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Physics Between Qualitative Under standing and
Quantitative Analysis

Maher M. Al-arfaj

College of Education
King Faisal University
AL-Ehsa - Saudi Arabia

Abstract

This study sheds light on the impact of qualitative understanding on quantitative
analysis (mathematical manipulations) in the discipline of physics. It has
become evident, in this study, that the construction of physics concepts (qualita-
tive understanding) is a major factor in solving quantitative physics problems.

The study also answers the following question: can quantitative result be
reached regardless of the comprehension of necessary physics concepts? The
study shows that students who constructed an improper physics understanding
could not acquire a correct quantitative result, and in some cases students
reached an impasse when they tried to express the results of their qualitative
problem analysesin quantitative terms. Moreover, the study does not only show
how students misconceptions in physics come into play in solving formal prob-
lems that demand a precise quantitative solution, but also indicates which cor-
rect qualitative physics knowledge should be applied in order to guide the use of
guantitative physics knowledge successfully.



el e sale .5 S (i g ST gl (i ¢ Lo jul

oS Sl g (2SI (ugalt (¢ b ol
(Bl 3| @il i e Gl )

=24l dame ale .3
Jbad S dnals — 3y VA kS
i3 gandl iy )l AL — sl )

: Aadat

S o by al s e Lo et azalll oall CGlay 28
DSV o s et ol gl dany b oAb e Lam OF V) cacdadl o3l oy y5
&1 0 gadall ool Lie )2 58T V1 gy 085 caall |50 L gls @ A1y s )
oAl T GGV e e podt radadll e om0 S5 Bime Bodad 03Ul g 55 A
Yoo el Liadl e oV s St Lo g cmammcl gl Voly o] 2B
A e ¥ Sl s Ll OB ()

Al B (R Farhes B3le e Dladl) sy BB SN 5l (oalall S5 0]
D)) I 3 a) o 6ol ) 33 dadadl BoW Glatt Liis Lo gz ¢ 51 Idny
dad o cs;\ls Sl sl 55 5 Olealay loglall e SLLLT Ol 5 51y
Physics Knowledge) «&eS) 250 5ol e shall Lon o VT (30 5 % o oF cp sgidl
(Qualitative Physics Knowledge) 4450 a5 54l s shall 5 (Quantitative

B i A3 Sy ek 8 s oSN Ol lall e bolay OF pdazell S oo
D By b S 0K By 6aS) ol S
Ol Lo s coValad) L 1581 56500 53le b 4D 0L &3 e (Mazur ,1996)
S e A L1 5 L OIS 3 (..;;\;T OB s me Sy ¢ LA
el o) vgrlagzad

6 a0 3 Byl 2o lad) 500 el Al bl ol 1 o) ke 0
el o lal) 3 4T 0L (Pfundt & Duit, 1991) < 93 5 Ak OF V] ¢ ol 5o 508 )

2004 g—sigy 2 3acll 5 alagll @



éuwaillg éygupill aglell alaq

2004 g—sigy 2 3acll 5 alagll a

Ll ol i A3 allall 5T 42838 yoo dadll (60 0550 Lo UL 45 e sl 5001
s o ) Uil e Caless ad g Y1 ) gl 0dn O oy s sl oo
¢ stin g Lke e 1y a5V 2ad)l ) sl 0da 01 U 65 allally Als L
2l oaliall o) 215) 5 L ISty 5 (misconception) L skae 5 ¢ bls
JE 5

S 280 CILYI B S8 Iy s el aaad)l ) sallad bl dyle 5y
R LR EINEN 0b Wl 4 axall (Z\;@\e)‘
Sy (DS Dlsa) e got ladll 2 85 I e 5 g 63 S da il
st OB JU o o ) pontlill |yl 2 5 e DS e ST (S,
sl Al Lolia | gons A5 (HestensWells,& Swackhamer,1992) LS| sws 34
o rlall uj.{; &> (Force Concept Inventory) (s 52 @-@\f.w’-ﬂ‘ Gl 2a )
ok il P goan § oSy ¢ alE B (B @RS B o phey Bad
(V= o Ll 853l ¢ o g0 2alall o aliol] ( Hestenes Taxanomy)

oSN @l T e an asd) OF (Ohlsson &Rees, 1091) 55 O sdsl 4S5
LS Sl all 0 DI 0S 0 S5 ol o oy o adl o o) s & g0
wition) > sz 3,16 0 4K e hall ol O) o el )l S s sl ol
OLaST Ol Lp ey lasf LS| e 5 40 el o (3 ¢(constraints on sol
ortlie o 815l o i 5 (L SO0 L )l 3 sl ot ailad (Ll
(b sk 50)

