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Abstract 

In order to make special education more accountable, student with disabilities are required to 

participate in statewide assessments; however, the manner in which special education students 

are assessed and the appropriate way to report scores is still unclear. The current study examined 

the relationship between a read aloud accommodation and an applied mathematics assessment. 

Students were grouped according to fluency and comprehension performance, as well as skill 

level on a mathematics computation tasks. Results of the study suggest that a comprehension 

measure can help determine which students will respond to a read aloud accommodation, and 

caution should be used when giving students suspected of a mathematics disability a read aloud 

accommodation on a mathematics assessment. 
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Effects of a Mathematics Read Aloud 

Accommodation for Students with High and Low Reading Skills 

Since 1997, there has been an increased focus on documenting the outcomes of special 

education. To do this, the Individuals with Disabilities Education Act (IDEA) 1997 requires that 

students with disabilities be included in all district and state assessments to the maximum extent 

possible (IDEA, 1997). The IDEA also requires that students with disabilities be given whatever 

accommodation necessary so that he/she can participate in the state assessments (Thurlow & 

Bolt, 2001). Prior to the IDEA 1997, the National Assessment of Educational Progress (NAEP) 

reported that students with disabilities only participated in state assessments 45-75% of the time 

(Fuchs & Fuchs, 2001; Vanderwood, McGrew & Ysseldyke, 1998). Students with disabilities 

were commonly excluded from state assessments, and even when they did participate their scores 

were not generally reported with those of the general student population (Fuchs et al., 2000; 

Vanderwood et al., 1998). The exclusion of students with disabilities from statewide assessments 

greatly hindered the ability to make special education accountable for the services they provided. 

This presented a serious problem, when a primary goal of statewide assessment is to increase the 

accountability of all educational services (Thompson, Blount & Thurlow, 2002). 

Accountability is designed to provide both educators and the general public with 

information regarding the progress of education. It seeks to answer the question of how 

successful a school is at providing an appropriate education to all students (Ysseldyke, Thurlow 

& Geened, 1994). Statewide, standardized assessment tools have emerged as the primary tool for 

evaluating school performance (Johnson, 2000), providing the framework for educational 

accountability, which in turn guides school policy (Elliott, Thurlow & Ysseldyke, 1996). Choices 

in curriculum as well as promotion and grade retention decisions are based upon information 
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gleaned from statewide assessments. For this reason it is critical to include students with 

disabilities in state assessments. Their needs should be incorporated into curriculum development 

and selection as well as special education service related decisions (Langefeld, Thurlow & Scott, 

1996). 

Statewide assessment serves as the primary vehicle for providing an accurate 

representation of all student performance; therefore, if students with disabilities are excluded 

from statewide assessment, special education reform will be lacking vital information from its 

most important stakeholder (McDonnell, McLaughlin & Morrison, 1997). The inclusion of 

students with disabilities in statewide assessments was a very important advance in the direction 

of increased accountability in special education and related services (Fuchs et al., 2000). 

Mandating participation of students with disabilities in state standardized tests was done with the 

hope of increasing the accountability for their education (Fuchs et al., 2000; Pomplum & Omar, 

2000). Prior to the IDEA 1997, the effectiveness of special education was difficult, if not 

impossible, to evaluate in the absence of statewide assessment data (Fuchs & Fuchs, 2001). An 

Individualized Education Plan (IEP) was the most common tool for measuring progress for 

students with disabilities, but unfortunately due to the nature of an IEP, comparison to other 

students is impractical, making the evaluation of a stateÕs special education services burdensome 

(Ysseldyke et al., 1994).  

As the accountability of special education is realized, the necessity of including students 

with disabilities in statewide assessments is no longer the source of much debate; however, the 

method in which to assess them and issues of score reporting are the source of much confusion 

(Elliott, McKevitt & Kettler, 2002). At the heart of the confusion are accommodations. 

Questions involve which ones to use, who should receive them and how the accommodated 
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scores should be reported (Fuchs et al., 2000a). Accommodations need to be offered to all 

students with disabilities, but given that students with learning disabilities (LD) comprise the 

majority of students receiving special education services, they are the focus of the 

accommodations debate (Fuchs et al., 2000a). A major purpose of statewide assessments is to 

inform accountability decisions, making it essential that the scores of special education students 

are neither over nor underepresentative of the actual performance. Spurious test scores resulting 

from assessments that included students with disabilities are no more useful that results 

excluding students with disabilities (Fuchs et al., 2000a). Using accommodations that 

specifically address the disability, not the construct being measured, help prevent against test 

scores that are measuring something different than the studentÕs skill in a particular domain. It is 

estimated that as many as 85% of students with disabilities are capable of participating in 

statewide assessments. These students can take the test without an accommodation, take the test 

with an accommodation or take a different test (Elliott, Kratochwill & McKevitt, 2001). The 

high rate of eligible students coupled with the importance of assessment results makes the issue 

of accommodations one of importance (Elliott et al., 1996).  

Despite the importance of appropriate accommodations, state guidelines on 

accommodations vary significantly from state to state. Some states have very detailed regulations 

concerning accommodations, while others assign general rules for broad categories of students 

with disabilities. One reason for such diverse state regulations is the heterogeneity of students 

classified as LD, which in turn makes assigning accommodations to large populations of LD 

students problematic (Bielinski, Thurlow, Ysseldyke, Freidebach, & Freidebach, 2001). Of the 

48 states that allow for accommodations, 4 allow the read aloud accommodation without 

restriction. Thirty of those states allow a read aloud accommodation only under certain 
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conditions, with a mathematics assessment being a common allowable condition. Read aloud 

accommodations are prohibited in one state (Thurlow & Bolt, 2001). The high variability in 

accommodation legislation across states highlights the need for more accommodations research 

(Elliott et al., 2002). 

