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ABSTRACT

As part of a larger project to assess changes in
student learning resulting from school reform, this study equates
levels 6 through 14 of the mathematics and reading comprehension
components of Form 7 of the Iowa Tests of Basic Skills (ITBS) with
levels 7 through 14 of the mathematics and reading comprehension
components of the CPS90 {(another version of the ITBS), using & Rasch
" analysis. The analysi:. results in the common calidbration of all 1,031
mathematics items found in the 17 levels of the two test forms to
define a mathematics variable and all 602 reading items to define a
readiug variable. Each item in each subject obtains & person Free
calibration (in loyits) of its own level of difficulty on one common
scale linking all items of that subiject. The 17 levels of the two
tests were successfully equated s¢ that a person taking the CPSS0 or
Form 7 (or a combination of items from the forms targeted at his or
her ability level) will obtain statistically equivalent measures of
ability. Logit measures give a more accurate picture of student rate
of growth than 4o grade equivalents, with rates of growth highest at
the lower grades and decreasing in the higher grades. Four tables, 13
figures, and b references are included. An appendix lists the
criterion definitions of wvariables. (SLD)

RARRARRRRRARARARAARAEARNRARRARAARNRARARRAANRNARRRARARRAAARRRARARLSRARANARNAARRRS

= Reproductions supplied by EDRS are the best that can be made L]

* from the original document. *
RAERXARREAARARRERNLARRARIAERXNAAREAARNEANAANAAAARAARAAARREANRNANARAARRNARRNRARENRESARRARAAS



iy
DEPARTRENT OF EDUCATION “PERMISSION TO REPRODUCE THIS
Onee o e '*EME Eﬁm MATERIAL HAS BEEN GRANTED BY
::: ammwn OA)GJ(/M Z.EE
mﬁ&:ﬂm he pOMON OF cIgRNGERton
0O Mmor w»a;::: DOOR MAIS 10 MMPrOve
 Points of wow or opumons stated i fhus docu TO THE EDUCATIONAL RESOURCES
OEM postan o pohey oo INFORMATION CENTER (ERICL"
N
(o))
o
3 MATHEMATICS AND READING TEST EQUATING
(]

Ong Kim Lee
University of Chicago

Benjamin D. wWright
University of Chicago

Paper presented at the annual meeting of the
American Educational Pesearch Association
April 1992, Ssan Francisco, CA.

T 0188/5

2
BEST COPY AVAILARLE



Reading and Mathematics Equating Study?
Introduction )

This study is part of a larger project intended to assess school change in
student learning as a result of achool reform. In order to do this we want to
look at improvements in students’ academic achievement over time. Current policy
of the Chicago Public Schoola is to change the form of the ITBS each year.
Sufficient mmber of anomalies sppeared after the first change in forms that
proapted questions on adequacy of equating by grade equivalents, at least as
applied to Chicago schools. Unless these test forms are equated, it is not
possible to compare student performances from year to year to determine school
change. The Easton, Dean, and Bryk paper (1991) points out that earlier studies
(Frank and Seltzer, 1990) using longitudinal data bases had shown the inadequacy
of the grade equivalent gcores for determining growth. Schulz, Shen and Wright
(1990), point out that the construction of the grade equivalent metric is such
that students show an average annual gain of one grade equivalent irrespective
of their actual changes in ability. The incorporation of time into grade
equivalents removes the possibility of uetermining growth rates.

This study equates levels 6 through 14 of the Mathematics and Reading
Comprehension components of the Iowa Tests of Basic Skills (ITBS Form 7) with
levels 7 through 14 of the Mathematics and Reading Comprehension components of
the CPS90 (another version of the ITBS), using Rasch analysis (Wright & Douglas,
1975, Wright, B.D., 1977, Wright & Stone, 1979). The analysis results in the
common calibration of all 1031 mathematics ¢’ems found in the 17 levels of the
two test forms to define a math variable, an.. all 602 reading items to define a
reading variable. Each item in each subject obtains a person-free calibration
(in logits) of its own level of difficulty on the one common scale linking all
items of that subject.

1 This project {s a colleboration between the Center for School Improvement under the directorship
of Professor Anthony 8. Bryk et the Unfversity of Chicage, The chicago Panst on Public Schoot Pot fcy and Finance
under the directorship of Jobn 0. Easton, and the Chicago Public Schools, represented by Carole perimen, and
is supported by & grant from the Spencer Foundation te The Chicage Panel on Public School Palicy and Finence.

