8 FETUUIL-T, FLOLOMEMERCHRBITRESLLES 2.72  0.93 .06
9 BHERLNTETLAEERS (R) 1.94 1.23 .14
10 BELXESDLNTETOLREZEED 2.03 1.04 .32
(R) IX¥ERIAR
@ORE m@&ﬂ

%ﬁﬁ@%m% FLTREBGREZEHL, &6I12, TOFHE, EEREBIVRE
D o fZ¥ % Table I/ RL7Z, FELORZICHTARESLWOWADHD RETIX. FE¥HD
RED [F5H] L [ 2BV ToBREN.80 LLEDETHY ., +oREEESEFE-
EMRENT, TFE] & THEE OV TIEE, o ffEOER. 702 TERZ8, 2hbit
BHREEBZDBRWEZHLEEZOND, BIOBRBTREZANIZOVTIX, o BZEOEIVWTH
H.70 Z FEI->TWe, ZThHoDOWVWTiIE, REBRIZOWTERNTILEND S A
HRDH B,
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Table # RE®/ADYEY, BERELIEREERK

RE M SD o

FEHLDORE

HTE 56.73  6.03 .86

PUPNELEA 24.56  2.92 .84

F45 7.89 120 .62

EH - TV 3498 4.13 .87

L 23.56  3.07 .81

Bt 1045 1.51 .68
ADHD 824 9.14 .95
BOEBFRZAN

FELERE 27.43  4.90 .67

BEREE 21.77 5.04 .68

EB8 28.19  4.27 57

2) ME-FZEEORE
FT.HABEMTHEZBIVMEEZORTZITV.,. RIZ, REBRIZOWVWTREZ1T 5,

OFLboRZFICEITHHEA

FELORBIZETI2HEBILOWT, BRTEHENRRINEZRF L, TORBER.
0EEFS0EATEROEICABREZENADbNTZ, 0IEEE2TIIBWT, BKFOFNBTF
LV LBABENSTZ, ZOZ L, BFLIVLETFOFN, LVRELTWD LETE
L b EhBEANH D 2 ENTRERENT,

BRI EED4EE 2R 6 HBICBW T FEELZ OV TR Z2ITo . T DR,
56 HEF 4 HBIZBWT, AERFEENRALZ LN, FLALOHBIKBWIER, F
. ELVDOIRICBRARE NPT, LU, [RELLEERZV—LVEEY BV RS
5] TEEBIZAP > TRKELHALTROVET S BT, ZOJEXHEL TV,

@F &b ADHD B3 B IE B

FEHD ADHD HEZBETAEBICHOWVWT, BEEOKRFEITo-, TORKE., 18 E
BEF WHEBCBWTHEER AN, AEEDAONTZ-ETHODEAT,. kFLVHEF
DHEBPBEBIBANREL, DIDBEMEBFICBVWTEETHL Z LR RBRINEZ, Zhid
WHROMRL —BTHHLDTH S,

B A REZER2FHOBOLICEZEEZRD LD ZEEZORTFIITE R ho Tz,

CEOEBEFAFANICET HIEH

BOBBAFIANICETAIEBIZOWT, BLEORNEITo7/-, ZOMKE.30HEE F,
RROFEBIT, BTRTWVWFELESRERBYI I THOFEBLIE, BT WNTFELES
REBRIRID2EHBOARIIBWT, FERBEERALNTE, WThb, BTV bk
FOFRBWVVEEZRLTEBY, KFOFRIDBFTCRTWVWEFMEINI2BERRH B LWL
5, TOMODEBE THREERBLEZIAONLE ST,

RRIC, FEECOVTORHZIToFER, (ROFLELOUBLBEEN DL RN E
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BOMRJICBWTDR, FERFEENALNTZ, ZELRBORKR. EL IV bEF DS
NEEBIBANBVWI LR RREINZ, TOMOIEBE CREBRFEZIAON 12T,

Table BORHASVEABEOS KO THLEEEEDL N REORR

Rz BT

HH M SD M SD t
FELEE
1 BOFELIET, BTROTWFELE-LES 276 1.00 296 0.92 -3.25 **
2 BOFEHIX, BTRSWFELE-ERAS (R) 2.72 1.07 295 0.98 -3.54 ***
3 BAOFEHLDNWNWE Z AR BEMICIVEREL TS ZLMNTES 3.03 0.94 3.09 0.87 -0.98
4 FOFELONAMESTVBEZAEALTND L ZA) NEAKKIZI0MERE 2.88 092 296 0.87 -1.42

