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LINKING GROUPS OF ITEMS

T ) ' _ Fred Forster
) ) " George Ingebo
\ D Portland Public Schools

h General Purpose

“Linking is the art of making big ones out of little ones, itemgpools
that is. The Rasch calibration of a single test‘relates the items to an
équal.interval scale ceutered on that tes:. The power of the Rasch rwodel
'is realized when two or more t;scs are joined into a pool related to a
single scale—in Rasch terminology "linked" to each other. Sinhce every
atudent can't take évery item it is necessary to find au alternative
method for tying separate test administrations together. The following
ghidelines are intended to establish some principles for linking items
énd tests in a variety of practical situatioms.

-

Rationale

When the same item calibrates at a low level om éne test and a high
level on a second test, it provides information about the relative cali-
brations for the rest of the items on the two tests. The item is low on
the .first. test because the other items on that test are higher, ana i3 high
on the second test because the other items on that test are lower. For
example, as shown in Figure 1, item X calibrated as 190 on test A and
210 on_test B. Since the difference in these calibration values- is due

to the level of the other'items relztive to item X, the twenty point
difference is an estimate of how much the callbrations on one test would
have to be increased or decreased to bring them into line with the other
test. As expected, adjusting test A to t:est: B (A—-)B) involves the
addition of 20 points to the calibratiomn of each item on test A. In this
case, an item with a calibration of 230 on test A would be assigned a
calibration of 250 in relation'to test B items, i.e., would be expected to
calibrate at 250 if included on test B. 4
Obviously, one item is sufficient to link two tests if it is calibrated
at the "right" value on both tests. In practice, the way to insure the
stability of the linking value between.two tests is to include a small
subset of items on ‘both tests. The number of items in this subset 1s
one of several factors whicﬁ are considered in planning efficient linking

patterns.

%*Calibrations-are expressed in Rasci units (RITS).
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Figure 1

\ .
The Same Item Calibrated on Two Different Tests

4
Item . | L.
x ' )
‘ oy T | L 1
Test A% - 170 180 190 200 210 220 330
° . Item
X
. . i —
Test B_ 170 180 190 200 210 220 230
A R = T
Test A . \ NS 1fo 180 190 200 210 220 230
' Item
X
" Test B « 170 180 190 200 210 220 230 -

* As represented here,fiest A is at a higher leyel (more difficulc)
E - . than test B.
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N " Linking Values

A'linking value'is the difference between the average of the calibra-
tichs of a subsat of items on one test and the average for the same items

on a second test, This value can be either positive or negdtive depending
on the levels of Ghe tests being linked. ‘As shown in Figure 2, the dif-
ference between the‘averages is ‘+20 points if test A is adjusted to the
scale established by test B (or -20 points if test B is adjusted to test A).

Linking values are more dependable as the number of items included
i{n the subset or "link" is increased, but the size of the link does not
guarantee accuracy. Since it is necessary to use a large number of tests
to create an item pool, rsing a test length of forty items is about right
to encourage: teachers to volunteer testing time. Therefore, while an increase
in the length of link increases the reliability of the linking value, it
also significantly decreases the number of items being linked together.

Another factor affecting_the size of a link is attrition. The Rasch
program produces several indices of item quality which indicate the items
that did not perform satisfactorily during field testing. Almost certainly
link items wil' be lost_in both the inital Rasch analysis and during the
linking procedure.' Therefore, more items need to be included in a link when .
fielo testing ptevicusly untried items, than when, for example, deyeloping

!’

parallel forms of an established test.

v v ——— 3 —e—— - e e — -

Triangulation

»

_ The accuracy of a linking value is best establisned by confirmation
through the use.of a third test. As shown in Figure'3, adding the linking
values for A<~—»C and C--;B should algebraically sum (approximately) to
the linking valué A=->B. n ghis example the sum of A——p»C and C—>5 is
called a confirmigg valse for the direct value A—>B. :

The importance of trinngulation is that it provides the capability
of identifying and excluding counter-productive information from a linking
value. In those cases where a close agreement is not obtained between the
direct'value and the confirming values for a link, some detective work is
dindicated and it may be‘necesgary to reexamine the original Rasch scaling,
the item analysis, or the linking analysis before the reason for the
problem ia uncdvered.
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Figuré 2
© Calibratiomns fo;: a Subset of Ttems on Two Different ‘Tests
. Calibration* " Calibration )
Item . Test A Jest B -
I 190 210 .
' Y 187 ‘ " 206 - .
z " 214 235 X
Average 197 217 '
* Calibratiods are shown in Rasch units (RITS)
R ' "
- . )
| / ’ . ‘ n:'{é |
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Example of the Triangulation of Linking Values o

