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Effects of Inquiry-Oriented Instruction on Laboratory Skills,
Science Process Skills and Knowledge Understanding
in Sixth and Seventh Grade Students

Genzo NAKAYAMA

(Received October 3, 1994)

This study was designed to investigate the effects of a laboratory-centered inquiry
program on laboratory skills, science process skills and understanding of science knowl-
edge. The inquiry approach used in the “Foundational Approaches in Science Teaching
(FAST)” was compared with a traditional textbook approach in terms of three major
evaluative points mentioned above.

A total of 85 sixth grade students consisting of 47 FAST students and 38 non-FAST
students and a total of 141 seventh grade students consisting of 83 FAST students and 58
non-FAST students were involved in this investigation in North Carolina (U.S.A). During
the school year, the FAST 1 program was integrated into a regular science curriculum
in the FAST group as a treatment at both grades. At the end of school year, post-tests
were administered to both FAST and non-FAST groups. Laboratory Skills Test,
Performance of Process Skills Test and FIN Test were utilized as post-tests measures.

The results indicated that a textbook-oriented instruction had no significant effects
on the learning outcomes in comparison with an inquiry-oriented instruction. A
laboratory-centered program can enhance scientific skills as a whole and especially
laboratory skills and science process skills. '

L &Ic

BEOBRS L UHER & L TORENMR O EE
EBWTLELEINIHRE - EREH LPIENEE
HDOERE, FREBEPZERBEORBIZ»2DS
¥, CEQSOBEZEREFTFOERETHS. 0k
5 REE - KRENCPHENEZENOEE 2DET
B, BLRsMBOBAZTENBEARCLZEZYT
REpicehsOREIBERENI 2 DTS,
B - ZERE2DPLE L ERESHEERLEES
EBNEIVESTHhE I LIZ, dERLSLBHZODZ
LThHBH, ThEEENIHAELZS DiZH R0,

ZIT, ARV TR, BE - FRDLOE
REHE2ER L L BREBRAFEONEE, GHRAY
HEE - BEPLOEBHELHE T I LT,

* BEFTNBEE R Ry —

FEEDRE KBS, Yo AXA X VERUAR.
BELWIBEALSHRL, Tz L 2ENE
L.

BT 3 A FRROBE

1 GNEs - TRAR L IBRIBUS AR
HROBBRAEOMRICES 2 YT LTROAR
S, FHEEOAR - BRELWI ELOTFET S b
OTH%, A~ (Curbelo, 1985) 1%, FOmEMEDR
BREEPEHLLEEFESEEEOME - B &
DEIRMTHDZ LRI, ¥, BEEHEE
RUBEBFEORR %2, EHN2EEDLOME
LHB LTI, RNT P u—F OFMBEH
7 Fa—F N, FYUEOME - B I DR
RETHBZenRENT (Selim, 1982 ; Awodi,
1984 ; Ohanenye, 1986).

B, 1 ¥R (Ivins, 1986) it, h2ERE 1

— 73 —



FEQEFEENRIC, TERES, "ERIEEMOE
i, THESLBE OBEHEOMESE LIEFEDR
WIZ X 2R ERERT:, TOER, ER-HEE-
HBOBEFZ L 288 HE (BT 7o—7) ©
FH, BREPLHZIIEBEBDLOBRRIEER
PHAGAAREETE (WBHN7 Su—7F) &b,
FBWEOHH « BRER VT OBOEBORRBIC LY
ShHEETHB Z L ERLIL,

Y ¥ —REy /A=K Y ¥ (Saunders &
Shepardson, 1984) X, E6EEDRE 2 MHRIT,
MRER-FA-RRIOFFA 7 Ve ESEER
BROFRE, BEPLOBEAE LN, ZOER,
EERER2EH L LBRNNBERAEORY, £EHE
DHF - BRRURENEZENORECHL T
SR THBZ L BT LT

2 oA RFIEEREIEHEER
FOLAAFNVOBR L BRBEHFRET 35
I3, 1960fERMMFEICHEE D, ZhETWL DD
WROoOAAENRESNE, ThsDhTHYHMELN
YD) 7O ARFNVOEIZFEDE NI L
BERICBT AR, 2 FULARFNVOEREE
BELREDEED B WIEEY 2 —VOHRICHE
TAHE.Q) BEDERA Y 27 ANEBEEDS
B AAFLOEBERETHRCETIHETH
5,

