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Validating the Force Concept Inventory with Sub-questions
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In this study, we evaluated the validity of the Force Concept Inventory quantitati
vely, focusing on the false-answers. We addressed whether respondents who answer the questions of the FCI
correctly actually have an understanding of the concepts of physics tested in the questions. To examine re
spondents® levels of understanding, we used subquestions that test them on concepts tested in the question
s. Our sample size comprised totally 635 respondents; we derived false-positive ratios for prelearners and

postlearners and then statistically test the difference between them. Then, we found that it is possible
for postlearners to answer both questions without an understanding of the concepts of physics tested in th
e questions; therefore, Q.16 and Q.7 are invalid. However, this result does not indicate immediately that

the two questions should be modified. We can use the questions if we can quantify the inadequacy of the qu
estions and evaluate it as systematic errors.

FCI



XL C—19, F-19, Z—19, CK—19 ()

1. WFZEBAA S A1 D 5

MBHE OB I &2 EFERITHET 5 Z &
ZHWE LT, xR BEOF R A EN
SATIRFEIITODR TS, FThH, &bEA
IZAFE ST W D O — >0, Force
Concept Inventory (BAF, [FCIJ)) THD
D, FCI 13%8 % @ Newton B 15 % )
ETHEOORETHY, HEIFE A EMH
OITICETE 5 30 Mo ARM T
RS Tnsd BlEX112x9), FCI X
1992 AR K[ETH%E S AL CLLRE, BI/E T
21 WEFEICEERRS TR Y, EEMIZEA S
W LCTWD, ENTIHE, HREERK - BT
FERTN—T5N FCI 2R LI-Z & &
L L LT, FCI & AW =B EE WA A
FVo0h D 2,

7o, A OMESE S 2 E IS5 2 &
IETE TV otz

L T\ D FRAE L T2
EA HIEZ 1 IE 2
A 1A% HRRE

£ 1. [0 “HSE] #1718, H25RMIC
IEZE LD, BBE LT RT, £H1X, €0
R THONL TV LWH S 2B L T D
o, HEL W ARnWhreRY, “HOBEOT
e T FCI D% 512 3l L 725l
ENETIFEAE RIS,

LT
s’ N 2
/ N o
\‘ ’l,, 3
A

5
(MRESTOBENE) KO X 512, SERICOS %
DI C, AFiE ETHERH LIRS &

D, Mo P AT, ObNUInoEE, 20
BORDERITHR BTNV LD LRV SV,

X 1. [FCIozRH] FCI oz (R 7)

FCI D EA AW 2 55121%, TDORY
WEFIT o2 ERNH D, YL ITHED
B E ZDFEDOEEEDZ L THY, FCI
DZYMEFEAM &%, [FMSENFEEED
Newton B )&% EREIZHIE T 5 59
IR SN TWDE ] b2 & Th D,
INFETIZ, LECKDOZYM v, N D
ZMPE 3, R & RS & OxIGBR D%
Y 072 8, xRS D FCI O 4N
Al STV S,

TR OZ Y M, AR E R DERT L
B DA REMEN D D72, EATEHE SN
TR 2B L CHW DAL, 24
WO CRHMET 24BN H 5, K, BEIKER
WSS KB THERINTWD FCI s
W%, KEE BRI RO R D5 AR TH#
AT 5 LR s7220, & ZAN, Figk FCI @
ZUMHITINETIEEALTFMEN TR
o,

T, FaILAMFRICER VT, R
A& AT L - C, FIgR FCI D% 4%
P L7z 8, ZDORER, &1 TRINDHGIA
B FE TG EZ DS, Figk FCI 42 30 fiH 16 [
WIZBND Z ERHLNI o T2, 7272 LFEA
B TIE, FIER FCLIC A2 & 5 FIREME 2~
ZEIXTELNR, REE N+ Thhrol

2. WMEOHEM

AWFTECIX, BEREHAE O HiEEHvT
FIER FCI o4 x= EE&MICFHMET 5 Z &
R ET D, BIBFZE T, BIEAR XU
A OHTEEZMERY AR TITo720, RL
HEEZBERRRETITY 2 Licky, 250
WERE A Z RS 5 2 &N AREIC 2 D,
RKEFFED BHINE, Bz TFCI 2MEHAL 9 5
WY D] BREND D LICE EESRN,
ABFZED B 1L, FCI OS2 L,
XV R A BT DO FENND &
THZ L, 6T, FEEORIERE LK
W52k, FEEORMBEIZ
B a8l 2R AT 608 FEN
Do

