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Developing individuals who will demonstrate their agency and lead society in the future
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Modern solutions for problems in “Zatsudai” by Sahei Onishi

B ) R L, AT L ORIz <
MIYAZAKI Tomoya*!, YOSHIOKA Kosuke*!, HARAMOTO Hiroshi*!, ABE Toshiyuki*!
L IR R E
*IFaculty of Education, Ehime University

[24] : ZIRIEOMBERAKESAORE L7 THE) 2308055, KEFIDHALE 8 BoOMBEDH

IR 2 RNy 5.

[¥—7—F] : fI& (Wasan, Japanese Mathematics), =77 DEH (Pythagoras’ Theorem), — X T2
(Quadoratic Equations), #ZECFH (Complex Plane), #EM%E (Themed Research)

1 IC®IC

ARETIE, BERDHA TV 2 KPEEEOMREL
7o TR OB OWTIENT 5. KPR
FREARETZHNERDO—ATH Y, HEMBHHIC
FERORENL - HEE (BEORTEERIRUCEEER L, R
Te e R EH UIRBO X 5 ithic BN L2 D) 23
o T\Wa. METIE, HAN R RED & B E %
TEL P> THD, FHIZIT 10 ERREORIENEIT S
NTW3. SHESBEICLDDIIHE (2230 &) DF
1 & SH 10 B E T2 L -8R (R :2019) TH
3. ZOERTIE, HEDEZ LK (Bx%E525
A B CETHAL b D) OB L, BLUB
REERDFLH SN TV B, i D XS5 BEoN
TV 2 DH D (RFE) DRLED LWz, MED
B X OHSLOMEFIZ O W TIZRE N E LR T 208D
H 5. BIRFIEMIERTIE, BEERT XL D ER (F1L:019)
LT, HETHDOA TV ABEOZE 21T > T
% . AT, BRMEMRRDERS (202342 A
19 HEAfE) THRE L LBRKFEE LD 3 BIEOH
2B E L ZTHENT 5.

ME OB DRIICIE, =37 DI R5LE M2
E DEBECEE TS BRI AR AV 255
2V, ZOMERRE L U2 0 BEBEICBV T,
EARMNNREANZDATIERL, X XVRER
DU % 7D OFATHRR LB I, RO 7EDw
&, HfROBR, £ LT (FIEMR) L olERY, —
DOMED S, ZRELRRAGRE REDER, 2 L TH
2 XD XV RE RO 2 HZETE 5. 5

17

EDFENHL L, MIETEEAN L BEbATWEA
R, ZICBEZDICHAETE 2D LIRS0
b, WD fHEe A (E5E) 12 & o TR 2 HIRIZZE
D30, MEORETIE, —ODRETTIERL, BhC
RPN OVT D, A RBISP D7 1 —
FRFEITTER LW HTHEME LTERTVS. &
LT, ZDO—BIHHEANTEIUTFEVTH S.

EIRAEMERDEFRITBVT, RROKEE S
ATEE, F1WMOMHALEEZICD Hizlzplza X
VEELAEIVE LEAABIREAEICZDOSLEMHD T
BLHL LT ZT.

2 IRARBEORER

PUFTid, iz k2 M8y 2BIRGEICRERL &
Kl (#11:2019) #BFICLTWS. ZOBERNIH 5
8 B 1 M~ 4 Mo, &2, fixefmnL, £
DBIRD R 23BN B .

2.1 FEIEFE1IM

WIRE 3. ([ 8-1)

() %, K1 D X5, S 5 DDOMEA
N5 (AT 5 XD ICHLE S 2). SHDERD 20
~F, FHOERD 5 To =, HHOERIZWL 5.

(&%) FFOHEBRE 20 .

(#52) .
O i)
W= rm

VESC TR KM e 5ldldi® 223, S e bz,



5t
,46‘
>

1. 78 8-1

722U, T, Moz v Tz oz oM oEE
ZRY. PIZINHOEREIN RS

Z ORISR (FRH, 1871) O F&ICEIk X
NTWBRETH 3.

(%), X 1 o4 M, B, <M, AM, THoHLZ
0,01,0,,03,04 2L, ¥EEZNEFN R, 779,73, 74
35, InH0FL e HILEREAISHDIREN T &,
RDE STk 5.
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2. 8 8-1 O OHLDRLE

9, AHOERIFHE, TH, AHOERZROMR
DT,

R=ri+rs+r;3 (31)

HELNSE. A010203 £/ 04 XL, AF 27—+
DEH (HBEM 20, BEHEAH:2017) ZHHT 5 &,

(ro + 7“3)2(7“1 +ry) 4+ (r1 + 7“2)2(7“3 +7y)
=(r1 +r3+2ry)((ra + 7“4)2 + (r1 +7a)(rs +74))

DY IO bbb, iU (3.1) ZIRALT ry
PHEET B,
(ro+73)*(R—r3) + (r1 +12)*(R—11)
= (2R—7"1 —Tg)(R—Tl + 79 —7’3)2 (32)
+ (2R —-7ry — T3)(R — T3)(R — 7“1)
PELNDG. KIZA00,05 L O XL, AF 27—
rOEEEHEAT S &,
(ro + r3)2(R —r)+ (r1 + 7"2)2(R —r3)
— (2R =1 —r3) (R — 15)? (3.3)
+ (2R -7 — Tg)(R — Tl)(R — 7'3)

MEHN5.

Z 2T, 2RIINIDEREDT, 2R > ri+1r3 THD
CEWEETS. (3.2) & (33) AL RETE, Rry,73
DOZENXL LTHde b 2R—r —r3 BT L LTH
D, XoT,2R—r1 —r3#0 &b, ZhTEHIB L,

(7’1 +T3)T2:(R—T1)(R—7"3) (34)

BREoND. —J7 (33) ZEMIT 2L, RD rp D—R
HERAPBTONS.

(R2 —7“17“3)7“2 = R(R—Tl)(R—Tg,). (35)
PE-T, (3.4)-(3.5) D ry ZIHELT,
R(Tl +7"3) :R2 —Trirs

PELNE. ZE r3 IZOWVWTEL &,

- R(R—T‘l)
3 R+7r
EoT
B — 2y — 2R(2R—2r1) S (- )

LD, iz,
oz 4 =200, B =5(F) 2RAT 2L,
A = 1320 — 12(~)) 25N 5. O

e 3.1, [E 8-1 1%, MicE T 3 KisxE W3 hHik
bH 5. MICET 2 KEsE, FIEMRETIERD Aubsik
WS, BRFRCIIIERCHR 72y — v e ko TW0d. £
7o, RNEEHR L ERNBEHRROERZTIE, &
AKICED, FHOER L -HAEZ (FH:2022) %
W2 HiEb AN S hr.
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fIRE 4. (R 8-2)

(MEZ) %, Ko & 512, B Ec 4 o0MEHWN
T2 X5 ICHE T 5. FHOERD 100 ~F, AH
DEFED 64, THOBERD 48~k &, ZHDE
BERD K.

3. [H 8-2 OALE

(&%) ZHOERE 72.9 5.
(32)

K= W, H=4K-T)

EIbL,
(@ - 2) T2
g

OB FEERED TRICGEED D 5. 7725
AT, BEREOM e 3D UHEEEZ AL, K hH
FRLSLTL LTWS. 22T, Biked 20X%
FRWTfREZ BN T 5.

(BBE). BRI ORDRKZHWS.

FIE 4.1, (BEIMARK 47) M4 o &5, [ Oy,
Oz, O3 IXHWIZAMEL, F O ¥ O, IXEHICHE
LTW3. M Oy, Oz, O3 DER%E di,ds,d3 &L,
AB=h tBHE,

Z:

dih + doh — dide — 2+/didadsh =0

3 O, <M, WM, THoOERZ zhzh
di,dy,ds,dy 35, FZMELEDS A D SER
WFLZEHEROEE B L, ABZMHEALZE v =
D AB OfKEZR b 235, 20L&, BEPMiON
X 47 ZHMA, M, TFICEH T % &,

dih 4+ dsh — didy — 2/ didadsh = 0. (4.1)
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4. BIEBhT 47

Rk, M, 2, THICERS % &,

dsh + dsh — d3dy — 2+/dad3dsh =0

MEXD,

(Vd3(dy + da) — \/dy(d3 + da))l
= dy\/dsdy — \/dydsdy

NIy gB

(Vdids—ds)(v/di —\/d3)h = /didzds(\/di —/d3).
di # ds DEFE,

y_ Vdidyds
Vdids — dy

MWEons. ik (4.1) RRAL, d TOWTHE

{ZeT,

dy = Vdids

4(\/d1ds — da)
MDD eAbhh, ZTHREMXDOR e —HL T
Wwa. O

<d1+d3 4 2) d421

4.1 ELIEFE3IM
ROMEDIEEEED FTEICH2METH 2.

= 5. ([ 8-3)

(FEZ) 4, K5 D&, ZALOWNEICH, £,
HAD=DDIEHEEENS. KD 17855 ~F, HRlH
14641.1 ~5F, /IR 7499.1 Sfoo v &, FHIEAEO—
DEIXERD XK. FZOMEDRHS.

(BFZ) HIEATEO— 3738 .
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5. Ml 8-3

(i32)

K= KA + iR,

= VARFPTRR — (K — /DiP)>
B 2

¥ 12,
% =31+ K + /2
E3BHLk,

mﬁ@:“ﬁ%%fﬂwﬁ
3. 22T, HamHE X, FEAEO—UOEXT
H5.

(BE). 2 2 CIRERECFEZNA L ke
5. MEOMBEME I B RA21ET1E2H, EHED
BIERZ @R OMAEEZ W TERT Z e TET,
FEIHENT 1 KGR E - T RES e TE S
D THEMTHZ. 251, FAHORBLERLS S
57-DICHEDK 5 ZEERISET, K6 DXS51C
FIZROITVW=AFOTELZ 0 & L, BHEM, &2
HHCHBHTEZS LT 5.

RN E ¢ TRT. EOFEHa, b, c ITHLT, 0,
a WG 2EBHCFI Losezhzh O, A e L,
MRBZOB=bAB=ct k25 15BORLT 5.
2D v ERBELOM (BHEDRLET) 56 55 B 1o
J5 5 2 EEL m +in (m,n € R) &
a?+b% —c?

2a ’

1
n=Vb—m?= %\/4a2b2 — (a? + b2 —?)?

e 5.
K6Dk5c, BEBFH LOE PP X 2L 5.
72720, RP, RIEE#H LS L, A Q7 OB Lk

2(F&1L:2019) 128 2 OIAGFER T, HoROELTB Y
T, M2 3 R bR TWAD, ZHIZEILTHE L EbR 3.
ZITIREBELEZDDETRLTWS.

