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Abstract

Research support for the read aloud accommodation for students with disabilities has been somewhat limited. Although some studies have indicated that students with disabilities benefit significantly more from this accommodation than other students, other studies have failed to identify such differential effects. Studies of measurement comparability across accommodated and non-accommodated tests have similarly presented mixed findings: some indicate measurement comparability; others suggest that an accommodation may not be necessary to achieve measurement comparability. We examined the accommodated and non-accommodated performance of students with reading disabilities on various item sets that were anticipated to be highly sensitive to the effects of an accommodation across three years of statewide math assessment data. One of the item sets was positively affected by the read aloud accommodation: the “hard reading” item set within two of the three datasets. Items that were difficult to read but mathematically easy also appeared to be positively affected by the accommodation. Limitations of the study are discussed.

One of the most significant challenges associated with the development and implementation of k-12 statewide assessment and accountability systems has been the appropriate inclusion of students with disabilities. Students with disabilities have been excluded from testing (Erickson, Thurlow, & Ysseldyke, 1996), from documents that report student performance (Bielinski, Thurlow, Callender, & Bolt, 2001), and from accountability formulas used to determine consequences for schools (Bolt, Krentz, & Thurlow, 2002). When students are excluded, it follows that these students may not benefit from the intended positive consequences of standards-based educational reform. School administrative decisions about the delegation of resources are not likely to target services to students with disabilities if their progress doesn’t count. 

One practice that has been associated with higher participation rates of students with disabilities in statewide assessment programs is the provision of testing accommodations (Olson & Goldstein, 1996). Many students with disabilities struggle to access test content unless accommodations are provided. Accommodations are changes in standard test administration procedures that are intended to remove construct-irrelevant variance for students with disabilities (Fuchs, Fuchs, Eaton, Hamlett, & Karns, 2000). For instance, students with visual impairments may not be able to demonstrate their achievement if the test is presented in standard print. Provision of a large print or Braille edition of the test enables students with visual impairments to more accurately show what they know and can do.  

One of the most commonly allowed accommodations on state math assessments is the read aloud accommodation (Thurlow, Lazarus, Thompson, & Robey, 2002). At last count, there were 46 states that allowed statewide math tests to be read aloud to students. Tests designed to measure math achievement typically include story problems, which may be difficult for students with reading disabilities to understand if the items are only presented in print. It has been suggested that reading requirements on written subject matter tests may increase the amount of construct-irrelevant difficulty for students who have reading difficulties (Messick, 1995). By having a teacher read aloud the test, or having students listen to the items being read by a computer or audio-cassette, it is anticipated that students with reading disabilities can more appropriately demonstrate their math knowledge. 

Several studies have investigated the effects of the read aloud accommodation on math tests. Many studies have used a “differential boost” approach to examine the validity of the read aloud accommodation for students with disabilities. Because accommodations are commonly offered only to students with disabilities, it is considered important to demonstrate that they differentially affect the performance of students with disabilities when compared to students without disabilities. If both students with and without disabilities benefit, it might be argued that it is unfair to provide the accommodation only to students with disabilities. Some studies have shown that students with disabilities benefit more from the read aloud accommodation on math tests than students without disabilities (Burch, 2002; Tindal, Heath, Hollenbeck, Almond, & Harniss, 1998; Weston, 1999). Other studies have failed to show that students with disabilities derive significantly greater benefit from the accommodation than other students (Johnson, 2000; Meloy, Deville, & Frisbie, 2002; Schulte, 2000). 

Researchers have also examined the measurement comparability of accommodated versus non-accommodated tests for students with and without disabilities. Analyses of factor structure and differential item functioning (DIF) have been used to investigate whether certain characteristics of student performance were identical across accommodated and non-accommodated test administrations. Although some studies have indicated a high degree of measurement comparability across math tests that were read aloud to students with disabilities, and math tests that were not read aloud to students without disabilities (Lewis, Green, & Miller, 1999; Pomplun & Omar, 2000), other investigations have suggested that the accommodation does not significantly improve measurement comparability for students with reading disabilities (Bielinski, Thurlow, Ysseldyke, Friedebach, & Friedebach, 2001; Bolt & Bielinski, 2002). 

