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~'J'l3J'Vi3flU nu just noticeable difference Und) "il1fifil) 

n111~'Yl1.J~~ (Psychometrics) V11aanirri "lle:J.JL11JL1Jafd L'VJflLuaf (Fechner) 1~a11.J 

wd.J1i~a11 ~~:1J1~1 Vl:IJ1r.Jn.J n111~~n~ru:Yl psychophysical relationship ifu:1J1 1~m"ll1 

Lfiri1nu~~h L-rlu n111~fl'J1:1Jj '111:1Ja1:1J11ri ii.t11:1J psychophysics 11 "ft1a~f"llt1.Jfl11:1J 
' ' ' 

L"il~fl~ ~n~m:l.Jfl~n111-w m;i:ilu 6J .Yhnt11-ira.J i:1J~u1h:V111.Jn1tinu~~"(functional relations 

1~ri1in11-w11ruu11uLi.J"llt1.Ji1L~"ll LL~:Li.J of dependency between body and mind) 

tl'1:1J1ru tl1:nau~1tin111~i1LLtl1'Yl1.J~~ LL~: (Guilford, 1954, p.3) LLU1~~duamV1ut1"il1n 
' 

11.l uuu Li.Jflrn~ft1a~f"lla.Jn11Y1~aau LL~:n11 n111 ~"1Ju1~"ll t1.Jfl11:1Ji'~n i:iJ ~air.Jl~iin11u1 
~ ~ 

l~ btlbi' rl1Jfi11l~"lJU1~"1Je:J.Jn111u1 (perception) 
~ 

~'J'l3Jtih.~3J'l 

tl1:1i-rl1.J ~u 6J"ll t1.Jn111 ~'Yl1.J~ ~ L~u~1 :iJ Liu 

'Yl1.J 2 a1ti (Guilford, 1954, p. 2) fia a1mL1n 

LUU psychophysical tradition ~.JLuu.ffuLi:iJ 

~Ubb~:U1 Lthi~~1'Yl LJ1 Li.J'Yl~~ a.JrlLL 'Yi"il'i.J a1 tivl 
~ 

2 LUU mental test tradition ~.Jiifl1'llJLL~n<i11.J 

'111:1Ji'~n (feeling) n11n1:rh (action) LL~: 
~ 

'111:1J1Gih(attention) ~.Ji.Jmshdrhuun1:u1u 

n11Y11.J~ ~Yl a1 :1J11ri i:iJ~uifnu i" L 11 l~iiuL a.J 

L 'VJflL uaf l~~<i11u1n11~n~1Lfit11nufl11:1Ji~n 
~ 

tl:IJ ~abtl"ilun~1 ri Luui{u~1U"ll a.J psychophysi-
' 

cal methods irufia the method of average 

error, the method of minimal changes, LL~: 

1:V111.J1Jflfl~LUU"il~fturfn~1.J"lle:J.Jfl11:1Jauh cil.J the constant method Gi1u Thurstone iil~ . . ~ 
... 

a1~mLu1~~ii.:1J1~'illU1 Thurstone's law of 

comparative judgment 

(experimental physiology) LL~:in-n11Li.J n Gi 3J if ff fl \I n sl :iJ dl ~ 1 u LL 1 .J ~ ~ L "il "ii 1 n • • 
m:iJ1lli (quantitative methods) .yjb~1J1~iiu il'illU1fi11LU.if1i'YlrJ1Lfit11nu~n~ru:"lJt1.J 

1~ m~e:J:IJ 1ri.Jn1Ji'Yl r.J1ft1a~fli11:1J"lf1~ .J1Ui{u, ~U.1ifi11:1J~.J~:IJ 1~ LJ~1.J:IJ1"il1fiUnflrn~ft1a~f~.yj . ~ 

' 
~1U."lle:J.J psychophysics fia '111:1Jj'Lnri1nun11 

~ui:1J~afl11:1Jiin(sensory) nsl11fia rnafu1f'Yl 
~ 

(Herbart) (1776-1841) (a1.Ja.J"i11n Guilford, Galton) (1822-1911)( a1.Ja.J"il1n Guilford, 1954, 

1954, p. 3) b~Laua concept of an absolute p.3) 1~a11.J~t1.J'Yl~~t1.J'Yl1.J anthropometric 

A ,:!I .ct .. I ' I Q..o 'i.o'.d: 
threshold 'Vl1e:J lower limit of sensation Gi1u. 61f.J:1Jt1un1run11'Yl~aau1:V111.Jn111ufl11:1J1an . ~ 

L11JL1Je:Jf (Weber) (1795-1878) ( el1.Ja.J"il1n (sensory) nun~Lnn11Lfl~e:JU.b'V11 (motor) 

Guilford, 1954, p. 3) L~Lau.aV1~nn11Lfiri1 L"ll1L~a11.JL'11a.Ji'ja'Yl1.Jai1~:1J1n:1J1t1~1t1'111:1J 
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"li'1 m VI~ fl".l.I fl'1 f>nfL'l b ~ r.ifiu (Karl Pearson) ii~L'l'11it.b~r.i1nun1,-i bfl,-1::~ fl'1~tl,-::nfl'U(factor 

b°li'it. ii'Vl1fl11:1Ji:IJ~it.1f( correlation) n1,-1"11 analysis) bbL'l:: L'fi'1'1itl bb'U'U Gf~U ty ty1Yl b1r.in 

fl!:bbit.it.:IJ11il"j,!1U(standard scores) brn::iin1,- 11Primary Mental Abilities (PMAs)~'1 

