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‘_ * A. Objectives. = - . et
N : . ' ‘ . ) ) -
In the research proposal for this progeqt, a variety of tasks

-~

L.

. . : - -l

‘were outlined including. S _ , Lo

]

1. Algebraic formulation of a simplex growth model.

. 2. TFormulation‘of this model in the format re;\\?éﬁ\hz\~____(//
S JBreskog s LISREL program. :
b 3. Testing the fit of this simplex model. to a variety of
: K longitudinal academd c meaSures. X
. — .
4.-'Specify§ng implicationS‘for ‘the study of the determinantso
> . of academic growth,

~

. The* results for tasks 1 and 2 are given in Section C, thoséﬁfor .

<&

vtask 3 in sections C, D, and E, and those for task 4 mostly in -
’ ]

" section D. All of the original objecttves were apcomplished.

' Y

¥
'

B




l'o

‘\ ¥ « . B} QA\ °
- » ] »/\ Y .
TR Introduction . . . . . '
<. N . = g
. .o Since ¢ project of this type is“of 1itt1e value. unlesg its
.. . . Q P

. procedures are madé available to other researchers, the work was

" organized so as to produce publishable journal articles as sobn as
v ) , L y . A v.,‘
. the relevant results became available.® It is these articles which

N L}

.“

'gorm the basis for this report i. e.,'

©

1."Section C has been a&cepted by Educational ‘and Psychol;gical

Measurement with the title,"A Simplex«Model for Analyzing

.

o Academic’ Growth". \

0 . »

2. Section T has been accepted by Educational and Psychological

,® . MEasurement with the title "Analyzing Ratings with Correlated
Q- ‘_# - IntraJudge Measurement Errors . S

o ld. *Section D-has been Submitted to Eﬂucational and Psychological

. "L
N Measurement as "The Correlation of Status With Gain"'. 1

[ -

N

4, Section E has been submitted to Educational artd Psychologica&

Measurement asi"The géliability of College Grades from

. waongigudinal Data". ' ~ . AL T
s . k T
. It was considered desirable to submit all these articles to the same

v . ~ [
\

ournal mostly'because of the appropriateness of its readership, but ’

-, . alsb because these papdrs form a sequence whiche covers the various

. .
. 2 N [N - .

aSPECts of the simplex model. - -

i ¢ i ' ° . L4 o . . * [l




C. "Methodology of a Simplex Growth Model

-
) ’ . - ]

. v
e\ > . - _

Werts, JBreskog“ and Linn (1972) discuss models for studying growth which
require multiple indicators of the growth variable at each measurement period
In this paper ‘a simplex growth’ model widl be considered which needs only a'.
_single indicator at each measurement perlod Procedures for - testing the
simplex assumption anﬁ for qbtainipg traditional growth statistics are.
discussed. The s1mp1ex model appegrs to be particularly appropriate fer -

"studies of academic growth (Humphreys, 1960, 1968; Lunneborg, & Lunneborg,
-, 1970). JYreskog (1970) has provided proc@dures for, the estimation and

‘testing of simplex models. ' This pdper will analyze quasi-Markov simplex

models using a more recent estimation procedure provided by JBreskog and .
-.van Thillo (1972) which permits a less complicated and more fléxible formula-'
~-tion. : .

2

N

I. The Quasi Markov Simplex

. The oBSerVed scores ‘(yi)a are assumed to be related to their correspond- :
. ing true scores,_(nf). By the traditional equation: .

" v, =n, +e. ‘ ‘A L : I ¢S
. i i ,«1 . . ) ; . :

Lwhére all e 3yre independent: of each other and o£ all ny ‘\ JBreskog

‘ (1970, sec. 5 6) notes that the simplex structure among the true 7cores,cahr
be stated as - ; : : ‘ : ]

. ‘e ’ ) . ) : E K o . 2
r‘1+1 Bing+vtin e S , (2)

‘e Ll
’

" where all C; are'independentaand B, . is the_ true regression weight. As

noted by Humphreys (1960), equation (2) implies that the partial correlation
between’ ng and n is zero with N4l controlled. The special charae-

teristic_ of a growth model (Himphreys,. 1960) i's that siccessive n, have

the same units of;neasurement and the difference - (Ai)"between successive
“is given by: : o ) R .

oy - P

o
(=1

MygT Ny Ay -

‘It follows from equations (2) and 3) that
4 f (Bi - l)ni +‘Ci+1 .

’

~ -

II. Estimation + - ’e . o . .J\ '
Zstimatlion 4 L
In‘order to estlmate the parameters of the above mod/i %a general ’
- témputer’” program (LISREL) for estimating a linear structural equation system
. (J8r skog, & van Thillo, 1972) was Uself. ‘The following description is + ¢

provided by.JBreskog and van Thillo (1972 pp. 2-4):

° ‘e




"Consider raridom vectors (nl,nz,..-,n ) and g (€1; greeesb )

~

of trué dependent and independent vartables, respectivcly, and the following

N

system of linear structural relations

-Bn = TE + ¢ '_‘ , s o (%7.%_\ L : o-

- -..-........... .’, . ?
where B(m- x m) and- F(m X n) are coefflc1ent matrices and C = (¢ ,g ,..,,g )
is a random vector of residuals (errors in equations, random dlsturbance terms)
" Without loss of generality it may be assumed that &(n) é(c)'— and . 3v§
6(5) 0.." Ittis furthermore assumed that ¢ is. uncorrelated ‘with g and

‘that ?ﬁ is. nonsingular. -

The_vectors n and E are not observed but instead vectors y' =

(vl,y3;..:,yp) and § (xl,xz,...,x ) are observed, jsuch that
, Y= uwFAn A S S T e
C T . “;'Y“'h ~ . o o _ ‘
v ox=v R Eks \ : 7 i
lwhere p=E@), v=¢§E%) and ¢ and 6 are vecLors of err s. f .
measurement in y and X % respectively “The matrices A, (p X m) a d -
A (q X n)' are ré’gress1on matrlces of .y on ~n$and of x onﬁ £, . )

respectlvely. It is convenient to refer ‘to y and x as the cbserved
. variables and, n ‘and- g as the true var1ab1es. The ETTOrS of measurement
- -+ ‘are assumed to be uncorrelated with each other and with the true variates«

g c -
¢ { . * a p

‘}; .. Let .¢(nx n) and w(m b3 m) be the variance cowariance mat@ices of
‘¢ and ¢ , respectively, g%‘ and 96 the diagonal matrices of error

. L. Variances for .y and x , respect1ve1y Then it follows, from the above - j - o

. %assumptions, that the variance-covarlance matiix Z[p + q) X (pqﬂ q)] of

Qﬁ --'Qy )% )' is . _ ' _ o .
v .‘5, .- ’ . - - N ‘hn
- e (B F?F B' 1y 1¢B'{1)A; + og A B F¢A‘ e
B . . . \\‘ % =4\ . - , . . - ) (8) ' )
< Coet ) . =1, s . T
) B ! ” A ST'B- "A , A oN" + /’
. T "~Xen Ny _ X~ X - :
) ' . . e

The elements qf’ are\fuhctions of “the elements sof Ao A s B y

'E , ? , ?"-‘96 , and - 0 . .In épplicutions some of. these elements aré

f1xed ‘and equal to assigned values. In'partleulér this is so for elements
in A Y B .and Fd, buﬁ we'shall alléw for fixed values in the other

. matrices aiso. For the remalnimg nonfixed elements of f tite six parameter :
matrices one or more subsets may. have identlcal but uninown values. Thus. - -»

elements inp A s, l\}Q s, B, R, ¢, w o 96 P and” O are of three

kinds. (1) fixed Jparameters that-have bee% ass1gned glven-valucs, {ii)- con—
, strained 'parameters that are unknown but equal to one or more other: parameters
’ and (diii) frec;paramctcrs that are unknown ard not cofistrained to’ be ‘equal to
Q any other parameter.' R\ v a7 w

ERIC' T 8 o o A -

o~

. . - N -
r , < : .
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' Comparisoﬂfof equafibns (1) and (2% to the' LISREL formulae indicates
+ that for estimation purposes Ak s T, &, and OG are not required and may

T ~ ~

“be deleted, ‘using ' a program option which specifies no %. Comparison of
equations (2) and (6) indlcates that is an identity matrix. Equation
,(g) must “be ‘changed to i ny iil =T, to be in equatlon (5) format with &
T and E deleted., The precise form ‘of B will be . showu in the example following. g
A {> . ' ‘ : , o
III. Exampge ‘ : o T . Vo - o
‘ For illustratlve>purposes data reporLed by Bracht and Hopkins (1972)
Were anaiyzé@ using the simplex model. . These'data 1nc1ude standard déVLatlons
and ‘correlations among the composite dchievement’ scores @or elight tests in- .
T cludlng the Metropo}itan Achievement Test (MAT) at grades 1, 2 and 3; the
' Iowa Tests of Basic Skills..(ITBS) at grades 4, 5, 6 and 7; and the Towa Tests
of Educatidnal Development (ITED) at grade 9. Scores are reported in grade-
quivalent units for- the MAT and ITBS batterles. . . .

vf». st . . .
! . . R . .
' & . Y N

In the simplex formulatlon. . . S . S . ’
L a. The observed scores’at each "grade level are  * :
. ; ‘ - - . S . B
' Y = 0¥y s Yy 3 Yars Vg0 Ve VG 0 ¥ s V)
A 4 172273742 75760 772 780 .

- b, The errors of measurement at each grade are

‘ e' = le; , &)1 €55 8,5 Eg 5 Eg e, 5 ggls r . .
¢. The true scores at each .grade are © . . : °
D' = [nl 5. Shz ’%3 ’ n4 ’ n5 ’ n6 > n7 ’ n83’ } s n C { - ) ‘
«  d. The regréssion residuals apong ttue scoyes, (specifying ny = Ql) are
. o v S e o .
g- ’ ;_5"= [Cl ’ Cz K} C’3 ). C.lh’ CS"’ CG ’ 7.’ CB]’.
“e., In equation (6) Ay- is an 8 by 8 identity matrix.

