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Exploring the Effectiveness of Students’ Science Inquiry by
Introducing Scientific Inquiry Teaching into Science Fair
Training

Kuo Hung Nan

Abstract

Based on the Scientific Inquiry Scoring Guide raised by the Oregon Department
of Education (2002), this study developed a 16-hour course to help students complete
science fair projects. The objective of the course is to help students to attain the 12
inquiry abilities from four aspects in the Scientific Inquiry Scoring Guide. Following
a mixed-methodology approach and a convenience sampling strategy, this study
recruited a total of 22 students who participated in the science fairs held in their
school. Half of the students who received the instructional model were viewed as the
experimental group, while the other half who participated in the science fairs merely
was the control group. A total of two research questions would be discussed in this
study. First, what changes did the students in the experimental group display on
their abilities of inquiry as well as experimental error control after the course? Second,
what changes did the experimental group and control group display on their abilities
of inquiry as well as experimental error control after their participations of the science
fairs? In the study, students were required to do actual experiments on sliding cars, in
order to assess their scientific inquiry ability through a performance assessment.
Another data collected during students' experiments included their experimental log,
science fair activity records of the experimental group, and student interview data.
Results showed that all the students from the experimental group had significant
differences in four aspects of scientific inquiry ability, including experimental design,
experimental operation, data processing, analyzing and interpreting, and the total
scores (E.S.=2.27 » p<0.05). By comparing the scores they gained from performance
assessments and other qualitative data, impressive improvements were observed from
students' performances during experiments, such as manipulating independent
variables correctly, displaying the abilities of variable control and alteration regularly,

identifying and deleting data errors, and making correct interpretation of graphs. For



the second research question regarding between-group inquiry performance after
science fairs, both of the experimental group and the control group showed significant
improvements on the scores of their inquiry performance assessments (experimental
group E.S.=1.51 » p<0.005 ; control group E.S.=0.85 » p<0.05). While comparing the
scores of science fair projects, the experimental group had significantly higher scores
than the control group did in the part of “analyzing and interpreting” (p<0.05).
According to the qualitative data, this study identified the sources of students'
concepts regarding experimental errors, the strategies that the students used to control
errors which might occur during the experiments, and the types of students'
interpretation on experimental errors. At last, based on the results of the study, school
teachers can consider to applying the teaching model proposed in this study to train
students how to accomplish their science fair and evaluating students' inquiry abilities

through performance assessments.

Keywords: scientific Inquiry, science Fair, performance assessment
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=y

AR TER e BiG e s RARVERTY 40 Tadmuy, b
ST, o~ Teldp AL = B e FEDF 2k E£(ES>08) A & Td At
GG RlE Y stk (0.5<E.S.<0.8) B A+ AT KR E RV KE s
FAOPFHELRA FORAERS B TdAlR s e 82 pfe £ &
oo R R PBH G SR - ERFA S P PR 2 g L F ARG A
PF IR FE AL R R FRHIE R A KA ERATRE £
T2 331 PERVEREWEFMEX T 0 AT EH 16 %5 T 4?3%{%&\
e,y s vk S FHFAV L L PERTEVIHD 2 DFRE D
st ARG WBEHFEL -G s o

w8y

i
)

2412 FHEAEFET A R R BR P A G I A PE S B %
2

w0 iR w7 ¢ R v Rl

idwe P BEL P BEL V4 p E.S.
a. 9 %K 3 (total=6) 4.0 1.26 55 0.69 -2.72 .006** 1.24
b.5 2%k i¥ (total=18) 7.1 1.76 12.6 191 -2.96 .003** 3.02
C. ¥4 AR (total=8) 4.6 1.37 6.1 1.30 240  .017* 1.21
d.4 73§ (total=6) 35 1.57 4.4 1.36 -2.46 .014* 0.65
Total 19.1 4.39 28.6 3.33 -2.94 .003** 2.27

*p<.05 **p<.01

# 413 EFRANEFHREFA APFHET A FITFTFREIIORF o » o £ 24
019 Brm et EEF 1l BowdFEF AEZHEFOR 9o bl
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A dPp > TeSdkdp e Mgt | TeAR g, o~ TdLRI A iR -
"33 A KiRafFEF, £ 85 o & ThARIEFEER a0 B F ek

