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THY Savrin

O #7877 —=~ (Research theme)

Development of E-Lab for Teaching and Learning Science in Cambodia

O #7ER"4 > (Research point)

Development of data acquisition system, Arduino-based experiments, data acquisition and video-
based experiments for teaching the topics in relation to oscillations and waves.

O F—U—F (Keywords)

Video-based experiment, Arduino-based experiment, Data acquisition system, E-lab, Teaching

material development

1 13D FE (Doctoral dissertation plan)

The study is developing an E-Lab for teaching and learning science in Cambodia. The E-Lab will
be a product of the study, which is cheap to invest in, uncomplicated to set up and use, and requires
a narrow laboratory space. The E-Lab is a basic science laboratory consisting of two categories: 1)
microcontroller-based experiments and 2) video-based experiments. The E-Lab enables science
teachers to design science inquiry activities and experiments to improve the quality of their lessons
which may make science lessons more attractive to students. This can attract students to interest
in science and learn harder and better.

This research possesses the following three objectives:

e To determine the challenges and opportunities for science teaching and learning in
Cambodia.

e To develop E-Lab for science teaching and learning in Cambodia.

o To assess the effectiveness and challenges of using E-Lab in science teaching and learning.

In this first academic year of 2022-23, several tasks have been done. The Data Acquisition
System (DAS), which is the main part of E-Lap, has been developed together with some teaching

materials on oscillations and waves, as listed in the following section.

2 AREEFEOIFEIEE) (Research activities of last school year)
1. Papers

a. Thy, Savrin, and Tsutomu Iwayama. "Using a simplified ripple tank and video analysis to
visualise and quantify the Doppler effect." Physics Education 56, no. 4 (2021): 045021.

b. Thy, Savrin, and Tsutomu Iwayama. "Analysis of interference patterns using a simplified
ripple tank, a smartphone camera and Tracker." Physics Education 56, no. 6 (2021): 065025.

c¢. Thy, Savrin, and Tsutomu Iwayama. "Investigation of pendulum damping using an angle
sensor and video analysis: combination of viscous and dry friction." Physics Education 57,

no. 6 (2022): 065026.



2. International conference: Poster presentation:
a. Thy, Savrin, and Tsutomu Iwayama. "STEM approach to teaching and learning physics at
high school: A damped oscillation application of tuned mass damper." In Proceedings of the

TUPAP International Conference on Physics Education 2022, pp. 161-161. 2022.
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@ PRBERT - ShHEE
@ ZFhE
® EE
® ik
@ PREED NG TN & BT
DFTMNERA 4 A ZDO—THiZdH D, FEITIE
AVEEE (B - PRt - BB )

NEBEER (BoEE OBIfR, REH L ORR)
Snn (PR - K8

Wer (fp&7pz &« HFp L)

R TE

ZOMECEA VB2 = &
ZHBHRCRRALT, KEIZ TZov— hONEE
INFRRIZE I SRS Z EIZFABE LET ) O TFIRH#EESS
MDD HBETH B,

FEXOBERI AT 720, RSOV N
\ABZ TGS, PREED YR — T v 7 2B LT
BHLTWAZ ERD D,

FEZ O — MIRES L IFETTIERT 5 2 Eb,
(E ARl i aY =2 Wt e 1 [ Nl e 11 3 ANV VAN
FRNARR D Z L1225,

ZOv— MCE, BRI COARRIRDLA LT
HY, INFRANFHOFENMEIRFEH VT f RAD
T, ©F 0 FET (OB H I OARINFED D,
CARDFHED N TFRE L TDDY), EF (AH04
AT By, OB e gt 50y, FdEe 1~5 £
TOEDR DD, WD BWVWETHZ BILDDY,
KEDMHT B2 EOMFRITE EN TR, 20 LD
IREEITE 2T S ND DTEA D Iy, /INFRIANE
AT DT EBOZTAIUTKT L ED L 9 7ol % &
DEDELIRTRE L TCNDDEA DD,

@OeOe
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FEEDDH 51 S ORISR ER S D &9
2720, AHETNIKFONHESE (2017) TfTo
TN DRI 6 T > TND Z End, KHlsiTidmt
TR X DR OIEER S AL, 1TBUC L Dkk
Kb, EEOH DT EHORFRILIRICE LT
LR RIERO I T T D L HEER S D,