Gfi'1'1:1J1'il,-1'Yl1'1~'ili'Yl r.11(psychological scaling tJ,-::n fl'U~1 LJ 7 ~1 bbtl,- b".l.11 bUU~rlfl~'1 Psycho

method) ~'1b°.rlit. rating scale method 'l,jflfl&'l metric Society bb&'l::11,-Gf1,-i".lf1n1,-".l.lfl'1Gf:IJ1fl:IJ 

Ylii.:;im;LJ'1b~it.1 it.~1'1-1.".l.I fl'1 Gfti~it.flfi';'J1fi fl1fL'l d'~fl Psychometrika ~MJ'1fl'1iin1,-~:1J;{fl~1u 

bv:ir.Jfiu r'J'1ii fl1{ rn. ~".lfb".lfflf ( R. A. Fisher) U';l';'JUit. 
q 

' ' "" ' ~I ' ".lf1"jL'!Gf bfl~b"Jfl"j~ GfbuLJ"jbb:IJU (Charles Ed-

ward Spearman) (1863-1945) itn~lil1'YILJ1".lf11 

a'1n{] M biJurli''<ilnnu 1 it.b~fl'1 GfTI ~ bb&'l:: human 
<lJ 

intelligence (g-factor) 

ba~bif~ ~ 1rnfu1~~ (Edward Lee Thorn

dike (1874-1949) itn~lili'Ylr.11".lf11m:1Ji°nuii 

~L'l'11it.b ~ r.11nun,-::u1µn1,-bi"r.iui:1J1n:1J1 r.i bilit. 

.. .. 
b"j:IJflit. b'lJfl"jit.1,-~ bbfl'Ylb'YIL'l (Raymond 

Bernard Cattell) (1905-1998) itn~lili'Ylm".lf11 

Q..o A Q...o ~~ I A 

fl" n fl MbbL'l:: fl b:IJ,-n ii.~ fl ii. w 'U11'1,jflL'ln111 W".l.I fl'1 

"'" 'tl 1 1"' "" .. 'Uflfl&'l:IJ 16 fl'1fl "j!:fifl'U ~LJfi1"j ".lffi1"j1bfl"j1!:'VI 
q 

personality factor model Vii-fl 16PF Question-

narre 

aL'!b'Yh~ UbWrl (Alfred Binet) (1857-

1911) itn~lili'Yl r.11".lf11 ~4" bftL'f b".l.111~-i1:1J3:l fl nu 

tJ,-::1l1it.flit.Yl 2 ".l.lfl'1 Psychometric Society i1fl~flf b61f:1Jflit. (Theodore Simon) L'fi'1'1 

Thurstone) 

bL'liL'f bb:IJ~iu b'Ylflfbb:IJU (Lewis Madison 

Terman) (1877-1956) itn~lili'Yl r.11".lf11 m:iJ~nu~ 

b fl~fl" 3:l fl.yl blJ utJ,-it'r.i1 ~ fl11 :IJU nw°'ifl'1'Yl1'1 Gf:IJ fl'1 

(mental retardation) Ylbi-r.in11 Binet - Simon 

Intelligence Test ~'1~:1Jw1uil 1905 brn::uuu 

tJ11JU"j'1~:1JW1it.il 1908 bb&'l!: 1911 uuu1mJtt".l.lmLJ 
q 

Gfi'1'1 bb1J1J'Yl~Gffl1Jl~Gf~Utyty1(Stanford-Binet ,-1:1JbUTI'1flit.tln~~1r.1 UU'UbbUL'lbilit.111M1a'1n{]M 

IQ test) 1~LJ~{ijjit.1 (bbUL'l t11utJ,-" bb&'l::Gfi'1'1ifl ~:iJw1ui'.I fl.ft.1916 (w.ft.2459) 'Vli-fl.:;im~:iJflfl 
q 

~1fl1:1J1Vlli) :IJ1';11n Binet-Simon Intelligence Stanford Binet Intelligence Scales b~iin1,-1i 

Scale ~" btlit.111M1 ~4" bftL'f bbGi::t11utl,-'1:iJ1 blJit.~1~u uuut11'ut1,-'1L'f~'Yi'1r.1~fl 
q q q 

Thurstone) (1887-1955) it'n~lili'Yl m".lf11 m:iJ~nu fl11:1J bUit.:1J1 bbL'l::~"YltJ1utJ1""1:1J1,-ri e:l1u b~';l1n 

Becker (2003) 

-"'''"""" .~. !•. 
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fl'113Jti1il3J Tth'.l"i:t:11t-l'l'1ffl"i'Yl61ftiltJ'Yl'l'1~ilUiil::: method - order of merit) :U1'il11i~ e1u~u 

~il~'YIU'ltif'1'Yl61iilil'1 (mental testing and (rating scales) :u1'i111-.d1-:nri1nu (equal - ap

experimental psychology) peacing intervals) bb~:::u1'i111~u 6) fi1ffubll~t.1u 

-;i1n bawn1.:nnh'.lti1 t.1~.:imh1 bb~1-;i::b ~'" i.~11 11lbbuui.ll-;i1nfii.~n~h1 bb~1 i.~-.d1t.11 ~y.iu-;i~i1:u 
"' . 

tactfulness 

'Yl~~E1.:iri1n111~1ub'YlEJ:U"llEJ.:i~1ull1'Yl1.:in1t.1111Y-1 'Vl~EJ n11bil1i.:i~:u (sociability) biJu~u lun1rn 

biJwil1u 1u:u1n ( b".du trnMru::n1 t.Jl11Y-l"ll EJ.:irY.:i b 'VI 1.•hii.°13.l iin111.l1::bijub:n.:1n1 t.1111Y-1 (physical) 
. 