Accommodations Defined 

 Accommodations are any change in standardized assessment procedure that serve to 

minimize construct-irrelevant variance. They are an alteration of presentation, change in 

response format, timing, setting or environment (Elliott et al., 2002). Essentially the impact of a 

disability is removed so that a true measure of performance is obtained (Fuchs et al., 2000a). 

Accommodations allow for the same construct to be measured in disabled students as is 

measured in non-disabled students. The accommodation should not result in an inflated score for 

disabled students, but should instead provide an accurate representation of his/her abilities in a 

particular area (Fuchs et al., 2000a; Fuchs et al., 2000b). For this to be accomplished, the 

accommodation must specifically address the studentÕs disability and eliminate the barrier(s) 

preventing the test from measuring the intended construct. The accommodation should not result 

in scores indicative of a different construct than originally intended (Thurlow & Bolt, 2001). 

While a common nomenclature for test administration has not been identified, when a derivation 

from standard test administration results in measurement of a different construct than intended, it 

is usually referred to as a modification. If the original construct is maintained, it is referred to as 

an accommodation (Thompson et al., 2002).  

 Accommodations can further be differentiated into three categories. The first consists of 

alterations in standard test administration not expected to produce a change in the construct. 

These typically involve a change in location, or small group administration. Accommodations 
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such as extra time and oral presentation of material are in the second category, and may interfere 

with the construct, but it is case dependent. Lastly, accommodations such as using a calculator on 

a mathematics computation test produce results that should be interpreted with caution as the 

intended construct has likely been altered (Bielinski et al., 2001).  

Construct Validity of Accommodations 

 Standardized procedures for test administration are developed so that scores can be 

comparable. Some amount of variability in test administration can occur without changing the 

construct, but the degree of change allowable is often unclear (Phillips, 1994). Construct validity 

is important, and can be threatened in two ways (Pomplum & Omar, 2000). The first is construct 

underrepresenation, and occurs if the test does not contain enough information to fully measure 

the construct. The second involves construct-irrelevant variance, and is caused from test content 

that is too broad, resulting in some students doing better or worse based on the extra information. 

Accommodations can infuse construct-irrelevant variance by introducing an element that causes 

some students to do better or worse than what their actual skill level dictates (Pomplum & Omar, 

2000). If the student does not have the appropriate skill(s) to access the construct the test is 

trying to measure, then an accommodation for the skill that is lacking helps eliminate construct-

irrelevant variance (Gilbertson Schulte et al., 2001). On the other hand construct 

underrepresentation can occur if the student with a disability needs an accommodation in order to 

perform at his/her actual skill level (Elliott et al., 2001).  

In order for test scores to be compared to each other, the construct validity of a test must 

be preserved across all testing administrations. The American Educational Research Association 

(AERA), American Psychological Association (APA), and National Council on Measurement in 

Education (NCME) (1999) state that unless it can be verified that the psychometric properties of 
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the test have not been altered, the scores of an accommodated test cannot be compared to those 

derived from standard administration. If test scores do not mean the same thing for all students, 

and are not comparable, the test objectives have been altered by the accommodation. That 

alteration results in the original purpose of the assessment being lost (Phillips, 1994), making the 

accommodated test score invalid (Gilbertson Schulte; Elliott & Kratochwill, 2001).  

The validity of an accommodated test score must be considered and verified if the scores 

are going to be useful in accountability decisions (Elliott & Marquart, 2004). Further 

comparability issues are caused by the variance in accommodations. Different packages of 

accommodations could be administered to different students on the same assessment, making it 

nearly impossible for states to interpret the results (Fuchs et al., 2000a). Currently, unless the 

validity of the accommodated score has been determined, states have no way of interpreting 

scores obtained from a non-standard test administration (Bielinski et al., 2001). 

Differential Boost 

 There is evidence for validity when parallel administrations of the standard and non-

standard administrations of the test are delivered to both disabled and non-disabled students 

results in a significant interaction between student groups (Fuchs & Fuchs, 2001). This type of 

interaction, commonly referred to as a differential boost, is used to help substantiate or refute the 

validity of an accommodation; however, caution should be used when interpreting interactions 

because some of the accommodations research has included students who are unable to perform 

the task regardless of the accommodation employed (McKevitt & Elliott, 2003). If the 

appropriate accommodation has been administered, the student with a disability should exhibit 

an increase in scores on the non-standard administration above those of their non-disabled peers. 
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In many cases the reciprocal effect should be observed in non-disabled students, with their scores 

decreasing in the accommodated condition (Fuchs et al., 2000a; Fuchs et al., 2000b).  

One accommodation that consistently shows a differential boost is a read aloud 

accommodation for a mathematics assessment (Thurlow & Bolt, 2001). These same results have 

not been observed for a read aloud accommodation on a reading assessment. When students are 

given a read aloud accommodation on a reading assessment, a differential boost is not observed, 

suggesting that the construct validity of the original assessment has been compromised. This 

effect serves to substantiate the validity of the read aloud accommodation on a mathematics 

assessment (McKevitt & Elliott, 2003). While differential boost is commonly used to identify a 

valid accommodation, it is only one method for substantiating the validity of an accommodation. 