DRTHDLT5. FHUTHR P, Q, RIIXIET 2 HHEK
dzhzEhp, q—l—i%q, r(p,q,r €R) LEFTZLHT
%3,

5 iy B

0 P R A i

6. WRECFHICH T SELE

DR, (S, T, U, V, W, X IZXIbs 2 8HE2 %, 2
NeEh s, t,uv, w, r TRT. HSIE RP ZHOIC
Q% —J HEELEATHEHD,

s = (cosgfising) (q+i%qu)+p
= —i (q—&—i%q—P) +p
TH5. Fhe, AT, AP EHBOIC Q% -1 EHEL
TV2ELEETHEH S
t:\/§<cosg—isin%) (q—H‘%q—p) +p
=(1—0(q+i%q—p)+p

THs.
FERICLT, AU, V, W, XiZZzhzh

u=—i(s—r)+r
v=1-4)(s=r)+r
w=—i(t—v)+v
z=(1-9)(t—v)+v
YRIIENTES. ZITHU, WHHRS AB L

DRTHZZe, RX»#7 OB LORTHE Z L
iRl

n

(Re(u) — m) +n,

a—m




MDD, T DX ZBEINCEEZ T L

(2am — 2m? + 3mn)p

+ (=3am — an + 3m?* + 3n?)q (5.1)
+ (am — m? — mn)r = amn,
—am +m? +mn p — ang
( ) (5.2)

+ (am — m? + mn)r = amn,

(3m? —mn)p + (=3m? — 3n?)qg + mnr = 0. (5.3)

INZ p, q, r ZARAME § 2H#3 1 ZTREREE R
T e?

a’m + am? + an?
262 — 2am + 3an + 2m?2 + 2n?’
a’m + am?
2a2 — 2am + 3an + 2m?2 + 2n2’
a’m + 3a’n + am? + an?
2a2 — 2am + 3an + 2m?2 + 2n?

L%, ZOLEHST PQ ORI

\/(p—q)2 + (;;q)2

anva? + 2am + m?2 + n?
2a2 — 2am + 3an + 2m? + 2n?
any/a? + (a2 + b2 — %) + b2
T 242 - (a® 4+ b2 — ¢2) + 3an + 2b?

© 3an+ a2+ b2 +c2
THHH, U a ZRE, b 2FRL c 2R L,

p:

q:

T =

K=a>+0b?

1
= an = 5\/4a2b2 — (a2 + b2 — 2)2
% =3an+a®>+0*+c

LB EHFHHEERD B DDOMLE —HT 3.
CORETIZ o = 17855, b = 14641.1, ¢ = 7499.1 D

BalEh o, LR ZHWTHAHZ KD % & 3738

i) MEOMBRIORINTVWAHEE —T 5. O

51 HE3&8FAM

fIRE 6. ([ 8-4)
(M) &, K7 O &35, MIRPICEM 2 /N %
Ahd. FHOERLEOESEHWT, 2HoFAT

SLURIEE L 2 XFROFTETH 2 DIEFIHEMET D 5720, Ge-
oGebra @ CAS (Computer Algebra System) ZFIFHLTW5.
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DB R Ft
(B2) WZDMED .
(#i2)

=%+ E=(%-F)E

L5,
e

N =

(f&E). ZoORMEEX, K8 X 5% o»OfidhiR%E
51 2 THRLNZEA=MAICBWT = FEFOEM
FRHW2ZETHATE 3. 72721, MDY F% R,

8. MRTRDHECE

WE%Z 2b, EFMHO¥EE ¢, PHOFEE s 2BL.
AOO;C, AOO,D, AOAB IZ=F)5 O E % it
The, zhzh

(R—t)*=(R—a+t)?+12, (6.1)
(R—5s)>=(R—a+s)*+ (t+2Vts)?, (6.2
R*= (R —a)* +b* (6.3)

#18%. (6.1) & (6.3) 245 &,

—2tR +1* = 2t(R — a) + 2t* — b*.

AFSOIIERE B D, ZHIIRRO 2 2T, K 272 h 5 3
DEETO ZLEERLTVS.



Zh&b,

12 + 4tR — b?

Cl —_— T. (6.4)

hz (6.3) IZRA LT,

B (t2 + b2)2

el (6.5)
ZLT, (64) kD,

2b%t

HESNS. (6.5)-(6.6) & (6.2) ITRKAT DL, Vs D
ZxEK

(b2 + 3t2)/s5 +42VEs +t(t2 —b*) =0 (6.7)
PELN, ZhE /s ITDWTRTIZ,
B \/%(b? _ t2)
Vi=TpigE e V! (6.8)
ARG, LU, s>0 XD,
B \/.E(bQ _ t2)
Vis eiae (6.9)

TH2ZDT, F =24V — 12))? = (32 — %2) %,
%= (402 +3t2))2 = (F2 +3%2)2 v BL LT,

N = 2\/§2 = %

ERDBIEBDRD. O

7T ¥BbhbDIZ

AFHSCTI, 2023 4F 2 A 19 HICBHfE S /228 48 [A]
FIBAIEIFR 2O ERRITBVTRERE L RER S Z
CTRRERTERDP S LREZELDTVS. SHEFE
N U7-REE, HEOHE 8 B 1 Mo 4 Mo 4
MTHh, EFlRTE, FEHDS BLEIR, Sk, 56 2
M2 4 MOELZ ZhZNHER L. 2o DE
&, IEEICEA RIS TREER)  (BEH:1781)
LO5IHTH D, Kl EHEIBERERZIZLD LT
BEMOMEZCHFBEL TNV Z L 2WE-> TV 5.
SRR, MEREIZES 8 BN BB EETED S D5
ZiFHBo5NA TV, Sz hE, chsofEn
FRIRIC DO WTIX, MEBIEORHEICB W T T TICHR
MEINTH D, RIS U 72 fET M VAR
%505, KEiTIEZEDEFID—DIBmE RN (7272

22

L, % 3 BMOFRIIFHOMTH 3). A Icigik L
TV AR, FAEB D, BEORICOWTRAID
REPLEBELDDOTHZ. PEPEZ-FIETH
%728, ZDfRED = OEHPRILEEEZ AW S
RE, EANBRFEDOATIETLTED, & hEFAR
DEFRICH IR LT WL 2o TW5. ERR, F 1
M, %5 2 [, 55 4 BIc oW T3 A DA CRES
BLZeWTES. —HT, 56 3 MZEMTHD, fIE
R CII MR MR e 2 DRTERREL T34, Z
ZCHT AT, EEECEH & RO TR
BrHWERETHY, ZOREZEFEZEDH 5T
FLWHETH 5. [WEEZZDF FEELROEBMIC
T % 2 2138 L was, BB OEART 2RI
BEHEYNHWT WS ST, B C BT % RRETE
DEM e L THHRRETH S EZTNS.
SEREN LTz 4 BIIFIE 2RI EARUIAR Y Ic—
D DT LAy, BIREOE S 2@ L T, fIER
DELINEZHENZEET 2 L & dIB S THUIET
Mcie b 3 X 2 MEM%E HROEF OB S0 & BHI
R THRET Z & dAEOMBICH D Tk & LB
Ths. MHEOHZEEZELT, ek, 2L TRFEOM
B, BEC & o TR AHUT O W TR ERNCHK S
ZEDAEETH 5 DT, BM OIS L THR 2%
ZHEDTITE 0.

BE

WL (2019) . THEED = 1& (KAEREE) &
HLWCHI2oT (2D 1), BIRFMENIES.

FIREE (2017) « B OREBENF~TIRMEZ®E L T
~, FHE—, 84KER R, FERAERER.
FHTE— (2022) « BEEAFEXDNE S EERIZOWV
T, MR 34-1, 57-103, MRS IFZERT.
FEHEEE (1781) : FEERE, FEKYBEER T Y X
INT—HA 7.
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A Study on the Educational Effects of the Ehime University Junior Doctor Training School
—Focusing on the results of follow-up surveys of graduates—

OB, [FREFT,  FARE,  DREE™, 2 IASE T
MUKOHeiwa', NAKAMOTOGo", KANOU Masamichi”,
IR B T
“Faculty of Education, Ehime University

SHUANG YIN, TATSUKAWA Kumiko!
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B 570) THBrs 5711 D 45D )OS LRl 2 HER T 7.
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I. [XL®IC
ENIAFZERRREIE ANRH AR RIS (LU,  BSFR
IST) 1%, Wk 29 EMND Y 2 =T N7 X —EFilEEH
L CTW5. ZOBEIL BRI ) ~—va %
5T HEEH LT M OBRIZAT T, &y ERRRsE
H L7210 S D/ B 2580 L, S BITRES) 2
FET2RNER T 7 o OBPF « EliziTH 2 L 2%
BT 5) 2 & ThD. BRI, W29 4 (2017 45)
[FEEOFNERI L L TRIRSN, 7us/'T L%
3 - JEh L7z, B3R 2021 4F) 12 SO 1
A T L, 2022 TSR S A, BIFEISES 2 #
D7m 7T LERFE - FEi L TD,

AFETIE, TurIa6ufiPlebls, 7mr7

DICHEDRAWET D EDBFE bR B
TW5. BlxiE, ARFECIEGEEEOMMEHME HRY K
VEhE) ON—7"Y v ZIZ K DEHIE B CAHHC LD,
(728205 1) 1B 200 TRBE 277 T8 2 71
D 4 >OHDOMEER > TS, £z, BIEE R
NFE L CO D SRS SFHEREEE (V2 =7
R 2 —554 « BRGEIAE] (2B TGRS - 2
A= OGHI S BT X DR ORI 2 H)
X, FHIORERIE 2 OZEAICHER 7 4 — RNy 7
THLIICL (FiED, 2018).

Vaz=T N7 2 —ERE, BEDR, B, HERGER,

%ﬁsaﬂa/ NN

LnL, Ya=T R7Z—BETHE = TT-1%,
ZDOFEORFHMEI BT HFRAITE RORY 7247
B7RV. ETT, AT, AFDOT2=T K74
—BRE 1 D 5 FCAERE LT smib kg & L
T, RFETPAIEZ LD, ZO/OFHE, A, K
W2 L CED K D 70528 % 52 To OOV TIRA
EATolm. AREORRIL, AKFEOV2=T K7 42—
BEENCIBIT D5 OBEONR LG EUFEL, Tk
BT A 7 = a3 VB EG T DHEH LI O
BRICHGT 52 L 2 CE 5.
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IMBRFEOHR T L ffid Kirkpatrie,D. L4 B
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The Perceptions of Prospective Japanese Science Teachers on Female
Students’ Participation in STEM Subjects

Marvin ASIEDU "1, Manabu SUMIDA™

Faculty of Education, Ehime University

Abstract

The researchers identified the important role of teachers/facilitators in holistic development and
decision-making in the life of students at schools. This compelled the researchers to investigate and
understand the perception of Japanese prospective science teachers about female students’ interest and
participation in STEM (Science, Technology, Engineering, Mathematics) subjects. Therefore, this
study aimed to identify and understand the actual baseline situation of Japanese prospective science
teachers’ perception and impact concerning female students’ STEM education participation. A
descriptive survey method was adopted for this study. Questionnaires were used as the instrument for
data collection. The sample group included 41 Japanese prospective science teachers from various
faculties at a national university. The study’s findings indicated that the prospective science teachers
seem to perceive female students to have low interest in STEM subjects even though their performance
is almost the same as that of male students.

Keywords: STEM subjects, prospective Japanese science teachers, perceptions, female students participation,
students’ interest and performance

INTRODUCTION

STEM (Science, Technology, Engineering, Mathematics) education is concerned
with teaching students the ability to integrate science and mathematics knowledge with
technology and engineering to solve real-life problems in society. A major goal of STEM
education has been to produce creative, diverse, and innovative problem solvers that will
bring complex knowledge and skills to the evolving workforce (White, 2014; U.S.
Department of Education, 2021). STEM education has wide entrepreneurship
opportunities. In this era of unemployment in most parts of the world, only STEM
education can assure one of a job or a source of income for a comfortable living. Due to
this, many developed countries have enforced a high degree of science and technology
education to boost their industrialization which has positively affected their economy.