R gk oS €8 0 LR R AP B R ala- 394 5 & (b9 %
515,3%:} B AT R EETIRPB T O E T RS FEAHE T
Fy-F2awplad Rygd 0 FEFESREITRSRG b pin o
AG e TCHdhAIE | ¢ che B3 G e nd K ARG AL FIEE > Tolpl R ikdk
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% 4-1-3: FREPEFELTAFETERR P B F o e FL BT BT %

S

, IR iR L) L 7 p
" T35 HEL FTm BB

3

=1

a-l. & 17 F B chik IT % 5]

. 1.3 0.65 1.8 0.45 212 .034*
a-2. K F &I 1.2 0.60 1.8 0.39 -2.33  .020*
a-3. R 2 FAER 1.6 0.52 1.9 0.29 -2.24  025*
bl. ElAs &4 0.9 0.54 1.5 0.52 -2.33  .030*
b2.  Bplf AR 1.0 0.45 1.6 0.51 212 .034*
b3. & 7R 0.0 0.00 0.7 0.99 -2.00  .046*
bd. RIEZFELE 1.1 0.83 1.7 0.78 -1.41 157
b5. &7 % =il 1.1 0.70 1.5 0.52 -2.07  .038*
b6. ir#lduig e 0.3 0.67 1.3 0.65 -2.43  .015*
b7. MEAL & B S enird 0.0 0.00 1.0 1.04 -2.24  .025*
b8. i {7 EEAE Dy 1.0 0.89 1.5 0.80 212 .034*
b9. & 1.6 0.81 1.8 0.58 0.00 1.000
cl. Rl E#p k& 1.1 0.30 1.3 0.45 -1.41 157
C2. P FL i~ iy 1.2 0.75 1.8 0.39 -1.73 .084
C3.  HcHfehie B e 1.4 0.67 1.9 0.29 -1.89 .059
ch. Wit | 0.9 0.70 1.2 0.72 -1.63 102
dl. B iz 1.6 0.82 1.8 0.62 -1.41 157
d2. ALy 1.0 0.63 1.4 0.52 224 025*
d3. A KR eiE 0.9 0.70 1.2 0.72 -1.72 .083
Total 19.1 4.39 28.6 3.33 -2.94  .003**

*p<.05 **p<.01
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SRR FAFERAGH) v AR
TRAFAJERNCH) v/ /v /0 /9 8Le%
DESEE - K TS Gk ) 0 0%
Bl % chie drde o (9 rl) v v 2 182%
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|
F_k
\\\?{r
1%
-k
bl
©
NN
=
4%‘
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A

Ti\4
R

R S %mﬂ%@§4ﬁﬁﬁﬂ@'w%fﬁ%iﬁ%%“iﬂ:¥z

AR HEfHB RS BTG YRR AR CRAR 0 A e

o

“RHEFIAFAPRDUPFHEL S RIFE
AT L% e A3 A PERREFHEHRT WA FFEE 2
PRE R Raetg o B BAFFEL NS LG e A RDNRF A 4o 4-2-1 9757 o
"b.f e it~ TeldpAIE )
"dar2fl e Bo w2 As FEFF ek E(ESS08) 2 vEHEF i

FHNR RS AR ﬁ%ﬁ“k?igé eF R PR LAE T HE S

?%ﬁ?ii%?%&ﬁﬁi%?%aﬁJ‘

#4-2-1:  FREPFEFETNAFETEY R BRI G » FL TR F BT %K

B4
o TR SR e wEo |
a.§ % & ¥ (total=6+2%) 7.2 .58 7.8 0.45 -2.11 .035* 1.01
b.® =3k 1% (total=18+2*) 14.3 2.06 16.9 2.47 -2.96 .003** 1.25
c.#icdf A2 (total=8) 6.2 1.27 7.4 0.79 -2.64 .008** 0.99
d.4 72§ (total=8+2%) 7.6 151 8.8 0.94 -2.40 .0016* 0.83
Total 35.3 3.67 40.9 3.72 -2.81 .005** 151