S5 5 e 31 1da e (Ohlsson & Rees, 1991) iy 5 & sond 3l 2l 5> sl g
oLl am 381 ] Oug iy o smldl gl o Bk ead IS
s @ o) frad) IV e oLl odg) da sjﬁ\w@u‘wg)\
(error correction mechanism) &bkl &l g2l T b IV ol e slezey)
& bl sl alaal oLl S o1 e O e g 16 iU OB ¢ opadadd) (s
Apalall Bxglall 13 Ll y (Ll il Sl

Al NS e 2 L gl 12U b 3B (Plotzner,1995) i sk Lol



el e sale .5 S (i g ST gl (i ¢ Lo jul

B = 50 STy caaS Al il wle dall ) 93 e (SO L b2l 5l
9}{4“Qﬁ;ﬂb\)ﬂ\obOT@j.ww&&Jr&\Méj\;ca.;\g.}:ﬂ\
g ) s e p sl dalall a5 AN LAY daSd Al ol s e
VIl o 5V ol bl e 535 5 g ¢ ASD) il s s 5 S
OF Gome Ay (@nddl ) sall) 2450 Sl lal) 2ol e s pall sl Lo LSl
Bl s o8 g (@l ) 280 S 355 ST ) g (S8
oda il Ay L Al e S psgdel ezl LAVl L)
SLiedl o sl alall 13 2l ylall 5l sl ) o 2adll ) sl OF 1ad 2 )
Al ) 208U S sl ) (635 ) o) sl oo 0 ik
Rkl 250 o)) alall ad) OS] o 3 Jol) 0T Ul ey ot Lo o sl
OF pony b o il il odlil) e ddal) s gor g Altall olially g2 O S
@13 SV aBb dle =4l 45 (misconceptions) bW i ¢l sl o alill
ol a4 ST s, I3 e U3 5 ¢(Science Education) i ) 5 o shall Jlons. Alea
35 6L 2 Sl V1 e bl 5 21 O sV 0L W5l 5 ol
e Sy ¢ oS it S g sl ) Aaglal | Jas IS liad ST egll
a5 3w W3y gy b1 gy ilasd) 1) oy i il 01 0 O Ln
28l b slae s 150 e datl) 0,85 OF S 1y 2l ) oalil) o]

A>e w20
H M‘JM‘M

S yeniats Ll padasl) e SO 8 e el ol B5le Lo g Uy s 0,0 Y 5
SRR NE I e T U E (PSP O I LR PIMR WS P PR
S Als 8 g el gl e SIS padl s e s gy G s W 12
Aoy g o pobnd) (6322 B readl) § ST B A sl ey ol s SO
b Sl BLAY U 2 001 25l ) ol el clgegd) o000 kel 1S
Vs OOl FadY S S ¢l 3231 8 5 Lol gl o 06 23 e ST
¢ Lgmynas AN 85Ul oda § dni 1o Slor 3 e O shaass 2
Pl 0585 OF oy 83U adn s ol el 3505 28 31 oL 0 1)

2004 g—sigy 2 3acll 5 alagll e



éuwaillg éygupill aglell alaq

2004 g—sigy 2 3acll 5 alagll a

ALl Ol oda o2l Y 4ds 5 (Clement, 1082) cadS 008 L 1da g cla 3of
Lele o Ay @andd) sl Ly wady & (Primitive Understanding) Y
B ol o5 b gl odn o Lo Vpalisl 05 sl OY iy A e T s
03 o (a1 o) sl e fre 0 555 5 olad 0 U gl a5 O sk,
@M\ iaadl Celall Cof 1) oDl Ty s m W () Lo g
5 oo SIS Ay (i) adl Sl Rl r B0 st ST g (g Batil) S5
Ol ) ods 1 Gy Gl pdll i - Jelel) & A — \jl s b
0423 7S wa g g 0B 1gh o ST i i a0 (AL o)) ool (s b bl
g 2B o gdl) 5515 0B o oalall
505l Ol slaols g‘&J\ i) O el Loy cnlanzd) o iSO iz