(1) 7oA RXFNVOEBHEDOENIZ L B51R
BT A HFR

v 7+ — (Wagner, 1984) &, /NEREL-5%
FEOREERRIC, FUEO ST AAFNVOER
B & U - BRECRIZTHERDLOERFEOR
REPAFE - BEPLOBBHE LI, FERES
HBTLEHELE., vv 7y Y— (McKenzie,

. 1984) &, F—F OS5 7{bicET B uERARF

WEBETIEORR S 3O2OEEFEOHRE YT
~N, EEEFRPERLLERIERNC X 28 H5ES
T ARFVOBBIERRHRERIZT L
wEL T,

(2) 7aeARFNVOEREEEL LLBEDE
BHsnitEY 22— VOYRET 2R
BETI, 7V—F5—+¥ 37— (Friedler &
Tamir, 1986) %%, BEEROE/ENRIC THE
FRy, REORE), "HEREHE, & L OERER
DERYENETAEFEES a—VORREBRI:
EZ3, ZDES2—NRE>TEZLIEDHH
2 TRWEH LR, BRENODEB LV HTE

[

BEhEsTDOLI L ERELL.

NP4 5, ¥4, H7 > F(Padilla, Okey, &
Garrand, 1984) i, B 6 FELr ESEEDRE &
Eratic, TERHE TS ORRAAFLE
ST 2BORR S 3DDEFHEL FOEDHE
FRERTVWEB, FbdiF, 70 AAFA0 2:18H
OEABTORICKE 1 HERMO TSI X A F 1
DOFEHE1IGEMITS b0 (HBHEL), PoEX R
FNO2EEOBABRTOARITI bD (BiEAE
2), 7uAAFNVEEFEEETLIELWI LI,
NEOHBcEEZ 2B LD (BIEHES) Tho
Jo. REREUT, S8BAE 1 8IEHE 3 kN,
FREOTSULAAFNVOBE LV ATHEREE
BEDON T EERE L,

(3) BEOERIAY F 25 A08EBED ST LR
AEFNOHBCRIZTHHRICET TR

VEHFBRRE TR, TLPLOFSOEAFVDE
i LT, SCISHERRUEL2RRZI L%
RUEHEREFN A ETHESIA TS (Weber
& Renner, 1972; Allen, 1973 ; Boyer & Linn,
1978), FEHFEE T, drIHEshTwER
v,

3 B8 . EREEHCEREIRTE

H¥PEOBE - RBENOBEB L WIBEL» S5,
HERBEFEOYR 2B T 2HREGNOHREXZ
hETHEN RVWEITHS, 20FT, FlRE,
¥ —4# —Y v (Peterson, 1978) i3, B&HIEENIC X
LR, BRI LI2HR, BREEOZVWHEIE
HEDRELR, TORER, BRER 2HSAA
VEBFEDHEBES TRWHD EHR, FFED
BE - EREHOBB LS HTOERLYRLH S
ZErERELL,

DEe@EBELesD, BRICB T 3H% - BEE,
TR RARAFNE L UEE - RREDOFRO::H
ik, BRENYERL BB ENERTHE &
SiBbha, LiL, ZhETOWERTIE, 5.
i, BFRNREN (FurAAFN) B L UEE.
EBREHEVIBEAD»S, BEREEHROMERR
BRIzt L, TS 2B RN,

FHRDFE

1 BREHLERL-BHIOISL
EFRICB T, BE - RBRTLOBFERESHZ

ERULER 950 0LT, NTAKRETHE

&hi:FAST (Foundational Approaches in Sci-

— 74 —



BEREE RO

ence Teaching) B0 EiF7%:. FASTX, nN74
RKEDQH Y F 27 AAEHFEI N7 T L OFERS
hizb DT, INERBFERERVHERERE RSN
RELKBEE - EREEER LTRSS F74T
ba, FOHEWHER, BENEEIC L 3 BHANE
FEEYA I VB EFORBRHETH S (Young, 1982
Pottenger & Young, 1983),