We owe special thanks to Professor Anthony 8. Bryk for his useful pointers in the course of the analysis

and for his fnput and commonts on the draft of this peper. We would also tike to thank Paul Dean, Jdohn 0.
Easton, Kenneth Frank, David Kerbow, Julia 8. Swith and Arie van der Ploeg for their {dees and comments.
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design is in Figure 1. Each arrow Teépresents a group of pexsons taking a patr
of tests. The initial design took into consideration the need to minimize the
number of students involved in the study. Levels 10, 12 and 14 of Form 7 and
Levels 10 and 12 of CPS90 were not administered because their items appear in
levels 9, 11 and 13 of their
respective forms. Level 14
of Form 7 shares 67% of its
items with Level 13, Linking
was strengthened by adding
existing data® for Levels 10
and 12 of both Forms and
level 14 of Form 7. These
data are from the regular

Student testing, from schools
used in the study. Table 1
lists the number of items and
number of students used in
the analys{s, for each of the

test levels.

The Calibration Matrices

The dat;a were cleaned in four = SAME GROUP OF PERSONS
stages: (1) Only response TAKING TWO FORMS

Strings marked wvalid as Figure 1 Equating Study Design
defined by standard Chicago

2 We are grateful to Paut Dean for extracting response stringe for Levels 10, 12, and 14 from his iles
to provide additionat data for the linking,
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Tobie 1 Mumber of ltems and Persans by Test Level

MATRERATICS READING
form 7 cPs90 form 7 crso0
Test jtems Persons | Items Persons | Items Persoms | items Persons

1. Level 6 53 A5 - . 70 23 . .
2. Level 7 81 45 2 66 &66 s 3
3. Level 8 a8 502 % 550 6 566 61 Sk
%. tevel § % 282 8 380 FY & 453
S.tevel 10] 9 196 s 25 o = o 2%
6. Levet 11| 100 156 0 57 58 170 6 209
7-Level 12| 114 196 109 8 56 2% s 238
8. tevet 13} 117 3P0 s s 5T 3 57 181
9. Level % | 121 200 H"Hr " 5§ 2% 58 175

Public Schools’ procedures®, were included!;
series of zeroes and/or same responses for 25% or greater of the total number of

(2) Response strings showing

ftems, were dropped; (3) Misfitting persons on Rasch estimates were removed; and
(4) Persons with large standardized differences in performances on their pair of
After data
cleaning, the {tem response strings were linked into one glant calibration matrix

tests were removed. About 128 of data were lost through cleaning.

such that strings for a person taking two tests are aligned into the same row and
responses to a given item fall into the same colummn. This 1s diagrammed in

Figure 2.

Tests are arranged from the lowest test levels of Form 7 and CPS90 to the
highest. This results in a Mathematics calibration matrix wich 1031 different
items taken by 2995 different persons, and a Reading calibration matrix with 602
different items taken by 3159 persoms.

Notice that these calibration matrices are only 15 percent filled with data.
Nevertheless, reliable equating was accomplished from Grade 1 through Grade 8.
Rasch equating does not need complete data to calibrate items successfully onto

a common scale or to obtain good estimates of person measures.

3 Test strings were flagged when they fafled evaluation under one or more of the following criteria:
(1) More than 3 multiples; (2) 50-70% lite and > 1 ewbeckled omits; (3) B80-100X lite snd > 0 embedded omits.

4 4o would Like to thank the Chicago Public Schools for doing the first stage of cleaning by flagging
invalid response strings.



Each matrix was Rasch-analyzed in a one-step equating procedure and all tests
vere placed on a common logit scale. Items calibrations in difficulty logits,
the log odds of an item provoking failure from a person with ability equal to
the scale gero. We now have a bank of 1031 Mathematics items and another bank
of 602 Reading items. Fit statistics do not suggest the existence of dimensions
other than Mathematics and Reading in these two tests.