FATRRFRZ T HIVTND K 9 7o, SodfERkic
BT DS, SRLWMER (HH) OREL, &R
EIZHOWTISGESILTWNDDTEA D D,

2. Jik

FZHEOF IR CHEA ST D B TR
#k) OREICHOWTEIERS,

RS TWAEEICOW T, Tl 57
M@« BEANDH DD, FEDOX O REANE
NEBZBIVTNDDI),

F2ED LS BREME DR OECROESEE1T- T
WANZDOWT B LT,

FILUFD 2 sUZOWT, S5/ INERHE ()
A B Ea—REE1T O,

(1) ED &7 gkt O HO BT
WD, OB T A TEO), #EDSFLA LT
Wb, EO XD R ED X5 AT
ZIFESIUERA S TWS7y, HA EoEr
JERUGE R DG LAV THOIL TN D,

(2) /INHETIEIREEDOH D 1 FEOZIT AU
KL TEDX Y IfTHEDEREE, A
FUREBROREELC, 4 HEED T RAM T T
DDh, ZDRHT T ERATIRRORLER 1 X E D
LRSI TND D0,

AT CE ARV TR B 2220, T
e T BV TO DRI OV T ED K 5 1Tl
TRPENTODDERTT LTV,

AU A a—CBIF AT — 2D, UEZ I\ MER

1D 72U MR 12O\ ORI & /AR A8
ED L 91 « B L T DO OW TR L=
A%
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51 - 2530k

Bih RElR - BEOMOL - EAR RUD - EHE O OFET .
WAL HT—BE « P8 S0 - il HET - R
MK - NG ST - b R (2017) mE
BATHICBIT EEDH 51 £ HIZEET S50k
WIOVERL - TEFPIRIL L G (2) —7 F A b~ A =
VKD AEEIROGHND —  BAREE L
BP9 R FGR SCEE 578

Birh BElR - BEOBOC - BR RUD - EE O OFET .
WAL 78R - P S0 - ElE EEo -
o WK - N 31 - iy % (2018)
WFBATIICBT AEEDSH S T L HICBET 5
RO ERL L TN B2 FERERRA « BhEAT
gk & IR AR LT SHEEEIAER
%540 %, 49-60

W FE - BE BOL - BR k) - 8RO BEG -
WL HT—RE - B S0 - Bl EEo .
AR WK - N 38361 - ik % (2017)
AT DEEDH L1 EBIZBET5
RREROIERK - TEFIRIL SRR (1) —ET
—Z OGN —  AARBE DR 59 [HH
SRIFGMEE 55T

S S SRV SR <5 s SR 277 NI VLR I SR 3
1h - Bl BEEA- BWOBol - R PR -
HPE X0 - [EE T BR - Lk 52
(2017) BEEDH DT L HO/INFHRA~DOTFH
1T3ARIZEET DT Y fEA L iRl
KT« IR B e, 4,
166-175

IO AT - BRE 5 (2014) ShifyINEHEL R
LIREH L/ IR~ B — BN
MRz ToOEER) & T 7= g o)
b— R RFRFBEE TR =
5 63 7, 81—90

T Heon Bor-mft B 2 (2017)
IR A R OLRRER ORI =— RIZ BT 2%t
FR P E R A v 2 —HEE 26, 1-7

SCHRREE (2017) 7307 Ly REED G HERD/N
EREADIG S DT TD T8I
https!//www.mext.go.jp/a_menu/shotou/youchie
n/_icsFiles/afieldfile/2017/10/03/1396321 02.p
df (202248 A 10 HHE)

AHETTELFERTE LB L bEtEE e

TR THAH— R Y Lt b

AEETNIRT: 2017 Pk 28 FRESCIR AR 2t
VRO BRINAZGA L - IR WiEE

AR RATh e BE O BEA - WAE T RR -
HYE IR0 VEH PR BRI EE -
MK - N 281+ (L 5 (2018) B PRAT

g

MBI AEEOSH LT EH~DOBEDF kX
— 72RO B E R BB DS N TR &
AU WD —  FIWEEE TR 27 5, 35
43

e ARk - S FE2020a) iR T R
EROBOERRRHE - BRI EICER LT
— BRI DEEAA SR 20 5, 28-37

Ve Gk - S5 FH2020 bR THAD Rk
EROB O LERFHY - BB OB cER L
T — HUR ARG DEEAIFSE 20 5, 38746
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EFEDHEEERNFEDAE

