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ABSTRACT 
 

 

The dissertation describes a study of the instructional validity of the Arizona 

Instrument to Measure Standards (AIMS), a standards-based assessment. The study 

addresses the third- and fifth-grade mathematics portion of the 2005 AIMS test, focusing 

on two performance objectives per grade level. The study addresses the following 

questions: Can variation in students’ mathematics achievement on AIMS be explained by 

instructional validity measures, namely: (1) alignment between test items and 

instructional characteristics and (2) by the degree of teacher emphasis on the two skills of 

interest to the study? Does the relationship between these measures and AIMS 

performance differ across grade levels? What possible explanations exist to account for 

grade level differences? Is there a relationship between the instructional validity 

measures and performance on the objectives of interest to this study? 

The dissertation discusses the evolution of thinking about instructional validity as 

standardized testing has changed. The study method, including developing alignment 

measures from interview transcripts and classroom assessment examples collected from 

16 third-grade teachers and 20 fifth-grade teachers in one school district are also 

described. Findings of the study are presented. Although the method of using qualitative 

data to gauge instructional validity yields rich information about instructional practice, 

there was little instructional variation between classrooms in the district studied. This 

may have occurred because the district requires teachers to provide instruction exactly as 

specified in the district-adopted mathematics text. Some between-grade level differences 
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do exist in the curricular alignment with AIMS; however, teachers attempted to overcome 

this in their instruction despite district mandates to the contrary. Results support the 

instructional sensitivity of AIMS at third grade, but not at fifth grade. Differences in 

instructional sensitivity across grade levels might be linked to curricular differences; 

some third-grade teachers reported supplementing the curriculum to address the state 

standards while fifth-grade teachers largely reported that this was not necessary. 

Interestingly, the degree of alignment at third- and fifth-grade did not vary, although 

fifth-grade teachers placed more emphasis the study objectives. This speaks to third-

grade teacher commitment to address the standards, and the challenges in emphasizing 

them when district-adopted curricula are not well-aligned with state standards. Only two 

third-grade teachers solely taught the curriculum. The remaining third-grade teachers 

either addressed the standards in a way that mimicked the test or presented concepts to 

students in multiple ways in an attempt to ensure that students could generalize their 

knowledge to a variety of situations. 
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CHAPTER 1 

INTRODUCTION 

 

Standards-based reform has had a strong influence on the American educational 

system over the past twenty years. In the mid-eighties a government-sponsored 

commission declared our nation to be at risk due to weaknesses in our educational 

system. The commission called on states to implement rigorous standards that require 

high expectations of all students (National Commission on Excellence in Education, 

1983). Since that time, the federal government has adopted policies that require states to 

develop standards outlining what students should know and be able to do, to assess 

student progress, and to hold schools accountable for student performance (National 

Educational Goals Panel, 1991; Goals 2000: Educate America Act, 1994; No Child Left 

Behind Act, 2001). Despite massive federal support for standards-based reform, there has 

been some debate about its effectiveness in improving classroom instruction (Darling-

Hammond & Wise, 1985; Elmore & Furhman, 2001; Spillane, 2004). 

One criticism is that standards-based reform compels teachers to focus their 

instruction to the format of specific test items rather than instructing students in ways that 

help them learn to apply what they learn to a variety of situations (Smith, 1991). Others 

have contended that it compels teachers to change their instruction in ways that are 

beneficial to students. They theorize that, by outlining what students should know and be 

able to do at each grade level, testing students on those skills, and holding schools 

accountable for performance on standards-based tests, teachers will be persuaded to  
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improve their instruction (Ravitch, 1996). 

This dissertation study examines the mathematics teaching practices of 16 third-

grade and 20 fifth-grade teachers in one school district that emphasizes standards-based 

instruction. It determines how teachers responded to working in this environment; 

whether they “taught to the test” or addressed skills more generally in helping students to 

meet state standards. It uses this information to explore whether one of these approaches 

was associated with better than expected scores in mathematics on Arizona’s state 

assessment, the AIMS test.  

 

The Test 

Arizona’s standards-based assessment was first administered in 1999 to provide 

feedback on student progress towards state standards. Currently administered in grades 3 

through 8 and in grade 10, the test assesses student content knowledge in reading, 

writing, and mathematics. The reading and mathematics tests are comprised of between 

76 and 84 multiple choice items, some of which are used to generate criterion-referenced 

scores (proficiency levels, which label students as “Falls Far Below,” “Approaches,” 

“Meets,” or “Exceeds” state standards) and some of which are used to generate norm-

referenced scores (percentiles that rank student performance in relation to national 

norms).1 Most criterion-referenced items were generated by Arizona teachers hired to 

participate in test development while norm-referenced items were created by the AIMS 

vendor. In addition to subject-level scores, subtest (or testlet) scores are generated which 

                                                 
1 At tenth grade, AIMS items are used only to generate criterion-referenced scores. 
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reflect the organization of the state standards. The standards are arranged in three 

hierarchical levels, the broadest level, called “strands” in Arizona, represents a 

wide array of skills. Strands are divided into more specific concepts (level 2), which in 

turn contain the most specific descriptions of what students are supposed to know and be 

able to do (performance objectives). At third grade, there are 84 mathematics objectives, 

17 concepts, and five strands. Although some objectives are not assessed by the AIMS 

test, test items address 16 of the 17 concepts and all five strands. In addition, 16 testlet 

scores are generated, for all five strands and for 11 concepts or combinations of concepts. 

While some testlet scores are based on a relatively large number of items (25 number 

sense items at third grade in 2005) others are based on relatively few items (four items 

each comprise six testlet scores at third grade in 2005—structure and logic, algorithms, 

data analysis, probability, discrete math, and estimation). 

The test has evolved over time, with changes in item format, grades assessed, and 

scores generated. Originally, the test was administered only in grades 3, 5, 8, and 10 and 

was comprised of both multiple-choice and constructed response items.2 In addition, the 

test has become more high-stakes over time. Although high school graduation was 

supposed to be linked to AIMS performance as early as 1999, it was first used to make 

graduation determinations in Spring 2006. The test is also used to meet the requirements 

of the No Child Left Behind Act of 2001 (NCLB), to influence merit pay decisions in 

some districts, and to determine state accountability ratings. Because of its strong 

association with state and federal accountability systems, teachers are keenly aware that 

                                                 
2 While the format of reading and mathematics items has changed, the writing assessment has always been 
an essay test. 
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the test is used to evaluate their instruction. Therefore, they may be motivated to provide 

instruction on test items instead of developing conceptual understanding of subject 

matter. However, such behavior would jeopardize the validity of test score (and 

accountability rating) interpretations if AIMS lacks instructional sensitivity.  

 

Instructional Sensitivity 

Standards-based reform, as outlined by O’Day and Smith (1993), represents a 

systematic approach to ensuring that all students gain proficiency on a uniform set of 

skills at each grade level. By establishing the order with which topics are presented 

across grade levels, states hope to ensure that students are exposed to a meaningful 

progression of skills, that all students are exposed to challenging material, and that 

students will experience continuity in their education if they transfer schools. The system 

that O’Day and Smith (1993) describe includes several components, most designed to 

compel teachers to implement the reform. These include: establishing academic standards 

that describe what students should know and be able to do, gauging student progress 

towards attaining the standards, and holding schools accountable for student 

performance. They also recommended professional development for teachers to help 

them develop the skills necessary to implement the reform. 

Although standards-based reform is designed to ensure that students learn a 

uniform set of skills, O’Day and Smith (1993) also specify that teachers know best how 

to convey information to students and leave specific instructional strategies up to them. 

This provides teachers with a great deal of latitude, both in the method of instruction used 



 

15 

and in deciding which aspects of the standards are most important. Such instructional 

leeway can have a variety of consequences. While some teachers may erroneously 

interpret standards documents, others may construe the standards in a multitude of valid 

ways. If teachers have different yet plausible interpretations of what the standards mean, 

their instructional forms likely will vary (Baker & Herman, 1983), resulting in 

differential experiences for students across classrooms.  

This phenomenon is well documented. In their study of nine teachers 

implementing language arts reforms, Spillane and Jennings (1997) noted that, even when 

professional development and other sources of support are in place, teachers’ instruction 

varies widely based on their knowledge, skills, and experience. In addition, using 

observations of district curriculum committees working to align state standards and 

district curriculum materials, Hill (2001) concluded that teachers interpreted the same 

objective quite differently and have difficulty coming to consensus about what is 

intended by standards documents.  

The challenge for a state testing system, therefore, is to determine whether 

students have mastered the requisite objectives regardless of the examples or approaches 

used. They assume that instructional content will generalize to test items. That is, as long 

as teachers appropriately transmit the skill, students should do well on the assessment. 

Instructional sensitivity studies examine whether this assumption holds. With regard to 

standards-based assessments, they gauge the ability of tests to detect a wide array of

standards-based instruction.  

It seems self-evident that instructionally sensitive assessments are needed in high- 
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stakes testing situations. Assessment is the lynchpin of standards-based reform as it 

connects standards implementation with accountability measures. For the reform to work, 

the assessments must detect adequate instruction on the standards. Otherwise, teachers 

who faithfully implement standards-based instruction may experience poor test scores 

and change instructional practices in search of ones that can be registered by the test. In 

this case, test scores easily influenced by test preparation practices would motivate 

teachers to show students how to answer specific types of items in lieu of developing the 

conceptual understanding necessary to apply knowledge in a variety of ways. 

The literature is rife with examples of instruction focused on test items rather than 

course content, indicating that teachers have little faith in the instructional sensitivity of 

standardized tests (Stecher, Barron, Chun, & Ross, 2000; Madaus & Clarke, 2001; 

Schorr, Bulgar, Stickle Razze, Monfils, & Firestone, 2004). For example, Darling-

Hammond and Wise (1985) conducted interviews with 43 teachers working in a variety 

of school districts and reported that teachers narrowed their curriculum to address only 

the tested subjects (e.g., reducing instruction in science and social studies) and taught 

“the precise content appearing on the test rather than the concepts underlying the content” 

and “skills as they are to be tested rather than as they are to be used in the real world” (p. 

320). Taylor, Shepard, Kinner, and Rosenthal (2003) found similar patterns based on a 

survey of 1000 teachers from across Colorado. In addition, they documented that teachers 

in low-performing schools were more likely to place great emphasis on test preparation 

practices than teachers in high-performing schools. Teachers in low-performing schools 

also more frequently reported that they had reduced the instructional time devoted to 
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projects that extend over several days and devoted to conducting research in response to 

Colorado’s high-stakes testing program.  

Based on this research, it seems that standards-based reform may have resulted in 

weakened instructional programs even though this clearly was not the goal. Therefore, it 

is necessary to determine if these assessments indeed reward teachers for providing 

instruction that mirrors test items. The potential for test scores to be biased by the use of 

specific instructional examples is not only a policy or a fairness concern. It also brings 

into question the validity of the test, or the correctness of test score inferences. As 

Messick (1989) has argued, test consequences are manifestations of test inferences and 

therefore must be considered a form of validity evidence. However, negative 

consequences do not necessarily indicate that a test is invalid. Rather, we must determine 

whether the consequence stems from sources of invalidity such as construct under-

representation or construct-irrelevant variance (Messick, 1995). Put into the context of 

this study, documenting that teachers mirror test items in their instruction does not 

constitute evidence that a test is invalid. Validity is threatened only if doing so results in 

improved test scores. 

The results of an instructionally sensitive assessment, therefore, would not be 

influenced by such approaches. Students in classrooms that addressed tested content 

would perform well on the assessment, regardless of the similarity between instructional 

examples and test items. To help elucidate this point, Figures 1a-c present the 

relationships between mean classroom performance on a standards-based assessment for 

a hypothetical instructionally sensitive test, a test of modest instructional sensitivity, and 
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a non-instructionally sensitive test. With the instructionally sensitive test (Figure 1a), 

classrooms that address the skill outperform classrooms that are not exposed to tested 

content. In addition, classrooms that learn instructional examples that mimic test items 

and those that learned the skill with examples dissimilar to the test perform similarly. In 

Figure 1b, the modestly sensitive test, there is a linear relationship between being 

exposed to the skill and test performance, with classrooms that are not exposed to the 

skill performing worst, those that learn the skill in a manner different from the way it is 

presented on the test performing moderately, and those taught with examples that mirror 

test items performing the best. In Figure 1c, the non-instructionally sensitive test, 

alignment between instruction and test content is not related to test performance. 

These examples should apply to classrooms where grade level instruction is 

appropriate for the majority of students. In other classrooms, where grade level 

instruction is not appropriate, the relationship between alignment and performance would 

look different for tests that are instructionally sensitive in most classrooms (Figures 2a-

b). Figure 2a presents one specialized category of classrooms. Teachers in gifted 

classrooms would not teach test content as it would be inappropriate for their students 

(who presumably enter the classroom surpassing grade level standards), but their students 

would still perform well on the test. Other teachers, such as instructors of special 

education or newcomer classrooms that help transition recent, non-English speaking 

immigrants into school, might not teach the standards because their students are not yet 

ready for them. These classrooms would be expected to perform quite poorly on an 

instructionally sensitive standards-based assessment, but for reasons having little to do  
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Figures 1a-c show the relationship between test scores and the instruction-test alignment 
for three tests. The first test (Figure 1a) is instructionally sensitive because students who 
receive instruction in the tested skill, regardless of the similarity between instructional 
examples and test items, do better than students who are not instructed in the test’s 
content. In Figure 1b (Modest Instructional Sensitivity), students who learn with 
examples that mirror the test outperform other students, although students who do not 
receive instruction in tested content perform the worst. The non-instructionally sensitive 
test (Figure 1c) does not detect any instruction on tested content, so there is no 
relationship between instruction-assessment alignment and test scores. 
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Scatterplot of an Instructionally 
Sensitive Test: Gifted Classrooms 
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Figures 2a-b shows the relationship between test scores and the instruction-test 
alignment for an instructionally sensitive test administered to classrooms filled with 
special populations. Gifted classrooms are represented in Figure 2a. Teachers in these 
classrooms may not teach state standards because their students have exceeded grade 
level expectations, but their students would still do very well on the test. Classrooms of 
non-English speakers (Newcomers) and of special education students may also not teach 
state standards because it is inappropriate. When these classrooms participate in 
standards-based assessments, students would perform poorly on the test for reasons that 
extend beyond instructional alignment (Figure 2b). 
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with alignment (Figure 2b). Many states have provisions allowing these students to opt 

out of testing altogether. Some special education students also do not participate in 

standards-based assessments, while others may take an alternate assessment that is based 

on a separate set of standards.  Therefore, few classrooms may fall into this category. 

Despite the importance of instructional sensitivity evidence in determining the 

validity of standards-based assessments, little work has been done to determine how 

vulnerable tests are to teaching that mirrors test items. While the United States 

Department of Education requires states to provide validity evidence in the form of 

content alignment studies (U.S. Department of Education, 2004), it does not require states 

to evaluate the instructional validity of their assessments. It assumes that the skills 

students are exposed to in class will generalize to test items, regardless of the 

instructional form.  

Instructional validity is also not mentioned in the Standards for Educational and 

Psychological Testing (American Educational Research Association, American 

Psychological Association, & National Council on Measurement in Education, 1999). 

This might seem to indicate that documenting instructional sensitivity is not an important 

validation process. However, sensitivity is a core requirement if one is to make proper 

score inferences. As Airasian and Madaus (1983) have argued, test sensitivity represents 

one form of construct validation in that standards-based assessment scores should be 

influenced by instruction on the standards. Applying Cronbach and Meehl’s (1955) group 

comparison method, construct validity can be documented by showing that students who 

are instructed on the standards (the “treatment” group) perform better than students who 
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do not receive standards-based instruction (the “comparison” group) on a standards-based 

assessment.   

This (and other) approaches have also been suggested by Popham (2007) and 

implemented by Niemi, Wang, Steinberg, Baker, and Wang (2007), who evaluated the 

instructional sensitivity of a school district performance based assessment by comparing 

scores on the assessment for students whose teachers were randomly assigned to one of 

three instructional emphasis groups for an eight-day unit: writing, literary emphasis, and 

teacher choice of emphasis. They found that the students exposed to the literary emphasis 

unit outperformed other students in their ability to describe conflict in a reading selection 

and that students in the writing group wrote stronger introduction and thesis statements to 

organize their writing. In addition, students in the literary analysis group outperformed 

other students in terms of the overall score on the assessment, which focused on writing 

an essay that analyzed a piece of literature.  

This study attempts to evaluate the instructional validity of the Arizona 

Instrument to Measure Standards (AIMS). To do so, it addresses the operational match 

between how subject matter is conveyed on AIMS and in classrooms and the degree of 

emphasis placed on key test objectives during instruction. These measures are examined 

in relation to student performance on AIMS (adjusted for student background and for 

classroom characteristics) to determine whether teachers whose instruction mimics AIMS 

items and who emphasize tested content have higher-performing classrooms than other 

teachers.  

This approach extends upon previous work in instructional validity, which has 
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focused either on the content of instruction or on pedagogies used. For example, 

Porterand Smithson (2001) developed a questionnaire to examine the match between the 

content of instruction and the content of assessments, called Surveys of Enacted 

Curriculum (SEC). To implement the SEC, teachers provide detailed information on the 

amount of time devoted to different topics at various levels of cognitive demand. State 

standards documents and assessments are also reviewed and scored according to the 

relative emphasis placed on each content area and level of cognitive demand. Alignment 

measures compare teachers’ responses with the assessments ratings. SEC analyses do not 

evaluate how teachers convey course content, nor do they ascertain how teachers 

interpret what is meant by the skills or content areas included in the questionnaires. 

Because they do not take an in-depth look at how the standards are operationalized, they 

are able to address all of the objectives comprised in standards documents.  

Yoon and Resnick (1998) took a different approach to examining the instructional 

validity of a performance-based assessment. They evaluated whether middle school 

teachers implemented instructional strategies consistent with those required by a 

performance-based assessment without ascertaining the content of instruction. They 

asked middle school teachers who were and were not implementing the California 

Mathematics Renaissance program to complete a survey of instructional strategies 

aligned with the program, such as having students work in groups, conduct lab and field 

work, do oral presentations, and complete portfolios. Using hierarchical linear modeling 

and controlling for student socioeconomic status, they found that students whose teachers 

reported frequent use of methods included on the performance-based New Standards 
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Mathematics Reference Exam outperformed students in other classrooms. 

There are several limitations to the approaches used in these studies. First, 

because they focus on either the content of instruction or the methods used, they cannot 

fully capture the complexities of classroom instruction and therefore suffer from 

construct under-representation in that they do not fully address standards-based 

instruction (Messick, 1995). In their discussion of the difficulties of fully portraying the 

alignment between instruction and assessment, Baker and Herman (1983) assert that the 

complexity of instruction makes it difficult for most studies to fully depict instructional 

processes. This study does not purport to fully gauge the complexities of classroom 

instruction. Rather, it represents one attempt to expand the types of instructional variation 

accounted for by considering both the content of instruction and the methods used to 

convey information to students. It does so by taking an in-depth look at the ways that 

teachers address specific objectives rather than cataloguing the variety of skills taught.  

In addition to better capturing the ways that information is conveyed to students, 

this study also extends beyond prior work by determining how teachers interpret state 

standards. Past studies assumed that teachers uniformly decode what is intended by state 

standards by simply asking them whether they teach a particular skill and aggregating 

responses across classrooms. However, teachers may have very different concepts in 

mind when reading standards documents. Requiring teachers to explain how they address 

the standards can help elucidate what they believe is required of them.  

This dissertation builds upon previous comparisons of how teachers and test items 

operationalize state standards (see D’Agostino, Welsh, & Corson (2007) for a complete 
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description). That study based its findings on survey data. The questionnaire asked 

teachers to draw examples of how they presented two mathematics objectives to students 

and to describe the key components of each skill, in addition to asking teachers to 

indicate how much emphasis they placed on a range of mathematics objectives. Two 

subject matter experts then examined the state test items relating to those objectives and 

coded the alignment between teacher responses and test items on a three-point rubric. 

Alignment ratings and the interaction of alignment with the degree of emphasis teachers 

placed on the skills significantly predicted test performance after controlling for student 

background characteristics. These results represent what this study describes as a modest 

degree of instructional sensitivity. That is, students who were exposed to the skill 

outperformed those who were not exposed to the skill, and those who were exposed to 

examples that mirrored test items outperformed those who learned the skill in a way that 

differed from the way it was presented on the state test. 

Although that study addressed the way that objectives were operationalized in 

classrooms and on the state test, the descriptions generated by teachers may represent 

only one of many approaches implemented. Teachers were asked to provide one or two 

examples that they typically would present to students during instruction. However, the 

array of typical instruction could be so broad as to be not adequately captured by a 

limited number of examples. The present study attempts to expand on D’Agostino et al. 

(2007) by ascertaining the full range of instructional examples used in conveying two 

mathematics objectives. 
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Research Questions 

The present study collected rich instructional descriptions of how third and fifth 

grade teachers in one school district taught two mathematics objectives. These 

descriptions were based on 90-minute interviews and also on examples of classroom 

assessments, collected and discussed during the interviews. More specifically, teachers 

were asked to describe each lesson relating to the performance objectives and to describe 

the progression of lessons over the course of the school year. They were also asked to 

discuss all of the ways that they assessed student understanding of these objectives and to 

explain what types of student responses constituted full understanding. The number of 

performance objectives examined was limited in an attempt to address the full array of 

examples and instructional approaches implemented.  

These data were analyzed qualitatively and quantitatively to address several 

research questions. First, the study explores whether variation in students’ math scores is 

explained by the alignment between test items and instructional characteristics and by 

teacher emphasis on the two skills discussed (which are also predominant on the state 

math assessment), after accounting for student background and classroom characteristics. 

Second, the study determines whether the relationship between instructional validity 

measures and AIMS performance differs across grade levels, and explores possible 

explanations for grade-level variations. Finally, to determine whether the instructional 

validity measures (alignment and emphasis) predict student performance on the 

objectives of interest (in contrast with overall math scores), analyses are repeated using 

objective-specific testlet scores.  
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CHAPTER 2 

REVIEW OF THE LITERATURE 

 

This study attempts to gauge the instructional validity of a standards-based 

assessment by predicting scores with measures of instructional alignment, emphasis on 

tested topics, and use of instructional approaches that foster conceptual understanding of 

mathematical content. While there is an extensive body of literature devoted to 

ascertaining the instructional validity of minimum competency tests, criterion-referenced 

tests, and performance-based assessments, little work has been done to define 

instructional validity of standards-based assessments. To do so, this review discusses the 

role of instructional validity in the context of test validity and examines how instructional 

validity has evolved to reflect a range of assessments. Finally, opportunity to learn (OTL) 

will be addressed. OTL is an important concept within the framework of standards-based 

reform as it pertains to the resources that ensure students learn. It is especially relevant to 

the validity of standards-based assessments as certain aspects of OTL must be accounted 

for to accurately gauge instructional validity. 

