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Introduction

Tests are design to measure student ability under standard conditions. Any compromise
in the standardized administration conditions may introduce test-irrelevant sources of variance to
the test, thereby violating the validity or score comparability of the test. A key psychometric
issue to consider when test scores are gathered under standard and nonstandard conditions is
whether or not those scores are measuring the same abilities or constructs, regardless of
condition.

Studies have indicated that test accommodations, often considered nonstandard
conditions, do not change the dimensionality of the test but level the playing field (Phillips,
1994; Thurlow, Elliott, & Ysseldyke, 1998; Tindal & Fuchs, 1999). For example,
accommodations, such as large print or Braille editions for visually impaired persons, or
allowing extra time to dyslexic students, may be the valid accommodations and are closer
approximations to the standard condition. Allowing valid accommodations produces scores for
students with disabilities that measure the same attribute as standard assessments measure in
non-disable individuals. That is, the assessment may inaccurately measure what these students
know and are able to do without the accommodations for their disabilities.

The common accommodations for various disabilities include Braille, large print, oral
presentation of directions, oral presentation of the entire test, scribe, signing, assistive
communication device, and extended timing. CTB (2002) classified the accommodations into
three categories for use in reporting primarily based on effect of accommodations on test scores.
Students with disabilities comprise 11 percent of the total K-12 enrollment in public and non-
public schools (U.S. Department of Education, 2001). Some students with disabilities are not

been able to participate in assessments under standard conditions, and in the past were often



excluded from large-scale assessment programs (Allington & McGill-Franzen, 1992; Ingles,
1991; McGrew, Thurlow, & Spiegel, 1993; Olson & Goldstein, 1997). Furthermore, these
students were often excluded from the sample used to calibrate and scale test items primarily
because the accommodations have been thought to introduce a trait-irrelevant source of variance
(Phillips, 1994). Federal legislation currently requires the inclusion of all students that can
meaningfully participate in large-scale testing programs including those whose IEP or 504 plans
specify the use of testing accommodations.

The effect of testing with accommodations, however, is not fully understood; research
has returned mixed results (Perlman et. al., 1996; McDonrell et. al, 1997). For example, NAEP
(1999) reported that although the score gain reduced when the inclusion rate was increased
between 1994 and 1998, the remaining gain was still statistically significant in the reading scores
in Kentucky. In a study of experimental analysis of the effects of testing accommodations on the
scores of students with and without disabilities, Elliott et. al (1999) noted that when
individualized testing accommodations are provided to students with disabilities, the
performance of students with and without disabilities are very similar on complex math and
science performance tasks. However, very little research has been conducted to determine how
including or excluding students who test with accommodations in the calibration sample affects
the resulting item parameter and student ability estimates.

The present study is intended to determine the degree to which the inclusion of
accommodated students with disabilities in the calibration sample affects the characteristics of
the item parameters and the test results. Specifically, an investigation of the effect(s) including
or excluding students tested with accommodations in the calibration has upon (a) test reliability,

(b) item fit to the applicable Item Response Theory (IRT) model, (c) item parameter estimates,




and (d) students’ scores. In addition, differential item functioning (DIF) analyses were conducted
to examine potential sources of item bias.
Data Source and Method

Data for this study were obtained from a statewide standards-based assessment program
for Reading and Writing in grades 4 and 7, and in grade 8, Mathematics and Science. Two data
sets were created from the tested population. The first data set is comprised of all tested
students, including those who tested with accommodations referred to as the “inclusive sample,”
denoted N;. The second data set is comprised of students who tested without accommodations,
referred to as the “exclusive sample,” and denoted N. Item parameter estimates were obtained,
as described below, using each sample. The parameter estimates resulting from the calibration
sample N; are referred to as P; and those resulting from N are referred to as P.. Thus, four sets
of analyses were conducted:

N;P; refers to analyses conducted using the inclusive parameters with the analyses results
reported for the inclusive sample.

NP, refers to analyses conducted using the exclusive parameters with the analyses results
reported for the exclusive sample.