EHTHENTED
5 FDOFELDEFERL ZARRIIRD L ZANEAMICIVEREH TSNS 154 1.08 1.57 1.08 -0.45

(R)
6 HOFEHLOR-7EZA%AEMIZIOEREHTFONRSE R) 1.76 1.12 1.81 1.10 -0.77
7T RAOTFELOHBLEES LS Lo TNS 3.19 0.76 3.22 0.71 -0.67
8 HOFELOHUEBCEHERDLMSERVERS (R) 2.98 0.94 3.07 0.89 -1.52
9 BOTFELIE, LTHhbWnn 3.80 0.54 3.78 0.59 0.42
10 FADF EHIIMEAx bW\ 2<% (R) 2.40 1.34 238 134 027
EREE
1 BREICFLELDFERPBELVWER-TER 3.11 0.84 3.17 0.85 -1.16
2 BRACFELOFENOLWEB-TERE (R) 2.58 1.16 262 1.18 -0.57
3 BREAICFELOFRENBIEL Vo TWAHREERLTE 2.34 0.87 2.33 0.84 0.09
4 BREIZFELOFTREBI L Vo TN E IR L TEZ (R) 2.31 1.03 240 1.00 -1.45
5 BEEOWWE Z A% BEMICIOERES TS LM TES 1.94 1.06 2.00 1.02 -0.96
6 FEHFOBAT- TR EZAEALTWNSEEZS) NEKMIZIOERERES 2.16 1.10 2.19 1.03 -0.40

FTHZENTES
7 RAFOEFERLEZIARRIIRD L ZIANVEEHCIOBERESHITOLNS (R) 156 1.06 1.58 097 -0.17
8 MEEOH-zE A% EFMIZIVERESHTONS (R) 1.73 1.07 1.74 0.97 -0.10
9 FLLEEDDIENZN 2.63 0.91 2.67 0.87 -0.71
10 FEBEMDZEMNEN (R) 1.20 091 1.26 0.92 -1.05
HEH
1 FETREBWTIE, BB kko TESithideolen 3.29 0.83 326 0.86 0.65
2 FETRBWTHE, LWTEIZED THXR2ITEZ L2 3.75 0.56 3.75 0.55 -0.09
3 FECCHE-oL X, AHOEBESCRICHRL T 3.53 0.82 343 0.95 1.69
4 FETCCTH-RLEIZ, BHORATZHICHRLTE 3.10 1.04 3.12 1.04 -0.25
5 FETTH L EIZ, HRTIHEERWARLS TEFTHILMNHo2 (R) 328 1.03 3.30 0.99 -0.32
6 BHDFETORYFIXIEL VoTWELEES 2.27 0.82 2.24 0.80 0.45
7T BADFETCORLYERIELL Vo Thiehofz B (R) 2.30 095 2.33 094 -0.54
8 FETICL-T, FELDOEMERHRITRESLLED 2.72 0.86 2.72 0.99 -0.01
9 HARMLNATETLAEEES (R 1.94 1.22 193 125 0.08
10 BRREDLRTETCLNAEZLERED 2.04 1.04 2.00 1.05 0.67

**p<.o1 ***p<.ooi
(R) IIWE=1E H
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Table BOERBFAZANVEBFROFEEROFHUFRRELSI VBN OBER

