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A Learning System for Providing the Congruence of Two Triangles
by Supporting ‘Backward Chaining’

RYOSUKE ONDA™ YUKI HIRAI"' KEIICHI KANEKO'!

Backward chaining is an inference rule to ascertain whether provided proposition is true or not, and it starts from proposition
and clarifies postulates required to prove the proposition. Furthermore, it is possible for human beings to utilize the technique to
prove some propositions, and it is aimed to utilize it in school curriculums. In this study, we have designed and implemented a
system that supports learners to use backward chaining to solve proof problems about the congruence of two triangles. In
addition, we have carried out an evaluation experiment in a public junior high school to measure the learning effect of the
system. As a result of hypothesis tests, for students with good pre-test scores, the effect of the system was verified. On the other
hand, significant increase of the number of occurrences of backward chaining of the experimental participants who used the
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system was not observed.
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Figure 1 A form for mathematical proof.
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Figure 3 The form for answering a question.
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Figure 4 The mode for inputting some formulas.
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Figure 5 The form for selecting the congruent condition.
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AREBRTHNWSLT Z ME, NZ— AICBT HRIEA 1/,
NRE—2BIZBRTHMEE 2R, ¥ —r CltET HRE
Z1MOF 4ME2HET 5720, 1 ESGOT A FTiE32 8
A (6 X1, 84X2, 10 mX1) L725.

EBIE, T, FEIT A FETV, TORARRICES
W, EHEESBIODHMEIEELL 2D Lo Iy
18 AT O ARE, BED2DIIHTT-. F0%, ABOD
FEEL, AVATAEFIHLCEE L. BHOFEEE
IR R A KBTSV 27T A (UUTF, Ty 25 A
EFRRLT D) ZRIALTEE Lz, REBICERNT X FO5HE
BT A NOEBELRE LT, VAT AOF MR BIELT-.

HHIT A MEMRFR T, FEEBIX ARG FRGEAO AR
ERETHEATHD. L, BEEFIZL > TCEAFLH
AEAREOfRRRE IS EN S D EEZEZXBND. 9 LIz
REFRREET DENEZBET D720, 5% OFMICRNT
ABEFIEBHEZE/T A FOERIEIC AZOZE L35
DEMIZTT, SO EBELET L. ABELIEIBEHO
B BAL 6 4 THE S N D FEEERNE, ABEEZILB R
DENLIE, AR T 6 4 DFEEEHALKNE, EHHIT
BRIV 6 A DFEHELF A OIIE LS Z LITT 5.

2B, FHTT A MIBWT, A BOFEEAIT 18.17 5l (IE
R 10.84), B #113 18.33 & (MR 2 10.73) Th o7z
Levene MEIZ X > THESWMMEZKE (p=0.97) L7-1&IT t
MEZEITV, FREAKUME 5%0 F CHEEO Y RICHEEN
HDHEVZIR (p=0.96) ZERROLNTZ. T2, &
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JE, FALE, A EI LIZERIC S, —ToRCE BT
X Steel-Dwass DZEILIRZITV, ®ALER T, TAL)EHE
&, AR LIZDWT, BEAE 5%0 b & THRE I
EZNDHDEITFEZRVWIENRRBO LN, 2L OKRER
Ronn, FETT A MERMRER T, ATEE B BHZIZIZR Uik
WOMTHY, A-B BHoEiERL, AR L, &AL
BREIZOWTIRIER USAN R TH D Z L R L.
FEBRTIT O 7 A MR, FRGT A N, FHRT A I
20 RNCRRE L7z, 1 RloT A N CHET A BERIX, 7
A NEMZEETIIL 3~4 BIBEMEE THHEEXD
N5, HEECRBEE (16, 17, 1812551 L, [Rx—r
A DIARN ], [%—> B OEARWZ2ME], A0
TSR TR, EX A T —~IC L F — 2 BORE],
M2 EMOVATEFART D, "F—2 C OREARNZRME)
D4 DDFPIESWTIEE R Lz, Eiz, BEOHE
S X, B EOME MESLERMED L~ VIR E L.
EBRCTHAT 28T, AV AT LALHBS AT A TH
L. WY AT HZBWT, FHFIFRCMEL, FUIEY
TS Lol L. ZZTHEET LML, ~SF— A
B, COBNHHIZESNT, F10MEHELE. Wy AT A
Wi, GO ERE, SRR SRR, BRIEMRENEESR
THEY, FEHEIRIIIECTCENLEFAT LI LN T
X5, ME—ORBEIZBOFETHDL. RVAT ATIEHE
A XA TRT 72010, BiETR-W Y 28 &
D, ), WY AT AT, mimEHGaE ET 5
WIZ, ITFhEEZD ) BEEZAET, VAT 20888+
bty MIFIMEHEGRICESWIZbD Lo Tn D,
4.2 EERER
I, HFRCBT2HET A MFAEZRT. BRUTA
OV EOFTNE VR L o7 LL, t MEICK
STINLERELEZEZA, AEKE 5%0L L THE
ENRD D EROLNRDN T, FHT X FFERF AN
T, WEEOREIFIIBRITE LN L 2R Lz
W, BRENORFENFEFEREATOLEEZTo72. £
DFER % 2 1" T, Levene MEDFE R, HEKUE 5%D
& T, IHFEHLENOSEITEDNDR R L0 ) e K
HAEFEHAI LT (p=0.00). FFEELEANESHTHD LIX
FrIp 7=, Kruskal-Wallis #EIZ L - T, FEEHEM
MOBIEDINENFIO TR HEE TH LN E D »EfR L.
ZORER, HEKES%DOL & T, [EEEEMRMORED
MEREFIZ ZZAN 720N ) & S IR IR R L ZER) S 4172 (p=0.00) .
D1, FEBFLEMM OO NN IIE BICER &
HEVWRD. FT, EOFEFLEIMOMAEDO I E
N DDONEFND T2, Steel-Dwass DL E i 21T - 7=.
TORER, BEKUES%OL L TAOEMEE BIHOE
MEOBTHEEZERLD Z ERROLNTE. L-oT, ARt
OENBIEBHOBMBIZHSTRVEREEZED VWL
%, —J, PEEB LY, KAERICE WD THEZEILR
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Table 1