L611U~L3J'ild °1JrJ'1ff'1Li'1 

n1:u 1u1fi) m.h.:ii.1n~n111~"llEJ.:lun~'il1'Ylt.11 vfu!1u ~~~.:i~u:u1-;i1n psychophysics 

b:n.:i'Yl~~ EJ.:i ~1u:u1n El EJn :u1lu11.l"ll EJ.:i~::bb u u-;i1n 111:: 1 t.1".ll'U"ll EJ.:11 in11tii'1.:i :u1 'i111 l uiJ ru V11 "' ~ 

n11'Yl~GiE11J b".du n-11'Yl~~ El.:! b~ t.11n~~11b1t.1ui' 'Yl1.:in11~nM1 1~ mu Y-11::mh.:i B.:i 1 utrnMru::fi 
"' 

lun11'Yl~GiE11JUt.1~1v'rtyb ~Eltigll~~-;i1nilE1~~ ~.:i 1 un11'il11-;J&iEJ1J~11:Ub fit.1.:1'i11.:1 (validity) "1.JEl.:I 

biJun11 li'b 'Vl'il~~ b:n.:itiii~ bb~::~rn'ilf'l1ti'ili"biJu;>1u bb u u 'Yl ~ Gi EJ u bb ~:: 1"111un111.l1:: :u 1 rutr n Mru:: . ~ 

(traits) b~ El ir.:i i.3Jiin11'Yl~GiE11Jfi bilufi tJ EJ:u1u 1-E' 

nuEJ ti ~.:1if uiin11Gii'1.:i:u1'i111~.:ini.'111 i.~11 biJu 
"' 

~ iin1"ift-i'1'13J'l il"iTl61'Yl'l'1~ c;i (The psycho- 1in11i1 :U"ll El.:! psychophysics bb~::n11'Yl~ GiEl1J 

logical scaling methods) 'Yl1.:l~'il 1~m:J1mb1mifEJ'VIUULu11.lbb1J1J"llEl.:l'Vltrn . "' 

ii'VI ~1 t.1".ll'ii.~ ~.:i b ".du n11b ll1t.1u b fi t.1u biJu~ 6J n11 li'l u~'ili'Yl t.11 b:n.:i'Yl~~ EJ.:i 

(pair comparison) n11-.il~e1u~u (ranking~ 
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1 u"ll El~a L~\ltl,-:im~ (empirical information) ~'ili'YH'.nrl.:ff ua tjnun1,-i~iu"ll El'11,Jflfl a ('V11El~ 

"il1nn1,-l-tlun11"~nM1LLa:1wifty'Vl1"11El'1Wn3J 'ilEIU) ifu n,-:u1un1,- rating scale Lllurlii.r..13.1 

LL'iln~1'11":'Vli1'11Jflfla 1-Kffu3.11nrl~'il 1"ULL1J1J"l1El'1 rating scales rlli 
q q ~ 

3J1'i11"11<il'Yl1'1~'il.yj~1fityii~'1~EILUtt nuLtlutln~ii 5 U1":L1l'Yl flEl i1La"ll (numerical) 

Method of average error Lllu1n-n11"'Yl1'1 n,-1vJ (graphic) 3J1<il1"!1U (standard) fl:Lmu 

LU1'V13J1 r..J 
• Lo • .d Q..,oo Q., 

~:~3.1 (cumulated pomts) LLa:<i11LaE1n'YlU'1fl1J 

"ll E1'1in-n1,-d'~ m ~El'Vl1~'1 Li'1rl L rhnu 1<il r..1n1,-1 ~ (forced choice) 

~i" Ln'il Luu~tl1u 
~ ~ 

Method of pair comparisons 1u1n-d' ~'1 

Li'1,.r'1'Vl3J'iltm1h:Lijuuu3J1'il1"1'Yl1'1~'il (psycho-
~ 

logical scale) ~'1Li'1L'Vlrhd';JnU1L~ua1~nu~ 

'ilEIU (O) luirnMnt.:Lllu~ 6J 'YJn~rlLuui.tli.~ (all 

measurement) 

possible pairs) ~'ilEIU~'iliu Uudge) 111 lu 2 LLf13Jihua~) (Campbell, 1940) (Guilford, 1954, 

ar.i1'1if u au L'VIU3J1nni11uij~.yjn1'VIU'il p. 5) rli1Luun1,-ri1V1U'il~1La"ll1 ~nu1<ilt:J'V1'1El 

Method of rank order Luu1n-rli.~1Ufl113J L'Vl~n1,-n!<i113Jnl) (the assignment of numerals 
' 

LUEl'1"i11n to objects or events according to rules) ~1 

values) El r.il U3J1'il1"1°.rl1'1 L ri1nu 
~ 

Equal - appearing intervals (°.rl1'1Lri1nu) 

1 u1n-d'iin1,-rl1'VIU'il~'1 Li1 L°.rlu a1 r..1i:l EIV1'1an1,-

LUU~U un1"1nn11"1J1'1flU1i~1i1 "numbers" 

