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BRBRK F B R BT ST o & — 0 T G R i
RICTHINNFZZERZ I CORAR 7K BED /DI
BOHET ALV IR =T R XDAHAT=ZDI
a2 RUY DNA OFEREEEREL .S IR Y
7 DNA Z W= 80 oM O 2 ~
> R U7 DNA HEA S (16STRNA #8615, £ 500bp) 73
YRz H D (NKNg 5 ,2007) [/ U fEI TR T X % 5
ESRNACRUTY ) AFEEA/NS <HHL T W0
EVDEMNSTH S,

1T A E
<FlIg1 FHHAZDIFTRUT DNA O EIEE>
EIRE T OFERHTEHIL 724 I Z OO RSB X
UFERL 721000 X 2D % 7 )LV 3 —)L THEELUIRTEL 72,
BRSO FHERITILE DD AL B I/ & EITEEN N T
WBF NN Z KA TR 72, £z, F RS IL A
A Bl ER O E. B EIR S EREE DT
T HEREEEHEOA WA =S T IV E 55T Tz
Wiz MBHER ORI EDO T T A TiHE S
DY T INWEREL TWiEEWE. ZNS DY > T I)Lp
53Ibh32 KUY DNA Z2HiIH L 7=,

FEE | SNET - RRHA MR (X 55> SDS) =iz 84
ProteinaseK( LA ProK) =4 > )NV & 5 figilk &
Tris/EDTA )\ 7 7 — (LUK TE)

FOfh  WEL 21 oml Fa—7
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E—h7 0y 7 (HiRE)
F 2 —T REDF A — RLRREEER)

A% 1 1.SNET & ProK OIRGRZEVERL /7.

2.15mloxvAr7a0Fa—JICH > TILE AN
YERE L 7= SNET-ProK yA#€ 500 u £ Z A AE
ST L EBICTF Aa—TREYF A —TH
L 7=,

3. 55CT 1 — 2 B S B/,

4. Y TINNRNE T 202 MHERL T.95C T
ProK 5 S & 5,

5. Y27 TEZRML 7=,

6. 4°C/15000rpm/10min T/ L 7=,

7. LEORE200u £ BT T EL THL
WL Sml oA O0F a—T~BL -,

8. fHHY > 7 ILiz300u £ @ TE ZIMA THIL
T I AAEA T LT,

(FIE2 #EL77=DNADPCRICLDHEIES LU PCR
EYORILE >
HE DNA YT
PCR Fv b
PR 7K
10pmol/ u L ITHFEEL =T T 1< —
(16Sar, 1472)
TE
%% LY J—)
% TY J—)
3MEEEET N U A

7)) a—4"> (20mg/ml)
ZOfth : PCR H200u £ F2—7

Ak 1. PCRIEAWEERL /.

2. IBBWZE200u £ D PCRF 2 —F124iEL., &
NZUCDNAY T )V EINA TREE =,

3. U—<NHB AU T2 TOIIITHEL /=

U°C (45F)) —~48°C (1 43) —»T72°C (1 43) D#EDIRL

4. PCREMY.9B% LY /J—)l. 3 MEEET N U
I AT ERE L.

5. RIVT v I AL=OEERTIONKREL 7=,

6. 4°C/15000rpm/10min TimlrL 7z,

7. WEEELIBNE DI T7IVa—=)VzEkREL =
DBT0% L4 ) —)LZ2400u £ % N Z i EE R

L.4°C/15000rpm/2min Tiz.[»L 7z,

8. AR Wk DTV a—IL&REL =
DBEAEH U, A S 'z,

9. 20ul DTEITHEML 7=,

<Flg3 BBk >
DNA filiti 3£ T PCR #IEASELIT o TWENHN T
HE 7 HO—-2
TAE )Nw 7 7 — (LLF TAE)
FIVL oy R
N—H—
Loading /Nvw 7 7 —
ZDM  FIAERH T L — |
A —F—
T
INT T 4V
FiE 1. BRIKEHT I (7 HO— A1 5%) Z{ERRL 7=,
2. DNA Y > 7))L & Loading /N 7 7 —DIEE

WaEERL 72,
3. KEMEICS IRy LTIV OT TIVITIRE
Lizg > TIVEFEAL .

4. F\EIKHL 7.

8 BRUKENERD PCREYDHER
M5, 1,24810,12,1314 FHDO KL —> TRIL K S
@ DNA H > 7))V IS E<HIREN TNDTEN DA D,

<Fla4 HYAOINP—OTVR>
2 a2 R Y7 DNA O Rk 5% 5 IS
s : Big Dye Terminator
3.2pmol/ u LI L =T 4~ —
W 7K
BrLY )—)
0% L% /) —)
3MEFEE T~ U L
Hi-Di RV AT 2 R

9 EBREREEINLYCTIN

FiEx:l, YA =0T AMBEKRONY T 7 —,
~7'Z 4 < —.Bighye) Z{Emk L 7z,
2. —<I)L¥ 17T —THEE
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3. I 20 u 12 2 ul @ 3MEEET R U™ 4
ZMARE L 72D B50u £ DI95% L4 J—)b
A B L 7z,

4. KHPIZTIOREEL 7z,

5. 15000rpm/10min Tz L 7z,

6. HEEESTRNTOLFEEREL 2D B250u ¢
D% LTE /=) & A Tz,

7. 15000rpm/2min Tl L 7z,

8. LiEZFRER AL S E 2D B Hi-Di &L 4
72 R1bul BMATY > TIVERRL 2.

9. 95 CT 24 ML 7= BEKIHL 7z,

10. >—r>P—izty b U THEERSZ His
5HE7,
2 B B
M =AY —ICKUBTINREL 7= DNA(HY
500bp)
BT OREIZZ O EBRERNS L TLEHD

ETRINSTZBDONH 7,

BEIRSOY > T INEEERET L <fERNEh NI
TROTREL 12BN OEEBIET &,

AEHEBOMWESOY > T, BHEDY > T,
FRITED 1OY > TN HFERNENNITT TN
=D THRE L 2B DE BIEISE W, (K10) L L,
AREBILERLAE 205> TV FEREFED 1 O+
T T IV DAREEDIIED S 7= DINFERDY D £
S TEWRE L 7B D IR N 72 D4 BNV b
DRGNS BNz, (X11)

D= AT Y TN ERAITEED,
WOMNRERDY > T > TINEFE DT 7.