N Linkiné value adusting Test A calibrations
to fit in Test B = +20 e

+20 .
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It is fwportant to note that thé philosophy behind triangulatiod implies
that the discrepancies in linking values are caused by factors which should
not be ignored. The linking network serves as.a tool for identifying the

discrepangies and the errors which caused them so that’ appropriate cor=

rective action can b¢ taken to remove the faulty data. This philosophy -

‘stands in contrast to gome current linking procedures which average the

discrepancies among links without aay attempt N identify and eliminate
possible sources of error. . - . "

Linking Procedures

The previous sections have described how linking establishes the item
relationships which would exist if all items in a pool were calibrated in .
a single testing operation, and how confirming through triangulation )
validates the accuracy of the linking procedure. This section will de-
scribe a strategy for efficient linking. First,. there will be an examins.
tion of the fundamsntal issues involved in constructing an item bank and
field testing. Then there will be a consideration of the way in which
several specific linking patterns provide the information needed to develop
the scale for items being field tested. -’
curricuium Considerations . ' ’ - .

Since curriculum integrity is essential to an item bank, it ia neces-
sary to caretully specify goals to which a bank relates and to precisely
tie each itém to these goals. In developing item banks in reading, mathe=
matics and language usage, the Northwest Evaluation ASsociation (NWEA) has
used the comprehensiwe Tri-County Course Goal Collections for this purpose.

"(While NWEA efforts have proven effective in these subjects based on rules

and conventions, 1tem banking in other fields such as science and social studies

where relationships are discovered rather than decreed remains to be proven.)
" Curriculum balance.is important in the design of field tests to

make the exercise reasonable for teachers and students. A forty item field

test which relates to the learning experiences of stndenté can leave a

positive reaction witn a class, while a tést shich has too many items on

the same éoal or which is.irrelevanf to the goals of c¢lassroom instruction

can be repetitious and boring: Qurriculum decisions concerning the scope

of content to be included in tést and the number of items to represent each

goal will affect the test format, test length, the number of tests needed,

the composition bf the links between tests, and the target population for
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’ field ceeciné. After che bank has been established and permanenc tests are

. © sentat on given different goals and the information needed from the test -

will help insute the success of- ;he resulcing cescing program.
T

\ Adminiscration.Consfderat;ons "L ' = ' . - -

/ C In addition to- curticulum issues, it is important to coneider a

variety of agministrative issues, especially as they affect the mental
get of the teacher and- BCudencs and, ultimately, the completeness and
. accuracy ‘of the test informacion. ”
. First, it is: eesencial that the parcicipacion of‘principals and .
teachers in field testing be voluncary. We have found that one way to . .
encourage voluneeer patticipation is to peturn a report to ;he teather
on a rapid turnaround schedule which is'designed for classéoom use: In.’ s
addision to sparking interest, this policy‘increases the ceacher s 'atten-
:nﬁ tion” to the completeness and accuragy of information turned in for her
. ‘class. ' , . N .
. Second, the teacher volunteers need to be informed abouc the experi-
mental nature of the tests, and that many of the test questions are new
v and untried. If ‘they are encograged co suggest improvemencs to the
questions. they don't like, an additional valuable source of %Pformacion
- will be available for the item analyais. v
" Finally, it {s important to use a test’ length for- field Cesring . v
.which does not presenc‘difficulcies for the teacher and, .therefore, o
adversely affec her mental set and that .of the students. After severaI',
¢ . years of experience, we have found that forty mulciple choice items is
about the maximum test length which does noc present scheduling problems
or introduce & ‘speedness factor. While the maximum test length may differ
from subjeéct to subjecc, it is important to give che student sufficienc time
needed to complete the test if he knows the subjecc matter. _ e
‘When these measures are followed, chey lead to a better qualicy of ’
cesc informacion and.also contribute to the willingness of the teachers
(.“ well és those with whom they discuss the program) to cooperate in
future field testing. | e ' '

. " Linking Networks .