.d "' LL 'YlU "numerals" 61!'13Jfl113J'VI 3.11r..Jf11"El1Jfla3J 
q 

i1 La"llrliifl113JV13J1r..1~"rllinu1 ui"lf1flru<i1~1~<ilf 

n11"1<il (measurement) iifl113Ji3.l'W'ufln~ 

(piles) 1<il r..11 ~u~a:n~3.1.yj a ~~'ilnu~ L V1i:l au'Vi1'1 "llE1'1flru'il~1~<ilf "il1nnlJ mru6Yl1 ui"lf1flru'il~1~<ilf 

Lri1 6) nu LliElf~t'ilU (Thurstone) LUU~L~UEI 13JL'ila'Yl1\lflru'il~1~'ilf (mathematical mo 

1 V1Li3J1'il1"1d'Luu3J1'il1"11<il L"il'ilfl~ dels) ~13J1,-ri 1 'Vl13J L<i1arl~:'il1n ua:iith: 1r..1"1fu 

Rating scales 1wil1u1u1 n-n1,-1 <ii 'Yl1 '1 ~ Eln11"1J1"1"r..J1 r..J1i1"1"3J"lf1~ LLaJi11l1"1"3J"lf1~"il:L:iJ 



96 

n~1J1.:Jfl.f .:ifii.3.i~ m.J~ fl11 lll"Hl~'Vl1fl'V-l m 'Vlll1: ~~ff):rJ1'Yl1.:ii;lTI~rii;l1l!TH1 Li"'l~nuc;l1 L~"ll":i:c;lu 

di;l1ll1":iTI'Yl~i;lfllJb~LL~:n1V-llJ11£.Jflll11JL~ n1":i d':ih!fl£.Jll1n L°liU n1":iLL'<ilnLL'<il.:Jfl11ll~ ~nuiii£.Jll 

fl rn<11 ~1 l;l<11f~.:1d:Juth:1£.J"lji!mh.:i ri.:i 611.:in1":iV11 

..u fl i;l":iU Lrn:n1":irl1U 1 £.111 difl11 llfl ~1 ~ Lfl ~ flUL~n 
q 

... 
(mode) u~:l;l1ll1":iTI~1U1nl. coefficient of 

' ' • A ~ ~ a.,.. 

contmgency L V-l fllJ flnfl11ll Ln £.J1"ll fl.:JnU"ll fl.:Jn1":i 

"il1Lmn 2 LLlJlJb~ 

2. ll1<1l":i1eJUc;lu (ordinal scale) c;l1L~"llLU 

,-~CP11J'llD\ln'l":i-l61T~u.1ft'J lllii 4 ,.~c;;'.U (four 1 u ":i:c;luu1l!Utl:J t!T~ l;l1ll1":iTIU1 l!1 Li'l u ":i:c;lud' 

general levels of measurement) i.~ Ufln111mfuir.:11;l1ll1":iTIL"lfl;ln~<iiflLUit't~~1£.J 

c;l1L~"llririnn1'VIU~1 Vi'nu1<11riV11m V1<11n1":iru:O i.~mi ~1rn..,<ii1U (median) LU flfL~U i. 'Yl&f LL~: rank 
~ q q 

V\~1FJd:~u L1t1n11,-:;c;lu°lJD~n1d1<il - order coefficient of correlation 

":i:c;lu"llfl.:Jn1":i1°'~t~£.1~1i.1lLLU.:Jflflnd:Ju 4 3. ll1<11":i1-rl1.:1Lrhnu (interval scale or 

":i:c;lu<111l!l;l~nutf (Stevens) (ei1.:1~.:iy1n Guil- equal - unit scale) c;l1L~"llLU":i:c;lud'ufln-rl1.:i 

1. U1l!Utl:JtY~ (nominal) 2. e1uc;lu (ordinal) 3. 

-rl1.:1Lri1nu (interval) LL~: 4. eJ<11":i1ti1u (ratio) 

' ' ' IQ...o Q..o<A Q...o .c::I ~IQ..< 

L 'Yl1nU '"Ufl fl <111 L~"ll'Yl LLl;l~.:J":i: £.J:'Yl1.:J'Yl L 'Yl1nU 

u 'YlU":i:£.J:'Yl1.:1Lrhnu1 uii~l~ii~wd..:i"ll fl.:11°'<11ri u<ii 
q 

":i:c;lu~.:i ~ d'"i11 LL un fl fln<111mnru6Yl"lJ fl.:! "nlJ" 1 u u1 n c;l1 L~"ll~.:i i.3.i ii fl11 ll'VI ll1 £.J l!1n-i.t'n u<ii":i: £.J: 

U£.11ll"ll fl.:1~111 "n1":i1~" c;l1L~"ll1 u ":i:c;lun1":i1~ri 'Yl1.:Ji;l1ll1":iTIU1l!1u1nnu i.~ c;l1 mh.:ill1<11":i11~ 
..r A ... .,; ... "" o ._. ..r 'I ._. .;r.. A A .. 

