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haqed on Rasch mqasurement'models Test networks can be ‘used to ertically

™ equate a set of tests which cover a wide range of difficulties.
Y

' teria of qoherence and - consistency are proposed in order to assess the

-

P ‘adequacy of the vertical equating within the test network‘ The/ method is

the Achievement Shries of the Comprehensive Assessment Progr ,(Scott,

Foresman and. Company, 1980).
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‘graders. An item would ‘either be so hard th;k everyone fails (except

. series designed-to measure achaevement over a wide age ofggrade range

1

coue'rnuc'rma. A TEST NETWORK v A RASCH 'MgAsummN'r MODEL

» . - . “
- .

The equating of person meaeurements obtained on tests compoaed of
different items is one of the majoxr problems encountered in educetional: -
measurement. This problem arises whenever we calibrate a eet of 1tems

that have a wide range of difficulties which go beyond a single indtvi-*

. dual's.abilitx to provide meaningful responses. For example, ae educa- |

tors. we may be_interested.in tracing an individual'side?elopment in

w

\Vreading‘comprehension over thé elementary and seggndary school years;‘ {

It would be extremely difficult to develop a set of test “ltems or a

reading passage ‘that would be appropriate for both first and twelfth

jlgg
by chance] or so easy that everyone succeeds; both of these cases proyd&gj

no useful information that can be used to calibrate the items. ﬁrf

In order to deal with this problem, comprehens1ve achievéﬁent test

,/ N é/

S

are tvp1ca11y composed of several levels and forms wh}eh are designed to -,

\I

be appropr1ate for selected age or. grade groups !§he separate levels and *
form ,of the achlevement 'series must’ then be é%%ated so that the person
ab111ty estimates obtained from d1ffereg§;sets of items are comparable

<l

and cgg be used to represent the lo$§t1on of the individual on one

un1d1mens1ona1 tra1t that spanszghe age or grade levels over wh1ch we

" wish: to trace growth or change. The goal in test equat1ng is to step

vbeyond the,spec1fic-1tems contained in the separate test levels and forms 7

-

-
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fﬁ’order toLoe:izh 1nfbrmetion on tha!ewnttreit from each individual we

. are 1ntoraatud in measuring. If“an/uchlevement test _ aeries is composed
¥ &
of itema callbreted on’ ‘;e slngle nnldimenaionul latent’ tralt scale. then
i S e :
; it becdmes poaaible to obtain equivatent and comparablo estlmates oE\ .
' i

each 1ndiv1qral's lqcation on this latent trait regnrdless of form or
\ _ i;;31. The essence -of the equnting problem, then s to develop prgoedures

‘l for determining and testing the comparabillty of the ability estimates ‘
1 M R
\ obtained -.from seveml dif%rent ‘tests composed of different it:ems over a,
: L £ "
J speciiied difficult ge. If the forms are. designed to measure the

‘. latent trait at similei‘ ability levels, the procedure is generally called
. i o F3Y "

\ -

\ \\ horizonte’l equating, 'e g., alternate forms equatjng The equating of

A measurement results obtained on tests of differe\t levels of difficulty is v
o N | ;
‘vcalled verticel ‘equating. ' The purpose of this ,pape;?ds to develop and

v

.- of dn achlevement test sgries based on the smplest latent trait model,
L

‘. N : b s .

: 'the Rasch model. : ‘ . /'

pW“ L V. | ' /

ﬁackground '15 . . .

‘ Various methods have .been proposed as solutlons to the J)roblem of

L ,ill:s/tyhte a solution to (tPe problems enco ntered in the vert1ca1 eng*ng

’vert:.cal equating. ‘The problem was recognlzed as early as the 19205.

‘

when Thorndike pointed ‘out that . I

LN

y
\.. - w

»<C

‘With the development of V'group tests.and tests for

use pith hiéher levels ‘of~intelligence, it is be-
coming’ more and more necessery toﬁransmute a score W
. ’ oll;)“fained with one testl into the score that®is

w/g}%&é‘lent to it in some.o,ther test. “ ; s,l

- N o - .
R / ¥ (Thorydike, 1922, p. 29)
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‘ o, \ .
Thnnndike "trunsmuuod" ueornl uuing hia\probuble oxror Mothed'éi‘suultng ¢ .
(Thorndiko. Lscz. “Trabue, 1916). Thura#ene in a sories of articles 1n |