' - The pattern’of icen links (subse;s) between pairs of field tests

which is used to establish an item pool or expand an item bank is called a

N ¢
Q ,- ) ‘ 9
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linking network. The purpose for . the network is to insure that sufficient

informetion will be available to calculate accarate linking values for *
each test to the final scale.thereby fixing the level of each item that
= has been field tested. >Further consideration of this gdul leads to a’

e few general princibles of network design. ? . e "_
X Ei!!&i_it ihAiguallx,not a_good idea to uge extremely large links- o M

* While it is true that linking vaiues become more dependable as the size
of the link 1s-jincreased, a length’of forty items is’ usually the maximum
field test size which can be accommodated in. norma administration. .Tor'
; : gether with the fact that the.length of 'a link is only on¥ facgor .
affecting the accuracy of the linking value, this leads to the conclusion
that using a link size beyond ten items usually unnecesserily reduces the *
item yield from field testing. .
Second, it is necessary to nssess the previous information available
~: for your items. In'addition to the number of items to be field tested and
the existence of an estsblished prior bank, two essentiql variables which
affect a network are: (1) the'number'of independzut calibrations needed:

'] [ 4
.
-

I -

' for each iten, ande(Z) the nunher of confirming values needed for each
linﬁ For example, in establishing an item pool with _previously untried ' a
; items each iten should be calibrated at least three times and each link C.
should be confirmed.at least four times. On the other hand, if the items
have been used and item analyzed before under good test administration - "
conditionq, then it might be reasonable to calibrate each item—only twice

‘ ~

. . and confirm each link twice. .o J

Third, if the same link is used in all three tests involved in a .
triangulntion, then the confirming value i8 of no use (see Appendix A), ..

Fourth, researgh on field ggg;ggg has provided some rules of thumb -
. . * ~
. for developing the linking network. Porster, et al (1978) have shown

that:. - Lo . ' . '
‘ ) '
. Y it is not necessary to use random samples to obtain accurate
- item calibrations, ° .

(2) -200 or more students are sufficient tc obtain accurate item

. . calibrations,
~ N < »

Xem

(3)"item iinking values conform té an equal interval scale, and . '

(4) item calibrations are not biased by levels of the other items .
. included in the %ield test. . r

* " The following section describes the use of these guidelines in the design

r +

*

*Forster, F., Ingebo,'G.I. and Wolmut,tP. The Rasch Model Honograph Series,
'The Northwest,Evaluaticn Association, December 1978,
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of linking networks related to situations actually encountered in building SN
or expanding an itent bank.

& u

. . [ )

' . 'Examples of Linklng Networks

The”Foursquare Network \k“‘ . ’

\

The first network discussed-here was used to establish the NWEA language
érts item bank from a large number.of previously ﬁhtried items. As shown 19
" Figure 4, the Foursquare network is based on the principle of cal rating - -

-

‘each item three times to produce two direé¢t and four confirming values
., for each link, which makes it ideal for determing and excluding questionable data
.'in building the bank By numbering each block of ten items, the design
- for ‘the, fgsld tests has been shown in Figure 5. The pattern includes 38 .

F3

-

blocks of ten ttems each (880 items), arranged in 64 tests requiring approx—
imately 13,000 dtudents, giving a yield of 13.75 items per test.
As shown in Figuré 6, this linking network derives its name from the
' fact that each group of four tests can be analyzed to give a pool of 80
- items. Each group of four 80 item pools can then be -analyzed to give a
240 {tem pool. The total of four 240 item pools can then be analyzed to ' ’
give a single 880 item pool. Thus, there are three successive 'phases" .
of the’ analysis leading to the final item pool .
) In analyzing each of the links between two tests (say LAI and LA3)
... the following triangulations can be made: '

This configuration then proﬁidee two direct and four confirming values for
each link. Once tests LAl through LA4 are combined into a single pool,‘

» * 'Y
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Figure 4

Phase I of the Foursquare Linking Network

o
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Figure 5

The Foursquare Linking Pattern

. Phase 1 . ' Phase II

I

1 2 1 |2

LAl ( 17 | 18
LA2 ~, 17 | 18
LA3 | " | 17 | 19

LA - ’ 18 | 19

LA5 ' 21 22

S

LA6 i ’ 211 22

LA7

LA8
|49 - 10
LAL0 | 10 |12
|t | o4 |9 |u |12

LAL2 11 12

’