NP, refers to analyses conducted using the exclusive parameters with the analyses

results reported for the inclusive sample.

N.P; refers to analyses conducted using the inclusive parameters with the analyses results
reported for the exclusive sample.

The computer program PARDUX (Burket, 1991) was used for item calibration.
PARDUX simultaneously estimates parameters for multiple-ch;)ice (MC) and constructed-

response (CR) items using two-parameter partial credit and three-parameter logistic IRT models



for CR and MC items, respectively. In order to facilitate comparison, a set of anchor items was
used to link both inclusive and exclusive data sets into a common scale using the procedure
suggested by Stocking and Lord (1983).
Model Fit

PARDUX computes Goodness-of-fit statistics for each item to examine how closely the

item’s data conform to the item response models. A procedure described by Yen (1981) was

used to measure fit. In this procedure, students are rank ordered on the basis of their 0 values
and sorted into ten cells with ten percent of the sample in each cell. Each item j in each decile i
has a response from Nj; examinees. The fitted IRT models are used to calculate an expected
proportion E; of examinees who respond to item j in category k. The observed proportion Oy is

also tabulated for each decile, and the approximate chi-square statistic is given by

0 & N, (O, —Eijk)z

Q]f = ZZ ’ E. ’

i=l k=l ijk

Q,; should be approximately distributed as a chi-square with degrees of freedom (DF)

equal to the number of “independent” cells, 10(m;-1), minus the number of estimated parameters.

For the 3PL model m; =2, so DF =10(2-1)-3="7. For the 2PPC model,

DF =10(m; -1)-m, =9m, —1. Since DF differs between MC and PA items and between PA
items with different score levels m;, Q,; is transformed, yielding the test statistic

g Q- DF
/= \2DF

This statistic is useful for flagging items that fit relatively poorly. Z; is sensitive to

sample size, and critical values for flagging an item based on Z; have been developed. The




critical values for N; and N, are included with the detailed results in Table 3, which contains the
mean Z values for the items in each grade/content area computed for each sample/parameter
combination. Higher Z values indicate poorer fit to the IRT model and values beyond the critical
Z indicate poor fit.

Differential Item Functioning (DIF)

The Linn and Harnisch (1981) procedure, generalized to include constructed response
items, was used to study DIF for accommodated groups. The parameters for each item (a;, b;,

and c;) and the trait or scale score (6) for each examinee are estimated for the three-parameter

logistic model:
I-c,
1+exp[-1.7a, (6, -b,)} ’

‘Pij @) =c, +

where P, (6) is the probability that examinee j, with a given value of 6, will obtain a correct

score on item i. Note that the item parameter estimates are based on data from the total sample
of valid examinees. The sample is then divided into groups, and the members in each group are
sorted into ten equal score categories (deciles) based upon their location on the score scale ().
The expected proportion correct for each group based on the model prediction is compared to the
observed (actual) proportion correct obtained by the group. The proportion of people in decile g

who are expected to answer item 7 correctly is

2 ©)= 5= Y B(0).

ieg

where ng is the number of examinees in decile g. The proportion of students expected to answer

item i correctly (over all deciles) for a group is given by:



The corresponding observed proportion correct for examinees in a decile (O,-g) is the number of

examinees in decile g who answered item 7 correctly divided by the number of people in the

decile (ng). That is,

2

jeg
(4 = ’
ng

where uj; is the dichotomous score for item i for examinee j.

The computation of the observed proportion answering each item correctly (over all deciles) for

a complete group is given by the formula:

10
Ny Oy

_ &=l
O, =

g

g=1
After the values are calculated for these variables, the difference between the observed
proportion correct and expected proportion correct can be computed. The decile group

difference (D,'g) for observed and expected proportion correctly answering item i in decile g is
Dig=0ig—Pig,

and the overall group difference (D;) between observed and expected proportion correct for item

i in the complete group (over all deciles) is

These indices are indicators of the degree to which group members perform better or worse than
expected on each item, based on the parameter estimates from all sub-samples.