,the 1920'& duacrlbad his nbloluta~:elliﬂg motth which he propaaad as 8 /

solution to the problem of vertical oquutinu (Thuratono, 1925 1927 1928)w

]
I

(Soe Fllnagun and Schwarz [1958] for an 111ustrat10n of Thuratone's quhod
of absolute scallng appliod to thi uquat%ng of intellingnco togt scoroa)'
Apother aolut!on for the vortlcnl qquatina of acoros 1s provided by tha
equ;lpencontilo mothod of verticnl equating. Moro -recantly, latent t:rait

, moasurement theory has been recommonded as’ a aource q{ jolution to t‘he

By o2

- "intractable''problem of wquating (Lord 1977' Marco,\ 197'7. Wright 1977" B

Lk

- Rasch, 1960; Nright, 1967; Wright and Stone, - 1§7§:). A great doal of ¥
+ N v] . ' »

_Tecent atten(‘ion in the psychometric ,,literature has be wdirecte&“’fb‘t«ard‘s N

é\guat}ﬂ‘g and cam~

patison of the various available methods for verti‘cal ?Quati\g (Wright,
g *"& L .’ .
Rom:z and Ba.shaw; 1977, 1975; Slinde ahd Linn, 1978 9 Kolen, N

g ."
- _pover, i980):, These studies have 1ead to conflicting . v
. 1 o

I v,p& tﬁf awuacy of thetmsc,h mode‘I for’ the vertical equating. ”'?? O\ N
£ The conf!ict{.ﬂg cpnc]}.?usigns ovel‘ the adequacy of the Rasch mode1 fBr »

. . ! \m s
e vexticat equati‘};g stem £rom two ma;or*seg;rces The fll‘St souree of conflict o

| assessing the adequacy of the Rasch model fg);‘\vertic 1

- T ’, o s
. - )
involves"fhe rob stness of the Rasc;h model S If iy
. Rasch model, theén-a vertlcal equatmg based on thes -
to an unsatis!actory equat:mMe lgey here is to%se Rasch test develop- ]

ment strategles in order to produce a set of these 1tems which ‘have the .

in Rasch's sense is obtamed then tzhe person fyee callbratmn of 1tems

’cén be ach1eved Th1s characterlstlc 1s aiways an hypothes1s that must be

.specifically tested .in each meast_u'nrg situation. Si1nde ‘and Nymn (1978 1979)
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and Lo}d amf Hoover (1980) were mimm teat 1toms that were not designed
to fit the Rasch model. Another aource tl‘\qit may account for the cuxi'fliictw
ing concluaions 1s the problem of. w;laqt.:l.ndﬁortmria for determining the
©adequacy. of'nach method Ear'the VQrtlcul‘equétinn af a serlea of tosts..
There is no single objactive criteria for comparing the results of
taquiparcantila -;m latent tralt equating. The traditional criterion that
"two scores, one on form X" and the other on form Y (whawo X‘and Y mea~
. sure the same functlon with the same degrea of reliability), may be
considorod equivalent if thoit corresponding porcentila ranks in oither
group are equal' proposed by Angoff (1971 p. 563) or the criterion
. proposed by Lord (1977, p. 128) thnt tests X and Y can be consldered
equatod/"... if and only if it 1s a matter of indifferencs to each
gﬁ:maminee whether he 1s~to take test X or test Y,'" may unfdairly blas the
conclusion about the adequacy of a method for vertical equating.

In'this study, the tests that are to be equated*were developed
according to Rasch test de?élopment procedures. The items were piloted
in a representative national sample and items were selected that fit the

. Rasch model. 1In this case, a single 11nking constant based on common
items shou;f theoretically provide gqulvelent‘person measuréments
regardless of test level or form. o R ., 1

The issue of what cxiterla to uee to’assess the adequacy of the

,{vertical equatlng is one thit{requ1res further attent1on. For the:

' :purposes of this study, the adequacy of. the Rasch model is defined in
terms of the consistencx and coherence of the linking constants within

the test network. Wright (1977) in his d1scuss1on of of test networks‘"

conceived of these networks as being composed of bﬁilding‘blocks.ﬁased

o

Ui




on sets of thyas tests which Parm & triannlq, He thep suggests that tests of

fit be wade For each triangle in the test petwork, IF aach triangle in the
v

¥ o

tost nthovk £ie the Rasch model, the thréa lluklng constants should sum to
within ; standard ervor ov iwu of zera, The standard arvor of such a4 sum

s about 3. b/(N12 12 ‘\NIK 13 + 23 3) in which the N's are the calibra-
tion samplu‘slzes and K's are the number of items Un esch Llink (Wright and
Stone; 1979). This luglc'uun bo extended to ,saver ochar triangles of tests