*p<.05 **p<.01

(F okl ? R~ SRR S0 Tad AL g Th10.34 7 S pE T ié * enfp A o
Wox o~ TdA A KR = B ainde S TdS ¥ rdld L cniiie e B3 goe o FP AL G el
A E 4124 AR )
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HFF ok £(ES=083) M7 Tl hABPRASERY KIS f o %

RS ES sl A L SRR TR R R

Teaml /A7 R be fR fCE % S L] 2GR TER A L I RS L
;ﬁ”f—lé&'ﬁ"ﬁg’(‘ s )’\ﬁ))" ﬁ E 1;57_«1’:757/7?;%;"% 7 /;(F%zﬁ 577/; ﬁ'_/[fi;fpﬁ y }/yf iﬂgmﬁ
Ao pE A RERE

P E AP PE LR R o e 422 SR EFBEF e (bl
SRR SNCRE & SET SN LR NS SRR N
rd5-§d’%?#o%JF¥‘émwuff'J _‘I_ IE ’ g: ¢ l{t rcﬁ%@@J IV I’dA\ﬂHE&%§J 3 f]}

LR o PRPRFLr B K eF 2 | e b FHARELAFETERY 0 ST

IR E S EEET 33 TS SRR
RIS GRIREHFLE O G ApRDRE Y PREHFLE SRS > 7 LaR
%J. )1!’%%&/4 A ’i?%“ﬂ%i Zé,fg_ﬁ-ll;h oo gy 4 )X T‘:’fﬁ*i)ﬁ@(celllng
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422 FHREPFHEL A F TR R BRI TR e T A L BT %
&2
a4 N
*35 L x5 wEL
al.  ~ 19 ik (TR F] - 404

O 1.8 0.45 2.0 0.00 -1.73 .083

a2. EPF kv 1.8 0.39 1.8 0.39 001 1.000
a3. P & F TR 1.9 0.29 2.0 0.00 -1.00 317
ad.  HITHIFEL DR 1.7 0.49 1.9 0.29 -1.34 180
bl ERAs &5 15 0.52 1.8 0.49 200  .046*
b2. ERlF 1.6 0.51 1.8 0.39 -1.41 157
b3. IR 7FEEaE 0.7 0.99 1.0 1.04 -1.41 157
bd. RIEFZELE 1.7 0.78 1.8 0.78 141 157
b5. &5 SRl 15 0.52 1.9 0.52 -1.89 .059
b6. 4l e g 1.3 0.65 1.6 0.29 -1.73 .083
b7. MEAL & B s 1.0 1.04 1.5 0.91 -1.00 .083
b8. i 7 EEAL 1.5 0.80 1.6 0.69 -1.00 317
b9. 5 =% 2 1.8 0.58 2.0 0.00 -1.00 317

b10. F S K R HF L4 K
1.8 0.45 1.9 0.29 -1.41 157
W e §7

cl. Bl & Hedpehi b 1.3 0.45 1.9 0.29 283  .005**
C2. IR FLE~ Hchy 1.8 0.39 1.9 0.29 -1.00 317
C3. dcfhinim kg g 1.9 0.29 1.9 0.29 001 1.000
c4. W ieng W 1.2 0.72 1.7 0.49 212 .034*
dl. B # 5z 1.8 0.62 1.9 0.29 -1.00 317
d2. A 1.4 0.52 1.7 0.49 -1.34 180
d3.  FL kiR enfE F 1.2 0.72 1.8 0.45 -2.65  .008**
d4. A kiR SR P 1.8 0.39 1.8 0.45 5.77 564
d5. i yrdlEL anna 1.4 0.52 1.8 0.45 200  .046*
Total 35.3 3.67 40.9 372 .81 005

*p<.05 **p<.01
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R HERS APREVRER FAPREFAPLEEL N RN EH

FIEHU R edd PEETLS R TR AR e SRR
Bt o tre cn? 2§ - F]5 X s R #ics 17 (Friedman two-way analysis) > & % 4
24235 E M AT RS p Y B 05 HE K AR FIHEDZ BT
BoE s 269 1% F s ek B o |R _R|>ch k(k+1)
PRAHIXEEE AT R A PR ERTION Zoy s Z TR &
kK &% N A fk~%% 3l p 2 %:8(2006, p.574) - & j\gﬂ A y%rrlp P 15
et E s 1150 Kk 424 ¥ s B ‘éﬁ‘kﬁiiﬁ_i ﬁif%i% 201 50 B e ﬁiﬁ
Frid DLRAR R)FAFLEFPRESDRPTHL LS DL AR Ry

