WRUEAZRARE ARF%R 710 159-165, 2019

MEAREZ DN 2 BRT 2 200HAMEE Ta XL X - 2 F )V OFHBE

U AU - AR DEARTT B OERTT - BRI ETS
MBS SIS v 5 —

(2019 4E5 H 23 H#)

HARADA, K., MATSUKAWA, M. YOSHINO, M. and HASEGAWA, T.: Reevaluation of Process Skills Necessary for In-
service Teacher-training Workshops Aimed at Nurturing Scientific Thinking. Bull. Tokyo Gakugei Univ. Div. Nat. Sci., 71:
159-165 (2019) ISSN 2434-9380

Abstract

Science process skills for education, the skills used in scientific research and in everyday life for fair test experiments, have
been considered to be important for nurturing scientific thinking and problem-solving abilities in school children. Process
skills and science practices have been used in inquiry-based observation and experiments in the classroom. At the Advanced
Support Center for Science Teachers (ASCeST), in-practice teacher-training workshops that introduce teaching methods for
nurturing scientific thinking are being developed. In these workshops, instructional charts, which are a form of a teaching plan
where the flow of the scientific concepts and the process skills are identified, are used for this purpose. In this study, the skills
for scientific investigation were redefined and organized into a modified set of process skills that will act as the framework for

developing instructional charts for in-practice teacher-training workshops.
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AR LM 2 BRI LT LD TE
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1962 4R 127 A U 1 B AR B & (AAAS) 124D
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HREMOBMBICOVWTREOMER EHEHBT RO
V= —IZX YV RETE Tz, ZOHT, MO MR
EERC, BHE - AEPHFEO T O LR R
AFNEHERTHEHMUFTICBTA [ FTOLR -
T7u—F | ORFEEHIRBIN, EHIELENEX
FV (B AR S 7z (%1, AAAS Commission)
(Livermore, 1964), #l EFHEFE B To [ RN
(basic) ] ZAF N & LT, [Bi%7T % (Observing) |,
[ 53 % (Classifying) J, [Hl%€3 % (Measuring) |,
[FL$k L, =33 % (Communicating) |, G35
(Inferring) I, [P (F¥#) 3% (Predicting) ], [F
LWl - ZZBICBE O % (Recognizing Space/
Time Relations) |, [#UWBI#R% 523 % (Recognizing
Number Relations) | @ 8 2 ® A F b H3fli il S h 720
NG FAETIE, SRB 8 DD AFMITMA T, TR
#i% > < % (Formulating Hypotheses) J, [ 311 % 3%
%9 % (Making Operational Definitions) J, [ 4% fil
#9° % (Controlling and Manipulating Variables) J, [
Ef% 3% (Experimenting) |, [ 7 — ¥ % i W ¥ %
(Interpreting Data) | [ € 7V % > { % (Formulating
Models) | @ 6 2® [ H (Integrated) A F )V ] 258
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EMICHGE LER T 2B A G DR Tibh s b @
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R [Ft#kL, {5:%7T 5 (Communicating) | ® & ¥ )b
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£ 5 (Measuring) | DA F VL, EDFEETLIH%
Wb N B, FEMITICE ) ZOTEOBEME S HE
b$ %0 E72, NEREFEDP DA ORE - G
1%, [ME#%Z>< % (Formulating Hypotheses) |, [ 4t
% Hl#3 % (Controlling and Manipulating Variables) |,
[ 98% % 9 % (Experimenting) |, [ 77— % 2 W5 %
(Interpreting Data) | &2 EOMEM L AF V2 w5 &
I %,
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[#B1%:9 % (Observing) J, [457%§ % (Classifying) J,
[WxE3 2% (Measuring) ], [fl&kL, (ZET 5
(Communicating) J, [#&#w3 % (Inferring) |, [Tl
(F#) 3% (Predicting) ] 25LIFLIZHV S5, I
B (2012) 13, /NFAITHITAT S R 72w [ O
BEHELTOTHER - AF )V E 11 DOAFVITHEA
LTwa, i, AAAS Commission D 14 O A ¥
Vo 3ODRF ) (K22 I 2% BARO R, B
BIFRORER, BRIE 2 ESR) ZHIBRL72DDOTH %,
Harlen (2001) (370X - XX V% 72D X FVIZ
BHLTWS (Ko WO2PDAF VT —2I1IH
HG35EEHI, [HEDOHMEA (Raising Questions) |
EMRATWD, AFNVEfmaLzple LT, [HWET
% (Measuring) | (& [#1%¢35 % (Observing) | IZ&®
TVBRIENFEFLNDE (Ko —7, NGSSDH
ALVAR-TF774 A, TatR - AF )7 REE
& L7%A%5, Harlen (2001) ORf RIS, WD
MDOAXN T —DITMET 5L &I, [RHEERRI
1232w CTHEH 7 %5 (Engaging in Argument from
Evidence) ] ® &9 Z#i LWIHHZMZ T2 (£ 1),