 

Test Validity 

Test validity is discussed extensively in the Standards for Educational and 

Psychological Testing (1999) (Standards), developed as a joint effort between the 

American Educational Research Association, the American Psychological Association, 

and the National Council on Measurement in Education. First published in 1954, the 
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Standards have been revised multiple times, with the most recent version written in 1999. 

Although recommended approaches to studying validity have evolved over time, the 

definition of validity has remained fairly consistent. “Validity information indicates to the 

test user the degree to which the test is capable of achieving certain aims. Tests are used 

for several types of judgment, and for each type of judgment, a somewhat different type 

of validity is involved” (American Psychological Association, American Educational 

Research Association, & National Council on Measurement in Education, 1954, p. 13). 

That is, a test score itself is never valid or invalid, rather the validity of test score 

inferences are examined. 

The 1954 Standards described four aspects of validity: content validity, predictive 

validity, concurrent validity and construct validity. Content validity is appraised by 

determining how well a test samples from across the domain of skills of concern, 

focusing on the breadth and depth of coverage. Predictive validity is examined by 

gauging how well a test predicts performance on a separate criterion measured at some 

point in the future. Therefore, predictive validity studies involve administering a test, 

waiting to see how test takers perform on a future criterion, and determining whether the 

test was an adequate predictor of the criterion score. Concurrent validity is similar to 

predictive validity, except that performance can be gauged simultaneously with the 

assessment. For this reason, predictive validity and concurrent validity are often grouped 

together under the term “criterion-related validity” (Allen & Yen, 1979). Finally, 

construct validity is evaluated by studying the degree to which test performance can be 

explained by the characteristics it was intended to measure. Cronbach and Meehl (1955) 
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recommended that construct validity be addressed by first outlining a nomological 

network defining relationships between observable properties, between observable 

properties and theoretical constructs, and among constructs. Construct validity studies 

then test whether the relationships between test scores and other observed variables 

behaved as predicted. Campell and Fiske (1959) specified an approach for testing 

nomological networks by examining convergent and discriminant validity evidence. That 

is, construct validity studies should both document that interrelated variables correlate 

(convergent evidence) and that theoretically unrelated variables do not correlate 

(divergent evidence). 

Recently, validity theorists have debated the appropriateness of this trinitarian 

view of validity, which treats content, criterion-referenced, and construct validity as 

distinct (Guion, 1980). Messick (1989) argued that validity is a unitary concept in that all 

validity evaluations address whether a test measures the concepts or skills of interest and 

therefore make judgments about construct validity. Criterion-related and content validity 

approaches remain, but are considered aspects of construct validity. 

The 1999 version of the Standards (American Educational Research Association, 

American Psychological Association, & National Council for Measurement in Education, 

1999) adopts this unitary approach and outlines various sources of evidence that can be 

used in evaluating the appropriateness of test score interpretations. These include: 

evaluating the content of the test in relation to the construct it is intended to measure, 

evaluating the response processes test takers use, examining internal structural evidence 

to determine if the relationships among test items are consistent with those intended by 
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the test user, and evidence based on the relationship of test scores to other variables (such 

as criterion-related measures, analyses of convergent/discriminant variables, etc.). 

Instructional validity studies ascertain whether test scores detect instruction on the 

relevant skills, regardless of the instructional examples used. Although certain 

approaches may be more effective than others, and should therefore result in higher test 

scores, teachers may also be uniform in their instructional effectiveness, but emphasize 

different aspects of tested content. These variations in instructional form, which Baker 

and Herman (1983) define as “the substantive features of the task, other than topic, over 

which the learner is expected to generalize” (p. 155), may be more or less similar to those 

presented on an assessment. As long as teachers have effectively presented a concept, 

student understanding should generalize to test performance. When test scores vary as a 

result of instructional form, inferences about the quality of education provided to students 

are jeopardized.  

Instructional validity is not addressed in either the 1954 or the 1999 Standards. 

However, under the unified view of validity, instructional validity is an aspect of 

construct validity and calls to investigate the ability of tests to detect instructional 

differences date back at least thirty years. Airasian and Madaus (1983) argued, “If we 

want to make inferences about differential school, program, or instructional effectiveness, 

then the processes underlying performance on achievement measures need to be closely 

linked to instruction. Evaluating these links is a construct validity issue, one that has been 

largely ignored by those who build standardized achievement tests” (p. 106). Efforts to 

examine the instructional validity of tests are discussed below. 
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The Evolution of Instructional Validity 

 

Minimum competency tests 

Instructional validity gained prominence with the Debra P. v. Turlington case, 

brought against the State of Florida to challenge its use of a minimum competency test to 

make high school graduation decisions. Of particular concern was the disparate 

performance of minority and non-minority students on the test. Plaintiffs claimed that 

students of color performed poorly because they received inferior instruction, which did 

not address tested concepts. Therefore, the plaintiffs argued that students should not be 

held accountable for passing (644 F.2d 397 [1981]). 

The court agreed that it was unfair to require students to pass a test of concepts 

absent from instruction. In addition, they found that, if the tested concepts truly were not 

taught in Florida’s classrooms, then the test was invalid. It required the State to prove that 

schools addressed tested concepts. The resulting study included several data sources: a 

survey of all Florida’s teachers that asked which objectives were taught, school district 

reports detailing the curriculum and instruction implemented, classroom observations, 

and surveys of eleventh-graders asking about the concepts and skills learned (Langenfeld 

& Crocker, 1994). Based on this information, the court concluded that students had the 

opportunity to learn tested objectives and that test validity was documented (730 F.2d 

1405 [1984]).  

In his writings about the case, McClung (1979) argued that two types of validity 

were pertinent: curricular validity and instructional validity. He described curricular 
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validity as the match between skills and knowledge addressed on a test and in curricular 

materials, while he described instructional validity as “a measure of whether schools are 

providing students with instruction in the knowledge and skills measured by the test” 

(McClung, 1979, p. 683). The Debra P. case shaped ensuing measurement studies in 

many ways. First, states examined whether students had the opportunity to learn the skills 

contained in minimum competency tests. Second, researchers developed new methods for 

gauging instructional and curricular validity. Finally, new tests were developed to 

measure student progress towards specific criterion instead of determining competence 

on more general skills.  

Masters (1988) provides an example of a state effort to validate a minimum 

competency test. In this two-pronged study, he first used questionnaire data collected 

from third-, fifth-, and eighth-grade teachers and from principals across the state of 

Pennsylvania to determine whether teachers addressed tested objectives in their 

instruction. After determining that the majority of teachers did indeed cover the material 

included on the state assessment, he conducted Differential Item Functioning (DIF) 

analyses to compare the item p-values for students whose teachers did and did not 

provide instruction in the concepts of interest. Since DIF analyses were only conducted 

for selected objectives, it is difficult to draw conclusions about the instructional 

sensitivity of the overall test. However, he did find some p-value differences, with 

students who had been taught a skill outperforming those who had not been exposed to 

the skill, and also found more relationships for the mathematics objectives than for the 

reading objectives that were selected.    
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Masters (1988) interpreted these results as providing evidence of the usefulness of 

DIF analyses in reviewing test items, but did not argue for or against the instructional 

sensitivity of the test. Rather, he concluded that Pennsylvania’s assessment was 

instructionally sensitive because it tested the taught skills. As with the Debra P. studies, 

Masters’ (1988) research did not evaluate test items or test results to make conclusions 

about instructional validity. For minimum competency tests, instructional validity 

judgments seem to have focused on instructional content. 

After the Debra P. decision, researchers developed methods for examining the 

curricular and instructional sensitivity of tests to extend beyond the state efforts described 

above. Mehrens and Phillips (1987) conducted a curricular validity study in one school 

district using schools matched on student demographic characteristics and test 

performance. Although the schools served similar student populations, they used one of 

three different texts, allowing cross-text comparisons. The content of the texts and of the 

Stanford Achievement Test were analyzed by first assigning each test item (and problems 

in the texts) to one of 180 categories that captured the cognitive process (concepts, skills, 

or applications), operation (addition, subtraction, etc), and nature of the materials 

(fractions, decimals, etc.). Then the number of items per category was computed for the 

test and for each text, the degree of text-test alignment summarized, and item p-values 

aggregated across all items that focused on a specific cognitive process for each 

curricular group. The p-value differences across texts were small, indicating that text use 

was not associated with differing levels of test performance. The authors also supported 

this conclusion by correlating p-value differences with disparities in cross-text content. 
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Since these two variables were not correlated, the authors surmised that variations in test 

performance could not be attributed to differences among the texts. Finally, they 

conducted three separate Rasch analyses (one for each text group) and found that item 

level logit scores were similar for all three groups (Mehrens & Phillips, 1987). 

This methodology stands in stark contrast to Nitko’s (1995) discussion of 

curriculum-driven assessment, which argues that instructionally sensitive tests must be 

based on the curriculum. That is, instead of comparing curriculum content with an 

established test that is already in use, assessments should be based on the curriculum 

already in place. Therefore, different tests would be administered for each text. 

Another approach involved asking teachers to review test items and report 

whether they believed students could correctly answer each item. Leinhardt and Seewald 

(1981) asked approximately 400 first- and third-grade teachers to review each item on the 

mathematics and reading portions of the Comprehensive Test of Basic Skills (CTBS) 

and, for each item, to estimate the percentage of students who had been taught enough of 

the content assessed to provide a correct answer. In addition, the CTBS was administered 

as both a pretest and posttest to students in each classroom. The researchers summed 

teacher estimates across items to derive an overall estimate of test-instruction overlap. 

The overlap measure was used in classroom-level regression analyses, which predicted 

student performance on the CTBS posttest while controlling for pretest student 

achievement levels. The authors found that overlap significantly predicted student 

performance at both grade levels in both reading and math, indicating that the test was

instructionally sensitive (Leinhardt & Seewald, 1981).  
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Criterion-referenced tests 

Minimum competency tests were originally developed with the assumption that 

the assessments measured progress on a broad domain of skills that students should 

develop regardless of instructional emphases. However, concerns about a mismatch 

between the skills tested and the skills taught buoyed implementation of criterion 

referenced tests, which provide information about student performance on a specific set 

of skills, presumably those addressed in instruction (Popham, 1978). Since criterion 

referenced tests narrowed the domain (from general mathematics understanding to a 

specific set of math skills), instructional validity was reconceptualized. While minimum 

competency test validation efforts required proof that classroom instruction addressed 

tested skills, validation for criterion-referenced tests began during test development and 

focused on selecting those items most sensitive to instruction. It was assumed that, by 

including instructionally sensitive items, the test score would be instructionally valid.  

The most common approach to gauging the instructional sensitivity of test items 

involved administering the same set of items to students before and after instruction, or to 

equivalent groups of students who had or had not received instruction. Those items 

whose characteristics changed between the pretest and the posttest were assumed to have 

changed as a result of instruction and were therefore considered to be instructionally 

sensitive (Hambleton, Swaminathan, Algina, & Coulson, 1978). Hence, for criterion-

referenced tests, instructional sensitivity studies have based validation findings on

characteristics of test items instead of on schools or instruction.  

 Many statistical indices were created to capture item sensitivity, defined by 
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Haladyna and Roid (1981) as “the tendency for an item to vary in difficulty as a function 

of instruction” (p. 40). Based on Cronbach and Meehl’s (1955) group comparison 

method, instructional sensitivity analyses compared the test performance of two groups: 

those exposed to a treatment that increases the attribute of interest and a control group. 

According to the group comparison method, if the treatment group outperforms the 

control group, construct validity is established. Item sensitivity analyses were used to 

identify test items that, in combination, create an instructionally sensitive test and, by 

extension, a test of high construct validity. 

Item sensitivity measures were developed using a variety of measurement 

theories. The most straightforward measures, based in classical test theory, included a 

simple comparisons of item p-values (developed by Cox & Vargas, 1966), a phi-

coefficient analysis that correlates pretest and posttest responses (Popham, 1971), and a 

review of point-biserial correlations between item responses and total test scores for tests 

administered to students with varying levels of instruction (Haladyna, 1974). In addition, 

a t test of item response theory (IRT) item calibration differences (Wright & Stone, 

1979), and Bayesian methods were also used (see Haladyna & Roid, 1981, for a review 

of these methods).  

Finally, Hanson, McMorris, and Bailey (1986) proposed an approach based on 

generalizability theory. They categorized teachers as “low,” “middle,” or “high” 

implementers based on teacher estimates of the number of lessons devoted to an 

instructional program over the course of the school year. Total scores were then 

generated using every possible combination of items (e.g., creating one item tests with 
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each item, creating two-item tests of each possible combination of items, creating three 

item tests, etc.). The variance in each score was analyzed to estimate the percentage of 

variance explained by three facets—student, classroom, and implementation. Results 

were used to identify the combination of items that maximized the implementation 

variance component, which would then comprise the assessment. The authors argued 

 that, by applying this method, instructional validity would be optimized.  

Interestingly, although these methods assume that instruction in a skill will 

increase proficiency with that skill, instructional sensitivity analyses did not gather 

information on the instructional methods used. Not only were pedagogical approaches 

ignored, but information on the content of instruction also was not collected. 

Furthermore, the studies did not directly address the validity of test scores since analyses 

were conducted during item selection. Rather, the research assumed that selecting 

instructionally sensitive items ensured the validity of the total test scores. 

 

Performance-based assessments 

As criterion-referenced tests gained prominence, researchers documented and 

became concerned about teacher efforts to “teach to the test,” or mimic test items in their 

instruction. This can take many forms. One concern is that teachers respond to 

standardized assessments by narrowing the curriculum to only teach content measured on 

the test (Darling-Hammond & Wise, 1985). In addition, some have found classrooms in 

which instruction solely mirrors the format of standardized test items and does not 

challenge students to apply concepts in a variety of ways (Smith, 1991). Teachers also 
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attempt to increase test scores by instructing students in test taking skills instead of 

focusing on content. This continuum of test preparation activities can range from no 

special preparation for testing to teaching test taking skills, to providing students with the 

correct answers to test items (Mehrens & Kaminski, 1989). Unfortunately, this pattern of 

teaching test-taking strategies in lieu of subject matter is most prevalent among teachers 

who serve minority and low-socioeconomic status student populations, and among 

secondary teachers who work in states, like Arizona, with high school exit exams (Dorr-

Bremme & Herman, 1986; Madaus & Clarke, 2001). 

Performance-based assessments gained prominence, at least in part, due to this 

perception that instruction focused on correctly answering test items instead of nurturing 

thinking skills or conveying important content. To motivate teachers to improve their 

instruction, performance-based assessment tasks required students to exhibit their facility 

with problems that mirrored promising instructional approaches (Linn, 1993). Therefore, 

they required students to participate in activities that reformers hoped would occur in 

classrooms. Students were scored on their performance during the activity or on the 

product created. The rationale for these assessments was straightforward. If teachers were 

going to mirror assessments in their instruction, then test developers should create tests 

that require teachers to use sound pedagogy (Frederiksen & Collins, 1989). Because of 

this change in test format, standard validation techniques were reexamined and methods 

for capturing the appropriateness of performance-based assessment score inferences 

proposed (see Moss, 1992 for a review of such approaches).    

 Frederickson and Collins (1989) presented principles for the systematic design of 
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valid tests, which outlined key considerations for selecting assessment tasks, determining 

the primary traits each task is designed to measure, developing a library of exemplar 

responses, and providing a training system for scoring. In addition, they outlined a set of 

validity standards for performance-based assessments: directness (the skill of interest is 

measured directly because it is performed on the assessment task), scope (the 

performance task contains all aspects of a skill), reliability (consistency of scores across 

students with the same level of understanding), and transparency (test takers understand 

the criteria by which they are being judged). Finally, they listed acceptable methods for 

improving test scores, which were quite different from those typically considered 

acceptable for multiple-choice tests (e.g., including opportunities to practice taking the 

test and allowing students to take the assessment multiple times). 

Haertel (1990) also suggested an approach to designing performance assessments 

to ensure validity. The strategy he suggested reflected many principles of good 

assessment planning, regardless of test format, including: determining the purpose of 

assessment, defining the aspects of a skill to be evaluated, selecting tasks or problems to 

gauge that skill, outlining the performance task parameters (e.g., will students have 

calculators?, will they work in groups or individually?), writing scoring criteria, selecting 

scorers, and training them.

Like instructional sensitivity measures developed for criterion-referenced tests, 

the measures mentioned above were used during test development to maximize the 

validity of assessments. However, methods for evaluating the validity of performance- 

based assessments after they were administered were also developed. Concerned that  
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traditional validity approaches would result in unfavorable reviews of performance 

assessments, Linn, Baker, and Dunbar (1991) also proposed an expanded set of validity 

criteria to emphasize the kinds of information that performance assessments provide. 

They argued that performance assessments provide a unique window into student 

learning in that they help gauge students ability to apply their learning to new situations, 

to solve complex problems, and to work in ways that are similar to what will be required 

of them in life outside of school. The authors developed validity criteria to better capture 

these roles of performance assessments. These included: 1) the consequences of testing, 

2) fairness (equitable access to resources, rater bias, and construct irrelevant variance), 3) 

generalizability (across raters and tasks), 4) evaluations of the quality of performance 

tasks (the cognitive complexity required, quality of content, content coverage across the 

domain, and meaningfulness of the task to students), and 5) cost and efficiency of testing.  

In that same year, Haertel (1991) also discussed the validity criteria he considered 

most relevant to evaluating performance assessments in the context of performance-based 

teacher certification tests. More in line with traditional validity approaches, he identified 

the most important aspects of validity for performance based tests instead of developing 

new terms, narrowing the concept of validity for these assessments. He was concerned 

with issues most pertinent to these new tests, namely: replicability and generalizability 

(across raters and tasks, or test-retest and parallel forms reliability), criterion-related 

validity, test bias and establishing defensible standards for test performance. He did not 

address other aspects of validity, which might be more difficult to gauge with 

performance assessments, such as examining the internal structure of tests (Cronbach & 
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Meehl, 1955), or reviewing convergent and discriminant evidence by applying multitrait-

multimethod approaches (Campbell & Fiske, 1959). 

Methods for examining instructional validity also changed for performance-based 

assessments. Since criterion-referenced tests focused on course content, instructional 

sensitivity measures were largely unconcerned with pedagogy. In contrast, performance-

based assessments focus on the method of instruction, requiring that instructional validity 

efforts examine classroom activities. That is, instructional validity of performance-based 

assessments addresses whether the similarity between classroom activities and 

performance tasks affects test scores. This is similar to instructional validity of minimum 

competency tests, which gathered data on the concepts and skills emphasized in 

instruction. However, validation of performance assessments focuses on the instructional 

approaches used (cooperative grouping, use of manipulatives, etc.) instead of the content 

of instruction. 

For example, Yoon and Resnick (1998) provide an example of attempts to study 

the instructional validity of performance-based assessments. They correlated use of 

classroom activities similar to those encountered on one performance-based assessment 

with test outcomes, and argued that the positive correlation between these two variables 

indicates that the test is instructionally valid (see the introduction for a detailed 

discussion of this study).  

Lane, Park, and Stone (2002) adapted this approach to their study of the impact 

ofthe Maryland School Performance Assessment Program (MSPAP) on teaching 

practices. Using questionnaire data collected from teachers, students, and principals 
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across the state, they compared students and teachers at tested and untested grade levels 

on several constructs including the alignment of current math instruction with MSPAP 

(Current Instruction) and MSPAP instructional impact (Impact). The authors examined 

the relationship between school-level changes in student math performance on MSPAP 

over a five year period and school level aggregate Impact, Current Instruction, and the 

percentage of students eligible for free lunch. They found that Current Instruction and 

free lunch eligibility predicted student performance in the year in which the data were 

collected, and that Impact was positively associated with test score gains. This indicates 

that use of aligned instructional practices affects test scores in the year the practices were 

used and that teachers who reported that MSPAP greatly affected their instruction helped 

students improve over time. Both findings seem to provide evidence for the instructional 

validity of MSPAP. 

These findings contrast with research on the impact of test-based reforms on 

instructional practice. Although testing-related modifications to instruction are well 

documented (Smith, 1991; Koretz, Baron, Mitchell, & Stecher, 1996; Lane, Park, & 

Stone, 2002), some have noted that these changes are unlikely to improve students’ 

conceptual understanding. However, this may be affected by the ways in which teachers 

adjust their instruction. There is some evidence to suggest that many who report using 

reform-oriented instruction only make superficial changes in their approach. For 

example, Schorr et al. (2004) found that, while teachers did increase the use of 

manipulatives in response to one state’s assessment, they had students follow step-by-

step instructions with the manipulatives rather than independently explore mathematical 
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properties. Teachers also did not ask students to come up with their own solutions to 

mathematical problems, a necessary step if they are to develop conceptual understanding. 

Spillane and Zeuli (1999) observed 25 elementary- and middle-school mathematics 

teachers, selected because they reported implementing mathematics reforms consistent 

with the National Council of Teacher of Mathematics Standards (NCTM, 1991). The 

observations revealed a great deal of variation in implementation of the NCTM standards, 

leading them to conclude that, “at least 11 of our teachers have adapted the reforms in 

ways that undermine their spirit or their core intent” (Spillane & Zeuli, 1999, p. 20).  

Others have debated whether high-stakes tests are effective in getting teachers to 

adjust their instruction. As Mehrens (1998) argued, “the evidence we do have is 

inadequate with respect to drawing any cause/effect conclusions about the consequences 

[of high-stakes tests]. If instruction changes concomitant with changes in both state 

curricular guidelines and state assessments, how much of the change was due to which 

variable?” (p. 20). 

These issues highlight the importance of consequential validity in determining the 

appropriateness of test score interpretations. Messick (1989) argued that the 

consequences of testing are an essential component of test validity because test scores are 

only useful decisionmaking tools when accurately interpreted. If harmful consequences 

arise from policies based on inappropriate inferences, then the validity of that 

interpretation is jeopardized. It is important to note, however, that Messick (1995) also 

argued that harmful consequences arising from accurate test score interpretations do not 

endanger the validity of those interpretations. That is, test interpretations are not invalid 
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just because a teacher mimics test items in her instruction. Test interpretations are only 

invalid if student performance improves as a result of such behavior. 