# 1

FHRT A N OFRIL

Comparing of the post-test results between group A and B.

filjesl A TEDPHIfE B BED I fH i
(i 45 (FEMER %) (FEYER =) PR
M1 (6 4.11 (2.16) 3.61 (1.60) 0.45
M2 (8 5.06 (3.29) 4.78 (3.06) 0.80
Ri3 (8) 5.00 (3.59) 4.89 (3.56) 0.93
i 4 (10) 3.94 (3.96) 3.78 (3.55) 0.90
&t (32) 18.11 (11.50) 17.06 (9.55) 0.77
*£ 2 FEEFEMI L OSSR

Table 2 Comparing of the post-test results among high-, middle-, or

low-score participants of group A and those of group B.

2EE | ABOVHME | BEEOFXE | Steel-Dwass DL H
g 15| (IR 72) (EEYEfR72) ISR D piE
EACE | 30.00 (0.63) 24.83 (6.91) 0.046
FAZJE | 21.00 (3.03) 20.17 (2.40) 0.99
1RALE 3.33 (4.97) 6.17 (6.94) 0.93

#* 3 KT A MIBT D% A1 & Hiam ORI R

Table 3 Usage ratio of the ‘backward chaining’ in the post-test.

PR A TED IS B DI BH :ﬁ@%%@%@m
(FEBLE) (FEBIE) BRI D p il

M1 0.39 (7) 0.28 (5) 0.24

fi 2 0.39 (7) 0.33 (6) 0.36

il 3 0.33 (6) 0.28 (5) 0.36

i 4 0.61 (11) 0.67 (12) 0.36

HHNT, WEEOHRNER L, ARALRE R L oA A IEIE
FELWT AR L.

RBIC, FEENEHRT A NOSEEEZ, EokohR
FSTFV—ICESWTIE L0 iRE Lz, £REIC
LC, RO DIZEZLNDBETIEESZEL, EEDN
SCER[T1Z B o TE D ZENE N &R & i & % A &
WMOFEANT T OB LT, T — MRV T
BREITIL, FRT A P OMREFITERRITE ZOWTZNFID
Fzv 7 LThbo7. ABEE BREECBWT, AR HE
A RNTTO—RNENTE TR L-ONER 3 ITRT. [
1 2B 4 DF_TIZBWT, AREE BEOBICAEKYE
5%D Y ETHERENRD D LITRD LN o7, Zhic
XV, ABELE BEEO T#AMEHEGR) ZAWEMEA T
TU—ORBIL, RRETHATZEALDILENTED.

5. #®E

FHM IR OFE R, AREL B REOMICHBERENBIN L)
ofz. UL, WBICIT 2GR E & 2 &3
THE, AL BHOGBMERM CTEERENBD L.
£z, PHUBE, EAERICIIAEENRBO LN
LOO, BT 5 LEiE, PAE, RAEOIEIC A D
FRBWEEZEDT-Z L biErd bR, 20, oA
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AR EALICALE T 2B EDOH D, RV AT HAOFHIC L
STEVEWIREZTONZEZZONE. L, #
BIZBWTCEENE DB E T IUE L VWb Tiddk <,
PALERIRNLE 2 & O e FE BRI L TREO R L
RIFCTEDLERDDH. Thbh, PABOEMBICK L
TV X DT NN E I RSB OEERREL 7
5. T, s ERUIMCEERENRLOILRD o T2
Oh. TOFKELTEZLND LDOERETELERTS.
1  ~ATOFIHE