Recent research has suggested the use of Differential Item Functioning (DIF) as a tool for 

construct validation. DIF employs Item Response Theory (IRT) to assess whether the particular 

test is responding differently for different groups (i.e., high and low reading achievement). If the 

desired construct is being measured, it is expected that the higher performing students will be 

more likely to answer the hardest questions correctly. Conversely, it is expected that the lower 

performing students will be most likely to answer the easier questions correct, while not 

performing as well on more difficult questions. When this type of differential responding is 

observed the variability of responding is considered to be low (Hambleton, Swaminathan, & 

Rogers, 1991). High levels of variability suggest the construct of the assessment has been 

changed as a function of the accommodation; therefore, a valid accommodation should result in 

low variability (Bielinski et al., 2001). 

Several studies have examined the construct validity of a read aloud accommodation on a 

mathematics assessment using DIF. Pomplum and Omar (2000) used confirmatory factor 
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analysis to compare the measured construct of a statewide mathematics assessment for LD 

students given a read aloud accommodation, and those not given the accommodation. Results 

revealed that the factor structure for both groups was not significantly different, suggesting that 

the measured construct was the same for both groups, lending support to the validity of the 

accommodation (Pomplum & Omar, 2000). Thurlow and colleagues (2000) also employed DIF 

to examine validity. They did not find significant variability in item responding between the 

disabled and non-disabled groups across accommodation and no accommodation groups. These 

findings further support the preservation of construct validity with the read aloud 

accommodation condition (Thurlow et al., 2000). 

Methods of Assigning Accommodations: Suggestions for Informative Accommodation Research 

 Due to the heterogeneity of LD students it is difficult to obtain a match between the 

disability and the accommodation prescribed. Researchers agree that the student should only 

receive an accommodation that is appropriate for his/her documented disability (Phillips, 1994). 

Group level research can mask the individuality of LD students by producing a clouded picture 

of the effect of the accommodation, and individual research is difficult to generalize to larger LD 

student populations (Fuchs et al., 2000b). A melding of both approaches may be needed in order 

to effectively pair LD students and accommodations (Fuchs et al., 2000a). 

 Despite the difficulty in assigning accommodations for LD students, there are several 

common methods employed (Elliott et al., 2002).  A descriptive approach is based on policy and 

general logic, not evidence. The next method is comparative and relies on multiple sources of 

data. Essentially, databases are examined to see how students with disabilities are affected by 

accommodations. This can be an informative method, but relies on post hoc data, preventing 

causal relationships from being identified. The last of the group methods is experimental. It is 
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considered the best, and involves systematic manipulation of variables (Elliott et al., 2002; Fuchs 

et al., 2000a).   

Commonalities among the literature regarding appropriate procedures for conducting 

accommodation research include: using repeated measure design with parallel forms of the 

assessment tool, and including both non disabled and disabled populations in all testing 

conditions (Fuchs et al., 2000a; Fuchs et al., 2000b; Gilbertson Schulte, et al., 2001; Pomplum & 

Omar, 2000). There are two primary methods for experimentally studying read aloud 

accommodations for mathematics assessments: group and individual. The aforementioned 

research suggestions are typically employed in group design research as well as in individual 

examination of read aloud accommodations. 

Experimental analysis examining individual assignment of accommodations has not 

shown the robust effects observed in group research (Fuchs et al., 2000a). Currently, the IEP 

team is assigned this task, but the success rate of determining valid accommodations has not 

been promising. Teachers generally participate in IEP decision-making, and are consistently 

shown to be poor judges of which students should be given an accommodation, and which 

accommodation the student should receive (Fuchs et al., 2000b). Fuchs and Fuchs (2001) found 

that teachers awarded mathematics accommodations to large numbers of students (65% for 

mathematics computation; 93% for mathematics application; and 93% for mathematics problem 

solving), but when the researchers used data-based rules to assign accommodations only 20% of 

students were given a mathematics computation accommodation, 32% for a mathematics 

application and 42% for a mathematics problem solving accommodation. Similar to those 

findings, McKevitt and Elliott (2003) found that when teachers determined who should receive 

an accommodation a significant interaction was not observed. Across the research, teachers 
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consistently assign accommodations more often than necessary, and typically are not good at 

identifying valid accommodations (Fuchs et al., 2000a; Helwig & Tindal, 2003). 

Mathematics Read Aloud Accommodation 

 The read aloud accommodation is one of the 12 most commonly prescribed 

accommodations (Thurlow & Bolt, 2001).  Despite the fact that 38% of states with 

accommodation laws prohibit read aloud accommodations, exceptions are usually made for 

mathematics assessments (Pomplum & Omar, 2000). It is also one of the most widely studied 

and the overall results place it among one of the most valid for students with disabilities 

(Thompson et al., 2002). When the read aloud accommodation is used on a mathematics 

assessment, research consistently shows the construct validity to remain unaltered (Bielinski et 

al., 2001).  

Accommodations are only valid when the assessment is measuring a different skill than 

the one being compensated for by the accommodation (Phillips, 1994). Furthermore, the student 

needs to have sufficient skill to perform the task being assessed (Calhoon, Fuchs & Hamlett, 

2000). Reading and mathematics are discreet skills, meaning that mathematics can be validly 

assessed in the presence of a reading accommodation. Considering that reading ability influences 

mathematics achievement and performance when the mathematics task involves language (i.e., 

verbal counting and story problems) (Jordan, Hanich & Kaplan, 2003), it is often necessary to 

provide an accommodation to compensate for poor reading skill (Elliott et al., 2001). The issue is 

more complicated for those students comorbid for a reading and mathematics disability. A 

mathematics disability is generally indicated by performance below the 25th percentile on a 

standardized mathematics assessment, and general consensus in the literature suggests 4 to 7% of 

the population exhibits a mathematics disability (Fuchs et al., 2004). While it has not been 
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experimentally evaluated, in order for the accommodation to be beneficial and valid, only those 

students with low reading skill and sufficient mathematics skill (i.e. above the 25th percentile on 

a mathematics assessment) should be included in the accommodation analysis (Calhoon et al.).  

