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Developing evaluation tools for assessing effectiveness of

scientific inquiry and practice curricular conducted by four

senior high school teachers.
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Abstract

Taiwan implemented the new 12-year Basic Education Curricula Guidelines in
2018, the biggest change in natural science domain is the new course —scientific
inquiry and practice, for high schools in order to help students to integrate learning
content within and across different subjects and further cultivate students' inquiry and
practice competent. In this study, evaluation tools were developed with the references
of Next Generation Science Standards (NGSS) and combine them with Taiwan’s new
curricula’s core values to develop evaluation tools for assessing scientific inquiry and
practice. Four senior high school teachers from two different schools were
investigated to uncover what the changes are and difficulties that the new curricula
brought and teaching effectiveness of scientific inquiry and practice.

The study revealed the following main findings, namely,

1. The developed evaluation tools can be used appropriately topresent the outcomes
of scientific inquiry and practice curriculum conducted by four senior high science
teachers.

2. Different teacher has different approaches to design and implement their own
curricula. AB and AC teachers developed the curricular based on core skills of
specific subject skills, while BP and BES teachers developed their curricula from
executable aspects to select appropriate topics. The students could take the
opportunity to integrate all the steps of inquiry and practice as a whole in a single
unit. To cultivate students’ inquiry and practice competent, the teachers in B school
provided students with experiencing the the processes of inquiry and practice,
described in the national curriculum guidelines, in each unit; the teachers in A school
only allowed students to experience one of the steps of inquiry and practice within
one unit. The students required the inquiry and practice competence through all the
units.

3. Ingeneral, the four teachers tented to focus on cultivating the practicing part
(hands-on) rather than the inquiry part (minds-on) stated in the curriculum guidelines.
The other finding was that teachers did not use driving questions to stimulate
students’ learning interest and they were also lacking of using multiple and alternative
assessments to assess students’ learning outcomes.

In sum, this thesis provides relevant considerations of evaluating scientific inquiry
and practice curricula and implementation. The implication of this study is to support
teachers to develop and enhance their competence in scientific inquiry and practice
with the explicit framework and tools and then gradually to match the expectations of
thel2-year Basic Education Curricula Guidelines.

Keywords: 12-year Basic Education Curricula, NGSS, Inquiry, Practice, Evaluation
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AEERARTFELAR G RAPPERTIREG Y RRE AEHFTEY 2 S
ERTHE % %53 2T £ 56 (hands-on activities ) &2 ™ # %5 5% | (minds-

onexperiences) ¥ 2L ¥ £ & oy F] A T HF B Y FH 4 i q 2u L B

‘;\
n»

(NRC;1996,p. 20) - $13+4%  n %k Minstrell (2000) 45 317 51 @ oot
BV RRORE SN R LT ERGER FTF RO, R TR G
A G B A AR R o

A THFEL ) SHRER RS 4 984 = (John Dewey, 1910) ik & % 7|
Bk FLHRT AL TR on Ry EARPE Y DL Y E R G
wo PP R ERIFLEF TR & R IR s A R R A R A
AR PO  RIRBEE P R RFABR RS AR AR %
(Barrow, 2006) - d £ MR & 7 £ R ¢ “78% # OF 7§ F &7 %% (National
Science Education Standards, NSES) ¥ » #4537 t7 e e s T#HF 3 484 o
o * RERE Y PFIR BE O BRE R AeRHFER < p R FY
o

H-BimmaEd  H2 2 RNEE BT B @ MR RTR
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PEPEAE Y PR RRET N R 18 KL A5 R
B Es  AETR S 2R A A3 %S % (NRC,1996,p.23) - it-
ﬂ.};;I”?] :l{gif‘?%’;;i/«éﬁggﬁ;; 4, é;}’é:

1 pul R fE 2 4 2 JT et 747 7 (lidentify questions and concepts that guide

investigation )