~.:J"lJU '<il:l!Lnnl.6Yl'Ylll"llfl'<il1n~l!1n"lJU L":i1i;l1ll1":iTI bU":i:~lJUflfl fl.:1~1L6D'Ut11Ln":i<11 (L6D'~L6D'£.Ji;l) 'Vl":ifl 

~~n":i:rl1nu~1L~"lllu.Li.:1flrn<11~11;l<11f / Gln~i.~ll1n v-J1L":iui.~~ Lllu~u l;ln~u'Ylu~.:i'Vlll~ ti"'l~nu 

:fiu ti1V11U":i1£.J~:La£.J~L~fl.:Jd'~a1ul;l1ll1":iTiel1U c;l1L~"lJLUll1<1l":i1d L°liU ~1LQ~£.J (mean) ti1u 
~ 

i.11!111nc;\'1":i1L~£.11nun1":i1°'~i:-1~~1 6J i.1.lV11fl~111n 
~ 

dj £.J.:J LlJUll1 <1l":i_!1U (stang.ard deviation) 

n~v-Jflf~ (Guilford) (1954 : 11 - 17) lufid'"llfl 
... ' 

illll":i:~'Yln-l;l'Vlill~w1hvfofiu (Pearson prod-

£.Jnc;l1mh.:in1":i1~1u":i:c;lu<ii1.:1 6J t~m.iflc;J.:id' 
... 

uct - moment r)Lllu~u £.Jm1uillll":i:~'Yln-"llfl.:J 
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.., d ""'1 "' !"I "" "l.1El'111:1J'VIU._.,Li.'f1"il bUL1~1 5 UTYl LuWilU :IJ1CQ111 

rl1~LUWV\'l.i1r.J~1Un1r.J.1l1't'l (L1~1) LL~:[:.J~n111~ 

i~Gi1u"l.la"i1L~"l.li.'f1:1J11m.Yh..1uL~r.J"nuL~ L°lfu acl1u:1J1CQ111e11Ql11Gi1u (ratio scale) LL~[:.J~n111~ 
"' 

~ = ~~ i.'fTI~~"'Vl:IJ~i.'f1:1J11TIL-rl~nui1L~"lllJU L-riudir"LUUUqj'V\1LilEl""il1n'1:LLuurl1~d (LUU~1 

:1J1CQ111d 11 :iJ~" &°:1J1.h:~'YIR"ll El"'111mL1.h1h1u CQl aun1 r.J.1l1't'l) nn 1i'Ltlutli-:1J1ru. rl LLi.'f~" [:.J~"1u 
"' 

[:.J~n111~rlL~"il1nn11'!!ui1u1u"l.I a"~"~1" 6J 1 uL ~"~ CQ11 'YI r.J1 ( '111 :iJ i.'f1:1J11n1 uL ~"~ CQ11'YI r.J1) 

Ltlui1L~"l.luu:1J1CQ111e11Ql11Gi1u L ila""il1niJffu£Jurl '1: LL u u da1"il 13JL~LL 'Ylwvi'!.i 1 r.J L ~"~ CQ11'YI r.J1rl L rh 
"' 

' .i::t Q,..o 0 0 

fl:LL ""'U"il1n LLlJlJ'Yl~i.'fEllJ'YIUlJ :IJ1"il1n"il1'1-b 1U'111Ql EllJ 

'YI~ i.'fEJUiJ'111:1J r.J11 L .W r.J"'t'l ElLL~:"ll El~1" 6) (items) 

.yl LLi.'f~"-J1n11Ltl~ r.JULLtl~""ll El"'Vlii1 r.J'Yl1"n1 [JJl1'Y-l 

"iJ:iJ'111 :IJ'Vl:IJ1 r.J L 'Viii ElUfi11LtJ~ r.JULLtJ~._.,"11El._.,'Vl'\.i1 r.J 

1 u 'Yl1"~ CQ11'YI r.J1 

Ejni1 a cl1._.,w\1._.,"ll a"n111i':1J1CQ111 n~11 uY11" 

:iJ1CQ111El1~i.'f:IJEl" (mental - age 

iJ '111 :IJ r.J1 n (difficulty) .yj iJ n11n1:"i11 r.J.yj ~ fl::: Lt 'Mt'Mt t 'Mt'Yl'h'J~ <Pl~'YI t11ftt.t13J1 ~'HJ rl'Mt 

(Guilford, 1954 : 86) (summational psychological scores) 

·1rU~"ll a"'1:Lmu'Yl~i.'faurl1inu~111.l~ a n11 

~-U<P1t.1£h'J3J1<Pl~Tl<PI t un1~'Yl<PlffD'U (types of 11:1J'1:LL uu11 r.J"ll El 1n-n11~an1111:1Ji1u1un11 

test scales) 

n1~-l<PI <;l'l tttl~tif \I~ <Pl~'YI u1 CPl'l u fl::: u "" 

CP11un1u111"W (physical measures of psy- "il:Lri1nuv.~a11ln111Gi1~qi 

chological variables) 
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( ) 
"-' O"-' d11111 1"" normal distribution b1"1~1111"rn"il<nn~:rnnu ~TI1U:".l.lel-\l~fl~Hil'VIU-\I b1111"il:'Yl<n~el1Jb".l.11 u<n1u 

ilel11~1h:wct.,,--.hmJ1 u111'il1"1°1i1'1 b 'Yi1nu1~ 1<n ri l<n iiu~ eln11"1'<ni1 bb1hmh'1fl'1 biUfl-\111 bd el .., .., 

elr.j1.,,it'elri 30 - 40 anel 

bd el fl: bb uwri1~ii n11"bb"il n bb"il-\11~ btlui.I n ~ 

el r.j1.,,tlu1"i1:btlu fl:bb '"uel1"ilii°li1.,,1~ b 'Yi1nu b1"1 
• I 

~11111"TI~1bii.U'il11.ln1":u1un11"1.li'u1.11'il1"1 b v:l el 

1 ~fl: u uwinn bbUU'Yl<n ~elu ban1 ln~V11eln~1 mtlu 

fl: u '"'"YI ii-rl1" b 'Yi1nu 111'il1"11<nrllinwrf111.1 

.d. Q..oo Q..oo I I .c::( d 
'Ylrlel111"1JnU11f!:bbUUrlel111.lfl111.lfl~1'ilbfl~elU 