3. EEFv— FERAVLHETE

JH S (2018) &, BFMEZNOFERD 0D
FREEEEALCHBMBEMET 270, #7E
Fr— M ORGEHEA M Lz, HEF v — M, Y
EEZLRBESEZIOTH Y, WHEIZBIT 2828
Bowh, BETXENFICHENE D TEMEE,
BHARC I ER Y § 5 L CORESEBI L0
Thrb, HEWMBEHOEEF v — L LT, ThET
AW S B O Bty o —REl, BXO, W5
[ B I AMBIZE 2 — 130 AEHT ORI O HIRZET L
o) 2MERL, Misx EMRL C&72 (FEH,
2018) ., HEWHEOHT, $8EF v — b OVERTFIEIC
DWTEZHEICHMART I LIk, BEmEEE:
X VM ERT DI ) oz
EBHS IR o7 (RINE2, 2019), F72, HEE
FROBE [HEOM] 2B 2 FEBEHOHKE
Fr—beERL, BEBOT V=MLY HW
Y, BIUV, EEZFML . ZORREK HE
Fr—bEHwbILIcky, EEORENEELO
BRACHIRED D H Z L AFED BTz,

BEF v — 2T 512H 72> Tk, NGSS O
AZVA - TI7 74 AW, Thux, KRENZB
WT, NGSSDOHPA LV R - FF57 54 ARBALL
FREMDBFIE SN, BREEERIVEATNL720OTH

HARAR TR (2019)

b0 YA - AF VI, FHFEBEIWIGEEIT O RICH
WEHRERE LTEHEINZDDOTH LA, 41V
A TS5 54 ARFIEVERTORE - %
(Inquiry) % B %720 12BZE S 72 (NGSS Lead
States, 2013)o ZD72®, HROFLRIZOWTHE -
FEREATIBICH VD [B%] 2 [08] BEEhT
Wi\, F2, ko Tavx - AFNVIEFEELE
Mol (B¥EBLOI v Ea— s 2 iGH L BE%H
Wah L, THIE] R [7—% 0400 - R 2B
LERBMNGSIIZEINTVWEEEZOND, &5
2, TR S Lo Tl 5] S &id, fib
DAFNVZHEENIIHNEZ L THRTE 5,

BigE - EBRICHEDWI-HBIME, BXU, FROE
BV, 7UtR - AFARHPA VR - TT
T A AR ERICHVD5EE, ThEThoAF LR
T T A RAFEBRNCHERET L EBLETH S,
ThUE, BIEE - EEICE SV TR AT BA, Wk
WCHEBOAXF VR TS5 4 ARHEETHWS 2
O, BB IS E2GHEL, FELZThIZo%n
72OTH b,
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AMfFETi&, Harlen (2001) O 70X+ AF )V %
FEIZLT, \EFY—MIAHLALTEER - AF )V
EWHEFR L, TITXY, BEF Y- FEEERTS
Zo72), AFXNVEFETLILEZEHICT LI LN
T&HEWFEINS,

Harlen (2001) 1%, #k4x ZBEFRHEEOR Y ¥ 5 —F
RANVF 2T ADOTUEA - AFNITBWTHLEICH
bNBTHER - AFNVERIDEH) T LD £
DYEIE, AAAS Commission (1964) @ FELBEN 7 A
FNER=ALLE6DDAFNTHD [BIFT 5
(Observing) |, [5# 3 % (Classifying) |, [HE T %
(Measuring) J, [Fi#kL, {5:% 73 % (Communicating) J,
53 % (Inferring) J, [ (4) 3% (Predicting)
WCIMAT, ATV R =TI 77 4 ABT 5 [HERH
(&) %5 H (H# L) 3% (Asking Questions) |,
[MK#i% 7. C% (Constructing Explanations) |, [#1%% -
FEBE % FHW - 2479 % (Planning and Carrying
Out Investigations) ], [ T — % & # L, BRI 5
(Analysing and Interpreting data) | # & A TW5 Z &
THb (1)