2 EEREFCRHIRE

ERETE, 7AVAD/ —RAAuIF4 FHics
W BANERE 6 FAERESSR, PEKE | FEEE
141% %5, FASTIR & 2BEhLD7 7 u—
F (REE) HEREPLOT Fo—F (HEHE
ZHBL, Bl - BEREEC L VEERFEODRE
M3 % EERETEE 2 A L 7z,

INEREE 6 FEEMTIE, 4780 SR B EBEEL
BELS L BREFHEREL, 2BOFAS THE
L 2Z0DFEFASTHIC X 28BEnfTbhi:, F
R 1 2EEMTIE, 8340 57K 3 KREAR X584
PORDIHEHBELREL, 2HROFASTHAES
ZDIEFAS THETI X 3 BELTbILE,

SEHEEARTIX, 1987—19884ERED 1EMTH Y, W
ZEDENFROERBICBVT, FASTI1IHNF
ASTHEIC k> T, BEOEREZEDFTHIEE
DHEMELHALEZBEHE N, BEET, H
WBDPFAST1OHREBEEZIN:, TOHES
#ix, #ATAEHE (Pottenger, Young & Kyselka,
1980; Pottenger & Young, 1983) k- %, BN
BNLEEFIHLNADIEF > TERS L,

—7, AT, EFASTHMzE->T, &
BRECHV S N A—0MNEEERE L 3&ED
AWBfTbNl, HEEE, FBRELLN, BR-%
b L OFEREES 2 BER L 8BS EMIc o 2 <,
EHE S HEAEDLOBREROEENTHOIL,

3 T
AECHALEFAS THEIZ, 2@BMOFA
ST1IDHBHERZETL, FAST10HEMOR
BEETLETHY, PBLELH1EMLEDFAS
T1DEERREPETL2ETh oIz, ZRIERLT,
FEFASTHEIZ, “hoDBRE2—IELRVE
Thoiz,

4 FHE

INERER 6 FEORER - MFRFECHECHAV S

N MIEEHREIZ, “Holt Science”(Holt, Rine-

hart & Winston, 1984) TH o7, & 1 F4E
DEE - HEmECHBIC A s - MisEHRIE
¥, “Principles of Science: Book One” (Merrill
Publishing Company, 1983) TH o7 Ih S DM
EEZBBOBMIEZ, /—Adus4 FMNEFTR
(NC Department of Public Instruction, 1985) &
Ihid, £, BEENESBREBIEOERORICAH
BOEEZENE L THARAENRTWHWE Z L TH S,
%8, FASTIORARLLTEZN TS TH
EcBU T, /NERE 6 FEOBEBETIREDLNIT
BoT, HERE 1 FEOHEFECRBEOIL TV,

5 EHFT BAREE
HEHFEETHE, WEE D C A T (California
Achievement Test) D2BEBOBE/ A BIBEL L
T, TNThOZEET, B - HEHABEOHMTERE
RENEDLNT, WEOSEURFRIEL 2. .
HERECKE, BB - SREHORE - £&E2x0

Bz, BE - EBRENSFETSF A ELTLS

T, 7O ARAFNVEFHET 27 AL LTPOP
S, M- EELFMTA7FA ML LTCFINEZHE

WT, ThZhORESI2FHEL /2.
POPS7A ML, RyFv¥r—, w94 xTX,

" YVa—vX, fli (Pottenger, Mattheis, Jones, &

Nakayama, 1987 ; Nakayama & Matthies, 1988)
EoTHEShL DT, RRBEEDORE, KN
DFE, EROFRE, £BEE, 7—077 714k,
T—DERD6 2O 7O AR FNVEFEMET 57
HDO2VEE»LRZTAMTChHD, HEHOARER,
—BERXRICBTZ2HDT, BEDAY F2TF A
KEETI D TRV,

FIN7ALME, B, Rv7rYy—, All,
d (] (Fukuoka, Pottenger, Ishikawa,& Na-
kayama, 1987) iC X > TR &= DT, k-
BREFETZDD6HELSRBZTA I THS,
HEHOARWR, FASTI1ORES»RBS¥LIEA
WiedoT, ¥H, BEEOREE, EH0AR, 0O
FEWH, KE, BEECETINETH 2.