KPP daSJ\ (..@_A.S\ I e Y L;LJ Y (Quantitative Physics Knowledge)
ooy B 3 ) 1,8l X6 s e s (Qualitative Physics Knowledge) a5 5.4l
25 Jall Ol 0 S sLaze W1 OB im0l 13 AU el oSU1 i) (U olacl)
Adlal) e 058G U8 sl s OF ey ALY gy Alall 13 LS aSD) (g &
BNV NS e VI by ¥ (S S sd)) ogd)) O iz goiam OF V) (O,
RECUR

i wo Bleall iy S5 dadl o 200 gl 3] g S 3l 5l 0]
33l e s 11 ey Jganll sl gLl 3 S 0 5 Ay 6 el
¢ A JLsd) gl ol e 550 ) relall e o amny o cailet)
3 sl e sy el Bl - s b Oolgally el AzBl IO e U3
EL;«.Q‘ s ol 3 anl slas) ¢ (misconception) edazd) (il e xy U3 (o gdll B
et D) 3l gl o pgall Alall s BLT e Lamy Jai J gl IO e U3
sde STl I a3y ST avenl oSN e st sllas] (1) 5V ) ey
P O5Se BL) e e Ol camege (Bl T (o gl 2l wls BL
0r2l 058G o s pdad) 6 psgiell el el 6 sl oy 2liSD
sl Je (s ab Jlal) )



el e sale .5 S (i g ST gl (i ¢ Lo jul

syl Qs o Sl Je EESVIRUCR pIE d1 0L La e
e OF S J MV g 55 e 2SI g 4 J5-1 23 (Physics Education) & 71
i) 2S5 B Lo IS T ¢ ASD Ll gy (oS0 Sl gl
oo sy i ol 52 sl ) ) e Bl ) s OB 5 ey et Sl
N @Q\ Sbd)) wed)) sy o NP S e QW) i) 8,81 5
S Sl gl b s g g ) el e S s i 2 55 L1 il
(Impetus) w1l =l o ggde Jss D= e &5y ¢ (Physics Misconception)
¢ L

ba b U iy ogdl) 3l o LU sl (V) ) oy
gq.Jé (ﬁj.g_u 2 9 ¢(Impetus) CAS.U\ (’)‘é"‘“u‘**"ﬂgsﬂ\w)\fub ‘Jﬂ‘““l‘c‘gbw\
1976) Aol a0 S 5 e ol paall DS Lo e 60 w8 05
r,zul\ oo 4S5 Al Bls|c (Classical Mechanics «(Franklin, 1976; Szabo,1976)
el V1 e il oo L UL 1y ¢ 2SS O Jig b6 sead)
PV AL ol iy e ol 568 556 i Ol Ciass Iy S sl
5 S o 2550 o a8 o) el 8 a1 BBl 5 43
JYJM:W\),\J\o;uop\.L@J)e@m;uojfu;y\asf@gbmuw
(o sgiol) oSV A me Bl b S ol 5T O A S e e sl L
5 S Rl el STl SV i) b asds d ) dlSCii OB Ll
¢ p sl g SIS o 8 ol o sgil (S gdl)) oladl s

2004 g—sigy 2 3acll 5 alagll a



éuwaillg éygupill aglell alaq

2004 g—sigy 2 3acll 5 alagll a

}: g3 0 Sy ol ) Aas 28
sl 45 > 35 501 o il o
G 31 0l If gl Aans) g1 LghitE IO 0 3