3. WOk
AWFZETIX, BRI OHIEEZIT O DITHEE
72 BB O BAL E TRMAM oL L, B
BN PR U 7B ROBE (LU, TR eR RETRE )
ZMBICBEE L, i, BREdRoE
RIAK CUE, BRIZEOHEZIT O DI 4
TORHE, FLAENGTRT S LIRS 20 e
WO RIBEE RS 572D TH D,

oy aR RE DB 2 [X] 2 1231,

(RESCOBRS) ObBNYINZEZ D, RO
BHDOIME A, 1~8MHEOR I, XK
EHEICE HiEE e L Ez2 355121,
9 ERMALRE,

1. R—iciE7=6< H

2. R— LD fE

3. R—ILOHEE

2. [FCI o4y Rk H] FCIR 7 (X
110484 DEpsy iR




Ezw%ﬁ&ﬁﬁ?ﬁ,ﬂﬂ%7(ﬂ1§
HR) ZfRE< T2 DI LB e B & O 2 T % [
ITCWD, ZDT®, YERE DN e R Z
ATEZELENENT LT, #BRENR 7
TN TV YEBLEEZEBEL TV D0
BNEHETHZLENTE D, Thbb, 4
FZEOHENL, ELITHIEDTDE, 20
LT LTHTH ZEMNTE B,

TR R oy Ex MR %
ETEHE 1 DLl R
EA HIEE H IR
PR AR HRRE

# 2. [t 2 A= 4RI 0 Eik]
EATIZ, FCIO) LA IER LTy, 385 L h
R,

4. WFFERk R
AP 2D
(1) MERVFAEORKELY, RiEnd b
:&ﬁﬁ<%%éhfthﬂl@20@‘
B9 (H7,16) I22WT, HoREFEZBEIL
72, :ﬂ%wﬁfﬁﬁj\%&%ﬁi% GLPHEZEE AW
T, [EIMK, RAALK, & 1ROFAER 111 4
%t BB MRRIR A 2 5266 L 7=,
TEAERZ R SITRT, oTIE, KT
b T ayHflaoBEERL L ORY
FHD2BI T ToTe, BEDOBIEER%
BHL, M#EOEICOWTREREZ1T - 7=

MEEYFABORENS, BIEZERNM 7,
R 16 OWICEWZ LR S =& (7Y
6) ZBIRLT-, 7, LIEDO7=D, (AIEE
EMMENZ AR EIN TV (R5)
HIRIN U7z, oMo E#EICH - - T
KET a—VHTRE, BLORT 7 17
AV RFEOWFHE & biEm a7 o 72, R,
ENLK 1R, FASL K 3R DR 524 4 %%
S FE i L7z,
AEERAEF LD bDELRA-1 K4
—2yr¢1ﬁJi%mkH%_ T, &
Wfﬁbhfwé%@ﬁA@% SN
BHEDO2RBIZH T TTo T2, KEOBIE

K#%ﬁﬁb ﬁ%@#_owfﬁm#m%
1To-fE8, 7,16 122\ TIE, 95%Dfife
ST, BEEE L RH %@%EK4®#ﬂﬁﬁ
THHZENRHLNI o7, — 5T, 5,
R 6 1o\ T, %2%k$”%®%Eﬁ4
DEIIFETII R o7, ZhDDREEIC
D,ﬁnﬁ%m@ﬁﬁﬁﬂmiékk%
BIEEOB SN BITH FCI ORYY) nﬂfﬂi
BOTIE, 7B L0 16 BN LEH) T
DI EDRIBEEINT,

ok
E$a>ﬁw§ 226 225 109 337
FK

FER, 9% DIEFEST, MEDENFETH s | D= Po= P= Po=
HZERHLMNI R o, TORRIL, 5 fr R 0.35 0.61 0.35 0.52
FHNZ ORI TR TV D B S % P, L P,
LTV TYH, TORBIZEETESZ DFEDIE 7.18 5.61
EEBEHRLTVD, ZhLY, KA CTxg Hefl
ELTE 2 o0BRMIITIRNERH D Z & BR P& P
Xy, D 5%k H" H
WHEE
7 16 £A-1. [RAEEMEDSHHRER (17,16)]
KEEH | BEEE | £EE | BEEE
/\ fhrllj
E$a>ﬁw§ 46 48 31 48 5 6
F RKEE | BEEE | REE | BEE
e A Pi= Po= Pi= Po= A R
f/é';IE/g/‘ ]IIEX
| 039 0.71 0.26 0.50 Eiaf”* 209 220 223 119
P & P2 8
DHEDIE 3.09 2.14 st P= Po= P= Po=
e B IR | 091 | 0082 | 057 | 065
P & P2 P & P2
D 5%k H H D7D 0.34 1.67
WEHEZE i (s
3. (WA O 4 HT 3] P1 & Py
D 5%7K flia bl
WHEZE
£a-2. [RIEEHEOHIHR (75,6)]

(2) WFZER (D) DOFEFEME 2 T 5 729012, 4
@@2%(%7 16) &, 45D FCI ®
BN DWT, ek EE Ot KO
BREZITo7-, BML7Z2RD 5> H 1M




(3) WFIEE (1), T W CiX, M Lz
Mgy FCI #f& Mz 5 2 5 8% E B
Tl D LIXTE TV, £, K
IR DOFER 2B F 2 C FCI O — D%
F?%ﬂkﬂi Lf_iﬁ:l, FCI Z HW-ilaEoR®E
FEREFLWVIHAERS R L T 5 2 &2
L<&5kw5ﬁ%ﬁ%éo
ZCHA X, ERROBREIL, RO R
Bl L, R #kbf%ﬁ#é Lz
iofﬁ#ﬁ%f%%’) IR HOWE, ZDOT
AT TIZESNWT, REFEEORET — X %
FANWTH & T2 25, RMiEDdH 5%
1, ROV D 4 ~ 7 (5FLE DD %
ﬁw#%%o L, BID, 6 0%H=
#@ﬁimﬁ@#@ﬁkﬂ&f@ﬁ%éf
HDHZEMHELNITR o, ZOREERN, &7
A2 0 FIZH 2 5 BOFEIZONTIE, &
BOMIEFREL L TR M TETH D,

