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The purpose of this study was to investigate the construct validity of the 

performance levels and their associated descriptors for a state standards-based fifth grade 

mathematics assessment. Using a item responses from 65,291 students, who took the test 

during the Spring 2000 semester, the study seeks to evaluate the degree to which the 

descriptions of the performance levels constructed for a state standards-based assessment 

accurately represent what students at each level know. This was done through four 

separate, but related, analyses: (1) mapping items to performance level descriptions, (2) 

assessing the fit of the items to an IRT model, (3) assessing correspondence between 

items and performance level descriptors, and (4) assessing fit of student responses to the 

expected response pattem. Results of the analyses show diat the performance level 

descriptions do not provide completely valid portrayals of what students know and are 

able to do. 
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CHAPTER 1 

INTRODUCTION 

Oae only has to take a look a newspaper to understand die importance of testing 

in American schools. Every fall or spring most newspapers carry banner headlines 

proclaiming the success and/or failure of students, schools, and school districts 

throughout the state on the statewide mandated tests. In today's high stakes society, 

testing is being called upon more and more to determine student achievement, school 

accountability, high school graduation, grade promotion, fiscal appropriations, and, in 

many cases, sell houses. Yet, while testing has always played a large part in determining 

schools' and children's success, the test score interpretations that are being used to 

determine these at present are fundamentally different from those used in the past. While 

traditional norm-referenced standardized tests, that provide scores in terms of percentile 

rank, such as those provided by the Stanford Achievement Test, the Iowa Test of Basic 

Skills, and the Metropolitan Achievement Test, were, and to some- albeit a lesser extent-

are, the tests of choice for accountability purposes, this type of test is rapidly being 

replaced or complemented by state mandated standards-based tests. 

Why the shift away from standardized norm-referenced test score interpretation? 

The most obvious reason for this shift is the difference in the types of information 

provided by the test scores. Strictly norm-referenced test score interpretations provide 

little information concerning what a child can actually do in relation to a given set of 

criteria. Such an interpretation primarily functions to demonstrate how a child performs 

in a given area in relation to students from a national norming sample. Wlxile a few of the 
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traditional norm-referenced standardized tests do provide standards-based information, 

these tests are aligned with national, as opposed to state standards, standards that may not 

reflect the emphasis placed on certain curriculum throughout the various states. The 

newer state mandated standards-based tests are tied to content and performance standards 

that are supposed to specify precisely what children in a given grade level in a given state 

are expected to be able to perform. 

Specifically, content standards specify "what students should know and be able to 

do." They indicate the knowledge and skills that should be taught and learned in school. 

According to Wurtz and Malcom (1993), "they help develop the work and learning habits 

essential to success in the world outside school: studying well, thinking logically, 

drawing inferences, supporting assertions with evidence, and applying what is known to a 

new situation" (p. 6). Performance standards are linked to the content standards. 

Particularly, performance standards specify "how good is good enough." That is, they 

indicate how adept or competent a student demonstration must be to indicate attainment 

of the content standards. The National Council for Education Standards and Testing 

(1992) defined student performance standards in this way: "Student performance 

standards should establish the degree or quality of student performance in the challenging 

subject matter set out in the content standards" (p. 2). 

In order to measure attainment of the standards, standards-based assessments are 

linked to the content and performance standards. The content standards serve as the 

blueprint for test construction and the performance standards define student performance. 

Student performance on standards-based assessments is generally reported as a single 
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scale score associated with a performance level (e.g.. Below the Standard, Meets the 

Standard, Above the Standard). The scale scores generated are, therefore, associated with 

a specific performance level that is supposed to determine how well a student is 

mastering the material included in the State content standards and define what a student 

at a given performance level knows and is able to do. 

However, another reason for the movement away from traditional norm 

referenced tests to state standards-based assessments is that states are required to create 

or adopt and implement content and performance standards and standards-based 

assessments aligned with these standards. The Goals 2000: Educate America Act and the 

Improving America's Schools Act, enacted as federal law in 1994, provided the legal 

mandates to bring standards-based reform to the forefront of American educational 

policy. Included in both pieces of legislation are provisions mandating the creation and 

adoption of content standards and student performance standards aligned with high stakes 

assessment systems at the State level. Specifically, Goal 3 of the Goals 2000: Educate 

America Act, signed into action by President Clinton in 1994, calls for all students to 

leave grades 4, 8, and 12 having demonstrated competency over challenging subject 

matter including English, mathematics, science, foreign languages, civics and 

government, economics, arts, history, and geography. Additionally, the Improving 

America's Schools Act, initiated as part of the 1994 reauthorization of Title I, tied Title I 

funding, received by a majority of all school districts nationwide, to successful creation 

and adoption of challenging content and performance standards aligned with standards-

based student assessments. 



Thus, overwhelmingly, to avoid losing federal fimding for education, states have 

responded to the call for increased accountability to higher standards of student 

performance by drafting and finalizing content and performance standards. However, 

while most states are indeed implementing die requured reforms, the quality of the states' 

attempts at standards-based reforms remains questionable for a number of states. At 

present, 49 of the 50 states have set academic standards for students (Iowa remains the 

lone hold out) (American Federation of Teachers, 1999), but not all states have been 

equally successful in clearly identifying what students should know and be able to do. 

The most recent report of The State of State Standards (Finn and Petrilli, 2000), reported 

that, while the quality of the academic standards for the hypothetical "average state" 

improved from 1998 to 2000, this represents only a mild increase from a grade of D+ to a 

C-. According to the report, only 19 states' overall standards deserve a grade of C or 

higher, while the remaining states' earned grades from C- to F (only one state, California 

earned a grade of A). Yet despite the relative profusion of lax or unclear standards, 47 

states currently administer, or will soon administer state assessments aligned with their 

content standards (AFT, 1999). Increasingly, states are also using, or plarming to use 

performance on these aligned assessments as requirements for graduation. Currently, 28 

states report that they have or will have high school exit exams aligned with their 

standards that all students must pass (AFT, 1999). 

However, while both the Goals 2000: Educate America Act and Improving America's 

Schools Act were initiated into law in 1994, due to the challenging nature of drafting 

standards and constructing performance-based assessments, most states are just beginning 
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to implement standards-based reform as conceptualized by policy makers. Thus, it has 

been almost impossible to gauge the impact of the standards-based movement on student 

success. A vast majority of the hype and criticism of standards-based reform is simply 

rhetoric uttered by proponents and opponents of the movement in support of their cause 

(either for continuing standards-based reforms or eliminating them altogether). 

What is particularly interesting is that, while the ability to gauge student success and 

to hold schools accountable for student performance is reliant upon the standards-based 

assessments designed to measure student knowledge, there is a dearth of reported studies 

scrutinizing the legitimacy of using standards-based scale scores and performance levels 

to accurately denote what students know and are able to do. Validity studies of the 

National Assessment of Educational Progress (NAEP) stand out as notable exceptions 

(details of these studies are presented in the subsequent Review of Related Literature). 

But, with the exception of a few studies of the Kentucky and Maryland performance 

assessments (Yen and Ferrara, 1997; Cody, 1997; Strong and Sexton, 1996), there is an 

extreme lack of reported investigations into any aspects of validity for state standards-

based assessments. 

In order to provide insight into the validity of state standards-based assessments, the 

purpose of this study is to investigate aspects of construct validity of the performance 

levels and their associated descriptors for a state standards-based mathematics 

assessment. Specifically, the study seeks to evaluate the degree to which the descriptions 

of the performance levels constructed for a state standards-based assessment accurately 

represent what students at each level know and are able to do. The importance of the 
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study lies in the tie between the performance levels and their associated descriptors and 

school reform. Specifically, the performance level descriptors are supposed to guide 

instruction by identifying what students know and are able to do and what areas they are 

weak in. Thus, if the performance level descriptors do not match what students know 

and/or do not know, the system is need of corrective action, as using the performance 

level descriptors will not be valid. The specific research questions addressed in this study 

are: 

1. How well do the items map onto the performance level descriptors? 
a. Are the descriptors thoroughly covered by the items included on the test? 

2. How well do the test items fit the model used for determining performance levels? 

3. Are the items classified at the appropriate performance level, and how well do 
they differentiate at these designated levels? 

a. Do a high proportion of students identified as performing at a given level 
answer correctly items that are specified as defining that ability level? Do 
students who are identified as performing at a given level answer 
incorrectly items that are specified as defining a higher ability level? 

4. Do the pattems of item responses for students at a given level match the 
performance level descriptors for their identified performance level? 

Limitations and Delimitations 

Before describing the procedures, results and conclusions and recommendations, 

a few caveats must be placed with regard to the generalizability of this study. First, this 

study reports only the results of analyses conducted on one test included in the 

assessment battery; thus, the results reported here cannot be used to denounce the entire 

assessment system. The other tests may have better psychometric properties than those 

reported here. Second, as the test analyzed here is only administered in one state, the 



results are not generalizable to other states. Although, it is possible that other state 

standards-based assessments may have similar problems and short-comings. 
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REVIEW OF RELATED LITERATURE 

Standards-Based Education 

Why Standards-Based Education? 

Few would argue that the impetus for the standards-based movement was the 

National Commission on Excellence in Education's 1983 report, A Nation At Risk. In this 

highly influential report, the authors concluded that education in the United States was 

unacceptably weak and argued that the primary cause was the low standards guiding 

American education. Citing, among other things, poor showing relative to students in 

other industrialized nations on international tests of achievement, declining SAT scores, 

and high schools students' lack of higher order thinking skills as evidence of the decline 

of American education, the authors stated, "We report to the American people that while 

we can take justifiable pride in what our schools and colleges have historically 

accomplished and contributed to the United States and the well-being of its people, the 

educational foundations of our society are presently being eroded by a rising tide of 

mediocrity that threatens our very future as a Nation and a people" (NCEE, 1983, p.5). 

Additionally, they stated, "We have, in effect, been committing an act of unthinking, 

unilateral educational disarmament" (NCEE, 1983, p.5). Identifying low standards as the 

primary cause for the poor state of American education, the recommended solutions 

stated in the report centered on raising academic standards (Porter, 1994). 

During the decade following the report, a flurry of blue-ribbon panel reports 

blamed the declining share of world markets of the United States on the public schools 
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(Wraga, 1999, p. 17). Typically, these reports compared student achievement in the 

United States with student achievement in other countries and concluded that not only 

was the United States behind in student achievement but that this lag was the main reason 

for the inability of U.S. corporations to compete effectively on foreign shores. For 

example, in international comparisons of academic achievement, American students 

consistently ranked below students in many other industrialized nations. In the 1991 

International Assessment of Educational Progress in mathematics, 13 year olds in the US 

ranked IS"* of 14 participating nations. Using a high level cut off score, only 3 % of 

American students scored at an advanced level reached by 24% of Taiwanese students 

and 15 percent of Koreans (Lapointe, Mead, & Askew, 1992). Again, the recommended 

solution unanimously focused on improving standards for American education. 

As early as 1987, groups of educators began to respond to the call for higher 

standards (Buttram & Waters, 1997). In 1989, the National Council of Teachers of 

Mathematics (NCTM) published Curriculum and Evaluation Standards for School 

Mathematics (1989) and Project 2061 of the American Association for the Advancement 

of Science (AAAS) published Science for All Americans (Rutherford & Ahlgren, 1990). 