\ 3 JSad
el 1 CAUS Adae Aakad AS o 25 0380 (598l Al JAS
OB a8 598 EID 2 Ley

+ Ayl Aed
2y VGl )5 3152 Lo po e J gl L 587 b 2yl o el ST
2y e N 3L A i) dlal s IV e 3 ¢ SL ) enlall
29 o) p i es Aol Al S5 S aal )l eda ol Wy i) g ggde
oo B odn ol Loy g bl o)y 23101 55301 jdas G sled) e Bl
() psgie Bl gt et 3 Liasl Al )l s doenl Uy ol o 583
Ol g cpsadl) 1) SO S Jals I3 e sy 6ol o)) Bals S50 1

s o sl Aol o3 LS ol a5 35 )
Ay Olomllaiae

}i CQ‘)LPJWLC)LQJ&MEMJ)M}CQLMU.AJJ,OJ\MDg@o\a’\e}@ﬂ.\
YA Ay cgfjj (..BKS)&WQLAA&
ol S e S I el pally SOV e ge 1 4SS JU ) ogd)




el e sale .5 S (i g ST gl (i ¢ Lo jul

SLiedll p sl Aol 13 WL 3 i a8 allall oSG s oSO S ol ol
Al ) UL plsnly
NI IEURPI R E B AT EERPSVISPWS I CON PR PRI PET
Al )
s Ayl Ol 42
AN Iy & jdal ls 4 Ll @
28 LoV AL 3 (Y1 ) oS5 (s sme O] 13501 & el 220 40
(U padly @..(J‘ 1Y) (6 gt 125
28 B AL 3 (Y1 ) oSV (6 st O] W & hal) o A0
(Ul AN 5N (6 2k o3 50
28 388 AL B (Y ) oS V) (6 e O] RN &y jiall B 00
(G padl) S sIsYI (6 gk Lo e
3 z.wba.\“ Q‘;‘)@!ﬁ 2\.'«,3&"
Co cwaﬁ\m\zg&ﬂ‘w\ OB e LU oW il )l e e Lok
il B Radie he O gy o) Al Lo e RSV pie 8 pa om L) £
e b oyl el e SIS A el e VI 35 550 (58 O) G calal
@ a5 S ALl e (Y—gabe i) Bl )i o e @ i kg Al L)
L; Jj;-.U\ OJJ el caglz c.,b\y L}s .ﬁﬂl\ (,_..M:L,-‘ Lf 5;}1\ L;;.Z.U V.SUQS\
bl Je Laf (vl ) Pl BW 2o £ 85 dmy Aol olles
Lo I (s STy i Ll ) BLY 331 52 SISOV g sean b J 9l
CEC OIS NPE R E Rt PREWCS JCIPA RS SR PV N R PG PR TR
> 1SS LI ST sl Lasds e s 5V J gy Ll > e L)
) e (Ol il s o]l & Ol glall ol 58 G i) LS L)

2004 g—sigy 2 3acll 5 alagll e



éuwaillg éygupill aglell alaq

2004 g—yiga 2 32cll 5

s e Bl oy e S A (Ul abad) Ll plusinal pday wgle
o Wal2 8l Las s S al ol calamSe & gl 3y 2 L e a ST & LS
FLA eVl

eS8l b andlll 5 5ill Ol Gt 518 eddl) BLll mem O) S
(Impetus) 301 p g bl 13 S o il > oy 6 5L 4T 66 s M LT ms
o b il emlaold S S 53 B o e Aol L LT 8 1n 0 ¢
S U ol gl b S O ) AS) e gdli(abU) o) pad)
+ L5191 9 Aty zzgio