i il 120 130 U
& GCTIT CG3 WG TCTT A TCATCCCOT T Il TG FT

3 . I| ,r - . . |

AR L S Al AR R LT

Ut 0 YO AL bl

K10 : ERDPENWNICTEERE DY > T IV 1472681,
DB D —EPThk A%

FHHEDUEBFER N ENNITT TV DD DMN %,

Il [|| I|| fll YRR
T L
M1 #ERSSEL TR > RBIEIRAIEEDY

7 IV 14725815 D BL 5 D —ER TR #
BlA N T TV SR OIKEFE R TIRAMN S
SHNWEWREHNZIZ > T D,

K4 YT )N L EEST

YT INES BT wE =AM

BT IO N A HZ B O
¥ T I I A I EREL O
BTG = A I EREL O
BT I@ IR A I EREL O
IR AR T R X

¥ T IVE WS Kb 24k (BN 14) O
V) R I A2 it (BESE(E f4) O
V) LR 1PN G ik (BEFE(EA) O
LR 11PN G ik (BEFEfEA) X

PAED AR T ERE (BESE(EA) X

Y TINDEY > T IVQ DI EE TS BRER K 240 By
LB > & — TR a R A S Rk I TR 55 82
Bz R AR 7 O BEE A )P — B 22 o
HIEDH & RhrE L RS % ke L iz,

BTN ~DII R T ZIT N > —T > A —
Y A CHHBLA 2 E L 7,

XRS5 BIDOREL =Y TILD 16SRNA fEiD1EE
il

Y TIND BEHS - ZEi#iNo116

NTNNNNTNGNNNNTATAAAGANTTTAACCTGCCCANNGNN
NNAAATGTAAGGGGTCCGCTGTATTGTGACTGTGCNAAGG
TAGCNAAATCGCTAGTTTTTAAGAGGAATNNNGTANGNNT
GGTTGGAGATAGNANNATCNGTCTCTATAGCTATTAACTG
AATTTAACTTTCNAGTGNAANGGCTTCANTTNANTNANGG
GATGATNAGACTCCGTAAAGCTTGATNTAAAGATTTTATT
TGGNNGAATTTTATATATTATACAAACCTGGTGATTTATA
TNTATTATGTTGGGGTGATAAGAGTCAAATGATTATTAAC
TGCTTATTATTTAAAATAAAAATAGGNNAATAAAGTTAT
AAATGATCTTAATTAAAGATTTTAAGTTACGTTAGGGATA
ANGNNATTATTCTTTTTANANNACTTATTGAGAAAAAAGT
TTGNNACCTCGATGTTGAANNAAAGNATNNGTACAATTGC
CGTAACTGNNNNNNNTTTNNNNNNNNANNTNCTNNNNGTT
NANNTNNNCATGAN

YUTINQ EHEZHEN.126

NTCTGTTAGTAGATATAAAAGAGTTTAACCTGCCCNANTG
ATAGAAAATGTAAGGGTCGCTGTATTGTGACTGTGCAAAA
GGTAGCAAAATCGCTAGTTTTTAAGAGGAATCTTGTATGA
ATGGTTGGAGATAGGAAAATCTGTCTCTATAGCTATTAAC
TGAATTTAACTTTCAAGNGAAAAGGCTTCAATTAATTAAA
GGGATGATAAGACTCCGTAAAGCTTGATATANAGATTTTA
TTGGCTGAATTTTATATATTATACAAACCTGGTGATTTAT
ATTTATTATGTTGGGGTGATNNNAGTCAAATGANTCTGTT
AGTAGATATAAAAGAGTTTAACCTGCCCNANTGATAGAAA
ATGTAAGGGTCGCTGTATTGTGACTGTGCAAAAGGTAGCA
AAATCGCTAGTTTTTAAGAGGAATCTTGTATGAATGGTTG
GAGATAGGAAAATCTGTCTCTATAGCTATTAACTGAATTT
AACTTTCAAGNGAAAAGGCTTCAATTAATTAAAGGGATGA
TAAGACTCCGTAAAGCTTGATATANAGATTTTATTGGCTG
AATTTTATATATTATACAAACCTGGTGATTTATATTTATT
ATGTTGGGGTGATNNNAGTCAAATGANTATTAACTGCTTA
TTATTTANNATAAAAATAGNNANNNNNGTNATNNATGAT
CNTANTTANAGATTTTANGTTACGTTAGGGATAACNGCNT
TATTCTTTTTAGAGNACNTATTGANAAANANNTNTGTGAC
CTCNATGTTNAAGTANAGTATCTGTACNATGCCAGTAACT
GTNTGACCTTTAAATTTNNACATANTTNGAGTTCAGANCA
GNANNAN
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YITINE EHE

YITNOD FREIS

NNTCGCNNNNTNNNAAAAACATGTCTGTTAGTAGATATAA
AGAGTTTAACCTGCCCACTGATAGAAATGTAAGGGTCGCT
GTATTGTGACTGTGCAAAGGTAGCAAAATCGCTAGTTTTT
AAGAGGAATCTTGTATGAATGGTTGGAGATAGGAAAATCT
GTCTCTATAGCTATTAACTGAATTTAACTTTCAAGTGAAA
AGGCTTCAATTAATTAAAGGGATGATAAGACTCCGTAAAG
CTTGATATAAAGATTTTATTTGGCTGAATTTTATATATTA
TACAAACCTGGTGATTTATATTTATTATGTTGGGGTGATA
AGAGTCAAATGATTATTAACTGCTTATTATTTAAAATAAA
AATAGGTGAATAAAGTTATAAATGATCTTAATTAAAGAT
TTTAAGTTACGTTAGGGATAACAGCATTATTCTTTTTAGA
GCACTTATTGAGAAAAAAGTTTGTGACCTCGATGTTGAAC
CAAAGTATCTGTACAATTGCAGTAACTGTTTGACCTTTAA
ATTTTGACATAATTTGAGTTCAGATCANCATGAGCCAGGT
GNNTTNNNNNNNANNNN

CNNTCGCCTGNTNNTNNNAAACANCTGTCTGTTAGTAGAT
ATAAAGAGTTTAACCTGCCCACTGATAGAAATGTAAGGGT
CGCTGTATTGTGACTGTGCAAAGGTAGCAAAATCGCTAGT
TTTTAAGAGGAATCTTGTATGAATGGTTGGAGATAGGAAA
ATCTGTCTCTATAGCTATTAACTGAATTTAACTTTCAAGT
GAAAAGGCTTCAATTAATTAAAGGGATGATAAGACTCCGT
AAAGCTTGATATAAAGATTTTATTTGGCTGAATTTTATAT
ATTATACAAACCTGGTGATTTATATTTATTATGTTGGGGT
GATAAGAGTCAAATGATTATTAACTGCTTATTACTTAAAA
TAAAAATAGGTGAATAAAGTTATAAATGATCATAATTAA
AGATTTTAAGTTACGTTAGGGATAACAACATTATTCTTTT
TAGAGCACTTATTGAGAAAAAAGTTTGTGACCTCGATGTT
CAAGCAAAGTATCTGTACAATTGCAGTAACTGTTTGACCT
TTAAATTTTGACATACTTTGANTTCANATCANCATGANCC