 When Thurlow and Bolt (2001) synthesized the accommodation literature, they found 

support for the use of mathematics read aloud accommodations on statewide assessments. The 

accommodation results in a differential boost, supporting the construct validity of the 

accommodation. Elliott and colleagues (2001) found similar results. Overall, when students 

without disabilities received an individualized accommodation they performed about the same as 

students without a disability not receiving an accommodation. Both groups did better than 

students with disabilities not receiving an accommodation. When mathematics read aloud 

accommodations were examined at the individual level, results are not as clear (Elliott et al., 

2001).  

Elliott and colleagues (2001) attempted to identify variables that would help identify 

which accommodation would be beneficial to an individual student. They found that of five 

students, two did not consistently respond to the accommodation across mathematics or science 

tasks, two did respond to the accommodation condition, and one student performed worse in the 

accommodation condition. The results did not present them with enough information to 

accurately identify variables to help identify appropriate accommodations (Elliott et al., 2001). 

When also examining variables related to accommodations, Calhoon and colleagues (2000) 

found that the effects produced by the accommodation do not vary as a function of the 

administrating agent. The accommodation can be administered by the teacher, computer, or 

video, and still produce the same benefit. This finding lends support to the notion that a read 
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aloud accommodation can be administered without costing the teacher a considerable amount of 

time.  

 

Not all of the mathematics read aloud accommodation research supports the validity of 

the accommodation. Gilbertson Schulte and colleagues (2001) did not find a significant 

interaction between disabled and non disabled groups; however, they used accommodation 

packages and did not experimentally manipulate the accommodation variables independent of 

one another. Meloy, Deville and Frisbe (2002) found that LD and non-LD students both showed 

increases in scores with the read aloud accommodation. These results need to be interpreted with 

caution as they did not use a repeated measures design. The participants either received the 

accommodation or the standard administration. The same methodological issue also appeared in 

JohnsonÕs (2000) study of accommodations. Participants were not administered parallel forms 

and failed to produce a significant interaction effect. The last study to not show a differential 

boost was conducted by Helwig and Tindal (2003). In this study a repeated measures design was 

used, but the standard administration condition was not timed, while the read aloud condition 

was. Given that research has shown that extra time results in higher scores for all students 

(Elliott & Marquart, 2004; Fuchs et al., 2000b), it was not surprising that the standard 

administration condition resulted in higher scores. Based on the design of the study, it is difficult 

to determine whether the same effects would have been observed had both testing conditions 

been allotted the same amount of time.  

Summary of Accommodation Research 

Based on review of the research, the following questions were generated: (a) Can reading 

performance be used to accurately determine which groups of students will show the differential 
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boost on a read aloud accommodation? (b) Is there a difference in the validity of an 

accommodation, as denoted by a significant interaction, between students above and below the 

25th percentile on mathematics skill?  

Method 

Participants  

Students. A total of 180 students participated in this study. They were fourth (N=97) and 

fifth (N=83) grade students from an urban elementary school in southern California. Following 

IRB approval of the study, written parental consent was obtained for all students. All students 

within the study were primarily instructed in the general education classroom with 11 (6%) 

receiving pull-out resource services for up to 10 hours per week. For analysis purposes, the oral 

reading fluency and comprehension test scores of each student were used to assign him/her to the 

high or low reading skill group. This was done based on previous research indicating that special 

education classification is not always a good indicator of actual student performance 

(MacMillian, Gresham & Bocian, 1998). Of the 180 students, there were 126 (67%) Hispanic, 22 

(11.5%) Caucasian, 20 (11 %) African American, 4 (2.2%) Filipino, 4 (2.2%) Vietnamese, 2 

(1.1%) Korean, and 1 (0.5%) Chinese. Seventy-eight (43.4%) of the students were male and 102 

(53.3%) were female. Eighty-three (46.2%) were classified as English language learners, with 3 

(3.3%) of those students considered fluent/proficient. 

Test Examiners. All researchers (N=4) were in their second year of a Ph.D. School 

Psychology graduate program. Each of the researchers had received formal training on all 

assessment materials, and was given a manual with standardized instructions for each of the 

assessments used.  

Materials 
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 MAZE Curriculum-Based Measure (M-CBM).  Fourth and fifth grade M-CBM probes 

were obtained from AimsWeb Progress Monitoring and Improvement System (Shinn & Shinn, 

2002). The M-CBM measure was used in order to assess studentsÕ comprehension. The first 

sentence of the 150-400 word passage is left intact and after that first sentence, every 7th word is 

replaced with three words in parentheses. Of the 3 words, there is 1 word that is the exact one 

from the original passage. The other 2 words are distracters with 1 of the words being the same 

part of speech, but either does not make sense or does not preserve the meaning of the text. The 

second distracter is chosen randomly from the text, and does not make sense. M-CBM is 

considered to be a valid and reliable measure of reading comprehension, with the test-retest 

reliability for a 1 month spread being .83 (Shin, Deno & Espin, 2000). Jenkins and Jewell (1990) 

found that a maze task correlated between .66 and .76 with both the Gates-MacGinitie Reading 

and the Metropolitan Achievement Test.  

 A standardized administration protocol was used to administer the M-CBM (see 

Appendix A). Students had 3 minutes to read the passage and circle word choices. The 

percentage of correct answers was used for statistical analyses. 