GAENELVRTRR o A R PRV RE LT R S PR R TP F

Y
ED

\

{E—f"u‘ o, H

-

1
w0 i l’f’r.?fig'fﬁiﬂl;’; iz B G imj&g—gmrk—p\. o

2423 e pEFET NG FEERE IR REERALG e L PALE S
e

WRER Y REER BRI

e TR, TIOKR, ISR, Zov
a.9 =%k 3+ (total=6) 1.23 2.32 2.45 .008** 2.69
b. % %% 1¥(total=18) 1.00 2.05 2.95 .001** 2.69
c. #icy A& (total=8) 1.18 1.95 2.86 .001** 2.69
d. & #5:27# (total=6) 1.23 2.00 2.77 .001** 2.69
Total 1.00 2.09 2.91 .001** 2.69
**p<.01
2424 % PEFEy A FIETEDR P ORERERL G » @A DR AT
BE 4
s TR
ERN g ZCV El}%-?r & R2 'Rl R3 —R2 R3 'Rl
a. P % & 3 (total=6) 2.69 1.15 1.09 0.13 1.22
b.§ %4 7 (total=18)  2.69 1.15 1.05 0.9 1.95
c.#icdy A2 (total=8) 2.69 1.15 0.77 0.91 1.68
d.~ 528 (total=6)  2.69 1.15 0.77 0.77 1.54
Total 2.69 1.15 1.09 0.82 1.91
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“HRBREFI LFAPBNBHEHFELN RIETE

AFETEHZ Il R EE S A5 B PET B EFPEFET S T TR
TRl sl He BREFET w4 Lo e A RGES B A frdrk 4-2-5
BAREPRTE A TaFRET ~ ThARET, A B e
%2 (ES>08) > & "clchprdZ  ~ TdAtr2f, 37 ki
(ES>0.5) * %3 %% 4 EHF A HBeSd 2720 PELHFA T

RAPEFT w4 ETHERS -

2425 MBEASEL N T EERR - GRL G e @A BT BT
R4

i ;’;{ ; i:; ;’f__{ *;’;; z p E.S.
ag ®® - (total=6+2%) 6.4 0.92 7.1 083 231  .021* 086
b.® %k fe(total=18+2*) 129 277 154 207 283  .005%* 094
¢. ek AL (total=8) 5.3 1.95 6.1 104 223  026% 047
d.4 28 (total=8+2%) 6.6 156 7.6 154 208  .037* 0.0
Total 312 579 363 405 286  .004*  0.85

*p<.05  **p<.01

HReF2 2 PER S APFHEL N4 T FEERREERF 6 v iR
Wldrd 4-2-6 TR TR EFIBF TG ThTMEA L Ry o - F e 0
*> 54 ﬁ_%:ﬁki’fi LA (S bl it
PHEZESCHERERF FHREYL > FIHILCEDRFES o bldein PlEIF
BFLZ VAR e n @A LRSI E2ETE 0 AR i8R f BiE
EHEABREPGE PR T =8 > B FHTDEAE AR T o KA > Tkl

T
mORE YRR 2B F e FIEFLIE DAk PELBRVRYF S
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% 4-2-6  HBEPFFEL A FETERR BRI F o e FL BT BT %

S

1505 ji?}d 1] iE'JU ?;f iE,'J i iE'! ' 7 o
T3 B =] HEEL

al. A7 F B enfk (TR T~ i

B 1.2 0.60 15 069 -1.00  .317
a2, WFR AL 17 0.47 1.8 041  -1.00 317
a3. R EHFAVTSR 18 0.41 1.9 030 -1.00  .317
a4 AL OEG 1.6 0.51 1.9 030 -1.73  .083
bl. Erl&s &7 1.4 0.67 1.5 0.67  -1.00 317
b2. Rl R 15 0.52 1.7 041 -173  .083
b3. IR 7 EEAL 0.0 0.00 18 060 -1.00 317
bd. RIEZFEELE 1.3 1.00 1.8 060 -1.73  .083
bS. s 3 SiplE 1.8 0.60 1.9 030  -45 645
b6. HdlpuE e 1.0 0.89 1.2 087 -1.00 317
b7. A& R gl 91 1.04 1.6 081 200  .046*
b8. i 7 BEHE e 1.6 0.51 1.6 052 -038  .705
b9. 5 % 7 1.7 0.65 2.0 000 -1.34  .180
b10. 7 SR FFPFHFLFIR

