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+4':+Q#4,:'J=#+%1';C'YZOWU'S!E41'=C'YZObPC'7-'(#.'4A,"+^"'"!4,'+4'4"!.",$&'A.,4,-%'+-'!$$'%8,'%8.,,'%,4%4'!-:'

:,".,!4,4'4$+68%$&'+-'%8,'%,4%'(#%'%('+-".,!4,'!6!+-'+-'%8,'A(4%'%,4%'JYbo<7-U'Wo<]#%U'Ybo<5(4%PC'

;<G11= $.1#/.$.1#/,(B"1#/%#1/%4.HF)"".""1.(.$B?DC

D8,'!-4B,.4'"!%,6(.+,4'%('%8,'\#,40(-'m<b1'+-:+"!%,:'(-'D!V$,'b1'!.,'H-(B-''+-'$+%,.!%#.,1'JD.#/A,.';C'

YZZbU'=!B4(-1'DC'XC',%'!$C'KLLOU'*($(/(-1'aC'YZObPC
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Figure 3 `(-</#%#!$$&',F"$#4+3,'!-4B,.4'%('%8,'\#,40(-'m<b'(.6!-+k,:'+-'"!%,6(.+,4'()'%!V$,'bC

D8,' systems "!%,6(.&' +4' %8,'/!+-' !-:':(/+-!%,' +-' %8,' %,4%<5(4%C' 7-' %8,' %,4%<7-' %8,.,' +4'/(.,' .+"8-,44'

()'!-4B,.4'V#%'%8,4,'!.,',F!/A$,'()'$("!$'3+4+(-'+-'B+%"8',-,.6&'+4'"(--,"%,:'%('4#V4%!-",4'(.'4A,"+^"'

4&4%,/4'JMZo<7-PC'7-'%8,'%,4%<]#%'!AA,!.4'4&4%,/4'.,$!%,:'%('%8,'A!%81',C6C'%8,'%(&<"!.1'!-:'+-'%8,'%,4%<5(4%'

%8,.,'!.,',F!/A$,4'()'%,"8-($(6+"!$':,3+",41',C6C'%8,'4($!.'A!-,$4C'D8,'4($!.'A!-,$4'!.,'$((H,:'!4':,3+",4'

!-:'+-'%8+4'!-4B,.4'+4'!44("+!%,:'%('!'-,,:'%('H-(B'8(B'%8,4,':,3+",4'B(.H1'B8+$,'+-'%8,'%,4%<7-'A.(",44,4'

!.,'"(--,"%,:'%('%8,',-3+.(-/,-%!$'4+%#!0(-4'+-'%8,'%,4%<]#%'!.,'"(--,"%,:'%(',-,.6&'%.!-4)(./!0(-C

;<I16)."1.(.$B?1&)(".$4.1,#".23C1>/%#1&)(".$4.*1J.%("C

D8,'!-4B,.4'"!%,6(.+,4'%('%8,'\#,40(-'m<W1'+-:+"!%,:'(-'D!V$,'W1'!.,'H-(B-''+-'$+%,.!%#.,1'J=#+%1';C'YZZWU'

=!B4(-1'DCXC1'!-:'*%,+-1'pC1'KLLOU'N,.(-'5C',%C'?$C'KLLZP',F",A%['>KP'f;,<#4,:g1'>WP'f>(-4,.3!0(-'+-'4A!",g'

!-:'>eP'fD!#%($(6+"!$gC

Table 4

CATHEGORIES SENTENCES

I !%O#%&,5)-=*X%1(#,*

`>['JYW<7-1'Ye<]#%1'YM<5(4%P

D('"(-4,.3,'/,!-4'%('H,,A'!-'(Vj,"%')(.'!'

$(-6'0/,'

I3!%J*H+1*$%

`>['Jb<7-U'e<]#%U'b<5(4%P

.,<#4,',-,.6&

I8!%O,&'1:*,

`>['Y<]#%

+%'A!44,4').(/'(-,'V(:&'%('!-(%8,.