Globally, the number of women in science, technology, and engineering is growing,
yet men continue to outnumber women, especially at the upper levels of these professions.
In elementary education, all the girls and boys take math and science courses equally. Yet

50



fewer women than men pursue these majors in high schools and universities. Women’s
representation in science, technology, and engineering declines further at the graduate
level and yet again in the transition to the workplace.

Over time, more females have entered STEM occupations. The percentage of
women in STEM has slightly increased. A report by the World Economic Forum’s Global
Gender Gap Report 2021, indicated in the figure below shows women in selected STEM
occupations from 1960 to 2021.
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Figure 1. Women in selected STEM occupations from 1960 to 2021

Japan is well qualified to promote scientific advancement. However, the proportion
of female professionals in science —including the humanities, social science, and natural
science— was only 15.7 % in 2017. A 2021 OECD report— Education at a Glance 2021-
estimated that in Japan, women represented only 16% of the STEM field, the lowest share
among the OECD countries. The report attributed this exceptionally low rate of women’s
participation in Japan’s STEM fields to “cultural perceptions and gender stereotypes.”
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Figure 2. The proportion of female researchers in OECD countries (The Cabinet Office, Gender
Equality Bureau, 2017)
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In their paper, Sumida and Yumi (2023) indicated that in recent years, the number
of female students choosing to pursue science education has increased in Japan. They
further stated that even though the figures are increasing, according to OCED 2017, the
rate is still far below the international average, and there is concern that the number of
women choosing to pursue science education in Japan is low. Further, Shinohara and
Fujimoto (2016) argued that women are less likely than men to persist in engineering, even
after controlling other factors such as family status and work balance, and stated the need
to find other factors for women’s engagement in engineering in Japan. This study
investigated and reported on the actual baseline perception of prospective Japanese science
teachers. The following research questions were used:

1. How do Japanese prospective science teachers perceive the difference in the level
of interest between male and female students when it comes to learning STEM
subjects?

2. How do Japanese prospective science teachers perceive boys and girls generally
perform in STEM subjects?

3. What are the understandings of the Japanese prospective teachers on advancing
STEM policy in Japan?

4. What are the thoughts of the Japanese prospective science teachers on whether
STEM education is attractive enough for girls in Japan?

5. Which female role model in STEM fields in Japan do the Japanese prospective
science teachers know?

RESEARCH METHODS

The study employed a descriptive research survey method. According to Creswell
(2014), the descriptive research method is to gather information about the present existing
condition. As widely accepted, the descriptive method of research is a fact-finding study
that involves adequate and accurate interpretation of findings. Descriptive research
describes a certain present condition. Relatively, the method was appropriate to this study
since it aimed to investigate and analyze the present perceptions of STEM facilitators about
female students’ participation in STEM education. The technique that was used under the
descriptive method was the normative survey approach and evaluation, which was
commonly used to explore opinions according to respondents that could represent a whole
population. The survey was appropriate in this study because it enabled the researcher to
formulate generalizations. The purpose of employing the descriptive method was to
describe the nature of a condition, as it took place during the time of the study, and to
explore the causes of a particular condition. The researchers opted to use this kind of
research considering the desire to acquire first-hand data from the respondents to formulate
rational and sound conclusions and recommendations for the study.

To be statistically significant and have a general inference on the population, it is
expedient that the sample size is drawn in such a manner that is a true representation of the
population size (Larry V. Hedges & Christopher Rhoads, 2009). This study adopted the
simple random sampling technique to select the sample group. It was a simple random
(Creswell, 2014) because each member of the population had an equal chance of being
selected. After a stipulated time of gathering data, 41 respondents from various faculties
namely, Education, Science, Agriculture, and Engineering all in a Japanese national
university answered the questionnaire.
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A direct-data survey was adopted for this study, specifically, a questionnaire. This
was designed using Google forms and distributed to the prospective teachers with a link to
answer online. Accordingly, the direct-data survey is used to reveal the status of some
phenomenon within an identified class of people, organizations, or regions at a particular
time through questionnaires and interviews to directly collect information (Brubaker &
Thomas, 2000). The survey was written in Japanese language and consisted mainly of two
sections: (1) respondents’ profiles and (2) perceptions of female students’ participation in
STEM Education (see Appendix).

RESULTS

The first section of the data collected shows that 61% of the total sample were male
and 39% were female prospective Japanese science teachers. Out of the total respondents,
7 respondents representing 17% were in the Faculty of Education, 22 representing 53.7%
were in the Faculty of Science, 10 respondents representing 24.4% were in the Faculty of
Agriculture and only 2 representing 5% were in the Faculty of Engineering. Regarding
their major programs, 14 respondents majored in Chemistry, 15 majored in Biology, 7
majored in Geology and all other 4 majors namely Math, Physics, Social Studies, and
Engineering had only 1 respondent. Also, 1 respondent indicated he doesn’t know his major
yet. Per the collected data, 39 respondents representing 95% do not have any form of
teaching experience and only 2 respondents representing 5% have some teaching
experience.

The second section of the results presents the views of the prospective teachers
about the difference in the "level of interest” between male and female students when it
comes to learning STEM subjects. Twenty-four (24) respondents presenting 59% indicated
that male students showed higher interest, two (2) respondents representing 5% argued
female students showed higher interest and fifteen (15) representing 36% indicated there
was no difference in the level of interest between both genders.
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No. of Respendents

Male Female No difference

Figure 3. Gender Levels of Interest in STEM Subjects
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Concerning the perception of the performance of both male and female students in
STEM subjects in Figures 4 and 5 respectively. With regards to male students, 3
respondents viewed them to perform Low, 24 respondents thought they perform Average,
12 respondents thought they perform High, and 2 respondents thought male students
perform Very High. As shown in figure 5, 8 respondents viewed the female students to
perform Low, 20 respondents thought they perform Average, 12 respondents thought they
perform High, and only 1 respondent thought female students perform Very High. None of
the respondents perceived both genders to perform Very low. There was any significant
difference in the Japanese prospective science teachers’ perception of the performance
between male and female students.
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Figure 4. The perception of how male students perform in STEM subjects
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Figure 5. The perception of how female students perform in STEM subjects
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On whether the prospective Japanese science teachers know a female role model in
the STEM field in Japan, only 2 respondents indicated Yes. One respondent mentioned Dr.
Naoko Yamazaki, an astronaut as a female role model in Japanese STEM. Another role
model was Dr. Jun Tsuchiya, Associate Professor at Geodynamics Research Center, Ehime
University.

In the last part of the questionnaires, the Japanese prospective science teachers
commented on their thoughts on the need for the participation of girls in STEM education
in Japan. To further understand their thoughts, we categorized the participants’ responses
based on the similarities of their ideas: STEM education at schools, involvement in the
society and industry, gender-equality, STEM literacy for all, and general positive thoughts
as shown in table 1.

Table 1. Japanese prospective science teachers’ thoughts on the need for participation of girls
in STEM education

Categories Examples of the Responses (translated into English)

We need a system and teachers who understand the essence of STEM
education and can pass on this concept to students. If the structure of STEM
education in Japan has been established, it is good to participate. It is
necessary to make sure that it does not become just another overseas trend.

STEM | think getting involved in high school will broaden the range of choices
Education at available to them. In fact, | had planned to go into the humanities until I was
Schools in high school. After being exposed to chemistry and biology in high school, |

decided to go into the sciences. Although the number of female students
going into the sciences is smaller than the number of male students, 1 think it
has increased considerably. | think that by setting more precedents, it will be
easier for female students to go into the sciences later on.

It will make it easier for them to be more interested in and contribute to
Involvement society.

in the Society | I think it will lead to the development of science fields because I think men
and Industry and women have slightly different tastes and thought patterns.

| think it's good because it will increase women's skills in STEM fields.

| believe that education should be gender-neutral, so | think it is good for
female students to participate.

I think it is not good to try to make people participate regardless of gender,
Gender- and I think it is good to have an environment where people can participate if
equality they want to.

I don't think gender matters when it comes to motivation for study and
research, so | think people should learn what they want to do the way they
want to do it.

STEM I think it is good that everyone can learn the field of their choice, so | think
they should participate.

I think it is very good for both men and women to study science and

Literacy for

All mathematics.
General It is important.
Positive | think they should participate more.

thoughts | think it should be highly recommended.
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CONCLUSION

The findings of this study show that the prospective Japanese science teachers in
the selected population seem to female students have a low interest in STEM Education
compared to male students even though their performance is almost the same as that of
male students. The results also show that most prospective science teachers have very little
knowledge of STEM educational policies and other STEM-related issues in Japan. Also,
very few of these prospective Japanese science teachers know female role models in the
STEM fields in Japan. On the other hand, the majority argued that STEM has a positive
outcome for females’ participation and therefore, they should be encouraged to participate
init.

Japan as a country has many initiatives which make STEM education attractive,
with the aspect of enhancing female students’ participation, policymakers and education
leaders need to put in more effort to make the numbers increase and make Japan become
an epitome of emulation to other countries.
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Appendix
Questionnaire in Japanese for collecting data
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10.

11.

12.
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HIFFREHZEZTHBEANS A
Strategies to Invite Students to Co-curricular Activities
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Abstract

There is a dearth of research that shows the nature of Japanese high school students’ Project Research
(FRAENTZE) outputs. In this study, we determined the major recurring themes, issues addressed,
research designs, and STEM competencies exhibited by the research projects made by students from
a national high school in Ehime Prefecture, Japan. Using a text mining software and manual
categorization, we found that the major themes set by the students for their research were
concentrated on local issues familiar to them such as revitalization of local cultures and communities,
and development, improvement, and utilization of technologies related to agriculture and disaster
prevention. These themes aligned directly with the top Sustainable Development Goals issues that
most of the students focused on: Sustainable Cities and Communities (SDG 11) and Industry,
Innovation, and Infrastructure (SDG 9). For the design of their research, most of the students used
non-experimental research design which included survey, field, and archival designs. This may have
impacted the results that showed strong indications that students exhibited STEM skills like complex
problem-solving, critical thinking, and mathematical thinking and reasoning skills, but quite low
indications on skills such as knowledge integration, creativity and innovation, and engineering-design
process skills. These results may imply that in guiding students’ research, teachers must encourage

students to innovate and solve more novel and globally relevant issues.

Keywords: students’ project research; text mining analysis; SDGs; research designs; STEM competencies

INTRODUCTION

At a national high school in Ehime Prefecture, Japan, students are provided with
a comprehensive academic system and a wide range of highly distinctive education,
among which are cooperation initiatives with its affiliated university. A major feature of
these cooperation initiatives is the subject offering called Project Research (RREEAST).
This subject offering was designed for students find local and global issues to work on
according to their own interests and career aspirations. Moreover, a unique aspect of this
subject’s design is that students receive direct research guidance from the relevant faculty
members of the school’s affiliated university. Through this subject, students acquire the
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qualities and skills to solve issues and problems pertinent to their society, thus playing a
significant role in their communities.

