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Background
All public school students in California participate in the Standardized Testing and Reporting (STAR) Program, including students with disabilities and English learners. Most students with disabilities and English learners take the CSTs under standard conditions; however, some students with disabilities and English learners may need assistance when taking the CSTs. This assistance is provided in three categories: testing variations, accommodations, or modifications. Students in these categories may have simplified or clarified test administration directions.
All eligible students may have testing variations if these same variations are regularly used in the classroom. Students are allowed to use the accommodations and modifications specified in each student’s individualized education program (IEP) or in the Section 504 plan. These accommodations and/or modifications must match the one(s) used for classroom work throughout the year. 

The function of testing variations, accommodations, and modifications is to enable students to take the CSTs, not to provide them with an advantage over other students or to improve their test scores. Accommodations change the way the test is given but do not change what is tested. Examples of accommodations include a large-print version, braille transcription, and oral presentation of questions in mathematics CSTs. 
Modifications fundamentally change what is being tested. Examples of modifications include using a calculator on the mathematics CSTs and reading aloud or making an oral presentation of the English–language arts (ELA) tests by a test examiner or an audio CD.  
Reading the test aloud by a test examiner is the most frequently used service among accommodations and modifications available to CST test takers. The read-aloud service is provided in various ways depending upon the student’s IEP, the nature of administrative procedures implemented by districts or individual schools, and the content area of the test being administered. For example, the service can be provided to a small group of students where the test examiner reads the test aloud to all members of the group at the same time. It can also be administered individually to a student. 
The application of read-aloud varies with the extent that the service is essential. Some students need to hear only specific parts of the test items—for example, students might need to hear only the test questions or the answer choices. Others may also need to hear all parts of the test or only some parts read aloud. 
Regardless of the extent to which read-aloud is used on a test, when the read-aloud service is provided on the mathematics, science, and history–social science CSTs, it is considered an accommodation. When the service is provided for CSTs for ELA, it is considered a modification, independent of the intensity of usage.

The focus of the present study is to investigate the effects of the test examiner read-aloud accommodation used in the mathematics CSTs on item performance and determine if it has an effect on the construct measured by the CSTs for Mathematics.  
Literature Review
Tests designed to measure mathematics achievement typically include items that may be difficult for students with specific limitations in reading to comprehend. The reading component can lead to construct-irrelevant variance in the difficulty level of items on these tests. By having a teacher or a test examiner read the test aloud, the items are made accessible to students with reading difficulties, thus allowing them to demonstrate their mathematics skills effectively. 
Since reading aloud mathematics items is not expected to introduce construct-irrelevant factors, it is generally accepted for use in mathematics assessments. Research indicates that read-aloud is one of the most frequently allowed accommodation on statewide mathematics tests (Bolt & Thurlow, 2006; Clapper, Morse, Lazarus, Thompson & Thurlow, 2005). In the course of a study conducted by Clapper et al. (2005), the authors noted 47 states that allow statewide mathematics tests to be read aloud. 

Several studies have examined the effects of the read-aloud accommodation on the examinee performance for mathematics tests. The studies can be grouped into four primary categories based on these factors:

· Differential boost
· Item complexity  
· Read-aloud presentation format
· Measurement comparability
Differential Boost Investigation

The first category is commonly known as the “differential boost investigation,” where researchers have examined whether students with disabilities using read-aloud derived greater benefit than students without disabilities. Tindal et al. (1998), for example, found that students with disabilities did better on mathematics assessments with a read-aloud accommodation compared to students without disabilities who did not receive any accommodation, thus demonstrating a differential boost. Other studies showed an overall gain on mathematics assessments with oral presentation for both students with and without disabilities (Elbaum, 2007; Johnson, 2000; Meloy et al., 2002). 
Researchers investigating for the probability of differential boost on read-aloud mathematics assessments have also looked at the significance of students’ reading proficiency as a factor in determining the benefit of this accommodation. Studies have shown that students with low reading proficiency demonstrated greater gains when using oral presentation than those who were skilled readers (Meloy et al., 2002). Further, it has been proposed that only a subgroup of students with reading disabilities may benefit from the read-aloud accommodation (Bielinski et al., 2001). Item difficulty, or the relative challenge of the item for low and high performing students, may also influence effects of a read-aloud accommodation. For example, Bolt and Thurlow (2006) found that the read-aloud accommodation had a greater benefit for student scores on mathematics items that were difficult to read. It is reasonable to assume that the read-aloud accommodation may not have an effect for skilled readers who can already access the written form of the assessment but may be beneficial either for poor readers or on more difficult test items.
Item Complexity