—— .
CALIBRATION MATRIX |
(]
,1 TEMS 1081 J1 M sm
. -
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s R
o s
N "
8 3
2986

nse

13.78% FRLED 16.48% FILLED

ﬂgure 2 The Mathematics and Reading Calibration
Matrices
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Determining Parson Measures Using the Nathematics and Reading Banks

() When response strings are available

Persons responding to any of the ITBS test levals equated here, can have their
abilities estimated from their responses by rumming a Rasch analysis on their
responses while anchoring the item difficulties on their bank values. Any set
of items can be selected from these banks to form a test targeted on a given
group of persons, and person abilitfes estimated in the same way. A realistic
standard error for each measure can be estimated inflated for observed person
misfit. This is because Rasch estimates are based on perfect fit and the
standard errors for misfitting persons tem! to be underestimated.

(b) When response strings are not ava{lable

In longitudinal studies where tests were implemented years ago, response strings
are no longer available. The student measures therefore camnot be determined
from an analysis of their responses. An indirect method based on their recorded
grade-equivalents (GE’s) must be used. The method is to regress the direct
person measures for each test level from the equating study, on their GE’s for
that test level. The person measures used were those of the individual test
analyses of uncleaned data, with item difficulties for this step anchored on
their bank values. The regression coefficients can then be used to predict
student ability measures from the GE's they obtained in their earlier tests.

Standard errors for these measures must also be estimated. Again regression
analysis was used. This time the dependent variables were the standard exrors
(inflated for misfit) of the measures from the direct analyses of uncleaned data.

Mean Item Difficulty of Form 7 and CPS90

Tables 2(a) and 2(b} show the mean item difficulty for each test level. The last
columms of Tables 2(a) and 2(b) show the differences between the mean logit
measures of CPS?0 and Form 7. It {s clear that CPS90 is slightly harder than
than Form 7 at most test levels, Mean test difficulties were plotted against

6
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Table 2(a) Nean itew Pifticulty for Reading

Foerm T (FT) P890 (CP) m}:
1788 lmberiitem Difficuity | Mumbor Ttem Difficutty] Bget.
Teat of of Forme
level iGrade [Items | fNegn 8.D. Iteme | Meen | 8.0, (CO-F)
6 £ 4 o 2.2 | 0.59 . - - -
4 1 S8 -2.15 | 0.6% L ~1.86 | 0.42 0.314
8 e &7 110} 0.8 61 1.0 | 0.68 g.0M1
9® 3 & 0.17 | 0.89 &4 0.3 | 0.72 0.542
10 4 49 0.9 | 0.88 49 1.12 { 0.48 0.166
14 5 5% 147 | 0.7 5 1.5 { 0.3 0.041
12 ) 54 1.9 1 0.% % .07 | 0.82 0.086
13 4 T 2.80 1 1.08 114 2.60 | 0.1 -0.113
14 8 58 3.40 | 0.90 58 3.3 | o.% -0.008

Table 2(b) Nean Item Difficulty for Mathamatics

Form T ¢FD) CPERC (T u’u;t
Diff.
1188 NMnber|Item Difficulty | mumber]ftem Difficutey] Set.
Test of of r Forms
Level {Grade [Items fean $.0. Jtems Nean 5.0, (CO-FT)
é X kv «3.51 | 1.3% - - - -
7 1 81 -2.84 | 1,12 2 ~2.82 } 1.7 0.02
8 2 88 1.7 | 1.3 ) 1,48 | 1.36 Q.29
9 3 90 "ow 1-@ “ "o“ ‘o” aoo‘
10 4 9”9 8.9 | 1.1t L] 0.07 § 1.20 0.18
11 - 109 1.05 | 0.88 101 0.98 | 1.1 0.09
12 6 1% 1.90 | 0.95 109 1.87 | 1.02 -0.03
13 7 117 £.51 ] 0.97 13 2.73§ 0.9 0.2
1% 8 121 3.07 { 0.98 117 3.221 095 0.15

grade and shown in Figures 3 and 4 for Reading and Mathematics respectively. The
difference in mean difficulcies between CPS90 and Form 7 for Level 9 (Grade 3)
of the Reading test {s at 0.54 and that for Level 7 (Grade 1) 1s at 0.31 logits.
For Mathematics, the largest differences in mean difficulties between CPS90 and
Form 7 are at Levels 8 (Grade 2), 10 (Grade 4), 13 (Grade 7) and 14 (Grade 8)
with 0.29 logits, 0.18 logits, 0.22 logits and 0.15 logits respectively. To show
these differences more clearly, they were plotted against grade and shown in
Figures 5 and 6.