D Ep R
HH M SD M SD M SD F ZELE
FELHETE
1 BOTFLEBLE, BTRTWVFELE-ERES 2.80 0.98 2.87 091 290 1.02 0.92
2 BOFELIF, BTULKWFELESZEES (R) 2.72 1.04 2.88 0.98 2.89 1.07 2.83
3 HOFELDWWEZ A% BEMICI0EREHITA-EMNTES 3.06 087 3.05 090 3.07 094 0.05
4 FADFELDONRAES>TNDEEIABEHALTVNSLEIA) BAE 292 086 293 090 292 0.93 0.00
BEICI10BEBELIFDL LN TE S
5 FDFELELDEFRE ZARRIZRB L ZANEAKMIZI0ERERE 152 1.04 152 1.05 162 1.13 0.97
HiFond (R
6 ADFELOE-E A% EEMICI0EREHT SRS (R) 1.75 1.09 1.74 1.09 184 1.15 0.81
7 BOTFELOUBPEENRL Do TV D 3.19 0.68 324 0.70 3.19 0.81 0.68
8 AOFELLOMBPLB/UENDNLARNVEES (R) 2.96 0.88 3.13 0.81 299 1.01 3.16 * EF>FD
9 BADOFEBLIX. L THDLW 3.82 0.48 3.83 0.48 3.74 0.68 2.85
10 BLOF L bizkE2 b 2<% (R) 2.27 1.32 244 133 245 1.36 1.76
EREE
1 BRECTFELOBTRBELVWERSTE 3.13 0.84 3.17 0.80 3.12 0.88 0.36
2 HREICFELODEERNBSOLWEE-TE (R) 2.60 1.14 262 1.14 260 1.21 0.06
3 BRHMICFELOFRBIEC V2TV A EERLTET 2.30 0.84 2.35 0.86 2.37 0.87 0.63
4 ﬁgﬁc:%a%wﬁﬁﬁiﬁ EF<LVoTVARANWEIIELTEA 232 1.02 232 099 242 1.04 112
5 FAEHOWWE Z A% BEMICIOERELTH LN TES 1.97 098 201 106 195 1.08 0.24
6 RAFONRAE-TVWBEZIABEALTWSEZA) HNEMKE 215 099 222 1.09 2.17 1.11 0.36
ICI0EREHTAENTES
. FEHDOEFRR L ZARRIIRD E ZANEKEMICI0@AEESH Y 1.63 1.00 1.51 1.00 1.57 1.03 1.14
5h3d (R)
8 HEAHOE--E A% A EMICIVERELHTLONS (R) 1.77 0.97 1.73 1.02 1.72 1.06 0.20
9 FLELEHXDDIENZN 2.69 0.84 265 0.88 262 0.94 0.47
10 FELEWRDZ ENEV (R) 1.26 0.86 1.16 0.90 1.26 0.96 1.38
BEH
1 FECUIBW TR, BTz TEXRITRIEER L2 3.24 0.85 3.31 0.80 3.29 0.88 0.65
2 FETUIBWTE, SWITEBHEEFD THXLITRIER LR, 3.72 0.52 3.77 0.52 3.75 0.60 0.60
3 FBETCCTH-E &I, AN OEBRBESLHRIZHKELTE 350 0.84 350 0.86 3.47 0.93 0.15
4 FECCHLTZEEIE, BRORALBICHRLTET: 3.09 1.01 310 1.01 3.14 1.07 0.18
5 ;’é‘;r;go T &I, RTHAHENORLSTESFTHI LA 325 1.03 3.24 1.00 3.38 098 2.00
272
6 BODFETORYHFIZHIEL Vo TWEEES 2.22 0.79 229 0.80 225 0.83 0.55
7 HROFETORDENRIEL Vo TR EES (R) 2.27 0.93 227 091 241 0.99 2.32
8 FAHTIZI-T, FELOMUERCHRIZBREL LR 2.67 0.91 273 095 276 0.92 0.89
9 BHHREOhTETOAEZELEED (R) 198 1.23 1.87 123 198 124 1.00
10 BRREDOLRTHETCOLRELEED 2.09 1.07 1.98 1.01 2.01 1.04 1.06

**p<.01 ***p<.o01
(R) (I ¥#xIER

DORE®/RDRE

REBRIZOWVWTYH, BLEEZRHLE, TORR., FELORZIZET S 6 DOEK
BIXOAHD, BLOBBFRIANDFEBIIRNTIEENRERBEICBVWTHEERBLENAD
Nz, FELORZECHET 26 E@8EBLVOBROBBFTRIANDFELIIHT 2 EENRKE
WWBWT, BRIV L LTFOFRERICBANE» 2=, ADIDIZBWTOHR, BFOHFMN

BILBANE»- T,

BRI, REBRICOWTHEEZEZRILELZA, FELOREED MEFE) Ix ABIR]
TR NEH - HEV) TBWTHEBERFEERAONT, SEHROBR, T47F) & I
ABRI ICBWVWTIR, FREEFTVREDVLIVLFEICEVWEREZRLE, TF5E] ITBWT
LbRKOBERABL LN, FEROFVEL LIV BERBICEGARE oz, — K., [EE) - HVY
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KEWTIE, EFRBLIVCEVOFVEF IV DARBICAEWVEZRL TV,
2B, ADDIZHOWTIHERR2FOHDOAERIMRLE LD, FEZORFIEITE 2eh
ST, Tl BOBRBARAEZANICOWVWTIX, BERFEEZIZ DN o1,