Such design of Project Research subject aligns strongly with the reform of Japan’s
Ministry of Education, Culture, Sports, Science and Technology (MEXT) to promote
inquiry-based learning. In the most recent revisions of the Japanese courses of study for
science and mathematics for upper secondary schools, Science and Mathematics Inquiry
course was established to train students to set their own problems, carry out the process
of inquiry on their own initiative, and write reports on the results of their inquiry (MEXT,
2018). MEXT also highlights the similarities between its direction of the emphasis on
inquiry-based learning with that of STEM education. In STEM education for supporting
high-level cognition, the curriculum is organized such that it provides opportunities for
students to creatively link between areas of science, technology, engineering, and
mathematics subjects (Taber, 2018). Here, emphasis is placed on problem-solving and
problem-based learning through the integration between areas of subject matter. Hence,
students taking the Science and Mathematics Inquiry course not only immerse themselves
in inquiry-based learning, but they also develop vital STEM skills such as complex
problem-solving, 21% century skills, mathematical thinking and reasoning skills, and
engineering-design process skills enhanced through problem-based learning
(Ruamcharoen, Musor, & Loonjang, 2021).

While there had been recent studies that explored the effects of taking the Project
Research course on students’ agency (Matsubara, Sumida, Sato, Yoshimura, Kakuto,
Onishi, Uwatoko, & Yagi, 2021) and achievement (Matsubara, et.al, 2022), the manner
of implementation of the course at different senior high schools (Ichiryu, Muko, & Ikeda
2022), and STEM integration observed on high school students’ project research (Sabong
& Sumida, 2022), there is not enough evidence to show the nature of the students’
research outputs. By exploring the nature of the students’ research projects, we can reveal
the qualities of their research outputs; whether these research outputs showed relevance
to their local and global communities; and whether they exemplified vital competencies
such as STEM-related competencies.

This present study is aimed at analyzing the research projects made by high school
students from the target national high school in 2021. Specifically, we sought to answer
the following questions:

1. What were the major recurring themes of the students’ research projects?
2. What type of issues, local or global, or Sustainable Developmental Goals
(SDGs) were addressed by the students’ research projects?
. What were the designs of the students’ research projects?
4. Did the students’ research projects show indication that they demonstrated
STEM competencies during their research?

(98]

We believe that this study could provide insights on the measures for success of
the implementation of the Project Research course at the target national high school and
could potentially be a basis for enhancing research program initiatives at high schools.

RESEARCH METHOD

In school year 2021, 230 students from among the 2" and 3™ grades of senior
high school conducted research based on their interests and on relevant local and global
issues. A total of 90 research projects were created by 90 diverse groups of students. We
acquired a copy of the handbook that contains the summaries of the research outputs. To
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further support our analysis, we also collected actual copies of the 90 research papers
which are more detailed and made directly by the students themselves.

To understand the nature of these research projects, a text mining software called
KH Coder was used to generate a word network of the students’ research project titles.
We loaded the complete titles of all the research projects to the software and limited the
number of nodes to just 40 and the word-frequency up to 3. This was done to naturally
drop irrelevant words or topics while surfacing the ones that would provide insights. By
interpreting the results of the co-occurrence network, we could find major themes of the
research titles from group of words which tend to appear together. From the word
frequency list generated by the software as well, we could see whether the research
projects addressed local or global issues. To get more precise results, we carefully
examined the contents of each research paper and manually categorized them based on
the type of issue that they addressed—whether local, global, or both. To determine the
quality of the students’ research outputs, we classified them based on the design of their
research. While research project designs may be classified in multiple ways, we manually
categorized them into experimental research, quasi-experimental research, survey
research, field research, and archival research (Dane, 1990). Table 1 shows the
description for each research design.

Table 1. Research designs and their description

Design Description

Experimental aims to establish causal relations between at least one independent and one
dependent variable

Quasi- aims to establish causal relations between independent and one dependent

experimental variable/s but does not rely on random assignment

Survey involves the use of questionnaires to obtain direct self-report information
from participants

Field includes any research applied to natural events—those not created, sustained,
or discontinued solely for research purposes

Archival includes any project in which existing documents or data are the units of
observation

Lastly, to surface the STEM competencies exhibited by the students during their
research, we adapted the list of STEM competencies by Ruamcharoen, Musor, and
Loonjang (2021) and used them as criteria for manually rating each research project.
These competencies were knowledge integration, 215 century skills (complex problem-
solving, critical thinking, and creativity), mathematical thinking and reasoning skills, and
engineering-design process skills. Table 2 shows the description for each criterion.

Table 2. STEM competencies criteria

Criterion Description
Knowledge Research exhibited integration of knowledge of STEM (science,
Integration technology, engineering, and mathematics) or other disciplines

Complex problem-
solving skill

Research showed evidence that students demonstrated the use of
scientific method to solve a problem

Critical thinking Research showed evidence that students demonstrated careful
evaluation of the reliability of data given or gathered

Creativity / Research showed evidence that students demonstrated ability to

Innovation innovate and see new ways of doing things

Mathematical thinking | Research showed evidence that students demonstrated making

and reasoning skills

reasonable connections and predictions based on quantifiable data

Engineering-design
process skill

Research showed evidence that students demonstrated ability to plan and
design digital and mechanical systems to solve problems
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RESULTS AND DISCUSSION

1. Major Themes of Students’ Research Projects

By mere inspection of the handbook that contains the summaries of students’
projects, the research projects can be organized according to the faculty that guided their
research. Based on this, the students’ research themes percentage are as follows: Faculty
of Education (21%), Law and Letters (20%), Collaborative Regional Innovation (20%),
Agriculture (14%), Engineering (11%), Science (7%), and Medicine (7%). However,
categorizing the research projects this way did not clarify the nature of the students’
research outputs. Using the text mining software called KH Coder, we were able to get a
whole picture of the students’ research projects. Figure 1.a shows the nodes which formed
major topical groups as seen from the different colors that emerged, while Figure 1.b
shows the centrality of each node with respect to other nodes.
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Figure 1. Text network of students’ research projects (N=90)
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Figure 1.a shows that the major topical groups were focused on the development,
improvement, and utilization of technologies related to agriculture and disaster
prevention (Subgraph 01); environmental change and education (Subgraph 02); and
understanding the differences between certain dialects (Subgraph 06). From Figure 1.b,
it can be observed that among the most frequently used words, the word “utilization (i
A1) most frequently appeared next to the words “technology (£4f7),” “aim (H¥§7),”
“agriculture (f23£),” “disaster prevention (i$%),” “learning (“+-4),” and “improvement
(1 _2).” This word can be considered as the most influential node that is linked to
different research topics. The network analysis further showed that many students focused
on topics that dealt with revitalization of communities, health, improvement of learning,
and food loss. The positive trend that emerged from the analysis was a strong focus on
local issues as seen from the words “Matsuyama (¥211),” “Ehime (%4%),” and “Japan
(HA),” which may indicate that students were able to process new information by
connecting them with local contexts that are familiar to them.

2. Issues Addressed by the Students’ Research Projects

Each research summary contained in the handbook included a list of sustainable
development goals (SDGs) that are related with or addressed by the project. By mere
inspection, it was found that the top issues addressed by the research projects were related
to SDG 11 or Sustainable Cities and Communities (14%), SGD 4 or Quality Education
(12%), SDG 3 or Good Health and Well-being (11%), and SGD 9 or Industry, Innovation,
and Infrastructure (10%). Furthermore, 71% of the research projects addressed at least
two SDG issues. For instance, the project “Production of biodegradable plastics by
marine bacteria: protect the richness of the sea with bacteria obtained from sun-dried
salt” addressed five SDGs (SDG 9, 12, 14, 15, and 17).

14
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: i 1sl
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Sustainable Development Goal Number

Percentage

Figure 2. SDG issues addressed by students’ research projects

To determine whether the research projects addressed local, global, or glocal
(global + local) issues, we referred to the word frequency list produced by the software.
Table 3 shows the top 60 words derived from the research titles of the projects that had
the highest frequency (f). As seen from the table, the words “Ehime,” “Matsuyama,”
“Japan,” “Community,” and “Society” appeared frequently, which may indicate that the
research projects conducted by the students addressed issues that are contextualized to
their local communities. We conducted manual categorization of the students’ research
projects to further clarify this result. Upon careful analysis of the students’ research
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papers, we found that 42% of them addressed local issues—half of which addressed issues
contained in their region (e.g., Matsuyama, Ehime Prefecture) and the other half tackled
national issues. This can be confirmed by the results of a recent study which revealed that
the students chose research topics that are relevant to their everyday life and local
community (Matsubara et.al, 2023). The projects that addressed global issues comprised
30% of the total number of research projects made.

Table 3. Top 60 words derived from the students’ research titles

Wod e S Wod e S Wod e/
#2%%  Thinking 9 A A=Y  Image 3 Vs Gourmet 2
#HE Education 8 ~—474v7  Marketing 3 F R Devices 2
BA% Development 7 =978 Loss 3 7525w,  Plastics 2
Higg Community 6 B Difference 3 7u Pro 2
HRE Possible 5 FH Learning 3 Y4420  Recycle 2
TEH Utilization 5 & Vitality 3 EH Medical 2
il Matsuyama 5 R Environment 3 TEH) Exercise 2

= Dialect 5 Bt Technology 3 I Film 2
B¥ET  Aim 5 RE Consideration 3 iEE English 2
il Problem 5 m_E Improvement 3 = Sound 2
gl Ehime 4 ol Bacteria 3 W Improvement 2
feRE Health 4 H= Society 3 R School 2
BLIR Current Situation 4 B Food 3 KR Instrument 2
R World 4 £ Storage 3 BEf% Relation 2
A Survey 4 HA Japan 3 fEAHHh Slope 2
L2 Features 4 BEEE Disposal 3 5% Enlightenment 2
B Agriculture 4 yx 14 Change 3 = Landscape 2
WE Necessary 4 Bhisk Disaster Prevention 3 & Blood vessels 2
R Infant 4 Fok Future 3 W53 Reduce 2
peitlid Understanding 4 7 A /)%  Camphor tree 2 & Word 2

Interestingly, we found that 28% of the research projects addressed “glocal”
issues, or issues that are familiar to students’ local contexts but are also connected to
global issues (Sumida, 2017). For instance, the research entitled, “Kiwi x orange: Search
for anti-allergic effects from food” addressed a global issue on good health and well-being
(SDG 3) while the students used local ingredients like kiwi and oranges that are very
common in Ehime Prefecture upon conducting their research. The research project,
“Effective use of discarded purple cabbage: Let's reduce food loss” tackled global issues
on food shortage and responsible consumption, while the students used purple cabbage
which are very commonly used as a salad ingredient in Japan. Lastly, the project entitled,
“Development of devices for smart agriculture Aiming for new agriculture utilizing
advanced technology” addressed the issues on climate action (SDG 13) and decreasing
number of labor force in agriculture industry, while the students themselves conducted
their research in their school which has a rich history of being an agricultural school.