(error) ii'u~el fl:bmurl1<nL~ (X) bUU~~u1n 

".l.lel-\lti1utlbtluf!:bbUU"il~-\I (true component) (T) 

bb~:ti1utl bUUfl: bb '"Ufl1111 fl ~-1'il bf!~ elU (error 

component) (E) V11mc]riubtlUJ1.1~11n11"L~~.,,d' 

X = T+E 

' ' 
i'.Jel1<nfi~1.IU1"rubb1JU Vl1el T ~el~1bU~rl".l.lel-\I .., 

fl: bb'"'" Yl1<n L~"il1nn11"1<nrl btlu~ ~1":nu VI ~1 rif!~" 

't1flM-Dtlf:h'lfl~bb'Ml'l-UblJlJ't1CPHHllJ (theory of 111n 6) 1<nri1iuuU'Yl'il~el1JUU1Jb~rJ1nU1<n~flfl~ 

test score) 
.., . 

• 't1flM-DfPl\Jb~3Jfiii~ni.~'l (classical test 

theory) 

'Yl ri ~ iJ ".l.I el.,, fl= bb'"'" bb u u 'Yl <ii~ el u Ylt ,r n'" el~ 

b~ll (Classical Test Theory - CTT) ii'Vl~n 

... .... 
b<n ri1nu 

E ~elti1utld~11 (bu~riu) (increment) 

( ... ) .d.J' I"-' n 1 
u1nV11"el~u 'Yl".l.IUelrinu~11Tr-m11"ru. '" eln1~ .., 

~1~ty~el fl11mi1el~u (reliability) bb~:f!1111 1~&11-Wufnu T bb~: E "llel-\lf!:bmu"il1nuuuwct.,, 

b YI ri'1<n1"'1 (validity) f!1111bi1mrubtluf!1111~1 btlu 1~&11-Wufnu E 1 uE1nuuuwct.,,.yj btlu~"1.1u1unu .., 

bb~L~ b -W rJ-\1'1"1 el~1V1i'uf!1111 b .yj rl-\l'il1"'1 
., ., ' 

~ ~ .4_ ca... a.,. Q I fi."' 

<n1 ri".l.I el 'il n ~"bu el-\! 'ilU 'Yl-\1 ~111'Yln ~11 bb~1 f!1111 

b VIG'! il-l~tHh'I fl"J'l3J tif Da1'Mlt.1fl\J fl~bb 'Ml'MlbblJlJ bi1mru~11111"Tiii.ri1111~i1 btlui<n ti1u"1.1 el-\! f11111 
~ 

't1CP'lftfltJ (the rationale of test reliability) 

111 ri1~&.,,n1.l"llel-\lfl1111bi1el~'" b1"1~uhfl1111 ( o~) 1 uf!1111 bbU1"1.l1"1U"ll el-\lfl:bmurl1<n 1~ o~ 

Vl1el b;j rJUbUU~11n11"~-\lif' 
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r = xx 

a2 
x 

a2 
x 

~11~ 6J bb~:bilu.1hdr..1oiri!mh.:i ri.:i 1 u.nT'j~'11111 

'1:bb u.u.~1V1~un11u11tl1i1u.1an1~~1.:i 6J 

mJl u. 1tl"l.I a.:i '111 :IJ i11wwifnu ~1 bEl.:J"ll El'1'1: bb u. u. LUJ'l.J't'llPHHl'l.J (The rationale of test validity) 
"' "' 

onE1~EIUEIE1miJu.~1u. 6J ttITT:1J11mbtl.:1 tla r.J~'1Ltlan 

3 ~1u. 4 ~1u. ~~~ ~~El~~u.TI.:iutl.:itlar..1bilu. 

ana 6J ~" bilu.n11~11~~au'111:1Jb 'Yi1 b Yi r..1:1Jnu."1.I a.:i 

I I Ii' A .cl. I g,; 

~1u.~1.:i 6J "1.IE1'1"1.IEl~E1uV11m1r..1n11'111:1J'1'1b~U.'1.:J 

11111r..11u. (internal consistency) 

2. 1~1i'°li'El~EIU~"l.IU.1U. (alternate - form) 
"' 

.cl. a... d g,; .cl. Q..o 

ElnUUUVIU.'1"11 El'1"1.I El ~EIU b~ f..11 nu. 

3. i~~auJ1 (retest) b~El~'111:1J'1.:JriVl1El 
"' 

... .d 1 1 ' .... 
b~rir..11111~ b:IJEl~Elu u. an1~~1.:inu. 

' ' . .cl. I ,4 a.,. 

~1 n ~:1Jn11'Yl bb~~.:I '11 '111 :IJ b °lrEI :!JU. b 11 ITT :IJ11fl 

'<il~n1:'Yl1~ El Ltl~ u. L~ ~:1Jn11ri bb~~.:i '111 :1J'1~1 ~ 
' 

. . . 
Q .cl, Q..o 0 .:=I I 

'111 :1J b 'YI r..1.,i ~1.:i b n r..11 nu '11 ri1 :IJ'Yl11 '1: u u. u. 

bbUU'Yl~ ~auif u. -r~ a:h Vl1EJ'1:bmu. if u.~11111ri 
.d 

b:IJ ElbbUU 

Q,..o Q..o t;' I 

'111 :1J ~:IJ~ U.1l1:V111.:i '1: bb u. u. ~1 n uuu 

'Yl~~EIU 2 UUUnfi EJl:.J~U1n"ll El.:! ~~'1rn (sum 
"' 

of cross products) "11 El.:! factor loadings 1 u. 