LS - . -
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2 . v . o . ‘ . L
[ \\ N -8 " oy
Lo ' et LY - . A N
‘ ' \ ' 2 'l : m f‘ ' - o
" ’ \%V
, * Lo o
v.b . . . R © g A‘ﬂ . -
f.. In equatign (5) ' .
- L — , L — . )
1- 0 *0 -0 0 0- 0 O T
-B; 1 "0 0 0% 0 0 .0 '
o -8, L © 0 0 0 .0 -
i - 0 0. ‘336'1 0 0° 0 .0
B = . >
- N ‘ . N <
I 0 0. -8, I 0 0 -0°| - .
4 ‘ : e A" ’\\ o
e 0 ,0 0 =-B, 1 "0 0} ST
' 0 00 0~ 0 B, 1 0 0
" i B ' - . _. ’ ’
0 0. 0 0 0, 0 .0 "B, 1} PR

“

4 ‘ : : : ' Cha A N
g. -The variance covariance matrix, §y , of the {. is a diagonal matrix

i : X e
- : G - S A
with entries Vg . where 41=1, 2, ... 8,. _ S e
 h._ The variances of the eilarf : ; . o o _ .$i. .
© o < - - ~ C " . . ' N ) . s » L o
- 2 . ' .. ‘.. . ) - . A
o %" lVa ’,Vsz v Ve3 0 Veq > Ves > Veo > Varte Vesl RN
?ollow1ng Joreskog (1970) it can be shown that V g Bl’ vgl’ €2 "
and VCé are not. identlfied,l e.,unique estlmates canndotbe ebtalned L.
Identlfjcatlon of ald parameters was achleved by arbitrarlly ass1gn1ng flxeﬁ
' values to v 1 and V&a T K L , : g M‘“,
g ' B e < - ‘ z oS
Given these add1tiona1 specifieations, there are 8 ¥59 + 2= 36 distlnct
elements in % and 21 parameters to be estimated (6 \) ei’ . 7 B s #hd 8’ V ) . f
“which 1eaves 15 degrees of freedom‘(overidentlfylng restrlctlo&s) to test .
“#the fit of the model to ‘the data. ' . 4 .gﬁév , o .
' ’“; | ) Al
o g . ;
. IR g ¢ L,/
o ) ? R . . . I' .
; I . ,
L) L) ﬁmO . j / -
: /
L ‘ o ~=x ‘ . y C
. K P 4 N :- j
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in'the Brach and- Hopkins (1972) data is given in ngle 1. X
L SRECIICACE ' / . s . |
.‘l‘:' ot : ‘ X :g ." - [ \
M o Y -( .‘. {' R - ‘.
. .Table ij~;Oﬁeefvedéﬁdrianee—covariance‘méf}ig; ’ -
o . [ . - - B . iy
B . - ’ . . a . “: ;,-" — “
Y. Y3 Vg Y57 Y Y7 . Vg
o476 \) L
0,528 T0.792 . o» —
e <« ; R B X
. '0.551 0.782 1.020 - - e ) .
. . -1 . L »a. o
0.6846 ° 0.918 1.127 ) 1, 440 ;
0.661 = 0.942  1.158 ‘1.';406-;7:“ 1. 588,_- SR
0.705 . 0.995 = 1.213 1490 ... T.634 1. 90& )
2.168 3.208" ©4.005 . 5.006 5. 516 6.1l 26 523,
: ’ ) @ .. ‘(d'
3 \ : ";”.. . .
‘ (\) . ' s
) LISREL yielded the follow1ng maximum—likellhoodqparameter es‘imates V T
. . o . / (3 "‘4 - t: M v, . ':,‘j‘
_a. * Parameters iJn B : B, .=1.318, 8, = 1. 054 ‘B, - 1191, B, = 17026
. b v
e 6—1055ar\1§dB-3367 . o R
B A e . -
b.” Parameﬁkgs in g : é’ 049, V. = W137,'v, = 052 V = Ediji .
.V =001, 3 4 . Lhs ol Eet
% §7' i P - % o o )
b S ‘ ' 2 ’ i R I
c}f'Parameters.in~ Qé 2 (, 276) 63-— (. 222) =‘(_240§',
4 ) 4 . B .
= (.260)° Ve (.193)2 = (298) L

o

Panameters not 1isted are not identlfied
: varlanpe—covariance matrix among the true variables (qi)

‘The ob§erved variance covariance matrix (S) for the*eight varlables

The program a]qo eétlmates the




_&% s

a

" responding discrepancies from the observed vallance—covariance matrix, S.

A crucial part of the outpﬁt is the estlmatcd value of Z dnd the cor-

. I
these® are so large 'as to ipdicate an. incorrect.modcl then the above parameter
“estimates woqld haye little meaning. The residuals of" S - Z are given in Table
2. Because of the difficulty in comparing residuals between variables with .
" different Varlances, Table-2 gives discrepancies afLer $ and I have<{been stabd-
ardized to Qorrelatlon matrices. . Condidering ‘tlre falrly 1argc number of over—
1dent1fyLng restrictions (df-s 15) and the fact“that S is 4 mlssing dats matrix .
with sample sizes manglng from 300 "to 1240, these results indicate a rea%onably :
good fit of tbe\model to the data. The goodness of “fit test assuming a sample '
 size df 300, yielded a chi=square of 26.3 ‘with 15 degrees of freedom.. The =
probability of getting a chi~squared value larger thah that actually obtained,
_ given that- the bypothesized model is true is ¥ = .035. Because of the

“relatively Targe samples this statistic is of minimal 1nterest because quite
. .- small dlscrepancies will be statlstically signiflcant. ..

",

- “i ‘ ' \‘;"'h : o A’b ‘ < A_ff’* \ " }.’: ”é
: ; > Table 2. Residnals S. - ¥ Staidardized N
S E i »,&'. . })‘ . ~:; ~ 2 . T ’ b" R \)‘ !\' . . )
-o.ooo b } ' ‘;‘f?:" : ! [ i ° L} \[ Y : B | -
=0.000 ' o;.o;oo‘,.*; < T «\ 3 R T
SR L . i . e @ .'7 4_) o i
=0.006 - 0,00%. -0:000 - - I AT
0.027¢ -0.067> -0:001: .-0.000 o ) "
-0.003 , 20,005 ' 0.001 - (0000 .. 0.000° , .
. 0.013  -b.007 0.001  0.00], =-0.001 -  0.000° b
0.018.  0.002 " 0.003 -o;oos&g 0.004 ¢ 50.000- ° -0.000 '/) ' .
' 0.021°° -0.8%6  -0.028  -0.019 o 091 0.002  -0.000 -0.000
. - . . ' . . . > " 7 . ir' e
o s e, N .
ﬂ' . . < 3 ’n o ‘v' : &
’ 4. S [ J " 1 \'{ X‘ ' ‘ ’
- EE ;' o . -
Py ) - . o - .- Q}| ,
_ <N, . ‘ / ‘ ~ . :
R '(" - ﬁ'z - T ‘ )
} ) - '~'- ' .Q . | i . - A
. p ; ° . y ~ N “41 .- :
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- was used which standardize
among the -true variabies.

‘To . facilitate interp‘etation of parameter estlmates a program option

all parameter estimates and provides the correTation
These rgsults are shown in Figure 1. “Werts, J8seskog,
& Linny (1971) have shown that the correlation between ¥y and npz and between v

with ‘the correSponding

ygand n7 -are identified estimated at
estimated relmability of,each observed

«797 and, .881 resnectively).
variable :
the rellab

The

e

8 the square of the corrplation

é

rye score e,g. ity of yo is (.916)%2 &= *.839..
N - ‘The correlation betwee any-two nonadjacent ‘true variablestis equal to the .
[ product of the interve ing B . épu:standardiéeaB. (B ) are equal to the

. unattenuated corrclations (1 e. corrected for- gnreliability) between the
ST corresponding variables in: th model.. The average reliability for y; through ¢
L y7 1is° estlmate as .93 which compare$ with .98 reported by Brdcht & Hopkins -
R (1972) “Our’ lower estimate might arise, (a) becauSe of nonindepehdent . ‘
E .errors of measurement for the various” Subtests’ in each composito, rcsulling \ )
.in overestimaLeS of rPliabi%ity by the Pprocedure employed by Brachpﬁﬁ Hopkins e
" and/or (b) becanse estimates derived. from struetural models involving. - , -
'Etheoretical propositiops can :be expected to reflect both 10]13b11ity and © .

'validity ty

pe. measureme?t errors and/or (c} because the nmdel does not fit ‘

perfectly. =

W,. .

N
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IV. .GROWTH Statistics S _ . o
~ W . _ _ - - v,

: A grovth model requires varidbles te have the same units of measuremeNt
over time. This’is necq&spry'ih order for the difference bet®ween final and

, initial status to’be meaningful, i.4. subtraction only.mukes scnse when the

v units are the same. In -the example analyzed in sestion III the scores for -
the MAT and ITBS batteries wére reported in grade-equivalent units? Whether

the ‘units are in fact'equi&hlent-&yer &g is unkndhn,‘%owevnr for illustra-
' tive purposés they will be' sb treated.  /\' v AR /
‘. h - N .u' : . T ‘; . . . : . . : .
- * . The variapfce-covariance matrix for the frue gactovb.('ﬁ) is the basic
.datum for computation ‘of growth statistics.’ Werts, J8reskog, § Linn (1972)
have shown that: a, the variance of -tHe -gain scores, VA may-be estimated

Ld - . A P . ~ ~ » 2\ K ~
: . . i ot
from V =¥ +V .~-’ZC(|"] Neyq) | : S - - :

I T SRR ) U ‘

- . . .