 Reading Curriculum-Based Measure (R-CBM). The three 4th or 5th grade passages 

(determined by the studentÕs current instructional grade), obtained from AimsWeb 

(http://www.aimsweb.com), were administered to each participant. The passages the students are 

given to read are meaningful, connected, and graded passages of text that are written to be 

representative of general curriculum of most students. The passages are assessed for difficulty 

using several methods, and have an alternate forms reliability of .85 for 4th grade and .88 for 5th 

grade (Howe & Shinn, 2002). 
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 A standard protocol was also used for R-CBM administration (see Appendix B). Students 

were asked to read aloud from the passage for 1 minute while the examiner recorded incorrect 

responses. Any word read correctly, or self-corrected within 3 seconds was scored as correct. 

Incorrect responses were those in which words were read incorrectly, mispronounced (not due to 

dialect), or skipped. If a student skipped an entire line, it was scored as 1 incorrect response, and 

words from that line were not used in calculation of total words read correctly. The student was 

given 3 seconds to attempt each word, after 3 seconds had passed the student was given the 

correct word and that word was scored as incorrect. If proper names were read incorrectly it was 

scored as incorrect the first time, but subsequent mispronunciations were not scored incorrectly 

(unless the name was mispronounced differently the next time). 

 Basic Mathematics Computation. Probes from the Monitoring Basic Skills Progress (2nd 

Edition) were used as the computation measures (Fuchs, Hamlett & Fuchs, 1990). Each test 

consists of 25 math computation problems representing the year-long grade level math 

computation curriculum. Within each grade level, the type of problems represented on each test 

remains constant from test to test; however, the facts to be tested and their position on the test are 

selected randomly. For 4th and 5th grade level tests, the computation consists of multiplication, 

division of whole numbers, fractions and decimals (Fuchs et al.). 

 Basic Mathematics Concepts and Applications.  Applied mathematics probes were 

obtained from the Monitoring Basic Skills Progress (2nd Edition) created by Fuchs and 

colleagues (1990). Each of the tests represents year-long grade-level mathematics concepts and 

application curriculum, and consists of 18-25 questions. The probes can contain number 

concepts, names of numbers and vocabulary, measurement, charts and graphs, grid reading, 

geometry, fractions, decimals and word problems (Fuchs et al.).  
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The internal consistency for both the computation and concepts and applications tests for 

the 4th and 5th grade probes is .97. The measures are also evaluated based on its correlation to 

California Tests of Basic Skills (CTBS) scores. For 4th grade the computation measure correlates 

to the CTBS computation subtest at .74, and .67 for 5th grade. The concepts and applications 

measure correlates to the CTBS subtest at .75 for 4th grade and .81 for 5th grade (Fuchs, Hamlett 

& Fuchs). 

For the applied mathematics assessments, all students were given both a read aloud 

accommodation and a standard administration of the test. During the accommodations condition, 

the entire assessment was read aloud to the class before they began the problems. During 

standard administration the students were given the assessment without the questions being read 

to them (see Appendix D). 

Procedures 

 All students were individually administered the R-CBM, while the M-CBM, 

mathematics computation and application assessments were given to the whole class. There were 

2 researchers per class and while one researcher read the directions to the class, the other 

researcher passed the test out and then later collected them. Before the students were instructed 

to begin working, any questions the students had were answered. Both researchers walked 

around the room while the students were working in order to assure adherence to the testing 

directions. If during testing, the students were not following testing directions (i.e., starting ahead 

of time), then their responses were thrown out. During data collection, three students were 

excluded for analyses based on improper testing procedures. Student questions were not 

answered during test administration.  
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The read aloud accommodation condition was counterbalanced in an effort to control for order 

effects. For all classes the applied mathematics tests were administered first followed by the 

computation and then M-CBM tasks. The R-CBM assessment was administered last by pulling 

students out of the class in alphabetical order.  

 The median words read correctly across the 3 passages was used for analyses. The 

computation and applied mathematics assessments were also administered using a standard 

protocol (see Appendix C and D). Students were given 5 minutes to complete as many problems 

he/she could, skipping those that he/she did not know. The total number of correct divided by the 

number of digits attempted was calculated to obtain the percentage correct. The percentages were 

used for analysis purposes.  

Statistical Analysis 

 To evaluate the first research question, a 2 x 2 x 2 mixed factorial analysis of variance 

(ANOVA) with one within-subjects factor (accommodation condition) and two between-subjects 

factor (R-CBM and M-CBM score) was used. StudentsÕ scores for both the accommodated and 

non accommodated condition served as the dependent variable. The R-CBM and M-CBM scores 

were used to distribute students into a high and low reading skill group. Winter normative 

information was obtained from AIMSweb, and those students below the 25th percentile were 

placed in the low reading skill group. For R-CBM the 4th grade cutoff was 89 words read 

correctly (WRC) per minute and it was 89 WRC for 5th grade. The M-CBM cutoff for 4th grade 

was 12 correct responses, and 13 correct responses for 5th grade.  

 The second research question was evaluated by performing the same repeated measures 

analysis, but only including students above the 25th percentile on mathematics skill, as measured 

by the computation task. 
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Power Analysis 

        In an effort to avoid Type II error, a power analysis was conducted to determine sufficient 

sample size (Cohen, 1992). Using CohenÕs criteria, a medium effect at the p < .05 level required 

64 participants for each of the two groups. A sufficient sample was used in order to meet this 

criterion.  

Results 

Analysis Using all Participants 

A 2 x 2 x 2 mixed factorial analysis of variance (ANOVA) was used to compare 

mathematics scores with and without a read aloud accommodation. The accommodation 

conditions served as the repeated measure and consisted of two levels (Level 1: read aloud 

accommodation; Level 2: no accommodation). In order to answer the first research question, all 

students participated in the analysis, and were grouped based on M-CBM and R-CBM scores. 