I>!%I#'1*,=&.#'%-'%1<&5*

`>['Y<5(4%

+%'+4'"(-4,.3,:'!-&B8,.,

IB!%O&+(#/#6-5&/

`>[b<7-U'Y<]#%

>(-4,.3,:'/,!-4'+%'"(-4,.3,4'+%4,$)

IY!%WK'

JY<7-U'K<5(4%P

"(-4,.3,:'/,!-4'%('8!3,'4(/,%8+-6

D8,'"8+$:.,-'+:,!'()'"(-4,.3!0(-'+4'.,$!%,:'%('!."8+3,1'4%(.,'!-:'(B-'Jebo<7-U'_eo<]#%U'eMo<5(4%P['%8+4'

+4'!'%,-:,-"&':+Q#4,:'!/(-6'%8,'4%#:,-%4'()'A.+/!.&'4"8(($'!-:'H-(B-'+-'$+%,.!%#.,C'J=!B4(-1'DCXC',%'!$1'

KLLOU'D.#/A,.1';C1'YZZbU'5)#-:%1'NC'q'=#+%1';C'YZZOPC'D8,.,'!.,'"!4,4'%8!%'"(--,"%'%8,'"(-4,.3!0(-'%('%8,'

,-,.6&'$(44'!-:'%('+%4'A(%,-0!$'.,<#4,['%8+4'+:,!'+-".,!4,4'+-'%8,'%,4%'(#%'!-:'%8,-':,".,!4,4'+-'%8,'A(4%<



468

WCPE 2012, Istanbul, Turkey

%,4%'JYbo<7-U'KOo<]#%U'Ybo<5(4%PC'7:,!4'4#"8'!4'f"(-4,.3!0(-'+-'4A!",g'(.'f%.!-4),.g'!.,',FA.,44,:'V&'

4+-6$,'A#A+$4C

;KL1M(.$B?1&%(1!.1#$%("3)$J.*C1

D8,'!-4B,.4'"!%,6(.+,4'%('%8,'\#,40(-'m<M1'+-:+"!%,:'(-'D!V$,'M1'!.,'H-(B-''+-'$+%,.!%#.,'JT+$V,.%1'aC'RC1'

,%'!$C'YZObU'*%,!:1'dC1'YZOLU'd.((H1'?C'aC1',%'!$C'YZOOU'>!..1'@C',%C'!$C'YZOOP',F",A%'>e'f93($#0(-g'!-:'>_'

f;,6,-,.!0(-gC

Figure 4. `(-</#%#!$$&',F"$#4+3,'!-4B,.4'%('%8,'\#,40(-'m<M'(.6!-+k,:'+-'"!%,6(.+,4'()'%!V$,'MC

7-'%8,'D,4%<7-',-,.6&'%.!-4)(./!0(-'+:,!'+4'"(--,"%,:'%('.,6,-,.!0(-'JKYoP1',3($#0(-'JKOoP'()')(./4'

JYWoP1'4#V4%!-",4'!-:',-00,4'JKOoPC'7-'%8,'%,4%<]#%'!AA,!.':,4".+A0(-4').(/'A8&4+"4'A(+-%'()'3+,B'4#"8'

!4'"8!+-4'()' %&A,4'%8!%'!.,'%.!-4)(./,:'JKKoP'!-:'%.!-4),..,:' JKLoPC'D8,':,4".+A0(-'()'A.(",44,4'!.,'

/!-&['"8+$:.,-':,4".+V,'/!+-$&'%8(4,',-,.6&'%.!-4)(./!0(-4'(V4,.3,:':#.+-6'!"03+0,4'JWLo<]#%U'Keo<

5(4%P1'V#%'(G,-'+-'%,./4'()'!"0(-4'JYOoPC'?G,.'%8.,,'/(#%84'!$$'"!%,6(.+,4'!.,'A.,4,-%',F",A%'f,3($#0(-g'