T 3
1) is the covariance between m, and n

where C(ni n 1 Ni41’

it

b. Ehé true coffelation of status with. gain,
| p(n, &) is glyen bytJ——;——- L v,
~ . A g ~ _..‘ P . | . . c}
p(n:ifA:i.)Jm (91_712 ! vni ) VAi" " (10), and - >
. € the reliability of gain 'scores, Py is given by:
’ . ' pA = ~ : : (]’l)‘ ! '
» : he # v, + v+ v , :
i €1 a4l . ‘

o e .
The estimated ,variance-covariance matrix among the true variables.is

glven in’table‘3 &xcept for the unidentified variances of n; and ng.
Tor this reason no growth statistics involving n; and ng§ can be womputed.:

~ Comparison of tables 1 and 3 will show that' the covariances beftween the  {
true’ variables approximate thesé between the corresponding observed variables.
If the model is correct any discrepancies Would be ascribed to sampling

, errors since according to equation (1) the observeg and true covariances

~ should be identical. :
< - Y

o

-
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Table 3. Vériance,—vcovariance'Matrix‘@nmng True Vaniablés

vy

<
.

o T

B 1

0.257  0.400
'0.336 . - 0.527

(}-:962 ’

N0 '1 127 -"'372 |

“§.a287 . 0.940 . L.156,  1.407 ;/1@.'550 : L
0.452)  0.703 .99 1.219  1.484  '1.635  1.815
1.521  ©2.368 +  3.339 4004 4.997 1, 5.505 6.1

a
B3

#Not ideqtified‘

“ The’ results in Table 3 were used in equations (9), (10) and (ll) to compute:

"the growth statistics presented ifi Table 4. The average true correlation of

status witﬁiga1n is estimated to be .39 (Pisher s Z transformation used for )
" averaging)./~\The average. rellablllty of galn scores i estimated to be .463i.e.,
*.the o¥der of magnitude of the true change variance’approximates that of the
associatéd errors’ of measurement (O?) Taple 3 could be used with equations
(9), (10), and (11) to. coqpute change statiqtlcs betwonn ‘any two true yariables
g.g. the n7 - ny period yields a chanpe variance: of .809, a'correla;}éﬁ ofw t,

status with gain of :533 and a gain reliability of .831. The mednl afulndss Z‘
of these statistics is dependent con the correctness of the assumptlon of A
equivalent units of‘measurgment over tlme. S

<3
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V. A Structural Model for Growth - . S .
: . & . . . N ‘ - v‘:f ti ,.
The above ebtimation model used %nly the simpiex equations (¥) and (2). .

_ For estimation purposes equations (3) and (4) could havé been uqed directly to
. .define the model. -+ It follows from equatlono(B) that

. - . e S Mgy =M F }; by An ghich
< case the vector of true variables becomes;' %j~ ‘ R K
. . "g - . . v,
~' S D '::\(:nl’ Al, Az, AA3, A.", A.S', AG, AZ) and -
‘ . ‘ v ' e ) o %
i I IO R o1 . o . ; ) \
. ! Y 5 & , and ¢ remain the same as before. Eqtation (}) becames:
. . RO _ ' . B G .
. . ' . i o , 4 ll ja
o= (. +T48)%e (12) & - . 4
?1 = i‘ 14 i % i ‘N/ ‘ -0 vo . >
and_equafiqd 4): 3 ' ' N
. - p
¢ . ‘ o i ) /_1 . ) wmpe et "
. : - ' “ QT' - .
o Y <B D g ko) cm SO
Transﬂatlﬂg these equaglons into equatlons (55 and (6): f ’ 'l
: '; ',. \fG and~w ggmaln the same& It follows from equation (12) ar et
~E .
J;in‘the example: - - if:}- S N | ° o ; A B
~ »;‘E \ '._ -
"1 0 0 0% 0 0 O .
) - 2% s . Vo ¢ a
1 1090 0°0°0 N
. ]l'1 1100 00 0 ’ o r— ,
SR T A , 3 ‘
I 4411 171 0 0 0 of ¥ .3 =
ab ya = b L N
-y ¥ 1 1110 0 0 L . \
2 ,l1 11111 0 0 s o ‘
Y < v . %
111101110 - _—
{ 11111 l 1 1_J;ﬂ ’ -

b,‘t

Transla%ing equatlon (135'aﬁd_def1nfng bi = (Bi - 1) :

,1 .—} 0 0 0 00 0 0- ‘g , . f ’ ‘ ‘:30
P b, 1 _‘"0 o ,0 000 - | . o
by byt 00 0 0 0 , |
1 . _ . .
. ~' 5 b3 b3 ..bl3 V 0 0 0 0 .“’“ X
._ﬁ:_ . o b, b, b, b, 170 0 o0f. i |
(b by bolbs by 1 D 0 . "L
: b, 1 0
! bs D6 P6 P Pg Do . ] ’
Q ' b, b, b b, b b b1 ,-E; ]
ERIC - 17107 T | A
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This model is simply a linear transformation of the prQViOUv model, has the '
same number of parémLtels to be estimated (v ]& V &% arbltrar1]y fikcd), and |
N

the model: should (and did) fit the data to the same degree as in the pleyﬁous

_analysis.’ It should be.noted however that this formulation required use

- ifin B ) of the LISREL opLion permitting. paramptels(to he: Spcc1F1ed as* equal

N
The variance—covarlance matrix of the #rue varlab]es (L) in the growth\\

Y . formulation yields ‘the estimated true change variance - (V ). dirqctly..

2

\ ' . ' m
It is reasonable to use jhis formulation in conjunction with the prev1ous
formulation to obtain the change statistics. Also of' supplemental inLerest
is stand rdized € which gives the correlation among the change factors
‘as shown in T2 Lp 5 (Al nd A7 areé not identified). , It can be seen that most’
of the correlations are Low positive. Diffeggnces between these, dorgelations

. are difficult to interprqt beca0se°of fluctuqtlon én the’ as$0c1ated change

variances. v | S . ,

o~ - [ ) X B . ’ e

.« S
e : v o h - : . - e

~ » . ‘

- : : ' : L a : M ' P

Téb}é'S. ¢orr§lations Aong True Changé Scores = o

| . L a,

d N & ! .
% 1.000 : o
: v R ' 3 <
A3 . L1046  1.000. ] ,
Ay . .460 T 2907 1,000
‘b5 . .069 . .044 .067 - 1.000 7
Ag 162, .102 o .156 ©.077 1.000

»

@
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" VI Estimating TrueinoWGh

Werts, J8reskog and Linn (1972) give a proccdure for ostlmatin" true
growth scores ftom all obscrved measures in a: structural model. The basic

. problem is to obtai Variance-covarlance matrix for the obnervcd varlables
.+ and the true cliange £o be predicted .e.g. take Ay, = ng — ,ny as the wvariable ,
to, be predicced followg from eguatdons (1), (2),, (3) and (%) that the
covariance’ bétween the Yy and are given by: , - -
. C° : ' ' . " ’ W’
' C(y1 Ay). = [By - 1] By B, C(nymy) ‘
- < . Qm ' ‘ ] ) o
Clyz Ay) = [Bq - 1] B3 By- Vftz | , e L
s L Clya ) = - o ¢ o
C(Y3°Ag) _EB“ 11 B3 6;3q o o . e , . o
P-, C(yq A )r = ‘:{B—‘ 01] V - o «' E S °
i 07 Chsidp) = [By S1] Vo4 v
N . B L L by ' T R
Clye:44) = Bs C(ys 8y) - SRR ’ - (

j;. C(y7 Alp), "Bg C(yeAq) . S o I

Ckye Au@—u/B’“C(w AqY c e i X S
NECER ’ ) ‘ - .
e For tbe purpose of estimating Ak it is. approprlate to use the estimated ° R
' variances and covariances among the vy as, obtaingd from ; ather than Lhe v
observed matrix because - 15 presumed to be the best popdie;ion estimate v
of these values when the model is-accepted. The resulting %ariance-covariance _
‘mAtrix is, given in. table 6 (n -standardized form to- facilitate interpretation. - ‘
) LISREL was then set up for: the fggresslon of A, on the yfﬁ The Y predicted "

> . .
&3/ of the variance 1n Ay . Alhls is not much larger than the 59% of the
- f}’ . T . . N 2 . o .
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varlance predlctablc from y4 and y5 dlone becauee the %ellabllmties of
yﬁ,and Y are quite hlgh Note Lhat the Ay, rellablllty of .39° is not

directly comparable to these figures because rcllablllty corresponds to .the
sproportion of observed variahce predictable fraom the true score whereas our.
. procedﬁre is the reverse. . ) o

-

-

- VIIy Discussion R : ; ’ : B %% s : . )

. . v
. - Sy e ¢

2
In order to uridérstand the value bf the quas1 Markov simplex: model for
studies of cademic growth it -is useful to, detall the rationale behlnd the
»estimation<§£ the reliabilities of each time. TYor, exafiple cofsider the'

'vrelmhbllity for\y5 i. e.. the squared correlation of y5 and ng.

leenuone measure prior to the fifth grade (m = 1,2,3, 4) and, one measure A;
subsequént -to the fifth gfade (n = 5 7,8) then in the s1mp1e7 model ~the ’
«rellabllity of y5 is* . . o . o,
g P Fooo ' E : . o
- ot g ey ys) pGsy ) T - d
<o eosmet = B B L
p(y v, '

. : . a ' C

When the model flts the data the 1mplicat10n is that excopt for samﬁllny
variations the estimat®s of p (ys n5) derived from the various combinations’