ANGNNGNNN

YOTN@ EHES - Zi#No231

TNNNNNNNNACATTCGCCTTTTTTTNNNAAAACATGTTTG
TTAGTAGATATAAAGAGTTTAACCTGCCCACTGATAGAAA
TGTAAGGGTCGGTGTATTGTGACTGTGCAAAGGTAGCAAA
ATCGCTAGTTTTTAAGATGAATCTTGTATGAATGGTTGGA
GATAGGAAAATCTGTCTCTATAGCTATTAACTGAATTTTA
CTTTNAAGTGAAAAGGGTTCAATTAATTTAAGGGATGATA
AGACTCCGTAAAGCTTGATATAAAGATTTTATTTGGGTGA
ATTTTATATATTATACAAACCTGGTGATTTATATTTATTA
TGTTGGGGTGATAAAAGTCAAATGATTATTAACTGCTTAT
TATTTAAAATAAAAATANGNGAATAAAGTTATAAATGAT
CATAATTAAAGATTTTAAGCTACGTTAGGGATAACACATT
ATTCTTTTTAGANCANNTATTGNGAAAAAAGTTTGTGACC
TCGATTTTGAACAAAANTATCTGTACAATTGCNGTATCTG
TNTGACCTTTAAATTTGNACATACTTTGATTTCANATCAN
CATGANCCAAGTGNNTCCCNNTCTANCCNNGTG

$oTINE HBRE

NNNNNNAACNNNCGCGTTTTNNNNNNAAAGAGTTTAGCCT
GCCCACTGATAAAAATTTAAGGGCCGCGGTATTCTGACCGT
GCAAAGGTAGCATAATCGTTAGTTTTTTAAATGGAATCTT
GTATGAATGGTTGGACAAAGGAAAATCTGTCTCTATGACT
ATAAATTGAATTTAACTTTTAANTGAAAAGGCTTAAATGA
ATTAAGGGGACCATAACACCCTATAAAGGTNAATATGGAA
NTGNTATTTGGTCAAATTTTTATATTATACAGATTTGGTA
GTTTATAAGTATTATATTGGGGCGATAAAAGTAAAATGAT
TATTAACTGCTTATTATTTAAACAAGAATAAATGATTGAA
AGTTATAAAAGATCCTAATTATAGATTAAAAGATTAANT
TACTTTAGGGATAACAGCGTTATTTTTTTTGANAGTTCTT
ATCGAGAAACGANTTTGCGACCTCAATGTTGAATTAAAAT
ATCTGNACAANTGCAGAAGTTNNATAACAAGGTCTGTNCA
NCCTTTAAATTTTTACTTGATTTGAGTGNNNCCCNNNNAA
NCCAGNTGNN

Hr7INE® BEHE

TCGCCTGTTTNTTCAAAAACATTCGCCTGNNNTNNAAAAA
CATGTCTGTTAGTAGATATAAAGAGTTTAACCTGCCCACTG
ATAGAAATGTAAGGGTCGCTGTATTGTGACTGTGCAAAGG
TAGCAAAATCGCTAGTTTTTAAGAGGAATCTTGTATGAAT
GGTTGGAGATAGGAAAATCTGTCTCTATAGCTATTAACTG
AATTTAACTTTCAAGTGAAAAGGCTTCAATTAATTAAAGG
GATGATAAGACTCCGTAAAGCTTGATATAAAGATTTTATT
TGGCTGAATTTTATATATTATACAAACCTGGTGATTTATA
TTTATTATGTTGGGGTGATAAGAGTCAAATGATTATTAAC
TGCTTATTACTTAAAATAAAAATAGGTGAATAAAGTTAT
AAATGATCATAATTAAAGATTTTAAGTTACGTTAGGGATA
ACAACATTATTCTTTTTAGAGCACTTATTGAGAAAAAAGT
TTGTGACCTCGATGTTGAACCAAAATATCTGTACAATTGC
AGTAACTGTTTGACCTTTAANTTNACATCTACATTCANTTC
ATATCANCATGANCCNNNNGNNNNCCNNNCTANNN

2 h&EDDO BIMODABEDF N DEEEET
(DDBJNKNg 5 ,2007) & D LR

R6 XHHoBEEEDA HHZD 16SrRNA &

poi
=

GTCTGTTTGTAGGTATAAAGAGTTTAGCCTGCCCACTGATA
AAAATTTAAGGGCCGCGGTATTCTGACCGTGCAAAGGTAG
CATAATCGTTAGTTTTTTAATTGGAATCTTGTATGAATGG
TTGGACAAAGGAAAATCTGTCTCTATGACTATAAAGTGAA
TTTAACTTTTAAGTGAAAAGGCTTAAATGAATTAAGGGGA
CGATAAGACCCTATAAAGCTTAATATGGAAATGCTATTTG
GTCAAATTTTTATATTATAAAGATTTGGTAGTTTATAAGT
ATTATATTGGGGCGATAAAGGTAAAATGATTATTAACTGC
TTATTATTTAAACAAGAATAAATGATTGAAAGTTATAAA
GGATCCTAGTTATAGATTAGAAGATTAAGTTACTTTAGGG
ATAACAGCGTTATTTTTTTTGAGAGTTCTTATCGAGAAAA
GAGTTTGCGACCTCGATGTTGAATTAAAATATCTGTACAA
TTGCAGAAGTTGTATAAGAAGGTCTGTTCGACCTTTAAAT
TTTTACATGATTTGAGTTCAGACCGGCGTGAG

FNFNDOT>TINEEEDBEBEOHDEEL &
ZAVBWE DY > T ILDO~BIEKI83~85%. DITHI90%
—H L Tz, Dla < EBEIRE & RBETIEHR83~90%
—HL TWBsZ ENbholz,

HHEOY T ILOES3. 0%t EEE DS > T ILOIE
83.9% —HL THOEWED —FREF U & 5 7k H A
‘o,

WEBDOY > TIOIR RS —BRNE<%.5% b —3K
LTWBZENGNST. (RT)

KT BEOAHHAZD 16SRNAFEIF &Y TILD

—H%
HUTND | HTN | YT | HTIL@
BE 83.2% 84.2% 84.9% 89. 8%
YTNE | BUTLE® | HTILD
=r 96.5% 83.0% 83.9%

) HRETDOQ HRBICERTSFNAZBTOLR
WA SBXOESEDY > 7TV & T ot
L7z (EREDY > TIVEERD SN WITHEROH 72
Y IN@ZEEWMEDY > IV E L) & A B
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BEEHFHTIES D — EHWEEFELHRET
98.7% D—%. Bl & F RIS T8 3% D—KL
TWBZENLN DTz,

LU HEEREEEWETS2. 3% D—. HEEE
R T8L3% D—M MES & F RS T82.4%
D—ETH >z,

WESOEAZ GO & O —FE /RN &
Mbhhoiz, (K8)