!-:'f.,6,-,.!0(-gC

;<81M(.$B?1&%(1!.12)"#C1

D8,' !-4B,.4' "!%,6(.+,4' %(' %8,' \#,40(-'m<e1' +-:+"!%,:'(-' D!V$,' e1' !.,' H-(B-' ' +-' $+%,.!%#.,' JT($:.+-61'

]4V(.-,'YZZWU'=#+%1';C'YZOWP',F",A%'>Y'fD.!-4)(./!0(-g'!-:'>K'f93($#0(-gC
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Table 6

CATEGORIES SENTENCES

I !%O,&'1:#,?&.#'

`>['O<]#%U'b<5(4%

*%#:,-%4'4,,'%8,'%.!-4)(./!0(-'+-'%,./4'()[

!P'%.!-4),.'*`['Y<]#%1'K<5(4%

VP'%.!-4)(./!0(-'"8!+-'*`['b<]#%'!-:'5(4%

"P'6,-,.!$'!I./!0(-'*`['K<]#%

:P'%.!-4)(./+-6'%&A,4'*`['K<]#%

!P'+%'/(3,4').(/'(-,'V(:&'%('!-(%8,.'

VP' B8,-' !' %(&<"!.' %!H,4' !' .(#%,' !-:' ,-%,.4' %8,' $((A'

+%4' ,-,.6&' %(' )!$$' :,".,!4,4' B8+$,' +%4' ,-,.6&' ()' /(0(-'

+-".,!4,4C

"P'+%'"!-h%'V,'$(4%'V#%'+%'+4'%.!-4)(./,:

:P' ,-,.6&' %(' )!$$1' /(0(-' !-:' V.+68%' ,-,.6+,4' !.,'

%.!-4)(./,:C'

I3!%9=#/+.#'

`>['O<7-U'M<]#%U'b<5(4%

!P')((:<"8!+-'

*`['M<7-1'b<]#%1'Y<5(4%

VP'$+3+-64

*`['b<7-1'K<]#%1'b<5(4%

it can be lost:

!P'%8,')(F'.#-4'!-:'B!4%,4',-,.6&

VP'B8,-'&(#'/!H,'A8&4+"!$'!"03+%&'$(4,'&(#.',-,.6&C

C(%5&'Z(%0*%/#1(2

!P'D+6,.',!%4'!':,,.'!-:'%!H,4'8+4',-,.6&'

VP'B,'.,A.(:#",'+%'V&',!0-6'

C3 Substances 

!P'4#V4%!-",4'%8!%'$(4,',-,.6&'`>[Y<]#%

VP',-,.6&'!4'4#V4%!-",'%8!%'B,'$(4,'

`>['Y<5(4%

!P',-,.6&'"!-'V,'$(4%[']+$1'/,%8!-,C'

VP'(+$'V,"(/,4'6!4C

I>!%R1*%&'$%[&1(*%

`>['K<7-'!-:']#%

!P'B!4%,'*`'Y<7-1'K<5(4%

VP'/+44,:'#4,'*`['Y<7-

!P'9-,.6&'"!-'V,'$(4%'(.'"(-4#/,:'+)'B,'B!4%,'+%'

VP'B,'$(4,'+%'!-:'+%'"!--(%'V,'#4,:'!-&/(.,C

Figure 5. `(-</#%#!$$&',F"$#4+3,'!-4B,.4'%('%8,'\#,40(-'m<e'(.6!-+k,:'+-'"!%,6(.+,4'()'%!V$,'eC
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7-'%8,'%,4%<]#%'!-:'5(4%'%8,'-#/V,.'()'"!4,4'%8!%'4!&'f,-,.6&'"!-h%'V,'$(4%g'+-".,!4,4'JZo<7-U'MKo<]#%U'

bLo<5(4%PC' D.!-4)(./!0(-'"!%,6(.&' J>YP' +-"$#:,4' 4%!%,/,-%4'!V(#%',-,.6&' $(44n-(%<$(44' %8,-' "!4,4'()'