o RlifaT
FUHZ

1. WFZEDOE s
KFCHEFLAZHYT 254 G4 120, FEE
IRFSEERREN 2 F T 5 Z LR KD BT
%o HEFYE A GUERCROS IR, ENSMNED
P AHFTEETEINTWD T, HEETEINIZEF
TR S wer iR C & 5 )% AlREZR PR U ORI 258
9 Z LR COIGEAR IR Wi S g,
BT, EFEPYSGE R S D ER0E S EEL
SNTND, F7o, FHRTE U CTRBENOZEARECH
WOFHEOBIG O < B, AAGER X <EMR L7220
SNENBFIZH LT, Za7eiiiies s 32957
W, ¥EEaI 2= —La LA BRT AL b A

BliroTnd,
HURAPIZ 8 2 FLNT SER R AR T

i%. EMP (English for Medical Purposes, [E52538H2
Fefb U7- 958 258 < Bk L 7= P 0GESE 2 B L
TW5, AF—E#E, 2021 4FHE L 0 EMP #E(129)
OTHEDY | GEala=r—Tay] &)Y
R CofEBEEE [FEFAEOTDOIGESEE (&
T, 202D ] (ZHBRE S LT DRERE A R, Z DI,

Z TG SN TVDFEED, THE THR TE
FEDREE L IIRE D Z LIZR DX, BHTOERM
AT T2 EDAITE FEFAEDT D DIEEEE .

RAEEE) HIRD D Z ST Ip o T2 oNTTH D,

FRsHO CREFIME L EG FES RV EE (OF D, W O=
MBS TS E Y BRHIC LRV GE) A3RA)
DENZ#H -T2V (] : convulsions, £ Unit 1),
PSP HRRORIFGEDSH S S b Z L RS
W=D 2% (i a cough and yellowish sputum
% & 3 t8 - 1 F0 WK, Unit 3; My throat is full of phlegm.
WM SIRANEEE > T D, Unit 4),

REFLDILBHEE TR 27204 TO D — IR 5555
HEORENDLTH L, T DHOFEEDENIL—E
PERRONT, £, FHRIEFICEERH D L 1T
Roehotz, 20, ZOXRE LT, 47L
BIEEHREONKIZT X THD Z L5 T 5D TR
<. BB T/ eaisfag 2 Lo < gk
U5 X DTl Te, FORIIEDF—BRE L LT,
F PN AEDOFGEOTERRTR A TS 2 Z LR
AR THDHEBZZDH LTI T,

PAED X5 72 eiiia JE S, ARIETIL, S
A DI FFEEOREE AR A T D, T 70 b, HiH]
BINTIX, B DFF RGBT FTREZR IR Y 1A

HHIAR PRI R BAE 7o )
A )

D OREICAE T 2 Z LR B 975, 6 SCHEE
~OIEFEE LTI, KEPAEDRGEY —F 4 THEND
fifAZ BRI E 3508, Z OB A S %D Y —
T4 VTR T DRROME L 35 Z & A RN
72AMET D,

2. JeATHIGE

FER AR K BT AL, B D
FET DR HHF5EHE BV D (Nation and
Waring, 1997), FEENHEEGEEY A by —L e L
TR U CHEPRCRRGEAE 2970 T & B TREFEDS,
FEEE, VT v VA=Y A=K
JTHRIBLT, TN IMRE O L, £
LT, B RICHEERC BT 258290 28D "50
FEEm G EBEERT D ENFHAEEVWOIER LD
% (Nation, 1995),

HEMSFER PR A FHE T ARRC, BHEEY A M EF
H U R A T 52 b TE %, ZRET
(T OBEETE ) A RAMERRS LTI Y, FiTEaSE
ZF L=t & LTI Coxhead (2000)? Academic
Word List AWL)23 L < H1H0 T 5, AWL I, FiZ
B, B Pa. S0 4 538 D7 E D B
350 EBA I UMER STz, Bal), TRV Vo B
LHANGEEDO Y A N Th D, FEEDFIEORER Y
A NBAET 503, AW BRI DI IGE 08
ZIRE LT HiEREY A N2 D LR Th D,