X8 HBAEBLUBEDMEIKRM D DNA LEEHER
2DDENKZETDHEZANEFD 2 DDED —FHET
»H 5,

FRIS BRE =hS
=S 98.7% 82.3% 97.6%
BEhE 98.3% 81.3%
BRE 82.4%

3 £ =

BB SO T A RBIOEREDY > 7))L Tl
RREZONEBLERTHERNO XD R NN/
Z &5 BB OMERTE &R S OEATHIE R TR
WEEZZ SN D, S 5T MREAR OB BRSO =
B IRIBEOBELENERNSGEOALNBNI ENS
BEETHIGEWEEZZ 5N 5,

B, SR B AR AL DA 1] ZI3 RO H O
LEEINTV DM BECHE R OEENA RS Z O
DR E BRI AERNRKENI L5, e D8R
ATVBEZEZEND,

INGZREDDEMBAEBIVEEREOA T =
W EE. Bl RIS D 3 AT TR IR
RS EBBOF WA ZNEETFMICIRERAES S
AN %,

12 HRBAEELUVBS A OBERE
([REFR—LR—=2)

ZTIT.ZDEAZEMNT BDITHEKINFZOED %
M ZURIZ DV THNRTH Tz & 7 MG PEI
% O THHRIZ K 0 S EDEAG SN L Al RetED s 0 B

TR —AR—=2 DR (K12 TRSN2BNEFENT A
CIREFOHRNEEL TWD, BIE O HEHEREZ B D 2w
VL BRERF S TP 2 i T 20 R B I3 REA 5
OFEMICZH 2 DT BB TRENZHENRBICDO > T
WEBNHAINTNDESE XD E DN AMHTOREE
E—HT B, F 0 PRS- Bl E Y70 ORI
AFOHBNFENTEO FETE - BHE - BRSOA
AHZWBRINGENT & &3 5,

PLEAEFNRZE 5 DDEDF 7177 Z DBEBI/E R
BIfRERAKICET L U TOLITREEZEXA SN D,
.'.ILr':HI

(i Bl
.

i

WL,
e

13 5 DDEDF N HZDRHEEHRDHER

ZO2DODT)N—FDIFT>RUTYDNAIZIZ 10
~19% b DRKERENDD D, GBI NN T <
alEEE B B B,

U EERNES T INVER DN &y T
NVORELFTH DRV ENS GBI SITHEITL T
SREND S,

aeam

OEWE DA 17 Z{EARTET. 13FEFTN S LD 5 bl
THEFRF ENTH D, T THAFETHEIMERI N ZE L
TWnb,

O20094F, 20104 IR 7= B —F > 7 U 7= EEIRMER AT,
JHEETICHTBIRL 722 EN 5 R A 2O HI21E
Die < &EH 2FERMMEETICHEINZREDIRETH DN
5T EDNONOT

OflA S AT TIE #r A O BIZIRINT 2 EKRITFHE AT
ENE2YA3%N

OA A A ZiF. NREICED A, KGO < TEFZ D<o
TWbZENEN,

Oi#E DA 71/ =D iscoplax Hirtipes ® I h 2> K 1)
7 DNA-16SrRNA fifis , %) 500bp D HFHEHALHZ B 5
MU 7z,

O AE RO ES DA I 3B OF 177
Zo& L RS S HE R O IR D A 7 T R B
B-mBEEOANHZEINARYTDNAMNEL,
B TH DI ENRBINT,
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%’I

53

AWFEZIT DI H T 0 BHAEANIREEERE (T S T) . Bidk
Mo AL A7 5T MMRRYD 2 27 HAEDOE
MRS eI R & W2 E £ U T £ BiERR
A2k, O BER s RIS 2R il ks 1 m SE A2 121
ZRIEDTHNEVWEEEE L #ATHBILHL BT
ES

:zﬁk

O EEHLT, 1 H ZORINEMIC DWT, MhiEEY
BpAck (7)) 1 27-32,1971.
O W 2EF, FhH - OBGEARE & B, B

PEERI AR ZEER L, 1996,

O FEW %7, B EY 214-217, i K 2,
2003.

O g ¥, MHEREOLEBTE-BES ATLEZE
Dk, EWRLF42(4), 1990.

O NKNG etal XENOGRAPSIDAE . A NEW
FAMILY OF GRAPSOID CRABS
(CRUSTACEA:BRACHYURA)ASSOCIATED
WITH SHALLOW WATER HYDROTHERMAL
VENTS,THAE RAFFLES OF ZOOLOGY
No0.16:233-256,2007.

O CHRISTOPH D. SCHUBART etal,USE OF THE
MITOCHONDRIAL 16SrRNA GENE FOR
PHYLOGENETIC AND POPULATION STUDIES
OF CRUSTACEA,2000.

RERA B

MO IREREE REICHET 2 S HEL 7=,

i3

SWSCHIT DA HH ORI

=
5]

EEBET O 5 E O MBEARICET 2/E TH 0., HEDOREZ I, = OMI i@y st
BEEERL, SMNBA S TERERZEZRL TBO HLWHIRERBICEALIZREE > THE
T B AN, 55372 DNA 3> 7)1 2 PEERMEREEN, mEREREREM TR T 5 2 & TZOENE T
U.[A—fTd 0 72h5 DNA AR E) S MO ATREMEZ /R L, 2 O B2 B O JLEL O A0 5 R 5
RO D Z ETRBICEAULZENAE T, £2/8FIVERTIE BERIRNE 2 RIS T — % Tr
Lo EBEHOBWERDRERNRIN.GENDOD 25000 BNEMR > TWETHENETIE.
X —F T KB EEFEN NS AERBEAN OGO U 2 FER L T E A IR O M7
FFEETT O & RS OB S H O & BWET, A T, ZHEIID DNA 7347 & i D DNA 73 #i 2
FOEN—L LAEEOZYUEZFMTELE2NELNER A £/2.DNA FAETIE. T— Y ENDRWEZD,
ZDENTRER DTG NDAR TR S b 0 £ 9, B ilrsh SEAH & SIS E AR A\ ELEAFEEERS
EAREE, PEIERE AR O B EAE OB EFE D LN S O 7 O0—F ., DNA > FI)IVEDHmIn 5 &,
IHICHENOD DMERICEN D EBNWET, £/2, Bl ELILOEEREEE FAN D EBRIITMATL 72
TEERBENF 2B OND0B LNER A Fi RN EERTFIREZEMLZZE T ISITRBICEALRL
HAZFRTE D RBEIED B ZW5E T KAEE LR OBZE S I £ 7,

INE TOWFFERE OfkFEHHE Ol BAFHENO LRI F—E. Hiz/a7 7 O0—F & LT EHE
D& AR OGO B 2370 0 | RNt & O (R GERIPHFERIMITD) | 85 7 SClaa A &
HGHH A 73 PRI 7 A BB RIS K DGR, 0 it R 2 207 AR EF Tl - BEME L 72 372 & R Ry 7a AR B
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I E81 A+FotyassEALAEE

FAEMEIDBERMEEZEHT 2T AENS FF
>y AV EFDHIENHTT KB NEL#%
OAEFTRME ZREOH T a—t>Fa)—NE X
2% R (NO) & U =i O E L E <. 90 D8
TROT AT T2 DB (AO) & LHEEITE <R
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@ Research

Heat flows from hot to cold. This is a simple
fact of life. People have put a lot of effort into
stopping this natural physical behavior; however all
they have been able to do is slow the process. My
parents are always carrying around hot coffee in
various containers. What keeps their coffee warm?
What is the science behind the ability of a material to
keep something warm? I have discovered that my
project centers upon insulation and the transfer of
heat energy.