Those assessments served as the between-subject factors, and each consisted of two levels [M-

CBM (Level 1: below the 25th percentile; Level 2: above the 25th percentile) and R-CBM (Level 

1: below the 25th percentile; Level 2: above the 25th percentile)]. Table 1 provides group mean 

and standard deviations for the M-CBM, R-CBM, basic mathematics computation, and basic 

mathematics concepts and applications measures for all participants. Mean basic mathematics 

concepts and application scores for the two accommodation conditions across high and low M-

CBM and R-CBM groups are also displayed in Table 1. When differentiated based on M-CBM 

score, both low and high groups exhibited increased performance on the applied mathematics 

assessment in the presence of a read aloud accommodation; however, the scores of the high R-

CBM group showed a decrease in performance for the applied mathematics assessment when 

given a read aloud accommodation. 
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This analysis did not reveal any significant within-subject interactions or main effects 

(see Table 2); however, a significant between-subject main effect was observed for M-CBM [F 

(1, 173) = 9.231, p = .003]. Based on CohenÕs guidelines (1988), the effect size associated with 

the M-CBM main effect (partial eta squared=.051) was in the moderate range. The observed 

main effect indicates that the number of correct responses given by the below 25th percentile 

group (M = 47.25, SE = 1.95; 95% CI = 43.40 to 51.11) were significantly lower than the above 

25th percentile group (M = 60.10, SE = 3.75; 95% CI = 52.70 to 67.51).  

Analysis Using Only the High Computation Group 

 A second 2 x 2 x 2 mixed factorial ANOVA was used to compare mathematics scores 

with and without a read aloud accommodation for only those students scoring above the 25th 

percentile on the computation task. The independent and dependent variables from the first 

analysis remained the same; however, those students scoring below the 25th percentile on the 

computation task were excluded from the analysis. This reduced the sample size to 130, but still 

allowed for a sufficient N to maintain the desired power. The means for the high computation 

group across M-CBM and R-CBM groups can be seen in Table 3. After the students in the 

lowest 25th percentile on the computation task were excluded from the analysis, the M-CBM and 

R-CBM high groups showed a decrease in applied mathematics performance when given a read 

aloud accommodation. The converse was true for the low groups, where an increase in 

performance on the applied mathematics assessment was observed in the presence of a read 

aloud accommodation. 

 Results (see Figure 1) revealed a significant within-subjects interaction between the 

accommodation condition and M-CBM [WilksÕ Lambda=.971, F(1, 130) = 3.929, p = .050], with 

an effect size in the small range (multivariate partial eta squared = .029). The students in the low 
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M-CBM group performed better on the applied mathematics task when given a read aloud 

accommodation (M = 53.78, SE = 2.72; 95% CI = 43.40 to 59.17) than they did without the 

accommodation (M = 48.36, SE = 2.39; 95% CI = 43.63 to 53.08). Conversely, students in the 

high M-CBM performed better in the no accommodation condition (M = 64.56, SE = 3.91; 95% 

CI = 56.83 to 72.28) than they did with the read aloud accommodation (M = 58.39, SE = 4.45; 

95% CI = 49.59 to 67.20). There were no other significant within-subject interactions or main 

effects (see Table 4). 

 As observed in the first analysis, there was only one significant between-subject main 

effect (see Table 4). The significant effect was again observed for M-CBM [F (1, 130) = 6.966, p 

= .009] with an effect size in the moderate range (partial eta squared = .051). Participants in the 

below 25th percentile group (M = 51.07, SE = 2.06; 95% CI = 47.00 to 55.14) scored 

significantly lower than the above 25th percentile group (M = 61.47, SE = 3.36; 95% CI = 54.82 

to 68.13). 

Discussion 

This study took a different approach for examining accommodations, than has previous 

research. The traditional approach for investigating accommodations uses a repeated measures 

design, where parallel forms of an assessment are used in the read aloud and standard 

administration condition. That framework was utilized in the current study; however, the two 

primary objectives of the study sought to further expand the accommodation research. This was 

done by differentiating high and low readers on both a fluency and comprehension measure, and 

attempting to eliminate the impact of a different disability (in this case math) than the one that 

was being accommodated.  
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This first research question was designed to examine the potential differences between 

using a fluency and/or comprehension measure when determining which students should receive 

a read aloud accommodation on an applied mathematics assessment. The second objective also 

was designed to examine the relationship between high and low readers and accommodation 

conditions; however, students were further differentiated by mathematics performance. This was 

done in order to try and control for a potential mathematics disability, and was accomplished by 

removing students scoring below the 25th percentile on the computation task. The initial 

grouping of students based on M-CBM and R-CBM scores was maintained for the second 

analysis.  

Traditional Accommodation Analysis 

 When studentsÕ performance on an applied mathematics assessment was compared based 

on high and low grouping across M-CBM and R-CBM scores, mean differences on the applied 

mathematics assessment (see Table 1) suggested that the read aloud accommodation condition 

resulted in increased performance for all students, with the exception of those in the high R-

CBM group. Despite these mean differences, analysis of the within-subjects effects failed to 

produce a significant interaction between the accommodation and either the R-CBM or M-CBM 

groups (see Table 2).  

A significant interaction is considered to be an indicator of an accommodation that has 

maintained construct validity (Phillips, 1994). Based on the findings from the first analysis it 

does not appear that the read aloud accommodation had maintained the construct validity of the 

original assessment (Phillips, 1994); however, in order for an accommodation to be useful the 

student needs to have the skills necessary to perform the task being assessed (Fuchs et al., 2004). 