Grabowski (2013; 2015)(%, EHIGEO 21— (5§
T A=) R L. ORIV THEE e D H
RO OB, kbEHECHEHINS DAY A b
fbLlz, a—RERDILE ZeoteT 7 A M [E3EIC
B2 HBEHEHRY —7 L v & (Patient information
leaflets, PILs) |, [PEEHFREDOEE (Summaries of
product characteristics, SPCs) |, [FEHaRERD I fHoE
78 (Clinical trial protocols, CTPs) |, [HKFR=2DZRL
(Chapters in academic textbooks, ATs)] O 4 45787/
BEDT-ATT 925 R TH 2, PlLs [FEHKMOFITE
DT BETANTIZIE LW ESESL O 233 5 5
XL THD, SPCs [FEHRUEFEIT G L TR DSy
ROME L < R Z i 5iE AT 5 %30 CTh 5,
CTPs ARG RA 9 Th 5, s, Z
LTI EORRAETLR L, SR OZZED O3RN
VAN IS Y [ g re a7 v A . oYk e )
HFRIC L > TSN HEHTH D, £ LT, ATs
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I ZEEHEED NPT ED N SSCOEFRIETH Y |
PP RS IS T RBISE TN D,

—J7. Heidariet al. (2020)i%, 800 KD DIEF
B OAZERSC, ERE, EOEREND D a— 2%
VERR L, H55E= ) A h(Pharmacy Academic Word
List, PAWL) Z1Ek L7z, ZAUudiGghEzfeEs Lz
WFGEEORF B EDFERTHE LB DIZOIT/ER S 4L
2N D T EPARETND,

AHFFETIL, Grabowski (2015) & Heidari et al.
(2020) ¥ rEREsE ) A NAFIF LT, 5T
DOEHEHFEOHRRZ [ 5 12O DB T A N VBT 5,
D ORIFRER A SR T BT E ORI > T D
D, FEERO VA L 3 GU I SR
BEIREENTIET 2 2 Lic Uiz, BLFIS, ARo
VH—F « 7T AF g L ZOFERVBE RS,

3. UY—F A F g

1) AR IGEAGERE & LTI L72 100
RED O BN AMEE %) 2 1> TN D D,

2) EFOXHEEE LMo TWT, EDX D 7E
HEVHLIRND, Z LT [EL<H>TWVDRE
& THEVIGIRVGE] ([T H0OREN B D
DD,

3) 1AL SEATIIERSITENEL DD,

4) FEEEEDOOI L, EORBHOT 7 A MIIL b
TVDREDSHI HILTURND),

5) HERREFCHRAEIREOEMEME AN T
DATREMEEH DD,

DIZHONT, FPRIZE > TROMEFEEZ B
2 BEEE DA Cd 5 0 B P s T O T
IRV E TREND, NTOWT, K0 EREE
TRAUIIRDIFE, £ LT B O ABEEIMEL
72AUFTR HIZ EIEERBIEL 725139 Th D, 3T
WTCIE, b U BN DI iU CREF R &) %
TV OTHIUE, 2F Y, FFEOFEFEND EH LT
WS DOTHIUL, SFEDTNIEERENE TS TH
%o 4) (\ZOWT, Grabowski (2015)DT 7 A N XA
DO43% (PILs, SPCs, CTPs, ATs) % FV T 2%,
BINCOWNT, ERHIREZ BT D I IR OB R
DFFEDLSNIH & PRSI S,

4. SR
4.1 HFFEFET A MERK

SRR AN T BEHG 2 Hk A SR E TR SO
MHEL D ET DKM L E i TV HEEsEDH
T, FRZEIGETH S & S5 100 §E% Grabowski
(2015) & Heidari et al. (2020)D%&F3E5 Y A %k
(238 L7=, Heidari et al. 202000V 2 M3fh &
<N TN D LD 50 F80 B> TEBY .

o

Grabowski (2015) U A MIFFEFHM I 0 @ OGES
BENLTOVDN, IROFMHTERE LTz, DIILNIYF
EDFISTND ThA ) HEEIRNT D (i
doctor), 2) U A NMZ[F] CEEH IR H T CHEdRlR -
TWADEAIT—2DiEE LT 1 MEHET 2, (B
patients & patient, interact & interaction [[Fl—=%&
BRI, B) T OFGED RGNS
HLOFHANT S @ insulin A > AV V), 4) FHT
FELNEEEAERNT D (B EudraCT BN ESAGER T
— AR 2L DNA T 4% 2 U SRR