Insulation helps to keep cold things from
warming up, and warm things from cooling down.
Insulators do this by slowing down the loss of heat
from warm things and the gaining of heat by cool
things. Scientifically, insulation is a barrier that
minimizes the transfer of heat energy from one
material to another by reducing the conduction,
convection, and/or radiation effects. Plastics and
rubber are usually good insulators. On the other
hand, metals are the opposite. Metals usually make
good conductors which allow heat energy to
transfer easily. So, a good insulator is a poor
conductor, and a good conductor is a poor insulator.

Scientists calculate a material’ s R-value to
determine its resistance to heat flow. The higher the
R-value, the better the material will serve as an
insulator. The R-value is the reciprocal of the amount
of heat energy per area of material per degree
difference between the outside and inside. The unit
of measurement for R-value is (square meters x
degrees C)/watts.

Hot Stuff: What Type of Materials are the Best Insulators™
NNV ) : EDQKDREMD WEARTE LT

Amelia Earhart Intemediate School 4G Reina Callahan
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Insulation from conduction occurs when
materials are in direct contact with each other.
Energy flows from one material to another. As an
example, builders often place insulation materials in
between walls to decrease the transfer of heat
energy. Fiberglass insulation is used in many homes.
It is not a good conductor, so it can be placed
between walls to insulate them.

Insulation from convection is the transfer of
heat when a fluid is in motion. Air and water are
ways that heat is transferred through convection.
Insulation for this type of heat transfer can be as
simple as someone wearing a jacket to protect
against loss of heat while playing outside on a windy
day.

Hot objects radiate infra-red electromagnetic
waves which can heat up objects at a distance.
Insulation against heat transfer by radiation is done
by using reflective materials. A thermos bottle is an
example of this type of insulation. A thermos bottle
has a lining to prevent heat loss by conduction, but it
is also made of shiny materials. For example, the
warm coffee inside a thermos is reflected back to
itself. The coffee helps keep itself warm!

All of the scientific principles mentioned
above were applied when scientists developed the
thermal insulation beverage container. This type of
container is used most often by people when they
want to keep their beverages either hot or cold. A
thermal beverage container works by Kkeeping
whatever liquid is inside the container from
becoming the same temperature as the outside air.
An insulation barrier is formed to prevent the
temperature of the air outside from transferring into

— 222 —



the container and whatever the beverage it is
holding. People use these containers whenever there
is a large difference between the beverage and the
outside temperature. This is true whether the drink
is hot and the air is cold, or vice versa. An insulated
container works the same way as clothes that keep
you warm, or insulation that keeps cool air in a
house during the summer.

In closing, new technology allows companies
to develop new insulated containers. Thermos L.L.C,
the leading manufacturer worldwide of insulated
food and beverage containers, has developed
Thermos vacuum insulation technology that creates
an airless space between two walls to almost
eliminate temperature change. It will be interesting
to see in the coming years if advanced technology
will allow people to completely stop heat flow from
hot to cold.

Q Statement of Question

My experiment focused on the question of what type
of materials are the best insulators. The purpose of
this project was to see which insulation material will
keep water hot the longest.

Q Hypothesis

If I use different types of material for insulation, then
the peat moss will be most effective in keeping
water hot the longest.

QVariables

Independent Variable- Type of Insulation Material
Dependent Variable- Temperature Loss

Constants- Amount of Insulation, Amount of Water,
Time Intervals, and Container Used

List of Materials

Electronic Timer

Hot Water (80°C-90°C), 150 ml for each trial
Stainless Steel Bowl (15 cm deep)

200 ml Measuring Cup

Celsius Thermometer

Metric Ruler

Q List of Materials (continued)

3 Cups Shredded Paper

3 Cups Shredded Plastic
3 Cups Cotton Balls

3 Cups Small Stones

3 Cups Peat Moss

3 Cups Polyester Filling

Q Procedure

1. Using the insulator you want to test, place at least
2-3 ¢cm of material in the bottom of the stainless
steel bowl.

2. Set the 200 ml measuring cup on this, centering
the cup in the middle of the bowl.

3. Pack the space along the sides with the same
insulation material.

4. Pour 150 ml of hot water (between 80°C - 90°C)
into the measuring cup. Be very careful with the
hot water.

5. Insert the thermometer into the water. Wait for a
few seconds wuntil the temperature remains
constant. Record the starting temperature in
Celsius in your data log.

6. Start the electronic timer.

7. Record the temperature in your data log every
minute for ten minutes.

8. Repeat the procedure at least three times for each
tested insulation material.

9. Graph your results, and analyze your data.

Q Data Analysis and Graphs

Loss of Temperature after Ten Minutes (Average of Three Trials

- 12.9
7 14 1.9 g

75 —

Degrees (Celsiu:

Polyester Cotton Shredded Shredded Air Peat Moss Stones
Plastic Paper

Type of Insulator

Graph shows that the polyester material proved to
be the best insulator with an average temperature
loss of 7.5° C. The different types of insulators were
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ranked in the following order, from lowest
temperature loss to highest temperature loss.
Materials with lower temperature loss are better
insulators, than those materials with higher
temperature loss.

Rank Type of Insulation |Average Temperature
Material Loss (C)
1 Polyester 7.5
2 Cotton 8
3 Shredded Plastic 8
4 Shredded Paper 8.6
5 Air 119
6 Peat Moss 12.9
7 Stones 16.5
Loss of Temperature after Ten Minutes (Peat Moss Insulation)

R 12 15.4 +43
@ 14
% 12
S 101
o 81
5 67
& 4

5]

ol

1 2 3
Trial

The average temperature loss for the peat moss
material was 12.9° Celsius. Three trials were used
to compute the mean. The range between each trial
was 6.3° Celsius.

? Conclusion

My hypothesis was not supported by my data.
According to my results, the peat moss insulation
lost an average of 12.9 ‘C during the ten minute
observation period. The peat moss was one of the
worst performing insulators in my study. Polyester
proved to be the best insulator as the water
temperature only dropped 7.5°C. In order to make
my experiment better, I would try to compare and
insulator’ s mass with its ability to keep materials
warm. Also, I would like to know if artificial
insulators work better than natural insulators.
Finally, I would research materials that are actually
used as insulators in many different products.
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The sun is fascinating, and bigger than
anything you can imagine. The diameter of the sun
is about 100 times wider than the earth. The sun is a
massive collection of gases which is mostly made up
of helium (74%) and hydrogen (25%). Without the sun
we wouldn’ t have food, plants could not make their
food, they couldn’t make oxygen and no animal
could breathe including us. Without the sun we
would be freezing cold.