%.!-4),.1'%.!-4)(./!0(-'"8!+-41'6,-,.!$'!I./!0(-'%((C'D8,'%.!-4)(./!0(-'+:,!'!AA,!.4'(-$&'+-'%,4%<]#%'

!-:'%,4%<5(4%'!-:'V,"(/,4'%8,'/(4%'B+:,4A.,!:C' ,B'!.,'%8,'"!4,4'%8!%'A#%'%8,'$(44'()'9-,.6&'+-'.,$!0(-'

%(' %8,'4#V4%!-",4'(.'#4,'!-:'B!4%,' JK_o<7-U'bLo<5(4%P[' %8,&'!.,'A.,4,-%'(-$&' +-' %,4%<7-'!-:'5(4%C'D8,'

!44("+!0(-'()',-,.6&'$(44'%('%8,')((:'"8!+-'!-:'%('%8,'8#/!-'$+3+-64'6.!:#!$$&':,".,!4,4'J_Ko<7-U'bOo<

]#%U'bLo<5(4%P

;<N1>/%#1#?F."1)31.(.$B?1*)1?)+1@()A1%!)+#1C

Forms['`>['KY<7-U'YW<]#%C' (.',F!/A$,['-#"$,!.1'4($!.1'B+-:',-,.6&C

Types['`>['YY<7-U'YW<]#%C' (.',F!/A$,['+-%,.-!$1'V.+68%',-,.6&

Figure 6. `(-</#%#!$$&',F"$#4+3,'!-4B,.4'%('%8,'\#,40(-'m<_'(.6!-+k,:'+-'"!%,6(.+,4'()'%!V$,'_C

7-'(.:,.'%(',FA$(.,'%8,'4#V%$,'4%#:,-%4h':+40-"0(-'V,%B,,-')(./4'!-:'%&A,4'()',-,.6&1'm_'B,.,'4#V/+E,:'

(-$&'+-'%8,'%,4%<7-'!-:']#%C' +6#.,'e'48(B4'8(B'4%#:,-%h4'+:,-0^"!0(-'()'%&A,4''"8!-6,4'%(B!.:4'()')(./4'

V,%B,,-'%,4%<7-'!-:'%,4%<]#%'%8(#68'%8+4'+-3($3,4'(-$&'KLo'()'4%#:,-%4C'

O)(&2+*,(B1$.J%$@"

D8,'!-!$&4+4'()':+Q,.,-%'%&A,4'()'!-4B,.4'JV,)(.,'%8,',FA,.+/,-%!0(-<'7-U'+//,:+!%,$&'!G,.'<']#%'!-:'

!G,.'%8.,,'/(#%8'<5(4%P'!%'%8,'4!/,'%,4%'48(B4'"8+$:.,-h4'"(-",A%#!$',3($#0(-'!V(#%'+:,!4'(-',-,.6&'

+-' 6,-,.!$1' ,-,.6&' A(44,44' !-:' A.(:#"0(-1' %.!-4)(./!0(-1' "(-4,.3!0(-1' $(44' !-:' )(./4' 3,.4#4' %&A,4'

()',-,.6&C'D8+4'"(-",A%4'B,.,':+4"#44,:''B+%8'7dX'4%.!%,6&'!""(.:+-6'%('%8,'N@*'A.(A(4!$'JN,.(-',%'!$'

KLLOPC'S,'(V4,.3,'%8!%'%8,'"8+$:.,-h4'6,-,.!$''+:,!'!V(#%',-,.6&'J;mYP'"8!-6,4').(/'$("!$'!-:')#-"0(-!$'

+:,!'%(' +:,-0^"!0(-'()',-,.6&'A.(A,.0,4U').(/'4%!%,/,-%4'!V(#%'4#V4%!-",4'%('4&4%,/4'%8!%'A.(:#",'

,-,.6&' JeLo'(#%<'OKo'A(4%P1' ).(/' $+3+-64' %8!%'A(44,44',-,.6&' JWLo<7-P' ' %('4&4%,/4'.,$!%,:'%('%8,'A!%8'