In an effort to more carefully investigate accommodation effects, researchers have examined item-level effects of the read aloud accommodation (Fuchs, Fuchs, Eaton, Hamlett, & Karns, 2000; Helwig, Rozek-Tedesco, Tindal, Heath, & Almond, 1999). If the read aloud accommodation is serving to remove extraneous sources of reading difficulty for students so that they can demonstrate true math competence, one would anticipate that a read aloud accommodation would have a greater impact on those items with significant reading requirements. In line with this hypothesis, Fuchs et al. (2000) found that students with disabilities benefited significantly more than students without disabilities from the read aloud accommodation on math problem solving items, but not on concepts and application problems. 

Helwig et al. (1999) classified math items according to reading complexity to examine whether a video read-aloud accommodation had greater effects on those items that were classified as more difficult to read than those items that were classified as less difficult to read. In their study, a literature review was first conducted to identify variables associated with reading complexity. The variables that were then addressed by the authors included number of words, number of syllables, number of difficult words in the item (as determined using the Living Word Vocabulary; Dale & O’Rourke, 1976, as cited in Helwig et al., 1999), number of multi-syllable words, number of verbs, number of mathematics vocabulary words, and passage complexity as measured in T-units, which are described as “complete expressions of thought that can stand alone in grammatically correct fashion” (Helwig et al., 1999, p. 118).

Helwig et al. (1999) also created student groups based on separate measures of oral reading fluency (ORF) and math achievement; subgroups then included high math, low math, high ORF, low ORF, high ORF-high math, high ORF-low math, medium ORF-high math, low ORF-high math, low ORF-low math, and all students. All students were in the sixth grade. Correlations were calculated for the relationship between each of the reading complexity variables and performance differences between standard and accommodated test administrations within each student group. Only two of these correlations were significant: verb count and performance differences between standard and accommodated conditions for students in the low ORF group, and verb count and performance differences between standard and accommodated conditions for students in the low ORF-high math group. Overall, there appeared to be only very weak relationships among various measures of reading complexity and the effect of the accommodation.

Helwig et al. (1999) also examined the differences in percentage correct between standard and video versions across the various student groups on six math items that were classified as complex in reading. Items classified as complex reading items were those with 40 or more words, three or more difficult words, and five or more verbs. For two of the items, several student groups performed significantly higher on the accommodated version. These student groups included the high math group, low ORF-high math group, and all students. The low ORF-high math group scored significantly higher on one additional complex reading item. The authors concluded that students may need to have a certain level of mathematical competence in order to benefit from the accommodation. It may also be the case that for many students, low oral reading fluency hinders necessary access to the math curriculum, and so even with an accommodation in a testing environment, they have not obtained the necessary skills to perform well on the math test. 

In our study, we did a similar analysis of the reading complexity of math items, in order to identify whether the read aloud accommodation particularly improves performance for students with reading-related disabilities on items classified as more difficult to read. In addition, we classified items according to the difficulty of the math involved. This classification scheme allowed us to examine the effects of the read aloud accommodation for students according to both the reading and math complexity of the items. As Helwig et al. (1999) suggests, it may be the case that many math items are simply too difficult for students with disabilities to correctly answer, even with the read-aloud accommodation. Through an investigation of accommodation effects on both easy and difficult math items with complex reading, we explored the following research questions:

1) Do students with reading disabilities who receive a read aloud accommodation perform better than those not receiving a read aloud accommodation on items classified as difficult to read, after controlling for performance on “computation only” items?

2) Do students with reading disabilities who receive a read aloud accommodation perform better than those not receiving a read aloud accommodation on items classified as both difficult to read and mathematically easy, after controlling for performance on “computation only” items?