Solar Energy means light or heat that comes
from the sun. Solar energy is clean it doesn’ t pollute
the air, land, or water. Solar energy is a renewable
source replenish in a relatively short time.
Advantage is that it is virtually free, renewable, and
nonpolluting energy source. Currently about 86% of
the world’ s energy comes from the burning of fossil
fuel. If more people use solar energy to heat their
homes and run their electricity our environment
would be a lot cleaner.

In 1954, the first photovoltaic technology is
born when Daryl Chapin, Calvin Fuller, and Gerald
Pearson developed silicon photovoltaic cell at Bell
Labs. Solar panels are made up of silicon chips that
are combined together to receive light and turn it
into electrical energy. When a group of solar cells are
wired together, it is called a solar panel.

Heat and light are two types of energies that
come from the sun. The sun’ s energy heat up things,
our home, cars, bodies, and also cook food, this is
called thermal energy. Thermal energy means heat;
solar thermal energy means heat from the sun. Light

What is the Most Efficient Angle to Place a Solar Panel?
V—2—N\RILDNZRZ—BE<I IREBEXME"?

Amelia Earhart Intermediate School 5 G Manmeet K. Pelia
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DIEERFT

energy is using the sun and turning it into electricity
this is photovoltaic. Light energy makes our solar
calculators work and can light our homes with the
help of solar panels or photovoltaic cells. “Photo”
means light and “voltaic” means electricity. Solar
cells are semiconductor devices, meaning that they
have properties that are intermediate between a
conductor and an insulator. When light of the right
wavelength shines on the semiconductor material of
a solar cell, the light creates a flow of electrons. In
this project, I use a digital multimeter to measure the
current flowing through the LED when the solar cell
is illuminated by light bulbs with different angle. To
do this project, I did research that enables me to
understand the following terms and concepts:
semiconductor,

Solar cell (also called photovoltaic cell), light emitting
diode (LED), lumens (unit of light intensity), voltage
(V), current (), resistance (R), Ohm’s law (V =1IR, or I =
V/R, or R = V/I), power.

Global warming is when sunlight passes
through the earth’s atmosphere and warms the
earth; heat rises from the surface and warms the
atmosphere. Gases in the atmosphere absorb some of
the heat and reflect it back to the ground. This
warming process is the greenhouse effect. Since
1880 when accurate temperatures have been
recorded, the earth has heated up 5°C. This
temperature doesn’ t sound like much of an increase
but it is causing a rise in sea level, a change in
rainfall patterns, and in our weather. Every little bit
that we can do as humans to prevent population will
help.
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Solar energy production has advantages and
disadvantages, just like energy production from
other sources.

Advantages Disadvantages

® Pollution free ® High cost

® Somewhat
inefficient(6%-
30%efficient)

® Renewable and
limitless energy

® Can't produce
electricity at night

® Quiet and expandable

® No fuel is use,
eliminating
transportation costs

® Inefficient in low sun
and cloudy condition

® Minimal maintenance | ® Batteries used to store
with no energy created by solar
moving/wearing parts cells add to the cost and
maintenance of the
system.

With demand and efficiency in solar cells,
solar power is becoming increasing competitive with
fossil fuels. As an environmentally friendly resource,
solar power looks to have a bright and sunny future.

Q Hypothesis

If I place the solar panel to get maximum
power at 90 angle, then I predict that it will be
produce the most power.

QQuestion

What is the most efficient angle to place a
solar panel in order to get maximum power?

Q List of Materials

® Twelve inches Desk Lamp with 30W Florescent

Bulb

Nine by nine inches House for the Solar Panel
One by three inches Solar Panel

Two six inches Copper Wires

Multimeter

Protractor

QVariabIes

Independent Variables:
1. the angle of light in degrees

Dependent Variables:
1. amount of power in mWatts
2. amount of voltage and currents produced

Controlled Variables:

1. Solar panel position

2. Light source

3. Elapsed time for each measurement

4. Lamp was kept 12 inches away from solar panel

@ Procedure

1. First, I placed the solar panel on the roof of the
mini house which is attached to the protractor to
find the correct angle of the lamp.

2. Second, 1 connected the solar panel s positive
and negative wires with a multimeter to find the
voltage, current, and power that is produced.

3. Third, I placed the desk lamp twelve inches away
from the solar panel to the correct angle.

4. After, with the solar panel at a certain angle, I
shined light on to the panel for about one minute.

5. Next, I waited until the multimeter was still and
recorded the readings for the voltage and
currents.

6. I repeated steps 4 and 5 and conducted three
trials for each angle.

7. Later, I tabulated the results and calculated the
power by multiplying the values of the voltages
and currents (V*I=P).

8. Last, T compared the value of the power
produced from each angle to form my
conclusion.
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@ Graphs

Power generated at Various Angle

‘: e rorw Trial
Solar Panel under 30W Florescent Bulb a
First Trial Ig “ Fa
Angle V(()rlrtl%]g)e C?rrgir;t Power (mW) vg . 1 " o
0 18358 20 366 o g 1o
15 203.1 43 87.33 w1 |
30 230.0 1.0 230.0 ey
45 242.1 1.25 302.6 ! 3 il =3
60 250.1 1.43 357.64 Angle
75 264.1 1.85 488.58
90 3074 3.04 934.5 Solar Panel under 30W Florescent Bulb
105 290.4 255 740,52 Third Trial
55 | mor | e | ious angte | Volage | Crent Tpower anw)
150 209.6 .55 115.28 0 183.5 .20 36.7
165 197.5 .38 75.05 15 203.4 42 854
180 186.0 22 40.92 30 230.1 1.01 2324
45 242.1 1.25 302.6
Power generated at Various Angle 60 250.2 144 360.28
75 264.9 1.85 490.07
- o 90 3074 2.87 882.24
23 105 290.5 2.53 734.96
b e 120 267.9 1.89 506.33
W ks . 135 250.6 1.43 358.36
: 1 S—— 150 209.3 57 1193
. . xr 165 199.1 40 79.64
- T 180 186.7 24 44.80
s ik
Lorrn : Tommr Power generated at Various Angle
Angle -
e r T:"H.l #
Solar Panel under 30W Florescent Bulb i
Second Trial Ig ) g
Angle V?rlrtl%g)e Cl(lrlggl;t Power (mW) \g axm s e
0 183.2 20 36.64 e g 0
15 203.9 42 85.63 m p—
30 2306 101 232.9 i |
45 242.3 1.25 302.87 B . ol hllats il R
60 250.3 1.42 35543 Angle
75 265.3 1.85 490.8
90 307.5 2.98 916.35
105 289.8 2.54 736.09
120 267.6 1.89 505.95
135 250 143 357.78
150 209.1 .56 117.1
165 197.9 .38 75.2
180 186.4 21 39.14

— 228 —




Solar Panel under 30W Fluorescent Bulb

Mean Data
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9 Data Analysis

Observations from all three trials show that
the solar panel at 90° produces 934.50, 916.35, and
882.24 mWatt which are the highest in comparison
to the power generated by various angles. So, this
indicates that the solar panel at 90° is the best angle
in my experiment.