However, when initial waves of reform produced disappointing results, growing concern 

about the educational preparation of the nation's youth prompted President Bush and 

state governors to call an education summit in September 1989, where they agreed on six 

broad goals for education to be attained by the year 2000 (National Education Goals 

Panel, 1991). In early 1990, the six National Education Goals were announced, and a 

National Education Goals Panel was established to measure progress towards those goals 
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in 1991. Goal three, which has captured the most attention, captures the essence of the 

standards movement (Porter, 1994): 

Goal 3: Student Achievement and Citizenship 
American students will leave grades 4, 8, and 12 having demonstrated 
competence in challenging subject matter including English, mathematics, 
science, history, and geography; and every school in America will ensure that all 
students learn to use their minds well so that they may be prepared for responsible 
citizenship, further learning and productive employment in our modem economy. 
(U.S. Department of Education, 1990, p.5) 

In June of 1991, soon after the armouncement of the six national goals and the 

creation of the National Education Goals Panel, Congress created the National Council 

on Education Standards and Testing (NCEST) and charged the Council with advising 

Congress on the desirability and feasibility of establishing world-class education 

standards for the United States and methods to assess their attainment. Additionally, 

NCEST was to recommend a long-term mechanism for establishing standards. 

NCEST met for si.x months during 1991 and issued its report. Raising Standards 

For American Education, in January 1992. In the report, NCEST stated that "high 

national standards tied to assessments are desirable" (p.2). NCEST argued that such 

standards were needed to provide more equitable educational opportunity for all 

Americans, to enhance the civic culture, and to increase the competitiveness of the 

economy. It also recommended that these liigh, voluntary national standards serve as 

guides and resources for state standards and local reform efforts. NCEST called for 

assessment of both individual students and of national samples of students, and that "the 

key features of both components would be alignment with high national standards and the 
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capacity to produce useful, comparable results" (p.4). It argued that "since tests tend to 

influence what is taught, assessments should be developed that embody the new high 

standards" (p.4). Additionally, NCEST recommended establishing a new body to 

encourage and, with the National Education Goals Panel, approve nationwide education 

standards. 

In 1994, the legislation that was signed into action by President Clinton as the 

Goals 2000: Educate America Act firmly established standards-based education as the 

status quo for American public education. The purpose of the mandates included in the 

legislation was "to improve learning and teaching by providing a national firamework for 

education reform; to promote the research, consensus building, and systemic changes 

needed to ensure equitable educational opportunities and high levels of educational 

achievement for all students; to provide a firamework for reauthorization of all Federal 

education programs; to promote the development and adoption of a voluntary national 

system of skill standards and certifications; and for other purposes" (US House of 

Representative, 1994, Sec. 1001(d)). However, despite the early rallies for a national test, 

the actual legislation that was included in Goals 2000 retreated somewhat away from the 

idea of national testing (Wraga, 1999). Instead, the act provided for a national system of 

testing to be comprised of state assessment efforts to be overseen by the to-be-established 

National Education Standards and Improvement Council (NESIC). The duties of the 

council were include certifying content and performance standards and assessments 

submitted for approval by the states. The Act made funding available for the development 

of content standards and assessments and stated that beginning in March 1999, the state 
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assessments could be used "to make decisions regarding the graduation, grade promotion 

or retention of students" (US House of Representative, 1994, Sec. 1019(b)). 

Amendments to the Goals 2000: Educate America Act, in 1996, demonstrated 

further movement away from the "national" aspect of the standards movement (Wraga, 

1999). The amendments eliminated the National Education Standards and Improvement 

Council, which had never been established and outlined an alternative submission process 

for certification of standards. Under the altemative plan, states need only provide 

assurances that their standards met federal funding criteria and allowed local educational 

authorities in non-participating states to apply directly to the federal government for 

funding (Wraga, 1999). In his 1999 State of the Union address. President Clinton 

somewhat reversed his previous stance regarding a national test stating that "a voluntary 

national test is being developed". However, little has been mentioned of such a test 

recently, and with the change in administration bringing in a new Republican president, it 

is likely that reform efforts will continue to be ushered in at the state level and such a 

national test may never be developed. 

The 1994 reauthorization of Title I of the Elementary and Secondary Education 

Act (P.L.I 03-382), the Improving America's Schools Act, was designed to work in 

concert with the Goals 2000: Educate America Act, to support the new federal framework 

for education based on standards based reform (U.S. Department of Education, 1999). As 

such, it has been highly influential in furthering the standards movement. The key 

purpose of the new Title I is to "enable schools to provide opportunities for children 

served to acquire the knowledge and skills contained in challenging State content 
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standards and to meet challenging State performance standards developed for all 

children" (P.L. 103-382, Sec. 1001). Under Title I, in order to receive federal funding, 

each state is required to have adopted challenging content standards in at least reading 

and math that specify what children are expected to know and be able to do and 

challenging performance standards that describe students' mastery of the content 

standards. And, by the 2000-2001 school year, states are to have adopted or developed 

student assessment systems that are aligned with the State's standards in at least reading 

and math. 

What are Standards? 

As Porter (1994) points out, "Standards, of course, are not really new to American 

education" (p. 425). However, what distinguishes today's standards from previous years 

is threefold: (1) the standards are to apply to all students, not just select groups, (2) they 

are criterion referenced, specifying what students are to know and be able to do, and (3) 

the standards reflect the current accountability reforms by holding both schools and 

students accountable for what they leam (Porter, 1994). Overall, the standards-based 

education movement presents a massive shift in practice, moving away from an over 

reliance on teaching facts and low-level skills toward a balance between reasoning, 

problem solving and application and lower level skills. 

Types of standards. Goals 2000 originally called for the creation and adoption of 

three types of standards: content standards, performance standards and opportunity-to-

leam standards. However, the 1996 Amendments to the Goals 2000: Educate America 



Act eliminated the requirement of opportunity-to-leam standards. Thus, the bedrock of 

the standards-based reform movement rests on content and performance standards. 

Content standards specify "what students should know and be able to do." They 

indicate the knowledge and skills that should be taught and learned in school. According 

to Wurtz and Malcom (1993), "they help develop the work and learning habits essential 

to success in the world outside school: studying well, thinking logically, drawing 

inferences, supporting assertions with evidence, and applying what is known to a new 

situation" (p.6). Content standards are prescriptive to the extent that they make clear 

exactly what topics are to be taught, how much time is to be allocated to a school subject, 

and within a school subject, how much time is to be distributed across topics, the 

standards of student accomplishment to be sought, and any distinctions to be made 

among types of students (Porter, 1994, p.438). 

Performance standards are linked to the content standards. Specifically, 

performance.standards specify "how good is good enough." That is, diey indicate how 

adept or competent a student demonstration must be to indicate attainment of the content 

standards. The National Council for Education Standards and Testing (1992) defined 

student performance standards in this way: "Student performance standards should 

establish the degree or quality of student performance in the challenging subject matter 

set out in the content standards (p.2)." According to Linn (2000), there are at least four 

critical characteristics of performance standards in thejresent system: (I) they are 

intended to be absolute rather than normative, (2) they are expected to be set at "world-
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class" levels, (3) a relatively small number of levels are identified, and (4) they are 

expected to apply to all students. 

How is Progress Toward Meeting the Standards to be Assessed? 

As Petrie (1987) points out, "It would not be too much of an exaggeration to say 

that evaluation and testing have become the engine for implementing educational 

policy"(emphasis in the original, p. 175). Such appears to be the case for standards-based 

reform. Both Goals 2000 and the Improving America's Schools Act call for assessments 

aligned with the content standards and tied to the performance standards to measure 

student and school success. Specifically, the Improving America's Schools Act requires 

States to create or adopt assessments that are (I) aligned with the State's content 

standards, (2) describe two levels of high performance, proficient and advanced, that 

determine how well children are mastering the material in the State content standards, 

and (3) describe a third level of performance, partially proficient, to provide complete 

information about the progress of the lower performing children toward achieving to the 

proficient and advanced levels of performance, by the 2000-2001 academic school year. 

But while, like standards themselves, measuring success and determining 

accountability through high-stakes standardized testing is not new, what is different about 

the current reforms is the pervasiveness of the emphasis on performance-based 

accountability (Linn, 2000). Elmore, Abelmann, and Fuhrman (1996) point out that 

"what is new is an increasing emphasis on student performance as the touchstone for state 

governance" (p.65). 



Describing the intent of this emphasis, Elmore et al. (1996) state, "In principle, 

focusing on student performance should move states away from input regulations-

judging schools based on the number of books in the library and the proportion of 

certified staff, for example- using rewards, sanctions, and assistance to move schools 

toward higher levels of performance. In other words, the educational accountability 

should focus schools' attention less on compliance with rules and more on increasing 

learning for students" (p.65). 

What Makes Standards-based Assessments Different from More Traditional 
Assessments? 

Unlike more traditional assessments, standards-based assessments are closely 

linked to curriculum, specified by content standards, producing a closer alignment 

between what is taught and what is tested (Linn & Herman, 1997). Basically, content 

standards, performance standards and standards-based assessments are to work in concert 

to specify what students should know and be able to do and to measure students' progress 

in mastering the designated curriculum. In doing so, standards-based assessments 

incorporate pre-determined performance levels as benchmarks of achievement. The 

Improving America's Schools Act specifies a minimum of three performance levels as 

acceptable for Title I assessment and reporting. However, individual states may increase 

the number of levels to suit their needs and assessments. Such a use of performance level 

reporting demonstrates a significant departure from norm-referenced testing, which relies 

primarily on percentile ranks, stanines and grade equivalents to compare each student's 
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performance to that of others. Additionally, unlike most norm-referenced tests, most 

standards-based assessments include item formats other than multiple-choice. 

Commendation and Criticism of Standards-based Reforms 

Behind this flurry of standard-setting activity is a fundamental shift in thinking 

about education in the United States. Historically, education in the United States has been 

thought about in terms of inputs and procedures, but education is being thought of in 

terms of outputs more and more often (Porter, 1994). Standards-based reform seeks to 

establish clear, attainable standards at internationally competitive levels for the entire 

national student population. This represents a new way of thinking about American 

students in which expectations are raised for every student in every school, not just some 

students in some schools. Thus, the goal of this type of reform is to clarify and put in 

place a new set of expectations for American students at "world-class levels" (Wurtz & 

Malcom, 1993). 

Proponents of standards for content and performance believe that whatever 

standards previously existed in public schools were not sufficient. They point out that 

student achievement still lags behind that of other nations and express concern that 

American students fall short in international comparisons of achievement. For them, 

standards are a type of powerful organizer that will help affect systemic reform. In a 

sense, they are a catalyst for significant change that will align different educational 

components such as curriculum materials, assessments, textbooks, teacher professional 

development, teacher preservice, and the actual content of what students leam 

(Lockwood, 1998). 
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Supporters of standards-based reform argue that it could be a tool for achieving 

greater educational equity. They contend that the intention of this type of reform is, first, 

to insist that high standards apply even to students who begin at a low level in order to 

forestall acceptance of a lower set of expectations for these students. Then, they argue 

that standards and accompanying assessments can be used to spotlight inadequacies in the 

system if certain groups of students do not achieve intended performance levels 

(McLaughlin & Shepard, 1995). 