Method

Participants


This study involved analysis of the 1998, 1999, and 2000 administrations of the math section of a statewide assessment for fourth grade students. Students could participate in this assessment in one of the following three ways:  by taking the regular assessment, the regular assessment with accommodations, or an alternate assessment. Individualized Education Program (IEP) teams determined how individual students with disabilities participated and which test accommodations each student received. These teams typically consist of teachers and school support personnel.  Parents and students are also urged to participate in this decision-making process.


For our analysis, we selected the following two groups from the student population:

Group A: Students with an Individualized Education Program (IEP) and learning disability in reading, who did not receive any accommodations (N1998 = 798 , N1999 = 230, N2000 = 188).

Group B: Students with an Individualized Education Program (IEP) and learning disability in reading, who received the read aloud accommodation, and may have additionally received small group and extended time accommodations (N1998 = 404, N1999 = 568, N2000 = 457). 

Item Classification

We selected only the multiple choice math items for this analysis. In order to identify items anticipated to be particularly sensitive to the read aloud accommodation, we first classified items according to reading complexity. Items containing only numbers and mathematical symbols and no reading content (i.e., “computation only”) were eliminated prior to our classification, although performance on these four items was used as a covariate in our analyses. Two other items were identified that did not require reading to answer the item correctly, even though text was present in the item. We eliminated these items prior to classifying items by reading and math difficulty. 

Reading

For the remaining 26 items, the number of words, syllables, multi-syllable words, and verbs were tallied. These particular item characteristics were identified by Helwig et al. (1999) as corresponding to the reading difficulty of math items. Words identified within the response choices were included in the counts. Arabic numbers identified within the stem of the items were counted as 1 word and 1 syllable; numbers that were isolated in the responses without surrounding text were not included in these counts. Section directions were not included, given that they were deemed unnecessary for correctly solving any of the individual items. Similarly, words located on graphs and figures were minimal, and were found in the stem of the corresponding items, and so were not included in the counts. 

Each of the four reading complexity variables was standardized, and the standard scores were summed. The five items having the highest sum of standard scores were classified as “reading hard.” The five items having the lowest sum of standard scores were classified as “reading easy.” “Reading hard” items contained more than 25 words, more than 30 syllables, more than eight multi-syllable words, and most contained four or more verbs. “Reading easy” items contained less than 15 words, less than 20 syllables, less than five multi-syllable words, and less than four verbs. 

Math 


Next, items were classified as either “math hard” or “math easy.” The National Council of Teachers of Mathematics’s “Principles and Standards for School Mathematics” indicates that addition and subtraction are typically covered in the early elementary grades, whereas multiplication, division, fractions, and whole number computation estimation are covered in greater depth in the later elementary school years. We used these standards as a framework for classifying items as “hard” or “easy,” although we did include relatively simple multiplication items as “easy” items.  Consequently, items that required single addition, subtraction, and multiplication computations were classified as “easy.” Those involving basic math vocabulary (e.g., odd vs. even numbers), knowledge of number, and basic number sentences were also considered “easy.” Those items that involved division, fractions, estimation, and multiple operations were considered “hard.” Three items that did not fit either of these classifications and appeared to test spatial reasoning skills were not included in this classification.  The items were then cross-classified as “math hard/reading hard,” “math hard/reading easy,” “math easy/reading hard,” and “math easy/reading easy,” using the sum of standard scores for reading complexity described in the previous section. The “math hard/reading easy” and “math easy/reading easy” item sets contained items for which the sum of standard scores for reading complexity was below the median. The “math hard/reading hard” and “math easy/reading hard” groups contained items for which the sum of standard scores for reading complexity was above the median. Each of these item sets contained a total of five items.
Data Analysis


Analysis of Covariance (ANCOVA) was used to analyze group differences in performance on the item sets for students with reading disabilities receiving (Group B) and not receiving (Group A) the read-aloud accommodation. In order to control for existing group differences in math performance, we used performance on four “computation only” items as a covariate in the analysis. This was repeated across all three sets of data (e.g., 1998, 1999, and 2000). Levene’s test was used to examine the homogeneity of variance prior to conducting each of the ANCOVA analyses. An examination of regression slopes for each group was also used to check the homogeneity of regression ANCOVA assumption.
Results

Demographic information on both groups is provided in Table 1. It is important to note that over time, there has been an increase in the proportion of students with reading disabilities receiving the read aloud accommodation compared to those receiving no accommodations. However, within each year, groups A and B were similar with respect to gender, race, and proportion of students receiving free and reduced lunch, with the exception of group differences in race in 1998. 