2. FFEHFEF 3 (design and conduct scientific investigations )

3. @ % &y enpre gcg kerd 7y &k (use appropriate technologies and

mathematics to improve investigations and communications )

4, @ BES R kA A B 0 28 288 503 (formulate and revise scientific

explanations and models using logic and evidence )

5. ¥z f247 7 b enfaf 22 03] (recognize and analyze alternative explanations

and models)

6. A ZipmEft 8% (communicate and defend a scientific argument )
Flp F 2 ARFHFELE B UF R P EFRPPREEL T AP EGEN

1 R ERE PR LR St (NRC, 2000) -

S EBFETAERE

B R R PRGN FRAZTFEL AT T TR - B
YEMfrd AenRZ2EEE 0 v AR R F4paifFd 24~ FET 3 B
Rarggeanpre i & (F73%,2015) Jpd L &7 (Fen= 24 4 v g
PEHFLFREFEFLOREEP G R+ PFLERfrRAPEEY &

BoORABPELYEFRMEN SN S FRPE R G EO PRI T
R R AV - At R E AT (K7 %,2015) ¢

Flb AT 0 dvig 0 108 P A 2 T iR 7 B R (R AR 2 ELE B e %
o FEAIF AT FARDP TSR AR FF L Y BB @ LRF 2 0 J9
ERE AR vﬂﬁ*%ﬁwmhi,@ﬁﬂﬂ%ﬂim**ﬁW% ¥



VHEETFR -F1of TRy eyt THI{EYRF o9 v8

33

A ATIETEY A AR BALRER CFRFE S RIEFY

=
=
¥

SEAER S AR TR TR NG SR LAHSE Y A TR e
PEES S blhe BB RE CER LR R A AR EE RN E (K
¥ $%,2018,p.40) -

Flt b p RAEHY N PEEY S B R R E R TR 2T

Ty B A AFFR TR HEN ARG LREAT L oS
BAREYPRLE - Rt Y e BV RE—RY o {BT 2 Mokt

"HEFEL TR ER SN 2 N KT RER e RPEHETET Tk

B2 LA APEAELBELNRE A2 - (2 EA) e g LA P g

e EF AR NS HF 05 F Y Rt B -
GAE TN PE Y ARNA AR FYREFL ST LR, 2 TR
i s oA EBE e R A ABIIE (HKT5,2018) 0 LA AR B

A En= B o 2 7 RAE R RE PN L 2 e BN
MR REfE A58 éﬁfu;fiﬁ FEIUR R~ A kAR ¢ G RRY

TR~ ERF A PERRE G hE A E e BINL o
d PPy A Y AR G 0 108 B AT L LS BRLY

AR SR AR i 4 B B SR R b g Y

'é‘ ‘}/‘Ir""—\‘m@ * o,

m‘k’e

&@fa ”:‘j\ ﬁ*iiﬁfr bb’j.i ml%' lE’ bk”é‘_ﬁ F’:}‘ o

SR Lk
PEFET 1 ARR P fop s B Kﬁﬁaﬁm’%PMBSﬁﬂ\%Eﬁ%
TEIGIBRLY (LR PR RS A Ea - hT [ F L R R

@:‘f#‘ﬁ"?’ﬁ\"’\ o E; ﬁ*?f‘lﬁ ﬁra Eﬂﬂ z ﬁ*/J—Fv ’EE1 ;U0
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g (T3 6 o NGSS 2 3 NSES $130 48 § ch® & — W0 £ 8 Fr 1 R f7 P eh
LA AR RZ B F-ERG TRA D ARIFIEL N AEF
TEE Y PG AL R R RARR R R R BN R P TR D TR

RIS S R SHERS TEE o FEFPIPBLY B HEERE

Febochig ® L 8- Hehd 247~ a2 3= (Bl 2.1)-

o G
s :
| I
R 181
28 th 1 A8 32
T s
% 5 7

LN S
AR

R R
FRFE LA

AL 15

Bl 2-1. #48 727 1 427 coff 7 42 (NRC, 2012, p.45)