7 A MERIZ, The Vocabulary Size Test (Nation,
2012) &= ZE N Lz, ZBGEIGT 6 o HAGE
R bR R TE DIE L L, SRS
RAHECEL LI LT, 7Ty P+ —AIDEEE
TEDBROZNEE L B R DI 2 FH L Google Forms
FAER U, (B 4 nd 2 72 ORI L 100 [ & L
BT 1R DX 1 40T 100 AUl E LTz, FREEDSE
PIRAAERT DBRCIE, [7'm 7 vy 7 il
HH5 ] 2 L=, FHIESFOSEHT B CEMEY
I5E, RO CTHWONAREEERT S [IE] ©
FRDDD HDITHONTIE, ZOREE L THAGE
RO B LTz,

4.2 FERBIE
SRS AR D 1 F4 48 4 & 3463 4.

BEF L ADASEFFEGT A MBI T<
4.3 FHRTIA

4.3.1 FEsET A N FEiiE

1AL, 202247 A 11 H [E5Ea s o= —
2] D14 BB OEZER, 3FEL, [FFETH 19 R

(B - HOFIEE] O 14 BAORERICT A b a%E
fEL7-, M@ T 3R] | TR T S b
EAEZCIND DFEFET A NI & 7p > T=728, Bl
AR OPER I ZATERABR O & LTk L7, 4
FAY—R T4, Ty b, avta—&RE%
BT A ANTT A Mz, FrEmiid, #
RIASEEE 115 375 20 FEETZA S | LT3,
FHON—=Z TR A, & T LIz bOnbIIRICA
FTA TR Ui, BEEOOY A RO, AL
FRRT % Z L13gkIR L LTz,

4.3.2 ik

14 & SHAEDRGEICHOWT, R EH L, B
ARIZAERCT D0 FRT, 503 29%LL FOFEDN <
DD %, [JACET8000 (KFFEHE R
FAGESEZRE S, 2003)) 2RI U CHE SR 277~
%, [RIECOWEFIERFS AT DIE L, [ 7esE
LD T BT | HEIERF MR NE SRR HAK
<O TEELNGE) & 70 2, R CHBil S AU CU iRV BRI,
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TR RO TRV iR &V D R IR T 255 L 2
LT, E7o. HEEEEO YL, EOSBOT I A K
WL EDLNDENHHILTWRNDDN, BB O
Grabowski (2015) DT 7 A ks Z A 7D 43 $4 (PILs,
SPCs, CTPs, ATs) % F\V N CTobTrd 2,

5. ftigedBE

VHh—F « 7z 2F a3 DICBHL T, 15E4EDFY
FULT76.2 5. SHFAEDVHIRIL 824 i THoT,
X1 AL 3 FEDT A NS ORRGEHREE R
75

K1 AREOGRKG &

M SD Skewness Kurtosis Minimum Maximum
344 (N=63) 82 7.4 -0.721 0.332 62 94
147 (N=48) 176 6.5 -0.148  -0.856 64 87

AL S TROEETH D LELET-DRRARL
TeHASRFIEE100550 9 B T LA 76%.
3 HFAITH 82%iEEE A [ (D7 & b 2D HATES
13 FoTWD] WV OEEFR T, FEFHTAELSND
—fEDFEDFER L EA_RDMBNIH D, THOE
FAL, THHIE ) &5 2 CTHROLO TN
EAHI D Lo, B0 DK 20%I 378 SAU TR0
LWHZLETHA,

JH—F « 2 AF 3 2B LT, AETIE NE
BIRDS 29%LL FCh BB [HEVLIRVGE] &
FIp P T LT LT, 2R 2 IREEEERD 29% LA 725
TcaBZ ., 3, 1 FADIEITRL TWD, 3FAEDD
F VIS IRGEIT 6 BEES o723, 1 T 12 BEEE
STy ZIHDFEBORHAIZHONT, — R
B L DIREG LIPS DT 7 A N E A TOBLENNS
BT DH, IDHIZFAIRIL. EEROE) - T25EN