Group mean scores for each of the item sets are presented in Table 2. Group mean scores that have been adjusted for student performance on the “computation only” items are presented in Table 3. The ANCOVA results for each item set are presented in Table 4. 

Significant differences between groups while controlling for performance on computation items were identified for nine of the twenty-one item sets across the three years of data that were analyzed. In four of these cases Group B (Read Aloud group) performed significantly better than Group A. This occurred in both the 1998 and 1999 datasets for the “reading hard” item sets: F1998(1, 1171) = 13.56, p < .01, F1999(1, 781) = 4.92, p < .03; as well as in the 1998 dataset for “math easy/reading hard” items, F(1, 1191) = 7.34, p < .01; and in the 1998 dataset for “total score on items with text,” F(1, 1198) = 9.19, p < .01.  The remaining significant differences occurred within the 2000 data set; Group A (No Read Aloud group) scored significantly better on the following five item groups after controlling for performance on the computation items: “math hard/ reading hard,” F(1, 632) = 7.74, p < .01;  “math hard/ reading easy,” F(1, 624) = 12.82, p < .01; “reading easy” F(1, 608) = 16.79, p < .01;  “math easy/ reading easy,” F(1, 635) = 7.80, p < .01; and the “total score for items with text,” F(1, 642) = 11.06, p < .01. 
For four of these item sets, it is important to note that Levene’s test for homogeneity of variance was significant, suggesting that this ANCOVA assumption was not met. However, additional analysis indicated that in these cases, the largest variance was always associated with the larger group. Johnson and Rakow (1994) suggest that the ANCOVA is relatively robust under this circumstance. Analyses were also conducted to test whether the ANCOVA assumption of homogeneity of regression was violated. Group regression slopes were similar across groups for all item sets. 

In addition to the aforementioned significant group differences, other interesting patterns of group performance were identified. Across all three years, the adjusted means for Group B (Read Aloud group) were greater than those for Group A (No Read Aloud group) on the “math easy/ reading hard” item set. Also, there was a switch in which group performed higher across years, after controlling for differences in computation skills. In the 1998 data, the Group B (Read Aloud) adjusted means were greater than those for Group A on all item sets with the exception of the “reading easy” item set. In the 2000 data, the “math easy/ reading hard” item set was the only item set for which the Group B adjusted mean was higher than the Group A adjusted mean. 

Discussion

The intent of this study was to identify whether the read aloud accommodation had the intended effect of eliminating extraneous reading difficulty for students with reading disabilities on a math test. The effects of the read aloud accommodation were examined by first classifying items according to both reading and math difficulty, and then measuring differences in item set performance between students with reading disabilities receiving and those not receiving the read-aloud accommodation on a statewide math test. It was anticipated that group differences would be greatest on those items identified as difficult to read, and that those students with reading disabilities receiving the accommodation would score considerably higher on these items. In order to control for differences in math skills among those receiving and not receiving the read aloud accommodation, a “computation only” score was used as a covariate in the analysis. 


On four item sets, all of which were included within the 1998 and 1999 datasets, the group receiving the read aloud accommodation performed significantly better than the group not receiving the read aloud accommodation. This occurred on the item sets classified as “reading hard,” on an item set that was classified as “math easy/reading hard,” and on the total score for items with text. In the 2000 data set, students with reading disabilities not receiving the read aloud accommodation scored significantly higher on five item sets. These included all of the item sets containing easy reading, the item set classified as “math hard/reading hard,” and the “total score on items with text” item set. 
Overall, our first hypothesis received partial support. We anticipated that students with reading disabilities receiving the read aloud accommodation should perform better than those not receiving the accommodation on items with significant reading content. This was supported across two years of data. Unfortunately, it was not supported on the most recent dataset, for which students with reading disabilities not receiving the accommodation scored higher on the difficult reading item set, even after controlling for computation performance. 
Our second hypothesis was also partially supported. Across all three years, those students with reading disabilities who received the read aloud accommodation performed better than those not receiving the accommodation on items that were difficult to read, but mathematically easy. For one year, this difference was significant. In the most recent year, this item set happened to be the only one for which the group receiving the accommodation performed better than the group not receiving the accommodation.