LST7AME, "NTAKREDAY F 27 LFF
WEI—7ie k> CHESEs Nz DT, FAST
1B L B « EEBRRESH, TuxrAXFn, 4
B EBEPEET 5D DI6EED 57t 5 3 EHEE
D7AMTHZ, F18 (6HEB) &, WHORES,
EHX, BE, AEOAE L EEOHEET 3 EB
BAOFHEEE» 2% 5%, £28 (6HE) &, 7
—F DT 7L LIBT3 o A X FVDFF



g »o%5, BIH (4HB) &, BEHSC
B3 2 A% - BEROFEEE» 5% 5.
BHFAED KM, 1988E 4 Bio/NERE6
ZERELNRICEML, 19884 6 A FERKE 1
ZEAERNRICEML . '

6 T — I

FHRIC BT B T ETC Y > T, NT7A
AKEIAVE2—F—£vF—DSPSSXks7u
77 h2AWT, SEREBIREITo .

& R

1 FASTOLENMHRE

FASTiR X 2BRPLOBIRSHEOLAEL LT
DORREBKT 202, SPSSX#H T us>
LDEEESE A (MANOVA : Multivariate
Analysis of Variance) ¥7a<=Y F2HWT, %¥
FR, 5L E#*S# ST (MANCOVA :
Multivariate Analysis of Covariance) %{F- 7,
HETRAEC L3 CATREBEE2HEER (Covar-
jate) ¥ L, BHBHEEZIWC LB POPS, FIN, LS
TO3ID2DTAFDENEFNDOREBRERBEHR
(Dependent Variables) & L7z &, FASTiZ&

w

1l

LEAFHEOERIZIRI, INERE 6 FELFET
F (3,80) =6.8, thaEfE 1 #E£MTF (3,136)=
13.3THY, LHREEEHENTED LN,

a5, LSTREHE - EBAREH, Yo AXF
W, G - BEO 3T, POPS, FIN,
LSTHE1%, LSTH 2%, LSTEIHWD5D
DFAPDENENDORESBRENRBER L LTH
BOMTETokEZ s, FASTR X 28 HE
DEEEIRIRIE, NERE 6 FEEATF(6,78) ="
5.5, MERE 1 FELFETFE (5,134 =11.1TH
D, LHYHEESHRENTED SN,

ZhoDRRIX, tbic, FASTRL2HES
wmhs, B . EBEES, FuAAFN, M- E=
BOTRLECHL T, EELRERIZLIZ L
ERLTWS,

2 FASTOSARHR

wie, FASTRIZ2BERPLOBEHEMNZN
ZPhOBEIOBRIIN L TRIZTHREBHRT 21
»iz, SPSSX#E7 v 7 ADEEESRA
Y 7awr PERALVT, FNFROZERNC, —&
BHAET (Univariate One-way ANCOVA:
Analysis of Covariance) #1To7%., CATHERK

K1 CATHREBAKIZEERT R F ORFEEHRY
CAT »#EBL L1 L 2DHET A b OESUAT (ANCOVA) OFER
HeyE ' 7 RE
F & b BEBA BigHk Big A
FASTk:? #M&cis  FiE FASTk:? #&l#icxs  FiE
FRduls EEHL (df=1,82) FRPil MEhl  (df=1,138)
(N=47) (N=38) (N=83) (N=58)
HBEH (R .
POPS#ABK 21 8.88 8.11 1.64 (NS) 9.22 10.32 3.69 (NS)
FIN &8 R 6 1.19 0.99 1.24 (NS) 0.95 1.21 2.83 (NS)
LST B&58 MK 16 2.51 0.82  19.45 *** 3.79 1.83  28.74 ***
LST/¢—1 1 6 0.71 0.12  19.05 *** 1.49 0.30  43.29 ***
LST/¢—} 2 6 1.37 0.48 8.44 ** 1.86 1.21 7.40 **
LST /¢—} 3 4 0.43 0.23 4.58 * 0.44 0.32 1.89 (NS)
HZ B (EHRE) .
CAT BA1BA 100 50.28 45.92 50.23 51.91
(BfITY)
s++ p>0.001-
** p>0.01
* p>0.05

NS: not significant

— 76 —



BREEEO TR

X32POPS, FIN, LSTO#hFhDFARFE
¥ (Adjusted Mean) 7%, CATHRABS%:
#ZELL, POPS, FIN, LSTo#h¥h
DEEEREBERE L L 2DOEIBANOBES
#£1iTxRT.