Mathematics decrease with grade, that is, the {tems are closer together in
difficulty level at the higher test levels. This requires further fovestigation
as to why it is so.
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Figure 3 Plot of Nesn Resding Item Difficulties
against Grade for Form 7 {Loveis é through 14) and CPS90
({Levels 7 through 14).

MATH MEAN ITEM DIFFICULTY VS8 GRADE

Figure 4 rlot of Meen Mathematics Item Difficulties
against Grade for Form 7 (Levels & through 14) and CPSSD
Levels (7 through 14).
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against Grade. 7 ageinst Grade.

Mean Measures and Mean Grade Equivalents of Common Persons taking Pairs of Tests

For the common persons taking a CPS90 and a Form 7 test at the same levels,
(arrows 3, 7, 11, 12, and 13 4in Figure 1), the mean measures and grade
equivalents were calculated. Results are shown {n Tables 3 and 4 for Reading and
Mathematics.

Table 3 Mean Neasures, Mean Grade Equivalents, and Standerd Devistions of Common Persons
Setween form 7 and CPSP0 Roading Tests.

Person Measures Grade Equivalents
Number Logit 1
1TBS of form 7 PSS90 IMEf Bet form 7 £PS90 (HFf Set
Test Common forms Eh
tevel {Grade|Persons | Mean | 5.0, Nean | 8.0, (CO-FTY § Mean | S.D. Nean { S.u. [ICO-FD

- - - - - - - - - - -

120 'f.w ‘ 027 ',.“ 00“ '0-05 ’ a“ cc“ ’ Da 0.5 ‘0-42
,“ .’Qw 0.“ ‘10“ o.n Q-n 3-@ 0.76 'a" 0.69 '0-32
1” 0.“ 1001 0.00 Q-W ‘ﬂ.ﬂ 30“ 10” z-” 0-” ‘0-“
173 1.4T | 1.00 1.50 | 1.0 | 0.08 8.5t | 1.40] 5.13§ 1.38 |-0.38

144 2.56 { 0.683 | 2.49 | 0.80 {-0.07 6.95 1 1.5 | 7.14 | 1.55 | 0.21
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Tsbie 4 Nean Neosures, Nean Grade Equivalents, and Stendard Peviations of Common Persons
Between fore 7 and CPS90 Mathemotics Tests.

Person Neasures Grade Equivaients
Nutber Logit &
ITeS of fForm T PSS90 Diff Dot form 7 CPS90 Diff Bet
Yost Common forme forme
Level [GradeiPersons | Mean | S.0. | Nean | 5.0. CCP-F7) | Nean | §.0. | WNean | 8.D. | (CP-FT)
6 ‘ - - - - - - - - -~ - -~
7 1 ” 'Z.iz no“ ':o“ 9.7‘ '0.“ ‘c“ 01“ } S 00“ '0.23
8 |2 116 -1.06 ] 0.96 | ~1.05 ] o.M 0.0 28joem: z22jomnm| 0.4
® 13 118 040 | 1,05 0.3} 1.25 8.07 3821 0.8] 3.41] 0,92 | -0.41
‘o ‘ - - - - - - - - - - -
11 s 150 1.64 | 0.8 1.68 | 0.87 0.8 637 | 0.88 ] 5.72 1 0.91 } -0.45
12 6 - - » - - - - - - - -
13 |7 s 2.73 (0% 1 2.73] 0.5 0.00 781 1133 T.25| 1.2 | -0.5
“ e - - - -» -~ - - - - - -

Since the same persons took both tests, their matched mean measures on

the two tests should be statistically equivalent. It is shown graphically by
plotting the mean measures against grade in Figure 7 (for Reading). The same was
done for grade equivalents in Figure 8. Similar plots are shown for Mathematics
in Figures ¢ and 10. Note that the matched mean GE’s for the same persons are
not the same over the two test forms they took, for both the Reading and
Mathematics. Students obtain higher grade equivalents from Form 7 for both
Reading and Mathematics, except for Grade 7 Reading. This shows a bias in grade-
equivalent equating of the ITBS, that is, GE’s produced by the two forms are not
directly comparable. The GE plots are not even the straight lines we expect from
GE scoring. For Grade 7 Reading, the mean Rasch logit measure shows that CPS90
is slightly harder than Form 7. In grade equivalents, however, the same students
appear to have done better on CPS90. This apparent contradiction suggests the
possibility that the norm group used for the CPS%0 Grade 7 Reading could have
been a less able group compared to the norm group for Form 7. Hence the same
group of students in the equating study when seen in terms of GE appear to have
performed better on the CPS90 than on the Form 7 Grade 7 Reading. When compared
in logit measures for common persons, Form 7 and CPS90 differences for all the

grade levels are very close to zero as expected. This is shown in Figures 11 and
12,
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Figure 12 Plots of Differonces between Common Peraons® (n) Neen Neamures and (b) Meen GE's against Grade
for Mathomatice.