The second category of research examined if the read-aloud accommodation had a greater impact on mathematics items with significant reading requirements. Helwig et al. (1999) classified mathematics items according to reading complexity and examined the performance of sixth-grade students across accommodated and non-accommodated conditions. Overall, there appeared to be only very weak relationships among various measures of reading complexity and the effect of the accommodation. Also, the authors concluded that students may need to have a certain level of mathematical competence in order to benefit from the accommodation. Fuches et al. (2000), however, found that students with disabilities benefited significantly more than students without disabilities from the read-aloud accommodation on mathematics problem-solving items, but not on other items. 
Helwig, Rozek-Tedesco, and Tindal (2002) conducted a study similar to that of Helwig et al. (1999), in which they investigated the effects of a video read-aloud accommodation on mathematics items classified as having demanding reading requirements. Results did not support the hypothesis that the read-aloud accommodation had a significantly greater impact on difficult reading items for elementary students with disabilities than students without disabilities. This finding seems to align with that of Helwig et al. (1999), who suggested that students may need a certain level of mathematical competence to demonstrate accommodation effects on a test.

Read-aloud Presentation Format

The third category of studies has looked at the effect of read-aloud when all or certain parts of an item were read-aloud. In 2007, a pilot study investigated the use of the read-aloud accommodation on the California Modified Assessment (CMA) administered to students in grades three, four, and five. The CMA is an assessment of students’ achievement of California’s modified content standards for ELA, mathematics, and science, and is developed for students with an IEP who meet the CMA eligibility criteria.

Specifically, the study looked at ELA and mathematics CMA tests administered in grades three, four, and five and a science test administered in grade five. Results of the study indicated that listening to the stem of a question influenced the accessibility of ELA, mathematics, and science items. However, although listening to a passage or the stem of a question made the item more accessible, for the population as a whole, students were able to perform relatively well on the passages and stems when they were read by the students themselves. The results indicated that reading the options or answer choices aloud did not produce significantly different results than when the students read the options themselves.

Measurement Comparability

The fourth and final category contains a large body of research that has been devoted to measurement comparability where researchers examined whether an accommodation successfully removed construct-irrelevant factors associated with a disability. It follows that certain test measurement characteristics—for example, difficulty level for each item—should be similar for accommodated students with disabilities and non-accommodated students without disabilities. 
Comparing factor structures across accommodated and non-accommodated tests can help in determining whether the corresponding test conditions help to measure the same general constructs and is a method that has been recently used to study the validity of testing accommodations (Huynh & Barton, 2006; Pomplun & Omar, 2000). 
Another method for examining measurement comparability across testing conditions is the analysis of differential item functioning (DIF) (Bolt & Ysseldyke, in press). Some researchers who have used these methods indicated a high degree of measurement comparability across mathematics tests that were read aloud to students with disabilities and mathematics tests that were not read aloud to students without disabilities (Lewis, Green, & Miller, 1999; Pomplun & Omar, 2000). Other investigators have suggested that the accommodation did not substantially improve measurement comparability for students with reading disabilities (Bielinski, Thurlow, Ysseldyke, Friedebach, & Friedebach, 2001; Bolt & Bielinski, 2002). 