 

Standards-based assessments 

 Despite concerns about the impact of testing on instruction, the era of 

performance-based assessments did not last long. States abandoned performance-based 

assessments and instituted more traditional multiple-choice tests. The expense of scoring 

such tests (and of administering them to the number of students mandated by No Child 

Left Behind) was perhaps the biggest obstacle to implementing performance-based 

assessment systems. Stecher and Klein (1997) estimated that performance-based 

assessment systems could cost as much as 20 times the cost of multiple-choice tests. In 

addition, the tests were unpopular with some parents, who wanted their children to take 

nationally-normed tests that could provide information about how they performed relative 

to other students in the nation (Lawton, 1996). 

Most recently, states have adopted standards-based assessments as part of their 

reform efforts. Standards-based assessments have blended some characteristics of 

minimum competency, criterion-referenced, and performance-based tests in that they are 

sometimes used to make high school graduation decisions, are intended to provide 

feedback on a specific set of skills (as outlined in state standards), and may include rather 

involved constructed-response items. However, they are distinct from previous testing 

efforts in that they represent one component of a larger reform effort (Smith & O’Day, 

1990). Under standards-based reform, testing contributes to accountability systems. To 
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encourage schools to provide instruction on state standards, such systems require that 

corrective actions be taken against schools with poor test performance. There is quite a 

range of corrective actions taken against schools, from requiring them to implement new 

curricula or instructional programs to demoting the principal, reassigning school staff, or 

having a third party (private organization or the state) manage schools (Padilla, 

Woodward, Lash, Shields, & Laguarda, 2005). Because of the severe consequences 

associated with poor test performance, it is likely that teachers have intensified efforts to 

focus their instruction on state assessments. 

Teachers might increase their focus on state assessments in many different ways. 

Some will respond by providing instruction on state standards, the intent of the reform 

and an approach that is generally considered appropriate (Mehrens & Kaminski, 1989). 

Others may implement methods that are inappropriate and potentially harmful, such as 

focusing on item formats without addressing the concepts tested, teaching the concepts 

tested using only examples that are likely to be presented on tests, or narrowing the 

curriculum to address only tested concepts, (Darling-Hammond & Wise, 1985; Mehrens 

& Kaminski, 1989). Finally, teachers may address standards in their classrooms, but 

present information in a way that differs from the way that standards are operationalized 

on the assessments. When this occurs, student performance on the assessment should not 

be jeopardized as long as the information has been presented effectively.  

Just as the Yoon and Resnick (1998) study assumed that teachers could 

accuratelyreport their use of instructional strategies consistent with the NCTM standards, 

most attempts to examine the instructional validity of standards-based assessments have 
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assumed that teachers similarly interpret and operationalize state standards. To gauge 

implementation, researchers typically ask teachers to indicate how much emphasis they 

place on certain skills or concepts. However, teachers tend to be provided with little 

information in determining what is intended by each standard. Therefore, teachers may 

give similar responses to represent a wide array of ways that the skill is presented in 

class. While some teachers may incorrectly interpret what is intended, others may come 

up with different but equally accurate ways of presenting a concept, leading to similar 

treatment of quite different behaviors during analysis. Alignment measures are often 

derived by comparing teacher responses with content area expert ratings of the degree of 

emphasis placed on the standards in state tests. Content area experts face the same 

challenges as teachers in interpreting what is intended by the standards, causing inter-

rater reliability problems across content experts. 

The Surveys of Enacted Curriculum (SEC), a research effort that now provides 

content alignment information to state and local education professionals throughout the 

United States, presents one example of this type of analysis. Teachers participating in the 

SEC provide detailed information about the amount of time devoted to specific topics 

(such as phonemic awareness, phonics, vocabulary, etc.) at various levels of cognitive 

demand (e.g., recall, demonstrate, analyze). State standards and assessments are also 

reviewed and scored according to the relative emphasis placed on each content 

area/cognitive demand combination. By comparing teachers’ responses with the ratings 

of assessments and/or standards, the SEC method generates measures of alignment 

between instruction and assessments and also presents visual displays that highlight areas 
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of overlap and divergence. Since the SEC is intended as a tool to help teachers improve 

the alignment between state standards, their instruction, and assessment, it provides 

content alignment information, but does not evaluate instructional validity. That is, the 

relationship between alignment and test performance is not examined (Porter & 

Smithson, 2001; Blank, 2002; Smithson & Porter, 2004).  

In addition, such methods do not address whether certain instructional methods 

are particularly effective. Rather, it is assumed that if the standards are emphasized 

equally across classrooms, students will perform equally well on the test. In reality, it is 

likely that both emphasis on the tested skills and use of effective instructional methods 

affect test performance, in combination with the background knowledge and skills that 

students bring with them to the classroom. These, and other resources provided to schools 

and classrooms (teacher qualification, instructional resources, etc.) comprise students’ 

opportunity to learn tested material.  

 

Opportunity to learn 

Opportunity to learn is a concept that is related to instructional validity in that it is 

concerned with the relationship between educational experiences and test outcomes. 

Carroll (1963) described opportunity to learn (OTL) as the amount of instructional time 

devoted to a concept in his seminal work, which asserted that all students can learn and 

that learning is a function of aptitude, the ability to understand instruction, perseverance, 

quality of instruction, and the amount of instructional time devoted to a concept. Hence,  

OTL differs from instructional validity in that it focuses more on students’ educational 
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 experiences and less on test validation properties. 

Since Carroll’s (1963) work, the concept of OTL has broadened and has been 

applied to a variety of contexts. In educational policy settings, it often refers to 

educational equity—whether all students are provided with the resources necessary to 

help them learn—and culminated in efforts to define Opportunity-to-Learn standards, 

which outlined the minimum amount of resources that should be provided to schools to 

ensure an adequate education (Porter, 1995). These included efforts to gauge whether 

instructional materials were of satisfactory quality and provided in sufficient quantities, 

teachers were properly qualified for their teaching assignments, and instructional content 

was appropriate for a given grade level of content area (Floden, 2002; McDonnell, 1995).  

Awareness that some students could not access adequate educational resources 

lead to requirements that states receiving Goals 2000 funding develop OTL standards 

(Goals 2000: Educate America Act, 1994) and to discussions about what comprises 

“equitable” opportunity to learn (Guiton & Oakes, 1995). A definitive set of OTL 

standards was never developed, perhaps because of the difficulties associated with 

specifying all of the components of opportunity to learn.  

Instead, research focused on the impact of specific aspects of OTL or used OTL 

measures as covariates when comparing student outcomes. For example, Wang (1998) 

attempted to examine the effect of four OTL measures on science achievement: content 

coverage, content exposure, content emphasis, and instructional quality. To arrive at 

these measures, she collected information on the ways that six eighth-grade science 

teachers addressed circuits. Although she found a relationship between three OTL 
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measures (content coverage, content exposure, and instructional quality) and science 

achievement, the measures used were weak approximations of the constructs of interest. 

For example, instructional quality was not gauged using classroom observations, which 

Wang (1998) notes is the preferred method for obtaining this measure. Instead, she 

determined whether teachers submitted a lesson plan, whether students had textbooks 

they could take home, whether teachers taught Ohm’s law, whether students were 

familiar with the equipment used in the science tests, and the match between student texts 

and science tests in terms of: concepts addressed, format of presentation, depth of 

materials and objectives. Therefore, teachers rated high in instructional quality could 

have presented incorrect information or used ineffective instructional strategies. Other 

OTL measures presented in this study had similar weaknesses, supporting the assertion 

that it is difficult to measure some OTL constructs well. 

The International Association for the Evaluation of Educational Achievement’s 

(IEA) First International Mathematics Study presents one attempt at using OTL measures 

as covariates. The IEA study was designed to internationally compare mathematics 

achievement on a uniform assessment while controlling for cross-national curricular and 

instructional differences. Therefore, teachers participating in the study were asked to 

review each test item and to estimate the percentage of students who had the opportunity 

to learn the type of problem it represented. This information was then aggregated up to 

the test level, with mean classroom test performance controlled for by mean teacher 

ratings across all items on the test (Floden, 2002). Subsequent IEA studies (such as the 

Second International Mathematics Study) expanded on this line of questioning by asking 
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national educational representatives to rate the appropriateness of each item for the 

students in their nation (Schmidt, Wolfe, & Kifer, 1992). By treating curricular 

differences as covariates, “true” differences in student achievement were better estimated. 

OTL research can inform instructional validity studies as some measures used to 

gauge opportunity-to-learn can also be used to ascertain whether tests are sensitive to 

instruction. Content coverage and content emphasis are of particular importance to both 

fields (Stevens, 1993; Wang, 1998) in that test scores of instructionally valid tests should 

be higher for those students who are exposed to the tested material and for whom the 

degree of emphasis placed on different topics matches the test. Coverage, which refers to 

the curricular topics taught by teachers, is commonly gauged by presenting teachers a list 

of topics and asking them to report the ones that they addressed (for a detailed description 

of this method, see Popham & Yalow, 1982). Since teachers can cover a topic, but place 

little emphasis on it, it is also important to obtain an emphasis indicator. This can be 

measured directly by asking teachers to report the degree of emphasis placed on various 

topics, or by asking them to report how much instructional time (minutes, days, or class 

periods) was devoted to the topics (Muthén et al., 1995).  

Although some have found that coverage and importance alone tend to be fair 

predictors of students’ achievement levels (Wang, 1998), others have noted that the 

variables better predict achievement when combined as a composite measure (Winfield, 

1993). In their study of the effect of remedial math programs on high school student 

achievement, Gamoran, Porter, Smithson, and White (1997) examined differences across 

courses in the instructional time devoted to topics [referred to as emphasis in the present 
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study and as level of coverage by Gamoran et al. (1997)] and the alignment between 

instruction and an assessment (which the authors referred to as configuration of 

coverage). They found college-preparatory math courses to be most rigorous and to 

devote the most time to topics covered on a test comprised of publicly-released National 

Assessment of Educational Progress (NAEP) items. In addition, these courses best-

matched the test in terms of relative emphasis placed on tested topics. In contrast, courses 

designed to prepare students for college preparatory math were less-well matched in 

terms of coverage and emphasis and general math courses were even less-well aligned.  

Gamoran et al. (1997) also used these measures to predict student performance on 

the NAEP-like test. They found that an index of the level of coverage (emphasis) and 

configuration of coverage (alignment), which they termed content coverage, was 

associated with test performance. The authors used these results to argue that low-

performing students are capable of learning more that is normally required of them in 

general math courses and that high schools should consider allowing a wider array of 

students into college preparatory math, or create transition classrooms that expose low-

performers to more rigorous content to prime them to take more advanced coursework.  

 The OTL measures common to these studies (emphasis and alignment) can also 

be applied to studies of the instructional validity of standards-based assessments. A form 

of criterion-referenced tests, standards-based assessments are designed to detect 

instruction on tested content (state standards). While useful for test development 

purposes, instructional sensitivity measures used with criterion-referenced tests do not 

address whether test scores reflect successful instruction on state standards. Therefore, it 
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is essential that instruction be taken into account in studies of the instructional validity of 

standards-based assessments. By relating test performance to the instructional emphasis 

placed on standards and the alignment between the degree of emphasis during instruction 

and on a test, the instructional validity of standards-based assessments can be examined 

(D’Agostino et al., 2007).  

 

Conclusion 

 Instructional validity is an important aspect of test validity in that it examines the 

ability of tests to reflect what happens in classrooms. In this era of high-stakes testing, 

instructional validity has become especially important in that accountability systems 

hinge on the assumption that standards-based assessments can gauge instructional efforts. 

While the approaches used in instructional validity studies have evolved as the purpose 

and format of assessments have changed, few methods specific to standards-based tests 

have emerged. Those that have been conducted tend to use measures of the opportunity to 

learn state standards, namely emphasis on state standards and alignment between the 

content of instruction and assessment.  

 While OTL measures are critical to instructional validity investigations, they tend 

to be rather simplistic, asking teachers to report which standards they have taught and 

with what frequency. More nuanced measures of instruction, which account for how 

teachers interpret and operationalize the standards, are needed. The present study builds 

upon previous instructional validity research by gauging the full range of instructional 

forms used to teach state standards, and, in doing so, determines how teachers interpret  
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the standards. 
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CHAPTER 3 

METHODS 

 

Participants 

Thirty-six teachers participated in the study: 16 third-grade teachers and 20 fifth-

grade teachers. The teachers represented one suburban Arizona school district that serves 

approximately 13,000 students in 17 schools. Its students perform slightly above average 

on AIMS, are of moderate to high socio-economic status, and are mostly Caucasian 

compared to other districts in Arizona. Students in the study sample outperformed district 

and statewide AIMS averages on every measure, often only slightly. However, the 

sample mean was greater than one-third of a standard deviation better than the state mean 

in reading and mathematics at third grade (Tables 1 and 2). 

The district can be considered a high-stakes testing environment because of its 

focus on standards-based grading. It has implemented a standards-based report card 

system since 2002-03, which requires teachers to grade students according to the same 

performance levels as AIMS, in effect predicting how students will perform on the test. 

According to a description of standards-based report cards posted on the district website, 

the goal is to encourage teachers to focus on the academic skills laid out by the state 

standards instead of incorporating other factors, such as attendance, class participation, 

and homework completion, in their assessment of students. Comparisons of end-of-year 

standards-based report card grades and AIMS results provide some evidence that 

variation exists in teacher understanding of what it means to meet state standards. Hit 
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Table 1. Mean 2005 AIMS Scale Scores, Study Sample, Participating District and 
Arizona  
 Math Reading Writing 
 Mean SD N Mean SD N MeanSD N 
Sample, Grade 3 472 47.1 319 470 49.5 318 460 66.7 319 
District, Grade 3 464 48.6 976 460 50.1 976 452 64.5 975 
Arizona, Grade 3 448 50.3 77,443 448 51.0 77,047 445 75.5 77,058 
Sample, Grade 5 511 47.2 465 500 43.8 465 515 49.8 465 
District, Grade 5 506 48.0 988 498 44.8 990 511 60.0 992 
Arizona, Grade 5 501 54.3 76,719 487 48.2 76,379 503 70.7 76,681 
Sources:  
Arizona: CTB McGraw-Hill (2005, October). Arizona’s Instrument to Measure 
Standards: 2005 technical report. Monterey, CA: Author.  
 
Sample and District: Arizona Instrument to Measure Standards 2005 district results 
[Data file]. Phoenix, AZ: Arizona Department of Education.  
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Table 2. Demographic Characteristics of Study Sample, District and Arizona, 2004-05  

  
Sample 
(N=784) 

District 
(N=12,994) 

Arizona 
(N=1,043,298) 

White 70% 69% 48% 
African American 3% 3% 5% 
Hispanic 24% 24% 38% 
American Indian 2% 3% 6% 
Asian 2% 2% 2% 
English language learners 3% 4% 19% 
Students with disabilities* 9% 22% 18% 
Percentage of Students Eligible 
for Free or Reduced-Price Lunch 

-- 34% 48% 

*Note: Although the percentage of students with disabilities seems large, this figure 
includes students with a wide range of disabilities including: speech/language 
impairments, mild mental retardation, specific learning disabilities, emotional disabilities, 
moderate mental retardation, visual impairments, hearing impairments, other health 
impairments, orthopedic impairments, traumatic brain injury, multiple disabilities, 
multiple disabilities with severe sensory impairments, autism, and severe mental 
retardation.  
 
Sources: 
Arizona:Common Core of Data2004-2005 [Data file]. Washington, DC: U.S. Department 
of Education.  
 
Sample and District: Arizona Instrument to Measure Standards 2005 district results 
[Data file]. Phoenix, AZ: Arizona Department of Education.  
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rates, or the proportion of time teachers assigned end-of-year grades consistent with 

AIMS scores varied a great deal across classrooms. In particular, teachers assigned 

students the same performance level as was indicated by their AIMS score between 17% 

and 81% of the time in third grade mathematics and between 7% and 67% of the time in 

fifth grade mathematics. On average, teacher grades matched AIMS performance levels 

for fewer than half of students, with the exception of third grade reading, where the mean 

hit rate was 0.566 (Table 3). 

Participants with at least three years of teaching experience were initially selected 

for the study to ensure that study measures would not be confounded with inexperience. 

The goal was to interview forty-eight teachers; twelve in each of four categories: 

experienced teachers new to (with two or fewer years teaching) third grade, experienced 

teachers new to fifth grade, teachers experienced at (with 3 or more years teaching) third 

grade, and teachers experienced at fifth grade. Given the relatively small size of the 

district, this required participation of the entire population in some categories. 

There are several reasons for selecting this group of teachers. First, at the 

elementary level, the AIMS test had only been administered at grades 3 and 5 in Spring 

2003 and 2004. Teachers at these grade levels would be familiar with AIMS and are 

much more likely to present course content similarly to AIMS items than teachers at 

other grade levels, who were not exposed to the test until 2005. Second, teachers need to 

be familiar with state standards to participate in the study. Experience teaching the same 

grade level for several years ensures some familiarity with the standards. Teachers new to 

the grade level were interviewed for comparative purposes.  
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Table 3. Standards-based Report Card-AIMS Hit Rates in Participating District, 2004 
 3rd Grade 

Mean (SD) 
3rd Grade 

N 
5th Grade 

Mean (SD) 
5th Grade 

N 
Mathematics .479 (.500) 702 .429 (.495) 767 
Reading .566 (.496) 719 .424 (.495) 753 
Writing .451 (.498) 661 .437 (.496) 750 
Note:  Hit rates are computed as the proportion of time teachers assigned end-of-year 

grades consistent with AIMS scores. 
 
Source: D’Agostino, J.V. & Welsh. M.E. (2007, Apr.). Standards-based progress reports and 

standards-based assessment score convergence. In T.R. Guskey (Chair), The challenges 
of standards-based grading and reporting. Symposium conducted at the meeting of the 
American Educational Research Association, Chicago, IL. 
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Recruiting teachers proved quite difficult, resulting in a four-stage approach. 

First, letter and e-mail contacts informed teachers of the study. Second, teacher interest  

was fostered by presenting the convergence between standards-based report card grades 

and AIMS scores at each school, coupled with classroom-level convergence reports. 

Teachers were asked to sign up for interviews at the end of the presentations. Third, each 

teacher received an origami flower with a lifesaver stamen and a note that said “Please 

Be A Lifesaver (and participate in the study).” The note included contact information to 

sign up for interviews and a postcard teachers could return with an interview time and 

location. Finally, teachers who did not set an interview time were contacted via phone. 

Forty-one teachers were interviewed, but analyses focused on 36 mathematics 

classrooms. One experienced third-grade teacher was removed from the analysis because 

she taught a classroom serving students in grades one through three. Only five third-

graders from this classroom had both 2005 AIMS mathematics scores and 2004 SAT-9 

scores, a requirement for analysis. Because of the small number of third-graders served 

and the unusual classroom configuration, this classroom was omitted. An experienced 

fifth-grade teacher was also omitted because of technical difficulties that arose during the 

interview.  The batteries in the tape recorder used to document the interview stopped 

functioning and the back-up batteries brought along to the interview also did not work. 

Therefore, field notes were the only record of this interview and were not detailed enough 

to provide comparable information about instructional strategies.  

Finally, fifth grade is departmentalized in three schools so that mathematics is 

taught to all fifth-graders by the same teacher and reading is taught to all students by 
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another teacher. At these schools, two teachers were interviewed—the reading and the 

mathematics teacher—to ensure that students’ exposure to mathematics content outside 

of math time was captured. In these cases, the two classrooms were treated as one large 

mathematics classroom, with students from both classrooms linked to the same teacher, 

and both interviews contributing to alignment and emphasis ratings. Other teacher-level 

measures (e.g., teacher quality indicators) were generated by taking the mean of the two 

teachers. In every case, the teacher pairs had similar levels of experience and education; 

the mean was not much different from the individual ratings.  

The resulting sample varied a great deal in terms of overall teaching experience, 

experience at the grade levels of interest, and in education level. On average, teachers had 

more than 10 years of classroom experience and more than five years experience at their 

grade level. However, years of total teaching experience ranged from first-year teachers 

to 30-year veterans, with between one and 27 years spent at their current grade level. 

Despite efforts to omit first-year teachers from the study, two first-year third-grade 

teachers were interviewed because their status was not discovered until interviews were 

underway. Due to the already small number of participants, they were included in 

analyses. Finally, although only one teacher specialized in mathematics, approximately 

one-third possessed master’s degrees (Table 4). These measures were used to create 

teacher qualifications composite, which was used as a covariate to control for differences 

between teachers in their level of training and experience. The composite was generated 

through principal components analysis; it is the factor score generated by forcing a one 

factor solution to an analysis of the three measures. 
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Table 4. Teacher Qualifications in Participating Classrooms  

 3
rd

 Grade 
Mean (SD) 

(n=16) 

5
th
 Grade 

Mean (SD) 
(n=20) 

Total years teaching 12.7 (10.6) 14.9 (9.3) 
Years teaching at grade level 7.4 (7.8) 6.3 (5.6) 
Percentage Master’s degrees 37.5  35.0 
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Rigorous recruiting efforts were particularly important because of the relatively 

small number of third- and fifth-grade teachers in the district. Sixty-four teachers met the 

study requirements: 11 teachers new to third grade, 23 teachers experienced at third 

grade, and 15 teachers each new to and experienced at fifth grade. Just over half (36 

teachers or 56%) of all eligible teachers were interviewed: five teachers new to third 

grade, 12 teachers experienced at third grade, nine teachers new to fifth grade, and 11 

teachers experienced at fifth grade. The small number of teachers in some cells, 

especially teachers new to third grade, precluded comparisons of teachers new and 

experienced at each grade level. Instead, data were aggregated across all classrooms.    

Study participants worked at all 11 district elementary schools and taught students 

of similar ethnic and language backgrounds as the districtwide population. However, 

participating classrooms served fewer students with disabilities than is represented in the 

district population (Table 2).  

 

Materials 

Ninety-minute teacher interviews, focusing on instruction and assessment of two 

mathematics performance objectives, are the primary data source for the study. Teachers 

prepared for interviews by gathering the materials they used in teaching and assessing 

students. Teachers who forgot to bring assessments to interviews wrote out examples on 

blank sheets of paper.  

During interviews, teachers were asked to provide information about their 

experience and education level, to describe their instruction and assessment practices, and 
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to review testlets of each performance objective. Of particular importance to the study 

were the amount of time devoted to teaching the objectives, key concepts teachers 

attempt to convey, types of activities used in instruction, instructional examples 

employed, and evidence required to deem that a student has “met” state standards.  