~~n111 b'111:~ E1'1~1.h:nau (factor analysis) 

b~ El factor loadings 1:w:h.:i bbUU'Yl~ ~auif u. 

numrn6Yi'ii"l.lu.1~ 1 Vlni bb~~.:1TI.:1'111:1Ji:1Jwu.f~.:1 
~ "' 

~ ' ' 
'111 :1Ji:1Jwwifii.b~r..1n11 i11tl1:~'Yln-'111:1J b Yi r..1.:1~1.:i 

(validity coefficient) 
I ff' I I 

n11Yi~: 1 V1L~~1i11tl1:~'Yln-'111:1J b Yi r..1.:1~1.:ifi 

~ ITT'<ilr..1<ila.:1~1:1J11riV11mrn6Ylri~ (brir..1.:1~1.:i) btlu. 
"' 

b'1~EIU.:IJ1~1!1U."1.IEl'1n111~ (standard error of ~~b~:iJ<ilu. 3Ju:ifu.n11~nM1'11111brlr..1.:1~1.:1ifu.~: 

measurement) ~.:id 

OE= CT~ x xx 

• 
Llibilu.tl1: 1r..1oirirlu.n11e11.:ia.:i (Guilford, 1954 : 

402) 

Q..o 6" .::I, a,.. I 

uu u 'YI~ ~au nu '1: bb u. u. ~1nbnrn6YIb1 r..1 n nu.11 

itbtlU.'111 :IJ'1 ~1 ~ b'1~ EIU."11 El.:! '1: bb u. u. ri1 ~ L~ '111:1J b Yi r..1.,i~1.:ioirii.~ bnrn6Ylri b~ r..11°11 El'1 (criterion 
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related validity) ue:in"i11nd1u'Yl1.\ltliju~if" (Ogive model) LLt-id3JL~t-i1t-i~~~n (logistic 

iii~n11"~U~.\I LUU i.tl 'i113Jfl113J~.\l'V\3J1 r.J1 un1,- model) LL~13J L~ t-i 1t-i~ ~~n iifl113J L 'VI 3J1::~3J • 

Len.\! t",-" ~i'1" (construct validity) ~"~13-11,-ri "il::Luw11e:i.\I ~t-in11"'i!EJ'l..J°1l e:i~1ri13J 1 u~n"Mrn::f1Luu 

El iu1 [J hn" ~i'1.\I Len" 'YI ri "Mi) "11El"~1 LL ti ,-.yj 1 ~ v:J.\lniU"llEl.\1~1LLtl1"LL~.\lttu ( ~L vj3JL~3J L"liu ~"il.\l~'il 

ttu fi11"ftfi'M1fl113JLYir.J.\l'il1".\11u~n"Mrn::diiLm1 au'YJ~11"1"nl. (2525, 'V\U1 51 - 69 LLL'l::2534 'V\U1 • 
t ~ ~I ~ d ~ 
U3JLuUfi11"'Yl~~El'l..J~3J3J'i1!1U 6.D'.\IE11"i13J'V\L'l1r.J 79 - 90); Lord, 1980; Hambleton & Swami-

~3J 3J ~!1U v.1e:i El1"il ii fi11"ftfi 'M1'V\ L'l1 llfl~.\I nL~ nathan, 1984) v:J.\lniuttrhv.\t~~1ll'V-l11"1ijL'i!Elf 

. ~ 
I ~ A A 
~1 Ufi11"'il1"1 "il ~El'l..J fl113J L 'YI ll.\I 'il':i.\I L ".U.\I L UEl'V\1 

(content validity) ttuLUUL iAl r.J.\lfi11"'l..J1"1"r.J1 r.J 

parameter) LLt-i::Y-l11"1ijL'ilE1f"lle:i.\lone:i (item para

meter) Y-l11"1ijL'i!EJf"llEl.\l~'i!El'l..JEl1"ilL~r.Jn11 ability 
. ~ 

parameter dje:i 1-iYnuLL'l..J'l..J'Yl~~EJ'l..J1~~t-iillrJ'Yli 

v.1e:ifl113J~13-11,-ri 1~ 6J Gi1u y.i1,-1ij L'ile:if"lle:i.\lone:i 

ii 3 ~1 ii'u~e:i a1u1"i1i1Lmn (discrimination 

• 'Yl{)CU-ijnT'if;IEJ1J11EJ~'Hl'l3J (Item index) ~".UUfl113Jr.J1n (difficulty index) LLt-i::n11" 

Response Theory - IRT) 1u"li1"~1;· 6J 'YlfJ"MD L~1 (guessing) 0ir.J~13J11"m~e:in1mm~t-if1ii 

1v.~ii"l~1un1,-ftn"M1LLt-i::,;r~u13J1e:iri1"i'1 6J LLt-i:: y.i1,-1ijL'ile:if 3 v.1e:i 2 v.1e:i 1 ~1'i113Jf111mv.3J1:: 