. within the test notwork. The success of the test: uetwork {3 then assessad
: \ :
on the basis of a series of ggpalstpnqx_checks performed on all possible

LY

trlQngles. In complete test networks, l.a., sets of common items are uvﬁlli
/

able for all tests in the network, this solutlon and procedure seems workable,

“In constructing test networks with a Rasch measurement model designed to ver- -,

‘tically equate.tests over a wide rhngp of difficulties, situations are encoun-

tered where common ltems are not available for lihking every form and level,

This leads”to lncomplote‘test networks in which no direct information 15 avall-

N
b

.able,to'esttmute ;he needed Ilnking éonqtnnts. - This '1s not an ‘1nsurmountahlo
problem ahd‘pro;edures have been devdloped to eséimate links ‘where ho direct
"information. 1s available (erght and Stone, 1979), The method proposed in
this paper is not 1ntended to supplant these methods but it is intended to

Iprovide a comprehensive approach with 1nformat10n about ghe overall coherence
and eonsistency of a teét network, while at tﬁé ﬁame tipe providing 5 method
for estimatingfmissing linking constants and prinding‘a>test of fit‘for'each
of the observgd linki;g constants in the test'netwérk, The method can be used
with complete and incomplete test ne;works.

‘The method proposed in this paper begins witﬁ,the matrix of linking con-
7 stants which -have already been devefOped for thewtests where common items ale

, 3




evailable, The pwqgédnin follows & general ﬁizhnd baged Qn,thq general
. R S ;

' ltﬁuar wodel for handling wmisaing dhta autliu‘ by ﬂurst (1941) and dta»

' auangd by ﬁulttknan (lﬂhn) and Hook gnq Jones Lluaﬂ) lﬁtu pfogadu?u has
prtnartly hqﬂn used with patired comparison data (Thuratone, 1927), ihce
chu untrlcas produund tn puirod compar Laon axportmants ave similar iy form
und Qtructuxu to the matrices abtaiuﬂd in test uatwurks.~chtn pruacdura/ '
auugeﬁ@s ltsalz B a uauhll apprnavh to the examlnnclou of the ovarall
uonatxtdpuy und unhurenua of the test notwork, as well as a usetul ap-
j'pr01ch t;\;hu ostimation of missing llﬁklnk constants in tncomplete test
nctﬁorka;'\
Thqspurpoau of this paper Ly to lllustrate the application of this
general ilnaaQQ@odplvas a‘techqlqua gpr examining the fit of a test netr-
\<work uhiﬁh can Ep used as an alternative criterlon toqnnasesstﬁg whether or ‘
not the Rasch modal providos an adequato solutlon to the problem of ver-. .
u;cal oquating; Tha assumpthn Ys made that if the ltems within each teqt tit
tﬂh,ka;ch model (an n§sumption-thut is cxpllci;ly tested), then a single
linﬁgng constant provides sufficlent.lnformation for obtaining equivalent
person ability estimﬁtqs regardless of test or form. The problém then is
' t; asseSs the cohe;ehce and consistency.of the net@ork based on these linking
constants u51ng the .géneral linear model proposed in this paper. ‘If the ob-
served linkfhg constants fit the model, then the criterion of consistency is
met and an adequate vertical equating has been accompllshed
. Method
\ A

A Genefal.Linear,Model for Examini

t Nétwork

Let Aij_represeﬁt,the linking COthaht‘for equating tests i and j. This, -

‘Iipkiné conﬁtaﬁt'is'a function of the diffggeﬂc% between the difficulties of




‘

test t.’ 61, and taest 3‘ &j. This can be written as,
.\L’ “ . . .13 ¥ .’” . (1)

whare 1 rapresents 4 random  ervor component,  the entive matvinx of
. .
Linking conscants for w forms o teats (L < 4, ..., m; ) =1, ..., w

¢an he exprassed copveniently in matrix Form as,
A= Af e ‘ (4)

where A (s o column vector of the (m(m - 1})/2 observed linking constants,

ordered by thelr subscripts (A Al Y PR 1 5 B

| PR 5 N
4 la awvector of m test d‘fftﬁu[tlch ( 51, 62, e Am)} A in a mateix

A!S‘ u“‘

that has the following form

.
' , r . -
ol Q- -‘\\
a1 . 0 o0 ... 0 0
1 0 -1 0 .. 0 0
1 0 0«1 ... 0 0 moe L.
1 0 0 0 0 -1
. 0 1 -1 0 0 0
. m- 2 £
o 1 0 o0 . 0 -1
0 o0 1 -1 0o o
m - 3 e
0 0 1 o0 0 -1
7
0 o o0 o0 1 -1 1
‘ e e 3
.