Because this study is non-experimental, it is important to note a variety of factors that may have confounded our results. Most notably, students were not randomly assigned to accommodated or non-accommodated conditions. The groups may therefore differ in important ways. For instance, students receiving the accommodation did not perform as well as students not receiving accommodation on the computation items in 1999 and 2000, suggesting that the accommodated students were less proficient in math. Although we attempted to control for differences in math skills using the “computation only” score as a covariate, it is a well-known fact that analysis of covariance will not control for all variables for which two groups differ (Howell, 1997). Particularly in the 2000 data set, it seems as if the “computation only” score was not sufficient to control for differences between groups; students not receiving the accommodation scored higher on all item sets, with the exception of the “math easy/ reading difficult” item set. 

It may be the case that failure to identify substantial accommodation effects is partly due to inadequate accommodation IEP team decision-making procedures, as opposed to an ineffective accommodation. In a recently published study by Helwig and Tindal (2003), teachers were found to be no better than chance at predicting which students would benefit from the read aloud accommodation. Ideally, students are chosen to receive an accommodation based on a demonstrated need. It is clear from this study, that there has been a general increase in the proportion of students with reading disabilities receiving the read aloud accommodation over time. As higher stakes are attached to student scores on statewide assessments, it may be the case that more and more students are offered accommodations in an attempt to increase student performance, without having a clear need for the accommodation. However, it is important to note that all students in our study were those identified as needing particular support in reading, and therefore it could be argued that among all students with disabilities, the group of students we chose to analyze is the group most likely to benefit from the read aloud accommodation.


Because this was a non-experimental study, we also did not have control over how the accommodation was administered. There may be certain challenges associated with accommodation implementation that prevent students from making optimal use of having the test read aloud. For instance, teachers may not have read the test at a pace that was aligned with a student’s need. Also, students may not have been easily able to return to past items for review, or to have the items re-read to them when provided the read aloud accommodation. Unfamiliarity with the read aloud accommodation may have interfered with their ability to appropriately benefit from this accommodation. Ideally, students have received the accommodation during instruction, and therefore are familiar with how to make best use of it. In this study, it was not clear whether students had received the accommodation during instruction. 


Although we found some support for the hypothesis that the read aloud accommodation is particularly beneficial to students on items with complex reading among two years of data, we did not find this to be the case for the final year. Across all three years, students who had the items read aloud performed better on items that were classified as “math easy/reading hard.” This finding seems to align with that of Helwig et al. (1999), who suggest that students may need a certain level of mathematical competence to demonstrate that the read aloud accommodation is helping them access test content. In our study, students appeared to demonstrate accommodation effects particularly on those items for which a lower level of competence was necessary. 

It may be the case that the limited accommodation effects that are often identified are due to the fact that students have not learned the math skills tested, and not necessarily due to an ineffective accommodation. If students are not receiving the accommodation in instruction, it follows that they may neither be familiar with the accommodation, nor able to access instruction in the math skills that are tested. 


Additional research on the effects of testing accommodations is warranted to ensure that the accommodation does have the intended effect, and to develop effective decision-making procedures related to which students should receive this accommodation. 
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Table 1

Demographic Characteristics for Groups

	
	1998
	1999
	2000

	
	No Read Aloud 

(A)
	Read Aloud

(B)
	No Read Aloud

(A)
	Read Aloud

(B)
	No Read Aloud

(A)
	Read Aloud

(B)