Skeptics point out that American students already take a lot of tests, but advocates 

claim that standards-based assessments have uniquely powerful incentives because of 

characteristics that include their real consequences and external nature. Supporters argue 

that they are the best way to hold schools accountable for students' learning, and without 

them, schools and teachers are less likely to increase their effort to educate students 

(Cibulka, 1999). They are assumed to transform the signaling of student achievement, 

thereby changing the resources made available to schools and the priorities of school 

administration and teaching (Bishop, 1997). Additionally, supporters believe that the tests 

provide valuable information about which areas of learning require more emphasis. 

But, of course, not everyone is jumping on the standards-based reform 

bandwagon. Indeed, standards-based reform has ahnost as many opponents as it does 

proponents. Those attacking standards-based education do so on a number of fronts. For 

example, many educational researchers concur with new concepts of teaching and 

learning and with the need for more challenging curricula, but disagree strongly that 

standards should be imposed centrally by either a state or national authority. Others want 
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mathematics, will leave students ill prepared to take important tests such as the SAP' 

(McLaughlin & Shepard, 1993). Likewise, other groups worry that advanced students 

will be slowed down by a common set of standards for all students. Still, others believe 

that it is unfair to hold students, teachers, or schools accountable for meeting standards 

until the necessary educational resources and parental/community support are widely 

available (Buttram & Waters, 1997). 

With specific regard to standards-based assessments, many worry that 

simultaneously holding students and schools accountable for the level of performance 

they achieve and schools accountable for the value that they add to student performance 

will, in the short run, penalize students attending weak schools (Porter, 1994). 

Additionally, Linn (2000) points out, "A critical assimiption underlying the 

implementation of standards-based assessment is that the establishment of clearly defined 

high standards and assessments associated with rewards and sanctions will motivate 

students and teachers to put forth greater effort", and "A second assumption is that the 

negative effects associated with previous reform efforts based on high stakes uses of 

standardized tests can be overcome by the introduction of assessments, particularly 

performance-based assessments, that are closely aligned to state content and performance 

standards" (p.8). With regard to motivation, Linn argues that "students who believe that 

they have a reasonable chance of meeting the standards and who believe that there are 

real rewards for doing so, may indeed be motivated to work harder", but that, "smdents 

who see the standards as beyond their reach or who do not believe that outcomes that 
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they value will be associated with meeting the standards are not likely to be motivated by 

new requirements" (p.l 1). Furthermore, he writes, "if the system is made to look bad, 

low performing students may be rejected from the system just as they have been in other 

test-based accountability systems" (p.l I). Similarly, with regard to negative effects. Linn 

(2000) argues that, "it would be a serious mistake to assume that performance-based 

assessments are somehow immune to problems of bias or adverse impact. Because there 

are large between-group differences in educational opportunity, there are also likely to be 

differences in results on performance-based assessments, at least in the short run" (p. 13). 

Additionally, opponents of high-stakes tests, such as those used for standards-

based accountability, argue that such tests can set a clear, challenging hurdle for students 

and schools, while increasing the numbers of failing kids and invite such problems as 

limited local decision making, narrow curriculum, and favored course content (Hess & 

Brigham, 1997). Moreover, in a study, over 100 teachers in Texas, who completed open-

ended surveys on how they prepare students for the Texas Assessment of Academic 

Skills and the test's effects on students, teachers, and schools, Gordon and Reese (1997) 

concluded that high-stakes, standards-based testing has become the object rather than the 

meastire of teaching and learning, negatively affecting curriculum, teacher decision

making, instruction, student learning, school climate, and student motivation. 

However, despite the wealth of argxmients for and against standards-based 

education and assessments, it is important to note is that 'Virtually all of the arguments, 

both for and against standards, are based on beliefs and hypotheses rather than on direct 
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empirical evidence" (Porter, 1994, p.425). Porter (1989) sums up the debate surrounding 

standards-based reform, as follows: 

For every perceived benefit of external standard setting, there is a possible cost as 
well. Standards may assure student achievement, but that which is achieved may 
not be most important (i.e., facts and skills, not higher order thinking and problem 
solving). Standards may ensure that instruction covers important content, but is so 
doing may assure worthwhile content for poorly motivated and low aptitude 
students, but stifle the learning experiences for more gifted students. Standards 
may motivate students to work harder by holding them accountable, but in 
holding students accountable, teachers may come to accept less responsibility 
themselves for what students learn. 

These tradeoffs to standard setting arise in part because excellence is not die 
opposite of minimum competence. Excellence is the standard that we wish to set 
for schools, teachers and student learning, but minimum competence appears to 
be what we know how to specify and demand, (p.353) 

State of State Standards 

Despite the on going debate surrounding whether or not standards-based reforms 

are the appropriate way to go, most states have made considerable progress toward 

implementing the reforms as outlined in the commanding legislation. At present, every 

state, except Iowa, has set common academic content standards in at least English and 

Mathematics (AFT, 1999). Additionally, with the exceptions of Iowa and Montana, all 

states have, or will have a student assessment system aligned with the State's content 

standards (AFT, 1999). Moreover, twenty-eight states have or will have high school exit 

exams based on the standards, and other states with "minimum competency" exit exams 

are upgrading these tests to reflect lOth-grade standards or higher (AFT, 1999). Table 1 

displays each state's current standards-based assessment system, grades tested, and 



performance standards. Those slates marked with an asterisk have, or will have, a 

standards-based high school exit exam. 

However, the quality of such standards-based reforms is far from uniform. The 

latest analysis of the quality of state standards by the Thomas B. Fordham Foundation 

(2000), The State of State Standards, argues that, while state standards are becoming 

more specific and measurable, "most states cannot legitimately claim to embrace 

standards-based reform" (Finn & Perilli, p. 8). Finn and Perilli (2000) report that, while 

the quality of the academic standards for the hypothetical "average state" improved from 

1998 to 2000, this represents only a mild increase from a grade of D+ to a C-. 

Specifically, they claim that, "just five states- four of them in the South- combine solid 

standards with strong accountability, thirty states display a deadly combination of 

mediocre to awtiil (or no) standards and weak accountability, and twelve states rest high-

stakes accountability systems upon mediocre or inferior standards" (Finn & Perilli, 2000, 

p.8). Moreover, according to the report, only 19 states' overall standards deserve a grade 

of C or higher, while the remaining states' earned grades from C- to F (only one state, 

California earned a grade of A). Results are slightly better for Mathematics standards: six 

states earned an A rating, 12 earned a B rating, and 11 earned a C rating. The results for 

the English standards, however, are closer to those of the overall ratings. Here, 6 states 

received an A rating, 13 received a B rating, and 6 received a C rating. Unfortunately, 15 

states received a rating of F. 
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Table 1 

State Standards-based Assessments 

State Test Administered Grades Proficiency Levels 
Alabama Stanford Achievement Test- Ninth 

Edition 
Academic Clear 
Academic Caution 
Academic Alert 

Alaska* Alaska Benchmarks Examination 
(ABE) and High School Graduation 
Qualifying Examination (HSGQE) 

3, 6, and 8 (ABE) 
10 (HSGQE) 

Advanced 
Proficient 
Below Proficient 
Not Proficient 

Arizona* Arizona Instrument to Measure 
Standards (AIMS) 

3,5, 8. and 12 Exceeds ibe Standard 
Meets the Standard 
Approaches the Standard 
Falls Far Below tiie Sumdard 

Arkansas Stanford Achievement Test- Ninth 
Edition 

No levels reported at this time 

California* California Standards Tests 2-11 (tests differ according 
to grade level) 

Advanced 
Proficient 
Basic 
Below Basic 

Colorado Colorado Student Assessment 
System (CSAS) 

4.8, and 10 Advanced 
Proficient 
Partially Proficient 
In Progress 

Connecticut Connecticut Mastery Test (CMT) 
and Connecticut Academic 
Performance Test (CAPT) 

4,6, 8 (CMT) and 10 
(CAPT) 

Score Band 1 
Score Band 2 
Score Band 3 
Score Band 4 

Delaware* Delaware Student Testing Program 
(DSTP) 

3, S, 8, and 10 (reading, 
writing, and mathematics) 
4,6, 8, and 11 (science and 
social studies) 

Distinguished 
Meets the Standard 
Below the Standard 
Well Below the Standard 

Florida* Florida Comprehensive Assessment 
Test(FCAT) 

4, 5, 8, and 10 Level I 
Level 2 
Level 3 
Level 4 
Level 5 

Georgia* Criterion Referenced Competency 
Test (CRCT) and High School 
Graduation Test (HSGT) 

4,6, and 8 
11/12 (HSGT) 

Exceeds Standard 
Meets Standard 
Does not Meet Standard 

Hawaii* Hawaii Content and Performance 
Standards State Assessment (HCPS 
ID 

3,5,8, and 10 

Idaho* Idaho Direct Assessments (IDA) 4, 8. and 11 Advanced Proficient 
Proficient 
Partially Proficient 
Novice 

Illinois Illinois State Achievement Tests 
(ISA) 

3,5,8, and 10 (reading, 
writing and mathematics) 
4 and 7 (science, social 
studies, fine arts, and 
physical 
development/health) 

Exceeds Standards 
Meets Standards 
Below Standards 
Academic Warning 

Indiana* Indiana Standards (ISTEP+)-
Indiana Essential Skills 

3,6,8, and 10 Above Indiana Standard 
Below Indiana Standard 

Iowa Does not have a mandated state testing program 
(table continues) -> 



State Test Administered Grades Proficiency Levels 
Kansas Kansas State Reading and Math 

Assessments 
S, S, and 11 (reading) 
4, 7, and (mathematics) 

Advanced 
Proficient 
Satisfactory 
Basic 
Unsatisfactory 

Kentucky Commonwealth Accountability 
Testing System (CATS) 

4, 7, and 10 (reading) 
5, 8, and 11 (mathematics) 

Distinguished 
Proficient 
Apprentice 
Novice 

Louisiana* LEAP 21 4, S, 10 and 11 Advanced 
Proficient 
Basic 
Approaching Basic 
Unsatisfactory 

Maine Maine Educational Assessments 
(MEA) 

4. 8, and 11 Above the Standards 
Meets the Standards 
Partially Meets the Standards 
Does not Meet tiie Standards 

Maryland* Maryland School Performance and 
Assessment Program (MSAP) and 
Maryland Functional Test (MFT) 

J. 5, and 8 (MSAP) 
11 (MFT) 

Level 1 
Level 2 
Level 3 
Level 4 
Level 5 

Massachusetts* Massachusetts Comprehensive 
Assessment System (MCAS) 

4, 8, 10 Advanced 
Proficient 
Needs Improvement 
Failing 

Michigan Michigan Educational Assessment 
Program/High School Proficiency 
Test(MEAP/HSPT) 

4, 7, and 11 Satisfactory (grades 4 and 7) 
Moderate (grades 4 and 7) 
Low (grades 4 and 7) 
Exceeds Standards (grade 11) 
Meets Standards (grade 11) 
Basic (grade 11) 
Unendorsed (grade 11) 

Minnesota* Minnesota Comprehensive 
Assessments, 
Basic Standards, and High 
Standards 

3. 5 (MCA) 
8 (Basic Standards) 
High School (High 
Standards) 

Level 1 
Level 2 
Level 3 
Level 4 

Mississippi* Mississippi Curriculum Content 
Assessment System (MCCAS) and 
Subject Area Testing Program 

2-8 
High School (SATP) 

Advanced 
Proficient 
Basic 
Nominal 

Missouri Missouri Assessment Program 
(MAP) 

3,7,and 11 
(communication arts) 
4, g, and 10 (mathematics) 