(G o RoENIC
LRI ZAVAS

ARIFFROEFNT, 2 BEOENESIL U2
B OENSFERIZEBNT, R THEERIZE -
'C%E(%%ﬁo oo £, FRHIEF EOHEL L

Dim L %, Physical Review Special Topics
Phys1cs Education Research bR L
7o RFSITWEBE NI 8 m\f 2012
E’Cﬂi% Impact Factor 23 & Wi XEETH Y,
FERFEN O HR S 72 B AR AN O Fi SC iR
HTHRN (FADFHARTIRY, R 2 K
H) Z&bd, RFEORRRICITRE /224
VRT IIRBLLDEBLZLND,

FIFw S0, FAEBRZDH HEN - EH O
TFITES Lz, £ LT, ~"—r3— KKDHF
FEHNIT M L & S FTICHR S LTV 2 72Tz,
%@ff*% Uy R T A KEOHTE %L#
T2 R—ViZblebary bR EW T, Z
D= Ay ME, BRI S (2) CE i Lf:?)ﬁﬁ
DUWEIZHT-> T, KWL -T2,

BT ONLEST

[5#%oEE]
ﬁ%ﬁ%@ﬁﬁmﬂ&mowfﬁ,EW%
FOEAZR B CHB#RE 21T TH
n, S%IFERTE L TR ik&)é%fﬁf‘
%6 WFFERR @I DWW T, [E NG SCGE
OEFEHEREED TN D, £, IR m%®
IZOWTH, REmN T A I hH 2 B
IR L2 E LT &, [HA
FHIIEBEITHITETH D,
%@%ﬁ,ﬂﬂ@%w%Lﬂﬁ@ﬁ%%é
DICHED D TETH D, ik BRED 224
R L C, SRR #@ﬁ%é%mbé L,
R ED Bt EED D Z L, "R AEE
AT BENROWIEEEETH L, 20
ERR 7@ A2 D 5 2 k#%ﬁ%%@
T—< L LT, ROMIEEFHE 2L T TV D,

51 3CEk
1) D.Hestenes, M.Wells and G.Swachkamer:

Phys.Teach., 30-3(1992)141-158 .

2) FrHEFEH, BREA: KFPOWHERHAE,
17-1(2011)16-19.

3) N.Rebello and D.Zollman:
72-1(2004)116-125

4) T.F.Scott, D.Schumayer and A.R.Gray:
Phys.Rev.ST
Phys.Educ.Res.8(2012)020105.

5) ZZHIVE—RE, WEANKE 1, B ekt WEEE,
59-2(2011)90-95.

6) R.Hake: Am.J.Phys.66(1998)64.

Am.J.Phys.

5. ERBRIMIE
UdEssam ) (B 144)

D J.Yasuda and M.Tachiguchi, “Validating
Two Questions in the Force Concept
Inventory with Sub-Questions,” Phys. Rev.
ST Phys. Educ. Res. 9, 010113, American
Physical Society, 2013. (& ) DOIL
10.1103/PhysRevSTPER.9.010113

(&) G4t
O ZH E—B8, &1 1EW [Subquestions
%fﬁb\f_ FCI D& &2 Y Mt ) B ARy

= 2013 FFRKFRE, T8EKT, 2013 4F 9
ﬂ . (ERE)
@ J.Yasuda and M.Taniguchi,

“Validating the Force Concept Inventory
with Sub-Questions,” International
Conference on Physics Education 2013,
Don Giovanni Conference Centre, Prague,
Czech Republic, August, 2013. (FEFHH)

@ ZH E B, A£0 IERTEEERRETL
Ex[ﬁ M -k F‘ﬂﬁi%ﬂ%b\fjupﬂﬁﬁ FCI 0)
B GMEFME 20 A ARYESS 2012 4R

ﬂ%kA,@@lik%2m2$9ﬂ.(§
:ﬁﬁ)

@ J.Yasuda and M.Taniguchi,
“Validating a Japanese Version of FCI with
Cognitively Sequenced Questions,” World
Conference on Physics Education 2012,
Bahgesehir Universitesi, Istanbul, Turkey,
July, 2012. (&F#HA)

6. WFICREAR

(1) BFEfRES

ZH  E—BF (YASUDA, Jun-ichiro)

W7 RS « BB HEME - S SRR - HEHUR
MIEEHFR: 00402446

(2) WroEm &

A0 1ERH (TANIGUCHI, Masa-aki)
YR - ABPRBE ¥ — - HEHZ

Mike Hull



Georgetown University, Department of
Physics, Research Associate