Classroom assessment items helped teachers elucidate how they operationalized 

performance objectives. In particular, by discussing requirements for a correct response, 

teachers provided fine-grained detail about the subskills they deemed relevant to each 

objective. For example, classroom assessment items were used to determine not only the 

types of graphs teachers addressed when covering the graphing objective, but also helped 

identify the types of questions students must answer about graphs—whether students 

were required to make comparisons, make predictions, or simply to pull information from 

the graph.  

Teachers were also asked how much time they devote to, or emphasis they place 

on, the objectives and to describe their lessons in detail. This helped to determine whether 

they require students to apply mathematical concepts in a variety of ways. This 

establishes not only whether teachers operationally defined the performance objectives 

narrowly, so that they specifically match AIMS items, but also whether they attempt to 

help students generalize content knowledge to novel situations. The interview protocol is 

included in Appendix A. 

Performance objectives (Table 5) were selected for the study based on two 

criteria. First, they had to be represented by multiple AIMS items on previous tests (test 

blueprints for the 2005 exam were not available prior to data collection). Second, they 
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Table 5. Performance Objectives Discussed in Interviews 
 Grade 3 Grade 5 
Performance 
Objective 1 

Make a diagram to represent the 
number of combinations 
available when 1 item is 
selected from each of 3 sets of 2 
items (e.g., 2 different shirts, 2 
different hats, 2 different belts). 
2 AIMS Items (2005) 

Interpret graphical 
representations and data displays 
including bar graphs, circle 
graphs, frequency tables, three-
set Venn diagrams, and line 
graphs that display continuous 
data. AND Answer questions 
based on graphical 
representations and data 
displays. 
4 AIMS Items (2005) 
 
 

Performance 
Objective 2 

Discriminate necessary 
information from unnecessary 
information in a given grade-
level appropriate word problem. 
3 AIMS Items (2005) 

Describe the rule used in a 
simple grade-level appropriate 
function (e.g., T-chart, input-
output model). 
4 AIMS Items (2005) 
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 had to be included in grade level standards from 2002-03 through 2004-05 (the year 

study data were collected). This time frame is important because the state standards 

changed in spring 2003, with most changes in math occurring at the third grade level. To 

increase the probability that teachers were familiar with the standards, objectives 

included in both the “old” and “new” standards were required. The spring 2005 version 

of AIMS was revised to reflect the new standards. 

These selection criteria greatly narrowed the list of potential objectives. Few 

objectives were addressed more than once on AIMS. In fact, at the third grade level, the 

study objectives were the only objectives assessed more than one time. In addition, AIMS 

revisions included changes to the way that study objectives were assessed. Teachers who 

based their instruction of the study objectives on the “old” AIMS items would not be 

congruent with the spring 2005 test. 

 Classroom assessment examples (collected and discussed during interviews), 

AIMS items (from 2004 and 2005), publicly released items from other state’s 

assessments, AIMS 2005 test scores, Stanford Achievement Test, 9th Edition (Stanford-9) 

scores from the 2004 test administration, and student demographic data also contribute to 

analyses. Classroom assessments are largely comprised of items from the district-adopted 

text, Everyday Mathematics. Therefore, cross-classroom variation largely comes from 

requirements teachers place on students in completing assessments. Albeit, some teachers 

used assessments that they developed or borrowed from other sources.  

2004 AIMS items and publicly-released items from other states’ assessments were 

used to generate testlets that assessed the performance objectives of interest (included in 
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Appendix B), which teachers reviewed after describing their teaching and assessment 

practices. While reviewing testlet items, teachers were asked to comment on the 

similarity between the items and the content of classroom assessments and also to judge 

whether they believed their students would be able to correctly answer the items. This 

became another source of information about teaching practice, as teachers often provided 

more detail about their instruction while reviewing testlets. To check whether alignment 

ratings were biased by testlet review, raters first generated alignment scores for each item 

without reading the testlet review section of transcripts and then scored a second time 

incorporating this information. Alignment ratings changed for only a handful of teachers 

(three fifth-grade and four third-grade teachers) after reviewing testlet comments, and 

each teacher’s alignment rating was changed for one item only. 

The 2005 AIMS items were used to identify the subskills associated with each 

objective; the basis of rubrics used to judge instructional alignment with AIMS. Student-

level 2005 AIMS scores, and responses to the items (five third-grade items and eight 

fifth-grade items) that assess the study performance objectives are used as dependent 

variables in analyses.  

Although many of the items have remained the same from year to year, one 

challenge to working with AIMS scores is that the test format changed. In 2002-03, the 

mathematics test included both multiple choice and constructed response items. The test 

has only included multiple choice items since 2003-04. However, multiple choice items 

changed significantly between 2003-04 and 2004-05 when the test was redesigned to 

provide both criterion-referenced and norm-referenced scores. The 2004-05 test 
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incorporates items from the 2003-04 AIMS, newly-developed items, and items from the 

Terra Nova, an off-the-shelf, nationally-normed test. These changes in the testing 

program guaranteed that teachers would not be familiar with items currently in use.

Finally, student-level Stanford-9 scores collected in spring 2004 (when students 

were in second and fourth grade) and demographic characteristics (ethnicity, English 

learner status, grade level, and special education status) from the 2005 AIMS data file 

were all used as student-level covariates in analyses, as were classroom level measures of 

teacher qualifications, and participation in the free and reduced-priced lunch program 

(measured at the school level). Grade was used both to identify and control for any grade 

level differences that might exist, a likely occurrence since both the curriculum and test 

differ by grade level. Although student-level socio-economic status could also have been 

a useful covariate, prior-year test performance should correlate with this measure and 

account for much of the variation associated with poverty.  

 

Procedure 

Before interviewing participants, the researcher conducted two pilot interviews 

with teachers in a neighboring district to check equipment, assess the clarity and flow of 

interview questions, and ensure that the interview protocol was an appropriate length. 

Equipment consisted of a small audiotape recorder.  

Interviews began by obtaining informed consent. The researcher explained the 

purpose of the study, outlined interview topics, reviewed the informed consent form, and 

reminded teachers that they could skip any questions or end the interview at any time. If 
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teachers agreed to participate in the study, the consent form was signed and the interview 

commenced. 

Interviews were audiotaped and later transcribed. Transcripts were coded in 

several ways. First, two coders, a former elementary school teacher and a district  

mathematics specialist, reviewed 2005 AIMS items and created rubrics for each item that 

described the skills teachers would need to address to receive one of four scores: perfect 

alignment with the item (scored “3”), close alignment (scored “2”), some alignment 

(scored “1”), and not aligned (scored “0”). To create the rubrics, each coder 

independently listed the skills required to answer each item correctly and organized the 

skills into a proposed rubric. Coders compared rubrics and made adjustments to arrive at 

a final rubric, with the math specialist given final say because of her expertise.  

An example of a scoring rubric is presented in Figure 3. This item assesses the 

objective, “Make a diagram to represent the number of combinations available when 1 

item is selected from each of 3 sets of 2 items (e.g., 2 different shirts, 2 different hats, 2 

different belts).” It presents the problem both in words and in a table and asks students to 

identify the tree diagram that displays all of the possible lunch combinations when 

selecting one of two possible drinks, sandwiches, and snacks. Therefore, for instruction to 

be “perfectly aligned” with the item, teachers must require students to interpret a table, 

both written and visual information, and a three set tree diagram. Instruction that is  

“closely aligned” with the item might require students to interpret a tree diagram or 

require students to deal with combinations of three sets of items using multiple 

approaches (that do not include a tree diagram). Instruction with “some alignment” 
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Figure 3. Scoring Rubric for One AIMS Item 

  

Introduces concept of 
combination: 
 
Selects 1 item from 
each set 
 
Represents 
combination in some 
way (list or diagram) 
 
Uses relevant 
vocabulary 
(combination, diagram, 
different) 

Some 
Alignment  

Does not teach skill Not 
Aligned  

Combinations involve 3 
sets of items AND 
multiple visual displays 
 
OR students create a 
tree diagram 

Close 
Alignment  

Interprets a table 
 
Interprets visual and 
written information 
 
Interprets a 3 set tree 
diagram 

Perfect 
Alignment  
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introduces the concept of combinations, but does not address tree diagrams or three sets 

of items and instruction that is “not aligned” does not deal with combinations at all. 

Similar scoring rubrics were generated for all 13 AIMS items that addressed the study 

performance objectives and are included in Appendix C. 

Once rubrics were created, coders then independently reviewed interview 

transcripts and classroom assessment examples to generate holistic scores of the 

instructional alignment with each item. Coders scored teachers on each item twice, once 

without considering reactions to the testlet comprised of old AIMS items and items culled 

from other states assessments and once incorporating comments made during testlet 

review. Both scores contributed to alignment ratings for each performance objective and 

for overall grade level alignment, which were generated by summing ratings.  

 For example, Figure 3 presents some classroom assessment information provided 

by one third-grade teacher. It includes drawings the teacher made while explaining how 

she assesses the combinations objective. As she drew, she explained that she presents the 

problem to students in tabular and in written form (represented by the squiggles and box 

with pictures in it at the top of the page). She also requires her students to think through 

combinations of three sets of items, to construct a picture or tree diagram to represent the 

combination, and to write a number sentence that could be used to determine how many 

unique combinations are possible. In some ways this assignment is more complex than 

the objective; the number of items in one set is greater than two, and students must also 

generate a number sentence to symbolize the problem. However, the coders decided to 

score this problem as having “close alignment” rather than “perfect alignment” because 
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Figure 3. Classroom assignment example 
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 the AIMS item requires students to interpret a tree diagram instead of construct one. 

Students were not asked to interpret tree diagrams in this classroom. 

 This approach to coding represents one of many approaches that can be used to 

“quantitize” qualitative data (Miles & Huberman, 1994; Tashakkori & Teddie, 2003). 

One common approach is to count the frequency with which certain themes are 

mentioned during interviews. This is not useful for this study as the indicators of interest 

(emphasis placed on each objective and degree of alignment between instruction and 

AIMS items) can not be determined simply from the number of times teachers discuss the 

objectives.  

Rather, this study employed data transformation methods that help expand the 

breadth of inquiry beyond what is possible with solely quantitative or qualitative 

approaches (Caracelli & Greene, 1993). Teachers were interviewed to achieve deep 

understanding of the instruction and assessment that occurred; the ways assessments were 

applied and interpreted instead of the number of times certain practices were used. 

Quantitative analyses explore the relationship between these assessment practices and 

student achievement.  

It can be challenging, however, to achieve sufficient levels of inter-rater reliability when 

scorers are asked to judge a large quantity of information using a holistic rubric. In this 

case, teachers discussed one performance objective for as long as 30 minutes and often 

provided multiple assessment examples.  

Independently generated scores were compared to determine the degree of inter-

rater reliability (Table 6) using three measures, Cohen’s kappa, kappa divided by the  
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Table 6. Inter-rater Agreement on Overall Alignment Ratings   

 Kappa (K) 

Maximum 
Possible Kappa

(Max(K)) 

K/ 
Max(K) Agreement 

Third grade .06 .37 .16 44% 
 Combinations .19 .33 .59 54% 
 Necessary/unnecessary information .16 .36 .46 36% 
Fifth grade .16 .53 .31 63% 
 Graphing .24 .51 .47 61% 
 Functions/t-charts .22 .30 .74 71% 

Note: Although raters coded the degree of alignment with individual AIMS items, ratings 
were aggregated (averaged) to the objective level and also across grade levels. Kappa 
coefficients are generated from these aggregate (overall) scores.   
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maximum possible kappa, and agreement rate. All three statistics are based on teacher-

level alignment ratings, calculated by aggregating alignment scores generated for each 

item. Agreement rate is simply the number of times that raters generated the same score 

divided by the total number of scores. Kappa is a measure of agreement rate that has been 

adjusted to account for chance agreement based on the marginal distributions of ratings 

(Cohen, 1960). Kappa ranges from zero to one, with a score of one indicating perfect 

agreement. However, the maximum possible value of kappa is not always one. It can be 

much less, depending on the number of categories available to raters and on the marginal 

distribution of scores. In this study, the maximum possible kappa varied greatly because 

of the differing numbers of items scored per objective. Therefore, dividing kappa by the 

maximum possible kappa allows for comparison between subtests. Although coding 

occurred on an item-by-item basis, all three figures are based on the mean of item-level 

ratings which were averaged within performance objectives and also within grade levels 

to arrive at overall scores. 

 As shown in Table 6, raters only achieved moderate to low agreement rates on all 

measures, with the exception of the fifth-grade functions subtests which were rated only 

once because all four items were quite similar. The large range of possible scores and the 

vast amount of information judged likely played a role in this outcome. Therefore, the 

study adopted an approach for arriving at consensus on each rating. 

When codes diverged, raters were asked to review transcripts a second time and to 

re-code while blind to prior codes. If codes still diverged, raters discussed their rationale 

for scoring and came up with an agreed upon score. In the vast majority of cases, 
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disagreements were quickly resolved and were usually caused because one coder had 

missed some relevant section of the (quite lengthy) transcripts. Final item-level scores 

were summed for each subtest and standardized to generate the alignment measure.  

Alignment is one of two main effects examined in relation to student mathematics 

performance using Hierarchical Linear Modeling (HLM). The second main effect 

examined, degree of emphasis placed on the objectives, was much more straightforward 

to code. Therefore, the researcher coded it alone. Teachers were asked how much time 

they devoted to each objective. The mean number of days devoted to the two objectives 

was calculated from their responses. It was converted to an ordinal scale: “0” not taught; 

“1” once or twice a year; “2” one week per year, “3” approximately 10 days per year, “4” 

every other week, “5” weekly, and “6” daily. This scale was then standardized relative to 

all classrooms (third and fifth grade) in the sample. The interaction between alignment 

and emphasis was also computed and standardized. All variables included in analyses are 

presented in Table 7.  

There are several benefits of using HLM (Raudenbush & Bryk, 2002). First, it 

allows for analyses that take into account the nested structure of data. In this study, 

students are nested within classrooms. HLM simultaneously accounts for both student- 

level and classroom-level effects. For example, students enter school with differing 

mathematical knowledge, socioeconomic status, English proficiency, and learning 

challenges. Therefore, they may experience the same teaching quite differently. HLM 

models both the average effects of classroom characteristics and accounts for how 

classroom effects affect individual students.
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Table 7. Analysis Variables 

Dependent Variables 
 AIMS Performance on the 2005 AIMS mathematics test, standardized 

relative to all students in Arizona 
 

 Thirdtest Performance on the five 2005 AIMS items that assess the 3rd grade 
study objectives, standardized relative to all students in Arizona. 
Coefficient alpha=.49 
 

 Fifthtest Performance on the eight 2005 AIMS items that assess the study 
objectives, standardized relative to all 5th grade students in Arizona. 
Coefficient alpha=.68 

Independent Variables 
Student-level covariates 
 SAT9 Performance on the mathematics 2004 Stanford Achievement Test, 9th 

Edition, standardized relative to the study sample 
 

 Minority* Ethnicity, coded “1” for minority and “0” for non-minority 
 

 ELL* English language learner status, coded “1” for English language 
learner and “0” for non-English language learner 
 

 SPED* Special education status, coded “1” for special education students and 
“0” for non-special education student  
 

 Grade* Student grade level, coded “1” for fifth and “0” for third  

Classroom-level covariates 
 Freelunch School percentage of students free- or reduced-price lunch eligible in 

2005, standardized relative to the study sample 
 

 Tqual Teacher qualifications composite, created through principal 
components analysis using the following factor weights (measures): 
.544 (overall experience in years), .475 (experience at their current 
grade level), and .241 (educational attainment). The factor captured 
58% of the total variance (eigenvalue=1.726). Coefficient alpha=.57 

Classroom-level predictors 
 Alignment Sum of alignment ratings for each grade level, standardized relative to 

the study sample 
 

 Emphasis Mean of objective-level emphasis reports, categorized on a 7-point 
scale and standardized relative to the study sample 
 

 Alignment 
 XEmphasis 

The product of alignment and emphasis ratings, standardized relative 
to the study sample 

*Measures based on data entered in 2005 AIMS datafiles. 
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One challenge of classroom level analyses is that the number of cases within 

classrooms can be quite small and only a small number of students with particular 

background characteristics (such as special education students) can be so small as to 

make it impossible to accurately estimate their effect. In addition, biased estimates can 

result from aggregating data; one method of increasing the number of cases with rare 

characteristics. This occurs because selection artifacts may exist that cause some 

classrooms to serve these special groups, which aggregation fails to take into account, 

HLM improves parameter estimates by weighting them to include information for a 

particular classroom and for all classrooms.  

HLM also allows cross-level effects to be modeled. For example, in this study, the 

relationship between classroom-level measures of instructional alignment with AIMS and 

emphasis on study performance objectives and student-level AIMS performance is 

evaluated. 

Finally, HLM can be used to partition the variance and covariance components 

between levels for unbalanced, nested data. For example, the proportion of variance in 

AIMS performance that exists between- and within-classrooms is examined (See 

Raudenbush & Bryk, 2002 for more information about HLM).  

Multilevel models, such as HLM, have been used in other instructional validity 

studies. Yoon and Resnick (1998) used student-level measures of minority status, parent 

education and attendance in a Renaissance (intervention) classroom and classroom-level 

measures of participation in the Renaissance program, staff development, and 

instructional approach (traditional and reform-oriented) to predict student achievement. 
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The authors used classroom-level measures to predict mean classroom achievement (the 

intercept) only, the same approach used in this study. They found that use of the reform-

oriented instructional techniques advocated by the intervention (the Renaissance 

program) was associated with improved student achievement. Other analyses indicated 

that participants in the Renaissance program more frequently applied these strategies and 

that staff development increased their implementation. 

This study also employs a model similar to one used by Lee, Croninger, and 

Smith (1994) in their analysis of the relationship between family demographics, school 

resources, and opinions of school choice in greater Detroit, Michigan. That study also 

predicted mean Level-2 scores using Level-1 covariates and Level-2 main effects, 

holding all predictors as fixed effects. Other than the variables studied, the main 

difference between the two approaches is that that study used HLM to predict a 

dichotomous outcome, adults being for or against school choice, while the research 

discussed here uses an interval measure as the dependent variable.  

Lee et al. (1994) investigated whether the predilection for school choice is 

associated with the following individual-level measures: ethnicity, social class (a 

composite of income and education), having school-age children, rating of local schools, 

opinion of the effect of choice on achievement, and experience residing in the city of 

Detroit. The second level of the HLM model estimated the main effect of district 

resources (respondents were linked to their school district of residence), a composite of 

percentage of students receiving free lunch, minority enrollment, graduation rate, and 

taxable property wealth per student enrolled.  
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They found that resource differences between districts affect individual’s 

opinions of school choice after individual demographics are taken into account. They also 

ascertained that less advantaged individuals held more favorable views of school choice  

and that district ratings are associated with opinions of choice. 

HLM analyses inform this study in multiple ways. First, the amount of variation 

between- and within-classrooms is examined to determine if there is enough variation 

between classrooms to warrant investigation of instructional practice. If AIMS 

performance does not vary between classrooms, then examining teacher practices will not 

be helpful as there is no difference in student performance to explain. A fully 

unconditional HLM model—a one-way ANOVA analysis with random effects generated 

by the HLM software—accomplishes this. The equations representing this analysis 

follow the general model: 

 

 (Student level)  Yij= β0j + r ij (1.1) 

  (Classroom level)  β0j = γ00 + u0j (1.2) 

 (Combined) Yij= γ00 + u0j + r ij (1.3) 

 

where 

Y ij  is the mathematics performance of student i in classroom j, expressed in units 

of standard deviation from the state mean 

β0j  is the average mathematics performance of classroom j, expressed in units of 

standard deviation from the state mean 



 

80 

γ00  is the average mathematics performance of all classrooms in the sample, 

expressed in units of standard deviation from the state mean 

u0j is the random effect associated with classroom j  

r ij  is the random effect associated with student i in classroom j  

 

The analysis was run five times, with Yij representing (1) performance on the 

mathematics portion of the 2005 AIMS test for both third and fifth grade,  

(2) performance on the 2005 AIMS mathematics test for both third grade only,  

(3) performance on the 2005 AIMS mathematics test for fifth grade only, (4) performance 

on the eight fifth-grade 2005 AIMS mathematics test items of relevance to this study, and 

(5) performance on the five third-grade items. For each analysis, the student level 

(within-classrooms) variance is an estimate of the true variation in student performance 

around the grand mean (e.g., mean of districtwide AIMS scores), denoted arV
)

(r ij). The 

classroom level (between-classrooms) variance is an estimate of the true variation in 

classroom means around the grand mean, denoted τ) 00. 

Next, student-level and classroom-level covariates are examined in relation to 

student achievement. Analyzing the relationship between control variables and student 

achievement before incorporating the study’s predictor variables serves three purposes. 

First, because students are not assigned to classrooms at random, failure to control for 

student characteristics may bias estimates of classroom effects. Second, if the student-

level covariates are strongly related to student achievement, controlling for them will 

increase the power to find an effect by increasing the precision of estimates and reducing 
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the amount of unexplained within-classrooms variance. Finally, incorporating teacher 

qualifications and school poverty into the model helps to ensure that predictor parameter 

estimates are not confounded with these measures (Raudenbush & Bryk, 2002).

Statistically significant (p<0.05) covariates were retained in preparation for the 

final analysis, which incorporates instructional validity measures into the model. The 

model that includes all covariates is expressed as follows: 

 

 (Student level)  Yij= β0j + β1j (SAT9)+ β2j (Minority) + β3j(ELL) (2.1) 

     + β4j (SPED) + β5j (Grade) + r ij   

  (School level)  β0j = γ00 + γ01(Freelunch) + γ02(Tqual) + u0j (2.2)  

    β1j = γ10.  

    β2j = γ20. 

    β3j = γ30. 

    β4j = γ40. 

    β5j = γ50. 