- of Yo and Ya will be equal. The greater the numbcl of consistent-estimates

-(m X n = 12), the akre gcnelallzable the results are ]1kely to be. This ,

method contrasts with the split half ‘or parallel form methods of obtalnlng
test reliabilities which provide a s1ng1e estimate which cannot be rejected
because of inconsistency ‘with the data (i.e. it is "just'" identified). The .
split half or parallel form procedures involve almost identical item formaL°
-which could well lead to overestimation of rcliablllty because of the’ presence
of "method" variance. The simplex model approach is less subject to method
varignce because over time both item format and content chawge. This is |
probably the main rcason that in the examplc the reliabilities from the
simplex model were less than that reported ‘in the data sourdce. p

¢ £ . N
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- correlation betweep initial intellectnal status- and subsequen

/..2
2 ' lectual growth it\is necessary to have measures expressed in *gning—

B
.

or abcurate reliabilities. ‘Because error—free. measures are'nQ--

v .o -

: (fﬁ-f{;- coefficients% However, as. Lorg Ql963) has?ﬁoted, the need to make
q t : ! o N‘"‘l . ’
’ - ° B Q . € ar *o .
’ ' correctionsffor attenuation "....poses somewhat of ‘a dilemma, since,

N
7

first it dis ‘often hard to obtaln the particular kind of reliability

.
-

P ‘ coefficients that are required for making the appropriate correction,

and the correction'... may be serlously affected by sampling errors’

i

Because of the fragility of gain scoreg it is particularly important

‘ to have an accurate reliability estimate. As pointed out by Campbell

* " and Fiske (1959) procednres based on similar measurement methods

: (e.g.g the usual internal consistency or parallel,form reliabilities)
N . ’ ) ’ - . . ‘
will be biased because,of me thod variance'(i.e. correlated measure~: -

o . .

‘ ment error). In this paper Unreliability.estimates will be generated-

- . , : o »
using asprocedure less subject to method variance whick is based on

the simplex model (Humphreys,'lgbdj. ' s

. : ’ ! : .

* o
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R T Method T - ‘ " .

{ The analytical procedures used in this paper are detailed in R -
. | B
. Werts, Linn, and’JBreskog (in press).’ A generaL computer program for

estimating a 1inear g?rubtural equatiomhsystem‘involving multiple_'d )
¥ o

indicators of unmeasured variables called LISREL (JBreskog and
van'Thillo, 1972) was:used’for all cdmputations. }‘.:,’J: : {d"fu ?:;C:
The basic m;del used in the analySes is called a quasi Markov'r

2./ simplex" by J&reskog (1970) Each obServed test score (X ) is assumed
R to consist of a true component (T ) anﬂ an independent error (EII**v"

X"T+E

o 1 = Pt s S LT
" where the. d residuals are independent. ' The reliability fﬁii) of p'

| R
_an observed‘xi is equal to- (nﬁi,(m>i): S @ =
R, = (R ‘> : b, ai~
. Ryt R RDRL ) ‘ o
where Rin is the cprrelation ‘o_fvxi and a prior measure hh’ Rimtis«uFi

the correlation of'X, and a later measure X arrd R.nm is thevcorre1ation

i A . 3 my .

-

-.of Xh and'xma If there is more than one observed score prior-to'or

- following Xi . then there will be more than one possible estimate of
. X : : .

R, 5
ofcR will he equal within the

]

If the simplexamodel fits the data, then all possible estimate%_
iZ§SEs of‘sampliné error. It foiiows

from eqﬁ@tion (3) that reliabilities cannot be estimated for elther
the first or the 1ast measures. When successive_measures are on the .

]
.

e

s

.
2

g
&

. "'A"‘{/‘".Q

All of the E agg assﬂmed*independent"and successive_."Ti are related '

‘ ' o a

by the lineax, negression equation."p_ : : : o
o =bTAd, @ T




.})

e same scale, then changes in successive true scares (A ) over time, Y

T are defined by. T Ay s T,+1;“'Ti. For a“alytical p“rp°3es’ estimates

‘4

W
 ®of. the variances (VTi) of the Ti. the true regres31on weights Gﬁ ),
l_:v s K

. the reliabilities (R ), the ‘true change-variances (VAi)’ and the T{

true cérrelaoion of status with gain (QTiAi) will be moSt rerevaJtJ

JData . - 0wy T e N
. e U8 b.-' «“ ‘ ."v.,” L A Lo o T

'S AR '
The data for this study were collected in a ten-year longitudinal

BN > /

fstudy of academic growth at Edﬁcational Testing Serv1ce (Hilton, Beaton,

~ and Bbwer 1971). L ﬁ,;“‘a "_f”'- . . . A a\~

The School and%gollege-Ability Test (SCAT) and Sequential Fest

v

" .
of Educational Progngss (STEP) were given in the fifth, seventh ninth

.o O
and\%leventh grades. SCAT was: des1gned to measure basic verbal and

7 -
a4

quantitative abilities and providés Verbal Quantitative and Total
scores.{ STEP- was designed to measure skills and problem—solving t L E

abilities which are generally conaidered maJor goals of educations and“‘

-

. \yields six subtest scores‘ _Mathematics, Science, Social Studies,
Reading,.Listening and Writ{ng. The analysis was done on the 2,483 o -

students for whom SCAT and STEP- scores were available for all four '

v 4 P

grades., The variance—covariance matrices for these teg% ‘scores ig ’

~

‘given in. Table 1 in which the first four columns give the variances

o .

!, . for the four occasions and the next six _colimns giVe covariances

& Loy & i B o ‘é;}' A . - [ ' :

: between ‘these occasions, ST , - , C e

v A(b';@'
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"fit to the observed data for the four occasions.

P . . - ) <

Testing the Simplex\Fit For Edch Test .

The most cruciai\éjrg'of the analysis concerns the fit of the .
simplex model to the a. If the model is inconsistent with the data,

then pafamecers'estimates'are meaningless. JBreskog's LISREL pfogram

- provides. a large sample chi-square statistic for testing the ‘fit of

A

. the model to the data. In éssence, this chi-square is a measure of

-

how close the "reproduced" matrix is to the observed varianced-

t

covariance matrix. The "reproduced”" matrix is the matrix generated

by the estimated maximum 1ikelih06d parameter estimates. ~Wheén sample
. T ‘ & ~
sizes are large, as in this case, quite small -differences between

«

the observed and reproduced matriées will be statistically signjficant.

“To help jhdgé the meaningfulness of‘these differences, '‘both matrices,

a (I y

were converted to correlations and the root mean, squiare of, the i

. °

differences between the observed and reproduced éorrelation matrices
L) B '

o

. 'was calculated. - - R : . .

. _ S 2
In Table 2, the chi-square is given for each of the tests.

The Science and Reading subtests show a statistically significant

-

lack of fit as seen from the significance levels given in the second
column. Howeve®y the root mean square difference-between the corre-’
sponding . observed and reproduced correlation matrices is only .005

and .004‘ﬁeSpectively; Such smail diffg;ences are clearly not

meaﬁipgful.. We conclude that the simplex model provides an é&cellent

r




TEST - Basic X2 " BASIC P " RMS Residuals
q '

. STEP: | ot )
| Math 0,17 .683 | 001
: . Science  5.39% 020 s .005 L
~ Social S. 3.09 o 079 . , .03
Reading . 8.06% | | .005 ° 004
Listentng  0.53 . - 468 . ©.001
’ Writing - 1.06 o .303 .. ,..002
SCAT: * ' o . "0
 Verbal  sas 140 B .001
Quant. 0.24 23 e -~ .001

Total 0.00 .973 : .0Q0 -

* N »" : ) .
o
& . ) -
) . B , e
¢ . o, ? . - /- .
.

. -~ Table 2. Chi-square Goodnes %;.t Tests )

L

. *Significant at: the .02 level or better wﬁen the x2 is t:est:e.d wit:h
) one degree of freedom. '




~

. Estimated Growth, Statistics

g
» p » °

M -‘
« . 3 sl

a

Using formulae from Werts, Linn, and J8reskog (in press) various

growth statistics were estimated. Since the reliabilities for .the,

¥ .

"&‘ . . . .
fifth and e-fjfnth grades are not determined by the model, it follows

¢ .
Y

1, VIQ, Bl, Rll, RAA, VAL’ v 3, P11a1, PT343 eannog

be eafimate&. v : '

that VT

e

Pdrameter estimates.for each test are giyen in Table 3. - Lt can

o

be seen tha; the true variance increases from the seventh to ninth
) . .. N . -
aggaaes (i.e., VTZ to VT3) for all tests except Rezding. In inter-

préting the seventh to ninth (Bz),and ninth to eleventh (B3)grade

¢

true regression weights, iteshould be noted that a weight of 1.0

'means a zero correlation of true status with true gain, a weight

~

‘greater than 1.0 means a positive correlation.and a weight less than
. 7 tog R, i~ .

1.0 meansia negative correiatiod. B2 and B3 wvere tested to.see if ;

“~a

. they were significantiy different from 1.0 (Werts, Linn & JYreskog

LY

in press). Thése results (Table 3) indicate that B2

is less thén ”
: _ %
3 is less than 1.0 for Science, Social

Studies; Listening'and Writing. The significance test for B2 = 1.0 .

1.0 only fa. Reading and B

e significancé level for p in the last colum of Table 3.

" T202

The true change variance from seventh to ninth grades V,, can be

A2 <
compared to the sum of the error variqpcgf for the tests at theséa\\;;//‘

’

, times (lafeIled V,. in Table 3).

30 .) .' ) <

hY




The'reliability of these gain scores would be Y

22% Va2 * Vg,
can be observed that the true variance is quite imall compared to
: o .

able for the SCAT subtests. This is a function.of reliabilities

and merely points out that obtaining accurate change statistics is

a 4
o

possible gply with highly reliable t::¥s. ‘
QJ Tt ’ .

o - . [ . >

b

It

the error variance for the STEP subtests but is much more compar—




> .