L4
P
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Por axample, the wadel For § tests (wed) is given by,

,\,‘S @ §

Mgt 8y Ay v ey

av in watrix fure,

o p p 4 . - 4
Mg o 8 “,
| My - Lo ‘. 5, . "'L.x
Aiﬁ v 63 11

S L J L y - P |

For attuations where direct laformation iy avallable fur the linking conatanta,

4 can be estimated by mintmizing the arror term, & , In the usual way using

' least squares. By Introducing a dfagonal matrix, D, of weights it (s possible .

to handle {ncomplete test networks, The. least squares solution Ls obtained

by solving the following equattions,

Qe A-A)' D (A -Ay )

or : <

Q= e'D e 7,

where D is a diagonal matrix with 1s for the observed links and 0s for the
missing links. In the case of a complete test mnetwork, D is an identity

matrix. The normal equations are given by

a

A'DAS = A'DA ' : 4)

bl

~

and solving for the test difficulties, 8 , we have

0y S



3 . (8
P ! l‘
whare M » A'DA and & = A'BY . Alies the qugkigu-ia wat af full renk, ihe

sauieat solutlaon tn this caas iy i#‘dnln!* the 1ast saw sid colum of M el

to delete tha last row uf 2 and aolving the followlng aquatioa,
1

e etz Aﬁ (a)

T™he values of 4% are the aatimated teat diFficuliles 1n relatlea tu the laat
test, In order to obtain estimates of the link&ng vonstants, A, the Patiuw

thg squation can be used,

A=Al . (7

¢ a

where § differs from 4* by the adjoining of a zerv to the last ¢uw of §*
to repregent the test difficaley af the last teat which ts used to anchor
the teat network and s reru by definigton.

An odervod reszidual, 5., can then be Jdefined as
e=2 - 87 S (8)
and a ;tandurdiicd residual defined as
A
2= (£-c VS, ., )

where ¢. is the mean vector of the residuals and St is thé standard
deviation of the residuals. If the data Mts the model, E\is approximately

normaliy distributed with a mean of zero and a standard deviation of one.

In order to test the fit of the data to the model, the standardized

-3
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‘residuals cam-be examined‘ahd‘any_ualuesggreater'than 2 standard errors

(z > 2)‘sheu1d be examined in depth ' These-links are suspect and “the

researcher may wish to eliminate these links and - re~estimate the predicted -~
. links. Another approach to the analysis of the standardizgd\residuals

is to use a ranklt plot (Tukey, 1962) Basically, thxs involves orderlng

the standardized residuals from the smallest to the largest, where i is
i:;an index of these ranks and s 1s the number of resrduals. The rankits,

hRi are equal to the standard normal deviates which i/rrespond to the

following proportions for each i, N .

¢ Do S
(31-1)/(3s+1) B . (10) .

/

A ranklt plot can then constructed with the standardlzed re51duals on the
- vertical axis and the rankits on the horlzontal axls. If the model f1t :
the data, then this plot should be a straight 45° line. If the res1dual |
analysis 1ndicates an acceptable f1t then an adequate vert1ca1 -equating
has been accomplished. B o
The steps 1n examinlng a test nethrk are as follows
1. Construct an Mx M matrir/with observed lrnkrng
‘ constants in the matrrx.
2, Cbnstruct a [M(M-l)] /2 x1 column vector composed
of all of the entrres above the diagonal (whlch is zero)
- in cell subscript order. -
' 3,’;Obta1n solutions to equations (6), (7), (8) and. (9)
4. E;am;ne the standardrzed residuals and determrne 7
‘how’well the datawfdts'the model.
S. If the fit‘of the model is not acceptable, then elimi-'m

nate misfitting links, and repeat steps 3 and 4,




% 1

6. If an acceptable fit of the model is pbtained,
then use the estimatedrlinkjng constants ob- L
tained through equation (7) for linking thé tests.