DIF studies have also been conducted to make sure that read-aloud is administered successfully and does not introduce extraneous factors affecting measurement comparability. In addition, by matching the studied groups on examinee performance, DIF studies have explored if the read-aloud accommodation changed the construct by introducing construct-irrelevant factors. For example, Bielinski et al. (2001) found 6 out of 31 items flagged for DIF when read-aloud accommodation was provided to students with reading disabilities compared to one item flagged for DIF when the accommodation was not provided to the same students. Some studies have also examined whether the accommodation was administered to students who did not actually need to be accommodated (Elliot et al., 1999; Fuches et al., 2000). 
Method
Differential item functioning (DIF) analysis is commonly used to examine measurement comparability across testing conditions at the item level. Items are flagged for DIF when test takers of equal proficiency from two subgroups of the population differ in their expected score on the items. In other words, items flagged for DIF may give an advantage to one group over another. 
Another popular method used to investigate measurement comparability at the item level is the direct comparison of item difficulties (Rasch b-values) that are estimated separately with different subgroups of interest, given that item parameters are on the same scale. 
Previous studies, however, showed that the b-value method and DIF method yielded highly consistent results (Educational Testing Service, 2008, 2010). Therefore, for the purpose of this study, DIF analyses were only conducted to determine if mathematics CST items function differently for students who were given read-aloud assistance and students who were not given read-aloud assistance. If a large number of items shows differential functioning, it may be because the read-aloud assistance alters the construct being tested. On the other hand, if very few items show differential functioning, then the results indicate that the test is comparable for students who use read-aloud assistance and those who do not. 
Test Groups
Students in grades three through six who took the mathematics CSTs administered in the spring of 2008 were included in the current study. 
In DIF studies, it is not appropriate to attribute DIF to the presence of an accommodation when it is confounded with other factors or student characteristics (Bielinski, Thurlow, Ysseldyke, Friedebach, & Friedebach, 2001; Bolt & Bielinski, 2002). Several characteristics of students using an accommodation could interfere with the comparisons made with students who do not use this accommodation. These characteristics may include (1) test administration with an accommodation in a nonstandard manner; (2) presence of other disabilities resulting in multiple modifications; or (3) lower performance, in general, than students without disabilities. It is advisable to use data that account for the effects of such extraneous factors. Therefore, in the current study, a sampling plan was implemented by considering four groups of students. 
The first group consisted of students who had the test examiner read-aloud accommodation in their IEP or Section 504 plan and were tested with this accommodation. Participants included students with only a test examiner read-aloud accommodation or both a read-aloud accommodation and one or more other accommodation(s). Students having other modifications were excluded because of the potential for these other modifications to affect the results of their testing.   
A reference or comparison group is desired that is similar to the first group in terms of performance and disability but differs in that it excludes examinees using read-aloud. An additional reference group is needed that is similar to the first two groups in terms of performance but differs in that it excludes examinees using read-aloud as well as examinees with any other disability. 
The reference groups are described as follows:
1. One reference group, called the SpecNoMod group, consisted of students who received special education services but did not receive any modifications. Students using the read-aloud accommodation (test examiner or audio CD
) on the mathematics test were also excluded from this group.
2. Two other reference groups, called Samples A and B, consisted of students sampled from the general population excluding special education students. These groups did not use any modification or accommodation. The two reference groups can be considered as replications of the same sampling design. Differences in item difficulty between the last two groups can be attributed to mere sampling differences that are inherent to any situation that involves sampling from a population. 
The members of each reference group were chosen using a stratified random sampling procedure and were selected so the raw score distribution of each reference group would match the distribution of the read-aloud group. To do this, the number of students in the read-aloud group at each raw score level was determined. Then, at each score level, the same number of students was randomly selected from each of the three reference groups. 
The counts of examinees in the read-aloud samples are presented in Tables 1a and 1b, on the next page. As seen in Table 1a, only a small proportion of students received the read-aloud accommodation by means of audio CD. Although there was intent to look at the effect of the audio CD on item performance, the small sample size for this group did not lend itself to the proposed analyses. 

The read-aloud sample used for this study is the result of further screening (examinees with disabilities who were tested with an accommodation or modification as indicated by their IEP or Section 504 plan and excluding other modifications) and is presented in the last column of Table 1b below.
Table 1a.  Counts of Examinees in the Read-aloud Group

	Mathematics CST
	Examinees Using Read-aloud

	
	Audio CD
	Test Examiner
	

	Grade 3
	170
	3,843
	

	Grade 4
	270
	4,011
	

	Grade 5
	232
	4,211
	

	Grade 6
	433
	3,991
	


Table 1b.  Examinees using Test Examiner Read-aloud
	Mathematics CST
	Examinees with Disabilities
	Examinees with Disabilities after Excluding other Modifications

	Grade 3
	3,239
	3,194

	Grade 4
	3,525
	3,452

	Grade 5
	3,811
	3,741

	Grade 6
	3,678
	3,578


It is worth noting the relationship between the CSTs and CMA. Beginning in 2008 with students in grades three through five, students with disabilities who met the eligibility criteria for a modified assessment were administered the CMA for mathematics. Counts and descriptive statistics for CMA test takers who used read-aloud are presented in Tables A.1 and A.2 in Appendix A. Only a very small number of the CMA students used read-aloud.
Analyses
For each mathematics CST, six DIF analyses that compared different focal and reference groups were undertaken using the Mantel-Haenszel (MH) method (Holland & Thayer, 1988). The comparisons that were made are shown in Table 2.  

Table 2.  DIF Analyses

	DIF Analysis
	Focal Group
	Reference Group

	1
	Read-aloud
	SpecNoMod

	2
	Read-aloud
	Sample A

	3
	Read-aloud
	Sample B

	4
	SpecNoMod
	Sample A

	5
	SpecNoMod
	Sample B

	6
	Sample A
	Sample B


Differential item functioning examines differences in item performance between two groups of equal ability. The MH statistic is based on the estimate of constant odds ratio and is described as the following equation:
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where,

R
=
number right,

W
=
number wrong,

N
=
total in,
fm
=
focal group at ability m,

rm
=
reference group at ability m, and

tm
=
total group at ability m.

Items analyzed for DIF at ETS are classified into one of three categories: A, B, or C. The definitions of the categories based on evaluations of the item-level MH D-DIF statistics are:
	DIF Category
	Definition

	A (negligible)
	MH D-DIF not significantly different from zero, or has an absolute value less than one.