Bz AR ONGSS en TR FH T | 8- HhlmA 1T AR Ik
D 12 8 nchB 2 7 LRk ~ LRRnEY T AN IR IRER (2
F1) X AR (28 )-FRBERY I FEINFFAT - A2 2HE
Befp T EF AL 2l (PF) FRP O E (1Y) KE
Fpv ARt~ W = @ T3 (NGSS Lead States, 2013,p.48) « ¥ #F
B S PE RN Y 8 S T R RS S ) P e
PEE o PP ARERE Y FAL FRAEPRE BT R R PER X
S WIRB AL HHEREAF R PHIEFE L BRTT g% o

GV SRS ENCSCEFIEC-F L N - SR e S SR 1
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F L EARR FER AT %’gr} F T & NGSS i PFru & 11 2 IBf - 15
AR PLAGES A AR BT AT i HEE kAR -KRIERERL X o@
NGSS % = ~ o w enfE & H B4 gL ip &€ 30w ai * (knowledge-in-use ) >

T R b LB NGSS 9= 4 6w o i % B 4 em=E (Harris, 2016) -

v~ 44108 3 & £ W NGSS thi
B TR T 0 A 4 108 35 8 £ B NGSS 37 5 i o 2821 ship
B @ 493h 2 BrE £ i (2019, p.27) HEHE T B (TH A G4 4 Rt B

54 T W -

NGSS 108 3249
B ke B 3t e & R AR g A)
R AR A 32 %

tE B HATHE BLF) 2 3

o AT LR R R # o A

TR BRI H4 MR LA

AR R w/y \\Q§§* SRS AT
PESEAR ¥ R SR oM SRR,
& MR~ BEER > e g

B 2-2. NGSS & 108 skl criF 7 219 (v 4 2 4

FP BT 0 A 8 108 ke 2 £ R NGSS EAR B L cho AF S A
AT e § o A FINGSS ¥ i TiGEHEY S, e 37 dAe T
W TP ANy, nE Taojragn a2 Tdledis ) ple 31 %

R T RER S o PR EREEL .
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¥ v & NGSS sneg
NGSS @ g F - B > Flpt B> NGSS crjp b =1 & 5 b4 e o 5 &
NGSS ey =873 2 #7 - 1 & : Educators Evaluating the Quality of
Instructional Products ( EQuIP )¥? NextGen TIME ( Toolkit for Instructional Material
Evaluation, Transforming Implementation through Materials Evaluation ) »

- ~ EQuIP

EQuIP £_d r#YJﬁzaﬁ“”ﬂﬁﬂméwﬂNG$S$ﬂﬁﬁ*—£’zbﬁﬂﬂ

kiPEH A& E e 8 FE i 5] NGSS & 4 (Achieve, 2016) - # 2 e & &
7
1. NGSS 73D - @ 3 g M2 R fRfah> %~ = Bie ~ B b=
iﬁts}#‘}, o

2. NGSS ehip 3% tApMILE R T2~ §3 82 - 246k P IR
M~ ZRICHE .
3. FRFANIL IFREL B BHEG DR R AR AR
2T E T o
G R 02 84 > FI5 gz 4 NGSS 5 Mo > Flit
o B BATEL 24 0T QISR R T ERTR c RS RAR 6
R SNSRI S0 T B

= ~ NextGen TIME

#aerz® 3 (BSCS Science Learning, 2018 ) - :=#hs B ¢ 3 !
1. NGSS e #zk3 ¢ Mg 2 AR R~ 37 6 %3~ BEHE R
2. ALY (3DMAIESE s AF OB BRRT S TEDE Y ¢
3. F2 AL 13D HER A RAmER S S FAGER it 2L s

L
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4, FEFAF T ORGSR HEASIDEY BTG kS HHI R
FARIRYLF RUBRERL L
5. HArity  BY e s HAFaud o Foirantg
EEMFBFRE L RENFATEG R RHE S E
NGSS # 4 ehp %