The differences in mean GE’s, adjusted to the logit scale using the average
exchange of 0.8 logits per grade so that the vertical scales are all comparable,
were also plotted against grade in Figures 11 and 12. Here the differences in
GE’s between the two test forms are much larger than zero.
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Standard Deviations of Measures and Grade Equivalents

From Tables 3 and 4 we see that for Reading and Mathematics, the standard
deviations of GE's increase with grade while those of measurxes do not. The
spread of students in logit measures does not change much from grade to grade.
The increasing standard deviations of the grade equivalents give the misleading
jmpression that student spread increases, that they get further apart. Figures
13(a) and 13(b) plot standard deviation against grade. Note the relative
constancy of the logit standard deviations and the systematic imncrease of the
GE's standard deviations across the grades. The illusion of increasing spread

MATH MEASURE 8STD v8 GRADE MATH GE STD DEV V8 GRADE
14 Aadad 4 prvery T \Ad Y )
1=® 12 &
gw- i Ew- &
§“ um- 4
®1 2o ] «f *OFO0 |
QO MRM? ; 8 KW
u‘ A Aol L PPUUS TUUTY PUPPY FUPUT SV UV \ £ A b re
o 1 & 8 a4 s 8 77 8 “9 T £ 8 4 & &6 T O
ARADE QRADE

Figure 13(a) Plots of Standard Deviastions of (i) Measures (11) Grade Equivatlents against Grade for Nathematics.
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Figure 13(b) Plots of Standard Deviations of (1) me.sures and {11} trade Equivalents againat Grade for Reading.
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produced by GE standard deviations could easily be misunderstood to prove that
schooling increases the differences among students. 7The logit measure plots show
that this is clearly not so.

Criterion Definition of Variable

Appendix A is an example of a criterion definition of the variable called
Mathema:ics Computation. D on the vertical axes is a linear transformation of
item ralibrations. D = 26 + 5*(item difficulty). The vertical axis on the right
shows the locations of the mean student ability at each grade.

Such itew maps can readily be constructed once items have been calibrated, which
an item bank of this kind enables. The math items increase in complexity as the
difficulty level increases. This is useful to teachers. Students’ measures are
directly comparable to item difficulty calibrations. Reference to an item map
such as this, enables a teacher to determine what a student has or has not
mastered, where the student is in his mathematics education, and to plan his

lessons accordingly.
Conclusion

The 17 levels of the ITBS Mathematics and Reading tests used in this study have
been successfully equated and are each on a common scale of item difficulty from
K to 8. A person taking eithexr CPS90 or Form 7 (or any combination of items from
these two test forms targeted at his ability level) will obtain statistically
equivalent measures of his ability.

In the grade-equivalent metric, the difficulty of the test depends on the ability
level of the norming sample. A student’s grade-aquivalent depends on which test
form he takes. As a result it is impossible to compare student abilities by
studying the grade aquivalents. Students scoring lower grade-equivalents on a
given test may be thought to be less agble, when the test may actually be harder
or the norming sample more able. Similarly, students scoring higher grade-
equivalents may not necessarily bes of higher ability since the test form may in

14
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fact be easier or the norming sample loss able. Using grade-equivalents results
in misleading interpretations of student performance. These have serious policy
implications. Teachers may recommend remedial programs for students who Go not
actually need chem. Students may be thought to have acquired the desired level
of competency when they have not. Funds may be channelled to the wrong programs
for the wrong students.

Students’ rates of growth will never be shown by grede equivalents. Every year
they are forced to have one unit of grade-equivalent higher., A plot of GE growth
against grade is forced close to a straight line giving the false impression that
the rate of growth is uniform at all ages. With logit measures, however, rates
of growth are shown to be highest at the lower grades, and to decrease in the
higher grades.
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