 (Combined) Yij= γ00 + γ01(Freelunch) + γ02(Tqual) + γ10(SAT9) +  (2.3) 

    γ20(Minority) + γ30(ELL) + γ40(SPED) + γ50(Grade) + u0j + r ij  

where 

Y ij  is the mathematics performance of student i in classroom j, expressed in units 

 of standard deviation from the state mean 

β0j  is the average performance of classroom j, adjusted for differences in student 

demographics 
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β1j  is the effect of student achievement on the 2004 mathematics portion of the 

SAT-9 (grand mean centered) on 2005 AIMS mathematics performance 

γ10. is the pooled within-group regression coefficient for prior achievement on the 

 SAT-9 

β2j  is the effect of minority status on 2005 mathematics performance 

γ20. is the pooled within-group regression coefficient of minority status on 2005 

mathematics performance 

β3j  is the effect of ELL status (grand mean centered) on 2005 mathematics 

performance 

γ30. is the pooled within-group regression coefficient of ELL status on 2005 

mathematics performance  

β4j  is the effect of special education status (grand mean centered) on 2005 

mathematics performance  

γ40. is the pooled within-group regression coefficient of special education status 

on 2005 mathematics performance  

β5j  is the effect of grade level (grand mean centered) on 2005 mathematics 

performance  

γ50. is the pooled within-group regression coefficient of grade level on 2005 

mathematics performance  

γ01  is the effect of  proportion of students eligible for free- or reduced-priced 

lunch (grand mean centered) on mean classroom 2005 mathematics 

performance  
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γ02  is the effect of  teacher qualifications composite (grand mean centered) on 

mean classroom 2005 mathematics performance 

u0j is the random effect associated with classroom j  

r ij  is the random effect associated with student i in classroom j  

 

As with Equations 1.1-1.3, the model is identical for all five dependent measures (AIMS 

overall, third-grade AIMS, fifth-grade AIMS, Thirdtest, and Fifthtest). 

Finally, the classroom-level predictors, alignment, emphasis, and the alignment X 

emphasis interaction, are introduced into the model to determine if they are associated 

with mathematics performance after adjusting for variation related to the covariates. As 

with the covariates, these predictors are entered as fixed effects. That is, the study 

assumes that the effect of alignment, emphasis, and the alignmentXemphasis interaction 

is the same across all classrooms. Although it would be possible to model the differential 

effect of these measures on student achievement across a variety of student level 

characteristics, there is no literature to suggest which factors might contribute to this 

differential effect and it is beyond the scope of this study to explore such a relationship. 

Therefore, the study did not apply any other models. 

The equations representing the final HLM models are presented below. Parameter 

definitions are presented only for those parameters estimated for the first time in the final 

model. As with the other analyses, the analysis is conducted five times, for overall 2005 

AIMS mathematics performance across grade levels, for AIMS performance examined 

one grade level at a time, and for testlet results relating to the objectives of interest at  
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third and fifth grade. Grade is included only in the overall AIMS analysis. 

 

 (Student level)  Yij= β0j + β1j (SAT9)+ β2j (Minority) + β3j(ELL) (3.1) 

     + β4j (SPED) + β5j (Grade) + r ij   

 

  (School level)  β0j = γ00 + γ01(Freelunch) + γ02(Tqual) + γ03(Alignment) (3.2) 

    + γ04(Emphasis) + γ05(AlignmentXEmphasis) + u0j   

    β1j = γ10.  

    β2j = γ20. 

    β3j = γ30. 

    β4j = γ40. 

    β5j = γ50. 

 (Combined) Yij= γ00 + γ01(Freelunch) + γ02(Tqual) + γ03(Alignment) + (3.3) 

γ04(Emphasis) + γ05(AlignmentXEmphasis) + γ10(SAT9) +   

  γ20(Minority) + γ30(ELL) + γ40(SPED) + γ50(Grade) + u0j + r ij 

where 

γ03  is the effect of alignment rating (grand mean centered) on mean classroom 

2005 mathematics performance  

γ04  is the effect of emphasis rating (grand mean centered) on mean classroom 

2005 mathematics performance  

γ05  is the effect of alignment-emphasis interaction (grand mean centered) on mean 

classroom 2005 mathematics performance  
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CHAPTER 4 

RESULTS 

 

 This chapter presents the results of five analyses conducted with two-level HLM 

models. It begins by discussing differences in the third- and fifth-grade curriculum that 

may affect analyses. Next, descriptive statistics and intercorrelations for all measures are 

addressed. It is important to examine these statistics prior to running multilevel analyses 

to determine whether enough variation exists in dependent measures and to gauge the 

extent to which multicollinearity might diffuse estimates.  

The five multilevel models follow the same structure, predicting mathematics 

performance with measures of instructional alignment with AIMS, degree of emphasis on 

study performance objectives, and the interaction between alignment and emphasis. Each 

analysis controls for student-level performance in the prior year, as well as including 

student demographic characteristics and classroom-level measures of teacher 

qualifications and student poverty as covariates. Several outcomes are studied, all based 

on the 2005 AIMS test. First overall performance, investigated across grade levels and at 

third and fifth grade individually, is examined. Then, performance on AIMS items 

relating to the study objectives are aggregated to create testlet scores that are analyzed 

one grade level at a time.  

 

Differences between Grade Levels

Differences between grade levels in the newly-adopted district curriculum may 



 

86 

affect the degree of alignment between instruction and the AIMS test and also the amount 

of emphasis placed on study objectives. All of the third grade teachers interviewed 

reported that the curriculum does not address many of the topics covered by AIMS, while 

all fifth-grade teachers reported that the text addressed study objectives at least to some 

degree.  

This presented a bit of a quandary for the third-grade teachers as the district 

directed them to teach the text exactly as written, in the exact order presented without 

skipping any activities or adding in new topics. Teachers had implemented the 

curriculum for nearly two years at the time of interviews. One third-grade teacher 

claimed that their text only addressed seven (of 84) AIMS items. Another reported that a 

teacher challenged the policy of following the curriculum lock-step during a professional 

development session and their principal was brought into the meeting to ensure 

compliance.  

Some teachers responded by supplementing the curriculum despite district 

mandates, reporting that it was their ethical duty to provide instruction on state standards. 

Others, including fifth-grade teachers, supplemented because they thought the text 

confused students, did not emphasize certain skills enough, or presented skills too late in 

the school year to ensure mastery in time for state testing. Twelve (of 17) third grade 

teachers reported creating their own assessments to address state standards. Others simply 

taught the text as written. One teacher shared that she did so in an attempt to prove to the 

district that this approach would harm AIMS performance.  

With regard to the study objectives, a review of the district text revealed that one 
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portion of one lesson addressed the third-grade combinations skill and that, while word 

problems are predominant in the text (one chapter is devoted to word problems and 

subsequent chapters regularly include word problems), problems with either too little or 

too much information are not used. However, several activities require students to write 

their own word problem, which could result in students grappling with that concept. Two 

fifth-grade chapters are almost entirely devoted to graphing concepts and graphs are also 

regularly included in other chapters. However, three set Venn diagrams are absent 

entirely (although the teacher’s edition of the text recommends that teachers compare and 

contrast geometric shapes using a two set Venn diagram in one activity). The text does 

require students to practice functions on a near-weekly basis in its workbook, although 

the concept of functions is not addressed formally in a lesson until the very end of the 

book, where multi-step functions are introduced. Functions are apparently introduced in 

fourth grade and, therefore, students are expected to already understand this concept.  

This finding is important for several reasons. First, between-grade level 

differences in AIMS may provide some support for the notion that the test is 

instructionally sensitive given differences in the curriculum used. Second, a grade level 

flag was added to the model to test for such differences. Adding this measure is also 

important because the AIMS test is different at third and fifth grade. Although it would 

be preferable to run analyses separately by grade level, the limited number of teachers 

interviewed suggests that overall mathematics performance should be examined across 

grade levels, in addition to one grade level at a time. This allows for comparison of the 

reliability of predicted scores for AIMS overall and for grade level models which have a 
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small number of classroom-level observations. It also helps to address the potential for 

underpowered grade level analyses by also including a model with a greater number of 

observations. Despite the limited sample size, testlet scores are run separately by grade 

level (and the Grade variable is not used) because they reflect performance on very 

distinct skills. Descriptive statistics are examined by grade level and in the aggregate to 

identify other between-grade level differences. 

 

Descriptive Results 

 Descriptive statistics for all measures, aggregated across third and fifth grade, are 

presented in Table 8. In preparation for analysis, variables were converted to z-scores, or 

standardized. That is, the difference from the mean was computed and divided by the 

standard deviation of that measure. AIMS scores (AIMS, Thirdtest, and Fifthtest) are 

standardized relative to statewide performance at each grade level. Therefore, means are 

interpreted in terms of standard deviation units from the state average. All other measures 

are standardized relative to the study sample and are interpreted in terms of standard 

deviation units from the sample mean. For ease of interpretation, the descriptive statistics 

for dichotomous variables were calculated before being standardized. The same approach 

was used in calculating descriptive statistics in Table 9.  

As is true for the district overall, the sample outperforms the state on the 

mathematics portion of the AIMS exam; scoring over a quarter of a standard deviation 

higher than the state on average (M=0.29, SD=0.86). There is less variation in scores than 

is experienced by the state as a whole, reflected by a standard deviation less than 1.0. 
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Table 8. Descriptive Statistics for Variables Included in HLM Analyses 
Measure N Minimum Maximum Mean SD 

AIMS 784 -2.33 2.33 0.29 0.86 

Thirdtest 319 -2.33 0.99 0.03 0.84 

Fifthtest 465 -2.33 0.33 -0.23 0.59 

SAT-9 784 -2.97 1.95 0.00 1.00 

Minority* 784 0.00 1.00 0.30 -- 

ELL* 784 0.00 1.00 0.03 -- 

SPED* 784 0.00 1.00 0.09 -- 

Grade* 784 0.00 1.00 0.59 -- 

Freelunch 36 -1.07 1.93 0.00 1.00 

Teacherqual 36 -1.25 2.08 0.00 1.00 

Alignment 36 -1.77 2.85 0.00 1.00 

Emphasis 36 -1.85 1.94 0.00 1.00 

AlignmentXEmphasis 36 -2.53 3.17 0.00 1.00 
Note: Outcome measures (AIMS, Thirdtest, and Fifthtest) are standardized relative to 
statewide performance. SAT-9, Freelunch, Teacherqual, Alignment, Emphasis, and 
AlignmentXEmphasis are standardized relative to the study sample. 
 
* For dichotomous measures, the mean represents the proportion of students in the group 
of interest. For Grade, the mean represents the proportion of fifth-graders. 
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Table 9. Descriptive Statistics for Variables Included in HLM Analyses, by Grade Level 
 Third Grade Fifth Grade 
Measure N Mean SD N Mean SD 

AIMS 319 0.44+ 0.90 465 0.19+ 0.82 

Thirdtest 319 0.03 0.84 -- -- -- 

Fifthtest -- -- -- 465 -0.23 0.59 

SAT-9 319 0.02 1.02 465 -0.02 0.99 

Minority* 319 0.32 -- 465 0.29 0.45 

ELL* 319 0.03 -- 465 0.03 0.16 

SPED* 319 0.11 -- 465 0.08 0.27 

Freelunch 16 -0.07 1.05 20 0.06 0.98 

Teacherqual 16 0.05 1.10 20 -0.04 0.94 

Alignment 16 0.07 1.00 20 -0.06 1.02 

Emphasis 16 -0.43+ 1.20 20 0.35+ 0.65 

AlignmentXEmphasis 16 0.14 1.30 20 -0.11 0.70 
Note: Outcome measures (AIMS, Thirdtest, and Fifthtest) are standardized relative to 
statewide performance. SAT-9, Freelunch, Teacherqual, Alignment, Emphasis, and 
AlignmentXEmphasis are standardized relative to the study sample. 
 
* For dichotomous measures, the mean represents the proportion of students in the group 
of interest. 
 

+ Indicates statistically significant difference between grade levels (p<0.05). 
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However, some students in the sample do score at the extremes, more than two standard 

deviations above and below the state mean. 

Performance on the five-item third-grade testlet (Thirdtest) and eight-item fifth-

grade testlet (Fifthtest) is quite different than AIMS scores overall. Third-grade 

performance was quite close to the state average (M=0.03, SD=0.84) while fifth-graders 

scored considerably worse than the state overall (M=-0.23, SD=0.59). There was also 

much less variation in Fifthtest scores than in Thirdtest scores. As reported in Table 7, 

testlet scores are not very reliable. For the third grade testlet, just under half of the 

variation in scores can be attributed to true score differences, or students’ true 

understanding of the performance objectives (Coefficient alpha=0.49). At fifth grade, just 

over two thirds of the variation in scores can be attributed to true differences in student 

understanding (Coefficient alpha=0.68). Therefore, analysis of overall AIMS 

performance is much more meaningful than testlet results. 

Since SAT-9 scores were standardized relative to the study sample, the mean and 

standard deviation are meaningless when examined alone (M=0.00, SD=1.00). Taken in 

conjunction with a maximum score of 1.95 and minimum score of -2.97, however, the 

statistics provide more information. To achieve a mean of 0.00 with a minimum score 

much smaller than the maximum score, the sample must have more students performing 

above the mean than below it. Additional analyses confirmed this assumption; a 

histogram of SAT-9 scores revealed a slightly negative skew, Mdn=0.07 and mode=1.05. 

Given the high-achieving nature of the district, this is unavoidable. Standardizing scores 

does not change the shape of their distribution, and students in this district outperform
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state and national norms on this assessment. 

The study sample is somewhat consistent with the district in terms of student 

demographics; 70% of the sample is Caucasian and 3% are English language learners. 

However, substantially fewer students have disabilities (9% in the sample and 22% in the 

district), as shown in Table 2. Still, it is not the goal of this study to draw inferences 

about the district from the study sample. Therefore, statistical comparisons between 

district and sample characteristics are not needed. 

The distributions of classroom-level measures were first examined by reviewing 

histograms for each measure. This analysis seems to indicate that the proportion of 

students eligible for free and reduced lunch is positively skewed. Frequencies confirm 

this interpretation. Eleven of the 36 cases scored approximately one standard deviation 

below the district mean on this measure, seven scored approximately half a standard 

deviation below the mean, four scored approximately one standard deviation above the 

mean, four approximately one and a half standard deviations above the mean, and two 

scored approximately two standard deviations above the mean. This indicates that 

teachers in the district’s poorer schools participated in the study to a greater extent than 

teachers in more wealthy schools. Other classroom-level measures appear to approximate 

a normal distribution. 

Third- and fifth-grade means on all measures are presented in Table 9. Only two 

statistically significant differences exist; third grade students (M=0.44, SD=0.90) 

performed better than fifth-graders (M=0.19, SD=0.82) on AIMS, t(782)=4.132, p<0.01, 

d=0.29 and fifth grade teachers (M=0.35, SD=0.65) emphasized the study objectives 
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more than third grade teachers (M=-0.43, SD=1.20), Welch’s t(27) =-2.34, p<0.05, g=-

0.81. No other statistically significant differences were detected; third grade students 

performed similarly to fifth grade students on the SAT-9, the study measure of prior math 

achievement, and were similar in terms of their demographic characteristics. This also 

holds true for the classroom-level measures, the teacher quality and free lunch covariates 

and the instructional validity measures (alignment, emphasis, or alignmentXemphasis). 

However, the number of classroom level observations is quite small. 

 The study also compared the distribution of instructional validity measures. 

Figure 5 presents the distribution of alignment codes by grade level, Figure 6 displays 

emphasis scores. Third and fifth grade appear to be somewhat similar in terms of their 

alignment ratings in Figure 5. Both have two classrooms with ratings below “some 

alignment” and no classrooms with ratings of “not aligned.” The majority of classrooms 

score between “some alignment” and “close alignment,” with most scores in the middle 

or high end of this range. At fifth grade, one teacher received a score between “close 

alignment” and “perfect alignment” while no third grade teachers had similar scores. 

Student’s t-tests also failed to reject the null hypothesis that the mean alignment ratings 

for each grade level are equal, t(34)=0.40, p=0.69, indicating that alignment ratings were 

similar across grade levels.  

However, differences appear across grade levels in emphasis ratings, as presented 

in Figure 6. Fifth-grade teachers cover the study objectives more frequently and third 

grade teachers vary more widely in their emphasis ratings. Fifteen out of 20 fifth-grade 

teachers taught the study objectives at least weekly and five did so for five or ten days a 
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Figure 5. Distribution of Classroom Alignment Ratings, by Grade 

 

 

 

 

 

 

 

 

 

 

Figure 6. Distribution of Classroom Emphasis Ratings, by Grade 
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 year. In contrast, five out of 16 third-grade teachers addressed the objectives at least 

weekly, with the remaining teachers doing so for ten days a year or less. As reported 

earlier, a Welch’s t-test also revealed a statistically significantly difference in grade level 

mean emphasis scores, t(19.15) =-3.87, p<0.01, d=-1.77. Since third-grade teachers 

reported that study objectives are completely omitted from the district text, it is not 

surprising that fifth-grade teachers would emphasize them more. To teach the objectives 

at all took a great deal of preparation at third grade, whereas materials were readily 

available at fifth grade.  

 

Intercorrelations 

Intercorrelations are important to this study for two reasons. First, they reveal the 

degree of relationship between dependent and independent variables before controlling 

for other measures. Second, they help to determine if independent variables are so 

intercorrelated as to distort parameter estimates.  

Intercorrelations are presented in Tables 10a and 10b. The greatest relationship between 

any of the study variables occurred among test scores. Overall AIMS mathematics 

performance is positively correlated with Thirdtest, r(319)=0.71, p<0.01, and Fifthtest, 

r(465)=0.79, p<0.01, both comprised of items from AIMS. It is also positively correlated 

with prior performance on the SAT-9, r(784)=0.77, p<0.01. The magnitude of the 

correlations between AIMS and other assessments is large and quite similar. In contrast, 

SAT-9 performance is more highly correlated with overall AIMS performance than with 

Thirdtest, r(319)=0.55, p<0.01, or Fifthtest, r(465)=0.62, p<0.01.  



 
 
 
           
     

 
 Table 10a. Zero-order Correlations Among Variables Used in Analysis 

 1 2 3 4 5 6 7 8 

1. AIMS (n=784) 1.00 0.71* 0.79* 0.77* -0.23* -0.14* -0.31* -0.15* 

2. Thirdtest (n=319)  1.00 -- 0.55* -0.10 -0.09 -0.19* -- 

3. Fifthtest (n=465)   1.00 0.62* -0.18* -0.16* -0.29* -- 

4. SAT-9 (n=784)    1.00 -0.23* -0.18* -0.30* -0.02 

5. Minority (n=784)     1.00 0.19* 0.05 -0.03 

6. ELL (n=784)      1.00 0.01 0.00 

7. SPED (n=784)       1.00 -0.05 

8. Grade (n=784)        1.00 

 * indicates statistically significant relationship at p<0.05. 
 

 Table 10b. Zero-order Correlations Among Variables Used in Analysis (Continued) 

 1 2 3 4 5 6 7 8 

1. AIMS (n=784) 1.00 0.71* 0.79* -0.26* 0.15* 0.09* 0.11* -0.09* 

2. Thirdtest (n=319)  1.00 -- -0.23* 0.10* 0.25* 0.13* -0.26* 

3. Fifthtest (n=465)   1.00 -0.17* 0.17* -0.02 0.17* 0.12* 

4. Freelunch (n=36)    1.00 -0.14 0.14 -0.24 0.14 

5. Teacherqual (n=36)     1.00 -0.02 0.03 0.14 

6. Alignment (n=36)      1.00 0.20 -0.42* 

7. Emphasis (n=36)       1.00 0.09 

8. AlignmentXEmphasis (n=36)        1.00 

 * indicates statistically significant relationship at p<0.05.

9
6 
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It is difficult to draw conclusions based on these results because the magnitude of 

a correlation between two measures is attenuated when the measures are not very reliable, 

as is the case with the Thirdtest and Fifthtest. Therefore, correlation coefficients 

involving these measures do not reveal much. Lengthening these tests would likely 

increase their reliability; Spearman Brown Prophecy formula estimates that an 80-item 

version of Thirdtest (comparable to the length of the full AIMS test) would have a 

reliability coefficient of 0.94 and an 80-item version of Fifthtest would have a reliability 

coefficient of 0.96 (Nunnally & Bernstein, 1994). 

Although many of the other zero order correlations are statistically significant at 

the p<0.05 level, the magnitude of r is small, suggesting that differences were found due 

to the large sample sizes involved. There are a few exceptions to this finding. Moderate 

(and negative) correlations exist between special education status and overall AIMS 

performance, r(784)=-0.31, p<0.01, and between special education status and SAT-9 

performance, r(784)=-0.30, p<0.01. Alignment and the interaction between alignment 

and emphasis are also moderately and negatively correlated, r(36)=-0.42, p=0.01. All 

other measures had small intercorrelations or were not correlated. 

These results revealed no problems with multicollinearity. In addition, the small 

number of sizeable correlations makes it doubtful that a statistically significant 

relationship will be found between the instructional validity measures and mathematics 

achievement. However, the correlational analyses apply classroom-level instructional 

validity scores to each student in a classroom. Since the enrollment in each classroom 

varied, analyses are weighted by class size with larger classes having a greater impact on  
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findings. HLM corrects for this by weighting its estimates.  

 

Multilevel Analyses 

Unconditional Model 

 The multilevel analyses presented here partitioned the variance in test scores 

between- and within-classrooms and determined how much of the between-classroom 

variation could be accounted for by the three instructional validity measures: alignment, 

emphasis, and the alignmentXemphasis interaction. In order for analyses to yield useful 

results, performance must vary between classrooms. That is, if student achievement is the 

same in every classroom it will not be possible to identify the effect of any classroom-

level measure. 

 Therefore, the first step taken was to run an unconditional model to estimate the 

amount of between-classroom variation. This analysis is visually represented in Figures 

7a-d, which present the 95% confidence interval around each classroom mean for the 

outcome measures. AIMS scores are presented separately for third and fifth grade. 

 These figures reveal relatively little between-classroom variation in AIMS, 

Thirdtest, and Fifthtest; most vertical lines representing each classroom overlap with 

many other lines. They also show that between-classroom variation in AIMS scores was 

greater for third grade than fifth grade; the lines representing each classroom are more 

spread out. The pattern is quite similar for Thirdtest and Fifthtest. Classrooms also 

maintained similar positions on the testlets as on AIMS, which is expected given the 

strong correlations between AIMS, Thirdtest, and Fifthtest. Finally, the variation within 
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Figure 7a. 95% Confidence Interval  Figure 7b. 95% Confidence Interval  
around Mean Classroom AIMS, Grade 3  around Mean Classroom AIMS, Grade 5 
 

 

 

 

 

 

 
 
 
 
 
 
Figure 7c. 95% Confidence Interval  Figure 7d. 95% Confidence Interval  
around Mean Classroom Thirdtest  around Mean Classroom Fifthtest 
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classrooms appear greater at third grade than fifth-grade; the lines are longer. Therefore, 

third grade teachers taught more heterogeneous classrooms than fifth-grade teachers. 

Within-classroom variation also appears smaller on Fifthtest than on fifth-grade AIMS, 

and larger on Thirdtest than third-grade AIMS.  