Jm<b['MLo']#%1'KLo'5(4%PU' ).(/'4#V4%!-",41',-00,4' JKOo<7-P' %8!%'!.,' %.!-4)(./,:' %(' +:,-0^"!0(-'()'

,-,.6&'%.!-4)(./!0(-'A.(",44,4'JWLo<]#%U'Keo<5(4%PC'D8,&'4!&',-,.6&'"!-h%'V,'$(4%'JeYo<]#%U'bLo<5(4%PC'

>8+$:.,-'%!H,'8($:'()'%8,'4A,"+^"'$!-6#!6,'()',-,.6&'+-':+Q,.,-%'B!&4'J;mKP['+:,-0)&',-,.6&'A.(A,.0,4'

Jm<Y['KLo<]#%P1'+-:+"!%,'%,"8-+"!$':,3+",'!4',F!/A$,'()'4&4%,/4'%8!%'A.(:#",',-,.6&'%8+-H+-6'()'",-%,.4'

()'%.!-4)(./!0(-'JYKo<7-U'YMo<]#%U'_Oo<5(4%PC'7-'!$$'%8.,,'%,4%4'"8+$:.,-'#4,:'f4%(.,g'(.'f!."8+3,:g'!4'!'

4&-(-&/'()',-,.6&'"(-4,.3!0(-'Jeeo<7-U'eKo<]#%U'Obo<5(4%PU'%8,'.,<#4,:'+:,!'+4'"(-4%!-%'%(('JYWo<7-U'

KMo<]#%U'Yeo<5(4%PC'*#"8'3+4+(-4'()',-,.6&'"(-4,.3!0(-'/!&'V,'!'"(-4,\#,-",'()'%8,'+-:+.,"%'%.,!%/,-%'

()' %8+4'"(-",A%C'?-(%8,.':+I"#$%&'48(B-'V&'4%#:,-%4' J;mbP' +4' %8,'%,-:,-"&'()':,4".+V,'A.(",44,4'!-:'

!"0(-4'(V4,.3,:'+-'%8,',FA,.+/,-%4C''?%'%8,',-:'()'%8,'A!%81'"8+$:.,-'H-(B'%8,',-,.6&'%&A,4'!-:'%8,&'#4,'

,-,.6&'%&A,4'.!%8,.')(./41'+:,-0)&+-6'%8,',-,.6&'A(44,44'V&'"(-4+:,.,:'4&4%,/4C'D8+4'8,$A'%8,'"8+$:.,-'%('

+:,-0)&',-,.6&'%.!-4)(./!0(-C
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7.3.$.(&."

d,44(-1'2C1'JKLYYP1'X!'.+",."!'+-':+:!r"!':,$$!'^4+"!['%,/+','A.(V$,/+1'(-$+-,['   !"#$!%#$#!%&'()*'%#+,#-

&-%'./00'-("12%,#%'3(44,#!55&

d.((H1'?CaC1'JYZOeP'>8+$:.,-h4'2-:,.4%!-:+-6'()'7:,!4'!V(#%'9-,.6&['?';,3+,B'()'%8,'X+%,.!%#., in Driver R. 

678%""1-79!7:()4;7<#(-=>781?(-4@7A#%B(-4%&>7,$7C(()4@7C(()4@755!7DDEFG!

>!..1'@C'!-:'R+.HB((:1'cC'JYZOOP'D,!"8+-6'!-:'$,!.-+-6'!V(#%',-,.6&'+-'`,B'p,!$!-:'4,"(-:!.&'4"8(($'

j#-+(.'4"+,-",'"$!44.((/4C'Phys. Educ. 23, 86-91.

=.+3,.1';C1'S!..+-6%(-1'XC'JYZOMPC'*%#:,-%4h'#4,'()'%8,'A.+-"+A$,'()',-,.6&'"(-4,.3!0(-'+-'A.(V$,/'4+%#!<

0(-4C'HI>4%+47<)*+1J,#@7./@70K0L0KM!