LAl3 | ' 14 |15
LAl4 ' 14 |16

a1s | | 15 |16

tale | 1 | o [w |15 16

% Available for linking to higher levels.
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: vyase I - Prose 1
PHASE | PHASE] 1 2 3 PHASE | PHASE PHASE | PHASE , | PHASE {PiASE
rest | 11| 1m ‘ 11 | a1r Yrestl oar | urfal 203 | x|
1433 | 1IX c |33 36|35 | 73 x |frasof x1zn | p wlso st | 17| %
LA34 | 1x c (23 [3s36 | 74 x |[uaso| x111 | b fa9|s0 |s2 |.78 | x
1435 | Ix ¢ I33 |35 |36 | 75 x {luasi|xiiz | o ag9lsifsa | 79| «x
1436 | 1x c |34 |35 {36" x | 81 [{uas2| x111 | b [so|s1 |s2 x | 82
1A37 | X C |37 |38 )39 | 73 X ||La53] x1v D |53] 54 |55 77 X’
o hass | x ¢ |37 [38la0 | 76 | x |lrase| xav D |53|54 (6 | 78 | x
w9 | x| ¢ [s7.|39 |40 | 76 x |lLassl xiv | o |s3|ss [s6 | so | x
LA4O | X c [38 |39fs0 | x | 83 |[rase| xiv D |s4]ss |se x | 63 !
wel |1 - | ¢ fer Jez |e3 | 73 | x ilias?) xv p [s7]ssfs9 | 77| =x
ez | x1 | oc fer faz |ea| 75 | x |frass! mv D |s7|ss (60 | 78 | x
La43 | x1 ¢ |s o3 faa | 76 .| x Jusolxv | b |s7|soles | so | x |
IA‘OQ - X1 C " |62 |43 |44 °X 84 !L‘s60 Xv D 581 5960 X 84
1A45 | XII c {45 |46 |47 74 ..x Nrast] xvi D. |61}62 |63 78 X
1A46 | XI1 c |45 |46 |48 | 75 X |jLa62| xvi | D 61|62 |64 79 X
a7 | x11 | ¢ Jus f7 |48 | 76 x |lae3l xvi. | b lex|e3 {64 | 80| x
o fuss [ x| c fes [a7fes | x |+e2 jluass| xvr | v Je2]e3 Jés | x | #a8

*Available for linking to higher levels




_ " Figure 6 -
Phase II of the Foursquare Linking Network

81 \
L/ )
! 75
1 67 1Tl IX : X1
‘ 65 73
65 || 66 ' 67||68 73| 74 751] 76
L) v . 6
b % X ' __7 | X1I
66 ( | . 74
(& O O
O BONO!
| v 71 VII X111 19 v
69 77
691170 71 || 72 77 ({78 79 B0
_ 80
. V1 42 vnz| X1V XV1
: 70 78

\ 82

43

84

83

84

indicates item blocks which may ‘be used to link the metwork to-an item bank or
another network.
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blocks 65, 66, and 67 link to the four adjacent pools (each fé;méd by a
g:oup of four tests) through a comparable analysis.

The redundancy -0f direct links in this network strengthens the design
,and simplifies the identificarion of bad ‘test information in any given §
test. Since organizing a field testing effort of this magnitude may leave 7
little time availablc for readministration of a test shown to bu weak, s
the redundancy provides a second direct value if one turns out to be
unacceptable. If both direct valueas are unacceptable, there are still six
more confirming values to salvage the link. When these failsafe features
of the network are not needed, the two 10 iteﬁ links between each éair of
tests are combined to form $ix strong 20 item links among the four tests.
Another fgatu:e of this-necwork is that when si;teen or more tests are
used it can accommodate a wide range of item levels. (In the case of the
NWEA language arts bank, the 64 tests spanned grades three through eight.)
’ Theorerically there is no upper limit to the number of items which
can ‘be calibrated using this design. In additiom, it can be modified to
produce "unbalanced" networka‘so that a group of four tests can easily be
linked to a group of sixteen or sixty-four, o

- The Three-bz-Three Network

The Three-by:Three network is used when both new untried items and
some established items are available for forming 5 pool or linking to an
existing item bank. As shown in Figure 7, this network accommodates
ten tests. Assuming that test A is the lowest level t;st and test J is
the highest, care must be taken in selecting the items for link 12 since
it is included in both of these tests. Therefore, one of the considerations

_in using this design is a determination of the appropriateness from a

- —— gurriculum perspective of using the same items in the highest and lowest . .

tests. (Normally,.this constraint does not seriously limit a linking
effort since the three back links provide solid confirming values for this
tenuous link.) .

Using this design each new item is calibrated three times and each
linking value is confirmed four or more times providing a yield of 120

new items or 12 items per test. .