The quantitative results from the unconditional model are presented in Tables 12-

16. Since the outcome measures are all expressed on the same scale, it is possible to 

compare the amount of variation in scores across HLM models. The total amount of 

variation in third-grade AIMS scores (s2=0.82), all AIMS scores (s2=0.76), in Thirdtest 

(s2=0.73) scores, and in fifth-grade AIMS scores (s2=0.68), before introducing any 

independent variables, was nearly twice as large as the variation in Fifthtest scores 

(s2=0.38). In addition, the proportion of variation between classrooms was greatest for 

third-grade AIMS scores (18.3% of the variance lays between classrooms), followed by 

all AIMS scores (14.5%), Thirdtest (11.0%), fifth-grade AIMS scores (7.3%), and 

Fifthtest scores (7.2%).  

Finally, variation in third- and fifth-grade scores were compared using F tests for 

two population variances (Sheskin, 2004) for the study sample, districtwide and across 

the state of Arizona, with variance estimates taken from Tables 1, 12, and 13. The ratio of 

third to fifth grade AIMS variance did not reveal statistically significant differences 

between grade levels for the study sample, F(464, 318)=1.21, p=0.07, or for the district 

overall, F(975, 987)=1.03, p=0.70. However, at the state level differences were found, 

F(76,718, 77,442)=1.16, p<0.01. Although , two-tailed tests were run, and the 

directionality of the relationship was not tested, descriptive results show that the variance 
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in fifth-grade scores statewide (s2=2948.49) exceeded the variance in third-grade scores 

(s2=2530.09). 

 

Covariate Analysis 

After examining the results from the unconditional model, student-level 

covariates were introduced and the amount of variation in scores reexamined, followed 

by classroom-level covariates. Covariates were retained in the model only if they were 

significant predictors of mathematics achievement.  

The student-level covariates reduced the between-classroom variance in AIMS 

scores across grade levels by 69.0%, indicating that student ethnicity, special education 

status, grade level and 2004 SAT-9 performance accounted for over two-thirds of the 

initial differences between classrooms in 2005 AIMS math scores. Percentage of students 

eligible for free lunch was retained as a classroom-level covariate, and reduced the 

between-classroom variance an additional 11.7% more than the model including the 

Level-1 covariates. All covariates account for 72.6% of the initial between- classroom 

differences in math achievement. After entering the covariates, 10.4% of the total 

variance remained between classrooms. Although a sizeable decrease in between-

classroom variance, chi square analyses revealed that a statistically significant amount of 

variation between classrooms remained to be modeled, χ2(34, N=784)=112.14, p<0.01 

(Table 11).  

For third-grade students, the student-level covariate SAT-9 reduced the between-

classroom variance in AIMS scores by 73.3%. Percentage students eligible for free lunch 
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Table 11. Variation in AIMS Scores Explained by the HLM Models, Third- and Fifth-
grade Combined 

  
Unconditional 

Model 

Model with 
Student-level 
Covariates 

Model with 
Classroom-level 

Covariates 
Final 
Model 

Variance between 
classrooms, u0j 
 

0.11 0.03 0.03 0.03 

Variance within 
classrooms, r ij 
 

0.65 0.26 0.26 0.26 

Total variance 
 

0.76 0.29 0.29 0.29 
Intraclass correlation 
 

14.5% 11.7% 10.4% 10.4% 
Reliability of intercept 
 

0.78 0.74 0.71 0.71 
Percentage of between-
classroom variance 
explained by the model 
 

 69.0% 72.6% 72.6% 

chi square 
 

155.43 126.94 112.14 112.14 
df 35 35 34 34 

Note: Final model figures match the model with classroom-level covariates because no 
instructional validity measures were retained; they were not statistically significant 
predictors of math achievement (at p<0.05) after controlling for student demographics 
and classroom characteristics. 
 
Table 12. Variation in Third-grade AIMS Scores Explained by the HLM Models 

  
Unconditional 

Model 

Model with 
Student-level 
Covariates 

Model with 
Classroom-level 

Covariates 
Final 
Model 

Variance between 
classrooms, u0j 
 

0.15 0.04 0.03 0.03 

Variance within 
classrooms, r ij 
 

0.67 0.28 0.28 0.28 

Total variance 
 

0.82 0.32 0.31 0.30 
Intraclass correlation 
 

18.3% 12.5% 10.2% 8.2% 
Reliability of intercept 
 

0.82 0.73 0.69 0.66 
Percentage of between-
classroom variance 
explained by the model 
 

 73.3% 79.1% 83.5% 

chi square 
 

82.45 54.57 45.19 40.22 
df 15 15 14 14 
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Table 13. Variation in Fifth-grade AIMS Scores Explained by the HLM Models 

  
Unconditional 

Model 

Model with 
Student-level 
Covariates 

Model with 
Classroom-level 

Covariates 
Final 
Model 

Variance between 
classrooms, u0j 
 

0.05 0.03 0.03 0.03 

Variance within 
classrooms, r ij 
 

0.63 0.24 0.24 0.24 

Total variance 0.68 0.28 0.27 0.27 
      
Intraclass correlation 
 

7.3% 11.9% 9.6% 9.6% 

Reliability of intercept 
 

0.64 0.75 0.70 0.70 

Percentage of between-
classroom variance 
explained by the model  

33.9% 47.8% 47.8% 

     
chi square 
 

52.21 74.07 61.77 61.77 

df 19 19 18 18 
Note: Final model figures match the model with classroom-level covariates because no 
instructional validity measures were retained; they were not statistically significant 
predictors of math achievement (at p<0.05) after controlling for student demographics 
and classroom characteristics. 
 
Table 14. Variation in Thirdtest Scores Explained by the HLM Models 

  
Unconditional 

Model 

Model with 
Student-level 
Covariates 

Model with 
Classroom-level 

Covariates 
Final 
Model 

Variance between 
classrooms, u0j 
 

0.08 0.03 0.03 0.00 

Variance within 
classrooms, r ij 
 

0.64 0.47 0.47 0.47 

Total variance 0.71 0.50 0.50 0.48 
         
Intraclass correlation 
 

11.0% 5.4% 5.4% 0.7% 

Reliability of intercept 
 

0.73 0.53 0.53 0.12 

Percentage of between-
classroom variance 
explained by the model   

65.8% 65.8% 95.9% 

         
chi square 
 

55.14 31.90 31.90 16.67 

df 15 15 15 14 
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Table 15. Variation in Fifthtest Scores Explained by the HLM Models 

  
Unconditional 

Model 

Model with 
Student-level 
Covariates 

Model with 
Classroom-level 

Covariates 
Final 
Model 

Variance between 
classrooms, u0j 
 

0.03 0.02 0.01 0.01 

Variance within 
classrooms, r ij 
 

0.35 0.20 0.20 0.20 

Total variance 0.38 0.22 0.21 0.21 
      
Intraclass correlation 
 

7.2% 7.1% 4.2% 4.2% 

Reliability of intercept 
 

0.66 0.63 0.50 0.50 

Percentage of between-
classroom variance 
explained by the model  

43.6% 67.8% 67.8% 

      

chi square 
 

54.46 50.43 36.35 36.35 

df 19 19 18 18 
Note: Final model figures match the model with classroom-level covariates because no 
instructional validity measures were retained; they were not statistically significant 
predictors of math achievement (at p<0.05) after controlling for student demographics 
and classroom characteristics. 
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was retained as a classroom-level covariate, and reduced the between-classroom variance 

an additional 21.5% more than the model including the Level-1 covariates. All covariates 

account for 79.1% of the initial between- classroom variance. After entering SAT-9 and 

free lunch eligibility, 10.2% of the total variance remained between classrooms. A 

statistically significant amount of variation between classrooms remained to be modeled, 

χ
2(14, N=316)= 45.19, p<0.01 (Table 12). 

For fifth-grade students, the student-level covariates SAT-9, SPED, and 

Minority reduced the between-classroom variance in AIMS scores by 33.9%. Teacher 

qualifications was retained as a classroom-level covariate, and reduced the between-

classroom variance an additional 21.0% more than the model including the Level-1 

covariates. All covariates account for 47.8% of the initial between- classroom variance. 

After entering the covariates, 9.6% of the total variance remained between classrooms. A 

statistically significant amount of variation between classrooms remained to be modeled, 

χ
2(18, N=460)= 61.77, p<0.01 (Table 13). 

For Thirdtest, the student-level covariate SAT-9 reduced the between-classroom 

variance by 65.8%. No classroom-level covariates significantly predicted Thirdtest 

achievement and therefore they were all omitted from the model. After entering SAT-9, 

5.4% of the total variance remained between classrooms. A statistically significant 

amount of variation between classrooms remained to be modeled, χ2(15, N=319)=31.90, 

p<0.01 (Table 14). 

The SAT-9 and SPED Student-level covariates reduced the between-classroom 

variance in Fifthtest scores by 43.6%. The teacher quality measure (Tqual) increased the 
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proportion of between-classroom variation explained by 42.9% more than the model 

including the Level-1 covariates. All covariates account for 67.8% of the initial between-

classroom differences in math achievement. After entering the covariates, 4.2% of the 

total variance remained between classrooms. As with the other models, chi square 

analyses revealed that a statistically significant amount of variation between classrooms 

remained, χ2(18, N=465)=36.35, p<0.01 (Table 15). 

 

Final Model 

The final step in analysis involved introducing the three instructional validity 

measures: alignment, emphasis, and alignmentXemphasis into the model. As with the 

covariates, only statistically significant instructional validity measures were retained. 

This increased the precision of the parameter estimates for these variables, the key 

measures of interest in the study, and guarded against overspecification (an admittedly 

unlikely problem given the low intercorrelations among instructional validity measures). 

In addition, the relatively small number of classrooms limits the number of classroom-

level predictors that can be included, and the measure with the greatest relationship 

would be selected. If the interaction term were significant (at p<0.05), all three 

instructional validity measures would have been retained. However, neither approach 

proved necessary. 

Parameter estimates for the final HLM models are presented in Tables 16-20. The 

instructional validity measures did not significantly predict mathematics performance 

except in two cases: alignment is associated with third-grade AIMS performance and 
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Table 16. Final Conditional HLM 2-Level Model Predicting Variation in AIMS, Third- 
and Fifth-grade Combined 
Fixed Effect coefficient se df t ratio 

Model for mean classroom math achievement, β0   
 Intercept, γ00 0.29 0.03 34 8.71* 
 Freelunch, γ01 -0.07 0.03 34 -2.59* 
Model for SAT9, β1     
 Intercept, γ10 0.60 0.03 778 21.25* 
Model for Minority, β2     
 Intercept, γ20 -0.12 0.04 778 -3.19* 
Model for SPED, β4     
 Intercept, γ40 -0.30 0.11 778 -2.75* 
Model for Grade, β5     
 Intercept, γ50 -0.25 0.06 778 -3.86* 

* indicates statistically significant relationship at p<0.05. 
 
Table 17. Final Conditional HLM 2-Level Model Predicting Variation in Third Grade 
AIMS 
Fixed Effect coefficient se df t ratio 

Model for mean classroom math achievement, β0   
 Intercept, γ00 0.45 0.04 13 10.12* 
 Freelunch, γ01 -0.07 0.04 13 -1.68 
 Alignment, γ03 0.10 0.04 13 2.40* 
Model for SAT9, β1     
 Intercept, γ10 0.68 0.04 315 17.01* 

* indicates statistically significant relationship at p<0.05. 
 
Table 18. Final Conditional HLM 2-Level Model Predicting Variation in Fifth Grade 
AIMS 
Fixed Effect coefficient se df t ratio 

Model for mean classroom math achievement, β0  
 Intercept, γ00 0.18 0.04 18 4.34* 
 Tqual, γ02 0.10 0.04 18 2.34* 
Model for SAT9, β1     
 Intercept, γ10 0.57 0.04 460 13.94* 
Model for Minority, β2     
 Intercept, γ20 -0.20 0.04 460 -4.63* 
Model for SPED, β4     
 Intercept, γ40 -0.39 0.16 460 -2.48 

* indicates statistically significant relationship at p<0.05. 
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Table 19. Final Conditional HLM 2-Level Model Predicting Variation in Thirdtest 
Fixed Effect coefficient se df t ratio 

Model for mean classroom math achievement, β0  
 Intercept, γ00 0.01 0.04 34 0.27 
 Alignment, γ03 0.15 0.03 34 5.44* 
Model for SAT9, β1     
 Intercept, γ10 0.46 0.04 317 11.29* 

* indicates statistically significant relationship at p<0.05. 
 

Table 20. Final Conditional HLM 2-Level Model Predicting Variation in Fifthtest 
Fixed Effect coefficient se df t ratio 

Model for mean classroom math achievement, β0   
 Intercept, γ00 -0.22 0.03 34 -8.07* 
 Tqual, γ02 0.09 0.03 34 2.98* 
Model for SAT9, β1     
 Intercept, γ10 0.36 0.03 461 11.01* 
Model for SPED, β4     
 Intercept, γ40 -0.31 0.11 461 -2.68* 

* indicates statistically significant relationship at p<0.05. 



 
 
    
  109 
  

with Thirdtest performance. This finding is somewhat suspect for Thirdtest; the reliability 

of the intercept decreases from alpha=0.53 to alpha=0.12 when alignment is added to the 

model, indicating the accuracy of predicted classroom means has been jeopardized. Also, 

the reduction in between-classroom variance, from u0j=0.03 with all covariates included 

to u0j=0.00 when alignment is introduced, indicates that there are not enough level-two 

cases (classrooms) to support this model (Table 14). The direction of the relationship 

between all significant independent variables is discussed next. 

For the model predicting AIMS achievement for both grade levels (Table 16), the 

classroom-level free lunch measure, and student-level minority status, special education 

status, grade level, and 2004 SAT-9 achievement are all significant predictors of 2005 

AIMS performance (p<0.05). All relationships are in the expected direction; attending 

higher-poverty schools is associated with lower AIMS scores, as is being a minority, a 

disabled student, or a fifth-grader (recall that third grade students performed better 

overall, relative to the state, than fifth-graders in this district). Prior performance on the 

SAT-9 is positively correlated with AIMS achievement. 

Third-grade AIMS achievement was associated with two independent variables, 

2004 SAT-9 achievement and instructional alignment with AIMS (Table 17). Percent of 

students eligible for free lunch significantly predicted AIMS performance when only 

covariates were entered into the model. Once alignment was introduced, the free lunch 

measure was no longer statistically significant. However, it was retained in the full model 

because of the results from the covariate analysis. All relationships are in the expected 

direction; performing well on the SAT-9 is related to high performance on AIMS, as is 
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receiving instruction that is well-aligned with AIMS. 

Fifth-grade performance on AIMS is associated with the following measures: the 

teacher quality composite, 2004 SAT-9 performance, minority status, and special 

education status. Fifth-grade students whose teachers had a greater combination of 

experience and education were more likely to perform well on AIMS, as were students 

with high scores on the SAT-9, while disabled student status and being a minority is 

negatively correlated with fifth-grade AIMS scores(Table 18).  

Only one covariate significantly predicted Thirdtest performance: 2004 SAT-9 

scores. As with the AIMS analysis, students with high SAT-9 scores are expected to also  

perform well on Thirdtest. As mentioned earlier, alignment was also a significant 

predictor of Thirdtest performance (as reflected in Table 19), but including this measure 

in the model seems to seriously jeopardize its accuracy. 

Fifthtest performance is associated with the following measures: the teacher 

quality composite, 2004 SAT-9 performance, and special education status. Students 

whose teachers had a greater combination of experience and education were more likely 

to perform well on Fifthtest, as were students with high scores on the SAT-9, while 

disabled student status is negatively correlated with Fifthtest scores (Table 20).  

Finally, because alignment significantly predicted third-grade AIMS scores, but 

not fifth-grade scores, two classroom-level variables, grade and the interaction of 

gradexalignment, were added to the model (excluding the student-level grade measure). 

While grade significantly predicted AIMS performance (and had a similar parameter 

estimate, standard error, and t ratio as the student-level variable), alignment and the 
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gradexalignment interaction were not significantly associated with AIMS performance 

(t31=0.19 and t31=0.25, respectively). 

Despite this finding, and because alignment significantly predicted AIMS 

performance at third grade, the approaches of third-grade teachers with high alignment 

scores and high-performing classrooms were compared with those experiencing moderate 

and low levels of alignment and with moderate- and low-performing classrooms. 

Teachers in the high-performing group reported using the district-adopted curriculum, but 

supplementing to address state standards. Teachers with low levels of alignment solely 

taught the district text and did so exactly as written.  

For example, one highly aligned, high-performing teacher reported addressing 

the study objectives during morning “bellwork” to ensure that her students were exposed 

to state standards not addressed by the district curriculum. The examples of problems that 

she shared indicated she exposed students to multiple ways to approach a problem instead 

of presenting one or two solutions. She accomplished this by working with her grade 

level team, “I use a curriculum map and what we’re supposed to cover and I go through 

my curriculum guide and make sure I’ve covered everything and we went through the 

Everyday Math book and lined it up with the curriculum guide for third grade and [the 

grade-level team] wrote down all the things that were missing and just made sure that we 

covered those.” 

One moderately aligned, moderate-performing teacher reported using the AIMS 

study guide to identify concepts that she needs to address that either aren’t included in the 

district text or won’t be addressed by the time AIMS is administered. She identified the 
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combinations objective as one such skill. To address it, she had students participate in 

hands-on activities making combinations of things (making ice cream sundaes, putting on 

different outfits, etc.), but seems to have focused more on the activity than on the skill of 

diagramming. Only one approach to diagramming was used, and it was consistent with an 

old version of AIMS not with current AIMS items. With regard to the second objective, 

she taught students approaches to solving word problems (such as underlining needed 

information and crossing out unneeded information), but focused on whether or not 

students solved the problem correctly in her assessments instead of on student facility 

with identifying necessary and unnecessary information.   

In contrast, one of the not aligned, low-performing teachers reported teaching the 

district test exactly as written because of district requirements. She indicated that she did 

so to prove the district wrong; she’d teach the text just as written to show that it would 

result in poor AIMS performance. As a result, she told me that she did not address one 

objective at all and devoted little time (30 minutes per year) to the second objective, 

focusing on only one aspect of the skill (unnecessary information, ignoring necessary 

information). 
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CHAPTER 5 

DISCUSSION 

 

 This dissertation discusses the evolution of thinking about instructional validity 

and defines instructional validity within the context of standards-based assessments. It 

argues that traditional measures of standards-based instruction suffer from construct-

underrepresentation and presents an interview-based approach to gauging this concept. 

The method, applied in the current study to investigate how two mathematics 

performance objectives are taught in each of two grade levels, is described in detail. 

Results from analyses of the relationship between three measures of instructional validity 

and mathematics performance are presented. Between-grade level differences are also 

examined due to substantial variation in the alignment between the curriculum and the 

assessment in the grade levels of interest. 

 

Measuring instructional alignment 

Study results lead to several conclusions about generating alignment ratings from 

interview data. First, although interviews yield rich descriptions of instruction, it is 

difficult to generate alignment ratings with a high degree of inter-rater reliability. Several 

factors may affect the consistency of ratings. It can be difficult to code large volumes of 

information, such as that presented when discussing an objective that is taught over a 

period of weeks and in a variety of venues—formal mathematics lessons, computer labs, 

other content area lessons, test preparation activities, and independent practice during 
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early morning “bellwork.” Relevant information can be easily overlooked and balancing 

different pieces of information requires many judgment calls. Second, the complexity of 

objectives may affect coding. Despite using the skills assessed item-by-item to judge how 

alignment is measured, the large number of skills required to correctly answer each test 

item and addressed in instruction make rating alignment using interview transcripts a 

cognitively demanding task. Finally, although collecting assessment examples provided 

valuable information to the study and helped teachers to better explain how they 

operationalized each objective, their addition created even more information to process in 

coding and may have affected inter-rater reliability.  

These challenges necessitate joint coding of all transcripts. Using only two 

coders, the process applied in this study, may not be sufficient to study the reliability of 

this coding procedure. However, determining the optimal number of scorers for 

cognitively complex coding is beyond the scope of this study. It may be an appropriate 

research topic if the study’s approach to quantifying instruction is more widely 

implemented. Another line of research might involve investigating the consistency of 

codes generated using a combination of assessment examples and interview transcripts, 

using transcripts independently of assessments, and only examining assessment 

examples. It would be beneficial, both in terms of coding time and in complexity of 

analysis, to use less information if the scores generated do not vary. 

 

Differences between grade levels

 Several factors lead the study to predict that findings would differ by grade level, 
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and indeed, grade is a significant predictor of AIMS performance. Discrepancies exist 

between third and fifth grade in the curricular alignment with AIMS, in the degree to 

which teachers participate in test preparation activities, in the amount of change in AIMS 

items between 2004 and 2005, and in the AIMS performance of all students in the district 

relative to the state. However, third and fifth grade performance on a nationally normed 

test of mathematics achievement in the previous year was remarkably similar, indicating 

that students entered their respective grade levels with comparable levels of background 

knowledge.  

For the objectives of interest to this study, the degree of curricular alignment with 

AIMS varied greatly between grade levels. This might have resulted in differences in 

instructional alignment ratings, especially since the district requires teachers to teach the 

district-adopted text exactly as written. However, alignment ratings did not vary much. 

This speaks to teachers’ commitment to teach the state standards, especially at third grade 

where the greatest gaps exist.   

In contrast, the amount of emphasis placed on objectives differed between grade 

levels, with third-grade teachers emphasizing the study objective less than fifth-grade 

teachers. Two factors may affect this finding. First, the fifth grade objectives may be 

considered “power standards” (Reeves, 2002) or skills central to success in fifth grade 

mathematics while the third grade objectives were much more tangential. This might 

cause fifth-grade teachers to devote a larger portion of instructional time to these skills. 

Second, since third-grade teachers had to look outside of the curriculum to teach the 

study objectives, it took greater effort to teach them. With fewer instructional materials 
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readily available, it would be difficult for third-grade teachers to address these skills with 

great frequency.  

There are also between-grade level differences in the test itself. More fifth-grade 

items relate to study objectives (eight items at fifth grade, five at third grade), while third-

graders outperformed fifth-graders relative to the rest of the state in terms of overall 

mathematics performance and on items gauging performance on the objectives of interest 

to the study. Finally, test scores varied to a greater extent between-classrooms at third 

grade than at fifth grade. Analyses of the amount of variation between classrooms 

revealed that a significant amount of variation in mathematics performance on all three 

dependent measures remained to be modeled after accounting for covariates. However, 

the amount of variation between classrooms was relatively small, requiring a large 

sample size to detect effects. 