Results



The percent of students who received testing accommodations varied by grade, ranging
from 4.2 to 8.5 percent of the tested population with higher percentages in lower grades. The
most common accommodation given was generally Extended Time followed by Oral
Presentation. For grade 8 science, the percentage of students receiving Oral Presentation (2.4%)
is slightly higher than those receiving Extended Time (1.5%). See Table 1 for details of the
accommodation rates.

Model Fit

A goodness-of-fit statistic (Z), described by Yen (1981), was computed for each item to
examine how closely the responses fit the associated IRT model. The critical Z values for N; and
N, in each grade/content area are included with the detailed results in Table 2, which contains the
mean Z values for the items in each grade/content area. Poor fit is indicated when an item’s Z
value exceeds the critical Z.

The mean fit-statistic, being sensitive to sample size, was compared only for the same
samples. For the inclusive sample, the results were non-uniform. For two of the six
grade/content areas (Grade 4 Reading and Grade 8 Science), the mean fit was better using the
inclusive parameters. For Grade 4 Writing, Grade 7 Reading, and Grade 8 Math, the mean fit
was worse; and for Grade 7 Writing, the mean fit was the same as when using inclusive
parameters. However, the result for the exclusive sample was uniform. The mean fit statistics
were slightly larger across all grade/content areas when using the inclusive parameters, showing
a poorer fit, than using the exclusive parameters. Note that the mean fit values were substantially
lower than the critical values in all cases across both inclusive and exclusive parameters.

Individual item fit results are summarized in Table 3. The same items exhibited less than

optimal fit in each grade/content area irrespective of inclusive or exclusive population and



parameters except for grade 8 Mathematics. Increased fit values for the inclusive and exclusive
samples were non-uniform. For the inclusive sample, four items (one item in Grade 4 Reading,
two items in Grade 8 Mathematics, and one item in Grade 8 Science) had smaller fit values for
poorly fitted items due to the inclusive parameters compared to those same four items due to the
exclusive parameters. Similarly, for the exclusive sample, two of the items at Grade 8 (one in
Mathematics and one in Science) had smaller fit values for poorly fitted items due to the
inclusive parameters compared to those same two items due to the exclusive parameters. Note
that most of the poorly fitted items were constructed-response items.

Item Parameters

The item calibration software PARDUX (Burket, 1991) provides estimates of the error
associated with the parameter estimates. The error estimates were used to test whether the
differences between the parameters estimated by N;P; and NP, were statistically significant at
the .05 level. Ninety-five percent confidence intervals were constructed about each of the
parameter estimates for P; to determine whether the corresponding parameter for P, was
contained in that interval. Table 4 shows the percent of items whose “a” (discrimination), “b™
(location), or “c” (pseudo-guessing) parameters were different at the .05 level of significance.
An average of 43%, 66%, and 9% of the a, b, and ¢ parameters, respectively, showed statistically
significant differences across the grade/content areas.

Ability Estimates

Both sets of parameters in the logit metric were placed on a common scale through a set
of anchor items using a procedure developed by Stocking and Lord (1983). Ability estimates
were computed for the two samples, N; and N, by scoring the students’ responses with P; and Pe.

The mean scale scores for each sample remained quite stable when scored under either parameter
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set (Table 5). The differences in mean scale scores for a given sample (N; or N.) scored under
each parameter set (P; or P.) ranged in absolute value from 0.06 to 0.66.

The impact of inclusion or exclusion of the accommodated students in the calibration
sample to the classification of students in different percentiles or proficiency levels is displayed
in Table 6. It shows reasonably stable scale scores for Reading and Writing at Grades 4 and 7
across percentiles with a maximum difference of 1 scale score point and virtually no differences
at the 50™ percentile. The scale score difference in percentiles is slightly higher for Mathematics
and Science at Grade 8 ranging from O to 5 scale score points with a difference of 3 scale score
points at the 50™ percentile.