FTJACETS000JIZ & £ TWAE 970, EEN T
DEEIT LIV S (FHIRICANR) 2R L
TWd, Zhicks e, 3 F4, 1 F4ELHIZ

TJACETS000 (ZH8 S TU WD B R
& LYV 5 LI EOEES FEE DB O GEOIEERIMEN T &
WNIOIND,

#2 JACET8000 L D& A

HEE AAGER  EA%  JACET8000/E(L  JACET8000 LX/L
homeopathic [RI#HEED 29% none none

investigator TREBR TR 27% 3516 Lv4-5
anesthetic kAR 24% none none

scope i 13% 3653 Lv4-5
somatic Fiko 13% none none

bearing L 6% 5316 Lv6-8

o

1
HER HAGER  IEZ%E JACET8000IEHL JACET8000 L~/L
hypoglycaemia {E 29% mnone none
secretion Gy U 29% 6830 Lv6-8
childbearing g 23% none none
assay HET S 21% none none
renal (3710 17% 7378 Lv6-8
scope | 15% 3653 Lv4-5
homeopathic [RIFEHEIE D 15% none none
ventricular LED 15% none none
somatic Hko 13% none none
investigator TRR LA 10% 3516 Lv4-5
contraception LT 6% none none
bearing 3 0% 5316 Lv6-8

R VY —F « JAF3>2) IZEHEHLT,
72 3 1d. THAITIEER 29%LL FiZo7=28, 344E
X 29% LA B oTof AT, 1AL 3FADFESR
(\IHRG7275703 8 > ToFBI T, FHCERAIEIIMEO & GE
TH-7= (3] : hypoglycemia {KIMbE, 1 4FAEIEER
29%. 344 89%, secretion 43ikh, 14/ 29%., 34F
A T1%, renal B, 144 17%. 344 84%),
INHORERIE, 8 HEIT/ D F CITIRFIGEREED
AR L TR - 2 L IDNA., ERRREESS B

O %8 U CHSRGEI i AR b -T2 2 &
W20 BEEPHEATRERTE LR D ENTE D,

#3 1A ERR29%LLTEA 3 EAF29%LL EORE A

HiGH HAGER EER

hypoglycaemia A B 29%
secretion 53 29%
childbearing HE 23%
assay HRET % 21%
renal R 17%
scope b 15%
homeopathic [BF7=):3730) 15%
ventricular LED 15%
somatic ko 13%
investigator TRBR TR 10%
contraception LT 6%
bearing YR 0%

VWh—F « J2AF a2 IFE L, 1H4EL 3444
DR DFE T, 6.2 L ThH o128, Witz Lizkh
B, ZOEINGEHIEEE RS- T, t(109)=4.65,
p <.001, d=0.89, 95%CI[3.58, 8.89]). L\ 5 Z LI,
TEADD SFFAITNT T, FEEENMHEZ TNDH I L
ERLTRY, KECOIFHGE IR
WTHERMN S D Z & ZWRE-> T D,

1iE, FPE, PO ArEEpH, 7 — 2 ED A —x
NHERBEELEZRLIZAAA LY VK TH D
(Gamovil.1.9.0 i), X1 T, 1 4/EDIFSE5TA
FLFEoTNDE 7, 3 FAEIFEDNT O NRE
W EDFARIIND, ZHUT, KFETOFEOHRIN
T RBIZo0, FHEDPRWZZ L ZRL TS E
Hhihs,
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1 3HEL 1 FADIEDNE

90 1

70 1

3 pE
FHE

YP—F « 7o 2F g 4) [THLT, £4I1HEE
RPNEFIZE NS T27EDT 7 A kX A 7 Grabowski
(2015) /R LTCW5, ZiUZL D & CTPs % V) gk
FRBR OO FEREEEAEZ B3 D REHEDS 12 FEH 8 55 &9 67%
ZEDTEY., HEVMEN TR EXFEREN
%, ATs CRERZLOHFRE) L EIEGFEDOEF(SPCs)
DENEN 2 FET O 17% Th 5, FIZEFT 2 B
fHEHRY —7 Ly MPILIZE £ TV DFED AT
FSE T2 T- 8, ZOFRITITIAS TR, HBE

MNCED B THIEEZAE 5 Z L3720 T,

FAAITBHON TV D HEEN S b TV D L
Db,

F4 BEOFIANEAT (14F4)