Finally, the way objectives are assessed on AIMS changed dramatically between 

2004 and 2005 for one third-grade objective and for both fifth-grade objectives. The fifth-

grade changes increased the consistency between the way problems are presented in the 

district-adopted text and on AIMS. For the third-grade objective, the items changed to 

better match the objective; however, the AIMS items are not consistent with the district 

text.  

These changes are important because if teachers attempted to present examples 

that mirrored AIMS, they would have based them on the 2004 exam (they had not yet 

seen the 2005 exam at the time of interviews). At fifth grade, a combination of teaching 

the text and basing examples off of old AIMS items should have resulted in high levels of 
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instructional alignment with AIMS. At third grade, however, this approach would result 

in lower levels of alignment for one objective.  

Alignment levels did not vary between grade levels. Based on interview 

transcripts, this seems to be due to the fact that many third grade teachers presented 

information in ways that extended beyond the text and 2004 AIMS and that fewer fifth 

grade teachers participated in test preparation, or based their test preparation on different 

sources of information. The district testing program may also have played a role. Many 

items on the district assessment mirrored the 2005 AIMS, including those that assessed 

objectives that the text did not fully address. 

Although the fifth-grade curriculum is better aligned, third-grade students 

performed considerably better (relative to the state) than fifth-graders, both on tests of 

study objectives (Thirdtest and Fifthtest) and on AIMS. This seems to indicate that 

curricular alignment is not predictive of test performance, at least in this district. It could 

also indicate that the objectives selected for the study are atypical of mathematics 

instruction in the district. Low levels of internal consistency in subtest scores may also 

affect testlet results. 

In addition, although the amount of variation in AIMS scores was similar across 

grade levels for the district and the study sample, the amount of variance statewide was 

greater at fifth grade than at third grade. This may indicate that the presence of a 

mandatory, districtwide curriculum implemented quite similarly across classrooms at 

fifth grade (where little supplementation was necessary) increased the uniformity of fifth-

grade performance in the district. At third grade, where teachers more frequently 
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supplemented, variation may have also been increased, which would also minimize the 

rate of fifth-grade to third-grade variance. More evidence is needed, however, before any 

definitive statement can be made about the impact of variations in the curriculum on 

AIMS performance. 

  

Relationship between instructional validity measures and achievement  

After controlling for student demographics and classroom characteristics, the 

instructional validity measures: alignment, emphasis, and the alignmentXemphasis 

interaction did not significantly predict AIMS achievement for the sample as a whole. 

They also did not predict performance on items related to the fifth grade objectives 

considered by this study, or predict the overall AIMS performance of fifth-graders. 

However, alignment did predict performance on the five-item testlet addressing the third 

grade objectives and the overall AIMS performance of third-graders. The former 

relationship should be examined with skepticism at best because adding alignment to the 

model results in very unreliable predictions of classroom mean achievement (estimated 

Bayesian intercepts). The outcome measure (Thirdtest) also has low levels of internal 

consistency, due at least in part to the small number of items that comprise the subtest. 

Third-grade results for overall AIMS performance are more meaningful since the 

outcome measure is much more reliable, as are the estimated Bayesian estimates 

predicted by the HLM model. At third grade, alignment is an important predictor of test 

performance. This finding is especially notable since teachers could only be aligned if 

they supplemented the district curriculum. In contrast, fifth-grade teachers who solely 
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used the district text would automatically be coded as aligned with AIMS. Nevertheless, 

third- and fifth-grade trajectories were not different enough to result in a significant 

gradeXalignment interaction. This finding could be affected by a limited sample size (as 

the analysis is based on only 36 classrooms), but also indicates that the alignment-

achievement trajectories are somewhat similar across grade levels. 

Several factors could account for a grade-level specific relationship. First, 

instructional alignment and emphasis on state standards may not be predictive of AIMS 

performance in this district at all grade levels. Although other studies have found these 

measures to be important predictors of achievement (see, Gamoran, Porter, Smithson, & 

White, 1997), this district may be anomalous. Enactment of standards-based report cards 

to encourage teachers to teach state standards might encourage all teachers to implement 

standards-based instruction to at least some extent, muting the ability to measure the 

effect of alignment (especially at those grades where the curriculum and test are pretty 

well aligned).  

Second, the limited number of performance objectives studied may also result in 

unusual findings. There are approximately 90 mathematics objectives per grade level 

included in the state standards. Findings based on only two of these objectives may not be 

representative of the relationship between standards-based instruction and achievement in 

the district overall. This may be especially problematic because of all of the changes in 

the state standards and the AIMS test in the year preceding the study. Teachers who made 

good faith efforts to teach the standards were still in the process of relearning the 

standards documents at the time data were collected.   
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Third, the small number of classrooms involved in analysis, and especially the 

small number of classrooms studied per grade level, could have resulted in the study not 

having enough power to find an effect. This finding holds special weight given the large 

drop in reliability of intercepts when alignment is added to the HLM model predicting 

Thirdtest scores, and in the reduction in variance between classrooms to u0j=0.00, an 

indicator that there are not enough level-2 predictors to support the model. However, it is 

impossible to say what effects might be found if more classrooms were included in 

analyses.  

Fourth, the AIMS test may be an unusual standards-based assessment. Unlike the 

tests used in many states, the mathematics portion of AIMS is comprised only of multiple 

choice items and is used to generate both norm-referenced and criterion-referenced 

scores. Because of this, instructional alignment to the state standards may sometimes 

differ from alignment with AIMS. For example, the combinations objective used in this 

study requires that students “Make a diagram…” In many states, the state mathematics 

assessment includes a constructed response portion in which students could make a 

diagram. Because AIMS is comprised only of multiple choice options, the AIMS items 

require students to select the diagram that corresponds to a combinations problem instead 

of constructing one on their own. 

Finally, AIMS may not be instructionally sensitive at all grade levels or may be of 

only moderate instructional sensitivity. Since participating teachers all taught at least one 

performance objective to some extent, the study can not ascertain if there is a difference

 in the performance between classrooms that did and did not address the objectives, an 
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 approach that is recommended by many, including Popham (2007). 

 

Suggestions for future research 

A major limitation of this study is the limited sample involved; participants all 

came from the same school district, taught at only two grade levels, and discussed two 

objectives. Future work might expand this approach by including teachers from a wider 

range of school districts. In particular, it might be useful to include teachers who work in 

a variety of settings. For example, including districts that haven’t adopted districtwide 

texts might increase the variation in alignment and in emphasis ratings. Comparing 

districts using traditional and standards-based report cards might also increase the 

variation in instructional validity measures.  

It might also be helpful to study a wider range of objectives within a grade level 

as this would help to ensure that results generalize across the full set of standards that 

teachers are expected to address. To make this more feasible (given the amount of time 

required to understand how objectives are operationalized), it might be helpful to replace 

teacher interviews with collection of assessments conducted over the course of the school 

year, with a teacher feedback form that provides information about the specific response 

required to receive full points on each assessment. Finally, expanding the data collection 

to more grade levels would be helpful, especially since this study found different results 

in third and fifth grade. Examining trends across four grades, for example, would help to 

determine if the third grade results or the fifth grade results were anomalous. 
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Conclusion 

In conclusion, like all social science research, the present study has several 

limitations that must be kept in mind while interpreting results. Most prominently, the 

sample size is small in terms of the number of classrooms studied and the number of 

performance objectives addressed, and generalizations can not be made across grade 

levels or school districts since the study collected data from only two grade levels in one 

school district.  

However, the study also more fully represents the construct of instructional 

alignment by capturing the full range of activities used to teach a set of performance 

objectives. It identifies, and attempts to address, many of the limitations of other attempts 

to gauge instructional validity, and adds to the literature by using mixed methods to 

explore issues of instructional sensitivity which have most often been addressed with 

solely quantitative techniques. As such, it deepens understanding of the complexity of all 

the factors affecting instructional alignment.  
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APPENDIX A: INTERVIEW PROTOCOL 
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Interview Protocol 
 
 

Thank you for agreeing to meet with me. As I mentioned in my letter, I am studying how 
standards-based education plays out in classrooms in Arizona. Therefore, I would like to 
ask you some questions about how you teach and assess student performance in 
mathematics. The interview should last about one hour and participation in this study is 
completely voluntary. Do you have any questions? Do you agree to be interviewed?      
 
[Assuming agrees to interview]  Great. Please read over this subject consent form, 
indicating that you agree to participate in this interview. Just as a reminder, you are free 
to skip questions or to stop the interview altogether at any time. 
 
Now let’s start with some basic background information: 
 

1. How long have you been teaching? 

2. How long have you taught 3rd/5th grade in Arizona? 

3. What was your major in college? 

4. What’s your highest level of education? 

5. What subjects are you certified in? 

 
For the rest of our conversation, I’d like you to walk me through how you teach and 
assess performance on two performance objectives in mathematics. Let’s start with the 
first performance objective and then we’ll repeat the process with the second 
performance objective (refer to table below). 
 
 Grade 3 Grade 5 
Performance 
Objective 1 

Make a diagram to represent the 
number of combinations 
available when 1 item is 
selected from each of 3 sets of 2 
items (e.g., 2 different shirts, 2 
different hats, 2 different belts). 
 

Interpret graphical 
representations and data displays 
including bar graphs, circle 
graphs, frequency tables, three-
set Venn diagrams, and line 
graphs that display continuous 
data.  AND Answer questions 
based on graphical 
representations and data 
displays. 

Performance 
Objective 2 

Discriminate necessary 
information from unnecessary 
information in a given grade-
level appropriate word problem. 

Describe the rule used in a 
simple grade-level appropriate 
function (e.g., T-chart, input-
output model). 
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Okay. The following questions are designed to help me understand the experiences of 
your students as they learned this material. Pretend that I am a student in your class.  
Using the materials you have brought with you, please describe how you would help me 
learn this performance objective. In particular (Probe for): 
 

6. When in the school year would I learn about this performance objective? 
 
7. How much time would I spend learning it? (number of lessons over how many 

hours/weeks) 
 
8. What materials would you use? 
 
9. What would occur during these lessons? 
 
10. What problems would you have me work through? 

 
11. What do you want me to learn from these problems? 

 
12. What products would you expect me to create to show that I have mastered these 

skills? 
 
How would you assess my learning?  Please show me the assessments you would use to 
determine whether I have learned this performance objective and explain your thinking in 
designing/selecting these assessments. 
 
Additional questions/probes (some may be not applicable if teachers use end of chapter 
assessments out of the book) 
   

13. What assessment tools or methods do you use?  
 
14. What are the purposes of these assessments? 
 
15. What do you hope students will get out of completing these assessments? 
 
16.  The performance objective covers a wide array of material, how do you decide 

which skills to assess?   
 

17. What responses do you look for as evidence of learning? 
 

18. What would you do with the assessment after it is graded? (probe for: return it to 
students, go over answers with class, discuss results with students or parents one 
on one, use results to refine instruction.) 
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19. (Present test items that assess the performance objective).  Here’s how one test 
measures student proficiency on this objective.  Do you think that this test 
accurately captures what you teach to students? 

 
[Repeat 6-19 with second objective] 
 
 
20. What do you expect students to do with the information they get from graded 

assessment? 
 

21. In some cases, students may learn a performance objective one way in class and 
be asked a question in a different format on the state test.  How do you concern 
yourself with this?  

 
22. (If yes), do you purposefully teach students so that your instructional efforts are 

reflected in students’ AIMS scores?   
 

23. (If yes), how do you ensure that your classroom instruction is aligned with AIMS? 
 

24. How would you describe any changes you have made in your mathematics 
instruction since last year?  (Not at all, A little, quite a lot, completely)  If quite a 
lot or completely:  Please describe the changes you have made. 

 
25.  Thank you for your time.  Do you have any questions for me or anything you 

would like to add to what you have said? 
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APPENDIX B: TESTLETS REVIEWED BY TEACHERS 
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Third Grade Test: Discriminate necessary from unnecessary information in a given 
grade-level appropriate word problem. 
 
 
1. Keith’s mom made cupcakes. Each 
cupcake had five candies on top. 
 
What else do you need to know to find 
the total number of candies Keith’s mom 
used for the tops of the cupcakes? 
 
A. The number of candies that come in 

a bag 
 
B. The number of cupcakes she made* 
 
C. The size of the candies 
 
D. The time it took to bake the cupcakes 
 
 
2. There are 10 boys and 15 girls in Mr. 
Kendrick’s class. Mr. Kendrick bought 1 
pencil for each student in his class. The 
pencils cost 25¢ each. The pencils are 
either red or blue. How much did the 
pencils cost all together? 
 
What information is not needed to solve 
the problem? 
 
A. The pencils cost 25¢ each. 
 
B. There are 10 boys and 15 girls in the 

class. 
 
C. Mr. Kendrick bought 1 pencil for 

each student. 
 
D. The color of the pencils.* 

 
 
 
 

 
3. Jerry bought five cases of oil. He 
wants to know how many cans of oil he 
bought. What other information is 
needed? 
 
A. Where the oil was purchased 
 
B. How many cans of oil were in each 

case* 
 
C. How many cans of oil were needed 
 
D. How many trips were made to the 

store 
 
 
4. Steven had $30. He bought a T-shirt, a 
hat, and a package of model cars at the 
store. He spent a total of $11 including 
tax on the T-shirt and the hat together. 
What other information is needed to find 
how much money Steven had left after 
leaving the store? Mark your answer.  
 
A. The price of the T-shirt 
 
B. The number of model cars in the 

package 
 
C. The price of the package of model 

cars* 
 

D. The price of each model car 
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Third Grade Test: Make a diagram to represent the number of combinations 
available when 1 item is selected from each of 3 sets of 2 items (e.g., 2 different 
shirts, 2 different hats, 2 different belts).
 
 
1. George is planning to decorate his 
bedroom. He will choose 1 color of 
paint, 1 color of carpet, and 1 pattern for 
wallpaper. The colors and patterns he 
will choose from are shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
How many different combinations of 1 
paint color, 1 carpet color and 1 
wallpaper pattern are possible? 
 
A. 7 
 
B. 8 
 
C. 10 
 
D. 12* 
 
 
 
 

 
 
2. Jay’s father took 3 shirts and 2 pairs 
of pants on a trip. Which of the 
following picture shows how many 
outfits he can make? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Paint Colors 
 
 
 
 

    Yellow      Blue      White    

A. 

B. 

C.*

D. 

Carpet Colors 
 
 

 
            Navy           Brown    

Wallpaper Patterns 
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3. The table below shows the different 
colors and kinds of shirts that a club 
member can choose from. 
 

Shirt Choices 
Color Kind of Shirts 
Green T-shirt 
White Tank top 
 Sweatshirt 
 
Which of the following lists all the 
different ways to combine 1 color and 1 
kind of shirt? 
 
A.  Green, T-shirt * 
 Green, Tank top 
 Green, Sweatshirt 
 White, T-shirt 
 White, Tank top 
 White, Sweatshirt 
 
B.  Green, T-shirt  
 Green, Tank top 
 White, Tank top 
 White, Sweatshirt 
 
C.  Green, Tank top 
 Green, Sweatshirt 
 White, T-shirt 
 White, Tank top 
 White, Sweatshirt 
 

D.  Green, T-shirt 
 Green, Sweatshirt 
 White, Tank top 
 White, Sweatshirt 
 
 
 
 
 
 
 

4. Shelley is ordering a skirt from a 
catalog. She can choose one of two 
lengths: a short skirt or a long skirt. 
Then she can choose one of the three 
fabric patterns: stripes, plaid or flowers. 
 

         
   Short        Long          Plaid    Stripes    Flowers  
 
How many different skirts could Shelley 
order choosing a length and a fabric 
pattern? 
 
A. 2 

 
B. 3 

 
C. 5 

 
D. 6* 
 
 
5. The table below shows the ice cream 
flavors and toppings available for Mrs. 
Johnson’s class party. 
 

Ice Cream Topping 
Chocolate Nuts 
Vanilla Chocolate Chips 
 
How many different ice cream cones can 
be made with one scoop of ice cream 
and one topping? 
 
A. 4* 
 
B. 5 
 
C. 6 
 
D. 7 
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Fifth Grade Test: Describe the rule used in a simple grade-level appropriate 
function (e.g., T-chart, input-output model). 

 
1. A function machine triples a number. 

What number would you get if you 
put a y into the function machine?  

 

 
 
A. 3 + y 
 
B. 3 - y 
 
C. 3 ÷ y 
 
D. 3 x y* 
 
 
2. Which of the following is a possible 

rule for the input-output table shown 
below? 

 Input-Output Table 
Input 1 2 3 4 5 
Output 3 5 7 9 11 

 
A.  The output is 2 plus the input. 
 
B.  The output is 3 times the input. 
 
A. The output is 0.5 less than half the 

input. 
  
B. The output is 1 more than twice the 

input.* 
 
 

 
3. The number machine shown below 

uses a rule to change each number 
that is put into it to a different 
number. The same rule is used 
every time. 

 
 
 
 
 
 
The table below shows what happened 
when three different numbers went into 
the same machine. 

 
In Out 
8 20 
5 14 
12 28 

 
 
Which of the following could be the rule 
used by this number machine? 
 
A. Add 12 
 
B. Add 24 
 
C. Multiply by 2, then add 4 to the 
  result* 
 
D. Multiply by 3, then subtract 4 from 

the result 
 
 
 
 
 

8 20 
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4. The table below shows the number of 
 paddles Mr. Watson must order for 
 different numbers of canoes. 

 
Number 

of 
Canoes 

2 4 6 8 10 

Number 
of 

Paddles 
4 8 12 16 ? 

 
If the pattern in the table continues, how 
many paddles must be ordered for 10 
canoes? 
 
A.  17 
 
B.  18 
 
C.  20* 
  
D.  23 
 
 
5. The number sentences below are true 

for a certain value of N. 
 
  2 X N = 4   3 X N = 6   4 X N = 8 
 
If the value of N does not change, what 
number goes inside the box below to 
make the number sentence true? 
 
 
  5 X N =  
 
 
A.  4 
 
B.  5 
 
C.  10* 
  
D.  12 

6.  
 
 
 
 
 
 
 
 
If a 2 goes into the function machine, 
what number would come out? 
 
A.  5 
 
B.  6* 
 
C.  7 
  
D.  9 
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Fifth Grade Test: Interpret graphical representations and data displays including 
bar graphs, circle graphs, frequency tables, three-set Venn diagrams, and line 
graphs that display continuous data. AND Answer questions based on graphical 
representations and data displays.
 
 
 
1.The graph below shows the number of 

hours Barbara studied each day for her 
final exam during a five-day period. 

 
 
 
 
 
 
 
 
 
 
 
How many hours did Barbara study for 
her exam in all? 
 
A. 3 
 
B. 6 
 
C.  9* 
 
D. 10 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. Elm school had a book sale. The 
graph below shows the number of 
books sold during each day of the sale. 

 
What is the difference between the 
GREATEST number of books sold and 
the LEAST number of books sold? 
 
A. 20 
 
B. 30 
 
C.  40* 
 
D. 50 
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3. Paula timed how long some traffic 
 lights stayed red before changing 
to  green. The graph below shows 
how  many seconds the traffic 
light at each  cross street stayed 
red. 

 
 
 
 
 
 
 
 
 
At which cross street is the traffic light 
red more than 10 seconds, but less than 
20 seconds? 

 
A. Pine St. 
 
B. Elm St. 
 
C. Market St. 
 
D. Cayuga St.* 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 

4.  
 
 
 
 
 
 
 
 
 
 
There are 28 students in Mrs. Garcia’s 
class. According to the graph, how many 
students in her class did not participate 
in the survey? 
 
A. 1 student 
 
B. 3 students* 
 
C. 4 students 
 
D. 5 students 
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5.  The Venn diagram below shows the 
 number of students in three different 
 activities at Jonah’s school. 
 
 
 
 
 
 
 
 
 
 
 
What is the total number of students in 
more than 1 activity? 
 
A. 4 
 
B. 39 
 
C. 43* 
 
D. 79 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6. Connie recorded her height on her 
birthday for the 6 years shown in the 
table below. 

 
Height on Birthday 

Year 
Height 
(inches) 

1993 43.5 

1994 47 

1995 50 

1996 53.25 

1997 57.5 

1998 60 

 
 
Between which two consecutive years 
did Connie’s height change the least? 

 
A. between 1993 and 1994 
 
B. between 1995 and 1996 
 
C. between 1996 and 1997 
 
D. between 1997 and 1998* 
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7. The graph below shows that the 
amount of yearly rainfall for 
Smallville remains fairly constant 
each year. 

 
 
 
 
 
 
 
 
 
 
 
 
Based on the graph, which of the 
following is the most reasonable 
estimate for the amount of rainfall that 
Smallville received in 2002? 

 
A. 5 inches 
 
B. 12 inches 
 
C. 20 inches* 
 
D. 34 inches 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8. Use the Venn diagram below to 
answer the following question. 

  
 
 
 
 
 
 
 
 
 
 
 
If 56 students have dogs for pets, how 
many students own cats, dogs and fish at 
the same time? 
 
A. 9 
 
B.  11* 
 
C.  23 
 
D. 32 
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APPENDIX C: ALIGNMENT RUBRICS 
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Rubrics for Third Grade Objective: Discriminate necessary from unnecessary 
information in a given grade-level appropriate word problem. 

 
 
Score  
 
 
Perfect Alignment (3) 
 
 
 
 
 
Close Alignment (2) 
 
 
 
 
 
 
 
 
 
 
 
Some Alignment (1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Not Aligned (0) 
 

 
 
Item 72 

 
 

Selects missing 
information from a list 
of possible options 
 
 
 
Identifies what’s 
missing to solve 
problems 
 
 
Generates a number 
sentence to represent a 
word problem 
 
 
 
 
Requires students to 
identify needed 
information 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Does not teach 
 

 
 
Item 10 
 
 
Indicates which item  
in a list is consistent 
with student response 
 
 
 
Unnecessary 
information fits  
with content of word 
problem 
 
Responds to open- 
ended questions  
about unnecessary 
information 
 
 
 
Determines that the 
problem requires 
students to identify 
unnecessary 
information 
 
Diagrams word  
problems to emphasize 
needed/unneeded 
information 
 
Unnecessary 
information is clearly 
unrelated to this 
problem 
 
 
Does not teach 
 

 
 
Item 37 

 
 
Selects unnecessary 
information from a list 
of possible options 
 
 
 
Unnecessary 
information fits with 
content of word 
problem 
 
Students indicate  
(yes or no) whether 
specific information is 
unnecessary 
 
 
 
Determines that the 
problem requires 
students to identify 
unnecessary 
information 
 
Diagrams word  
problems to emphasize 
needed/unneeded 
information 
 
Unnecessary 
information is clearly 
unrelated to this 
problem 
 
 
Does not teach
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Rubrics for Third Grade Objective: : Make a diagram to represent the number of 
combinations available when 1 item is selected from each of 3 sets of 2 items (e.g., 2 
different shirts, 2 different hats, 2 different belts).
 