AV O 93V el y ¢ ol egl) Bl ) 0 )

oo eV Bl e el an )T e 058y ( AU g d) LS Ll -y

(Y soe) sdans

(r= gobe) el W 0 0 S ‘&Q\ T
s ABlas ¥ ALt

(i) o3 5L ) S LV b agilsl o sl s U] B o
OMall Leltasd (adseis olal) QU (6 smdl Wl thoems ] e 30 51 cale))
A el a5 oS L Y1 O LS alead B35 a8 e BN e 1588 )
)V sheo g a0 OO LoV as e g o cle gat O 1) Bl s
el O Leliad a5 ae ol Lol 2 pllall 2830 (a3 5 ¢aa ) 2L
BURVHER-UG VIR - 1A (- S T\ PR PN WO AP g (RN W)
Joe @I e sluy Aoy Al AL B ST a1 ey bl )
L;«_Q\ oV AV 48T LY e e ST (contingency table) bl J gt
s (s o1l ¢ i o slol)  aSONslsVl g (@] Y Abls Bl Aoees Bl
il ) b do jlll o ) Las Y (chi-square test) w5 SIS jLasl pldsinal o
S eV e oSN el M) Ol



el e sale .5 S (i g ST gl (i ¢ Lo jul

s ALALL 9 a1

LY sda GOl e il L e LGl SLLYY 5 e I e
oS oV &l g s I BLAY e s IS o abls gl s
Al Ay M Blaeld 231 B Y1 AL o 1 e B ol Bl S
w;s};ﬁjl@gm(ﬁp&boiwiwus.a;@\a;,u.;ugﬁ,sw,\;
VAL B UL i den 13 0 O s 35 151 5 Jeni 5l n
Ubga&d\;uJ&guLbfz;bT&éyOGM@w\“ﬁu\ﬁb@ui
W i e 13 e O oo Wl AL

Ljﬂ\) CLFLML\J:-;LJTUM‘JJUAZ\;)JM C)Lb)’\l\ L;lt?)\ J’)&J-U.AJ

\J\iv\; c.@ cﬁu\ Jo— 9Ui ;,.JU:JJ <39 L}Jj\ C.)YL&:—Y\J )&;ﬁﬂ c:..o:- ng:

S ) el 158 A0 OOl sl 13 g OIS (133 5580 wdll p ygdn 3olas ol
2 S 3l ol adl IS e gl o S SIS OS5l e c3S A) 5 5 350

B p e Gl | a6 B U St des OF (IS 2l Sl 0 oo g
k;ﬂwﬁﬂu\k;&w@\mwu&;&wfuwqu.\i\@@ulp
AL e amly Iy cadd)y 51 cdlld) e DS Ul s dan y 2
ﬁLA\&w@\mMouw&we‘yu&z@&@héLw,‘gjy\
Bl aE e aia 0 e aU)

o7 e & (Twigger et dl, 1994) Oy 5Ty ol 55 0,55 Lo s ol oda 3
Uad) =SS0 8 Al 2e OF ) g el o i ) W1 203U o ggdl vgnnl s
Jleals elUs g ¢ SV 1) 9daas SaS > 35 3500 ()l Rl o itk ol
E;J\sjaj\}i‘sﬁxégsgfajﬁ\g;s;}i\sjamil&jc:t,@jy\aﬁswsjsjg‘u
3 S et gy wb

45 9l ol 7l I e s g (M e Aeddl SLNT LS D e
Al 3 AU Ol o) o de ot G s il dall OF o) Alles IS7 L
U555 a4 iy ) ) OL pgriam slizel JUEUI L e gty o A1 el

2004 g—sigy 2 3acll 5 alagll e



éuwaillg éygupill aglell alaq

2004 g—sigy 2 3acll 5 alagll @

ol y Al st G pgan Ll ) Bl (Udb) 20 de s S
& o o) V5l 0TV el 110 0 555 5 ollaall) 0k OF mn g L (A1 5 )
Ao I b (Bslall ogdlly Ll ogdl)) bl o U S o) 5T 25 n
NCPAEIRY fadll) el =S el
chi-square Z>- .l OB 1 { (Ncolumns-1)(Nrows-1)=2} &, > > 53 5 5o o | i
chi-square &> ) O o9 ¢ 4,7 V) (oo vy 0 ) (6 mdl die AL NI AN ol
S 513V (6 gt Ly VI L) oSN sl5YT (6 gtmn Byl i Byt (17.98)
oo ll b Ll Ay i 1 Akl e S el o (1 03, Jgad) i)
¢ S oY1 (6 szt LoV AL 5 STl (6 stins 2zl ilacd) 3, i)l
Cams Loy a1 () BLELY Beslilly bl s ) s e ol
o= B AL 5 STV AL 2l y ) 4 aall 2o 4 LY
B gl 5 1S Red OF Lior g b (Y o3 Jgad) Jlasl) iSO elsY) (6 s
Ao il b 5 5 ade slyy s A abaadl e 1S ST SIS (17.828) chi-square
() lsY LY ety sl abad) a4l MNP RIS
oS eI Sl ailadly ) 2 bl o ) LYy L Legians
L;\Sw O Bdor g b (¥ 03, J gt Jail) AV sloYI (6 grmme e 2810 L
L ade slyy s A abidl a2 58T ¢ (17.87) chi-square <3S &yl x5
(i) B3, Y sl g i) Al s a)) sy W1 & il s ) 2 5