16
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. Figure 7

The Three-by-Three Linking Pattern and Linking Netwot

Tast * - 10 Item Blocks

2 3

>
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5
2
2
1
4
3
6
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8
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The Double Eighc Linking Network

The Double Eighc network provides a flexible structure for accommodating
mixes of proven and untried items.” As’ shown in Figure 8, this network uses
sixteen tests arrapged in ascending level (from test A to test P) with four
links to an existing bank.. Each item is calibrated twice and each link’
has one direct and two confirming values. The sixteen tests link 360 i:iems
for_ a yield of 22.5 items per test. )

One of the advantages of this design is its flexibility. In those
eicuationa vhere it is neceneaty ta strengtheu the pool by more tightly
linking it %o an existing bank, four additional bank links can be included.
At the opposite extreme, if the timeline for field testing can be extended
to accomnodace readministering one or more forms, or nearly all the items
will be included in a subi’auent extensive testing program for recalibratiom,
the links can be cut to eight items and’ ‘a significantly higher yield will
result. A third variation would be to repeat the design sevaral times

_along parallel linking paths frou a low level to a high level which would
accommodate a wide range of curriculum scope and sequence and still provide-
adequate monitoring of the overall system.

The Oc:aggn Linking Vecwork

A shown in Figure 9, :the Octagon network uses eight tests which are
linked to an existing item bank and is appropriate when the field test
length can be increesed co'és items. (The pattern uses five blocks of
nine items for each test.) Eech item is calibrated three times and there are
one direct and four.confirming values for each link. The network links
108 items (12 blocks of nine) to the bank for a yield'df 13.5 items per
test. ' |

A useful variation on this design is to.repeat the Octagon design four
irems as shown in Figure 10, and to use the "Bank" links to tie the four

networks COgecher.’ (This results in a structure quite similar to the Four-
square pattern at the center of the four octagons.) The resulting network
can be analyzed 1n two phases, first to create pools from each octagom
of eight tests, and ‘then to link the four pools with two direct and six
confirming values for: the links between pools.

18
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Flgure 8

The Double Eight'tinking‘Network'and Linking Pattern

26 26 30 31 32 ' »
20 "22- 27 28 29 :
23, 25 30 33 35
29 32 33 - 34 Bank 4
19 21 27 34 36
33 34 35 36 Bank 4

" A 1 2 3 4 Bank 1 7
B 1 9 i0 11 12 ! :
C 5 9 13 - 14 Bank 1 '

D 4 5 6 V7 8

E 2 10 13 17 18

F 3 6 14 15 16

G 12 17 23 24 Bank 2

H 11 18 25 26 Bank 2 ) ,

. 1 7T .16 21 22 Bank 3 ‘ .
J 8 15 19 20 Bank 3 ™
K
L
M
N»

0
P
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Figure 9
The Octagon ‘Linking Network and Linking Pattern

-

A 1 8 9 6 Bank 1

B 2 4 S 10 Bank 2

c 1 2 7 10 12

D 3 5. 6 9 11

E 2 3 8 11  Bank 3 .
F 4 6 7 12 Bank &
"G 1 *+ 3 A 9 12

H 5 7 8 10 il




i - : . Figure 10 _ N

The Octagon Extended Network

" Bank 3}




Symmary
This paper has presented .t vationale for linking tests to Form item

pools using Rasch calibration techniques and 'link triangulation. In
addition, these principles haéifbébn demonstrated in the develobment of
'llnking networks designed to meet different field test situaticns. The

. philosophy behind the development of these procedures is the desire to
identify and eliminate faulty field test informatiom. {ﬁ actual practice
we have -encountered many .instances in which an error in test adninistration

. which seriously bialqd item calibra:ions could only be identified by the
conpariaon of the direct and confirming l1inking values in an appropriate
network pattern. For this reason we believe the network approach to field
test design 1is more practical and defenaible than other currently pooular
procedures which average item calibrations without adequate regard .
for the influcnc‘ of errors of validicy and reliability.

!
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' ' . Appendix A

Using the Same Link in All Ihree_Tesgs of a Triangulation
. § N .

L]

(1 Acaumé Tests A, B, and C with linking block 1.

<2§p--1--§j B ‘ - |
Q |

(2) Lc:-lA be the nvefnge calibrntioﬁ for the items in block 1 on test A.

Similarly for 1y and 1. ®
. ’ '
(3) Then: A—>B =1y-1, ' . L
. CADC Lt 1y n
,' B.- ‘. : ] © ' ? .
] . C—>B =1 -1, .

{4) Then-the confirming value is

(A—>B) = (A=3C) + (C—pB) = (15 = 1,) + (1 - ic’ -1 -1

t !

~ .

(5) Since the coﬁ%itming value must always be equal to the direct value
(A—=>B), the indirect link provides no confirming information.