B

~ freaT3dedsax T0* pue ‘T0° “‘€0° “00° ‘Z0° ‘00° ‘00° .wo. Jo sTaasT mommUWMﬂamﬂm

93ewTx01dde YITA €£°Z9 PUB ‘BE°8 8L°9 “ZE'Y *EH°ET ‘9%°C.‘Ev TI ‘90°TI8 ‘S8°Y 91sm T = g 3urasay

103 @21enbs-Tyo ayg - *4A[aATIdadsa1 00 Pue. ‘00 ‘€0° 20" ‘SS° ‘00° ‘00° ‘00° ‘€Ec IO ST34°T

. SPUBDTITUSTS YITA 79°0LT PUB “/T1°8/ ‘06°% ‘I8°C ‘T19°0 95%9G *9%°GT “0°GL ‘Ty* @iom T = °g
wﬁﬂummu mnow wumdwml..nﬂo w-.E.. .moﬁmoﬂwﬂ.ﬁmﬂm wo Hm.PwH MO. mﬂu 1 auo EOHM .uﬁmumww..nv %H.m,mo..num..nu.mu

. . . . . i .
\ . i mmumsﬁuwm‘umumEmmmm‘voosﬁﬁmxﬂq WNWIXEBR -°€ 9TqBL . S :
€zv'+  6IE°6T  T€9°9T 626"  T26°  =880°T. »0LT'T  €62°9%T ~ O¥8°S6 Te3oL .
0LE "+ 8€¢2°8L Nn%uhmaw 1€8° 96L"° #670°T %L6T°T 6£€°122 690°2€1 “Juend
: . N - ono N . . ) . ? .. “
880+  6ET°6Z  %89°€T  L06°  %26°  %QE0°T +L20°T  LEL°99T  SBZCHI Teq13) N
. ’ . ve
“ ) | . , o S . :IV0S
L6SF+ ¢+ ET9'ETT  LEE°9T - T6L°  SI8°  %€96°0 x%%0°T - SOT°8%Z  8€0°€Tz . SumTam .
. .. -~ . L » N .

. ) 9
.wwo.l LT9 %L £88°¢C1 €08" A% #C¢16°0 L8670  680°2LT 966°€9T  3urualsT]

Lyy = GTIS°90T , TT6°8T 96L" 618~ #*C%0°T . %9[8°0  966°€0C T6LSYe Surpesy

97T+ 4ST'IL  TST'4T u._@ow“ . 668" 19670  %0L0°T  ZSE'6LT,  STO'SYT 'S TETO0S
oWyt L9189 LOT'ST  T6L'  SSL°  #[28°0 x86T'T  TSL'OYT  690°%6  oUSTOS
150+ wmoNﬂm L60%0T. 208"  €SL°  xLy0°T  OTOTT ~ TLL'LyT ooo.mmw v qeR
. . _ o | L d4a1s .
Tz, &y N A > 3 z s 2L

A A 4 e q Rt 1A ia 1S3l

A\ ]
Q
1C

Aruitoxt provided by Eic:

E




T L o Ty

. u v
- Hethodological Considerations ¥ - » '

/
As noted above the true change variance is typ%cally small

‘_/_ compared to the observed variances or the estimated error-variances. - )

This means tQ\t accurate cerrections for attenuation are essen@ial :

since a small or moderate error in estimating unreliability will
. \ ’

normally result in a relativély 1arge error in estimating true

. . o ., ,‘i’ﬁv

" avolve split ha1£ or parallel form methods which involi! almost

change variance. . The usual procedures for estimating re1ia?/}ity | .

.

# \

/k/s' identical item formats which could well 1ead to overestimation of

-
o °

reliability because some of the item covariance is due to "method"
variance (Campbell and Fiske,'1969). The simplex model approach
"is Jess subjectAto'method pariance becafse ouer time both item ~
’format»and contEnt change. - This is probably the‘main reasoﬂ that

reliabilities from the simplé& model are usually less than those .

reported by the testnmakers. It is not unlikely that ‘many studies

.of the determinants of academic growth (or change) failed’%o find

correlates of change because of inadequate corrections for unre-

. ; )
liabijity: e L

The first crucial step in any study of &chool effects is to

measure the“changes or growth in cognitive‘shills during the pericd s —. .

.
- of interest. In other words it is necessary to know precisely'a 0 _/i
- R persod's skills)at the staxt and at'the;end in order to specify '
what masblearned during the period. Thorndike (19661 pointed-out o
+ . that this requires having the initial andAfinal meéasures in. g o

o N .




A
meaningfully equal units which refer to identically the same - ¢ !
Qttribute of the individual. The logﬂc'of this requirement is |
aimply that if the final score is 7 pears and the initial score
is 4 applee~we can neither’specify the number of pears nor the -

. number of applée gained during the period. For example, if the

N %
final gset meaSures neasoning ability and the initial test rote

memory it vill be impossible o know how much either ability has, ' . .

o progressed in the interim If tﬁe final score 1is 7 large-apples

and the initial score 3 small apples, “the ‘:hange is at leaste4
large apples.. However, if the final score units vere small .apples

- and the‘initial score units large apples, the gain ié difficult to

g
»

speci fy. Thus even if accurate corrections for attenuation -are
h

possible, growth may bW easily obscured by problems of scaling the

units of measurement over, time. : : ' ’
. . . 5 . ¥
. . - b

° The results in Table 3 should make it‘clearvthat the obserued

’

correlations can have a simpl2x pattern wheu the true correlation of

status with gain. is positive, zero, or negative Assuming independent

.

errors, if ‘the true ,gain is’ uncgérelated with true initial statusy

B

then the observed correlations will have a simplex pattern It

does not follow, however, that if a simplex correlational pattern
/\ -

is orserved'that the correlationmof atafus with gain is- zero as has
heen sgggested By_Humphreysu(lgégz: Andersen, (l9§9), and‘Bloom‘Sléﬁé).
Furthermore, th resultS'in(lable‘? suggest that there may not be

- a single t;:e correlation between'intellectUal gtatus and intellectual




L -

g;0wth. The status gain corxrelation-of +:09 for SCAT Verbal and o

Lo +.37 for SCAT Quantitative based on_quite reliable- tests, suggest -
that learming quantitative intellectual skills may be more dependent

on rrior learning‘than verpal skills.
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E. Anaiyses_pf Lonéftudinal Grade Data oo

v

»e

N . ) "\ . @ ' poR
Humphreys (1968).notes that the correlations among eight semesters of

undergraduate grade-point averages have a simplex form. DBy this h% means
. that the farther apart.thé'averages are in time the lower will be the cor-

relation between‘them,f‘Fﬁrthétmoré, Humphreys (1960) notes: . "If one is

_sufficiéntly confident that the variables do form a simplex, a reliability';

~

i -

* estimate can be obtained from the intetéorrelations of  the variables." In:
., . i )

N L

this papet a procedgfé developed ?y.JBreékog_{1970a) will be used to test

o . : . L pi) : PR .
_whether Humphreys' (1968) college grade data form a simplex and to obtain-

I Ty . S
‘estimates of reliabilities and unattenuated correlations beiween grades.

! |

s

I. The Hodel ' R *
& .

1

. The model uysed by Humphreys is called a “quasi-Markov simplex" by -

J8reskog (1970a). In this model each observed grade scorg\_fxi) is conm-
- e ' rd '
. posed of a true cémponent (Ti)-'and‘an indepeuéent error (ei). of
L ' ¢ ‘ '
measurement: . e - ®

xi =T, +e | - . ' B ' (1) o

* ]

-

All,oﬁ the e, are assumed independent and successive Ti are related by : !

[N

" the Iinear regression equation:

<

J T = BT 44 . o N @

. .

«where the _dfa residuéls ‘are assumed indcpendent of each other. - . .

In this model ‘the reliability (rii) of an observed “Xi is equal to

) . N V v . b ' ’ ’
(n<i, m>i):’ _ , , :

Tin Tim g ' : ' )
. r,, =—= : . - : o . :
T U B ®»
nm i \
- N g . ’ . 2 - . -4

-+ Y
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.- - where r, 1is the correlation of X, and X r, is the correlation of X. =~
g\ in . d ¢ "my  im R 1

and X and r is the correlation of X and X If there is more than
- m nm . -.n m

.
~

| ' one observed score prior to or following Xi then there will be more than
. . 0 X - .

" If the simplex model fits the data then
kL. - ) . B

L)

~ one pos%ible estimate of r

all the possible estimates of ;ii will be equal within. the. 1imits of

~sempliniz error. It follows from equation (3) that reliabilities " cannot , 4

" be estimated for either the first or the last observed measures.

.