	B (moderate)
	MH D-DIF is significantly different from zero, and is either (1) less than 1.5; or (2) not significantly different from one.

	C (large)
	MH D-DIF is significantly different from one, and has an absolute value greater than 1.5.


According to standard ETS practice, a DIF category of C was used to identify DIF items and items with significant DIF were tabulated. 
The items were examined for both positive and negative DIF, because an item could become easier or harder for the read-aloud group. For example, an item could become easier because of factors such as the voice inflections of a test examiner during the administration of read-aloud that could give away answers to some items; this could result in a positive DIF. An item could become harder for students who were read aloud, resulting in negative DIF, because of factors such as test examiner voice inflections that could be confused with clues.  

Results

Table 3 provides summary statistics describing the test groups used in the DIF analysis. 

Table 3.  Summary Statistics Describing the DIF Groups

	
	
	Read-aloud
	
	SpecNoMod
	
	Sample A
	
	Sample B

	Math CST
	N
	Mean
	   SD
	N
	 Mean
	SD
	N
	Mean
	SD
	N
	Mean
	SD

	Grade 3
	3,194
	33.44
	12.37
	3,194
	33.44
	12.37
	3,194
	33.44
	12.37
	3,194
	33.44
	12.37

	Grade 4
	3,452
	32.79
	11.95
	3,452
	32.79
	11.95
	3,452
	32.79
	11.95
	3,452
	32.79
	11.95

	Grade 5
	3,741
	26.93
	9.97
	3,741
	26.93
	9.97
	3,741
	26.93
	9.97
	3,741
	26.93
	9.97

	Grade 6
	3,578
	23.64
	8.04
	3,578
	23.64
	8.04
	3,578
	23.64
	8.04
	3,578
	23.64
	8.04


N = number

SD = standard deviation

The frequency distributions of examinee scores are presented in Figures A.1 through A.5 in Appendix A. 

The analyses found the following:

1. No items were flagged for significant DIF for the read-aloud group in any comparisons, across all grades. 
2. No items were flagged for DIF in comparisons between the SpecNoMod group and the group of examinees taking the standard version of the test. 
3. None of the items exhibited significant DIF when comparisons were made between the two random samples based on the regular test-taking population.
Summary and Discussion
This study investigated the effects of the read-aloud accommodation on the difficulty level of items in the 2008 mathematics CSTs administered in grades three through six. In each grade, item difficulties estimated using item data from a read-aloud group were compared to the difficulties estimated using three different reference groups with score distributions that matched the distribution of the read-aloud group. One reference group came from the pool of students receiving special education services but not receiving the read-aloud accommodation; two reference groups came from the general student population that did not receive special education services or read-aloud. Such item difficulty comparisons were made possible by conducting DIF analyses between the various groups of interest. 
The results of the DIF analyses revealed that none of the mathematics items in any grade was flagged for significant DIF favoring or not favoring the read-aloud group. This is evidence of the absence of construct-irrelevant factors related to the read-aloud accommodation that could adversely affect the measurement comparability of items among various subgroups. 
It is worth noting that a study with a similar design was conducted on the ELA CSTs, where read-aloud presentation of the items is treated as a modification (California Department of Education, 2009). The ELA study found a large number of items flagged for significant DIF, both favoring and not favoring the read-aloud group. That study provided evidence that read-aloud assistance might have altered what some ELA items intended to measure and made them not comparable among various subgroups. 
In summary, the results from the mathematics and the ELA studies indicate that it is appropriate to classify the read-aloud assistance as an accommodation for mathematics CSTs and as a modification for ELA CSTs.
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APPENDIX A
Figure A.1. Frequency Distribution for the Read-aloud Group
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MATH Grade 5
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MATH Grade 6


Table A.1.  Counts of CMA Examinees in the Read-aloud Group

	Math CMA
	Examinees Using Read-aloud

	
	Audio CD
	Test Examiner
	

	Grade 3
	1
	10
	

	Grade 4
	1
	39
	

	Grade 5
	0
	39
	


Table A.2.  Summary Statistics Describing the CMA Test Examiner Read-aloud Group with Disabilities
	Math CMA
	 N
	Mean
	    SD

	Grade 3
	10
	54.00
	25.77

	Grade 4
	39
	44.62
	26.39

	Grade 5
	37
	40.27
	30.51
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� The read-aloud accommodation was provided by both audio CD and test examiner. A small proportion (4 to 10 percent) of those accommodated used audio CDs. The audio CD is not currently provided by the state and is, therefore, not a focus of this study. In order to isolate and examine the effect of test examiner read-aloud, the audio CD cases were removed for the analyses in this study.
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