Lian Logiany 315V
(V) o) Jg-at!
T Wlatl e Al W1 2. @gdtaT Orlygiius owmy Audlalt A3)LEL YIS 5L ZaL0
goenl! Al y Al Slilal | Aowioue Slilat
/YY) A OX LosAD Y [ (LV507) o | wii sl
VAA SRR VAN DR TN VAN SORR () aiseie b
Y. \ o Vo ° g o2




z2,al dame ke .

S iy AT a1 (o 6 Lyl

(Y) pd)y Jgsantt
000 Aladt fe Aala W1 2 @l Olygiuws Cowomy Audialt A)LaL YIS HLOS ) mALS
gaenlt Alat ¥ Bl Oblal | Aovous Slila
VARDADA () (€)Y [(Y,V00) o o5 o sl
NULY) XYY (LY AT e) o [ (VYA VA () i o)l
Y. ° Y. ° &,«é‘
(¥) @) Jo-t!

AL ALt e Dl W1 2 @gial Olstius Cousmy Adial| A3LaL YIS HLOS | LG

goent! Dt ¥ Whls Shlat | Awois Sl
YOV [ O [t Y [(,te)e o ol
VAR A ARV SR I VARWSOR A I N EOI adseie ¢l

g = ° Y¢ \ Y.

1S AL 3oy ps 6 (b 0l S el B lal) el 0SS 0
O oS o 2 o s s gl b 28 oS o ) J 5o I L G0l o ey el
N e 2o g2l BLAY o gl ) G Lo puas B il 2l OF L]
(JLA e eei¥sle b dmoly Slde gty B @bl pagie Ul g g )
Ly (@)l | pall) ASY ol s oy BMe Sl O Lkie Lo sas
ot o Bl p ey e i (RSl ) Sl ) AL L a0 ST
555 0 o e 3y alleal] iSO sl m3ll s Ty 2 (7, £9) VUL
S ol s b bae § i ade (3 5 W Ak o 8S  SUET 5 fend il
JH JLS] s IV a3 gols 328 A1 o 1 05 g 680 ) S0 2L )
Al e 1 e B AU JU s WS ciilate 8 28 Jo J puaml) B
ol Sl (o o2 s 9 e e 2 il Bl 1) J o)
Al ie Y andl ) a LS ddki 18

2004 g—sigy 2 3acll 5 alagll @



éuwaillg éygupill aglell alaq

2004 g—sigy 2 3acll 5 alagll @

s)al a5 )lis e (Heyworth,1994) &y 95 (sla ) 25 Lo me ol o 343
5y IS LIS o o (Ol B e g el ) s pe) OO e (s e
o p) e gast Ozl )3 3o g o el S b Al LD 0 Y L 5l
;y@m,@o\}@unobcﬁu\}ss,@}cwbu\}uw\ﬁ
okl s et i LA By (8T e Yy il g ot 500 3550
S oz e (sl g &y Sl g b il o mlall e ) 3 g g (B 318
ALl -

wdpju\u@az)m&sm‘@gbw\gu\@g;\{ﬁ&moiej
i s B S e T e AN ppian i85 B (e e 1Y
4:@&\ajusd;a%j;ﬁw\}z;\@sw&w%ws)@w@,4&\&@1\
L o &gl ol