Harlen (2001) @70tz - X ¥ )V (%£1) TR,
ZENENDAF NP N—F ZHAZFHFMNITIR LT
Wh, [Big1 1, [MEz&t] 2& &L, [Observing
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(including measuring)] & L CTWw5, T, B
FREZTICES [N ZBIEE] of, Wz
[EEMNLRBE] PEINELEZLNDZODTH S,
ZZ T, %1 ® ASCeST (Process Skills) (this study)
o T F (g WEzat)] L L, AAASD
[M%E T 5 (Measuring) | 1249 A, [8BI%Z] (2
ZEND L ERTO, [(Bg) ] L7, F
7z, Harlen (2001) X, AAAS @ [ 7 — % % ¥
% (Interpreting Data) | {2 [4%3 % (Classifying)
& [HF 3 % (Inferring) | % & ¥ T [Interpreting
Information Obtained (pattern finding, inferring,
drawing conclusions)| & L THE D, Z 51, AAAS
o [Fl#k L, 1£:%3 % (Communicating) | 121, [Fd
g%, 1Z3%, ] A EN5 L% X [Communicationg
(recording, reporting, discussing) | & L TW 5%, Zh
12362WC, NGSS (Science Practices) @ [FHE2H9MR
PWIZFEDO VT T % (Engaging in Argument from
Evidence) ] (2243 M1, [MEHROIE - 3l - 15
EICEHEINDL Lm0, [(HEHRONE - 5F
fii - f3#)] L 7z Lo X9 IZ, Harlen
(2001) 7t - ZFNViF, ThETHTut
A AFN, BIY, ALV - TF7 74 A&
DRSEESNAZ 16 AFVDHED 11 AFVEHN=L
TWwWab,

TUEA - AFNVEHERT HIIH2D), AAAS
Commission (1964) %A TV X - 75751 X
BOWTEHINZZZAFIVOHT, Harlen (2001) 128
FNTVHEVIHBIZOWTHE L7z (£1). AAAS
O THERERER - Z2HICE# ST 5% (Recognizing
Space/Time Relations) | 1%, Bz, AEWoO KILH
PRSI R 5 Z DO Z R e 2 Rk 5 7
Ot A& L, [HWEEZZHEKT % (Recognizing
Number Relations) ] &, FF#FEEBRICHIT 2 EEN %
ZRNEHHT TNOOHPERERTTIE, AAAS D
[7—% % M3 % (Interpreting Data) ] IZH®H 5 Z
ENRTELLEEZONL, FRIZ, AAAS @O [H/E
BEF% 35 (Making Operational Definitions) | 1,
Bz, HEWEOERELFELZNEL TZEOREL
RKDDHEEHIT, FEEDEN RE TEERALT R4 —Ai%
WEFE-HMETHhrI L2l T ALIEZIL,
[T—% %45 L, W35 (Analyzing and
Interpreting Data) | \(C&®H LI LA TELLEEZLN
o Wl ehs, ThbH 4200 R F VG,
ASCeST (Process Skills) Tl, [ 7 — % O5Hr -
W &L, M3 [(7—7 000 - ) |
LR L 720

AAAS Commission (1964) @ [ 5t % Hl# ¥ %
(Controlling and Manipulating Variables) | &, %1,
FEBIZBWTRORRMER &2 —EIXf> 2 LDl
PR EEREF W T A EE XL ERIRL,
AAAS ® [ 925k % ¥ % (Experimenting) |, # X T,
NGSS (Science Practices) @ [#i%% - FEEaZ G - 5
173 % (Planning and Carrying Out Investigations) ]
FOLIENTELLEEZLOND, £ T, AAAS
D [ %1% ##3 % (Controlling and Manipulating
Variables) ] 1%, ASCeST (Process Skills) Tid, [#l
g2 - EERoOFM - £47] L L, oM [
22 - EEROFIW - 17) ] LR L 72,

AAAS Commission (1964) ® [ETVELES
(Formulating Models) | X, NGSS (Science
Practices) ® [ETF Va2 L, FIF$ % (Developing
and Using Models) | & LTRSS, BIL LA
BAYEI - EFIVELTHREMELT, HoH0
X BAMICHMT 52T SoRFVE, &
DAIEMZR AF V& LT, ASCeST (Process Skills)
T, TEFVofEk] & L7z,

HIRFHAOMIZETIE, IKEERE 7V & 3l - REE L
TimBER I 2 F O 5o JHli - MGETIE, BgER
FEBRTHRONIT—FORKBEL, FESCHIERT E
Mal, HEWIZHED L, ZLT, HIrRKmEis7e
W, BAREOMIETIZINICE K LR E TR
§o BMHTE CEIRANEZED e HERT 572012, 8
M %¥E L LTHARBEOMAFENH LT
o SO, THEA - AFNVO—DL LT, K
RET VORI - MEEZ IR 2 LE D S, KL T
& R - £ 7V O BRIl - BREE] 2 AF NV E LT
Mz 52 E2RET S,

DloZtziiz < HEFy— Mo 7ot
A AFNVERIIORLAZIDIZELEDZ, TNH9
DDAFNVIZEY, ThEITOTELR - XF)V, B
IO, ALY R - TI 774 RACE YV RFES R
6 AFNVEETHN—TZ%, F/2, TNFETIZH
MEn o/ AF Ve LT, [MRI - ET VO
fili - BREE] ZIMA 7 (Do HMI1ICIE, 92DAF
Ve o7t - AFNVE L, ZOMOTHRO A
FLEDOMBER LI, £/, £21T1E, 92D F
WEFAWTWARIZEAIZED X9 k%2 iT-> T
Wh R L7, Bl ERz ) BEMEHIEE
Fr— MEREKT 2B, ERHFIHHBSELAF
WEBRL - HiELTE 20T, MR EEDL 2
ENRTEBLEEZOND, 72, WMBIETEHIEHED
B EBRoOBREIINOLOAFVEZEALT, B
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JO+EX-RXF¥)L THROTOER-XF)L