INEREE 6 FEEMKR PRERE | REEFH O™
EHicsWT, 2208EHEORWICLBZLST
DBREBRCEEENTED N, LhLikss,
MEMIZBWT, POPSKUF I NOBREBAI
X, 200HBHEOEVICLZEEERTED O
otz

Ao, ERESTEDONL LS TEHEE - £8
g5 (B1EP), Yo AEN (B2, A%
HfE B3 D032 HiFic s, LSTEHELIE
EE2HOEL DB, NERE 6 RELAK
Uh2RE 1 2EEFAOREH BT, 220
BAEORVWZ L 3ERENTEDONL, LSTHE
3WoBAE, MERE 6 FEEHICEWT, 2
DOEBWHEDEVIZ L 2BERENTD Shileds,
hEE 1 2EEME BV TRERZRED s hik
hoiz,

IhoDERIE, FASTIZ X28@HE, &
2, BE KEBREEH (LSTELIR) £F—s07
S L BRI T2 7oA AF N (LSTE?2
W) OBFREHLT, FELMRERIZLCLS
RLTWw3, —7F, —BZMH - B#% (FIN)
RO ARAFNL— (POPS) OFRENT 2
EICOWTIE, FEMAFREBL TR LR
Engeonizrol,

Ebhi)ic

AFEBL TR, BE ERPOOELRES
ERLULENEEAEOMRE, EHNZEEE -
EETLOBEHELERWT7 Fuo—Fic ko T
BT5ZLickoT, $PEORE - EBgeSH, 7
T AR FNRY, SH - BIEL WS EEAD S0
L, Tfivsz e eEHKE L,

BREPERT 2 BN TS L ERROSE2F
BECRBETZ L L -T, ¥WHEE, ZT0E8
CBWTHBELENIHE - RBREHP 7oL AR
FVEESBBL, FOR/BRL L TRERZA®RE
HBREL, FlBS2BERL T I L VA4
ERBHbDTHBHEELIOND, LicdoT, bL,
BE - ERPLOERABEBRZBEHLLER S u /S
AEPREROBBERLOBRHERARAT 3% 51,
ZITR, FRBRIVSSORGHRRYES
ENTE, TOBRELT, BE - ZREEHL S0
YAZRFNOEBERY, MFH - HErVI HIBW
T, GHAZEEE - BMBEDLOEB AL N,
IDENZERREZ2EDLTH S LWV IRV
E&hi,

FEFFRICE>TRONLBREELDHOD

CBR2THB, TORBSETEBD, HHE - BE

RLOBERAERE, FEEOBHE - EBEEH, Su
TARFN, HE - BREOFRICHLT, EELRY
REDBLREERVIEMHES LI 5Tz,
B, FEFFECL>TEoh BRI, R
. £fEomtE, ZEorktt, 8858, EBREA,
M, HEBREL L OEREN, bowvik, BRY

R2 FEHAFRCBIIEEDOELD

BB SRR JOCAATL B, - B BT
OEH DER DEH DER
RRATXIR | — S| SRR | —IRAISHR
(LST 8=} 1) | (LST/S—1b2) | (POPS) | (LST 2=} 3) (FIN) (LST, POPS, FIN)
FAST ik 3 s
gEehLofErE| O o iégfg 0
REERSRDSH D ’ :
HBRECLS
WL OBE
REERRRS S5
BIRET

O, BOFFELB/TEFTHET IHRERT



BERBMEbL - TR ZLERBOEVIETHS, &
DEIBEERICBVRT, XYBMELEMFFKE—DL L
TOEBHROLEUSDL LI CBbhs, £V
b}, A5 - MERTCOEEHORIE, oA
B 5 RRERMOH—, BRELTOFHERIROA
ELFEZFICBWT, 3—BOEREVLELT 2,

E

iz, EELEEEE (No. P-1-3483) LT
ZAVA e 4 —AbAud4FRFCHELHE
PICIREE « MFLIT— 5 2 EERLEBDTH
5, VAL AELE ({—AbAuIfFKE) &
STRBY Ty —lLt (NT4KE) Whivd
RETI2RETH S,

ER5|RSE 0

Allen, L. (1973). An Examination of the Ability of Third-
Grade Children from the Science Curriculum Improve-
ment Study to Identify Experimental Variables and to
Recognize Change. Science Education, 57, 135-151,

Awodi, S. (1934). A Comparative Study of Teaching
Science (Biology) as Inquiry Versus Traditional Didac-
tic Approach in Nigerian Secondary Schools. Disserta-
tion Abstracts International, 45 (6), 1707-A.