	N
	798
	404
	230
	568
	188
	457

	% female
	32.4
	31.6
	35.2
	33.1
	36.0
	35.4

	% non-white
	22.4
	12.7
	22.2
	20.6
	17.0
	18.6

	% free and reduced lunch
	NA
	NA
	19.6
	25.2
	28.7
	30.6


Table 2

Mean Group Performance on Item Sets

	
	1998
	1999
	2000

	
	No Read Aloud (A)
	Read Aloud

(B)
	No Read Aloud

(A)
	Read Aloud

(B)
	No Read Aloud

(A)
	Read Aloud

(B)

	Computation Score
	3.01
	3.02
	3.27
	3.04
	3.15
	3.11

	Math Hard/ Reading Hard
	2.75
	2.88
	3.16
	2.93
	3.33
	2.99

	Math Hard/ Reading Easy
	2.70
	2.82
	3.13
	2.95
	3.34
	2.94

	Math Easy/ Reading Hard
	3.38
	3.66
	3.79
	3.81
	3.79
	3.87

	Math Easy/ Reading Easy
	3.18
	3.32
	3.58
	3.44
	3.77
	3.47

	Reading Easy
	2.71
	2.66
	3.07
	2.86
	3.32
	2.86

	Reading Hard
	2.84
	3.15
	3.15
	3.27
	3.45
	3.33

	Total Score on Items with Text
	15.19
	16.18
	17.43
	16.80
	18.49
	17.07


Table 3

Adjusted Mean Group Performance on Item Sets

	
	1998
	1999
	2000

	
	No Read Aloud 

(A)
	Read Aloud

(B)
	No Read Aloud

(A)
	Read Aloud

(B)
	No Read Aloud

(A)
	Read Aloud

(B)

	Math Hard/ Reading Hard
	2.75
	2.87
	3.08
	2.96
	3.32*
	3.00

	Math Hard/ Reading Easy
	2.70
	2.82
	3.07
	2.98
	3.32*
	2.94

	Math Easy/ Reading Hard
	3.38
	3.66*
	3.70
	3.84
	3.77
	3.87

	Math Easy/ Reading Easy
	3.19
	3.32
	3.53
	3.46
	3.75*
	3.48

	Reading Easy
	2.71
	2.66
	3.01
	2.88
	3.31*
	2.86

	Reading Hard
	2.84
	3.15*
	3.07
	3.30*
	3.43
	3.34

	Total Score on Items with Text
	15.20
	16.16*
	17.06
	16.95
	18.48*
	17.10


*Mean difference between groups is significant at p < .05, two-tailed
**Mean difference between groups is significant at p < .01, two-tailed
Table 4

ANCOVA Results

	
	1998
	1999
	2000

	Math Hard/ Reading Hard
	F(1, 1156) = 2.09, p < .15
	F(1, 776) = 1.41, p < .24
	F(1, 632) = 7.74, p < .01

	Math Hard/ Reading Easy
	F(1, 1135) = 1.96, p < .17
	F(1, 764) = .84, p < .36
	F(1, 624) = 12.82, p < .01

	Math Easy/ Reading Hard
	F(1, 1191) = 7.34, p < .01*
	F(1, 778) = 2.43, p < .12
	F(1, 638) = 1.27, p < .27

	Math Easy/ Reading Easy
	F(1, 1159) = 2.65, p < .11
	F(1, 756) = .42, p < .52
	F(1, 635) = 7.80, p < .01

	Reading Easy
	F(1, 1137) = .50, p < .50
	F(1, 751) = 2.09, p < .18
	F(1, 608) = 16.79, p < .01*

	Reading Hard
	F(1, 1171) = 13.56, p < .01*
	F(1, 781) = 4.92, p < .03
	F(1, 632) = .70, p < .40

	Total Score on Items with Text
	F(1, 1198) = 9.19, p < .01*
	F(1, 795) = .081, p < .78
	F(1, 642) = 11.06, p < .01


*Levene’s test for homogeneity of error variance resulted in p < .05, which suggests that there were unequal error variances among groups. However, the ANCOVA procedure is considered relatively robust to this violation when the larger variance is associated with the larger group sample size (Johnson & Rakow, 1994), and therefore results are reported.