JUreskog s (197oa)pmocedures for the estimation and testing of simplex

&

models was used. This method prov1des a chi square goodniss of fit test

and also shows hoW well the estimated parameters reproduce the observed

Acovrelation'matrix. The details of this analytical procedure are

beyoud the scope of this pdper,

N . . ”

IT. Analyeis
. N ' L

-

The correlation matrix ;ghown in Table 1-was obtained from Humphreys

-

(1968, Table 2). The variables include eight semesters of grade-point

averages, high school rank, and composite score on the American College

°

' Testing program tesLs f T approximately 1,600.students at the University of

Illin01..». . - ) T N— o °

.
- -

. ) A, Simplei Model for Eight Semesters Grade-Point Averages

a . ,
The initial anylysis was designed to test the fit of the simplex wodel .

to the correlations among the eight semesters grades. The goodness of flt
. . t ‘h_ .
\' test yielded a chi square of 23.91 with ‘15 deégees.of‘fraedom. The probabil-

P v

ity of getting a1chi§squared value larger than that actually obtained,

LN "3
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’ S -
' & . . .
o R oy
% mablel o
. o Correlations among Obser¥ed Variables ' h
3 ' X t ‘
o Ko T Ky Xy X X X X X
X! . : 10' o
JE o e%3 Lo _ ) | | o
Xl ) . -387 - -375 1-000 ~
X, .341  .298 . .556 . 1.000 LA Do
X;  +278  .237  .456 490, 1.000 -
X, - 270 .255 . .439  .445. ,562 1.000 - o
. Xy L2460 L2388 L415  L418° .496 - .512 1,000 * & -
. ) ) ~ 'l'n . a - . . .
, Xg  +256  .2527 | .399 .383  .456 .469 .55L 1.000 o
X,  .240 219 .387 . .364 .445  .442  .500  .544 1,000 f
Kg - .222 173 .342° .339 354 L416  .453  .482  .541 1.000
. 8 . ) : ‘ ,
.Noteﬁ_' XO 1is high school rank,- X(') + ACT composite score, and
Xl through XS" “are eight semes‘;teré grade-point averages.
. :K‘w ( \ ) h .
a ‘ ~ . |
. o R t!
\ \‘

N




giVEhkLhat the hypothes1zed model is true, is P = 0. 07.. Eséecially ‘con-

'sldering the large sample size, tLeae rcsulLs are consistent with the . 0

hypothesis that- -the s1mp1ex model provides a good ﬁltgggﬁthe data. If “the

_simplex model is reJecLed, est’mates of model ﬂarnmeLersiwould not be . —

~ . . ¢ L °

relevant, The est;matedupaname'ers _ shown in Figure l, include

‘ o

cdrrelations befween X; -and T “and” the correlations among the Tyo.

_Reliabilities are equal tothe square of the correlation between tho cor~

respondlng X cand T 3 e.g., ( 754) = .569 » Altliough not-showﬁ,

i %22
the correlatlon of Xl with T2 is .737 and of X8 w1th T7 "is . 694,
) ‘c“ - .
The maximum 11ke¥dhood estlmates glven in Pigule 1 could ‘be used to gener- .
- ate the correlations among the observed varlableS‘ e.g. d -3“ (. 754)( 838) (. 758)

\479. The estimated c011e1ations generated in this manner differ from the

Y . [N

obselved cor1e1at1ons only because of~- samplinp 51f%rs, if Lhe model is
correcq. The estimated correlatloqs are therefore Lstlmated population

- values g1veﬁ the simpley model.‘ in Tahle 2 the d1<crepanc1es between

i

the obeerved and the estlmated correlaLlons are shown. The sma,l1 °5ze

of these d1screpanc1es is cons1stent with the chi square stat1qt1c in
"\
suggesting a good fit of the modef’ to the data. Unlike the~chi square, -
o . .

however, the discrepancies do not increase as a function of the sample
size. T : . - ’ CT
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Fipure 1. SimpTex parameter estimates
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_-000
-.002

~.011

 =.009 ; -.018

012
.023
.037

.025

o ram = b

;094

.008

.002
e 006
.003

012

!

Table 2

_Correlations -among Observed: Variables .
— v R
A T T
e
.002
.008 .008 -
-.002 -,002 -.002
-.010 -.011 ,007 -.001
‘o
1012 ""-004‘ "'-005 -005 -010 ‘. e
.006 .007 -.000"
b .

=

2

iscrepancies between Observed and Estimated




. V -lala\ . ,
LI . ’ » - ..
. ) -
/. ;
" B. Assumption of Lqual Reliabilities - I
" The data led Humphreys to believe that the reliabilities across ?

semesters were-equa}?° JBreskog's (1970a) procedures allow this hypothesis

to be tested betause modél parameters may be constrained to be equal.
Bacause of special fedturiS-of J8reskog's simplex analysis the reliabilities

Ld

y

M s

vgould not be directly copstrained,'however the samé ef'fect was obtained by
setting theierrqr variénces equal. As a result of these constraints fhe chi
squh;e inéreased to 26.08 Qith 20 dgprees of ffgedoﬁ. The iﬁéreéae in <chi

- squaré of 2.17 (i.e., 26.08—23.91)‘Qith 5 degrees of frecedom {i.e., -20-15)
is én appropri;te test of theegqual.reliabilitiés h;pothesié;‘ Since the
prdbabilityfof obtaining a larger chi square is apgyoximateiy‘.so this

ﬂypothegig/gas not rejected; These resultn therefore support Humphreys'
cénclusion’%hat the reliabiiities are equaiq The'estimaéﬁd reliahiiity is
579 which'cdrrespénds to a corfelétioﬂ of .761 betwéen X, and T, din
Figure 1, Reading.from left to'right in Figure 1, the ncw true c;rrelatigns,

(o4

assuming equal reliability, are .836, .965, .891, .936, and .922. These
- . U N, . -
differ very little from those in Figure 1. If it is assumed that X; end

X7 have a rcliability of .579 then the correlations of ° Tl and T2 would

be .966 and that of T, and T, .9l4.

3

- ¢
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) N =l
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5 Cv Modelling

-The computer program used for'this analysis way be used for a wide

varicty of other structural models (J8reskog, 1970b), some of which might
) . . ] ) .
" include the simplex as a componént part. To illustrate this, a model will
- ’ - ) ) . \ . . - ’ .
be hypothesized which includes high school rank - (Xo) and,the ACT comstite 4
. . A A

. . . ) - 4 .
score  (X') . It seems reasonable to suppose that both thesce veriables are
0 4 P -

-

o

@ ) s ot
measures 0f high school achievement, i.e.,” oo

= f' + .“
Xo : fo €9 <an§

o

"o |
0 0 0 . -

if high school achievement also is part of a simplex pattern then To can

be included in equation (2). As bafore, all ergors,(inckﬂding €0 and cé)

N - . . ; , \
are assumed independent. Building on-prior results it will be assumed that

¢

the cofiege grades have equal reliabilities. A special feature of this medel
is that the reliability of Xl can be estimated from~equation (3) using

r
Gither AO 0
a chi square of 45.22 with 34 degrees of fregdom. Since the probability of |

or X! as a prior variable. The analysis of this mbdel yielded

a larger chi équare is .095, these results Suggest thpt'théahypothesized
model is consistent with tRe data, The discrepanciesfbetween observed and

estimated correlations arc on the' order of those given in Table 2. The
: ] ;
estimated parameters are given in Figure 2. The reliability of college

s

grade-point averages is estimated as .584 ulich does not meaningfully differ

{rom previous results. Comparable’ correlations among trpe scéores also
. differ little from Figure 1. The estimated reljability of hfg school rank

is .424 and that’of the ACT composite’.365. The ACT composite reliability

~1s substantially 1oqe§>thaé would be expected it parallel form or internal .

.

) © . X
consistency .estimates were obtained in which case a value closer to .9 7

e

- . . +

44 . B




v
1
[N i
i
. .

,might be expected. The reagon for this low value may be that ACT

#.

conpooite was the only test score included in the model. Thue, there

. - o

nay be~substantja1 systematic variability in-€; but it is simply un-—

. correlated with the grade true stores. If two ACT composite scores weie

PR

i

s : . ,

available for each studeht we @ight postulate a model such as the one
2 . .

Qo

éhown in Figure 3 According to the model - in Pigure 3 the observed ACT

scores would be represented by - A' o ’ I

©

\ . .

. ACT, =T +§ +o.
¢ 1 o' o %1 s

.

*

and ACT = To I So + e, where ey and e2 are uncorrclated with each other and

-

with.T andAS . Further, To and S are uncotrelated With the abdve model

the reliablllty of the ACT composite might beqcloser to the expected value, - ‘¢

—" Thig modification of the model, however, vould not 16§H’Jo changes in Lhe

>

other pdrameter esLimateu of the moﬂ?l showu in Tigure 2,

o : .

The reliabilities shown ier Figure %la1§04may be lower fot this«sa@ple

of students who have completed eight semesters of college than it would

-

o

-

be for a full range of high school students. The results are however

¢ nsistenu;wifggégi hypothesis that high school rank and ACT compesite

.
-

measure the eam ue variable and that-the simplex model fits high school
and college achievement., . .
3 v : . . _ =
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D. Additienal aAnalvses By C '\ : .

. Humphreys and Taber (1973, Table 1) provided correlatioms among elglit
. | . . - - .
| semesters of college grades among seniors at the University of Illinois
N @ _ . - ..

who - took the Graduate Record Ewamination. Using a éimplex model assuming
’ e ; [ —
equal reliagbilities a chi square of 43.5' with 20 degrees of freedom was

L4

obtained, Alt-hough'this is statistically significant at the' P = 002 level

H

the fit as judgcd from d1qcrepanc1es betveen the obsdrved cg;relationq and
those estimated from the .model was close to that shown in Table 2. 1In
¥ - part the poorer fit mlght have resulted from.the fact that these are

”miséing data correlations with sample sizes fanéing from 1549 to 3018. |
4 : |
The estimated reliability of 683 is somewhat hlPhEl than -that previously - ’ .

estimated. It is 1nterest1nF to note that the ratio of these reliahllltleu,

Y

, i.e., .683 to 584, is approximately the ratio of the'cnrraspnnﬂing grade-

point average variances, i.e., .380 to .331, « Correlations between true

- seores from left to Tight in Fiyurm 1 are .889, .930; .897, 842 0 and L0000,

‘ 1082 pr: |
© These true corréiations ar"roximate tho > praviously estimated. J

¢ * 5 ) ’ : ..

~

III. Discussion - ' ' : : . 4

JBreskog (1970a) found that a simplex model provided a fair fitytg

Humphreys' (1960) dfita’ on eight semesters grades in electrlcal engineering
N = 91) ' Combined w1th the present results it may be concluded that a -

simplex model provides'a good fit to University of I1llinois data. Whether °

’

this wodld be true for other institutions or for commingled grades from dif-.
‘ : : . @ .
ferent schools remains to be demonstrated. The results support Humphreys'

conclusion that the reliabilities across semesters were equal.

-
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F. Incorporating Nonindependent M

.