Table & REBRDE LD, BERESLVLREDHER

BT ZF
REE M SD M SD t

FELDORIE

AEE 55.46  6.46 58.01 5.25 -6.84 ¥**

PI PN LA 23.96  3.27 25.19  2.33 -6.86 ¥**

F5x 7.66  1.30 8.13 1.03 -6.41 ¥**

HEE) - ED 34.17  4.59 35.82  3.39 -6.47 ¥**

S 23.09 3.32 24.07 2.64 -5.20 ***

3 10.27 1.65 10.68  1.27 -2.68 **
ADHD 9.62  9.99 6.30  7.02 3.62 ***
BORBRAZAN

FELERE 27.05 5.10 27.80 4.64 -2.41 *

BREE 21.53 5.13 21.98  4.90 -1.40

=58 28.23  4.29 28.10 4.26 0.50

*p<.05 **p<.01 ***p<.o01l

Table % REFADFERDFY), BEREBI VBT ORR

F i FEE
RE M SD M SD M SD F ZEER
FELORKE
HTE 53.97 6.182 57.50 5.38 5842 5.638 54.91 *** FE, Fh>EL
*t AR 23.69 3.024 24.81 2.66 2509 2.893 2225 *** FE, F£h>ED
e 7.7 1248 7.89 1.11 805 1.213 17.39** H£R>HF/4
EH - FEO 35.09 398 3432 4.21 3550 4.116 7.24 ** £E, £ >FH
S 235 276 23.35 290 23.81 3436 2.13
Bt 11.5 0.707 — — 10.44 1.514 0.97
ADHD — — - — 825 9.169 —
HOEEBERIA )N
TELEE 27.02 4.653 27.67 4.52 2756 5.412 1.63
EREE 21.79 5101 21.76 4.79 2177 5.22  0.00
EBHE 28.07 4.308 28.06 4.05 28.43 4.443 0.88

**p<.01 ***p<.001

3) tHEIREMRORRET

FELDOHEE, ADHD, BOBRBRAIANVOREIZHSDWVWT, TREFNOMEBEREZEDORE %
To7=,

FT, FELOREBIUBOBEBFTARAFANREIZSDWVWT, TRTN TFAMNRERAEE%2
Kbz, TORER, WTHHLEBEMBEWEOHE2A AL, MEXERICEELTWS Z
EMTRBINT, i, [EH - EV) &, 5% XV IF%&) oMz &g
ERL LI,
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wIZ, BREMOMEBEEZRDZLEZA, WTFhbLAEELRHEBREREIAR LN,

FF. FELOREFEL ADHD T, WTFhbEBENEVAOHEBLZRL, Btk Tk
DEZELTWAREFEINDIFELIFL, ADIDERANEWVWEFEESNAEAIZHZ Z &0
LN RoTe, RIZ, FELDODREZELHOBEFTAXANLVOBIZIZ, WThbFHNbFRE
EOEOHERAbNT, [SE] BLO HEH B [FELEE] & HBEHEIBEROV
TEY, BROOFELREBMICEELTEY, SEORENRBNTWALEET 81T
E. FLEBRALTEENRBEZR I BERANENZ ENRBRINT, ADHD X, HOEF
ZAEANEIRINTRLEERAOHEBEEZ R L, B2, FELEE] LHEMFEICEEN R
KVBEHDOFELN ADDDHANBEWEFETIHIZE. BOOF IR L THEEN 2K
FEErRIEmMCHDIZ ENTFRENTE,

Table BIOHH RS AV RED TR AR
FREE  RER

FELEE 65 FEE o 4g ¥k
BREE - 52 ¥X*
EE8 —
*E* p<.001

Table & REDIHE

BEAXAN
ADHD o 5

TFELDFEZE

A TE -5 XXX gp kEkE gg ¥*kX  gp ¥xx

PIPNEL D -5 XXX g kX gp ¥*kX  gg ¥¥x*

Fik -.33 ¥** g1 *HkE gq ¥¥E 9@ KX

EE - T -.43 ¥*¥* gg REE gg KAk gg Kk

=t 3 54 KEE g ¥EX  gg REX g ¥
ADHD — Y AR T ¥

**p<.01 ***p<.ool

6. L8

1) EXRE2FEMEORE
HE—fNOEBERELVERBLREBGREZBIZILILL T, HIBREDEEMFERIV

EEGHEZ TR TN TERLEBZZIOND, /-, TREFNOIEB L REIZOWVWTREL
A Wb tolErFE ol N RENTE, EEL, BEBEREEOREDO—HO

HRICOWTIHBERFTORMEH D55,

2) ME - FEEORG
BFDFRBEOEAVWVABWVWVEHAN —BELTRONT-, £7-. BF D5 ADHD OITH)