s et i 1.7 0.47 2.0 000 -173  .083
cl. RIE Hedpink & 1.3 0.79 1.4 052 -033  .739
C2. PI'FFAL B~ Hcdy 1.4 0.82 1.6 065 -1.13 257
C3.  Hedp e g AL 1.1 0.69 1.6 051 -141 157
c4.  Fifehg W 1.1 0.70 15 052 -1.63  .102
di. @2 oy 1.7 0.82 1.8 030 -056  .564
d2. FL el 1.4 0.67 15 069 -056  .564
d3. AL KRR ] 1.2 0.72 1.6 045  -141 157
da. FAL KRS P FaRT g 0.51 1.6 047 -0.82  .414
d5.  FE AL dLae 1.2 0.60 1.3 065 -045  .655
Total 31.2 5.79 36.3 405 286  .004%*

*p<.05 **p<.01
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R RPBEFHBESS ARFAPEH B

PO BRREEHB RS b s PR

AR RFHREEAEPEY PIALI G EARDENE TR e S SP
WR A A L e e @SR EEFE - - EFR U TR

(Wilcoxon-Mann-Whitney U test) » % % 4o 4-2-7 #1 % T o Bf 57 F Sk e foid B o & 4
R 7

=
PR bR AR RERHBE A SR AL B R ok 4-2-8 47 0
ELER SR ¥ SN L T ANE o Y- N S R TR
SR AR R R 28 4 k¥ P & (p<0.05) o

A

AT AR FAPREDEPFRL N F T A G w0 F A -
AEr U RER 4

% ¥R
o ¢ g ta ) taaml-¢ R R ta ) iBw-wR Z  p
T3 SD., Tiw SD. T3 SD. T SD. T SD. T SD.
afE%xy 72 058 78 045 03 079 64 092 7.1 083 0.7 079 -33 .738
b.® %% ¥ 143 2.06 169 2.47 25 121 129 277 154 207 25 202 -64 .525
cEi AT 62 127 74 079 12 125 53 195 61 1.04 09 1.04 -52 .600
dA~4»® 76 151 88 094 10 100 66 156 76 154 08 1.08 -88 .378
Total 35.3 3.67 409 3.72 49 281 312 579 363 405 50 3.13 -10 .320

=1

2 428 R BHBREFEHFET AR ETERLSR L FLA LR EFLDE
w%ﬂU*$$$$
B HREe
ide % i) 1431 {8 p)-9 Rl R (=¥l tspl-wp  Z p

X35 SD. 35 SD. L3 SD. ¥ SD. T3 SD. i SD.
ags%k&y 40 126 58 040 19 145 47 065 52 087 05 0.82 -243 .015*
bR =% 71 176 151 234 7.7 210 11.2 260 135 2.07 23 1.74 -3.87 .001**
clcdzpii® 46 137 75 082 27 149 52 189 6.1 1.04 09 1.04 -2.96 .003**
d4 @8 35 157 53 101 21 176 43 142 48 098 05 0.93 -242 .015*
Total 19.1 439 336 3.32 145 532 254 564 295 3.72 4.2 2.86 -3.92 .001**

*p<.05 **p<.01

(P17 S ewplE Tad BP0 L g |~ ThI0.3L 7 sk pFor i@ * endp 384 e v |~ T dd
e SIE S T *mefm rd5.*+%f#;:#1;éaﬁv€&’rg B B oe o Ft A s @A g
Pt Boow A KGR (T A )
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P RBEFIPEEIN A EERAPETRARLR

FEayes tRp PEFFEF PP EART S | B PR FELRTL

PRERRE L Y L AFELN R R T PRSP
G oep R AT R A RN B BEREAREA G o (e (R

B

<

Fhm e bt p AN PET,G ) n A BT R LEFT AR T
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