Advanced 
Proficient 
Nearing Proficient 
Progressing 
Step 1 

Montana Does not have a state mandated testing program 
Nebraska School-based, Teachef'led, 

Assessment and Reporting System 
(STARS) 

4,8,and II Advanced 
Proficient 
Progressing 
Beginning 

Nevada* Nevada Proficiency Examination 
Program (Still under development) 

Exceeds Standard 
Meets Standard 
Approaches Standard 
Below Standard 

(table continues) -> 
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State Test Administered Grades Proficiency Levels 
New Hampshire New Hampshire State Assessment 

Test 
3, 6, and 10 Advanced 

Proficient 
Basic 
Novice 

New Jersey* Elementary School Proticiency 
Assessment (ESPA) 
Grade 8 Proilciency Assessment 
(GEPA) 
High School Proficiency Test 
(HSPTll) 

•4, 5, (ESPA) 
8 (GEPA) 
U (HSPTll) 

Advanced Protlcient 
Proficient 
Partially Proficient 

New Mexico* New Mexico Achievement 
Assessment Program (NMAAP) 
New Mexico High School 
Standards Assessment (NMHSSA) 

4,6and8(NMA.'\P) 
11 (NMHSSA) 

Advanced 
Proficiency 
Nearing Proficiency 
Beginning Step 

New York* New York State Pupil Evaluation 
Program 

3,6, and 11 Advanced 
Proficient 
Partially Proficient 

North Carolina* End of Grade Tests 3, 5, 8, and 11 Level 1 
Level 2 
Level 3 
Level 4 

North Dakota North Dakota Reading and Math 
Tests 

4. 8. and 12 Advanced 
Proficient 
Partially Proficient 
Novice 

Ohio* Ohio State Proficiency Tests 4, 6, 9, and 12 Advanced 
Proficient 
Partially Proficient 

Oklahoma Oklahoma Core Curriculum Tests 5.8. and 11 
Oregon Ot«gon Statewide Math and 

English Tests 
3,5,8, and 10 Above the Standard 

Meets the Standard 
Does not Meet the Standard 

Pennsylvania Pennsylvania System of Student 
Assessments (PSSA) 

5.8, and 11 (reading and 
mathematics) 
6.9, and 11 (writing) 

Top 
High Middle 
Low Middle 
Bottom 

Rhode Island Rhode Island State Assessment 
Program 

3,4. 5. 7, 8, 9, and 10 Achieved Standard with Honors 
Achieved the Standard 
Nearly Achieved the Standard 
Below the Standard 
Little Evidence of Achievement 

South Carolina* Palmetto Achievement Challenge 
Tests (PACT) 

3- 8. and 10 

South Dakota Stanford 
Achievement Test Series, Ninth 
Edition (SAT 9) 

2,4,8 and 11 
5 and 9 (writing) 

Advanced 
Proficient 
Basic 
Below Basic 

Tennessee* Tennessee Comprehensive 
Achievement Program (TCAP) 

3-8 Advanced 
Proficieni 
Nearing Proficient 
Progressing 
Step I 

Texas' Texas Assessment of Academic 
Skills (TAAS) 

3-8 (reading and 
mathematics) 
4, S and high school 
(writing) 

Advanced 
Proficient 
Partially Proficient 

(table continues) -» 
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State Test Administered Grades Proficiencv Levels 
Utah* State Core Assessment Criterion 

Referenced Tests 
1-high school Mastery 

Near Mastery 
Partial Mastery 
Minimal Mastery 

Vermont New Standards Reference Exam 4, 8, and 10 Achieved the Standard with 
Honors 
Achieved the Standard 
Nearly Achieved the Standard 
Below the Stiindard 
Little Evidence of 
Achievement 

Virginia* Virginia Standards of Learning 3, 8 and high school Passed/Advanced 
Passed/Proficient 
Did not Pass 

Washington* Washington Assessment of Student 
Learning (WASL) 

4, 7, and 10 Above Standard 
Meets Standard 
Below Standard 
Well Below Standard 

West Virginia Stanford Achievement Test- Ninth 
Edition (SAT 9) 

Ml No levels reported at this time 

Wisconsin Wisconsin Knowledge and Concepts 
Exam 

4, 8, and 10 Advanced 
Proficient 
Basic 
Minimal 

Wyoming Wyoming Comprehensive 
Assessment System (WyCAS) 

4, 8, and 11 Advanced 
Proficient 
Partially proficient 
Novice 

'Indicates that the State has, or will have, exit exams aligned with the standards that all students must pass in order to graduate. 
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Validity 

Overview of Validity 

Validity is at the heart of all testing and measurement. Wilson (1999) points out, 

"Validity is the sine qua non of assessment because it includes, and is affected by. the 

accuracy of the assessment as well as the purposes to which the assessments are put" 

(p.334). Additionally, Cronbach (1988) remarked that validation "is a public spectacle 

combining the attractions of chess and mud wrestling" (p.3). While in the past, the 

concept of validity has been broken down into specific types, such as content, criterion, 

predictive and construct validity, most researchers have come to embrace the unified 

concept of validity originally outlined in Cronbach and Meehl (1955) and more recently 

espoused by Messick, whose "comprehensive view of validity integrates considerations 

of content, criteria and consequences into a construct framework for empirically testing 

rational hypotheses about score meaning and utility" (1995a, p.5). 

According to Messick (1989, 1994, 1995a, 1995), validity refers to an overall 

evaluative judgment of the degree to which empirical evidence and theoretical rationales 

support the adequacy and appropriateness of interpretations and actions based on test 

scores or other forms of assessment. As such, "validity is nothing less than an evaluative 

sununary of both the evidence for and the actual as well as potential consequences of 

score interpretation and use" (Messick, 1995a, p.5). This "evaluative summary" is 

generally conceptualized as a broader more encompassing version of the traditional 

construct validity. However, while Messick does espouse use of the unified concept of 

construct validity, he points out that this does not mean that "validity cannot be usefully 
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differentiated into distinct aspects to underscore issues and nuances that might otherwise 

be overlooked" (Messick, 1995a). 

Thus, Messick highlights six distinguishable aspects of construct validity as a 

means of addressing central issues in the notion of validity as a unified concept. These 

are content (including evidence of content relevance, representativeness, and technical 

quality), substantive (including theoretical rationales for the observed consistencies in 

test responses), structural (including the fidelity of the scoring structure to the structure of 

the construct domain at issue), generalizability (including the extent to which score 

properties and interpretations generalize to and across population groups, settings and 

tasks), external (including convergent and discriminant evidence from multitrait-multi-

method comparisons), and consequential (including the value implications of score 

interpretation as a basis for action as well as the actual and potential consequences of test 

use, especially in regard to sources of invalidity related to issues of fairness and 

distributive justice) aspects of construct validity (Messick, 1994, 1995a, 1995b). 

Messick argues that these six aspects of construct validity apply to all educational 

measurement and that taken together they provide a way of addressing the multiple and 

interrelated validity questions that need to be answered in justifying score interpretation 

and use (Messick, 1995a). Thus, he contends that evidence pertinent to all of these 

aspects needs to be integrated into an overall validity judgment to sustain score 

inferences and their action implications, or else provide compelling reasons why not, 

which is what is meant by validity as a unified concept. Furthermore, because test score 
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use and interpretation may change, Messick (1989,1995a, 1995b) conceptualizes validity 

as an evolving property and validation as a continuing process. 

However, while Shepard (1993) agrees with Messick's encompassing view of 

construct validity, she argues that "the complexity of Messick's analysis does not help to 

identify which validity questions are essentially to support a test use" (p.427). 

Accordingly, she states, "If construct validation is seen as an exhaustive process that can 

be accomplished only over a 50-year period, test developers may be inclined to think that 

any validity information is good enough in the short run (Shepard, 1993, p.444). Thus, 

she argues that validators need to prioritize validity questions and suggests that the way 

to do this is to start with the claims made in a use or interpretation of results. As such, she 

argues in favor of Cronbach's (1989) and Kane's (1992) conception of validation as an 

evaluation argument that helps to focus empirical investigations on the most critical 

issues. According to Kane (1992), "the argument-based approach to validity is basically 

quite simple. One chooses the interpretation, specifies competing interpretations, and 

develops evidence to support the intended interpretation and to refute the competing 

interpretations" (p.53). 

Validitv of Standards-based Assessments 

In standards-based education reform, a lot depends on the establishment of valid 

critical content standards and performance standards that specify the desired performance 

levels of student accomplishment. This is because these two kinds of standards comprise 

the driving force that energizes the reform movement. As such, assessing validity in 

standards-based assessments is, in a sense, a double-edged sword. Messick states: 
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To address the construct validity of both content and performance standards, the 
same framework of validity criteria and forms of evidence must be used as are 
need to appraise the construct validity of the assessed student competence. This is 
necessary because the construct validity of the content standards and the construct 
validity of the measurement scales go hand in hand. Moreover, to be meaningfully 
interpreted and reported, both the assessed competence and the performance 
standard must be described in the same construct terms. That is, a performance 
standards has two critical aspects: its location on the measurement scale and its 
meaning in terms of the nature or quality of the knowledge or skill characterizing 
proficiency at that level. As a consequence, the construct validity of the meaning 
of the performance standard as well as that of the assessed competence, both 
being on the same scale, must be evaluated in the same evidential terms. (1994a, 
p.291) 

In terms of validating content and performance standards, the construct validity of 

content standards is addressed in terms of their representative coverage of a construct 

domain and their alignment with students' cognitive levels of developing expertise in the 

subject matter (Messick, 1994b). The construct validity of performance standards, as 

interpreted score levels, is addressed in terms of the extent to which they reflect 

increasing construct complexity, as opposed to construct-irrelevant difficulty. Here, 

special emphasis is given to the structural, generalizability, external and consequential 

aspects of construct validity. 

Operationally, performance standards are interpreted points on a measurement 

scale. At issue are the proper placement of those points and their meaning in terras of the 

knowledge and skill entailed in performing at those levels. The meaning of the 

performance standards depends on the construct validity of the scale. Messick (1994a) 

argues that 
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...the validity of content and performance standards cannot be separated from the 
validity of the assessment itself or of its measurement scale. Therefore, the 
validity of standards must be addressed in terms of the same criteria needed to 
appraise the validity of assessments generally. (p.302) 

Thus, for Messick (1994a), the measurement scale used to assess student 

performance is of utmost importance. He argues that a measurement scale of some sort is 

critical to the setting and use of performance standards for at least two reasons: (1) 

without a measurement scale there can be no points on the scale and hence no 

performance standard and (2) an interpreted-measurement scale is critical because 

meeting a performance standard should not simply attest that the assessed performance is 

good enough; to be educationally useful, performance standards should also characterize 

the nature of the knowledge and skill entailed at that level as well as point to what needs 

to be accomplished for further mastery. 

Validity of State Standards-Based Assessments 

At this point, there are few reported validity studies concerning state mandated 

standards-based assessments. Those that have been reported have provided little support 

in favor of the validity of these types of tests and their uses. For example, in a study of 

the psychometric properties of the Maryland School Performance Assessment Program 

(MSAP), Yen and Ferrara (1997) argue that the MSAP has the psychometric properties 

necessary for high stakes usage. However, in terms of validity evidence, the authors 

provide very weak evidence in favor of the validity of the test. In fact, the primary 

evidence provided in support of the validity of the test is actually reliability information 

concerning the internal structure of the test and evidence of an investigation into 
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differential item ftmctioning. Yet, while they claim to have conducted item bias analyses, 

no specific results are discussed. Furthermore, the authors state that instructional validity 

is a weakness of the MSAP, as not all students have had the opportunity to learn the 

concepts necessary for success on the assessment. Additionally, they state that, as of yet, 

the consequences or effects of the program are unknown. 