@ Conclusion

This experiment proved that my hypothesis
was supported by the data. To get the maximum
power from a solar panel I had to place it at a 90°
angle, which is the most efficient angle. This angle
produced 909.9mW.Also to get his power I had to
keep the desk lamp 12 inch away, place the solar
panel in the same place, use the same light bulb, and

wait one minute before recording. Using a solar
panel means you will no longer be damaging the
environment with fossil fuels and decrease the use
of greenhouse gases. When we use a solar panel, we
are practicing right-conduct. This is because by
using the solar panel, we are conserving energy,
which ultimately helps the environment. Solar
power is non-polluting, renewable, easily harvested,
abundant, and growing ever more inexpensive. This
way we can show love to our mother planet “Earth”
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@ Introduction

This is the third year of my research study on
Attention Deficit Hyperactivity Disorder and how it
affects ADHD learners in school. The first year I
tested three different learning styles to see which
one had the greatest affect on academic achievement
for ADHD learners. I proved my hypothesis that
ADHD learners achieve at higher levels when they
learn through hands on activities, using mnemonics,
and not having to attend to more than one task at a
time. The second year I produced a video/Power
Point presentation to use as a teaching tool for
teachers and a learning tool for students. The first
focus was to have students talk about their
experiences in school and to give feedback to
teachers about how they learn best. The second
focus was to educate teachers on 1) research based
strategies to use with ADHD students and 2) provide
the research on the physical, neurological, and
emotional effects ADHD has on learners. Now that I
understand some of the best strategies for ADHD
learners, I wanted to find out if there was another
factor that would motivate ADHD learners to
perform better in school. My project this year is
about immediate feedback and how it affects the
performance in math of ADHD students.

@ Hypothesis

ADHD students will perform better on a math
test with immediate versus delayed feedback, and a

The Effects of Inmediate versus Delayed Feedback
On the ADHD Student’ s Performance 2008-2011 Part 1

ADHD @E{E@Eﬂﬂ—f)« RINwWD vs BIED 1 —RKR/\wD
2008-2011 Part 11

HFEF NARZ—I &2 YR H—IVIY
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chance to correct mistakes.

@ Problem

Why can’ t tests be differentiated for students,
according to their needs? Why do teachers assess
most of the students the same way, on the same
scale, when there are different needs? If a student
can't finish a test due to attention, or misses
problems due to careless mistakes, does the
traditional method of assessing give an accurate
picture of that student's knowledge? Recent
research in the area of ADHD points to a conclusion
that there is a reward-motivation deficit in children
diagnosed with this disorder (Volkow, Nora, 2009).
The study points to a biological reason for this
deficit. The dopamine pathways in ADHD children
were lower than in the control group, suggesting
ADHD children don’'t receive the same messages
from the brain connected to motivation and rewards
that children without this diagnosis do. Dr. Volkow
notes that ADHD learners need “extra engagement”
and these might include computer activities.

In the experiment I conducted two years ago, |
found that all students I tested (ADHD and non
ADHD) did better on school assignments that used
multiple ways to assess a task. The least effective
way to learn was to listen to a lecture while taking
notes. Research indicates that ADHD students also
do better on assignments when they have a choice
on how to complete the assignment, reducing
undesirable behaviors (Powell, Shawn, 1997). The
next part of my inquiry about helping ADHD
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students is, “If you give a test to measure knowledge
in a curricular area, over curriculum that has already
been taught, will the ADHD learner do better if they
can take the test on a computer and receive
immediate feedback on each answer?” The reason I
am interested is because I believe ADHD students’
attention wanders during a task or a test which can
cause them to skip steps or make careless errors. At
the end of the task or test, there is no interest to
check their work. This is the case with me, and I am
a 16 year old student who was diagnosed with
ADHD at the age of 6 years old. Currently, in my
Spanish class at school, my teacher gives us
assignments on the computer, after she has
introduced the lesson in class. After I answer each
question, the computer gives me feedback on
whether it is correct and gives me another chance to
fix it. I am motivated to fix it right then.

Since all students in the school system I attend
have to take math, I decided to test out my theory
using math problems. My theory is that ADHD
students will do better on a math test that is taken on
a computer, with immediate feedback on each
question, and a chance to fix the answer, as opposed
to taking a paper and pencil test, graded, and given
back for corrections a week later. I hope my data
shows that it is important for teachers to design
tasks and tests that will encourage ADHD students
to stick with the assignment, giving them
opportunities to fix mistakes without penalty.

Review of Literature

The ADHD mind is not only affected by
motivation and interest, but more directly affected
by the amounts of stimulation linked to a specific
task (Freer, Peter, 2011). You could be interested and
motivated to read non-fiction, but having interaction
with the literature is much more engaging for the
ADHD learner. One example of stimulation with
reading would be using reader’s theater, where
several students are involved in reading aloud and
acting out the material. Another aspect of increasing
the chances of the ADHD learner s mind will do
better at tasks is to use fast feedback. ADHD makes
it difficult to complete tasks without instant
gratification. It makes the person with ADHD act
without future consequences in mind. Therefore,
instant gratification is needed and important in a
school/work environment (Barkley, Russell, 2011).

So much of the work students do in school is not
graded or handed back for days. The delayed
feedback on the outcome of the work causes the
ADHD learner not to be interested in making
corrections. They might have even forgotten why
they made a mistake several days later, due to short
term memory problems.

ADHD students will do better on tasks they
find interesting and stimulating. They will do worse
on tasks that require sustained attention. Feedback
that is delayed presents a problem because ADHD
students have difficulty in correlating delay and
gratification. Even if the ADHD student understands
the concept on a given assignment, if the assignment
is in a form that is “boring” to the student, he might
not do well because there is no immediate reward for
finishing the assignment. Receiving an “A” next
week is not reason enough to be thorough and
complete the assignment now. Feedback that is
immediate and consistent will obtain better results
from ADHD learners than delayed rewards and
feedback (Groom, Maddie, 2010).

Research shows that computers/audio/video
materials help ADHD students process information
more effectively. Software is designed to give
instruction and feedback in a way that ADHD
learners can learn best. For example, software can
give step-by-step instruction; wait for a student to
respond; give immediate feedback; and allow
students to work at their own pace (Xu, Chunzhen,
2002). This type of learning is not the typical style in
a classroom, especially at the secondary level. You
are more likely to see lectures, which are very
difficult for ADHD students to attend to due to their
auditory processing deficiency (Rothenberger,
Aribert, 2007).