25 dall o /07 atile O ey W L o ol gl o5 S5 0 T LS
BN b fond 5 ol 8558 aho M3y L) e AbL 3 il psghe e
Beol 3 AW s ]y et Al Ole B Lede sl S ey (et 35 >
sy ) Sl e Jl s o) b il gl Y gl oda STy cie DU
) "-M‘@WVWJ‘M‘?”M

B30) Bl an O may of Liad o8 W AL o ol gl a8 Y5 ey
B 5 Lewd Bxdls 858 5 gy laely M3y callld) L Ul Lags 05 15 (OO
s;ug“wsj el ol 1 A 5o ) e oS 5 22l oda 0T V) a8 A
o) B S5 558 S o el F OV ada sl L L s o 5SS
423155 33 3 g 51 slze V1 B A5V g cla U SLEN bty v IV (e Lehitany SIS 4
SVsbas Jo sty colgmdll adgd ) adlall amy STy as BN 5 5
ihaz) )28 b oVoldly ¢ (x 31§ (o sill dhas) Y 52 L
S s ol ae e 0 Y1 BEY 55 550 sl anl iy (v B B s 53
e ) & o ey SO AN Lk o 5 cilslaze 0 5SCan (y) (ol )1 520 3L
(J542) SV 5 3 AV 5 L - Bz ) W 83U 5 L ¢ sl bS50
5 o) Wslan b S sg il s o 1 lai g (U 542) il 55 AV ¢ 5L



el e sale .5 S (i g ST gl (i ¢ Lo jul

Sl i) b lad g Wl L Uas sl OF Vs Jasl 6100 06 (x)
Jo Aol o o5 ey AR 3 5A) bl o5 ey clgd ol Salel W5 ey (i Sl
Voes e Jpadly WL
L oSG ol OF il 6 ) gz g 13 I3 s b o) 0B lladl s e
(A3l ) Uil e Dol e U1 Sl LUy ¢ o) gl padadll 5
Ny (@ el an el e Jall 5,08 eSS Ll sl ST
orrzeld (S A B 5 ol glas 505 ey s 5 g el L o e LJLE
Tl palial i )3 55 o o 1 1n (Palmer, 2001) AL U™
(’jO”J c()@\;bm\&sjw\qwb cr\&:«»uggq)aﬂ (ij.@_al\ J\.,.m_lgvbl\
o3 B s O S WL (Lol 26 25 52 0 050w Azl (Bl e ai b
J? ))’“’:’5 g;'ij\j c&.@.:L.;;l\ E..Sj\g'j:.a.“ M.E\jlb 0 )9 0 L& Z\l.iu‘d ('?“L‘*“u" V”M\
z.;gﬁﬁ\@Aul\wj,u@La\p%iggﬁwui\ww&s&w(,\;og
sy b ISz Ay eealill el o Ol Blg 5 Wl S e )
e JUH dalay 1 g ¢ (Common Sense Beliefs) axiLill eV o1 clslaze |
gl il e 1SS
1o L Orluo gl
(g Bl o M o)l il e s
sl Ll (shay Led Y o
dr@\\Mu@ﬂbwﬁdjéwg\iﬂﬂ\(}@bHﬁl\ s O )
Sl il ool 0S5 D1V e o ol o 2l ol 5
O il U] dead OF oy )l Il O s o slug L okl
Ledlan g ok 8 Zond Ol gl (e ) (23 (5 5 B L antiy

Les Yo V,“L,J\ (._@_AJ\JZ:J

2004 g—sigy 2 3acll 5 alagll e



éuwaillg éygupill aglell alaq

Lol 85 ¢kl 8B Y 0 Lo a6 W b Al alilly s ) 0] =Y
L5l Sue il ol 5 a0 LS aw )y sl ) ST DS e
CSGSWHOTEPREIPHU TP EWENUREN OO CR PP PEURERY
5l LS 2o b i) 331 0B Ls ey drald ] LYV L)) 3
Aol bl gyl y i ) oyl Gl B ds 2 O o
S5 ool LIS e wazel] S A1y ¢ LA S a2 5 Lo
.(._@_ﬁ\