3. Designs of Students’ Research Projects

We categorized each of the 90 research projects according to their research
designs by referring to their titles, abstracts, and methods (if present). As seen on Table
4, two-thirds of the research outputs produced by the students were non-experimental in
nature, particularly, they had survey (28%), field (26%), and archival (12%) research
designs. For instance, the students used open-ended survey questionnaires for their
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research on “The state of childcare support: Focus on the municipality's own policies”
for them to determine what the recipients of the local government’s support wanted and
needed. Another group of students also surveyed about 300 respondents to determine why
Google continues to be used by people all over the world for their research on “Google's
magic: Power to be recognized by the world.” For their research project on “The current
situation and challenges on reducing food loss,” the students did field research and
interviewed convenience store workers and owners to determine how they are helping
reduce food loss. For their research on “Exploring English-specific expressions and sound
changes characteristic to spoken language: Through the American movie ‘Back to the
Future’,” a group of students used archival research design by analyzing English phrases
from a scene that they selected from the American movie Back to the Future.

Table 4. Research designs of the students’ research projects (N = 90)

Design No. of related research projects Percentage
Experimental 20 22%
Quasi-experimental 11 12%
Survey 25 28%
Field 23 26%
Archival 11 12%

Total 90 100%

One-third of the total research projects were either experimental or quasi-
experimental. Most of the students who conducted these research projects were guided
by faculty members from the faculty of science, engineering, and agriculture. For
instance, the research projects “Deposition of impaired lignin upon acceptance of
impaired stress in fern plants,” “Examination of sterilization method based on low
temperature plasma sterilization,” and “Can sericulture waste be used as organic
fertilizer?” were experimental research designs guided by members of the faculty of
science, engineering, and agriculture, respectively. For these research projects, the
students stated on their research papers that they conducted multiple experiments and
trial-and-error strategies to determine the causal relations between their identified
dependent and independent variables.

4. STEM Competencies Observed on the Students’ Research Projects

In our previous study (Sabong and Sumida, 2022), we observed the integration
among STEAM (science, technology, engineering, arts, agriculture, and mathematics)
disciplines in the students’ research projects. While not all the research projects could be
classified under these disciplines, we still found that 22% of the 90 research projects
exemplified integration of at least two of the STEAM disciplines. This result was used to
report the Knowledge Integration criterion percentage. Most of the research projects that
showed disciplinal integration were an integration between science and agriculture
disciplines. For instance, the research projects “Water quality survey of familiar rivers:
Difference between upstream and downstream” and “Accumulation and observation of
soil microorganisms: Knowing the functions of living organisms in the soil” were both
guided by faculty members from the faculty of agriculture and tackled both agriculture
and science discipline principles. The research project, “Development of automatic
ventilation system using Arduino board: Infectious disease control in school classroom”
demonstrated an integration between science, technology, and engineering disciplines.
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Following the criteria that we set on determining whether the students’ research
projects exhibited STEM education competencies, we found that there is an overall
indication that the research projects did show evidence of alignment with STEM
education competencies. Table 5 shows the result of the manual rating that we did for the
research projects. We found that 56% of the research projects aligned with the criteria
that we set, indicating that most of the students exemplified vital STEM skills in the
process of making their research projects. All the research projects showed evidence that
the students demonstrated vital 21 century skills such as complex problem-solving,
critical thinking, and creativity and innovation skills. About 78% of the research outputs
showed evidence of students’ complex problem-solving skill which means that the
students used scientific method in solving the issues pointed out on their research paper.
All the research outputs displayed evidence of students’ critical thinking skills, which
means that they paid careful evaluation of the reliability of data that they gathered during
research. Lastly, 42% of the research outputs displayed students’ creativity and
innovation skills. This is evident in the novelty of the solutions, systems or methods, and
technology that the students proposed or produced after the conduct of their research.

Table 5. Alignment of the students’ research projects with STEM competencies (N = 90)

No. of research outputs that

Criterion exemplified the given criterion Percentage
Knowledge Integration 20 22%
Complex problem-solving skill 70 78%
Critical thinking 90 100%
Creativity / Innovation 38 42%
Mathematical thinking & reasoning skills 67 74%
Engineering-design process skill 17 19%

Average 50 56%

The other skills that we identified as critical STEM skills are mathematical
thinking and reasoning skills and engineering-design process skills. Mathematical
thinking and reasoning skills were evident on 74% of the research projects as seen on the
reasonable connections and predictions that the students indicated on the results and
discussion and conclusion portions of their research papers. Finally, 19% of the research
projects showed evidence that the students exemplified engineering-design process skills
during their research. These were the research projects that showcased the students’
ability to plan and design digital and mechanical systems to solve local or global
problems. For instance, in the research project, “Development of automatic ventilation
system using Arduino board: Infectious disease control in school classroom,” the students
designed and developed an automatic ventilation system that addressed both coronavirus
outbreak and heat stroke countermeasures. In the research project, “Development of
devices for smart agriculture: Toward a new agriculture using advanced technology,”
the students designed and developed blueprints of an automatic watering system for smart
agriculture and planned to complete the programming and manufacturing of the actual
system in the future. The results on the STEM skills exhibited by the students while
conducting their research aligned strongly with the study of Matsubara et.al (2022) which
confirmed that students strongly reported that they acquired abilities to solve problems
independently, devise problem-solving methods on their own, and think logically and
make decisions based on evidence.
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CONCLUSION

The results of the text mining analysis and manual categorizations revealed to us
a clearer picture of the nature of students’ research projects. First, the text mining analysis
revealed that the students focused on the following research themes: revitalization of
communities; improvement of learning; environmental change and education; health; and
development, improvement, and utilization of technologies for agriculture and disaster
prevention. This result is further supported by the data that we gathered which revealed
that the top issues addressed by the students’ research projects were related to Sustainable
Development Goals on Sustainable Cities and Communities (SDG 11), Quality Education
(SDG 4), Good Health and Well-being (SDG 3), and Industry, Innovation, and
Infrastructure (SDG 9). This may indicate a successful implementation of the Project
Research course and SDG-related initiatives by the target institution during that academic
year. These results could also potentially be a basis for enhancing research program
initiatives at other high schools.

Further analyses also revealed that the students tended to choose research topics
that are contextualized to their immediate local community. This suggests that the
students were able to process new information or knowledge in such a way that it makes
sense in their frame of reference (Hull, 1995). As guidance when setting the theme of the
research project, it is important for teachers to help students to make strong connections
between the contents that they learn academically and the actual real-world scenarios that
they experience. Students initiated research projects that could subsequently benefit their
local community. While there is nothing wrong with this, teachers and school
administrations may help facilitate a broader scope of the students’ research themes. This
could mean exposing the students more into initiatives or curricular and extra-curricular
activities that promote a globalized environment. This could potentially help them
increase their global awareness and solve more complex global issues.

Based on the results of determining the design of research that the students
conducted, most of the students used non-experimental research design which included
survey, field, and archival designs. This may have also impacted the result that showed
quite low indications that the students exhibited skills like knowledge integration,
creativity and innovation, and engineering-design process skills. This can be a good
opportunity for the school administration and teachers to assist students in exploring
research topics that are globally relevant, innovative, programmatic, and scalable to have
longer-lasting effects to them personally and to their community. Since students exhibited
other important STEM skills such as critical thinking, complex problem-solving, and
mathematical thinking, it is important for teachers and faculty members guiding the
research to value the process of solving novel problems through collaboration with peers
and enhance the logic and rationale of research through discussion with others, such as at
mid-term presentations.

References

Dane, F. (1990). Research methods, Chapters 5-9, Brooks/Cole Publishing Company.

Hull, D. (1995). Who are you calling stupid? The revolution that’s changing education.
CORD Communications. 23.

Ichiryu, K., Muko, H., & Ikeda, T. (2021).Survey of the actual conditions concerning the
implementation of project research in high schools. Proceedings of the Shikoku
Branch Conference of the Society of Japan Science Teaching, 39, 11-12.

82



Matsubara, I., Sumida, M., Sato, E., Yoshimura, N., Kakuto, H., Onishi, T., Uwatoko, K.,
& Yagi, M. (2021). Theme setting and student agency in high school project
research. Proceedings of the Shikoku Branch Conference of the Society of Japan
Science Teaching, 39, 9-10.

Matsubara, I., Sumida, M., Sato, E., Yoshimura, N., Kakuto, H., Onishi, T., Uwatoko, K.,
& Yagi, M. (2022). Composition of participating students and its impact on
achievement in high school problem-based research. Proceedings of the Shikoku
Branch Conference of the Society of Japan Science Teaching, 40, 30-31.

Ministry of Education (2018). Courses of Study for Senior High School (Announced in
2018) Commentary: Science & Mathematics. Retrieved 30 January 2023, from
https://www.mext.go.jp/content/1407073 12 1 1 2.pdf

Ruamcharoen, J., Musor, H., & Loonjang, K. (2021). STEM-PBL activity for higher
education to enhance the STEM competency, 2021 2nd SEA-STEM
International Conference (SEA-STEM), 62-66.

Sabong, V. & Sumida, M. (2022). STEAM integration in high school students’ project
research and science teachers’ views on integrating agriculture into science
courses. Proceedings of the Shikoku Branch Conference of the Society of Japan
Science Teaching, 40, 40-41.

Sumida, M. (2017). STEAM (science, technology, engineering, agriculture, and
mathematics) education for gifted young children: A glocal approach to science
education for gifted young children, K. S. Taber, M. Sumida, & L. McClure
(Eds.), Teaching gifted learners in STEM subjects: Developing talents in science,
technology, engineering, and mathematics (pp. 223-241), Routledge.

Taber, K. (2018). Knowledge Sans Frontiéres? Conceptualizing STEM in the curriculum
to facilitate creativity and knowledge integration, K. S. Taber, M. Sumida, & L.
McClure (Eds.), Teaching gifted learners in STEM subjects: Developing talents
in science, technology, engineering and mathematics (pp. 1-19), Routledge.