‘or similar tests are administered over time.

{

—48~Q.

-

8

=

edsurement Errors

.section cén be incorporated intb-the

: . N .
- + -

This section;résulted from efforts to deal, with correlated

errors of measurement. While it is written as if the problem

, o : ) ‘

. : . . .
were correlated ratings, the same problem arise’s when the same

The models in this

- - A

simplex.framgwofk by
specifying the dimensions over'gime'to héyé alsimplex structure

as .shovm in section C. ]

o

R

. Ae




It is frequently the case that an expert. is asked to rate the same
objects along two or mo¥e dimensions. In these circumstances it is

difficult for a judge to not" 1et ratings on a dimension be influenced by

kﬁbwledge(of ratings on other dimensions. "This kind of contamination means

" that the errors of measurement for one dimensfon may be correlated with

the :errors on other dimensions, i.e, the intraJudge measurement errors

.

are correlated. Under 'these conditions, the covariance between ratings

of different dimensions by the same judge istnot equar’to ‘the covariance»

»

between the underlying true scores as would normally be assumed in

classica; test theory. The usual correction for attenuation formula for

Al

_obtaifing an estimate of the correlation between the underlying true scofes
on the dimensionb would be inapplicable since uncorrelated errors are

L4

assumed in'-that formula. Presentedtﬁerein is a procedure .for analyzing
data with correlated intrajudge and uncorrelated interjudge measurement

- - w v

errors. In addition ito testing the fit of the model to thesdata, this

coa
°

proeedure estimates correlations between the true scores on the dimensions,".,.~'

. o e »
the reliabilities for each judge on each dimension, and the correlations_%y'
between intrajudge errors. ’ ' S

S
<

I. Problgm\Formulation ) b‘wg*' )
. ’ X L th . ' . th i .
Let Sij be the rat}ng of the i— judge (i==1 ... N) on the j*~ N
dimépsion (§ =1 ... M. . .




Ed

LS

-9

matrix (E) of the Xij‘has.the'form: A o N : D e
) =Ao A o . . o (2)
. - : ' f ’ :
where ¢ = variance covar1ance matrix among the factors (Tj and e ),
‘and A = matrix of factor coefficieﬁts of the Xij on the specified “
.;factcrs. " dIe f ’
o’ N K .,‘ \" ,

. ° ; T .
- . N v
' Suppdse that
X,. =b,.T T.-l--'e . . ,
R T | -
% where bijiz,regressipn weight of Xij on Tj , | k ]
) Tj = true score'for‘the.jEE'dimensiéhj
-4 f . , ‘ th -
and - eij = error of measurement for the i— judge on the
th‘dimeneion. , | ,
Lo b o
The eij are assumed to have a mean of zero ana to be uncorrelated
with the T, ' .. For'conveﬁience,:the variance of T, is set equal to unity.

\ . . ) - k ¢

At this stage the modeljis similar to the traditional test theory model

rexcept that bij is not assumed to be the same for all‘judges as would be

true in the case of parallel measures, and no assumption has been made

)

about the correlation of the errors of measurement. ' '

The allowance‘fOr correlated intrajudge measurement errors'meahs

that for a given i, errors (eij§ for diﬁferent*vaiues of j:are_correlated.‘

It is assumed, however that the interjudgé errors are uncorrelaﬁgd which

-

means that all eij for different .values of i are uncorrelated."“'

s A factor andlytic model is appropriate for analyzing these data,

N g

however, because certain &rrors are correlated it is computationally

.
-

convenient to treat the eijfas factorsialong_with the:Tj The dispersion

a

»




v _51-. T - :
' ' “ . <L Coee
) ‘, E It is cessary to ha\ze at least three independent judges' in order& T ﬂ
, for the correlatiens among the TJ and error acovariances to be uniquely v Q‘: ) ..
estimated i.e., for the model to He identified (F{sher, 1966) With -
only two Judges the elements of A-and <b cannot be nniquely estimated and on .. : -
no test of the model fit is p0ssib1e without additional aSSumptionls: - )
Yo Let S be the obgerved correlation“ma,trix among xij‘ F:it.of this
model, [i.e., equation (2)] will be éudg%a by the deviation of the best.
" fit estimate of I ft\em S. Foi' iarge saui'éiles it is Valso possible to ) .
. test this T o . - i
II. The Three Judge, “Two Dimens1on Modela o ‘ »l : . I "
< ‘Becau_se- of identification requirementsva ;Lt is expected that the\ th%jcee' -A. X ‘
' . judge, ,two dimension model will be‘the basie.buildiné.bloqkjfot structntes o
of this.tirpe. - ¢ o - '5',b o
- . The basic equations are: " < )
P i b11T1 +'Deu 2 , ' ' S
© K T b Tyt S
, . N ‘ o - \
g Xy Ty Ty ey,
. - . , L - ' 3
: - ‘X22 = b22"T2 + €y » | v . ' :;. . .
. - Sy ~ | o - -
~"X31'=b3/T 4i-e31, . ' - - o
‘and X, =b. T +e. . I - L e

32" "3272 7 %32 ‘ S .




wh . "52" .. ) . ' ’ ~‘ L4 . .. \ i
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The vectoraff factors is#FTlf T,» €11 e12, 921, e22’1e31"e32]” .
~and the A gnd ¢ matrices in equation (2) have the following .form: o
. v o 2 S
- e 4 ' -
: 3 )
b4 0,' 170 0 0 0. 0
; 0 b12 0O 1 0, 0 0. q_ ‘} s
| by, 5 0 0 1 0 o0+o ‘
A= 2. .
- » ’ -~ -
4 . R * ’
e 0 b22.a 0O 0 O 1 .0 O . . B
b31 0 | ‘0 Ozi 0.0 1 O
] 0 by 0 0 0 0 o0 1 ’
- . . V‘ . ... ' .
. . .- / L
1 : . ’
. ‘I" o - '
’.¢0 1 Symmetric .
‘v . » N . . '
N 0 % ' !
v ‘ . v
. : .0 ®s d3 .
. and % = ' T
0 w0 .0 0 & -
N o o 0o 0o e o . '
o’ 0o 0o 0 o0 0 o, . o
. - |
. 4 ' |
, 0 0 0 0 0 0 og dg,
o i ‘ ; | ,
' * : . - L4 Dl J‘
o ' ’ . '
~ where the bi and - the Qr elements are parameters to be estimated. :
S dl , L .
The, specifications for ¢ indicate that . the basic dimensions ‘T, and T,
. o, . .\/ ‘ o N . . . 4 t
are standardized by assigning a variance of unity to the corresponding,
diagonal elements, which means that the covariance of these factors [®] : .

&




is a correlation. The six error variances [i.e., 91, ®3, ¥4, %5, ¢7 and %q]
a ', . X * -

and‘three intrajudge error covariances [i.e., ¥, ¢5'and ¢3]>are to be

©

- estimated.

In order to explore the identifiability of parameters it is useful to

perform the matrix. multiplication indicated in equation (2) and examine

» the»entries in ¥ for the above speclfications.

The diagonal entries of ¥ are variances and are given by:

z S o

V(X j + V(e,.) . = 3
(ij> (egp) - o €) \

The V(eij).are equal to particular diagohal elements in ¢ ; for example, o
‘ - . v . ’ R . S @ ‘

V(e ) = ¢, and V(e21) = 3. .

1 .

. The off—diagonal elements of Z that correspond to a single dimension

.

(J = constant and £ # k) are:

]

Si5%g) = Pagbiy

¢
Given three judges it follows that
. . 1
bi' =“C(X '§<g) C(X).ij), - - (4)
I 2533 _
v oy ’
. b2 ) c(x x ) C(XZix3 )
. ’ .
and 2 SBa¥ay) CCy4%a5) |
. . - P33 C(lexz ») ~
. ° &

Eall




v . . o ’ ‘_ ~54~ S o /‘ .

Since the sz can be expreSsed in terms of the eleients in E it follows

that these factor coefficients (reliabilities) are identifiable. This
in turn means that the V(eij) are identified from equation 3. )
The off—diagonal elements corresponding to different judges® and

different dimensions A +k, 3'— 1, 2) are:’ - & . .

C(Xilez) = 11 by C(T, Ty)

where C(TlTZ){S )

Since 315 bil and bk2 are identified as showmn in (4), it follows thht

/\

1S
¢

C(T ) is identified.
"‘rinally, the off—diagonal elements corresponding to a single judge )

, [eg
(i = constant) and different dimensions ares ‘3. - i ~ -

o( (T,1,) + Cley o) )

X1 12) byibip © 11%12

where the C(e ei2) are equal to &, &5 and &g for i equal 1, 2 and 3,
regpectively. Sihce bil’ b i2° and C(T T ) wvere shown above to be . N
identifiable, it follows from these equations that the’C(eileiz) are.
identified.

This model has 6 x 7 ¢ 2= 21 unique elements in I and 16 model

parameters (6 in A, 10 in 9) which means that there are 21 - 16 = 5

”
+ .

degrees of overidentification. Overidentification is necessary to test
the fit of the model to the data.

As specified above the error variance for a given rater and dimension
is obtained from one of the dia%;g\i entries of the ® matrix. This for-
‘mulation is convenient for investigating the question of identification
as was done above. For purposesfof estimation and interpretation, however,

S . \

& ’ , ) . ¢
. 9 ‘ . .

. 56 ' . - .
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and Ag = Yoy . 4 .
~~

J .
* .
The ¢ 'svare obtained from the ¢'s in the usual manner that a correlation

is obtained from covariance and variance terms, e.g.

4 .

It is the latter “specification of A and‘¢ that is used in the empirical

exanmple presented below.

o .