I8 12 & Qxomsg
BT R AP AR E R o K7 N4 108 e A R AP B 2
R BER S HAITHE LY RR KRR E St X G ow BIRHEA G L RAEK
P BARF T E G~ PARF S ARk (4od 2-3.) -
% 108 e Ak g ¢ o KW kE B Y e F e A K ns

LEEHRTE LERN PR AL HV P FEEV AR B ReE R

LR b Bop R A HIAER N LT R g 02 LT
8 A e g MR R R AT £ 9T 5 gt R T B B AR

A eie iy B F 2 a i Ad# e e 5 e 8 = 5 P A=K
L ERE S & SV BANER SRk E N F o RE R L AR EGE
S AFERRE R R R KH TR R H Y TR B SR
B R FFRLBEFRT W EKE ek FN 5 don ey
FOoRERRARKEFIIEE RS TRB O E R EY ERTEY 5k
Wik 2 p R g A AR LT R PR FGTE R e K F -
8 AR R A B AR ALE 2 R Y A % > £ TG R LR AR T
P E R BV LRIV PR FHERR SRR LT A RBE L £

i £ @ o T BB (%7 2%,2018) ¢
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T FRINAALFEZ AP A IFHFA Ak (A endkdd o a
FAEERTRDKT REJF I S gy 2o MR P Y £ X
YN F B CPRA BRI R F TR kAR e A ¥ g e F %
ok B R OR T RE LR P AR R F G R EAp R
KERAKENPRE T UGER Y 4 h p o TP AE T RABH - B
L RBERE IS LY ST EPALRT > JOFF TR ~ & TRel Pt B 2 J0fF
do e IR ATHAR DR A o B FOTR S i i i Y RE RS TR REFFR S

108 i e 4l 21 & Ffephz %4 o (4o @)
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4% F3 2
AR SRR PR R RN AT Y 2 B - SR
HERBP AP OFE L EREN R R REAT IS S I H R A% AR
AFEEPREFOFFAL IS ZF LAY IE BRI RAFEHI ENZE H 44

3

\_.

~h

Kb el Tl ANERP AET TR kw51 &L TR
AT B AT Ao AR T B TR LR i B &0 5 A
Ty AR o
Fo® IR
AR R D E RN A RRT ALK E S AAH T e & % B NGSS gkt
FEG o2 BN A R FLER P EL L - L RERELET

AL R S R 0 A T WE LR

% B NGSS
FoF 2

\ 4

KEFGLRE R YoEF B

tH - ERK
p g
FLBER vafFa

B 3-1 § AFHFL 2R CRIF R LB LR E

- RFGBRAER
AFEHT fEA ST F Y e g RPFETET TR EREK
Fo BRI el G HATHE kPR b E R SRR R

g i
BRIERARNE R PR B Y TR PR REEE o
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pOERFLRET L 3R 0 DI BB LSy Le bR R T IARE B AL -
L ER ERATE
e a2 W NGSS Ap M= R T RFHF L &7 f’rifprgé%‘% R
PBor e TR IAFTEF FRFLEFRFALEFF LT TRERL R G0
FoF FiH%

ARG RS R KRR ) RPRKFEFHET LT o A u R
BRAFERA X[ B &3 ol 2 BERA X708 e sk fL 5 g
VLT G G w] A A R R K

ARE LAY Ry L E5Tx 287 > KEFIEELE KR Fli

TR 2RO G B A gy i o FL R TR A P - A
U Bied P ERKEL L T - P ENPEfol P L KT L L o 8
43@%1 bl b LEg e Td A kA TLE T FenfE g g (o
EARTEEAFD 5 Fd e 4 P rfF L il (1L AB &7 AR E
At Bir&2p ), e g5aEgFg EAREHR KER HERG W
ForpmaFLaf AP e P Fd FTIFEOT PREFRF (LAC AT ARA
AR O>CRAMNE) KBECHAF- L824 bARERI &> K5h
PAGTEESWIT s T A P RLFL I L g