48



Brs#» - L ARENT, CRRETHRCBIIMALEANTHSE, £, B0k
BEEC SN THETFOROFROXEENRERIEIH S bOO, ik kit 5 & FHIE
CIRAEREERONAR NI,

BERRET BREICSNTIH, FECOVTHE, FE. £, £ OMEICESHED
otr. —HOEETREL RO bH o, HEONEERN L & 2 HIESE %3
SL LEEA Chot, BEEMETZREICOVTIL, HE, FEEVTAD TR
LOBAMAKENBON, TORERMERUMATSNE, Tk, AOREBEICH
DTSRRI L SRR SRR o 1,

3) FEBEMRORN & ERKRMZ2E A O FTRENH

FEHLDORET(M, ADIDHF, BBARAX ANV, TNETNOREDO TR EMMEAIC O
TIHEWTNRLEDOHEBEzALN, REONMLREAMNR R INT, FELORZELBO
BBEAZANVOMICIE, EOHBERAGI, BEXRIEFATHL2LEFEESINDITLE, BHOD
BEEREEZEENICRITVWEZ EBRRBRINT, ADIDEBOBER XA VL ITADHEE
NHH, BHOFELBADHEMAAE W EFETI2HIIBHOT E b L THEER 2K
BERSBERICHEZENHALNE 2T,

DFED, FELORENEGLEUOLNIBICIBIIEFOREAZ A NVICEEN R
iz L TWBIERALNIR-T, FIZEXIE, FELOEENBRLTWVWHLELDS
B BHHEOBRBEAAANEEENIFMLTIVNBEI LR RENTWDS, EEOT L b -
FL—= 2L »>T, FELOREXBICHIT TRYMBLEHEA, EFICKRE AR L
LTI BOBBREIANEFELDORELOTMEICHBEMNTEZZLICREIN. FDOHE.
bV IV REBIZMITERYBEADOFRAERRINZEWVWE D, 272, EEIZIX, F
ELMBTUILKWFELE Dozl LT DRENREMTIELI>RBAELH Y, JE
Bl BHROBANBELDOENEVOIBAPORARLBIVLEELRDI EEZXOND,

ASEOFHIACIIZIE D o=, TTREHAIHEIN—-TTORXT LY h e fFL—=V
JTOEFNZTFMLED., MAOFEMIZEITTOHAL KT DRMIZEDD L HITEH
BRITZMZ T FETH B,

7. KR

H—HNOLERAET —FIZESWT, RERICKBITZRED ADHD IZBT A21TEFEE
ELBICELATEIELEHOBRBTREOBEICSOVWTRML, REODKFERLRELEA
WKHOWT, REERZ2MR L LEERERIOEEGHL2 RT I ENTE, FHEBELRE
DIEEMERTTAZLENTERE, DT, ELFFEEIZOVTE, WTHLAERATEE
RENRO LN, £/, ADDEADOEWTFEDB IR ZOEN, BOBRBTRELSRITT 4
TEROSTWVWAI LR REN, FE~AXBEOLEENZO TRO LN,
SEIOHMREZH LI, BREEERZFOBOBMMMNMEALZ —RAOLRERLEHRL, MA
DHIE TOFMEITo- TN I LIZE-2 T, EIVIRBMABMAEDOELN, FELDOR
EERREL, BOBMNBRELZXET 2002 EIEMICHLIC T LIZOoRND LE
bbb,
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BENOLE

INETHREZNLEEARMERBBEERICET IRFT2BHFOHRT —~ L L
T&l, EFBMH - BRIBERWLEER Y74 IV I REZRITHOELRBEEBMO ST %
TV, BREMEAC - FREAYRTRRZZLR#HRITE 2, ZoRRITHREAE I
BIORAHBREMLZREODILODEARMFERBAOBEH 2BEERTTHbNLEELS,
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