AT I8 AND D B, th A E Hesn X RMERE A FIA L7z & 1]
BLUIAEEIT AN (EAE 3 A, FAE 2 A, IKALE 3 A)
W E o7z, EHENEFRHFIKEL T A b, £7E
IR EZFIA L CHEE2E2 L0, HoLfitE%
ANLTHDENSTZA N T T V=T E> TWD IR A
T, A, #EERomnzsEilkSE272dIc8A L
(TbEZD) BERBLIOQ TEbEZ 5 HEDN, #%
A ) X HERR SRR O A5 S W7 ATREE R 5 5.
Ak, o IFrbEZ L) e, mriaicLlT
EBRXDHEVWIBANEXHRA N T T O — KBS LD
WAL, LL, ZOMEBLIO I ErsBEx5) #
HEICBIT D, RN TREATOBBEME 2 [ ASINEMRE
Sfe b L LIledIT, FEENA RREE AN LT,
EfRERDOTDENVWIANT TV T LESTZ LS
2D, TDD, ANTTOEFTIE, FEEICANNE
fEINE DD, MHERNEIICTIVNERSD. £HT D
TEILEoT, FEHER, MEEBEZADANT T VI
I ENMIFTE S, FOLG, FERENBEMRRIITE
EEBHL, MENLTEMLE D &, %A Higm B
REZFIA L mReER & 5.
(2) SRR KOS E

FHT A FOFBEICENT, BAMXHRATNTTY
—DFEBL LGB OBNHAER D D0 E D il =
5, 2~ 41280 T, HBEAKES%D G &L MERICAER
RIEOHBEANRH S Z EBHL N> (1 :r=0.33,
p=0.06, fif2:r=0.38, p=0.02, fil3:r=0.47, p=0.02, 14 :
r=0.54, p=0.00 (p | XIS EDHEMSR)). HRERD
L, BENEMIC RN R % AMEHERA N T T
—DOFRBLN, MERROT-OICEETHLIEEZEZIOLND.
L LRSS, KERICBWTIE, BB IR ORI
FEOBMRLH Y, =MAFARFEH RO AR 2B L)
WHZenTERD o, MEAOEECHBIMEZFIAL
TR S, HEHRHZIL LT, 58S EOM
BIC U CHREZIT Y &, X0 1% AN HERR O E BN
L, YATAZELDEWIEDE LN RN H D .
(3) FIHEMR XMW omE S

AKREBRIZBIT BRI, 30 0B TH-o72. ZDOHFHE
ISR Z &N TELENERI L& 2 A, WBRE DR
B LUT-MEE O 48 THY, RE— AL CE
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CTORRERZ NN | R LAY M TV Rd -7 2
Lo T, ER T O TS b B RIERR SN,
S AR REORR A 57 O — & FEHET 5720
U, 03 AR & RGO B L E T B E B A D,
SEOER TR LA HRA N T T O—0 iz
e N TER»oTEEZLND. DD, FIHRF
Mb &5 2 LRnE, BAMSHROMRR N T U—IC

ik DS A RIS 2 & THHE SN D RN H 5.

@) HAEEORNEBE LI~V

FEEBNG AN EHRSEREE AT TE
STRED 1 2E LT, FEENEHORBIIS U 3
EZF bRno EAREME N D D, AEBRICKIT 5% A1
EHERZEOT A ITY X AT, FOFEFICHLTH 11
DChotz. LrL, FEEOHGA N T T V—ITZHET
HY, HREPOSFETEOMELZICHZD EE X
HND. DIz, FHHEORIEME U7 S8R & 1t
B ENTENIT, FEFIILERELZ L VAIEHT
ETAREER DD, BIZIE, AN ORIEZE LT,
BT 2 LEEOVREZ DR EOT VT ALEEANT D
TEIZRoT, ZOMPEICKIET D ENTEDLEERD.
F7o, EALBLSMCA B RENEN S THK E LT
X, KEHREORLBRRLRIN, FEEIEDLIT ol
ARetE b BB, BB A N T T U—EHIAT B
O, X XBEMSELZY, SRR EMEAERICL
=0, #makEs e —Fr— btk o THRTELE
Dotz FNVRTNIEDCTEDOILRD TR M
EThbHEEXD.
6. BpHYIC

AWFFETIX, FEED AR A RV RS Z 7 < BRI,
Z OIS LTHBIE L SR TW5, #AmE o -
EREETRTDVAT LA ERE L. £, FEHEO=
AEAFRERMBEICS T 5298 2 BT 5720, BEMA~
DESITHERE, RIRF IR, HREMEZEALL
AW CHR Lk A& Hfmz g 5 = ARAR
FAEAREO B AT D EFIRT 2 AREL, AR X Hdm
XETLFEVAT L EFRIAT 2B OHKRAEIT S 729
P SRER A AT o 72, Rl EBRII AN RO 2 4R, 36 A
Exgl LT Tz, TORER, ABEL B EEORGH S E
MICBNT, ABOENEO TP AEICRVEEEZED T
ZEMBHLNTZ. TO—F, ABEE BEIIRBILE®RA
MEHRA T 7 O —DRIAFIITAERENRLS, AL
BREEBIZ, FREOFEERBRAIMEHRA N T T V—
ERIALEZZ EB3 0otz
LHOBMEL, %A EHERSHREEEOWE, HHhIC X
DRBIER SR D T2 DT — 2 _X—ZADE A, KIS D
JEIE, HEMERAHMEORENRTOND.
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