Bii o d HEMI KA LS F o RALD F27 £33 5 4§ g
g0 A3 g ¢ R R B AT LR St R 0B -
BMIFETEF THES AP - PENM S b pEKE LA V- PR
MpRfer B PFEPRT L FREFD N SRR RY LY d Ak
Frlepipdgd P 28 d R LELERE T ERHEEEpPEED
FARDRFER o 2D Eend Prir (MBP A7 BRAB®R P &L

23



PR)EROKELHRLIAE S - ELBROKEEAFETEE S T H TR
HEEAwE > RN AFEES I IR B X (WBES 47 B &
ZBROESRAFIFAE) L FIFRNT BKEF KBRS 128 KER R
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HALE i 5 gy A
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P31kl
AFTPF AR PR LE R TR DREILE LR KT E AR KT
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(1 108 skt &2 e FL LT £ 7 Ak S1
( Strengths ) vRAZ ? 7 e i ?
REFE R e (f%nm) 2 S2
FLEF THAL LR B 2 Bt B P B S3
e ?
P BTG e E G vt 5 Rt 2 B (33 %) w1
( Weaknesses ) 3% 108 dk 3 A2 LA 37 W2
FLed T aviiy S 3 R gnysn W3
7
e R s 108 i ¥ 5 4 € 1 2 P AR gt 01
( Opportunities ) %9
e 108 3k T 4 ITa i 4 g M 7 02
Froeq el iss Rl $2F k%8 O3
RehE BB KER™E ?
® i 108 FEmH T KEF KL APR ? T1
(Threats ) rens 108 ikm it E 4 ¢ s H A 4 ? T2
Bied raamekd P ginap i Lo T3
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FQES R Are 3 BRI 7 ST1
( Strategy ) e A8 AT A R 4k ghange ST2
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% p B r %

AB #ciF  108/09/20 36 A 4s  RFFERFILE heie o # 108 Pk o
PR 5 108 3 T ehicE R ¥

AC &§# 108/09/16 50 4 48

FEied ramsy p RHUET
BP #EF 108/09/19 24 L k&

BES 3cfF  108/09/19 45448 i ipy R i0d kPR

I~ HArigiTe

P B AR p R L 8 F (ol P F T~ 3 Bk
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¥k ¥k ¥R
MABELRBENL M BERREAEFA

MRBARLETH% et 8 i o e o e
AT B et X % KRR A LR FH

1 £®Ea s 148
2 Ay 24
@ERUS~E:4)

FI (A B 400 2%
First Interview )

1 £®Ea s 148
2 Ay 2%
(1o 3gde )

AB (A ¥4 425 ) Sl (FAes ko3
AC (A Z & xgm)  Second Interview )

BP (B # fefr 1 % fv) L
L& 437 5 143k

BES (B ¥ & #L % CO (#kzpz
, % R 2 % 4B H 2 4 3k
EF ) Class Observation )

(reg- g4t )

P (k25 223 0 1R 2F7Fie% 1B 4
* 1 = F T

\ _ 2RAFELRFR 25 a0 4
Inquiry and Practice )

(M2 5gde )

Bl1:AB-FI-1 & ASRA P X7 b FARR 4o AP % 1387 B PIAp M crp 3
]2 :BP-CO-3 %4 BE R XiF Az ¥ 3 % &g hp 3
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Fhv T2 Fuw &5 K 108 Sk BT ke FA T R AL

2-3 B % § RMETL K AR T NT R 2 POUA 0 B AR F T - R

F- & B RPETEY FRREEL S
(Pedaste etal., 2015) % 2ip ) » FFF &7 T &5 3448
FErefived s 57~ &5 > % (Orientation) ~ #£4 1t
( Conceptualization ) ~ #2 % (lInvestigation ) ~ 2% (Conclusion) 12 % 34

