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Evaluation of a Teaching Method to Lead Discovery, Description, and
Information Conveyance about Computer Algorithms
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Abstract: The purpose of this study is to examine whether high school students can discover computer
algorithms without teacher’s teaching. It is assumed that they could do it by using their potential thinking
abilities, which have cultivated through studying mathematics or solving puzzles. Therefore authors set three
view points, (1) Discovery, (2) Description, and (3) Information Conveyance, as the algorithmic abilities for
the evaluation. And a teaching method and materials were specially designed. As a result of the experimental
lessons to 78 students at a public high school, it was indicated that students had abilities to discover some
kinds of sorting algorithm with a couple of trials. Moreover, it was revealed that structural description of
the algorithm were needed to convey it correctly to others. Based on these experimental results, we suggest
a teaching method which shares the ideas they discovered.
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Fig. 1 Learning computer algorithm using a balance scale.
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Table 1 Lesson plan for leading discovery and description of

sort algorithm.
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Fig. 2 Research contents and educational materials.
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Table 2 The functions of a software balance scale.
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Fig. 3 The software balance scale in the way of operation algorithm.
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R4 EEFERLAET VI XLTAFT D54
Table 4 The grouping of algorithm ideas which the students

discovered.

TNVI)VALTATT PHM (37%) QM (414) A&l (718 %)

VERT AN 16 % (43.2%) 17 %4 (41.5%) 33 4 (42.3%)
AV — b 8 % (21.6%) 12 % (29.3%) 20 % (25.6%)
AR — b 6 % (16.2%) 6 % (14.6%) 12 %4 (15.4%)
~—Yv—} 5% (13.5%) 2% (4.9%) 7% (9.0%)
F—F X ¥ MER 0% (0.0%) 2% (4.9%) 2% (2.6%)
HIBIARE 24 (5.4%) 2% (4.9%) 4% (5.1%)
1| R A~RE
e
2.6%
==
9.0%

4227t —I

42.3%

B9 RELATVIYAXLTAFTTOME (n=78)
Fig. 9 The grouping of algorithm ideas which the students dis-

covered.
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Fig. 10 A recording card whose discovery, description, and

conveyance are correct.
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FOETS. 0B =D (BE B & HTESIE
11. B —i 3 IBLNENED IBEOSHhETI
1278 =T FEaga E{E{AYIE GI<BYIDET
13 Ci— @G CEGHEBENSBNEHSD  FLF<ALC<{GLB<(D.H)
14 D = H DEHDEBLNENEHD | ECFL{ALCL{GL{B{H{D
15 1 —

11 74 v 77— 3R UIRETE 726

Fig. 11 An example of discovering and conveying quick sort.

- BEOD FELESELTNSH ME=E
el HEsIE (0w DOBETIER) BOmEE
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nEs, 20BE0NECEA -SEm AL FLASCIRLD
BNE1IDTORNDHTI. 5B
i1 CITTTE EFE L EHHERE
12 F i — A
I3ETCTE EVEVACECELH
14 D:i— G N
158~ G GHECEABDHERS
16 Ci— G ¥ FLELALCLGLBLD
17 Hi— D
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19 o
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Fig. 12 An example of discovering and conveying insert sort.
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TYXLTHD, 14 1F, 3, 1~4BEHOILIKTHEDY
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BHEART— I % EoTWwWh, KIZ, 5~10 [AH D
T, [T= 84 x 2] DBEFEAT— 552 Eo T 5.
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S — Fh S, BHIT7T LT X LDO5R EEEDOFERE
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rr7s LEBRIR (TOvOSFITiRMm IERIDRTES
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U, ZOPT-EBENSEDE | {1 B — F —EHCSENRTDE
DD, 12. B .= H bzl o Tl Wy ol ) 1< T R
CNEBDELTNSE, —8 937G — Hi W HA _#EHICEL)
SNBCONSIRICHE T {4 G — AT A
& BRNICEEHRDETSC A5 ¢gi— B |
ENTED, 18.C. =B —EHICSEL\RTDZE
17.F: - B BROFoOcL WS
18 E - B:iw D=FEICEL)
19 E - iCi M
200F —iC
21.G. -.C MEFCENRENZ
22 . G = Alw ROEDCLTLID GHTLEE (CEL)
23. E =i F i A
24 E. =i C mER NN
2O A - C Y AL LD CAmE e [ )
26 A= B N BN
ST A =TETV T TRADESE LTS AR EE)
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13 EIRY — PR URETE 24
Fig. 13 An example of discovering and conveying selection sort.
Pt =T BEOD @& LRSI LTSN REEE
- LhesliE (70w 81 Tani) IBLDREE
1A - H 2ET24AMICHITT H> A
2iBi—:G 22DORNEEDND, B>G
2.Ci- F CzE
~ 4ADITE DYE
BEE2ETOLMEICTITIT 5.B.i=.H AESSCOMBIC AT H>B
EFNENORNEGDS. GiBi—.A FZODTANDIFEZRDD B>A
ARESOICZ2HICOTT. £ T.Gi=1A H2B>2G>A
MPOHRNDIEE=RDD. B8 D:—- C D>C
BoE2ETESERDH T 9 Ei=Z.C v CoE
<. 0 EI=F DyCOESE
11iH: =D 2EBENSAENTOEL DA—E=50)
12 H:=:C EHATEN 2 EEON S H 2EBICSL)
12.Bi=m.0 IBEERD TS B 3ERICEL
14 Q- C G AEHICEL)
19 A .G CHIsEHICEL)
16 A . E ANGEH. EATES. FO8ER
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K14 ~—TV—FreRRURETEY

Fig. 14 An example of discovering and conveying merge sort.