“~  This vecter provides all the linking constants,
g . and any test can be chosen at this point as an ;

anchor test. =~ A

Description of Test Network Development and Sample

L] [y
»

In 8¥der to construct the test network analyzed in this paper, nine_/f

linking tests with 12 to 36 common items werg developed. ‘Each one of

o s

these)ﬂinking tests contained items £rom at least ‘two and as many as four
] \ ‘ \ . ! ’j ‘ . - //:

forms from the Achievement Series of the Comprehensive Assessment Program

(Scott, Foresman and Company, 1§80), designed to measure-readiné néh%eve-

a
’

«-ment from pre—kinderéérﬁen’through high school. -Thé\ovexall‘netndrk is {

shown in Figure 1. The sgquares represent levels 4 through 14ﬁin the

3

Achievement Series; the circles represent the nine linking tests speci- . .-

fically created for this study; the Connecting lines represent sets of i
common items. The appropriate levels of the nine lgnking tests (2,4,7,8,11,12,
y15,i6}19).wefevadminisnered tovthe elementary ;nd secondary School stndents in
Huron County, Chio. The totai'numbér of students'nested was'3;982.

BICAL (Wright, Mea& and Bell, 1929)»was used to festrthe fit of thg )

items within each of the 20 tests (11 from the Achievement Series- plus

the 9 specially‘created linkiné tests). Thé items fit very well, and it
was’nni necessary to eliminate any of thgiitens at this stage. The next
step was to obtain the average difficulty differences for common items in
adjacent and ndn-gdjacent test levels which will be used as thq‘linking

constants, Plots were constructed for all of the 1inking items, and some

of these items were eliminated (see Engelhard [1980] for a descriptiqg of

Q ‘ . R ’ ‘ . . . 14
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this nrocedure) In general, the el1m1nat10n of common 1tems did not /
have very much of an effect on the value of’the linking constant. The ﬂ./ '
observed link1ng constants obtained. for the test network are given in -
‘Table 1. Table 2 gives the number of itenms, number of ind1V1duals, and
the standard error for each link computed by equation (ll)

In érder to apply the linear model to this data, a computer program
- was written using the matrix procedures in SAS. The observed 1Jks and

mlssing links were llsted as a 190-x 1 (20 X 19/29- 190) column yector

-with zeroes for all of the massing linking constants. An A matrix was

constructed and a solution obtained following the earlier outlined pro- &
cedure. Table 2 gives the cell subscripts, observed-links, number of }n“
‘items, number-of individuals, and standardberror for each 1link. The

standard -eTTOT was obtalned by the following formula ‘
~ SEQ) = 3.5/ k) L, - (11)

. Table S‘glves the observed. and predicted links, along w1th an analels of

the standardlzed reslduals. Flgure 2 gives the rankit plot of the stan-

dardized residuals.

Results - e

Table 3 gives the residual analysis for the test network. Figure 1.
gives the rankit plot for this data. In general, the data seems to fit
the model relatively well, adding support to the'contention that an
‘adequate vertical equating has been accomplished. ‘For.example,.using
Wright's triangular analysis of a set of.three tests, we see that using
the observed links‘for linking tests 15, 16, and 19 the value of the sum
is .13§ t.483 + .482 —-1.104),'while using the predicted links the value

of the sum is — 0.001 (.523 + .540 — 1.064). By this criterion proposed’

) :
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‘by Wright,‘the estimated linking constants which are based on a considera-

b [
!

tion of all the data in the linking matrix are even more coherent. Two
‘ Y
of the standardlzed re51dua15 are greater than 2; these are the links for

-

- tests 4 and S (1. 804) and tests 4 and 7 (. 863) " A re- examlnatlon of the

-

Iinking plots for these*tests showed a con51derab1e amount of spread in '“
‘these waiues which should be a stralght 11ne, so that these links were -
not as well def1ned as the other 11nks.' Since by cnance with 31 observed
11nks we would expect at the .05 level 1 5 (. 05 x 31) links to be greater
'than’///zhis result is ndt too unlikely, and the decision was é;de to

- keep these 11nks and no re-estimation was calculated. ;' . \

‘ Table 4 g1ves estlmates of the test d1ff1cu1t1es.6 centered on the |

» ‘last test (620 —-O by def1n1tlon ) In order to 111ustrate an a1ternate

center1ng of the test network column 3 in Table~4 gives the‘predicted '