83



LD Y Fhibé LI-FEDORR LIRE
—INERIERE S ZE ) Z7#HR ORZEEL T—
Leaming Outcomes and Challenges Focusing on Manufacturing:

-Aiming for the Inaugural “Linear Shinkansen”  in 5th Grade Elementary School Science Class-

KB
Tatsuya Minakuchi
BERRSE FHIIR N
Ehime University Elementary School

[BE] H0EODHENI ZEIE, FEBITE S TIEFITHE - BILAE, F2, OO 0 IFR]THRR
D TH D, [E 9 THUTEI Dhy) HaIAE D 727> B ORTOHES & BEENE 2 BRI 72 HIFIC LT
W<, ZLT, BIZRolca bl FAUTIRERENIKE & 612, FOOBREFRANIER D Z LN TE D,
ZOHDOS YOS L) =7 O EENT AR, U =71E, BRI b EIC Lo TN EFF-720 . i
DAEEEZTZ0THIENTED L VST BRADHEEZ NI D LN TE D, £o, TOMWE
Ef o TR ZE) T L Vo T EECENR Tl Y . FEBITRVIRL, ERAaOMWEICAIND Z LN TE D,
o9 HUR, [EEECE— 2 — DA B 07 < | Bl DM RO CEARITE AL T2 BRSS!
WS CE, BREZSET2ARARERFOZENTE D THA D, LiL, bO3VIZBWT, FELOREID
FEAEOE R ORI, BYEOEE L S EHE BV . TEICHICEHR L, XS 7E ISR L i
DHTET,

[F—7—F] 103KV, V=TF—F—h—, BEE FOOHHK

I. MREDRRTE I. B¥EEEOEMN - Fik

INERBERI O DS VITHITRIATY 2%, 1. BM
A EAENLTHLDE DL B ET, FOOH HDO S VIZ L > TR K UEMET DEREEZHE X,
AEEFECTELNLThHD, o, O VT ERAOWEIZS i 252 R 5 2 & ¢, Eift
EBHITE S THWE - LR ETHEV, ZDHD< DNy E OPFEZED D, D3 OTERFODRK
0 OWES) &R ST ARG SEUE, FEBIE o] Rizohnis b L bia, V=708 %8 L Calis
DI B0 D X VERVERERR AR - C, R X —OHAEERT D 2 LT, FODERERS
WD T Z LIS TE DD TIIZRVWEA D7), BHRIEEES L, NI ) FARR7RREE 2 @D 5,
Fio, EOFEETYH, AR Z ENFAIRITAENS 2. Fi&
o, ENENTHDETFELNELLZ LITRUIT a. HE () Z7HHR) OB

D, FOORE IS H LNTE, IHICEE B OMEEHER LS, IR LY =7 %8
MNCFESREE A ERD D Z LN TEXHMMLThHD, ik W ENTE, 2o, FEBDFEY CELH AL
H[O—FFTHFANTET—F—CTh D, T—F—Df BT 5,
FAIHZDWTIHF PR OFEHNR Th D3, /INFIRD b. 3 MDY %@ L-BtigE
BT, BRAADHEIZ L > TE—F—NTE TS5 [V =7 iz @hnyd| &) BB -
ZEEFETERTIUL, AEE~OORNY 3L THOI VW EITHIHT, BROMEIZONTEET
STLEY, L, BlEE—F—DHA%d8% X HH e 5,
T 5 LIRS TIIR,

ZZCTAMIIETCIE, U =T HESREE T S0 D b
D30 %, HITOHUNNEDT 5 2 & O A
LT,

84



II. IREEBROHER

1. HE () ZTHHR DORF

BEAPIRT HITLTD, TELIETFEEDY =7
HERH T TN e NI BEZ R BT, ZDT28,
2027 AEBHE T ED [V =7 HRaliipii) 2 2R L LC,
5EADFENFITHHE L= 2L OBRF I Y fLA
72, ARA Y MIRO 3 S>TH 5,

O AEEFESEDZ L,
@ AIRTEAZHT T, LUl D SR TED

Tk,

@ ERADOWBOEINEZIE, FELNRTERITTY Z

&

FPL, FERIRATE XD 2 IR AT,
SRR [ ZN NN SR N DN & o RS VAN G = ke
HED &L, Hialeliae, V=THiesb b
2 ELTHIELTWDOREDOERELZEI LN
AITRER, FER BEL TR THII®EZ b
TETN, AIRTBAA AT, B Ty £ Tl
FELT VRO, AR TE) 2
L (E1, 2),

=1 H2 =Dk

BERDFE

WICENDT T ODOHFA AR EE 2 7=, ) =7 Hhgems
FROE T, A RO =AY T b= o
NOERADOHE - TEIK ZENTEDH LT,
HARRICRA DT DA EATT, EDRAZ L—)v
TNCER Y MR 7= BRAa I L~ T, BlEfHT, KL T
e L olZ L (B3) , BHEREKTI-EL0MED D
DOTIF <, BEMUPHE LT, HEEE DDA
DT FNVERES, FA YO, WMAaDMIRED
Fx RBERRH YD . ENEBZ TOIREERLE
BDHN, AlEIEH < ETEROBE ZHFNEz S
B2, ZOMOBERIIS I RT 5 L 512 Lz,

X3
EANE RN i

85

A OMEY) ) B2 5 Z L C, BiRERNCESE

LT THLN, ZOUVKEZ ZENARFEOTTH
5, ZOLL BEEGEMEL, [MEHEETS 2
& T, EROME OBYREED H & LBz, [RlEEE
—H =D L AE LV FE LA LZENTED
EEZD, MVBEZ AT DIZODAAL v FEFFE LT
(B4) , ORLEEM5GE L, QRLEELMSEE L
THRNDEROME NEDD, Ziut, B2 L
TV AFLEOHNEDIGHTH D, 1 ELBMEDERC
V&, VAL FEFROO M) & OFEDMRTERNZ 53730 o970
£ 91T, REFOE#AE A,

¥
i oA
B == GO

=
[ = -

¥

X4 XA yFOHLEH

L, ERRCEEL THRD L, ZDOAA v FOft:
AL, FEBIZESTHLNEDTh T2, DK
TRBHIL, ZOX DAL Y FITENBL LA TV
WEWNWH ZEThD, SFAEDLOS Y THRVELS
25, THROF v NTO5A. BREE > T LI
o720 a7 —T CERRE < oD T AR
RN TER, FER, A v FICL o TE ZITERH
HNDDNHEZ SN -T20 . BT —TF o HoiE
MEBNTESICEr T —TREELEVTHRE,
RO E B C& QU W EEENER SN, +
WS EFEOAL, AL T Lo TEROMN E 228
ZTNDHEND Z L3> TOTh, T BARR
(ORI ENTERNVDOTH S, UL, AA vTF
BA2DHLHZ L, LETOARL v TFOEREIIRE, A4
VT ZDOLD~DHEL INHDH LK T, L, Z
DAL »FIZIE,. 3. AFLEOBERIBET HFENE
MO FESESNTEY, JWIEEIEE L 72 o7z,
B FHA) ETESTETELR, 'R
T HMER LT L, T ALDHIN TN D DS
H L2l EROORIFHHE>TWDHDIZEhE £8
Aol EWND XD, BEDVRWFRZ W DD T X
AL o T,



2. LD YEEL-BaER

MDDz DTN EWVHBCRE ZOIEBDIE
FRCEMROBXIZOWTHEETEX L L) ICHLET
AL (E@5)

TR T =T TR S D |

Y

i, A DA AR

U =T it i 7o

2 CEFEDLVENH D, 3271 BB aA LD
Bexgyr, HROKITEEL T, BHOEELS D08
MWD, WMEIEZDEA I T HEET,

* ) FLHEF DD
WA 2D A
NS4y Nsl)

ERROKRS HE - OB X
AoNDHTE, Ao L
SRSICBART D 7B L5,
DAL ?

« ZOIAINHHEATRD ?
« 24 o FIEE I W H A2
RV =TEEIK 02

FIILTOIRT TELRTZN | Z2D7DITIT,
FHUTYNNDD R ?

E9

4} c Ho LI !
« BATETORTT=HHEE D |

| BFRLEOHAW

M5 HxTH4Sr (—E)

HIthhODOFESREOHAWTIL, BB LIEIT 2T
V=T R L, I —7 T L ICEE L CRIER
HNE3 Loz Uie, LR D2, FE8b0
Bk EERINFRH SN2 TUT 2 B2, BEZDL
DO RERA DTS A E - T L L@
20, FEBIX Tho L@y [7—7m4
NTORITTHIN] 70 E| FrxREokE RET., £
77 TEMIZORSIET TREEIK @y TaAun
WA DL DT> TND 7L BRI E A KL
LCWe, ®fEEEZ, 1R=F 27 U =7 8mis
FpIRTOIRL) L, FDHITIEE D THUT N
DR C, R L afroT,

FTVLABFDOD Y =T Frpfi) s o A T 5,
TROBEMET, aA NBHADE I /o TNHZ L
BB LTND Z L 72 EDEZ TN T28,
D LENENDDFREToT-, £ LT, MEEZ

86

Twéx4y%®ﬁﬁﬁ%%iko%m%ﬁ&ti5
(DAL v FITONWTERDZ LT L) -T2,
NFE TOFEOEAENRNKRYIT, +EHDE-ENR X
SRZTZ, MURLUIEE LY, BT8R LIZ0 5
GBI L QNS T R TE N, FHHDAMETH D,
HYDAA »F L BANTEIUL, U@L
T T2 b, UL, L 1 ET=aA /%50 [F1&
%&@f@kﬁiﬁﬁ&u\%yakﬁ<ﬁ%ww\5‘ﬁ
OnEhEH L7z, ZZ Tl &% 2ol L TEmE
k%<#5_&\%%&%%%bfﬁé_k\%Lf\
AR LTHD ZED35OTAERH SN, Fh
LU volz, A, FEML 28, 100 [ERE, RV E#CIE
ST EAROERIA % AT =7 HipiRaEn 9, L
2L, FEMRIZEDR, FEBIE, o BRI
T, bo LA RS LT, O ZEEoT
T EIBEREAL 725 Z L BIERRIR D TR T,
% & SRV VEHRC 200 [rPE & | KU VBT 150 [APER X
AR OEHRT 100 [FPEX 2T 5 Z LT, @i v

DFREEGD Z LN TET, oL, B L
HHE<, EHTHURMRICE) D DO)NBFEO~iE
AT T

U =T HiiE L <E ok, [5IE T
=72 H LW RIESED ] Lol Z A I TR
FETHD, 2OV Z 00T, 10mbd HEFHE S
ZENTED, ZOEMEET 52 LT, EiA DA
HODWVEZ TNDZ L ZFIRTE, ol @E A DM
BT, BB DIZTHTENTE D, Lanl,
ZHZHBEMBTALT, U =T Hs @) e L
STEZENUZUTRZ 72, ZhidiE, BTk )
IRUEEPVETH D IR LT,

O afNzDLOEH - EHELS LT, ME L0

PNRAETE D L HITT D,

@ T—FTLHTNWDAA vF LI

WOT, 7Yy TETIIRL HIT S,

@ EWAEEETDIOOREEHET S,
@ L—NOiEESH - &R LT, KIEDORAT T L

Wty & B DA T 5,

T-EBD, TERAOERRE D> LIMANZE] 53R Y
HRELEL ) TV =T ARIEE TE LT EMA DS
T D1 Vot LI T, LB S
T HENERNWE D R ELE TV &8
DN Tzdd, K@ B KR D5 Lk Uz, 72
D FEHEIZY =7 2 E< KO IZBRB LT,



V. #R-ER
V=022, O3 D EHLEL
THITEA T2 L T, 200ENH -8
2D

1oL, BRI ORREIRS ZHIRTE 5
e WMEEZLNDZE LWt ERAAOHE A~
DOERNRE S22 L Th D, HREBRD ITEDD &
RE) IRV BB THD, DO O TRITHE
RALTZY, faElBIGICflin- 0 LI=Z & C, a7
TR, EBRAORINTIR D Z LN TE T, £z,
U =7 i B o CEMET 5 2 & T, EREA DM
FVEHTEZEE D, V=T Fipiia s g 7-0
[ZIE, WOY) W XX A L/ INEETHY . HIR
CE B L, MO SRU ) B x A EikT 5,
LT, HORICHEBCEIK Z & T, Fafli~7- 8%
\ZoTR ST EZ D,

20HIF, FEEHRSCHRREK LD Z LN TET
ZETHD, HahkboT-th, RO D sdbiFr
STNDHFEHNUE,

« EATRE U CEYETIUE S £<EN TS ND 0 %S
ZIRIN IR Z T HON—A], —EE THEE L)
o7 TY, T, V=T EEIDTRLVRE L
NBBREAD T EIZONTERLOT, BLWLE
K725 LATIZNR, — A BHTWIRE T T LT,
- FNFHERLOHTH E W BXOMA IR T2
i e, AEL faESFERE L TAHTE > UL
BB T, FRITHHET 2 D1LE THEE L)
-7,