EES HITE

(Observing) (Measuring)

TEERDUNE - 57 - {=3E AR RSN TERT S
(Obtaining, Evaluating, and (Engaging in Argument from Evidence)

Communicating Information)

F Al ——  E#oarvko—u

(Predicting) (Controlling and Manipulating Variables)
FEIRED AR —— B TRMNGERORE

(Raising Questions) (Recognizing Space/Time Relations)
RERDERTE ——  BMILRARORE

(Hypothesizing) (Recognizing Number Relations)

e -EEROFE-ET BRIENERZES

(Planning and Carrying Out (Making Operational Definitions)

Experiments)

T—AD DT - fER ok
(Analysing and Interpreting Data) (Classifying)
ETILOER — Bl
(Developing and Using Models) (Inferring)
&R -ET )L OB - #R5E

(Reevaluation of the Hypothesis/Model)

K1 ASCeSTHRZ7O+tX: X*JL (QIEEH) ¢ THOTOEZX «- XFIL

%2 ASCeSTHRZ7EtX - X%JL (9HE) OAR

Ja+RR% )L (ASCeST) AE
952 (Observing) BRESEYTEEFBANT, EMCRZITOVTOREREEDSIE AT

THIE, BURPHERERDITAIEEST

EROURK-SHE-1R2  |opee moypem, sEacEELT, BELECE, B T7L, BREE

{Obtaining Evaluating and |55 & KYMME R ALHT S8, XAESET 5CEEED

Communicationg Information)

¥ 8l (Predicting) RERIZEDNT, REOBERITOVWTHHSISHEREZ XL
528 D BARE L (Raising HAHAEMPRRITOVTOLERM (B ER R LBRICY 5o & RIRATRER
Questions) FREER DAL, MEEMRTIFRERESHLEET

EHOBE (Hypothesizng | ENOEEOBKIOL TORRETT, ThERHT 5100

B - EROE-ERT RERERITT Bz DR - RREHELREITT HIL BR-RROBERIC
(Planning and Carrying Out |FE42ER -FHEHRTDHL, AEAECOVTEZFEIZRRYANL
Experiments) BCL, RAEHRBERANDILESD

— P | RE=U DO ER c 8, BREFRNCERORH, 12
TAON R Gnalvzing | gned), RIS T —SERRT S HUGMEORE), 1
preting BNEBR FOMEVERDITAIE, RELEZONDESITBMOEHE-E

BERETHLERD
E£7 )LOIER (Developing and |BMOBEREMEMICH MY 0T CERE (BB T5-HOETLEERT
Using Models) BIEETIVIE, R, HFM, HEM, 2oE1—2ZFALL0ZEET
BB ETLOBHE BE | groxgcasn-TSOREL BERRCERBERET LIS
eevalianon ot ° Y, 5 ETILOREN - BiIHEEOS

Hypothesis/Model)
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H o AR S5 EICX Y, WE - AR
DR D TT 2 ARERIC B L, B BE T 2 5
DUFBHIENTE D,

WE - AEEICRHFNEE T 2 FICoF 857201
&, BHRojE, Thbb, ARBHEEOBZER & o
D OFH % BHEINCRGES 5 72008 (AFN) %
BRIEDLIEDVPEETH L, 7L - AF NI,
BHEZEAIE 24T O BV AL LTT AU A8
IREH S (AAAS) @ Commision on Science Education
2D 16 DA F VIZEI X7 (Livermore, 1964),
TakA - AF NI, WRETHFERH ) F 2T A
XA AFVOMETE LTERLZBIN,
RFEWLZDDOE L THarleni2X ) 720X F IV I2%
BENL09H S (Harlen, 2001). —J, ¥4 T
A TG F 4 ARIEVERTOMAE - FR
(Inquiry) OFEZEFHT 5 7-DICHFEE SNz, H
ROFLITOWTEILE - EBOBIZIT) [Bi5] %
(8] BPEFTh TR EOR#DH 5 (NGSS
Lead States, 2013) . A#fZETIZ, HEOKBEWED 7
DOFEET X — F OEFPEICA 5 72 2 F v LTS
THGE - B L7z, BKWI21E, Harlen (2001) 7
Ot - AF NIV, FFEF v — MCAK L
TR AFNVEREHRZLL (K1, £2). T,
HAARHA DR OB WD ZAF L & LT, TGH -
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