,linklng constants when the‘tegt network is centered on test 6 (65 = O:O)

n These values can be obta1ned in. two ways. They can be obta1ned from the
vector of predlcted 11nking cohstants (A) or they can more 51mp1y be ob-
tained by subtractlng the values 1n\d‘trom the value of 65. Thls_will

kre-center the test network on test 6. Table 4 also g1ves the set:o% ini-'f
tial linking constants that were used 1n the pre11m1nary ca11brat1on of
"the read1ng tests in the Achlevement’Serles. These 1n1t1a1 values were
obtained by averagingldifferent possipleklinking paths and in some cases

| througn simply taking the shorteat path between'two tests andﬂsumning

the necessary observed linking constants. Ehis earlier procedure did not
take into account all of the linking 1nformat1on that was available and
the results differ from>the results of the\study by an average of .6 of

<7 =
a logit which is a significant difference, .
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with specific objectivity. .The:fit of the items within each test, the fit of

,items’in'éach«link ahd»finaiiy the fit of

is

. . A 3 _ !
' 7 Discussion )

In this‘paper I have proposed. a method for assessing the consistency

’

‘and coherence of a test network thant can be used to vertically equate a set
g | l' . ) . .

+ v _ o .
of tests. This paper differs from previous research on verﬁ&cal equating with
. “ - . .

3 <

~ the Rasch model in several qsﬁectsﬁ The first.&jfference is that the tests

ol >

that are vertically equated within;the te$t.network were developed.using the

Rasgh model. Receﬁf;reseagch by’$linde and L{ﬂhh(lgis,\39793 and Loyd and

- -

Hoover (1980) have ‘been basicélly~research gi;the robusfﬁe;s of the-'Rasch ‘

- 7

model. They have examined how. well thé Rasch model fits iteﬁ.o; fest data that
LT . ‘ s . " .y \— " - !
is already available. An§ equating and particularly any vertical equating that

based on mjsfifting iteﬁs'willgnot be'éompletely adequate. The key in any-

. . . Y S L . . . P
type of equating based on' the-“Rasch model is to have items and tests that ﬁ;t

. L .. } Vb S, . N N s .
the Rasch model, and therefore have the desiralble properties that. are associatec

| 3

~—— :

the linking constant within the test"

. network must bé~ekamined. In those cases wheée the data fits the model, a single

linking.gons;éntlprovides;sufficiént information for the/equating of person o

- f

1

measurements obtained form'tests that vary in;i}ffi@hlty.
R . . Y .( ‘ . . R K . . ', ~ A \‘: ! \ . B
‘The method presented -in'this papet is s{milar to.the one uséd by. Rentz -~

and Bashaw (1975,.1977). Their matrix of linking constants is slightly dif-
ferent‘in-Eormffrom‘the oée;analyzegﬂin this paper. They have:twaiinkin;;
consf?ﬁts‘for eaéh test, base& on separate admiﬁistratiohs of the,te§ts éivqh ;
in different time o;déf.' (1t woﬁld be iptérééting éo extend the.modél given

‘in this paper:to include a test of the significance of this time order effect.)

’

'
]
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L] o o (. . ‘
/The computation of‘row'means and the use of‘these means as average te!t difficul-

_ties that éan be used as Finking constants is equlvalent to the values obta1ned

by the method propos in this paper. This pa er adds to their approach by
nap P P

\.\\"
naklng exp11c1t the general lfhear model 1mp11ed by the method used by Rentz,
&/
Bashaw and Wright. By maklng th1s model exp11c1t 1t is possible to\obtaln
A étests of the fit of each 11nk1ng constant W1th1n the overall test network and

also to bbtaln least squares est1mates for the unava11ab1e 11nks in 1ncomp1ete

el
3y

‘test networks. o 4, a PR . -
A 1 - ' B , .
- i

|
\

Thls aper presents a ethod that extends the cr1terf5n of cons1stenc
paper p ? y

proposed by Wright (1977) for exam1n1ng these networks. PreV1ous research on '\\
the adeguacy of the Pasch model for vert1ca1 equat1ng has e1ther compared :

\ 13

results from different equat1ng methods, or d1v1ded the people/lnto d1fferent

' abmllty/groups ang compared the results of the separate ca11bratlons in each

L

”ese a roaches i that there 1s,no s1ng1e ’
, PP >

;group The problem w1th both of)

obJectlve cr1terlon or any "best'" method of equating that can be used as a,
. L
- stan ard cr1terlon for comparrng eﬁhatlng methods. I have suggested that the

’ F
cr1terlon for asse551ng the adequacy of a vert1ca1 equat1ng using the Rasch « o

N

\ .
quel\be based on a consideration’ Lf the follow1ng cond1tlons._ The. f1rst con-

‘

‘d1t16n for an ‘acceptable equat1ng is that the 1tems w1th1n each test fit the

+ e e

*,fRasch model (See Wright and Stohe [1979] for tests of item. f1t ) If th1s 1s
' ftrue, then a single 11nk1ng constant based on common 1tems can be used to - -
: - kY ’ .