It is plausible that because the initial analysis included all students, that students not possessing 
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the skills necessary to complete a mathematics assessment masked the differential boost of the 

accommodation.  

Targeted Disability Analysis 

 In order to further examine the possible differential boost of the accommodation, students 

suspected of having a mathematics disability were excluded from the second analysis. This was 

executed by removing all students scoring below the 25th percentile on a computation task 

(Calhoon et al., 2000). When students with a suspected mathematics disability were excluded 

from the statistical analysis, the mean differences on the applied mathematics assessment 

between the high and low R-CBM and M-CBM groups shifted. In each of the low groups, 

students performed better on the applied mathematics assessment when given a read aloud 

accommodation, while students in the high groups experienced decreased performance in the 

presence of a read aloud accommodation (see Table 3). Further analysis revealed that there was a 

significant interaction between the accommodation condition and the M-CBM group (see Figure 

1). The differential boost, as indicated by the significant interaction, supports the construct 

validity of the read aloud accommodation on the applied mathematics assessment (Phillips, 

1994). There are two interesting findings associated with the second analysis. The first is 

associated with the comprehension task being useful in determining which students would 

respond to the interaction, and the second dealing with the validity of the accommodation being 

retained when those students with a suspected mathematics disability were excluded from the 

analysis. 

One possible explanation for the success of the comprehension task versus the fluency 

task in producing a differential boost is the high level of English language learners in this 

sample. It is possible that they were able to decode the words in the fluency task, producing 
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somewhat of an inflated score, but a more accurate performance indicator was the 

comprehension task, which required interpretation of the text. The same phenomena may also 

hold true for English only students. It may not be enough to be able to read the words on the 

page; the student must also be able to interpret the meaning of the text so as to answer to 

question (Jordan et al., 2003).  

The lack of significance for the R-CBM task may also be due to the fact that the measure 

was administered based on grade, not instructional level. If the students had been given R-CBM 

probes based on their actual level of performance, it may have provided a more accurate 

representation of their skill level; therefore serving as a better predictor of response to the read 

aloud accommodation.  

Despite the significance of the interaction between M-CBM and the accommodation, a 

relatively small effect was produced (Cohen, 1992). The interaction accounted for 29% of the 

variance for performance on the applied mathematics assessment scores. This suggests that there 

are other variable(s) that would be useful in identifying which students should receive a read 

aloud accommodation. It is possible that fluency measured in a different manner, or with 

different cut-off points (i.e., lowest 10th percentile) may have resulted in a significant interaction 

for fluency as well. While the interaction produced by the M-CBM grouping is interesting, the 

effect size suggests that comprehension does not provide all of the necessary information needed 

to make accommodation decisions. 

The second interesting finding resulting from the second analysis was the difference in 

results when the students with low computation skills were removed from the analysis. These 

findings support earlier research suggesting that students below the 25th percentile on a 

computation assessment may be at risk for a mathematics disability (Fuchs et al., 2004).  In this 
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study students who did not possess the necessary skills for performing the computation were 

unable to increase performance on the applied mathematics assessment even in the presence of a 

read aloud accommodation. Based on this, the read accommodation is only considered to have 

maintained the construct validity when it is not administered to those students suspected of a 

mathematics disability.  

Conclusions  

The first research question was concerned with identifying variable(s) that could be 

useful in determining which students would benefit from an accommodation, and at the same 

time maintaining the construct validity of the original assessment. Based on the results of this 

study, it appears that a comprehension measure (M-CBM) is one tool that can be used to 

differentiate which students should receive a read aloud accommodation. While the M-CBM task 

did provided a differential boost the effect size was small indicating further exploration of 

variables influencing a studentÕs response to a read aloud accommodation.  

The second research question was concerned with differences in response to the read 

aloud accommodation between students suspected and not suspected of a mathematics disability. 

These results suggest that before a student is assigned a read aloud accommodation, their ability 

to perform the task be assessed. These findings suggest that a student be given an 

accommodation after carefully considering the studentÕs performance levels are, the areas he/she 

is likely to need an accommodation in, and his/her skills relative to the desired assessment area. 

These findings have important implications for special education and the students it 

serves, especially in light of recent legislation requiring that students with disabilities be included 

in statewide assessments (Fuchs & Fuchs, 2001); however, they are often excluded from such 

assessments, and even when they are included their scores are often not reported (Vanderwood et 
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al., 1998). The statewide assessments serve a primary function of increasing the accountability of 

special education, and hopefully improving the associated services (Thompson et al., 2002). If 

students with disabilities are not included in the assessment, or their scores are not representative 

of actual performance, it makes evaluation of special education difficult (Elliott et al., 1996; 

Vanderwood et al.). The only way for the results obtained from students with disabilities to be 

meaningful in accountability decisions, is for their scores to accurately reflect their actual skill 

level (Langefeld et al., 1996). Administering valid and appropriate accommodations to students 

with disabilities will help ensure the meaningfulness of their scores (Phillips, 1994). 

Future Directions 

 The current study expanded existing accommodations research, answering some 

questions and serving as the impetus for others. For example, it would be interesting to examine 

the effects of a read aloud accommodation among English only students. It is possible that the 

comprehension task only produces a differential boost for certain populations of students. 

Another possible area of expansion would be to administer other reading related assessments to 

determine if they could account for more of the variance, therefore providing a more accurate 

composite of which students should receive a read aloud accommodation.  Future research could 

also explore the validity of the accommodation, if the assessments were administered according 

to instructional level instead of grade level. For the fluency measure, the instructional level of the 

assessment may have played a critical role in why a significant interaction was not observed. 