- III. Empirical Example

1" . . .
. Joreskog's (1970) general method for analysis of covariance structures
7/

. " ’ .
and its associated computer program (Joreskog, Gruvaeus, & van Thillo,

'1970) were used for estimation. An earlier program for restticted maximum

likelihood factor ana&ysis (Jgreskog & Gruvaeus, 1967) or a mdre recent

£=Y a

v

"
program for estimating a linear structural equation system (Joreskog &

van Thillo, 1972) could also é;,;sed. Details of the program are giv%n
;o :

in the manual. - ~

°©

To illdstrate the computations, data provided by Dr. Donald Rock. -
' ..

» B . . '
were used in which three judges :rated thirty-four military positions on

v

|

two dimensions [T1 = Dealing with people and,Tb = Responsibility/Autonomy]l.
™ ) v .

f . . ) . : .

\




< ' ‘ ‘

<+ Intrajudge errorg of peasurement were probably correlated The  model

‘

for theae data is that given in section II, above. The observed cor-

relat;pn matrix S is given in Table 1. The model was set up to yield

- . 3 | « . ! "‘&z
correlations between the .errors. HMaximum likelilood estimates of model fﬁﬁﬁf&&\ ‘
o . ,‘?:é//;‘/ '
parametere in A and @ are given in Table 2.
4 o "
1" : ."1‘ : . d
< . (S o .
. - Table 1. The Observed Correlation Matrix e
- . . - do
i R I O R BRI
: . . .J - . - R . -
X, ~ 1.0000 S o Lo
‘ | , : . .
X .5851‘ l.OOOQ
X21 . .246% .121§ 1.0900 o v - \
’ ?
Xy 4110 .5360 .2709.  1.0000
. ’ L] :
x31 . N 03823 62946 ‘ K 2033" 00694 ‘ 100000 R /
(X | 2816 L6lls .1675 & .5049 ' - .3314  1.0000
_ - .
A\\\\\;\\\N | RN .
- R j,:f, b .
r;. “ P g . ‘
| N |
’ ’ [ @
)
58— :




L

o'

=57=

—~

According to the;m/ael,/ieiiabiiity ia defined aslthe quare of the

'
eorreoponding regreosion coefficient, eug., the firdt dimension. rater
reliaﬁilitie were (. 766) 587, . 110, end 236, respe%tively. The }
7
correlation between underlying true dinensionu is ;estimated as .605 and .

the correlations between intrajudge errors of measurement ard 513, .177,

The correlation (.513) between~errors for the

and - 265, respectively.

first judge approaches the true correlation (. 605) betweeﬂ dimensions,

4

ins:fating the neceeoity for methods which,allow for such contingencies.

. — v , ; o
. ) | . ’
' Table 2. Maximum Likelihood Parameter Estimetee ’ ,
766 . 0 632 0 0 0 0 0o |
o0 Lt 0 - 607 o 0 0 0
C hoel 3 o0 0 0 940 0 0 o
0 _.671 0 0 .0, .742 0 0
486 0 0 0 : .888 _ 0 ’
0 769 0 0o 0 645
i S A .
T L -
1.000 : | - -
.605  1.000 Symmetric
0 1.000 °
s =] 0 0 =513 1.000 .
0 0 0 0  1.000
o 0 .o o .177 +1.000
0 0 0 o 0 0 1.000
0 0 0 0 0 0 .265 1.000

'
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y ‘gﬂ'

12

22

31

~ "

-ate given in Table 3.

X1

Aicruégal4patt of the output is the estimated value

. corresponding discrepancies from the observed matrix S.
>

o

N ) * o Py . Al
large as to indiga;e that the data do ?3;;ﬁ%t ﬁhe model,

;.

L.

"

‘Table 3. Residuals'ﬁjz
X12. a1 ¥

’ RN ™ . \"\.3“:“
paraveter egtimates would have little meaninga‘&The residialsof

of 2'and~thé
If these are so
then the.above'

S ~1
&

I'ozl‘
-.007
,100

.010

L0046
.0 008
005 . .013
.062 043

<

. 003

RS




Considering the relatively small sample size (only 34 persons rated

- 5

by the three judges on the two dimensions) and the number ofvrestrictions )

on the model, we intefgﬁet these results as a reasonably good fﬁt ofthe
vmodel to the datg, The 8 odness of fft test yielded a chi square of 4. 54
with 5 degrees of freedom. The probabllity of getting a chi-squared

) : .
value larger than that actually obtained, given that the hypothesized

model s true, is P = .475. Since this chi—square tedt assumes a large

i

sample, the small sample indicates that these results be interpreted with

caution. In any event the chi-squared re$ults do not indicate that the

should be rejected because of poor fit to the data.

.

The model analyzed above was devised for the rating situation in

-~

/which correlated measurement errors are likely; It may, however, provide

n
-

an apﬁropfiate simulation in a wvariety of other situations, eig.:
1. %In_the multitrait-multimethod procedure (Campbeil & Fiske, 1959)

. . : N - .
. the errors of measurement between two different trait measures using the

-

same meiliod ma§ be correlated because of method variance. Method variance

would be equivalent to correlated intrajudge errors when method factors

.are uncorrelated with trait factors.

-
L3

« 2. In the use of the same test at tqo different times, the errors

. of measurement over time may be correlated because of practice and recall:

.

effects. At least three different measures of ihe underlying construct

wouldvbe necessary for analysis. Sé;h a model would be appropriate for

3 ?

" the study of change over time by'eppropri%te formulation of the factors

(Werts, Jgfeskog, & Linn, 1972). ' N
- . . / : . .

. . 7




; RN | | ! . : -
Fhe msdgl does not expiicitly state the dhuses of the-correlafioﬁA‘

. between the intrajudge errors, hovever it is assumed that thé causes fo;

Jeach sef of errors are uncorrelated with the causés\ipr the other. sets

and of the'dimensions being measured. A good fit of the model\io the

o a

data implies that these assqmptions are con51stent with the results <

r

Insight may be gaiﬁed into the meaning of a good fit with the data

sy

b;hgkamining the equations of the three judge, two dimension,model for

the variables xll’ 21° X31 and X 12° “In s?ction IT it Vas demonstrated
;has the three measureslpf Tl’ i.e., Xll’ 21° asd X31 Ldentify_thq three

Ay g
a L . S
t 4 R : r

In factor analytic language, given three measures of a single factor ‘with
N . A :

-

s : : v .
However with only three measures of a factor, no test of the asgumption of

2 / . v
single factoredness is possible beécause a perfect fit with the data is al-

s

ways'achieved (although «communalities greater than one may be riguired)..

Thus, the model has no degrees of overidentification. It is of interest

>
.

therefore‘tO'e§amine the relationship among X X.. and X 2 which. yield:

21’ 731

- t

A .

- regression weights‘gf'ratings on Ti: ) : ) _ . -
~ N - ° : m . . . ’
o2 S%a%) 0%y X 31)
11 _ ) C (X21 31) . '("-‘i 2
2 C(1%yp) C(le 31)
by = c(X ) » and
el 11 31 £}
by ? = CRyyXp) Oy X)) ‘
e L e®pXy e ek

“uncorrelated residuals, the three factor loadings may be unique1y=estimated.

*,




C(

2 ¥19%91) Cpp¥X5)

. : b =
. T C(X] ,X,1)

2 _ c<x12x§1) Oty Kyp)
, o e T e o -
Q._ ) - 1

Comparison of the pairs ef equations for b212 and b312>indiéates that

-

o and ‘ ) b

.for the purposes of identifying-and.estimating these loadings, x12 is

9 is not

’1

11° 1

a.measure'of Tl, it nevertheless ‘allows a test of the hypothesis aof |

funcfionally equivalent to X In other words, even though X

single-factoredness-of’Tl. The basic reason for this is that €, is

uncorrelated with Ti, e, 3l‘even though it is correlated with
. ) T !

The finding 6fva good fit to the data is therefore consistent.

1° and e
“11e ‘
with the és%umption‘that the observed variables are in fact measures
ef-the specifie& Qimehsioq. &A poor_fit.might;he due to the falsity
 of this assumetion, hovever one or jiore of fhe ofher model assumptions
may be erroneous. | |

The variety of models involving correiated‘errors is too great to
.be detailed herein For most of these the three Judge, two d1men31on
model is likely to be the basic unit Within the cgnstraints set by
the computer program, the available data should, however, be analyzedn
by a-singie model. For example, three judge, three dimension data
could be'eomputed using the three judge, twg dimension model for each
of the three different pairs ef dimensions. The result would be that

q

for each reliability two estimates would be obtained which might differ

’

considerably. A simultaneously estimagéd thqee jhdge; three dimension

\




;ﬁbde}'would yield a single best fit estimate for all the data.. Providing

a4 good fit .is obtained, a pq;ametef derived from thé three judge, three

. <.

dimension ﬁodel should have gréater~generalié€bility because it implies‘

. . ‘ .
that the two estimates from the .corresponding three judge, two dimension

<

models are consistent. ° '
4 4
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G. " Conclusions - - C

-

- R - .. ,
v * . \ « b o

The most important finding of this study is that a simplex

model which allows for measurement error, fits a variety of longi-

-

tudinal academic data quite well. As detailed in section D,»

a -

thls allows for attenuation corrections when only one measure is.

available at each time More importantly,'the results suggest

I
that the commonly used Split—half or parallel form procedures

for estimating reliability may typically yield overestlmates of
reliability due to "method" variance i.e., nonindependent

. . . a

measurement errors resulting from tHe use of closély similar item

P

t;pes. The simplex model appearsrless subject‘to this problem
because both item formats and content.changelover time. It has
been.demonstrated that aCcurate corrections for atténuation are
essential to a study of the determinants of academic'growth.

These initial regults haye encouraged us'to incorporate‘

(the simplex model’ into larger structural models » With favorable

<

results. Furthermore, the problem of combining simplexes for

different méasures was found feasiple,, These results will be
, . . P

forthcoming in the literature as soon as the analyses are

.o
i

' completed.