« e EAD A NVEAED faflal b (el ¢, 5k % L=
T, IVENEZZHTZEnTEE L, K
e Z & T, AETODLRD-T22 & AHICE
STWZZ EPRRTE DL NS Z L bdTHE
BLUE LT

H7TEZ, LT, KL Tk L TEn D k9
ICHDOOERTIEHTEX A LI LI AT TWY
LB ED 0T, TELNERAEBEL QL
OTIEFE L0 GRIIMETH DN, £0D5y, ElkA
OO IIREL po T, F2, bo bt A A v
TRV =T Hp AL, El S Bl R A FEA
DT ENTEIRDL, V=T Hmpiie Loy #hs
FTZENTEL LW EREA KD S Z LN TEL
THAH9, O3V ZBLTFEET LRI
bHEEZD,

87

c A RV ZTHERED L DV T=D T, H
KIZY =T F IR DR N bIUL, AL
SHLE ST EBNHEL EBNE LTz, AYD
U =T HERE# Lo Z R, gL
OIffE/D Y =7 FE R bETE L LS 2 &
72 BuvES,

12 SADFERE L TRDBIRN- T-RIEDIE L

FERD G T=DTI ) -72TT, KIE, ADY

=T EEMRA R T, FAUCEED D NTWA AR

ZENWTHL D ENE LT,

ZDXIIT, EEOY =T HEMRABELEEDTY |
WITZ AT Z LR L2 &) Rl & 72 B8 % R
720957, FROFEFOFECEEELT, A
ORI ANTIRNE D2 CEIE, F SIS AAIC
FSEENEESTWVDEHEDTHA I,

V. B0HYIZ

FEBD TV =T FHiipfila A 7e TOMRTTELE
720N EWHFAVTEBT 5 Z ENTE D)ol B
TN UIT EMblanZ Lld7-< EAHD . HIR
DZETHDHN, AENFEBLLIZV, ARFHETIE,
BOFENETHABEMRDIFI-OE T T, VU
=T HEARBOZ & AL v FOZ L7 L EiiL,
SOERNZ L > TELEL NE I B> TL D, £
NHEDZEERELTHDINEZL TV Z ¢
ATHECH 575, BERIORSTET T3 LV L, R
BEE LT, 22 ETEHEMNTEZD Z LTINS 5,
T EONEMOBE ITE/ITEH L HIT, #bfa T
LT 07 <, BGICL TN ZET, Koz
BRKE Lo TN B U T, BN EZ D250
RETIT L, FELNER LR 5 FPA TN [
E RN L, FOEDRWTWEEEL D D
B LTV 720,

Xk

SCHRIEEE (Q018), /NI RS AL PERHR,
AR RAE U
HERESRER U ESE2023), U =7 HugmiR
https://linear-chuo—shinkansen. jr—central. co. jp/

(BS54 2 H 28 AR



ERME TEFOMERE & BERIR] ORRZEF - -ERD-OIC
For understanding of high school geology*‘Ocean vertical structure and thermohaline circulation”
OfEpiAIs™, 7R
SATO Ejji*!, NAKAI Yoshie™
N ERERFE T, AR AL
“IFaculty of Education, Ehime University, 2 Matuyama Central Senior High school

[B49] SR OHF IR TR EVRE) Tl HFEOBREE SRR 27508, Z OB A FHRECHEIT 5
ZEIIARHRETH Y FHRET O 2 LIHFTE AL, ARl FENOENRTH o0 598k, FEITAR Y 42
NITOKEBENTRT &0 D ZDOET VIR ZEEOSHEIGER & AEOHT CGHR S § o365 -, L
L, BfEDU—7 2 — b, HIZT0 BITIKDOZEEIRGS SR DB OB A3 7050l b UL S
T2 T T, ZORETRAST-_HOOFEERE KD HT-T-F 0 700 2 71T B FERCHOW T OERIRN OB
A2 445 2T o r— MR ATV, EDRIEO—H 20T LTc, ZORER. K EENb Sl a, [BRE
FD 26%705, SR THIZ T2V VKBS EFIZEE B LB X 1A% K D KRN —Z/ep LB L - L
WO FERME S, TR 1k LT e » 72814 L QWD ATREMA YRR S utz, BIFE, FEROMT 2D TR
0. EEHCOWTIRCHRE T2 TETH D,

[F—T—FK] ZFOHE0T xR HREKOTEER

I. FEREDRTE REZH b o AT EEE D TEGEENOYYE D HA |
HMOZ <X, BB ZPIT LJENGT- K ERE ([CORD AR E L TELS TV D,
T LT Rib, Hiz-m vk &z, wmiz IINFFE A FFABEHRROBFREZIT THO0HT-7-
VKD TIEIZH D EBBITIRE B2 L 225 FVH| T BROHTTEV HFEKROHTZT-E0 /5,
IZHIS TS, Lo LBIE, Falieshid 55582 B, TLRDBHITE 0 Faig LT pRiddonizs
H O UOERICIEE SN BGnMite s, Hel ZAMBIEIZ ST T E D05, KIFEE bz & Z AN
TIEOKDIREZAZE D Z L1720, EOFITENNTEZHTT-F D, ERITKE BT

T R YA T, MR IERE G ST 6 DITBMELCND ] BV Z &2, 7, e 3
. ZEORGEUSN TR, KO ETENZEALE FAETIE MY, xR, 2UddE T=xL¥—] 8
724 ShEEREEATERGT D 2 EORIETTHEEED T HHS, SHRIC OV COMBIEAAE TR D8,
VRN EARARL, TEEETNTRVMEA 2201 T B RT3 LF—0 ) HLET XL X —L L TH~> T
ST DIREKDOKIGERIZ DOV TS, BY, FHELIEY B Ch s b Tidiany,

FEw & bR o T BRART 7200IZi, T OAER AERR o T PR TR S (3 THEEK ) fiElk
RO ZAH O MO DOERDNETH D &F 2, O THIERORSK L ARKDIER] & L TEH I TV,
DHITIZBWT, 7 VIR E BRI A AR ZOFEIFFICERRITEET 2NFICHT D . Bofsb
UMD CEEA R BYR A X D BEE RTINS, T—7 0 JFRORHI L = OfEIR O & L ThLE-ST ST
— hOFERNS, KOBHT-T=F 0 FEELLFEERL 2D TRy, Ziud, e fistl LTolt

TR EEZ HIDER S UL S U, KSRV THA D,
R ETEE T PRk 30 FREEEIR) fiFRlc & FEHED (2009) CTid, FFAEDEZL IEHT-T20D

Ll TmxpX—] DR [Afn) THIER) 2E0R HoKBEERT 5 2 & TRIENRHIZT-ED &9 [
FORAROBEEELAARC LT, FPACET HAN  BET7 L CTHRAIEZ TV DN H 5 = L 215
BEEDOEEZKD LI TEICHER I TWDE 2 L TWD, £/, #FEHI) (2014) TiE, VAR 4
W3ID, [HODBHT-T=F 0 5 13 Thi 1) BT Th AR DKA~OEDIRD O 5 OBESTEAIZ DV THFSE
FOFFOTHF—] & LTS, TR DR L, 2L OREKROEX EBADOED Y 1%, BIORE

88



RELTGERRL WD EHEITE D & L, AKR~DED
a0 HFIZB L TR TORENREH S 2 TR
T 52 EIREECH 72 LIRS TN D,

T/, FEIFA (2013) TIE, YRFOHEFHER
BHEFA GBI DROBHT-7-F 0 J7 ) (2B 27544
BEFE LT [ HIHAEEOR KIL FIZEIK ) &
V) BLG  BARRICBIER C & 5 HEBREE R OB 23 L E
ThD EBRNTND, L, INHROERIETIL T
DDEBT-T2F Y 5] 13, FRE BTV T )
IMETVKRN FIZEI Z S IXCE TR ST
L0 THD, Holr, BMED (2022) 1, FHARYE
LT = A= g I X o TR DO ERINEE 5
ZEEIRLTWDN, i SOFMTH I TO/NFAE
SE LV MBS ZTERR L= Tlidzauy,

ZIVBDIATIIIEN D b /INFRE 4 FFAEBRECooxt
WOIE LVERIERI L, &S TRW\WZ &03530n5, L
ML, EOBIUI DN TRSESNIT L A LN
& DAEFEDBRIZ & D XD ITHET D ODGERIe
FUIRMT= B2, Z 2T, BIRENOEIAEE %5
E LT o — NEE S LT, KOS F 0
U Z DN T ORI OV CRITAIC R % Fit
T5HZ2EELT,

0. HEOHEEER
1. R & HAR
ARFEFROMFERERPVER-E LRI, B4 4
12 Alceer I L, U—7 v — OB NEE O
L7, Fiz, BRNOEFEFALOEETH I L TH BN
A TAANK DT U — MR ARSI LT,
(1) =EEE
7 ETIVEEROBE

(7) Bx
REEWHE KRR LHKROES)
1) ®R

iR 2 AR P SRR 22 4
(77) BEORLL
HHFEDOREMER D L < B&E7 VERTH
BL., BEOGEMEREZTT VIBROFEE) D
FEE S T-HANTE D XL D127 D,
(T) /KEDEALDEEFTE
T —4 1 —DrDAQ (Pico Technology 1) %
FANT 10 B Z &1z 8 ZfiikiRZ A /K
EKERTT, B——Ze o —3 gt L7

89

WEITER L OKRE bAFHSR LIz, 07
— X a H—THEHNC ST 7 ek BREREN
by, KPOFEKTIEA 7/ — K « AT —LT
HHL,

AlENE, MHFEOSREEE G & REIEER DU
T, T /VERRZE L IR B A 155 =
EMTER B TH DT, kDa, bD DD
FH AT T FRITHOW TR D,

AAEITEAR L2 T — 27 2 — MAIKIEZS D
BT & KROBENZ OV CRER S B,

A4 ETIEBRONRLIER

a EhoHi-f-H5HER o R
(7) EERAR "

K1oXolz, ©—h—n
ESicERAENT, A (B

k&) & B (F@ oK% S8 .
STEE Latsk LT,
1) #R B 1

m;1 18

EERE (5)
X2

2 10 BRIk ERSHBIC A S D 28
TEOIREE FFIARD THIRNZ & 035373,
(2) &EHfEDT—Y o— bDFER
v(@

« FEIIKEESA - FEidz kil 16 44
c BB HIEC L DITKED B L 54
- M 14
k@)

<HY 04 <Rl 224

g - TREBIFEC LD ITKED B Lz & id
LA TEOO T OKE ERIZER Lz &
EZ D, KOBEIZOWTEM LT v r—
Tl 22 A EEDVKOEE RN EE R T,




b LEALEPTEER
(7) EEBRRNE
3D X IRV ERTIKE AN
T, AKEIZENS, A (H@)
& B (T okii% 8 yflifllE
L7
() HER

1

R

B3

17
16
15
~ 14
13
12
11

10
BeERE (9)

——A (EE) —e—B (

H4

TE)