The Kentucky Instructional Results Information System (KIRIS) Accountability 

Technical Manual (Cody, 1997) provides insight into the types of validity studies 

conducted on this assessment. Construct validity of the open response portions of the 

assessment was assessed by conducting a non-iterated factor analysis using responses for 

all four content area tests: reading, mathematics, social studies and science. Results of the 

analysis, using principal components extraction, revealed a four-factor solution in which 

items loaded highly only on the factor associated with the subject tests from which they 

were drawn. The results were consistent among all grades tested (4, 8 and 11/12). 

However, the manual does not provide information concerning the construct validity of 

the performance levels. Concurrent validity was assessed by comparing student's 

performance on KIRIS to their performance on the .A.CT (American College Test) and the 

CTBS (Comprehensive Test of Basic Skills). Although the manual claims that the KIRIS 

demonstrates significant correlations with these two tests, the correlations are low and 

somewhat suspect. The KIRIS was shown to correlate .67, .47, and .46 with the ACT 

mathematics, reading and science scores, respectively and .61 for mathematics and .47 

for reading on the CTBS. 
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An investigation into the validity of the Kentucky Instructional Results 

Information System (KIRIS) reading assessment provides further detail concerning the 

relatively equally weak convergent validity evidence (Strong & Sexton, 1996). In this 

study, the authors assessed the validity of the assessment by comparing high school 

students' KIRIS scores to their scores on the ACT. Unsurprisingly, the students' 

performance level attainments on the KIRIS did not conespond to their ACT 

performance levels. Besides the obvious bias due to the nature of the types of students 

who actually take the ACT, the purpose of the two tests are fundamentally different; the 

KIRIS is designed to assess proficiency on taught curriculum, while the ACT is designed 

to predict college aptitude. Thus, any premises based on this study are fundamentally 

flawed. However, this does pay homage to the types of studies that are being conducted 

to assess the validity of standards-based assessments. 

Validity of National Standards-Based Assessments- NAEP 

While there have been no reported smdies of the construct validity of the 

performance levels on state mandated standards-based assessment, there have been 

numerous studies of the validity of the performance levels of the National Assessments of 

Educational Progress, which is administered at the national level. However, the results of 

such studies have not been promising. 

For example, in a study mapping test items from the 1992 NAEP mathematics 

achievement test to performance level descriptors, Sugrue, Novak, Burstein, Lewis, 

Koretz, and Liim (1995) concluded that their analyses did not support the validity of the 



published narrative descriptions. Using the exemplar items made published by the NAEP, 

they asked mathematics educators familiar with the content appropriate for each grade 

level tested (4, 8 and 12) to examine each item and select the descriptors that described 

the knowledge or skills that were necessary to correctly respond to the item. The 

descriptors provided were those associated with the performance level classifications 

created for score interpretation on the test. Results of the study showed that the 

achievement level descriptions were not clear enough to support consistent interpretation 

and that the mathematics assessment provided sparse or no coverage of some of the skills 

included in the achievement level descriptions. 

Similarly, Burstein, Koretz, Linn, Sugrue, Novak, Baker, and Harris (1996) 

reported three studies concerning the validity of the achievement level descriptors of the 

1992 NAEP mathematics assessment. In the first study, the authors investigated whether 

a reasonably high proportion of students at a given level were able to respond correctly to 

the items used to exemplify that level and whether students at a given level responded 

incorrectly to items exemplifying higher levels. The second study examined how well 

students at given performance levels performed on sets of items matched to the 

descriptions of those performance levels. The rationale behind this study was that, while 

students may not answer correctly all items at a given level, they should be able to 

answer a high proportion of them correctly. The third study identified items that 

differentiated highly between performance levels and looked to see if these items 

matched the performance level descriptions that the items were intended to exemplify. 
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Overall, the studies found that, when judged in terms of actual performance, many 

of the items selected as exemplars of the achievement levels were misleading. In some 

instances, fewer than half of the students performing within the range of a given 

performance level correctly answered an exemplar item for that level, while in others 

more than 75% of the students performing at a given level correctly answered an item 

intended to be an exemplar of a higher level. They also revealed that the definitions of the 

achievement levels overlapped considerably and that the assessment did not measure 

some of the attributes included in the NAEP performance level descriptors and measured 

others poorly. Furthermore, students at a given level frequently showed low rales of 

success on some groups of items linked to the descriptions at their level, and items that 

actually did differentiate well among achievement levels in terms of actual student 

performance did not correspond well to the actual achievement level descriptions 

(Burstein, Koretz, Linn, Sugrue, Novak, Baker, & Harris, 1996). 

In reviewing the 1994 NAEP results in history and geography and reading, Linn 

(1998) contends that in response to the outcry over the misalignment between items and 

performance level descriptions, exemplar items were not included for each of the 

achievement levels in the 1994 reports for these assessments. Instead, example items 

were given along with the percentage of all students who answered the item correctly or 

achieved a specified score or higher on extended response items, as well as the 

conditional percentages correct for each of the four achievement levels. However, the 

items were not associated with an achievement level, as they were in 1992. Additionally, 

item labels were created to better reflect the actual assessment tasks and the items were 
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mapped to the scale score for each subscale by assigning a score to an item that 

corresponds to the point at which a specified percentage of students performed 

satisfactorily on the item (the specified percentages somewhat arbitrarily set at 74% for a 

multiple choice item and 76% for a free response item). However, Liim points out that 

these changes still leave one to beg the questions: "What is the justification for the choice 

of X=65% for free-response and 65% for multiple choice items? How well do the items 

mapped into a given achievement level correspond to the description of that level? How 

well is the distinction made between the items mapped into one achievement level 

interval and the description of another achievement level? How adequate are the labels 

for items in the maps for conveying a sense of the tasks that students in that interval 

correctly answer with greater probability than X?" (p.42). 

Results of such studies have led researchers to proclaim that determining that a 

student is at the proficient level in a subject does not provide a confident assessment of 

the specific tasks that an individual student can or cannot do (Millman, 1994). With 

regard to this. Linn (1998) states, "Maybe we would be better off reducing further the 

surplus meaning associated with achievement levels and focusing attention on changes 

measured against constant scale points, however they are labeled" (p. 44). 



CHAPTER 3 

METHODS 

The Test 

The particular assessment investigated in this study is a state mandated standards-

based assessment that is administered to students in grades 3, 5,8, and high school in 

reading, writing and mathematics. The test was developed through a complex process 

involving test contractors, teachers, and district test coordinators. The assessments are 

comprised of a mixture of multiple choice, short answer and extended response (for 

writing assessments only). All items included on the test were reviewed for congruence to 

the performance objectives and standards, and a separate committee comprised of 

educators, parents and conununity leaders reviewed the items for bias and sensitivity 

concerns prior to being tield tested. Before being included in the assessments, items were 

reviewed for technical merit by a technical committee, the state department of education 

and the test developer. As of yet, reliability across time and forms has not been assessed, 

but the internal reliabilities of the assessment by content area range from .87 to .94. 

In order to determine student achievement with regard to the state standards, four 

performance levels were adopted to guide the scoring and assessment. Committees of 

community leaders, parents, curriculum specialists and teachers with field experience in 

the fields of mathematics, reading or writing were formed to study the items for difficulty 

and to set the score at which students must meet the standard using a standard setting 

procedure developed by the test developers. Specifically, these committees studied the 

test items to determine knowledge and skills required of students as the items increased in 
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difficulty. According to their performance on each of the assessments, students are placed 

in one of the four performance levels determined by the committees. The performance 

levels for the all of the content area tests are: Well Below the Standard, Below the 

Standard, Meets the Standard, and Above the Standard (NOTE: The specific performance 

level titles have been changed to protect the anonymity of the test). The General 

Performance Level Descriptions for all tests included in the assessment are listed in Table 

2. Performance level descriptors used in score interpretation for the specific test under 

investigation are included in Appendix A. It should be noted that what is under 

investigation in this study is not the methods of setting the performance levels, but rather 

the construct validity of the performance level descriptions themselves. 

Table 2 

General Performance Level Descriptions 

Above the Standard 
This level denotes demonstration of superior performance evidenced by achievement substantially beyond 
the goal for all students. 

Meets the Standard 
This level denotes demonstration of solid academic performance on challenging subject matter reflected by 
the content standards. This includes subject-maner Imowledge, application of such knowledge to real world 
situations and content-relevant analytical skills. Students who perform at this level are well prepared to 
begin work on even more challenging material that is required for the next grade level. Attainment of at 
least this level is the goal for all students. 

Below the Standard 
This level denotes partial understanding of the knowledge and application of the skills that are fundamental 
for proficient work. Students who approach the standard demonstrate competency in the prerequisites 
necessary to begin working on the challenging content required of the student who meets the standards, but 
do not demonstrate full understanding of that challenging content. 

Well Below the Standard 
This level denotes insufficient evidence of the prerequisite skills to approach meeting the standards. 
Students who perform at this level have serious gaps in knowledge and skills. They, in all likelihood, 
require a considerable amount of additional work and remediation in the basic skills that are prerequisite to 
the challenging work expected at the current grade level. 
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The test selected for this study is the fifth grade mathematics assessment. This 

particular test was selected for two reasons: (I) determining the specific performance 

descriptor to which an item is associated is easiest with mathematics items, and (2) the 

fifth grade test was selected because it has the most equal spread in terms of individuals 

classified into each of the performance levels. 

The mathematics test is comprised of 45 items. Of these, 35 are multiple-choice 

items, where students select the correct answer from among four possible answer options. 

The remaining 10 items are open response items, where students construct their own 

answer in response to an item prompt. These items are scored 0 for a completely incorrect 

answer, 1 for a partially correct answer, and 2 for a completely correct answer. 

Performance levels for each assessment are determined based on the number of 

items answered correct. This raw score is then converted into a scaled score, which is 

then used in performance level classification. The raw score ranges, associated scale 

score ranges and performance level ranges for the fifth grade mathematics test are 

provided in Table 3. 

Table 3 

Raw Score. Scale Score and Performance Level Ranees 

Raw Score Range Scale Score Range Performance Levels 
0-24 300-459 Well Below the Standard 
25-35 460-499 Below the Standard 
36-42 500-529 Meets the Standard 
43-55 530-700 Above the Standard 
Note: The raw score points exceed 45 because up to 2 points may be credited for a correct response to an open response item. 
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Sample 

Included in the analysis are item responses from ail fifth grade students attending 

a public school in the state that took the state standards-based assessment in the spring of 

2000. A breakdown of students by performance level is provided in Table 4. 

Table 4 

Proportion of Students Classified into Performance Levels 

Performance Level Number of Students Percent of Total 
Well Below the Standard 17,414 26.7% 
Below the Standard 24,370 37.3% 
Meets the Standard 14,004 21.4% 
Above the Standard 9,503 14.6% 

Procedures 

The specific methods employed in this study have been broken up into four 

sections according to the area of construct validity under investigation. These sections 

are: (1) mapping items to performance levels, (2) assessing the fit of the items, (3) 

assessing the correspondence between items and performance level designation, and (4) 

assessing the fit of actual student responses to the expected response pattern. These are 

discussed in turn below. 