Traditionally, item parameters from exclusion sample (P.) has been used to score
responses for population (N;) and generate corresponding percentiles scale scores for reporting.
Therefore, only the percentiles at proficiency level cut-points for NiP. is compared with N;P; here
(Table 7). Results indicate that the percentile at the cut-points is same at all proficiency levels for
the Reading and Writing and at proficiency levels 3 and 4 for the Mathematics and Science for
both populations. The percentile at proficiency levels 1 and 2 for the Mathematics and Science
decreased for NiP;. The difference, however, was small ranging from 1 to 2 percentile points.

Differential Item Functioning (DIF)

DIF was assessed using a modification of the procedure suggested by Linn and Harnisch
(1981) in which differences between the observed and expected results were compared for focal
group students in each decile. Small sample sizes limited the DIF analyses to three focal groups.
These focal groups consisted of students provided the following accommodations: (a) oral
presentation of test, (b) extended time, and (c) any accommodation. Analyses were conducted

by comparing the numbers of items indicated as manifesting DIF under each set of parameters
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(Pe and P;). The results appear in Table 8. In general the direction of the DIF was not uniformly
in favor of or against the focal groups, however more DIF items favored the focal groups.

For students having the accommodation “oral presentation,” the use of parameters P;
tended to reduce the number of DIF items, as would be expected. Similar results are observed
for students receiving “extended time.” For students having “any accommodation,” no items
were indicated as manifesting DIF for either parameter set for grades 4 and 7 Reading and
Writing and grade 8 Mathematics. In grade 8 Science, there was one DIF item under each
parameter set.

Summary and Discussion

The most referred accommodation used in this state’s testing program was extended time
followed by the oral presentation, which is congruent to the previous findings that extended time
is the frequently offered accommodation type (NAEP, 2000). There are notable effects of
including or excluding students who test with accommodations in calibration samples.
Statistically significant differences between the inclusive and exclusive parameter estimates
indicate that the choice of calibration sample does have a significant effect on the calibration
results.

The effects of these differences on the mean fit of the items to the IRT model are
observable, but very small. At the item level, one item was flagged as exhibiting poor fit under
the inclusive parameters that did not show poor fit under the exclusive parameters. Although the
fit-statistic for the inclusive sample was increased, the critical Z value was larger for the
inclusive sample as it is a function of sample size.

The effects of the differences in the item parameters on the test results, however, are less

notable. Of concern to most test users is the effect on test scores. Mean test scores were highly
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stable when students were scored with either inclusive or exclusive parameters, varying by less
than one scale score point for either the inclusive or exclusive samples. Also, the stable scale
scores at different percentiles and percentage of students in different proficiency levels suggest
that the impact of including accommodated students in the calibration sample was visible but
minimal on student test scores. The results also implies that the mis-classification of students in
different proficiency levels due to NiPi is minimal in all grades and content areas with more
visible in the Mathematics and Science.

A test can not be valid with many items that exhibit bias, or DIF, for or against a given
focal group. Thus, it is notable, but not unexpected, that the use of the inclusive parameters
tends to decrease the number of items exhibiting DIF for or against students who test with
extended time or the use of a scribe. However, for the focal group of students who tested with
any accommodation, only one item exhibited DIF across all six grade/content areas. This was
unchanged regardless of inclusive or exclusive parameters used.

Under the current, inclusionary, testing practices mandated by federal legislation, one
would assume that these students would also be included in IRT calibration samples, unless
cause can be shown to exclude them. The results of the present study showed few negative
effects of calibration inclusiveness. Further research is warranted to replicate and extend the
above results, but given the results of the current study, the authors would support the
inclusionary practice in item calibrations.