Boyer, J. & M. Linn (1978). Effectiveness of the Science
Curriculum Improvement Study in Teaching Scientific
Literacy. Journal of Research in Science Teaching, 15,
209-219.

Curbelo, J. (1985). Effects of Problem-Solving Instruction
on Science and Mathematics Student Achievement: A
Meta-Analysis of Findings. Dissertation Abstracts Inter-
national, 46 (1), 23-A. )

Friedler, Y. & P. Tamir (1986). Teaching Basic Concepts
of Scientific Research to High School Students. Journal
of Biological Education, 20, 263-269.

Fukuoka, T., F. M. Pottenger, S. Ishikawa, & G. Na-

. kayama (1987). FIN Test.

Ivins, J. E. (1986). A Comparison of the Effects of Two
Instructional Sequences Involving Science Laboratory
Activities. Dissertation Abstracts International, 26 (8),
2254-A.

McKenzie, D. (1984). Effects of Laboratory Activities and
Simulations on the Engagement and Acquisition of
Graphing Skills by Eighth Grade Students with Varying
Levels of Spatial Scanning Ability and Cognitive Devel-
opment. Dissertation Abstracts International, 44 (8), 2430
-A.

Nakayama, G. & F. Mattheis (1989). Development of the
Performance of Process Skills (POPS) Test for Middle

n

Grades Studgnts. Paper Presented at the Annual
Meeting of the National Association for Research in
Science Teaching, San Francisco, CA.

North Carolina Department of Public Instruction (1985).
Annotations : State-Adopted Basic Textbooks for Sci-
ence, Grades 1-12. Division of Science.

Ohanenye, N. (1986). Comparison of the Effects of Tradi-
tional and Individualized Instructional Teaching Tech-
niques on the Level of Academic Achievement in Sci-
ence of Eleventh Grade Students in Secondary Schools
in Imo State of Nigeria. Dissertation Abstracts Interna-
tional, 46 (10), 2987-A.

Padilla, M. J., J. R. Okey, & K. Garrard (1984). The
Effects of Instruction on Integrated Science Process
Skill Achievement. Journal of Research in Science
Teaching, 21 (3), 277-287.

Peterson, K. (1978). Scientific Inquiry Training for High
School Students : Experimental Evaluation of a Model
Program. Journal of Research in Science Teaching, 15,
153-159.

Pottenger, F. M., D. B. Young, & W, Kyselka (1980).
FAST 1: The Local Environment Teacher Guide.
University of Hawaii, Curriculum Research and Devel-
opment Group.

Pottenger, F. M., F. E. Mattheis, M. L. Jones, & G.
Nakayama (1987). Performance of Process Skills Test.

Pottenger, F. M., & D. B. Young (1983). FAST Instruc-
tional Guide.
Research and Development Group.

Pottenger, F. M., & D. B. Young (1987). Laboratory Skills
Test. University of Hawaii, Curriculum Research and

University of Hawaii, Curriculum

Development Group.

Saunders, W. L. & D. Shepardson (1984). A Comparison
of Concrete and Formal Science Instruction upon Sci-
ence Achievement and Reasoning Ability of Sixth
Grade Students. Paper Presented at the Annual Meet-
ing of the National Association for Research in Science
Teaching, New Orleans, LA. ED 244 797.

Selim, M. A. M. (1982). The Effect of Discovery and
Expository Teaching on Science Achievement and
Science Attitude of Male and Female Fifth Grade
Student in Egypt. Dissertation Abstracts International,
42, 3001-A.

SPSSX User’s Guide, Edition 2 (1986). New York:
McGraw Hill Book Co.

Wagner, A. M. (1984). A Study of Elementary Science
Achievement Related to Teacher Questioning Styles
and Method of Instruction. Dissertation Abstracts Inter-
national, 45 (5), 1291-A.

Weber, M. & J. Renner (1972). How Effective is the SCIS
Program ? School Science and Mathematics, 72, 729-734.



	表題

	はじめに
	関連する先行研究の概要
	本研究の方法
	結果
	おわりに