Providing more meaning to the scores obtained from special education students will help 

improve accountability decisions regarding special education effectiveness (Johnson, 2000). 
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Table 2

Source df MS F R2 p
Between-Subjects

M-CBM 1 5807.15 9.231 0.051 0.003*
R-CBM 1 1318.55 2.096 0.012 0.149
M-CBM * R-CBM 1 610.97 0.971 0.006 0.326
Error 173 629.07

Within-Subjects
Accommodation 1 62.15 0.232 0.001 0.631
Accommodation * M-CBM 1 1005.76 3.753 0.021 0.054
Accommodation * R-CBM 1 48.74 0.182 0.001 0.670
Accommodation * M-CBM * R-CBM 1 222.39 0.830 0.005 0.364
Error 173 268.02
*p < .001

Analysis of the Accommodation Condition Using all Participants
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Table 4

Source df MS F R2 p
Between-Subjects

M-CBM 1 3474.75 6.966 0.051 0.009**

R-CBM 1 1248.34 2.503 0.019 0.116

M-CBM * R-CBM 1 76.05 0.152 0.001 0.697

Error 130 498.80

Within-Subjects

Accommodation 1 4.371 0.016 0.000 0.900

Accommodation * M-CBM 1 1077.77 3.929 0.029 0.05*

Accommodation * R-CBM 1 3.89 0.014 0.000 0.905

Accommodation * M-CBM * R-CBM 1 477.73 1.742 0.013 0.189

Error 130 268.02

*p < .05, **p < .001

Analysis of the Accommodation Condition Using Participants Scoring Above the 25th Percentile on 
the Computation Task
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Appendix A 
 

MAZE Directions (class wide) 
 

1. After the students have put their name on the cover sheet, start the testing by sayingÉ  

a. “When I say ‘Begin’ turn to the first story and start reading 

silently. When you come to a group of three words, circle the 1 

word that makes the most sense. Work as quickly as you can 

without making mistakes. If you finish a page, turn the page and 

keep working until I say ‘Stop’ or you are all done. Do you have 

any questions?” 

b. Answer student questions 

2. Then say, ÒBegin.Ó Start your stop watch. 

3. Monitor students to make sure they understand that they are to circle only 1 word. 

4. If a student finishes before the time limit, collect the studentÕs Maze task and record the 

time on the studentÕs test booklet. 

5. At the end of 3 minutes say: ÒStop. Put your pencils down. Please close your 

booklet.” 

6. Collect the Maze tasks. 
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Appendix B 

ORF Directions (individual) 

1. Place the unnumbered copy in front of the student 

2. Place the numbered copy in front of you but shielded so the student cannot see what you 

record 

3. Say: 

a. “When I say ‘Begin,’ start reading aloud at the top of this page. 

Read across the page (DEMONSTRATE BY POINTING). Try to read 

each word. If you come to a word you don’t know, I’ll tell it to 

you. Be sure to do your best reading. Are there any questions?” 

(Pause). 

4. Say: 

a. “Begin” and start your stopwatch when the student says the first word. If the 

student fails to say the first word of the passage after 3 seconds, tell them the 

word, mark it as incorrect, then start your stopwatch. 

5. Follow along on your copy. Put a slash (/) through words read incorrectly 

6. At the end of 1 minute, place a bracket (]) after the last word and say, “Stop.” 

7. Score and summarize by writing WRC/Errors. 
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Appendix C 

Computation (class wide) 

 
1. Place the math probe in front of the student 

2. Say: 

a. “We are going to some more math. Please write your name on the 

paper. I want you to do as many problems as you can. Work 

carefully and do the best you can. When I say begin, start at the 

top left, working from left to right. Keep working until I say stop. 

Do you have any questions? Begin.” 

3. Start your stopwatch when the students begin. 

4. Give the class 5 minutes. 

5. At the end of 5 minutes, say:  

a. “Stop.” 
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Appendix D 

Applications without accommodation (class wide) 

 
1. Say: 

a. “As soon as I give you your test, write your first name, your last 

name, and the date.  I want you to do as many problems as you 

can. Remember, start at the first problem, work down the first 

column and then the second column. Then move on to the next 

page. When you come to a problem you know you can do, do it 

right away. When you come to a problem that is hard for you, 

skip it and come back to it later. When I say begin, start to work. 

Work for the whole test time. Write your answers so I can read 

them. If you finish early, check your answers. At the end of 5 

minutes, I will tell you to stop and put your pencils down. Are 

there any questions? Begin.” 

2. At the end of 5 minutes, say: “Stop, put your pencils down.” 

3. Collect the test. 
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Applications with accommodation (class wide) 
 

1. Say: 

a. “As soon as I give you your test, write your first name, your last 

name, and the date.  I want you to do as many problems as you 

can. Remember, start at the first problem, work down the first 

column and then the second column. Then move on to the next 

page. When you come to a problem you know you can do, do it 

right away. When you come to a problem that is hard for you, 

skip it and come back to it later. When I say begin, start to work. 

Work for the whole test time. Write your answers so I can read 

them. If you finish early, check your answers. At the end of 5 

minutes, I will tell you to stop and put your pencils down. Are 

there any questions?” 

2. Say: 

a. “Before we begin, I will read the questions on the test aloud to 

you. Please follow along with me on your test.” 

3. Read through the test questions 

4. Say:  

a. “Any questions? Begin.” (DO NOT REPEAT ANY OF THE TEST 

QUESTIONS). 

5. At the end of 5 minutes, say: “Stop, put your pencils down.” 

6. Collect the test. 
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Figure Caption 

Figure 1. Interaction between M-CBM grouping and the accommodation conditions with the low 

computation student group removed from the analyses. 

 

 

 
 