Additionally, the results are based on large sample sizes. The impact of accommodated
students on the test score may vary if the proportion of the accommodated students and sample

sizes varied. A simulation study with systematic variation of percentage of accommodated
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students in the sample as well as variation of sample sizes would be appropriate for future

research.
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Table 1. The percent of students receiving various accommodations

Accommodation Grade 4 Grade 7 Grade 8
Reading  Writing Reading Writing Mathematics Science
Sample size (N) 44,403 43,725 35,977 35,254 52,225 52,140
No accommodation or 91.5 92.6 94.8 95.1 95.0 95.8
missing data
Large print 0.0 0.0 0.1 0.0 0.1 0.0
Braille version 0.0 0.0 0.0 0.0 0.1 0.1
Oral presentation 1.5 1.6 1.9 1.9 23 24
Use of number line 0.1 0.1 0.0 0.0 0.0 0.0
Scribe 04 0.5 0.2 0.3 0.2 0.2
Signing 0.0 0.0 0.0 0.0 0.0 0.0
Assistive 0.0 0.0 0.0 0.0 0.0 0.0
communication device
Extended time 6.4 5.1 3.0 2.7 2.3 1.5
Oral presentation of 0.0 0.0 0.0 0.0
Entire Test
Total Receiving Any 8.5 7.4 52 49 5.0 42
Accommodation:

Table 2. Mean Model Fit-statistics (Z)

Grade/ Inclusive Sample Exclusive Parameters

Content Mean value of Critical Mean value Mean value of CriticalZ Mean value of
Area Z for N;P; Zfor N; of Z for N;P. Z for NP, for N, Z for N.P;
G4 Reading 16.25 118.41 17.15 13.81 (40,596) 108.26 14.60 (40,596)
(70)* (44,403)** (44,403)

G4 Writing 17.10 (43,725) 116.60 16.99 14.52 (40,496) 107.99 15.57 (40,496)
(44) (43,725)

G7 Reading 11.22 (35,977) 95.94 10.90 9.30 (34,108) 90.95 10.24 (34,108)
an (35,977)

G7 Writing 18.32 (35,254) 94.01 18.32 16.33 (33,527) 89.41 17.33 (33,527)
(59) (35,254)

G8 Math 26.57 (52,225) 139.27 26.32 22.55 (49624) 132.33 23.57 (49,624)
(60) (52,225)

G8 Science 15.68 (52,140) 139.04 15.71 13.75 (49,955) 133.21 14.29 (49955)
(73) (52,140)

* Total number of items
** Sample size
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Table 3. Model Fit-statistics (Z) at Item Levels

Grade/ Inclusive Sample (N;) Exclusive Sample (N.)
g‘r’:;e“‘ P, Critical P, P, Critical Z P.
Z for N, for N,
G4 Reading 1-64* 118.4 1-64* 1-64* 108.2 1-64*
(70) (138.3) (44,399) (167.7) (139.9) (40,592) (138.3)
G4 Writing 1-8 (235.2) 116.4 1-8 (223.3) 1-8 (206.2) 107.8 1-8 (190.6)
(44) (43,666) (40,438)
G7 Reading & 95.9 & %] 91.0 %]
an (35,977) (34,108)
G7 Writing 1-33 94.0 1-33 (108.1) 1-33(105.4) 89.4 1-33 (92.5)
(59) (114.1) (35250) 1-59(399.3) 1-59(389.5) (33,523) 1-59(367.2)
1-59
(409.5)
G8 Math (60) [-29* 139.3 1-29* 1-29* 132.3 [-29*
(191.5) (52,221) (195.9) (141.1) (49,620) (142.3)
1-44 1-44*
(151.2) (154.4)
G8 Science 1-61 139.0 1-61 (194.9) 1-61(146.7) 133.2 1-61 (156.1)
(73) (186.8) (52,140) (49955)

*Multiple-Choice Item,

I stands for item.Values in parentheses under Grade are total number

of items; under P; and P, are Z-statistics; and under Critical Z for N; or N,
are sample size.