~El3J1U1"1fi!]i~L"ilU~1ll~L'l.\11U"llEl.\I A. Birnbaum ~3J tm~t-irlii'V-l11"1ijL'i!Elf 1 ~1i.~1un1,-,;r~U13J1 

1uw1X.\l~EJ;E1 Statistical theories of mental test e:iri1.\ILuua~,-::nuLLt-i::"il1mnuYiLL'iln~1"nut~r.J ... 
scores "llEl.\I Frederic Lord and Melvin Novick "ilElf".U 1".U (George Rasch) (1960I1980) ~~uh 

(Lord and Novick, 1968) 'Vl~.\l"il1nttu~.\liin1,

ftn"M1ii [J~" 1 uLen.\l'YlfJ "Mi) LLt-i::u1 i.t1t1iju~ e:i ri1" 

n11.\l"ll11.\11"1~ L~1 LL 'YIU Yi"il:: 1i'fl::LL U U1"13J~.\IUU'l..J 

LLL'l:: ~t'ilu (Wright & Stone)(1979) LLEIU~1".U 

(Andrich) (1988) 1uU"il"ilUU IRT i.~1'l..Jfl113J • 

. 
LL~ t-i::on El 13J L~ t-i 1 U IRT LL~~.\! fl113J ill,;ruf urnsYi'i!ftfi'M1 LLt-i::iin1,-rhiir.J"ll ll1 ll"ll El'l..J"li1r.Jfiaffu 

1"::'Vl11.\1~1 ut1,-f11~ (latent trait) nu ~L'lfi11"'il El'l..J i'e:iuB.\l:ff u ~" 1 ULL~"ll El.\l'Ylfl'MD LLt-i::n11"tl1"::~n'ilL°11 

~ e:i"ll El~1rl13J LL~ t-i::"ll El 13J L~ L'l Len.\! fl ru'ilf'!1 ~'ilff1 LLt-i::i.~iin11"U1 i.t11m u 'V\'\.b ll.\11U'YI~ ~El'l..J~"'1~ru ., 

1°11LL~~.\lfl113J&'3J,;ruf~.\ln~11~e:i tm~t-i le:ii."ilw ~.\IL-rlu ETS (Educational Testing Service) 
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' 
..r<11mhmTn~t1u V11m~ein11L~Emi-ir1 I Gf1"l.11 

q 

1un111<11fic;l1LLVIU·Jttu 6) "1Jel'1~~n11~el'J.J (hi1"1i L"liu th:LiiUfl11:1JGf1:1J11t11u1<11L:IJU~1'1 6) L"liu 

fl:LLUU'Ylnc;l1LLV1u-i 1ifi1fl11:1Jfl~1<11Lfl~eiu n11a1u n11L.:nt1u flru~i"l1Gf~f Lllu<ilu 
q 

L"liunu) Lrn:<il1 m Vl<i.Jfi iH1hLLfi1:1Jfl el :IJ~1 L~ eif fl11 :IJtlU<il 1 <ii Gf~iJqJ qj1V11el ~ ~ i:1Jti'Yli'Yl1'1n11 

(software) flGf1:1J11ri1mLfl11:~-iim..i~1u'YlqMi) L~t1u 

1 uiJqjV11n111<11~1-i 6) fl CTT i.3-1 Gf1:1J11tl'Yi1 i.<il Lia fi1itt1:1J fl11:1JGfU 1,, '\Al{l~fi11:1J"ll el-11,!flfl~ L .yjel 

L"liU n11Gf11'1LL'J.J'J.J'Yl<il&fel'J.J n11Lrit1'J.Jfl:LLUU (test i.hdt1-iru1un11tli''J.J~1"1Jel'1UnL~tlU LL~:L.yjelfi11 

equating) n11~11"il Gfel'J.Jfl11:1J~1 LB t1-i (bias) L~elnt'f1"1J1i-ir1fiL~t1u 1<11t11itl1:neiunuri:LLUU 
., 

"lJ ei-i"Ii el Gfel'J.J Lrn:n11'Yl <ii Gfel'J.J 1<11ti1 ifl el :IJ~1 L~ eif <i!1Ufl11 :IJGf1:1J11tl"ll el-11,!flfl ~it u 6) <il1 ti 

(computerized adap~e testing) n111<111u-iieid'Lllun111<11'r-lq~n11:1J~1:1Jtln~ 

(typical performance) JULL'J.J'J.J:U'mtlu:1J1~11 

' 
ffl"i-l(;)'Yl'l\l~(;)TI'lJTIT'iffTiti-1 ..ij'<i) elU~'J.J ~1 mh-i"ll el-'.! Lfl1ei-iij ei1<11~'1 L"liu Min-

fl11:1Ji''Yl1'1n111<11'Yl1'1~~ Lllutl1dt1-irumh-i nesota Multiphasic Personality Inventory 
'II 

ri-i~ei1-in11~nM1 LL~din11ii1i.tJ1imJ1-in11-i (MMPI)(e.g., Friedman, et.al., 2001), The 

"1J11'1:1J1~~el<ilL1~11u<il1u~1-i 6) ~-id' 16 Personality Factor Questionnaire (16 PF) 

1. 
Q...o A ~ Q...o ci; .::& d, 

n11GfeJ'J.Jfl<ilL~ein~Gf:IJfl1L"ll1L1tlU L'\Alel (e.g., Cattell & Mead, 2007), the Five - Fae-
"' 

tor Model (Big s)(e.g., Caprara, et.al., 1993) 
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