HGE AEfi A Text type
bearing B 100% CTPs
contraception BELT: 94% CTPs
investigator TRBR (T 90% CTPs
somatic HiRkD 88% CTPs
scope i 85% CTPs
homeopathic [ FEE L D 85% CTPs
ventricular LD 85% ATs
renal B gD 83% SPCs

assay MET 5 79% CTPs
childbearing HH P 7% CTPs
hypoglycaemia AR 71% SPCs

secretion BaRlA 71% ATs

UY—F« J=AF a2 5) LERELC, [ERIEH
FEAIMET HT-DIE, XU UREERT T U ERITER
RO L BRERE A R A D ENEThH DL Z L
DEIHIVTCUD, Chabner 2014)1%, EFAHGERLY 7
V—RZANVDE SR DTHY, —DDOHFEZ/S—Y
23T ZOR=YDEKE—O>TOEETLH LI
£V, ZOHEEAZIGH U CTOHEEOER © i ¢ X
5HE N7 % LIERTWD, & L TEFEHREZ Dol
DEEDOFEL, HREEE DI, IRICHEAR 2 it
ZEEEFRLTWD, BIAIX, electrocardiogram

(DEX) OREREET-gram Giék) THY. electro

o

(BR) Dtk ThHY ., cardio (DIg) (CEET5HD
ThH b LV -2 BATH 5(Chabner, 2014, p. 4), =D
FUZRBWT, BRROF 3 TRT L 912, 3 41T ‘under,
below normal’ 72 &% ET % Aypo-f°, against’
ZEWA D contra-b o THEEREO AR S EEH
FEOERAEIE L HEHT 2 Z L3 TE QD ATREMEDS
HDZEWRRINTND, ZDT LITHEIFFO R
DRSO D Z L 2L TWA LB E X
N

6. FLOLEBOFEFERE A ONT
AMFFETIEE DD Y Y —F 7 TAF 5 &3 Tie,
ZOREREFE LDV, FTVH—F « JXF =z
DORPEE LT, RIS, Y IGERAGERL L
CHEEH L72 100 350D 5 B FEIICHI 80 7 (71 80%)
IS CWDHZ ERbhote, Vh—F - V7= XF 3
v ADEE L LT, FEAN I o TWDEEIE,
[JACETS8000)] Zhi#i> TV XI55 TH S =
EMHBNN IR 5T, —F5, [JACET8000] |Zifi~T
VT LUL DO EERRH » TNV A 70 E
FIAREIZIZEN HILTUVRUVGED B D LW S R RS
Nz, V9—F « 7x2F 3 3)0EsE LT, 14F
A& SFFADRRITIARERZENE Ule, FERIFIC
PSIPRANES) S S ol e W L S S AN @
L TWHZ e TN, Vh—F « 7= XF 3
Y AYDEEE LT, FEENTONGEOT 7 A N2 A
TORTIE, BEAEHRY —7 Ly Mo T 5 —
WRIENT OFEH I B TND DN, B E e
T HT VA MBI DEEFEDO RTINS K
BRHD DTz, VY—F « JZAF 3 5)
DEEE LT, HEfHEL 1FEALVEFEL»
% 3 A, BEESEOFR AL > CREPREO E AR
TN T WD RIREME AT D Z LN TE T2,
BRI, FEPAITT DR RS O A EIZ DN T
BERARAIZ N, FEPA D R e S R B DR A
A LT AT, P TSEEEE IR L, RO =8%
TNBL TS, — i, F725E S CQURWAGE
FNDD END ZEDRHLINI 27272, FED DE
FEIIRRICHR DVERH D VD ZETHD, D
DIL, HERFSEEZ R U b CRERie e &
THDHZEIVIESI TS, BlziE, phlegm (%)
LD FEIFEREAIEE Y A NMOITEIN /2o T3,
assay (FRiEJ %) <°childbearing (Hi%) LU H3EIT
PO L CIIFEARR 7 AFE Ch D, RS TR
(BN D RER S BT 2 VR R < ERTH 5,
ZODIE, FAEOFERDUCA DR FEEY A M &
RIAMERC L, FEEHRIEAMIET D 2 LR THA
IEVNH ZETHD,

FTo, FEAEOIEZEFET A N OPEFFAITHI 80
RThoTehd, T GEERR) HO—A7e K
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S L TR S 2Tk SR EOR A
S OGRS Z N TcE b bbb, BAR
AR L TOFAIL, BEE (HAGE) CHMSE
RS FETE DA DD, LU, FEEOE
Mm@ s Z Lzl v, AR E LT ez
TR, BIROME £ L VE DL LREIRE 25 2
ENTED, ELTEREFEEHE L LTHRVIRI XG4
AAGEREA T2 Tl GEREE ~ LT 2 & b T
HDTHD,

ZER

Chabner, D. E. (2015). Medical terminology (7th
ed.). Elsevier Saunders.