Table 4. Number and Percent of parameters estimated under P; that are
different from those estimated under P, at the .05 level of significance

Discrimination (a) Difficulty (b) Pseudo-guessing (c)
Grade/ Total Items  Number (percent)  Number (percent) Number (percent)
Content Area (MC items) different at the .05  different at the .05 different at the .05
level level level
G4 Reading 70 (53) 44 (63%) 48 (91%) 10 (19%)
G4 Writing 44 (30) 18 (41%) 26 (87%) 5(17%)
G7 Reading 77 (60) 28 (36%) 36 (60%) 4 (7%)
G7 Writing 59 (42) 35 (59%) 30 (71%) 2 (5%)
G8 Math 60 (45) 20 (33%) 24 (53%) 1 (2%)
G8 Science 73 (58) 19 (26%) 20 (34%) 1 (2%)
Total (Average 164 (43%) 184 (66%) 23 (9%)
%)

*Difficulty and Pseudo-guessing differences were estimated for MC items only.
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Table S. Ability Estimates (Standard Deviation)

Grade/ NiPi NiPe NePe NePi
Content

Area

G4 RD 256.47 (45.16) 256.99 (44.74) 260.13 (43.17) 259.75 (43.11)
G4 WR 259.40 (42.76) 259.18 (42.85) 261.79 (41.73) 261.71 (41.61)
G7RD 249.98 (50.59) 250.09 (49.68) 253.23 (47.44) 253.73 (47.78)
G7 WR 248.34 (49.37) 248.02 (48.54) 251.03 (46.82) 251.09 (47.55)
G8 MA 245.21(57.26) 245.00 (57.50) 248.00 (55.50) 248.31 (55.20)
G8 SC 247.16 (55.99) 246.50 (56.00) 249.50 (54.00) 249.75 (53.92)

Note: Ability estimates are on a scale score metric (Mean = 250, SD = 50).

Table 6. Ability Estimates by Percentiles

Percentile Grade 4 Grade 7
Reading Writing Reading Writing
NP. NP, Difff NP. NP, Diff.. NP. NP, Diff. NP. NP, Diff
10 199 199 0 206 206 0 186 185 -1 186 185 -1
25 231 230 -1 233 233 0 220 220 0 217 216 -1
50 260 260 0 259 259 0 254 254 0 249 249 0
75 287 287 0 286 286 0 284 285 1 281 281 0
90 309 309 0 312 312 0 310 311 1 308 309 1
Percentile Grade 8
Mathematics Science
N;P. NP, Diff. NP, NP, Diff.
10 176 176 0 174 179 5
25 212 217 5 214 217 3
50 251 254 3 251 254 3
75 284 286 2 285 286 1
90 313 314 1 313 314 1
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Table 7. Percentiles at Proficiency Level cut-points
for the Inclusive Sample

Content Grade Proficiency Cut-Points  N;P. Percentiles N;P; Percentiles
Levels*

Reading 4 1 444 and below 8-9 8-9
2 445 - 495 36 36
3 496 — 561 90-91 9]
4 562 and above 91< 91<

Writing 4 1 468 and below 15-16 15-16
2 469 - 521 62 61
3 522 - 587 96-97 96-97
4 588 and above 97< 97<

Reading 7 1 445 and below 13 13
2 446 - 493 41 41
3 494 - 580 96-97 96
4 581 and above 97< 96<

Writing 7 1 399 and below 2-3 2-3
2 400 - 508 58 57-58
3 509 -633 99< 99<
4 634 and above 99< 99<

Math 8 1 474 and below 31-32 29
2 475 - 521 65-66 64
3 522 -562 89-90 89-90
4 563 and above 90< 90<

Science 8 1 455 and below 20-21 19
2 456 - 505 53 51
3 506 - 581 95-96 95-96
4 582 and above 96< 96<

*1=Unsatisfactory, 2=Partial Proficient, 3=Proficient,-4=Advanced

Table 8. Number of DIF Items in the Inclusive and Exclusive samples using the
inclusive and exclusive parameters.

Focal Groups
Grade Oral Presentation Extended Time Any
Accommodation
NP, N;P; N;P, NiP; N;P. N;P;
G4 Reading 2+ 1+ 1+ 1+
G4 Writing 2- 1-
G7 Reading 1+ 1+ 1+ 1+
1- 1-
G7 Writing 2+ 1+ 2+ 1+
G8 Math 4+ 1+ 1+
G8 Science 3- 3- 2- 2- 1- 1-

* A + (-) after the number of items indicates that the DIF was manifest in favor of (against) the focal group.
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