 ,&-/!-1';C'JYZebPC'D8,' ,&-/!-'X,"%#.,4'(-'58&4+"4C'Book 1. New York: Addison-Wesley.

N,.(-'5C1'@+"8,$+-+'@C'!-:'*%,)!-,$'?C'JKLLOP'D,!"8+-6'q'$,!.-+-6'%8,'"(-",A%'()',-,.6&'+-'A.+/!.&'4"8(($, 

%#7N,#4&1#J#,*7N!@7HI>4%+47N*--%+*"*O7P(4%=#!

N(V4(-'?C'JKLLWP'9-,.6&' $(B'=+!6.!/4')(.'D,!"8+-6'58&4+"4'>(-",A%41'The Physics Teacher, 42, pp. 113-

00K

R!A,.1'SC'!-:'T(,:8!.%1'@C'JKLLKPC's (./4'()',-,.6&h1'!-'+-%,./,:+!.&'$!-6#!6,'(-'%8,'.(!:'%('%8,./(:&<

-!/+"4i7H1-&7Q!7Q#&(-#1J,#1"7R,*-#1"7,$7S+%(#+(7<)*+1J,#@7.F7:0;@7T0EUM!7H1-&7QQ!7Q#&(-#1J,#1"7R,*-#1"7

,$7S+%(#+(7<)*+1J,#@7.F7:.;@00UE0DT!

@"=,./(E1'XC>C'YZZeC'58&4+"4'V&'+-\#+.&. New York: Wiley.

@"=,./(E1'XC>C'JKLLYP'],.4%,:'@,:!$'X,"%#.,'HI>4%+47<)*+1J,#79(4(1-+IVWI(7X(>7&,7S&*)(#&7C(1-#%#=, 

?/,.+"!-'?44("+!0(-'()'58&4+"4'D,!"8,.41'eZ'JYYP

@+"8,$+-+1'@C1J'KLLWP'Xh,:#"!k+(-,'4"+,-0^"!'-,$'.!""(.:('%,..+%(.+(n#-+3,.4+%t'!'2:+-,1'FORUM Editrice, 

Udine.

@+"8,$+-+'@C1'9:#"!k+(-,'*"+,-0^"!',:'!AA.(""+':+'.+",."!'+-':+:!r"!':,$$!'̂ 4+"!1'YZB%&[74(O%#1-%1"%@74(O-

%#1-%,7)%74&*)%7\N*"&*-17S+%(#J]+17(79%+(-+17P%)1Z+1 @̂79(==%,7<O%"%1@7UE0/7_(``-1%,7.//K!

@+$$!.1';C'JKLLLP'9-,.6&C'Q#7P!7S1#=7:<)!;@7W(1+I%#=74(+,#)1->75I>4%+47:55!70LFD;!7C,#),#a7R,I#78*--1>!

`+"8($$41'TC1'q']6V(.-1'aC'JYZZbP'=+/,-4+(-4'()'"8+$:.,-h4'"(-",A0(-4'()',-,.6&C'Q#&(-#1J,#1"@7QRS<@70G:0;@7

KDET0

5)#-:%1'NC'q'=#+%1';CJYZZOP1'd+V$+(6.!A8&'()'*%#:,-%4h'?$%,.-!03,' .!/,B(.H4'+-'*"+,-",'9:#"!0(-1'IPN, 

Kiel, Germany.

5.+:,!#F1'`C'JYZZMP1'=+Q,.,-%'?AA.(!"8,4'%('%8,'D,!"8+-6'()'%8,'9-,.6&'>(-",A%1'School Science  Review 

KK@7FUEGK!

*($(/(-1' aC' JYZObP'@,44&1' "(-%.!:+"%(.&' !-:'(V40-!%,$&' A,.4+4%,-%[' !' 4%#:&'(-' "8+$:.,-h4' (#%()<4"8(($'
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