Mapping Items to Performance Levels 

First, in order to determine the appropriateness of the classification of the items 

to the performance levels, it was necessary to map the items to the level specified in the 

performance level descriptors. This was done using the test blueprint provided by the 

State Department of Education. The blueprint contained the item number, standard and 
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objective the item is purported to measure, and a brief version of the performance level 

descriptor found in the Grade 5 Mathematics Performance Level Descriptors (see 

appendix A). Using the descriptions and standards and objectives, each item was linked 

to a specific performance level. These performance level designations were then used in 

the subsequent analyses. 

Assessing Fit of the Items 

When the testing publisher designed the test, item difficulty was calculated using 

a quasi-three parameter IRT model, which took into consideration item difficulty, item 

discrimination, and potential for guessing. However, this does not appear to be 

appropriate in this case, as the scale scores are computer and performance levels are 

determined based on raw scores, which do not take into account item discrimination or 

potential for guessing. Such computation is more in line with the one- parameter IRT 

model, which only takes into account item difficulty. Thus, the purpose of this part of the 

study was to determine whether the items included on the test fit the one parameter IRT 

model being used to determine performance level. 

In order to assess the fit of the items to the one parameter model, six groups of 

300 students each were randomly selected from among the 65,291 students and analyzed 

using Winsteps, a computer program that uses Rasch modeling to conduct one-parameter 

IRT modeling. Six groups were selected for assessing fit, rather than using the responses 

from all students because the fit statistics employed in Rasch modeling are sample size 

dependent. That is, they are sensitive to even minute departures from the model when 



50 

very large sample are used. Thus, by randomly selecting groups of students and 

comparing the resuUs across random samples, sample size dependence was overcome. 

In Rasch modeling goodness of fit is determined by looking at the mean square 

infit and outfit and their associated zstds. Mean-squares show the size of the randomness; 

that is, the amount of distortion of the measurement system. Mean square expected values 

are l.O. Values less than 1.0 indicate that observations are too predictable (redundancy, 

model overfit), while values greater than 1.0 indicate unpredictability (unmodeled noise, 

model underfit) (Linacre & Wright, 1999). Zstd are t-tests of the hypotheses "do the data 

fit the model (perfectly)?" These are reported as z-scores (unit normal deviates). 

E.xpected values for zstds are 0.0, with less than 0.0 indicating too high predictability and 

higher than 0.0 indicating lack of predictability. However, if the mean squares are 

acceptable, then zstd may be ignored (Linacre and Wright, 1999). Mean squares can be 

interpreted as follows; 

Table 5 

Mean Square Interpretations 

> 2.0 Distorts or degrades the measurement system. 
1.5 - 2.0 Unproductive for consUiiction of measurement, but not degrading. 
0.5 -1.5 Productive for measurement. 
< 0.5 Unproductive for measurement, but not degrading. May produce misleadingiy good reliabilities 

and separations. 

Assessing Correspondence Between Items and Performance Level Designation 

The premise of this portion of the study was that a relatively high proportion of 

students at a given performance level should be able to answer correctly items matched to 

the descriptions of their performance levels, but they should not perform well on items 

matched to performance levels above their classification. Correspondence between items 
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and performance level designation was assessed using the guidelines oudined for the 

studies of the NAEP performance levels (Burstein, et al, 1996). Here, in order for item to 

be deemed as characterizing a performance level, at least 65% of the students in that 

performance level had to answer the item correctly and 50% or fewer had to answer the 

item correctly in the next-lower group. In order to assess correspondence p values were 

calculated for each performance level for each item. An item was determined to be 

classified correctly if the p value for students in the target groups was .65 or higher and 

the p value for students in the next-lower group was .50 or less. 

Assessing Fit of Student Responses to Expected Response Pattern 

The purpose of this portion of the study was to determine to what extent student 

response patterns adhere to those that would be expected if items were classified to the 

correct performance level. This was conducted in two ways. 

First, the item difficulties were computed (p values) and the items were listed in 

order of increasing difficulty. The performance level to which each item was classified 

was then listed next to each item. If the pattern of actual student responses matched the 

expected pattern of student responses, based on performance level designation, the 

performance level designations in that column would show a continuous pattern of BS, 

BS, BS...MS, MS, MS...AS, AS, AS... Second, the fit between expected and actual 

student response patterns was assessed using correlational analyses and descriptive 

statistics. 



CHAPTER 4 

ElESULTS 

Mapping Items to Performance Levels 

First, using the brief item descriptors provided on the test blueprint provided by 

the State Department of Education and the items themselves, the items were mapped to 

the appropriate performance level. This process revealed that a majority of the 45 items 

fell into the Meets the Standard (18 items) and Above the Standard (17 items) 

performance levels. Tables 6, 7, and 8 display the number of items at each performance 

level, as well as the number of points possible for answering items at that level correctly 

As shown, there were 10 items and 11 possible points available for responding correctly 

to Below the Standard items, 18 items and 22 possible points available for Meets the 

Standard items, 17 items and 22 possible points for the Above the Standard items. 



Table 6 

Number of Items at Each Performance Level bv Descriptor CBelow the Standard) 

Descriptor # Of Items Pts. 
Possible 

Identify a multiplication number sentence that corresponds to a concrete 
model of repeated addition 1 I 

Make simple valid predictions based on data represented in charts, tables or 1 1 
graphs 
Identify points represented by ordered pairs 1 1 

Solve number sentences with one missing number using whole numbers 2 2 

Extend simple geomeuic and number patterns 1 I 

Solve perimeter problems given a formula 1 I 

Estimate distances in a real-world problem using rounding 1 1 

Identify the steps in designing a method for solving a problem 1 2 

Beginning to construct simple valid arguments using if...then statements 1 I 

Total 10 tl 
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Table 7 

Number of Items at Each Performance Level bv Descriptor (Meets the Standard^) 

Descriptor U Of Items Pts. Possible 
Calculate multiplication problems using two-digit by three-digit numbers to 
find the products 1 1 

Solve division problems with one-digit divisors to find quotients with 
remainders 
Order whole numbers through hundred millions 

1 

1 

1 

1 

List ALL the factors of a given number 1 1 

Write the family of equations for a given set of numbers using the inverse 
operations of addition and subtraction 1 2 

Write the family of equations for a given set of numbers using the inverse 
operations of multiplication and division I 2 

Construct labeled graphs from information in various forms 1 2 

Interpret and analyze data (information) from a variety of graphs to draw 
conclusions and/or solve problems 2 2 

Identify outcomes that are certain or impossible 2 2 

Compute the "input" or "output" of a function represented as a concrete 
model 
Identify or explain the rule for simple linear functions using whole numbers 
with one variable and one step 

1 

1 

1 

1 

Identify parallel or perpendicular lines in real-world situations 2 2 

Select the appropnate measurement tool and units to use in a given situation 1 1 

Progressing in designing a method for solving a problem 1 2 

Progressing in constructing simple valid arguments using if...then 
statements 

1 1 

Total 18 22 
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Table 8 

Number of Items at Each Performance Level by Descriptor ("Above the Standard") 

Descriptor f# Of Items Pts. Possible 
Identify equivalent fhictions, decimals and percents with and without an 
illustration 
Identity outcomes that are more or less likely to occur 

3 

I 

3 

1 

Construct Venn diagrams using given information 1 2 

Solve and describe the rule for simple linear fimctions using one variable 
and one step 1 2 

Solve for and explain the rule for numerical and geometric patterns 1 2 

Given a geometric pattern, fmd the missing or next element 1 I 

Illustrate data 2 4 

Solve simple area problems given a formula I 1 

Distinguish geometric figures that are congruent 2 2 

Use scale drawings to estimate the distance between points I 1 

Convert and compare measurements within a given system (standard or 
metric) 
Select the appropriate combination of measurement tools and units to use in 
a given situation 

1 

1 

1 

1 

Construct simple valid arguments using if...then statements I 1 

Total 17 22 
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Mapping the items to the performance level descriptors revealed sparse coverage 

of many of the descriptors by items included on the test. As shown, a majority of the 

individual performance level descriptors were assessed using only one test item. This was 

particularly evident at the Below the Standard level, where only one of the nine 

descriptors was assessed using more than one item. Descriptor coverage was somewhat 

improved in the Meets the Standard level, where there were three descriptors assessed by 

two items each. However, in the Above the Standard level, there was only one descriptor 

assessed by two items and one descriptor assessed by three items. 

Next, the number of items characterizing each performance level was compared to 

the number of points necessary to be classified into each of the performance levels. 

Results of this comparison revealed that it was not mathematically possible to be 

classified into either the Below the Standard or Meets the Standard performance levels by 

responding correctly only to items targeted to those levels. For example, as shown in 

Table 3, it was necessary to earn 25 points in order to be classified into the Below the 

Standard level. However, as shown in Table 6, there were only 11 points possible for 

responding correctly to all of the Below the Standard items. The same is true for the 

Meets the Standard performance level, where it was necessary to earn 36 points in order 

to be classified into this level, but there were only a total of 32 points available by 

responding correctly to all of these items. 

These point tabulations indicate that it is necessary for students to be able to 

answer correctly items categorized as being indicative of higher levels of achievement in 

order to be classified into any of the lower three performance levels. For example, in 
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order for a student to be classified into the Below the Standard level, the student must not 

only answer correctly all of the items categorized as being characteristic of the Below the 

Standard level, but must also answer correctly enough Meets the Standard and Above the 

Standard items to earn an additional 14 points. Likewise, in order for a student to be 

classified into the Meets the Standard performance level, the student must answer not 

only correctly all of Below the Standard and Meets the Standard items, but also earn at 

least an additional three points by answering correctly Above the Standard items. 

Assessing Fit of the Items 

While the fit of the items was originally determined using a three-parameter IRT 

model, the actual performance level designations are determined using the one-parameter 

IRT model. Considering item fit was originally assessed using a three-parameter model, it 

is not necessarily expected that the items will actually fit the one-parameter model. 

However, since the one-parameter model is being used to determine students' 

performance level designations, it was of interest to see how well the items fit to the 

model actually being used to determine performance level classification. 

Results of the analyses for each of the six subgroups of students revealed that not 

all of the items fit the one-parameter IRT. In each of the original analyses, the same six 

items were flagged as not fitting the model (Appendix B). Each of these items had infit 

and outfit values greater than 2 and zstds greater than 9.9 (the maximum possible). 

Following the criteria for the Rasch model outlined in the Winsteps manual (Wright and 

Linacre, 1999), this indicated unmodeled noise that disrupts measurement. Patterns of 
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item difficulty, as represented by item the item maps, amongst the six subsample groups 

were likewise fairly similar, with only minor interchange of items present among the 

groups (Appendix C). 

Following the initial analyses, items that did not fit the model were deleted, and 

the analyses re-run. This process was repeated as necessary in order to achieve a set of 

items that fit the one-parameter model. In total, 11 of the 45 items (24% of the items) did 

not fit the model. Table 9 displays an example of one of the fit tables for the items that fit 

the model. Going across from left to right, the columns can be interpreted as follows: 

Entry # is equivalent to the item number, raw score is the number of people who 

answered the item correctly (out of the 300 student subsample). Count is the number of 

students who attempted to answer the item correctly. Measure is the item difficulty 

reported in logits (log-odds units). Error is the standard error of estimate of the Measure. 