FHUBRAAE AN IIKIRANZE L2V 3, LIED
T D ETFEOIH, KIRIMEN RRED MR 72
FEKIEDTNDZ ENDDD,

(77) EHEDT—9 — FOECR
(Z1b)

SR CoRE RO, TEHBBEL K
INTIREEN TN 7 EA, BAEXBILZRY K
IR L DT DT, FEEE MBI X Ho
e ZAh, 24080, PR TENRLMZ
HT ek, TEDLEHAES TND Z EDbh»
277,

VNI

-HY 134 <72l 34 K 64
IKOENEZOWTIE, 22 4 3 A HKOE) X
IFTRNEEZ TR, XD 6 HEAabEDL L,
DKOENE 23720 Xk TEFR L o7 AL
DRI AR H 72D,

2) AoSAUIZKBTo5—b
7 TUh—bORFRERE

FIRIRNOEREICERI OZE ) HIFO) T
TH BV, Microsoft Forms ZVEHA L7zA4 T4 >
FEPEAZ LTH B o, MW AR
45 4 ThH S,

4 TUr— OB

BHIT2D LI SN KROEN X 2D

T DALEDT A 5T 5 FEREE R T 5,

90

Y T Ur— ORBEFHER

1 LEhskEhi=z=6H%

(7) ERORAE

RIS D& DI, RYET 300mL < o n

E—H—IZ AN KIE 20C (K
IR20°C) Ok%E S HT-T A
D= & & FHNZ A~C D EN B
AN 40°CIT72 % & FEWNET D,
Ehe. 2 HBATFRIHT I, £

(1) #BR (=rEH445) 5

<AVEAS

(L3
23%

B 6
<[mEERH> &A1
blzl=F oK | HZARETH | bl-l-dbih | 20
R L AR | HrEvked | KIDKEE |
btz b, 721295, IS
A O 40% (117) 7% (20) 51%(149) | 2%
[misii 62% (64) 25% (26) 12%(12) 1%

@PIIEIN" =7

EEE L EE (A) DobloloED &) EEEN
BIRD 65%% 5D TEY | RUFRERTHDH, Ll
RVRLEBEHEHBA LT T5 &, izl
O HNTKITAKIES I E DO TRENEICHT
T=E 5] CEBbLED TR E LA 149
% (IEfEED 51%, &R0 33%) Thod, kLT
BRNGT-I2F 5] AFRRICIERERATART 117
% (IEfREE D 40%, 2IRD 26%) Th b,

WIZ 23% (102 40) OAFENEAT NHIFERAZH
T272F5] EVWIHIRRETIIMA L (COBZEBEATA
FED 62%., RD 14%) 73 [HiE L CTRIRRHI=7-F
%) #HBE LTS,

2 L&A SKESDOT
(7) HEDOAE

B7DL91z, KiE20C (Kl
20°C) DIKZEANTZE—T—ITR

VAR AT OKR BRI L &

BANTAIEA 10°C L 22 T=DIT A

~C D EITT D,

UK

B7



(1) #ER (BIEH445)

<[> =
[FPENZR EE
8
<[lEPRH> F&2

KITEWE | WA TR | xfKize | %
ZAMDIE | BEHERIL | KOBEET | ©
[ZH 2.5, NI, Fhenbikte, |

ADEH | 87%209) 5% (13) 7% (17) 0%

C OFi 4% (4) 63% (68) 31%(33) 3%

() PIEAEERT,

ARIOFFEFRE T, PRI 10°CITAicizE LT,
IBEEDVKICBRR L CORVERY . C (F@) 7ol
25, LN, R2m1Hbnd 1T, KISk EZ
AMBIAIZH Z TN &35 2 DD 445 2471 209 44
(BIKD 47%) LW HFERTH -T2,
3 JKDTEAIZDOLT

(7) HZENE

PN 8 DUIKORDED & & FANTHD DI
EOEHZTL X OD,
(1) #ER (ErEH445)
<[EVENZY>

&9

<[nEHH> &3
FBDNBINELZ R S AU THRIBAMEN ERSS DR -
<,

T TRBERLINIM%, oS IIKBEZD
FEOAIREHEEF L2206, AKEIZIET e,

FJB TR IR, AKIEIZTET 23, & DIRELL
TLpBRBIIEEVHRLEINS,

T THLIIIKIT, TRA720S BEFHOEVE
VKRR TSR0 5, tEA TN,

ZOfh

73%
(269)
6%
(21)
14%
(53)
6%
(21)
2% (1)

() NIINEERT,

91

FRENOHD LB ZTAERET 83T KN, FEFITH
WIEESRTh o7, Lol 2694 (EfEED 73%, 4
Ko 60%) 73 [FREDBIRIZESC S AU TRIRAME
ISR TN | ZEEIH & U GRATS, KOBEEMN
BHEW 4 CULTIZiu, FEnolRzmesIing
EVIHERBIELV TR TR SNTKIL, IKIE
IR, HHIELLTF 725 L RBIZEE D HOS
N5 wERSHFEYEEEZ D,

Fio, IEfEOAZRAUZER E LT, ZOthaSA
7294 H 7475, FERHIREDH S T DG 28152
L2 & & E LGURLTRY, AR EEE
PEA SO TR U=,

B4 3ODOH--FYADFEVNAIZDONT
(7) HEDOAE
HLODHTT-F D FIZHOWTII/INER 4 LT

FATET, TOLEEDL I RFETHFORELE

Dy, BEEETRER L PO 2T R GEATLES

VY, (FEEOEIRAD)

250
200
150

100

. ||II|IIIII-IIII-

BB T A MAR— FEZ AW ToH 251
A V7 T NSRBI E NS 2 55 92
B T2 EDHENE AN AKEIIEL L TRE 66
RO 58T 533

FREY, BIEEE L TFATS 125
SERRSCENE AL TU 16
AR, 55
Z M 15

10 () PIINEERTS,
m =%

(1) =EFEERIZHITDEFTBODHT
%< OEMFTDOT I RRELICKRER ST
FURITA DD HOD, FHI Rl DIHTIEM
(ZFRAER AR TVD,
UL, ASZEIHE K OSNE ATSCENEIEER 2



NIRRT T3 ChH L aB2x5L, bOL

MO ERT, KOBEE N7 EE X AT,

KD ETFENCE & L TUVRUVERERSIED 41% %

W5 Z LT, FREZEOREBIRSERRO HANZ DUV T O

BRED DS T=DE LIV,

2) Pohr—rOKEthoFEINEI L
AT — ORI TR, EELER
i L Ceindizl-E %] LiloT-HHEEA

TN 11T 4 (R 26%) B\ -, [FICEH A

BORE L 2p o T2 AEGEIT 80 £ KON, kRt
L CAREDERREN AR LTS ATREME S A7 E T &

720,
KIFUZDONT, NI A FAEDHFREETIE DRI

BN ZADKP EOFIZENNT, ENBIE
\ZHT=T=F D) EE D |, Py RERE T IR

RSRIRIEOHE ML T=356. Hi-T=d b=

BZOHONBEN LT, 2RICEWMED 58I OR

HEFER) CHHIL TS, EBHLOHBIHIE LY,

B Z LWVEFEIC & > TUTIEMIZE 2D Z En

WEEZ A S H D LIV,

T, A4 T U r— o2 DRITEN
EZAMDIAICImA D] LW BEZNRHE T
Z&. 3% [FREN DI S AU TRIRDERN
BROYISIEIN S TUND | B W) Rl e B BN &y
DRI N DHRITHHRNELS B> T\ 5
EWVO TR EBMREDE X AL TL
F O AREMER S D L2y,

V. £HhYIC
KON, FEL S ESDII N AFAET
DHTHHN, RERRFEE 72 EL < NE BIRIRHC
5, Flo, FER SHATH TRV D]
ELTESM, fiEFEL < F5DIT TR,
Flo, AR BEEL PSR AFAIZBN T
WL, —FA 7 XITBN L T2 AT R 2R L
THEGETT v r— MRIBAER-ED 13 FBREECTh o7z, Xt
S H AR O CREIICFSR I LN TEX 5815
EIFRO 2N EZER L TR b R0nont
LAVRUY,
AEOREFTRRA L T A AL DHET 0 &
IEEZ 200, 1 OB SKRE G-I b &,
SR L CREnbi-7-%5] Z&x##HHE LT, Tk
JE@ (A) »obllzEd) LW IEfFE TN FERE

92

\ZHTT-FE D] &I REfRE N ALEN DR 72
W BT, RIS OV T OBMENAE LTV D ATREME:
EHETER,

ARG CHW=T v — MO DM 051
EEOTHBRFTE L EHIC, MERY LEDT,
S BIZEEIZ R 2T TV, RIS DUV COBMRIC
Ao37p b ZADRGIUT, BHIAE Uiz, TR L
) BT VIR O U COREA 7 iR A 358
7077 AOBPRIZIEWT, BlETREFIHEE D]
REMED DD, KV ENTARERERERTEL 94
B U EED TN EEZTND,

{50 - BiEE

AWFZEE, AR AEEESE TR T C TIRIESGE
HEfE DI TR, (BIRBHELES) TOHEED
—ERETER STV, Fa, T — MEE
1 I S AR B RS S T P i LR RN
DL DAEFEOES AT LT =720, Fiz,
TIRR AR B IR A FEA T2 & A
TRERE N7, TD DAL X VR
L5,

Xk

FEEGHERA « BEAL T (2009) /N A4 TRODBHT2
TEVF) BT oREERE —F1 7)) Zot
DENME, BRZEETIIE Vol49 No3

AP - ALREEE - fiERL (2014) /N 44P4
DIR~DEDARID Y 7 OBEETERIC BE 3~ 5 Bl
75— THODIRE Y F] HotlZisT HE&DBE
H—, BRRIEEME, Vol.Ss.

HEHR 2014) : ARKE2OD /IVEEEFL 4

SCEREE (2019) @ @SRy RS ETEEEE (AR 30
HER) e PERHE PR

PESCEE - 2 < SRS (2022) MERUEYEL T =
A= g UHTEIZ X DB E) OB AR REL
ORIV A FHREE THIOIRE Y J7) I
BT DRFEHG DO  -— FBFZEWIIE, 41 5
275 pl74-186

HOLEFE (2021) : BFET 2T LVWEEES

SFHYEZE « R (2013) @ /IR 4 FEAEERRL TR
BIcl=E 0 )7 OEEOBMR L UGE, AARKYEE
M, 27455 p97-102



	科学教育研究センター紀要　Vol.2.pdf
	科学教育研究センター紀要　Vol．2　　表紙.pdf
	第2巻中身.pdf
	R5科学教育研究センター紀要（ヒト型ロボット）Ver0228
	科学教育研究センター紀要　ジュニアドクター育成塾の選抜試験の開発
	安部先生
	科学教育研究センター紀要の原稿　殷
	科学教育研究センター紀要02（富田単独）v01
	科学教育センター　紀要　向　修正
	The Perceptions of Prospective Japanese Science Teachers on Female Students
	科学教育研究センター紀要02（富田・野中・三和・坪田）v05
	中学校理科「音「の単元構成の工夫【沖野】
	Nature of Students’ Research Projects at a Japanese National High School+ms
	R4_科学教育研究センター紀要「リニア」


	Vol2,No12