Cohen, J. (1988). Statistical power analysis for the
behavioral sciences (2nd ed.). Lawrence
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Summary *

The purpose of the present study concerning the acquisition of English phrasal verbs was to examine and demonstrate, through four empirical
experiments, the effectiveness of cognitive linguistics approach with pictorial elucidations, its teachability, learnability, and adaptability to active learning-
based instruction.

The reasons for focusing on phrasal verbs are threefold. First, difficult expressions can be articulated using a basic lexicon that language users are
likely to have already acquired. Therefore, if learners have trouble communicating in English because they do not know how to express what they would
like to communicate in English, phrasal verbs can bridge gaps in knowledge and assist speakers in expressing themselves. The second reason is that
English phrasal verbs are economical. When combined with a limited number of basic verbs and particles, phrasal verbs function much better than verbs
alone. The third reason is that phrasal verbs are frequently used in daily conversation by native speakers of English.

If the objective is to develop students’ basic communication abilities in English, phrasal verb learning should be recognized as crucial for English
language education in Japan. However, for learners of English as a foreign language, phrasal verbs can be challenging to master. The so-called Gestalt
makes it difficult to understand why phrasal verbs mean what they do, and, as a result, the learning process is time consuming and laborious. As cognitive
linguistics can reveal mysteries, such as those associated with phrasal verbs, from the perspective of linguistic motivation, a concept that conflicts with
arbitrariness, instruction utilizing still or moving images based on its insights could be effective.

The advantages of phrasal verb learning via this cognitive linguistics-based approach are as follows: (1) a focus on linguistic motivation facilitates
memory, (2) it clarifies differences in synonymous expressions, and (3) it deepens understanding of grammar and usage. The present research was an
empirical study exploring the usefulness of cognitive linguistics-based approaches to phrasal verb learning, as described above, in Japanese educational
settings. This doctoral dissertation consists of seven chapters, as outlined below.

Chapter 1 presents an overview of the current study. Then, key concepts of Subject Development Studies, in which the current study was grounded,
are introduced.

In Chapter 2, previous research on phrasal verbs and their learning as well as the theoretical background of cognitive linguistics and applied cognitive
linguistics is summarized and discussed. In addition, scientific evidence from a variety of fields, such as psychology and learning science, is reviewed to
support the usefulness of the methodologies and materials employed in the present study.

Chapter 3 examines whether the application of materials based on the cognitive linguistics findings proposed in the present study was effective for
phrasal verb learning or not. After dividing the participants into two groups, one of which learned phrasal verbs on the basis of cognitive linguistics and
the other on the basis of conventional approaches, it was determined that participants in the former group scored significantly higher on the post-test,
proving the efficacy of the phrasal verb materials derived from cognitive linguistics insights.

Chapters 4 and 5 verify the effectiveness of the cognitive linguistics approach for phrasal verb instruction in terms of teachability and learnability,
respectively. When developing materials to put this theory into practice in educational settings, it is imperative to consider whether they are both easy
for teachers to teach and for learners to learn. In contributing research findings to the field of education, it is considered more appropriate to focus on the
findings of theoretical linguistics to enhance teachers’ instruction and cognitive abilities to enable learners to understand the explanations. The results of
the verification confirmed that teachability and learnability were guaranteed elements when the method was applied. With respect to learnability, the gain
scores (post-test minus pre-test) for phrasal verbs learned in the proposed cognitive linguistic approach were found to be high, regardless of English
proficiency or the number of phrasal verbs learned before the experiment. Furthermore, the cognitive linguistic approach to phrasal verb learning was
observed to be beneficial in reducing the differences among academic groups.

In Chapter 6, a practical model for active learning-based instruction for phrasal verb acquisition utilizing the jigsaw method is proposed. In recent
years, although active learning has been recommended in education in Japan, teacher-centered instruction remains the main method of vocabulary
teaching. To enable the results of the present study to be incorporated into educational settings, one method of active learning-based instruction for
phrasal verb learning and its effects is demonstrated.

This doctoral dissertation investigated the effectiveness of the proposed phrasal verb learning methods through four empirical studies, as previously
described. In Chapter 7, a summary of the multitude of results obtained in the present study is presented, the limitations are enumerated, and recommended
directions for future research on phrasal verb learning methods are indicated.
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