Infit is a standardized information-weighted mean square statistic that is more sensitive to 

unexpected behavior affecting responses to items near the person's ability level. Outfit is 

a standardized outlier-sensitive mean square fit statistic that is more sensitive to 

unexpected behavior by persons on items far from the person's ability level. Zstd is the 

infit and/or outfit mean-square fit statistic standardized to approximate a theoretical mean 

0 and variance I distribution. Score Correlation Pearson-product moment correlation 

between item and total score. Finally, Item is the item on the test. 

Table 10 lists the misfitting items, their performance level descriptors, and their 

corresponding performance level designation. As shown, there was a relatively even 

number of misfitting items for each of the performance levels; there were four misfitting 
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Below the Standard items, three misfitting Meets the Standard items, and three Above the 

Standard items. With the exception of one item, all these items were found to be too easy 

for the students at the performance levels to which they were targeted (see Assessing 

Correspondence Between Items and Performance Level Designation). However, as 

performance level designation is not taken into account when determining model fit, this 

does not explain why these items did not fit with the other items. 

In looking at the items that did not fit the model and those that do, there did not 

appear to be a logical reason why the ten items did not cohere with the others. That is, 

there was nothing obvious about the misfitting or fitting items that differentiated between 

the two, other than patterns of student response. 

In addition to item fit, person fit is important in IRT modeling. Person fit assesses 

the degree to which the individual persons response patterns fit the IRT model. Person fit 

is evaluated in the same manner as item fit. When the misfitting items were removed 

from the analysis, person fit was almost perfect. Of the 300 examinees, only three to five 

people did not fit the model. See appendix D for person fit tables for each of the 

subsamples. 



Table 9 

Item Fit Example 

INPUT: 300 students, 45 items ANALYZED: 298 students, 34 i-tems, 4 CATS 

i ENTRY !IAW INFIT OUTFIT SCORE 1 1 
1 NUMBER SCORE COUNT MEASURE ERROR MNSQ ZSTD MNSQ ZSTD CORR.1 Item G 1 

1 24 171 296 64 .13 21 3 7 1 31 3 3 A .281 qs24 1 1 
1 18 278 294 -2 31 .27 96 - 2 1 31 7 B .211 qsl8 1 1 
1 10 202 298 10 .14 1 12 1 9 1 30 2 4 C .311 qslO 1 1 
1 22 186 297 39 .13 1 09 1 6 1 27 2 6 D .351 q'322 ^ [ 
1 16 151 297 99 .13 1 12 2 2 1 23 2 3 E .351 qslo ^ 1 
1 20 156 298 91 .13 1 08 1 6 1 13 1 6 F .301 q20 2 1 
1 30 229 295 - 49 .15 1 01 2 1 11 7 G .351 qs30 1 1 
1 17 142 297 1 15 .13 10 1 3 1 10 1 3 H .381 qsl7 1 1 
1 9 163 297 79 .13 1 05 9 1 10 1 2 I .40 1 q9 2 1 
1 35 153 295 95 .13 1 05 1 0 1 09 1 2 J .411 q35 2 1 
! 43 144 238 1 06 .13 09 1 7 1 07 9 K .391 qs43 1 i 
! 44 263 290 -1 90 .23 02 1 1 09 2 L .211 qs44 1 1 
1 26 168 295 69 .13 1 07 1 2 1 03 4 M .401 q26 2 1 
1 2 166 297 74 .13 1 06 1 1 1 04 5 N .411 qs2 1 1 
1 23 119 296 1 34 .13 1 04 7 1 06 7 0 .421 qs23 1 1 
1 39 139 295 32 .14 1 03 5 1 03 3 P .411 qs39 1 1 
1 1 162 296 90 . 13 1 02 4 99 - 2 0 .44; qsl 1 1 
1 29 188 294 33 .14 99 - 2 96 - 4 q .44 1 qs29 1 1 
1 21 173 296 50 .13 99 - 3 96 - 4 p .461 qs21 1 1 
1 12 182 298 47 .13 98 - 3 96 - 3 0 .461 qsl2 1 1 
! 42 212 289 - 19 .15 98 - 2 90 - 8 n .421 q42 2 1 
1 11 152 296 97 .13 98 - 4 95 - 6 m .47 1 qsll 1 1 
1 15 276 298 -1 96 .23 .95 - 3 91 - 3 1 .281 ql5 2 I 
1 40 137 294 1 22 . 13 95 - 9 94 - a k .491 qs40 1 1 
1 33 235 295 - 64 .16 94 - 7 86 - 3 •i .421 q33 2 1 
1 38 227 293 - 45 .15 93 - 9 79 -1 4 1 .451 q33 2 1 
1 28 286 295 -2 94 .35 93 - 2 70 - 6 h .241 q2a ^ ! 

1 7 263 297 -1 43 . 19 92 - 6 82 - 7 g .361 qs7 1 1 
{ 5 225 298 - 36 .15 .92 -1 1 76 -1 3 t .47! q6 2 . 

6 243 298 - 79 .16 .92 - 9 86 - 8 e .421 qs5 1 1 
1 3 229 295 - 50 .15 .91 -I 2 SO -1 4 d .461 qs3 1 1 
1 36 208 295 - 04 .14 .34 -2 7 72 -2 5 c .551 qs36 1 1 

1 31 221 295 - 31 .15 .80 -2 9 69 -2 4 b .551 qs31 1 1 
1 13 223 296 - 35 .15 .75 -3 7 .58 -3 4 a .601 q3l3 1 1 

1 MEAN 198. 295. .00 .16 .99 .1 .98 0 1 ! 

1 S.D. 45. 2 _ 1 .07 .05 .09 .5 .18 1 .5 1 • 
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Table 10 

Items that Do Not Fit 

Item Performance Level Descriptor Descriptor 
Level' 

Qs4 Solve perimeter problems given a formula BS 

Qs8 Identify a multiplication number sentence that corresponds to a concrete model 
of repeated addition 

BS 

Qsl4 Interpret and analyze data (information) from a variety of graphs to draw 
conclusions and/or solve problems 

BS 

Qs!9 Solve number sentences with one missing number using whole numbers BS 

Qs25 Identify outcomes that are more or less likely to occur AS 

Qs27 Select the appropriate combination of measurement tools and units to use in a 
given situation 

AS 

Qs32 Interpret and analyze data (information) from a variety of graphs to draw 
conclusions and/or solve problems 

MS 

Qs34 Identify or explain the rule for simple linear functions using whole numbers 
with one variable and one step 

MS 

Qs37 List ALL factors for a given number MS 

Qs41 Identify equivalent fractions, decimals and percents with and without an 
illustration AS 

Qs45 Solve number sentences with one missing number using whole numbers BS 

•/\S= Above the Standard, MS= Meets the Standard, BS= Below the Standard 

Finally, Figure 1 displays an example of the item map corresponding to those fit 

values. In Figure 1, each person is indicated by anor, when there are too many "."s to 

display on one line, several persons are represented by a "#" (in this case, a equals 

two people). The left-hand column locates the person ability measures along the 

variable, which in this case is math ability. The right-hand column locates the item 

difficulty calibrations along the variable. The items are arranged in terms of difficulty 

with the most difficult items at the top of the map and easier items at the bottom of the 



map. Likewise, the people are arranged in terms of ability with more able students at the 

top of the map and less able students at the bottom of the map. Items that are located far 

above a person's ability level are those that the person has low probability of answering 

correctly, while items that are far below a person's ability measure are items that a person 

has a high probability of answering correctly. Items that are at or near a person's ability 

level are items that that person has about a 50% chance of answering correctly. 

Probability of a correct response increases the farther below the person's ability measure 

that the item difficulty calibration is and decreases the farther above the person's ability 

measure that the item difficulty calibration is. It is desirable to have items that span the 

person distribution, so that each person's ability is measured accurately. 

While the fit values, as shown in Table 10, are within the acceptable range, the 

majority of the items appear to be too easy for the students, as shown in Figure 1. That is, 

the majority of the "#" symbols that mark person ability are located well above the most 

difficult item (Qs23). Moreover, four of the remaining (those that were not eliminated 

due to lack of fit) items were not targeted at any of the students. There are no students 

with person ability measures close to the item difficulty calibrations of items Qs44, Q15, 

Qsl8,andQ28. 



INPUT: 300 students, 45 items ANALYZED: 298 students, 34 items, 4 CATS 
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Figure 1. Item map example. 
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Assessing Correspondence Between Items 
and Performance Level Designation 

Analysis of student performance on the items mapped to the performance levels 

indicated that the performance level descriptions did not provide a clear indication of 

which items students at a given level were likely to answer to be able to answer correctly. 

Using the criterion of a p value of .65 or greater for the target group and .50 or lower for 

the next lower group, it was discovered that a large number of items appear to be 

misclassified and that the items did not differentiate well between performance levels. 

However, there is an overall pattern of easiness of die items that suggests that the items 

are functioning appropriately. More specifically, for each of the items, with the exception 

of Qsl, a greater proportion of students in the next highest performance level answered 

the item correctly. For example, for item Qs4, the proportion of students answering the 

item correct begins at 54% for Well Below the Standard students and incrementally 

increases to 82% for Below the Standard student, 91% for Meets die Standard students 

and 95% for Above the Standard students. Tables 11,12 and 13 show the proportion of 

students that responded correctly to each of the items by performance level for items 

classified as Below the Standard, Meets the Standard and Above the Standard, 

respectively. 
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Table 11 

Proportion Answering Item Correct Bv Performance Level (Below the Standard) 

Item Well Below the Below the Meets the Above the 
Standard Standard Standard Standard 

Qs l  .82* .89 .89 .88 
Qs4 .54 .82* .91  .95 
Qs7 .64 .88* .94 .97 
Qs8 .68* .93 .97 .99 
Q9 I =.08, 2= .05 1= .02 ,  2= .19  1= .03, 2= .43 1= .02, 2= .15* 

Qsl6  .18* .95 .99 .99 
Qs l9  .82* .96 .98 .99 
Qs22 .27 .55  .78* .90 
Qs31 .52 .19* .88 .93 
Qs45 .12* .92 .96 .98 
NOTE: Q items are open response questions coded 0, I or 2. 
Qs items are multiple-choice items with 4 response options. 
* Indicates the level where 63% or more students answered the item correctly 

Table 12 

Proportion Answering Item Correct Bv Performance Level (Meets the Standard) 

Item Well Below the Below the Meets the Above the 
Standard Standard Standard Standard 

Qs5 .45 .15* . 91  .97 
Q6 1=  .41 ,2=  .02  1= .62 ,  2= .1I  1= .63, 2= .24 l= .5 l ,2=  .43*  

Qs l l  .49 .16* .86 .92 
Qs l4  .41  .84* .96 .99 
Qsl 7 .26 .45 .65* .81  
Qs l8  .26 .41  .56 .16* 

Q20 1= .08 ,2= .20  I  = .09 ,  2=  .61  1= .04 ,  2=  .85*  1= .02, 2= .95 

Qs23 .40 .58  .73* .88 
Q28 1= .10 ,  2= .23  1= .10 ,2= .65*  1= .05, 2= .85 1= .02, 2= .94 

Qs29 .83* .98 1 I 
Qs30 .39 .65* .80 .88 

Qs32 .40 .lA* .90 .96 
Qs34 .46 .82* .94 .99 
Qs37 .39 .16* .93 .99 

Q38 l= .09 ,  2= .10  1= .19 ,2= . I4  1= .19 ,2= .34  l= . l l , 2=  .67*  

Qs39 .46 .83* .95 .98 
Qs40 .41 .62 .19* .90 

Qs43 .40 .70* .89 .97 
NOTES: Q items are open response questions coded 0,1 or 2. 
Qs items are multiple-choice items with 4 response options. 
* Indicates the level where 65% or more students answered the item correctly 
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Table 13 