 
Score  
 
 
Perfect Alignment (3) 
 
 
 
 
 
 
 
 
Close Alignment (2) 
 
 
 
 
 
 
 
 
 
Some Alignment (1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Not Aligned (0) 
 

 
 
Item 70 
 
 
Interprets table 
 
Interprets visual and 
written information  
 
Interprets a 3 set tree  
diagram 
 
 
Combinations involve  
3 sets of items AND  
multiple visual displays 
 
OR students create a tree 
diagram 
 
 
 
 
Introduces concept of 
combination 
 
Selects 1 item from each set 
 
Represents combinations  
in some way (list or diagram) 
 
Uses relevant vocabulary  
(combination, diagram, 
different) 
 
 
 
Does not teach skill 
  

  
 
Item 58 
 
 
Interprets table 
 
Interprets visual and 
written information  
 
Interprets a 3 set picture list 
 
 
 
Combinations involve  
3 sets of items AND multiple 
visual displays 
 
OR students create a picture 
list 
 
 
 
 
Introduces concept of 
combination 
 
Selects 1 item from each set 
 
Represents combinations  
in some way (list or diagram) 
 
Uses relevant vocabulary  
(combination, diagram, 
different) 
 
 
 
Does not teach skill 
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Rubric for Fifth Grade Objective: Describe the rule used in a simple grade-level 
appropriate function (e.g., T-chart, input-output model). 

 
Note: The same rubric was used with all four items as they were essentially the same 
question with new numbers/operations inserted.

 
 

Score  
 
 
Perfect Alignment (3) 
 
 
 
 
 
Close Alignment (2) 
 
 
 
 
 
 
 
 
 
 
Some Alignment (1) 
 
 
 
 
 
 
 
 
 
Not Aligned (0) 
 

 
 

One Rubric for All Items 
 
 
Selects function rule from a list of 
possibilities 
 
 
 
 
Creates rule to describe relationship 
between input and output 
 
Demonstrates that 
addition/multiplication will increase 
output and subtraction/division will 
decrease output 
 
 
 
 
Communicates what a function is; that 
there is a one-to-one correspondence 
between an input and an output that 
applies to all ordered pairs 
 
Explains concept of ordered pair 
 
 
 
 
Does not teach 



 
 
         

1
41

 

Rubrics for Fifth Grade Objective: Interpret graphical representations and data displays including bar graphs, circle 
graphs, frequency tables, three-set Venn diagrams, and line graphs that display continuous data. AND Answer 
questions based on graphical representations and data displays.

 
Score  
 
 
Perfect Alignment (3) 
 
 
 
 
 
Close Alignment (2) 
 
 
 
 
 
 
 
 
 
 
Some Alignment (1) 
 
 
 
 
Not Aligned (0) 

 
Item 53 

 
 

Selects the correct 
answer from a list of 
plausible responses 
 

 
 
Finds information in a 
table and uses it to 
compute an answer 

 
Compares 
information in  
order to answer a 
question 

 
 

 
Extracts facts from or 
constructs frequency 
tables 

 
 

Does not teach 

 
Item 79 

 
 

Selects true/false 
statement from a list 
of statements about a 
bar graph 

 
 

Draws conclusions by 
comparing 
information contained 
in a bar graph 
 

 
 
  
 
 

 
Extracts facts from or 
constructs a bar graph 
 
 
 
Does not teach 

 
Item 80 

 
 

Selects true/false 
statement from a list 
of statements about a 
circle graph 

 
 

Draws conclusions by 
comparing 
information contained 
in a circle graph 

 
Finds data in a circle 
graph and uses it to 
compute an answer 

 
 
 
Extracts facts from or 
constructs a circle 
graph 

 
 

Does not teach 

 
Item 4 

 
 

Selects true/false 
statement from a list 
of statements about 
frequency tables 

 
 
Compares data 
compared in two 
separate frequency 
tables 

 
 
 
 
 
 

 
Extracts facts from or 
constructs frequency 
tables 

 
 

Does not teach



 
 
    
  142 
  

REFERENCES 

 

Airasian, P. W. & Madaus, G. F. (1983). Linking testing and instruction: Policy issues. 
Journal of Educational Measurement, 20(2), 103-117.  

 
Allen, M. J., Yen, W. M. (1979). Introduction to measurement theory. Prospect Heights, 

IL: Waveland Press. 
 
American Educational Research Association, American Psychological Association, & 

National Council on Measurement in Education. (1999). Standards for educational 
and psychological testing. Washington, DC: American Educational Research 
Association. 

 
American Psychological Association, American Educational Research Association, & 

National Council on Measurement in Education. (1954). Technical recommendations 
for psychological tests and diagnostic techniques. Washington, DC: American 
Psychological Association. 

 
Arizona Instrument to Measure Standards 2005 district results [Data file]. Phoenix, AZ: 

Arizona Department of Education.  
 
Baker, E. L. & Herman, J. L. (1983). Task structure design: Beyond linkage. Journal of 

Educational Measurement, 20, 149–164. 
 
Blank, R. K. (2002). Using Surveys of Enacted Curriculum to advance evaluation of 

instruction in relation to standards. Peabody Journal of Education, 77(4), 86-121. 
 
Campbell, D T & Fiske, D W. (1959). Convergent and discriminant validation by the 

multitrait-multimethod matrix. Psychological Bulletin, 56(2), 81-105. 
 
Caracelli, V.J. & Greene, J.C. (1993). Data analysis strategies for mixed-method  

evaluation designs. Educational Evaluation and Policy Analysis, 15(2), 195-207. 
 
Carroll, J. (1963). A model of school learning. Teachers College Record, 64, 723-733. 
 
Cohen, J.A. (1960). A coefficient of agreement for nominal scales. Educational and 

Psychological measurement, 20, 37-46.Cohen, J. Weighted kappa: Nominal 
cale agreement with provision 

Colker, A. M., Toyama, Y., Trevisan, M., & Haertel, G. (2003, April). Literature review 
of instructional sensitivity and opportunity to learn studies. Paper presented at the 
annual meeting of the National Council on Measurement in Education, Chicago. 

 



 
 
    
  143 
  

Common Core of Data2004-2005 [Data file]. Washington, DC: U.S. Department of 
Education.  

 
Cox, R. C. & Vargas, J. (1966, April). A comparison of item selection techniques for 

norm-referenced and criterion-referenced tests. Paper presented at the annual 
meeting of the National Council on Measurement in Education, Chicago. 

 
Cronbach, L. J. & Meehl, P. E. (1955). Construct validity in psychological tests. 

Psychological Bulletin, 52, 281–302. 
 
CTB McGraw-Hill (2005, October). Arizona’s Instrument to Measure Standards: 2005 

technical report. Monterey, CA: Author.  
 
D’Agostino, J. V., Welsh, M. E., & Corson, N. M. (2007). Instructional validity of a 

state’s standards-based assessment. Educational Assessment, 12(1), 1-22. 
 
D’Agostino, J.V., & Welsh. M.E. (2007, Apr.). Standards-based progress reports and 

standards-based assessment score convergence. In T.R. Guskey (Chair), The 
challenges of standards-based grading and reporting. Symposium conducted at the 
meeting of the American Educational Research Association, Chicago, IL. 

 
Darling-Hammond, L. & Wise, A. E. (1985). Beyond standardization: State tests and 

school improvement. The Elementary School Journal, 85(3), 315-336.  
 
Debra P. v. Turlington, 644 F.2d 397 (U.S. Ct. App. 5th Cir. 1981), aff’d, 730 F.2d 1405 

(U.S. Ct. App. 11th Cir. 1984). 
 
Dorr-Bremme, D. & Herman, J. (1986). Assessing student achievement: A profile of 

classroom practices. (CSE Monograph Series in Evaluation, 11). Los Angeles: 
University of California, Center for Research on Evaluation, Standards, and Student 
Testing. 

 
Elmore, R. F. & Fuhrman, S. H. (2001). Research finds the false assumption of 

accountability. Phi Delta Kappan, 83, 67-72. 
 
Floden, R. E. (2002). The measurement of opportunity to learn. In A.C. Porter & A. 

Gamoran (Eds.), Methodological advances in cross-national surveys of educational 
achievement (pp. 231-266). Washington, DC: National Academy Press.  

 
Frederiksen, J. R., & Collins, A. (1989). A systems approach to educational testing. 

Educational Researcher, 18(9), 27-32. 
 



 
 
    
  144 
  

Gamoran, A., Porter, A. C., Smithson, J., & White, P. A. (1997). Upgrading high school 
mathematics instruction: Improving learning opportunities for low-achieving, low-
income youth. Educational Evaluation and Policy Analysis, 19, 325–338.  

 
Goals 2000: Educate America Act of 1994, Pub. L. No. 103-227. 
 
Guion, R. M. (1980). On Trinitarian doctrines of validity. Professional Psychology, 

11(3), 385-398. 
 
Haertel, E. H. (1990, April). From expert opinions to reliable scores: Psychometrics for 

judgment-based teacher assessment. Paper presented at the meeting of the 
American Educational Research Association, Boston. 

 
Haertel, E. H. (1991). New forms of teacher assessment. Review of Research in 

Education, 17, 3-29.  
 
Haladyna, T. M. (1974). Effects of different samples on item and test characteristics of 

criterion-referenced tests. Journal of Educational Measurement, 11(2), 93–99. 
 
Haladyna, T. M. & Roid, G. (1981). The role of instructional sensitivity in the empirical 

review of criterion-referenced test items. Journal of Educational Measurement, 18(1), 
39–53. 

 
Hambleton, R. K., Swaminathan, H., Algina, J., & Coulson, D. B. (1978). Criterion-

referenced testing and measurement: A review of technical issues and developments. 
Review of Educational Research, 48, 1–47. 

 
Hanson, R. A., McMorris, R. F., & Bailey, J. D. (1986). Differences in instructional 

sensitivity between item formats and between achievement test items. Journal of 
Educational Measurement, 23(1), 1-12. 

  
Hill, H. C. (2001). Policy is not enough: Language and the interpretation of state 

standards. American Educational Research Journal, 38, 298–318. 
 
Johnson, R.B. & Onwuegbuzie, A.J. (2004). Mixed methods research: A research  

paradigm whose time has come. Educational Researcher, 33(7), 14-26. 
 
Koretz, D. M., Barron, S., Mitchell, K. J., & Stecher, B. M. (1996). Perceived effects of 

the Kentucky Instructional Results Information System. (RAND Tech. Rep. No. MR-
792-PCT-FF). Santa Monica, CA: RAND. 

 
 
 
 



 
 
    
  145 
  

Lane, S., Parke, C. S., & Stone, C. A. (2002). The impact of a state performance-based 
assessment and accountability program on mathematics instruction and student  
learning: evidence from survey data and school performance. Educational Assesment,  
8(4), 279-315. 

 
Langenfeld, T. E. & Crocker, L. M. (1994). The evolution of validity theory: Public 

school testing, the courts, and incompatible interpretations. Educational Assessment, 
2(2), 149-165. 

 
Lawton, M. (1996, January 30). State Test Questions Focus of Renewed Scrutiny. Ed 

Week, no page numbers provided. Retrieved July 24, 2005, from 
http://www.edweek.org/ew/articles/1996/01/31/19assess.h15.html?qs=State+Test+Qu
estions+Focus+of+Renewed+Scrutiny 

 
Lee, V. E., Croninger, R. G., & Smith, J. B. (1994). Parental Choice of Schools and 

Social Stratification in Education: The Paradox of Detroit. Educational Evaluation 
and Policy Analysis, 16(4), 434-457. 

 
Leinhardt, G. & Seewald, A. M. (1981). Overlap: What’s tested, what’s taught? Journal 

of Educational Measurement, 18(2), 85-95.  
 
Linn, R. L. (1993, Jan.). Educational Assessment: Expanded Expectations and 

Challenges. Paper presented at the meeting of the American Psychological 
Association, Washington, DC. 

 
Linn, R. L., Baker, E. L., & Dunbar, S. B. (1991). Complex, performance-based 

assessment: Expectations and validation criteria. Educational Researcher, 20(8), 5-
21. 

 
Madaus, G. F. & Clarke, M. (2001). The adverse impact of high-stakes testing on 

minority students: Evidence from 100 years of test data. In G. Orfield & M. L. 
Kornhaber (Eds.), Raising Standards or Raising Barriers? Inequality and High-
Stakes Testing in Public Education. New York: The Century Foundation. 

 
Masters, J. R. (1988, April). A study of differences between what is taught and what is 

tested in Pennsylvania. Paper presented at the annual meeting of the National Council 
on Measurement in Education, New Orleans, LA. 

 
McClung, M. S. (1979). Competency testing programs: Legal and educational issues. 

Fordham Law Review, 47, 652-711. 
 
McDonnell, L. M. (1995). Opportunity to learn as a research concept and policy 

instrument. Educational Evaluation and Policy Analysis, 17, 305–322. 
 



 
 
    
  146 
  

Mehrens, W. A. (1998). Consequences of assessment: What is the evidence? Educational 
Policy Analysis Archives, 6(13) (Entire Issue). (Available online at 
http://epaa.asu.edu/epaa/v6n13.html). 

 
Mehrens, W. A. & Kaminski J. (1989). Methods for improving standardized test scores: 

Fruitful, fruitless, or fraudulent? Educational Measurement: Issues and Practice, 
8(1), 14-22. 

 
Mehrens, W. A. & Phillips, S. E. (1987). Sensitivity of items difficulties to curricular 

validity. Journal of Education Measurement, 24(4), 357-370. 
 
Messick, S. (1989). Validity. In R. L. Linn (Ed.), Educational measurement (pp. 13–103). 

New York: Macmillan. 
 
Messick, S. (1994). The interplay of evidence and consequences in the validation of 

performance assessments. Educational Researcher, 23(2), 13–23. 
 
Messick, S. (1995). Validity of psychological assessment: Validation of inferences from 

persons' responses and performances as scientific inquiry into score meaning. 
American Psychologist, 50, 741–749. 

 
Miles, M. & Huberman, M. (1994). Qualitative data analysis (2nd ed.). Thousand Oaks, 

CA: SAGE Publications. 
 
Moss, P. A. (1992). Shifting conceptions of validity in educational assessment: 

Implications for performance assessment. Review of Educational Research, 62(3), 
229-258. 

 
Muthén, B., Huang, L., Jo, B., Khoo, S., Goff, G. N., Novak, J., & Shi, J. (1995). 

Opportunity-to-learn effects on achievement: Analytical aspects. (CSE Tech. Rep. 
No. 407). Los Angeles: University of California, Center for Research on Evaluation, 
Standards, and Student Testing. 

 
National Commission on Excellence in Education. (1983). A nation at risk: The 

imperative for educational reform. Washington, DC: Author. 
 
National Council of Teachers of Mathematics, (1991). Professional standards for 

teaching mathematics. Reston, VA: National Council of Teachers of Mathematics. 
 
National Educational Goals Panel. (1991). The National Educational Goals Report: 

Building a Nation of Learners. Washington, DC: National Educational Goals Panel. 
 
 
 



 
 
    
  147 
  

Niemi, D., Wang, J., Steinberg, D.H., Baker, E.L., & Wang, H.(2007). Instructional 
sensitivity of a complex language arts assessment. Educational Assessment, 12(3&4), 
215-237. 

 
Nitko, A.J. (1995). Is the curriculum a reasonable basis for assessment reform?  

Educational Measurement: Issues and Practice, 14(3), 5-35. 
 
No Child Left Behind Act of 2001, Pub. L. No. 107-110. 

 
Nunnally, J.C. & Bernstein, I.H. (1994). Psychometric Theory (2nd ed.). New York: 

McGraw Hill. 
 
O’Day, J. & Smith, M. S. (1993). Systemic school reform and educational opportunity. In 

S. H. Fuhrman (Ed.), Designing coherent education policy: Improving the system (pp. 
250–312). San Francisco: Jossey Bass. 

 
Padilla, C., Woodward, K., Lash. A., Shields, P., & Laguarda, K. (2005). Evaluation of 

Title I Accountability Systems and School Improvement Efforts: Findings From 2002-
03. Washington, DC: U.S. Department of Education. 

 
Porter, A. C. (1995). The uses and misuses of Opportunity-to-Learn standards. 

Educational Researcher, 24(1), 21-27. 
 
Porter, A. C. & Smithson, J. L. (2001). Are content standards being implemented in the 

classroom? A methodology and some tentative answers. In S. H. Fuhrman (Ed.), 
From the capitol to the classroom: Standards-based reform in the states: One 
hundredth yearbook of the National Society for the Study of Education, Part II (pp. 
60-80). Chicago: University of Chicago Press. 

 
Popham, W. J. (1971). Indices of adequacy for criterion-referenced tests. In W. J. 

Popham (Ed.), Criterion-referenced measurement: An introduction (pp. 79–98). 
Englewood Cliffs, NJ: Educational Technology Publications.  

 
Popham, W. J. (1978). The case for criterion-referenced measurements. Educational 

Researcher, 7(11), 6-10.  
 
Popham, W. J. (2001). The Truth About Testing. Alexandria, VA: Association for 

Supervision and Curriculum Development. 
 
Popham, W. J. (2007). Instructional sensitivity of tests: Accountability’s dire drawback. 

Phi Delta Kappan, 89(2), 146-155. 
 
Popham, W. J. & Yalow, E. (1982). Determining the instructional validity of the SSAT-II. 

Culver City, CA: IOX Assessment Associates. 



 
 
    
  148 
  

Raudenbush, S.W. & Bryk, A. S. (2002). Hierarchical Linear Models: Application and 
data analysis models. Thousand Oaks, CA: Sage.  

 
Ravitch, D. (1996). The case for national standards and assessments. Clearing House, 

69(3), 134-135. 

Reeves, D. B. (2002). The Leader's Guide to Standards: A Blueprint for Educational 
Equity and Excellence. San Francisco: John Wiley and Sons. 

 
Sheskin, D.J. (2004). Handbook of Parametric and Nonparametric Statistical Procedures 

(3rd ed.). Boca Raton, FL: Chapman & Hall/CRC. 
 
Schmidt, W.H., Wolfe, R.G., & Kifer, E. (1992). The identification and description of 

student growth in mathematics achievement. In L. Burstein (Ed.), The IEA study of 
Mathematics III: Student growth and classroom processes (pp. 59-99). Oxford: 
Pergamon Press. 

 
Schorr, R. Y., Bulgar,S., Stickle Razze, J., Monfils, L. F., & Firestone, W. A. (2004). 

Teaching Mathematics and Science. In W. A. Firestone, L. F. Monfils, & R. Y. 
Schorr (Eds.), The ambiguity of teaching to the test : standards, assessment, and 
educational reform (pp. 19-35). Mahwah, NJ: Lawrence Erlbaum Associates. 

 
Smith, M. L. (1991). Meanings of test preparation. American Educational Research 

Journal, 28(3), 521-542. 
 
Smith, M. S. & O’Day, J. A. (1990). Systemic school reform. In S. H. Fuhrman & B. 

Malen (Eds.), The politics of education yearbook: The politics of curriculum and 
testing (pp. 233–267). New York: Falmer Press. 

 
Smithson, J. L. & Porter, A. C. (2004). From policy to practice: the evolution of one 

approach to describing and using curriculum data. In M. Wilson (Ed.), Towards 
coherence between classroom assessment and accountability: The 2004 yearbook of 
the National Society for the Study of Education. (pp. 105-131). Chicago: University 
of Chicago Press. 

 
Spillane, J. P. (2004). Standards deviation: How schools misunderstand education policy. 

Cambridge, MA: Harvard University Press. 
 
Spillane, J. P. & Jennings, N. E. (1997). Aligned instructional policy and ambitious 

pedagogy: Exploring instructional reform from the classroom perspective. Teachers 
College Record, 98(3), 449-481.  

 



 
 
    
  149 
  

Spillane, J. P. & Zeuli, J. S. (1999). Reform and teaching: exploring patterns of practice 
in the context of national and state mathematics reforms. Educational Evaluation and 
Policy Analysis, 21(1), 1-27. 

 
Stecher, B. M., Barron, S. L., Chun, T., & Ross, K. (2000). The effects of the Washington 

state school reform on schools and classrooms. (CSE Tech. Rep. No. 525). Los 
Angeles: University of California, Center for Research on Evaluation, Standards, and 
Student Testing. 

 
Stecher, B. M. & Klein, S. P. (1997). The cost of science performance assessments in 

large-scale testing programs. Educational Evaluation and Policy Analysis, 19(1), 1-
14. 

 
Stevens, F. I. (1993). Applying an opportunity-to-learn conceptual framework to the 

investigation of the effects of teaching practices via secondary analyses of multiple-
case-study summary data. Journal of Negro Education, 62, 232–248. 

 

Tashakkori, A., & Teddlie, C. (Eds.). (2003). Handbook of mixed methods in social and  
behavioral research. Thousand Oaks, CA: Sage. 

 
Taylor, G., Shepard, L., Kinner, F., & Rosenthal, J. (2003). A survey of teachers’ 

perspectives on high-stakes testing in Colorado: What gets taught. (CSE Tech. Rep. 
No. 588). Boulder, CO: University of Colorado at Boulder, Center for Research on 
Evaluation, Standards, and Student Testing. 

 
U.S. Department of Education. (2004). Standards and assessments peer review guidance: 

Information and examples for meeting requirements of the No Child Left Behind Act 
of 2001. Washington, DC: Author. 

 
Wang, J. (1998). Opportunity to learn: The impacts and policy implications. Educational 

Evaluation and Policy Analysis, 20, 137–156. 
 
Winfield, L. F. (1993). Investigating test content and curriculum content overlap to assess 

opportunity to learn. Journal of Negro Education, 62, 288–310. 
 
Wright, B. D. & Stone, M. H. (1979). Best test design. Chicago: Mesa Press. 
 
Yoon, B. & Resnick, L.B. (1998). Instructional validity, opportunity to learn and equity: 

New standards examinations for the California Mathematics Renaissance. (CSE 
Tech. Rep. No. 484). Los Angeles: University of California, Center for Research on 
Evaluation, Standards, and Student Testing. 