# (Discussion) - & & 5 jﬂz ST TR EE B ERENE LT EFI
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&

i 4 AR FNTRBERE - RNAR T FIINE TR E

3

B ETE T AP RS RGERY S i T2 E B e
"SRR FREALHBAT | I REL N
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ORFEL R o ipEAT Y '_}% %+ 7 EQUuIP ~ NextGen TIME ¥ FEF 4 Heme B o
3N EF k¥ ¢ B2 & ehi7 5 0 & Good and Lavigne (2017 ) ¥ fFeh
(Looking into Classrooms) £ % R &7 £ A ¢ (NRC, 2000) *K 7 P FEdp
Mg AE Y Ri%e 5o slAcdo 4% (Pre-egagment) s A Y kw7 R

( Diagnosing learners’ understandings and needs ) ~ £ ## 5 4 & ¥ ( Maitainig
persuit of the goal ) ~ &+ & 4 w4 (Giving feedback) % % - 8§ L e B @
FIRLAR  JFFRE A R FF ALY KPR EE AR T KPP
FADFEUE KEFFEHEL
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fe R E R R TR
B F—XK FIX
0.2M NapCO3 #4f&(mL)

0.2M NaxCO3f ¥ & (mmol)
0.2M CaClp #4F&(mL)

0.2M CaCly HY#{ 5 (mmol)
JEEEA R A AR E (2)

JEARATE S (g)
IUBEIEE i (g)
“EHE SN (g)
()&= HEHE

#| 02M 0.2M 0.2M 0.2M 1-12 41
Ef:: Na,CO, Na,CO, CaCl, & CaCl, %E’(‘W
# | ML) | S mmo | BHmL) | SEE(mmol) -

1.0

5 2.0

3 3.0

4 4.0

5 5.0

6 10.0 200 | o0

7 7.0

8 8.0

9 9.0

10 10.0

11 11.0

12 12.0
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IR CaCO3 (R - ¢ CaClffJ#ik - mmol
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B B —  7RabR 2 7R 5% 2L 0.1M NaOH K3 3% 5% & HCl 25mL K%

HLER HE 3R peA
(1) $ ¥ nH* = nOH' Mhuc1 X Vhor= Myaon X Vivaon
f i s:C

#4387 HCl 88 45 (mL)
NaOH i# & & #% i# AT VimL(mL)

i# 7% Va(mL)
W R NaOH # % & V2 -Vi(mL)

# 3 HCL & B (mol/L)
Mua X Vo= Myaon X Veon

A zds [#A pH RE%K]

13
12
pH 11
1& 10
9
g8
T
i
5
4
3
0 5 10 15 20 25 30
=8 L EEERmL)
Vnaon(mL) pH VNaon pH
0 24
5 25
10 26
15 30
20 40
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BdeH KB —  |FRak R € B8R A 0.1M NaOH K% 8 2 R B KER
(1)Bt 3mL TH1EE A K #5FE E 25mL

T S

# % % CH3;COOH %% #%(mL)

NaOH i# s #84f | 7% L A7 VimL(mL)

i S 4% Va(mL)

RS NaOH 7# £ & V2 -Vi(mL)

) CH:COOH i A (mol/L)

()E e s (2R pH Risk]

13
12
pH 11
1& 10
9
g8
7
i
£
4
3
1] 5 10 15 20 25 30
A A EMEEEmL)
Vnaon(mL) pH VNaoH pH
0 24
5 25
10 26
15 30
20 40
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H,C—CO00" Hz?—COO'

|

— r HC—COO"
HC—COO" 2Fe™ + 20H —2¥ + 2Fe?* + 2H,0
HC—COO ﬁ—COO'

OH o [1]

3Fe?*(ag) + 2Fe(CN):(aq) - Fe,[Fe(CN),],(s) 4 21
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