1equate the tests. The second cond1t1on is that the common 1tems

used to compute the 11nk1ng donstant must be linearly related ‘A plot.of the
d1ff1cu1t1es for these common items obtained from the’separate’tests to be
"equated can then he represented by a stra1ght 11ne with a slope of jone. (See
/

Al

Engelhard [1980 for an: exam le of this analys1s of the fit of items -to the link.)
P

N
? \ ,
[ .

t
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thin the test network must be met for an acceptable equating.

<.
s are met, then an acceptable equating of the tests in

? © the network has béen realized. In the present example, the three conditions

is that the criterid of coherence and cohsiéfency of the iink-
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. Table 1. Matrix of observed linking constantis.

-

. 1 2 3 4 5 6 7 8 9 10 .11 1% ¥ 14 15 16 17 18 19 20

L v ¢ : .
“ 0 1.013 - - | - = = = .= e e - e e e e e e e

2. o .015 1.608 .773 2.509. - - - - - &4 - - - - - o .
3 | 0 11.301 - - - - - - - - - - - .- - - - -
4 - © 0 1.084 2.441 .863 - - - - - - - - Tt o o o

.0 - 184 - S - - - o - o o o oo

6 |- | - . 0 567 - - - - = o Sl o ot = R
7 ' | " - 0 .980 - - 2.184 = ;f - - e - - o
8 o e 0 .246 1.51 1.323 - i;?; ol .- R
9 . | | | o

10 [Same as values above diagonal, ) o .172 - - = - - - - - B =
. except the values are negative] _ o
nm | . S Do . 0 .B4a -

1
-
.
- Oy
(=]
b
1
!
1
1
1

s 12 ‘ T o . | 0 .0Q3 .614 844 - . -. - - -
13 | R . - ' = o - - - - - - -

0 .510 = = = - -

;15 o . - T o R ' o . 0" .483 - - 1.104 -
16 o Lo LT ».-. S : - c R R 0 - .233 .558 482 -
B S IV
=1 | .a LT T | 0 ' ‘o042 -
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| 0 .865
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. Table 2. Observed links, number of items, number of individuals and standard
‘errors of observed links )

Index Cell ’ Observed Number of Number of Standard
- Subscripts * Links Items Individuals error
I 1,2 ,1.013 8 322 .069
2 2,3 .015 12 322 .056
+ 3 2,4 | 1.608 - 19 . 285 . .048
4 . 2,5 .773 12 ‘ -322 .056
5 2,7 2.509 8" 322 S .069
6 3,4 1.310 ) 10 285 .065
7 > 4,5 1.084 12 . 285 _ .060
8 4,6 o 2.441 Co1l ... 285 - .062
9 4,7 . .863 - . 20 © 285 . .046
10 5,7 1.684 ' 9 333 - .064
11 6,7 .567 8 ' 333. _ .068 -
12 7,8 - .980 L 23 312 .040
T 13 7,11 +2.184 . 11 328 .058°
14 8,9 . .246 . 71 312 .060.
15 8,10 ) 1.510 12 -7 312 , .057
16 8,11 1.323 . 28 . 312 ' .040
17 lio,11 172 12 R 328 .056
18 111,12  .844 : 24 © 294 . .042
19. . 11,15 T.o1601 . L2 '307 . .058
20 _ 12,13 ' ,.003 T 8 : ' 294 , .q72
21 . 12,14 - T .614 ¢ 11 . 294 .061
22 12,15 . .844 24 294 .042
23 14,15, .510 ' 12 307 - : .058
24 15,16 ' .483 ) 23 307 . .042
25 . 15,19 v 1.104 R § | ' 307 .060
26 - 16,17. .233 12 597 .041
27 16,18 .558 12 597 .041
28 16,19 . .482 .36 597 .024
29 17,19 .287 . 10 1,204 .032 .
30 18,19 .042 , 12 1,204 .029