(054l 2lall ol3 2SU S a5 5 T e S el U s -y
1655 Ol les) et sy A OF Gy Bow )l el 5l 8 06 SIS
gl dad) 0SS Olea) 6, Al B3L ) oleso LI aed YIS
o) B S ) el 2

Addinad) Sl )L ey Lo~

5T g a2 OF S8 83 el ;) OB sl ) V2 ¢ 55 e —)
bor o O5S eadlal ol pdll oV b ab i) 230 5d)) bl e sue
EVPPPUPAVIN| PR E IR TP I N
o O Syl el sl I o aebadl) 3 gl 95 ol e =Y
U1t s a8, s olad) slol 55 g (28 g0 5 ) o Bralall U1 5 0 5
NV W P Y NV P JCIPR SOV A PO I R POV ROV
Ol gl es b OF S aE ) bl )l OB IS caine

.(..1::.\\ < V.A,.J\ LS.,LUJJ\ {,_@_AJ\ Grox (& dadad)

2004 g—sigy 2 3acll 5 alagll @



el e sale .5 S (i g ST gl (i ¢ Lo jul

==

g A ey ) sgens 0 AL pglall 5. (1981). Ak g (S Ao cv.fé\_f
.:\-\.Aé-aj\ J\J

Clement, J. (1982). Students’ preconceptions in introductory mechanics. American
Journal of Physics, 50, 66-71.

Franklin, A. (1976). The principle of inertia in the middle ages. Boulder, CO:
Colorado Associated University Press.

Hestenes, D., Wells, M., & Swackhamer, G. (1992). Force concept inventory. The
Physics Teacher, 30 (3), 141-151.

Heyworth, R. (1999). Procedural and conceptual knowledge of expert and novice
students for the solving of a basic problem in chemistry. International Journal of
Science Education, 21 (2), 195-211.

Lehman, J. F. (Eds.). Proceedings of the Seventeenth Annual Meeting of the
Cognitive Science Society (pp. 248-252). Mahwah, NJ: Lawrence Erlbaum Associates.

Mazur, E. (1996). Qualitative vs. quantitative thinking: Are we doing the right
thing? International Newsletter on Physics Education 32 (April), 1.

Ohlsson, S, & Rees, E. (1991). The function of conceptual understanding in the
learning of arithmetic procedures. Cognition and I nstruction, 8, 103-179.

Palmer, D. (2001). Students' aternative conceptions and scientifically acceptable
conceptions about gravity. International Journal of Science Education, 23 (7), 691-706.

Pfundt, H., & Duit, R. (1991). Bibliography: Students' alter native frameworks
and science education (3rd ed.). Kidl: Institute for Science Education.

Ploetzner, R. (1995). How misconceptions affect formal physics problem solving:
M odel-based predictions and empirical observations. Published in Moore, J., & lehman,
J. (Eds). Proceeding of the Seventeenth Annual Meeting of the Cognitive Science
Society (pp. 248-252).

Szabo, 1. (1976). Geschichte der mechanischen prinzipien und ihrer wichtig-
sten Anwendungen. Basal: Birkhaeuser.

Twigger, D., et a. (1994). The conception of force and motion of students aged
between 10 and 15 years. An interview study designed to guide instruction.
International Journal of Science Education, 16, 215-229.

2004 g—sigy 2 3acll 5 alagll @



éuwaillg éygupill aglell alaq

2004 g—sigy 2 3acll 5 alagll 9

3

G—> UL
(V) Gt
#"M ¢..q -

Hestenes' Taxonomy

1- Impetus (Impetus supplied by hit and impetus dissipation)

(Mazdt 2y ) - oy 2y e gty )

2- Active Force (Only active agents exert force)

(3 el Lo Y 13 e Lo JA3 5 5500 5 53ll) a8 205 3
3- Action/Reaction Pairs (Greater mass implies greater force and most active
agent produces greatest force)

S N3 SN STa s g SN ST add) s Jed

| USTs %
4- Concatenation of Influences (Largest force determines motion)

(@S A sud SV 8 4l ol 5l ds
5- Other Influences of Motion (Obstacles exert no force, motion when force
overcomes resistance, and heavier objects fall faster)
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