FL7z S5, FTHRD B2 Dz 12§D L —
AL, AZAOTIVITY AL EFE—OT VT R L TILT
LTV bmENKY L7z T L, 2oL kit imE
B (R) LEFLE. 209 2T, B SADFETRHEREIIE
Lao7-6, §XCOEYL-EHBL, Z2oEt%E%:
BRINEL (R) LEFR L.

AW ToT = 2T Db DN, B5 X 15 TH
L. BREEZ, Eb507 7280 0% E EHWEISTIE
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R5 BHITLT) X LDOFREEAZER

Table 5 The each number of discovery and conveyance of sort

algorithm.
P AL (37 4) Q#l (41 %) WO

FEEEL (R) 35 4 (94.6%) 39 4 (95.1%) @itk + EfEk
FEB (R) 31 4% (83.7%) 34 % (82.9%) I + A
1=EH (R) 26 %4 (70.3%) 15 % (36.6%) [zl + AER
BIE (R) 24 % (64.9%) 12 % (29.3%) Wik = EGER
100.0%
90.0%
80.0% -
70.0% 7
60.0% -
50.0% - . P%ﬂ
40.0% - 0O Q%.E
30.0% - T
200% A —
10.0% - —
0.0% - T T T 1

PR RBR  EER EHE

15 7 7 ARIOFHHER - SERA - (R - I
Fig. 15 The each number of discovery and conveyance of sort

algorithm.

R6 PHOTLITY XL LRI EAGES
Table 6 The numbers of discovery and conveyance of each al-

gorithm in P class.

VE R AE FiAV—F BIRU—F w—YvU—}
TR 16 % 8 % 6 % 5%
RRH 16 4 (100%) 8 % (100%) 2 % (33%) 5% (100%)

1RER 16 %4 (100%) 8 %4 (100%) 2 % (33%) 4 % (80%)
R IhER 16 % (100%) 8 % (100%) 14 (17%) 3 % (60%)
By 4.0 3.9 1 3.9 1 3.9 11

RT7T QHOTILTY XL T EDFEREEAEER
Table 7 The numbers of discovery and conveyance of each al-

gorithm in Q class.

74—} AV — b #RY— ) v—YV—}
FTEEL 17 % 12 % 4% 2%
R 17 % (100%) 12 % (100%) 2 % (50%) 2 % (100%)

1=EH 124 (71%) 34 (25%) 0 %4 (0%) 0 % (0%)
R IhER 12 4 (71%) 3% (25%) 0% (0%) 0 % (0%)
BfgrIy 3.2 M 3.0 i 3.0 1 3.5 1

5.5 TIIN)ZILT7ATFT7ITEDTTRDIEY

AREITI, WECOELAT VT XL TAFT e,
RLERA — FICEN AR,
55.1 74y oIJ—h

TAvTI— b DOTATFTIE, AL HERLEN, K11
DI, ARFEEIZ A LVBRVWLD] & [A LhEN
SO IHRY 53, | FIF R THEY Ry MMERAT
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BINBEHER

16 HFIEAT — I FIOTRDP SHHT — & 2 LS B9 AY — b
Fig. 16 The insert sort which compared a new datum with the

centered datum.
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Fig. 17 An example of deciding the two data at the same time.
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K8 TLIJALEE DL ETOT — 2DFETAE
Table 8 The number of playing games to hit on any algorithm.

PHl (37%) QM (41 %) Al (78 %)
0 [ 14 0% 1% (1.3%)
1 T4 9% 16 %4 (20.5%)
2 [i] 15 %4 15 %4 30 % (38.5%)
3 [ 7% 84 154 (19.2%)
4 3% 4% 7% (9.0%)
5 2 % 3% 5% (6.4%)
6 MLk 2% 2% 3% (3.9%)
Sy 2.57 [l 2.61 [n] 2.59 [
e 7 1.62 1.45 1.53

RO borHMhinEEozlE

Table 9 The list of what the students want to learn more.

bo b mnEESZE P (37 %) Q (41 %) &t (78 %)

—FAED BRI TV T A A 16 %4 12 %4 28 %
oD HGENH 2 72865 TV T1) X L 10 % 10 % 20 %
TNITY ZLEGH0 R UER B ik 0% 10 % 10 %
DY ¥ o=y I CEET L HE 4% 3% 7%
fiparEa—% - 7T XL 3% 2 % 5%
AVvE2—30 (FHEILHETS) {4 2% 14 3%

SAIIED B Lo Tz,
554 ¥v—JV—Fh

~—UV— M, PHA 5%, Q2% Lo
=TV =ML, Ty e aELTEISE, 1
N7 2 FCTHREAERYBETTVIT)XLTHL, T4
B8 THIUR, [F— 2 x 44l — [F— ¥ %4 x 24l
> [T B8 x 1M Lhb. LaL, ¥v—YV— DMy
BLIEROTATTICE, &Y [T %3 x24LT—
TE2x 1) & 3HITTEIL72t%, PEAEL TNy —
Y%L, PHLE QllEEDREI TN D) H, 58
= [T I3 x2/ET— 552 x 1] D [3-3-2]
FEELT o T W,

5.6 74— MER

T o= NRELL [F—203TR%E] [d - &M 7
WEBo/Z L] [RREHBEOHL S| ORERT.
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DEFTTERLTELZ L9072,
5.6.2 boEHMWIWwWEBZE
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Fig. 18 The difficulty in thinking of an original sort algorithm

by themselves.
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Fig. 19 The difficulty in understanding the sort algorithm

come up with by others.
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