31 19,20 .865 - 12 1,204 © .029

¢ \




Table 3, Residual andlysis of linking censtants. )
: : yi

, ” . ; P . L) . /s
Indéx ‘Cell Observed Predicted Residual  Residual’ Rankit
Subscripts 'Links Links (std)
> 1. 1,2 1.013 ' 1.013 ' .000 =.230 -.202
o2 2,3 .015 ‘ -.128 : .143 227 643"
3 2,4 1.608 1.040 .568 1.588 1.175
4 2,5 .773 ~1.30 . -.528 -+ =1.920 ~1.645
5 2,7 2.509 2.69 -.163 -.814 1.341
6 3,4 ~1.310 1.167 = - 143 .227  .643
7 4,5 1.084 . .262 .822 2.400 2.054
8 4,6 2.441 - - 1.763 ..678 ©1.939 1.476
9 4,7 .863 _ 1.652 -.789  -2.754  ~2.054
10, 5,7 . 1.684 1.390 : .294 .710 1.036
, 1 6,7 * .567 -.111 .678 1.939 1.476
12 7,8 . .980 .890 .090 . .057 .332
13 7,11 2.184 2.274 -.090 -.516 -1.175
14 8,9 .246 . .246 .000 . ' -.230 ~.202
15 8,10 1.510 - 1.360 .150 .248 .842
16 8,11 -7 1.323 . 1.383 -.060 '-.422 -.915
- 17. . 1lo,11 S G172 . .022 .150 .248 ".842
- 18 . 11,12 ~ .844 - 776 .066 = -.013 .253 %
19 11,15 ¢ T 1.601 1.669 -.068 , . =-.446 " -1.036
20 12,13 .003 ©..003 - . .000 -.230 - -.202
21 - ,12,14 © .614 . .498" .116 - .141 .468
.22 . 12,15 .844 .892 -.048 . ~-.384 -.706
23 14,15 .510 ' .394 - .116 .141 .468
24 © 15,16 ~ .483 .523 -.040 -.358 -.583
25 . 15,19 1.104 1.064 .040 -.1l01 .151
26 16,17 .233 .245 -.012 ~.267 -.468
27 16,18 - .558 .528 - .03 ~.134 .050
28 . 16,19 .482 ' .540 - -.05 -.416 -.806
29 17,19 .287 ‘ $296 -.012 -.267 -.468
30. 18,19 .042 .012 .030 . ~-.134 .050
31 19,20 .865 .865 .000 -.230 -.202
Mean o . -927 .856 - .072 .000 .00 -
Standard Deviation .682 .703 .313 1.000 .966
hY \ \‘_‘

g
t




Table 4. Test difficulties, re-centered links, and comparison with preliminary

rasults of an earlier linking study.

Test Cell Re-centered . Test? Preliminaryb Difference
Difficulties Subscripts Links "ID Links

(delta) ' '

9.575 6,1 - -3.815 4-7 T -4.272 .457
8.562 6,2 -2.802 .
8.690 6,3 -2.930 5-7 -3.625 .695
7.522 6,4 -1.763 -

7.261 . 6,5 .~=1.510 6-7 -2.344 .834
5.760° 6,6 0.000 7=-7 0.000 .000
5.871 6,7 -.111 ‘ '
4.980 6,8 .779 o

4.734 6,9 1.026 7-8 .. .618 .410
3.620 6,10 2.140 o 7=9 1.696 .444
3.597. 6,11 S2.162

2.821 6,12 2,939 .
2.818 6,13 2.942 7-10 2.235 _ 07
2.323 6,14 3.437 7-11 2.635 - .802
1.929 6,15 3.831 '

1.405 6,16 4.354 :
1.161 6,17 4.599 7-12 3.375 . 1.224
-.877 6,18 4.883 7-13 - 4.177 .706

.865 6,19 4.894

.000 6,20 5.760 7-14 5.094 .636

Note Preliminary links were &nly obtained for the Achlevement Series and. not
" for the specxally created llnklng tests.
;i .
a. The test numbers used through out this paper were assigned in order to simplify

the discussion in this paper. The numbers in this column show the actual form
and level numbers used by Scott, Foresman and Company for their Achievement
Series.

The values given in this column were based on a preliminary analysis of the
Huron County Data used in this paper. The values currently used by Scott,

Foresman and Company are based on a national representative sample. This,

data is not currently available.
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Key - Sqﬁareélrepreaent levels 4 through 14 in the‘Abhiévément 8eries;
' for this study; single l;pea represent sets of common items _
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Figure 2. Rankit plot of standardized residuals. ‘ R
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