Feedback and rewards further enhance the
effects of using computers/audio/video materials (
"Strategies for students," 2008). This research ties in
with other research on stimulus and instant
feedback. Since ADHD learners are often kinesthetic
learners, using a multi-sensory approach to learning,
and hands on activities, will increase their ability to
process information. Small immediate rewards work
well with ADHD young children and adolescents
(Scheres, Anouk, 2006) however they are still
dependent on how long the task is and what the gain
is.

Although motivation is essential for the
ADHD learner to keep him engaged, it is secondary
to the stimulus needed to keep him on task (Freer,
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Peter, 2011). An ADHD learner may be motivated to
do homework because he knows that completing it
will earn him a good grade and maybe a reward.
However, since homework is typically a low
stimulus task, the ADHD learner may not be able to
attend to it long enough to finish it. If completion of
the homework is what will earn him the grade and
reward, and he cannot finish the task, then failure
will result in a negative consequence. A higher level
of stimulation will help to shift out of the
inattentiveness or to maintain attention for longer
periods of time. If motivation and high stimulus are
key components for the ADHD learner, then these
findings should be a “wake-up call for teachers”
(Volkow, Nora, 2009). Extra engagement for these
students should be built into the lesson plans. ADHD
learners can concentrate on tasks they like and find
engaging. These would include computer games,
building, acting, and maybe using technology like
Smart Boards.

Methods and Materials

I designed two tasks for students to complete.
The tasks were completed one week apart. Students
were given unlimited time to complete the tasks
because time was not a factor in this study. Five
students completed Task 1 before completing Task 2
and the other five students completed Task 2 before
completing Task 1. The order was switched to rule
out any effect one task might have on the other.

I designed a math test using the national math
standards for each grade level. Twenty questions
were selected at each grade level with equal
difficulty. Using the Quia (IXL Learning2011)
software, 1 designed two tests online, each 10
questions in length, for each grade level. The tests
were designed for mastery of content at the grade
level at the end of the year previous to the present
grade level. Tests were administered in September,
2011.

I designed one test as a paper/pencil test, and
printed it. The other test was designed to take online
with a built in component that gave the student
immediate feedback as to whether the answer given
was correct/incorrect (See Appendices for tests).

Ten students with an ADHD diagnosis and on
medication for ADHD completed both tasks. There
were eight boys and two girls, ranging from eight
years old to 14 years old.

Task 1: Paper and Pencil Test

One student was tested at a time, in a quiet room
with no distractions. A 4-function calculator was
available for use. Students were given unlimited
time to complete the test with no assistance.
Instructions to students were to complete the test to
the best of their ability. There were 10 questions on
the test worth 10 points each. At the end of the test
students were told their test would be graded and
returned in a week. Students had the opportunity to
correct their answers in a week before the final
grade.

Task 2: Computer Test

One student was tested at a time, on a computer, in a
quiet room with no distractions. A 4-function
calculator was available for use. Each student had a
login name and results of the test were recorded in a
teacher database on Quia (IXL Learning, 2011).
Students were giveunlimited time to complete the
test with no assistance. Instructions to students
were to complete the test to the best of their ability.
There were 10 questions worth 10 points each. After
recording their answer to each question, they would
receive feedback on whether their answer was
correct/incorrect. At that time they could rework the
problem and make corrections before the test was
graded. At the end of the test, the score was
computed and available to the student.

Q Data Analysis

All students performed better on the
computerized test that provided immediate feedback,
than the paper and pencil test with delayed feedback
(Figure 1). Three students missed all 10 questions on
the paper and pencil test. Unlimited time was given
to all students to complete both tests, so this was not
a factor in students #2, #5, and #10 missing all 10

questions.
Figure 1
Comparison of Scores on Computer versus Paper and Pencil Test
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On the Paper and Pencil Test (Figure 2), 8
students scored less than 50% and 2 students scored
better than 50%. None of the students chose to redo
any of the questions they missed after receiving
their scores one week after the test.

Figure 2
Number of Students Scoring Above/Below 50% on Paper and Pencil
Test

Paper and Pencil Test

[ Students scoring less
than 50%

B Students scoring gtreater
than 50%

On the Computer Test (Figure 3), 4 students
scored less than 50% and 6 students scored
better than 50%. All of the students chose to redo the
questions they missed after receiving
immediate feedback on each question.

Figure 3
Nurmber of Students Scoring Above/Below 50% on Computer Test

Computer Test

O Students scoring less
than 50%

B Students scoring gtreater
than 50%

’ Conclusions

All students in this experiment performed
better on the math test that was taken on the
computer (Figure 1), which gave immediate
feedback after the question whether the student got
it correct. The data supported my hypothesis.
Immediate feedback keeps ADHD students engaged
in their learning and reminds them of their mistakes.
When the ADHD student is allowed to correct the
mistakes on the test before it is graded, the
performance score is better.

Even though students were given the
opportunity to correct the mistakes on the Paper and

Pencil Test, the ADHD students lost interest in the
task after a week. The delayed feedback did not
motivate students to want to correct their mistakes,
so their performance score was lower.

None of the students got a perfect score on
either test. If 70% is a passing score, then only one
student passed the Paper and Pencil Test. Only four
students passed the Computer Test. This could mean
that the test was too hard for the students. Although
the questions were taken from a bank of questions at
their grade level, they were not from the adopted
curriculum that DoDEA uses. The questions on both
forms of the test were parallel in difficulty. Another
reason why some students scored so low could be
that they were below grade level in math academic
achievement. This factor was not considered when
selecting the ADHD students for this study.

It is difficult for ADHD students to attend to a
task for very long. Stimulus, such as a computer, and
immediate feedback, increase the chance that ADHD
students will complete a task. Completing a task in
school increases the chance that the student will
score better. With this knowledge, I think it would be
logical to help teachers understand how to increase
the performance of ADHD students. Thinking
“outside the box”, teachers could accommodate
ADHD learners with more stimulating ways to asses
and complete tasks, together with immediate
feedback on their work before grading.

Extension and Application

The purpose of this experiment was to
validate that ADHD students need stimulus and
immediate feedback to optimize their academic
performance. If 1 were given the opportunity to
present my findings to teachers in my school, I
would do this so they would understand the need to
differentiate instruction and assessment. If I could
work with other ADHD students, I think I could
make a difference in helping them to communicate
with their teachers about their specific learning
needs.

If I were to change some things about this
experiment to make it better, one thing I would do
would be to assess in different curricular areas, such
as writing and science. I would want to be able to
generalize the findings for this study to other
curricular areas. This would strengthen my point
about the need to differentiate how teachers teach
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and test.

The second thing I would change would be
the difficulty of the math test. I would pilot my study
on some students first to see if their performance at
least mirrored the normal curve. Then, I would do
the study again with the new math problems. I think
the way I set up the study was good, with just the
ten problems. I think the way I structured the
immediate feedback on the Computer Test after each
question is what helped the students want to go back
and try it again.
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