Proportion Answering Item Correct Bv Performance Level (Above the Standard') 

Item Well Below the Below the Meets the Above the 
Standard Standard Standard Standard 

Qs2 .31 .51 .68* .82 
Qs3 .34 .54 .74* .90 
QslO .32 .57 .73* .84 
Qsl2 .21 .40 .64 .86* 
Qs l3  .34 .56 .76* .89 
Q15  1= .05 ,  2=  .02  I= . l3 ,  2=  .08  1= .22, 2= .24 l= .19 ,  2=  .58  

Qs21 .27 .44 .65* .83 
Qs24 .18  .33 .53 .12* 
Qs25 .42 .61  .73*  .83 
Qs26 l= .0 l ,2=  .00  1= .05 ,  2=  .02  1= .10 ,  2=  .07  1= .15 ,  2= .29  

Qs27 .38 .55 .70* .85 
Q33 1= .10 ,2= .10  I= . l5 ,  2=  .32  1= .13 ,2=  .55  1= .08 ,  2=.1%* 
Q35 l= .30 ,  2= .14  1= .38 ,  2=  .40  1= .26 ,  2=  .64  1= .13 ,2= .83*  

Qs36 .23 .39 .61 .85* 
Qs4l .21  .37 .62 .86* 
Q42 1= .02, 2= .03 1= .05, 2= .09 1= .09 ,  2= .28  1= .09 ,  2=  .61  

Qs44 .31  .42 .60 .82* 
NOTES: Q items are open response questions coded 0, 1 or 2. 
Qs items are multiple-choice items with 4 response options. 
* Indicates the level where 65% or more students answered the item correctly 
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Taken as a whole, the pattern of performance reflected in the tables casts doubt on 

the validity of the performance level descriptions as statements about what students at 

those levels are able to do. However, that is not to say that the performance level 

descriptors are completely invalid. Rather, the lack of correspondence between the 

proportion correct and the performance level designation implies that the validity of the 

performance level descriptors is somewhat lower than is suggested by the wording of the 

overall level descriptions. The level descriptions (see appendix A) state that students 

classified into each of the performance levels "know and are able to do" each of the skills 

included as performance level descriptors. This statement is not entirely valid. While 

Tables 11, 12 and 13 show that several items that appear to be appropriately classified 

and do represent skills that students in that performance level "know and are able to do", 

in many cases, students in each of the performance levels "know and are able to do" 

skills included higher performance levels than they are classified into, and in other cases, 

students classified into particular performance levels do not know and are not able to do 

skills outlined by the descriptors in their own or lower performance levels. 

Specifically, using the NAEP criteria of 65% correct in the target group and less 

than 50% correct in the next lowest level, of the 45 items, only one item, Q17, ftmctioned 

well as a descriptor of a performance level. This Meets the Standard item was answered 

correctly by 65% of the students in this level and by 45% of the students classified in the 

next lower group. Twelve additional items would have been designated as fijnctioning 

appropriately had they been listed under different performance levels. In particular, nine 

of the items listed as Meets the Standard items would have functioned properly if they 
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had been designated as Below the Standards items, and an additional Meets the Standard 

item would have functioned properly if it had been classified as an Above the Standard 

item. Additionally, one of the Above the Standard items would have functioned properly 

as a Meets the Standard item. 

As only one of the items appeared to differentiate well between the performance 

levels, the less than 50% correct in the next lowest level criterion was dropped, and items 

were evaluated using only the 65% correct criterion. Looking at the p values for the 

Below the Standard items in Table 11, it appeared that most of the items were not 

appropriately classified, with most of the items being too easy for students at this level. 

Specifically, a high proportion (well over 65%) of students classified into the Well Below 

the Standard level responded correctly to five of the ten items in this category, and over 

50% of the Well Below the Standard Students responded correctly to an additional three 

items. The remaining two items classified into this category appeared to be much too 

hard for Below the Standard students. For the first item, Q9, only 19% of the students 

provided a completely correct response, with only an additional 2% receiving partial 

credit for their response. This item would have been better designated as an Above the 

Standard item; 75% of the Above the Standards students received full credit for this item. 

For the second item, only 55% of the students responded correctly to this item, and it 

would have been better categorized as a Meets the Standard item; 78% of the Meets the 

Standards students responded correctly to this item. 

Analysis of the Meets the Standard items. Table 12, revealed a pattern similar to 

that of the Below the Standard items. Using the 65% criterion, only four of the 18 items 
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appeared to be classified correctly. Of the remaining items, one was so easy that 83% of 

the Well Below the Standard students responded correctly to the item, another 10 items 

were answered correctly by well over 65% of the Below the Standard students, and three 

items were somewhat difficult for even for Above the Standard students. One of these 

items, Q6, was so difficult that only 43% of the Above the Standard students received 

complete credit for their answer. 

The analysis of the Above the Standard items, Table 13 revealed a somewhat 

better pattern than those of the Below the Standard and Meets the Standard levels. Of the 

14 Above the Standard items, using the 65% criterion, seven items would have been 

better classified as Meets the Standard items. The remaining items appeared to be 

appropriately classified, although three items were too difficult even for these students. In 

particular, one item, Q26, was so difficult that only 29% of the students at this level 

received complete credit for their response. 
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Assessing Fit of Student Responses to Expected Response Pattern 

In order to assess the fit of actual student responses to the expected pattern of 

responses, first, the items were listed in order of their actual difficulty values (p values). 

Table 14 shows the items in order of difficulty, the performance level descriptor and the 

performance level to which the item was classified. Looking down the Descriptor Level 

column revealed that the actual pattern of responses did not appear to conform to what 

would be expected if the items were correctly classified. That is, there was a high degree 

of departure from the expected BS, BS, BS...MS, MS, MS...AS, AS, AS...pattern. By 

chance alone, one would expect two or three items to be misclassified. However, as 

shown, there was considerable intermingling of items from all of the performance levels. 

This intermingling of items was not restricted to any one performance level. Rather, 

items from all of the performance levels were spread throughout the scale of items. The 

Meets the Standard items appeared to be the most widespread. For example, both the 

easiest item, answered correctly by 95% of the students, Qs29, and the second hardest 

item, Qs6, answered correctly by only 16% of the students, were Meets the Standard 

items. However, there were a considerable number of Below the Standard items that 

appeared at the upper end of the scale (more difficult items) and Above the Standard 

items that appeared at the middle of the scale and lower (less difficult items) 
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Table 14 

Item Response Pattern 

Item Description Proportion Descriptor 
Correct* Level** 

Qs29 Identify outcomes that are certain or impossible .95 MS 

Qsl9 Solve number sentences with one missing number using whole .94 BS 
numbers 

Qsl6 Identify points represented by ordered pairs .92 BS 

Qs45 Solve number sentences with one missing number using whole .92 BS 
numbers 

Qs8 Identify a multiplication number sentence that corresponds to a 
concrete model of repeated addition .88 BS 

Qs 1 Make simple valid predictions based on data represented in charts, 
tables or graphs .87 BS 

Qs7 Extend simple geometric and number patterns .84 BS 

Qs4 Solve perimeter problems given a formula .79 BS 

Qs 14 Interpret and analyze data (information) from a variety of graphs to 
draw conclusions and/or solve problems .78 MS 

Qs34 Identify or explain the rule for simple linear hmctions using whole 
numbers with one variable and one step .78 MS 

Qs39 Solve division problems with one-digit divisors to find quotients with 
remainders .78 MS 

Qs31 Estimate distances in a real-world setting .76 BS 

Qs5 Identify parallel or perpendicular lines in a real-world setting .74 MS 

Qs37 List ALL factors for a given number .74 MS 

Qs43 Identify outcomes that are certain or impossible .73 MS 

Qsli Order whole numbers through hundred millions .73 MS 

Qs32 Interpret and analyze data (information) from a variety of graphs to 
draw conclusions and/or solve problems .72 MS 

Qs30 Calculate multiplication problems using two-digit by three-digit 
numbers to find the products .65 MS 

(Table continues) 
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Item Description Proportion Descriptor 
Correct* Level** 

Qs40 Select the appropriate measurement tool and units to use in a given 
situation .65 BS 

Qs25 Identify outcomes that are more or less likely to occur .62 AS 

Qs23 Compute the "input" or ''output" of a function represented as a 
concrete model .61 MS 

Qs28 Write the family of equations for a given set of numbers using the 
inverse operations of addition and subtraction .62 MS 

Qsl3 Distinguish geometric figures that are congruent .60 AS 

Qs20 Write the family of equations for a given set of numbers using the 
inverse operations of addition and subtraction .60 MS 

Qs3 Identify equivalent fractions, decimals, and percents with and without 
an illustration .38 AS 

QslO Use scale drawings to estimate distance between two points .58 AS 

Qs22 Beginning to construct simple valid arguments using if...then .58 BS 
statements 

Qs27 Select the appropriate combination of measurement tools and units to 
use in a given situation .58 AS 

Qs2 Convert and compare measurements within a given system (standard 
or metric) .54 AS 

Qs44 Construct simple valid arguments using if...then statements .51 AS 

Qs 17 Progressing in constructing simple valid arguments using if...then 
statements .50 MS 

Qs21 Given a geometric pattern, find the missing or next element .50 AS 

Qsl2 Identify equivalent fi'actions, decimals and percents with and without 
an illustration .47 AS 

Qs36 Solve simple area problems using a given formula .47 AS 

QsI8 Identify parallel or perpendicular lines in real-world situations .46 MS 

Qs41 Identify equivalent fractions, decimals and percents with and without 
an illustration .46 AS 

Qs35 Solve for and explain the rule for numerical and geometric patterns .44 AS 

(Table continues) -» 
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Item Description Proportion 
Correct* 

Descriptor 
Level** 

Qs24 Distinguish geometric figures that are congruent .40 AS 

Qs33 Construct Venn diagrams using given information .37 .\S 

Qs9 Identify the steps in designing a method for solving a problem .28 BS 

Qs38 Progressing in designing a method for solving a problem .23 MS 

Qs42 Solve and describe the rule for simple linear functions using one 
variable and one step .19 AS 

Qsl5 Illustrate slide .17 AS 

Qs6 Construct labeled graphs fi-om information in various forms .16 MS 

Qs26 Illustrate slide .07 AS 
' The proportion correct for the open response items (Q) are based on proportion of students receiving full credit for their response 
"AS" Above the Standard, MS= Meets the Standard, BS— Below the Standard 
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In order to statistically assess the degree of fit between the proportion correct 

values (p values) for each of the items and their corresponding classification levels, the p 

values were correlated with their classification levels. Results of this analysis revealed a 

correlation of -.576. While this relationship is statistically significant (p<.05), the 

relationship is relatively mild. 

A scatterplot graphically demonstrating this relationship is shown in Figure 2. As 

shown in the scatterplot, there is considerable spread in the p values at each of the 

performance levels. The amount of spread in among the p values in each of the levels was 

also computed. The p values for the Below the Standard level ranged from .28 to .94, 

with a mean p value of .76. For the Meets the Standard level, the p values ranged from 

.16 to .95, with a mean value of .64. At the Above the Standard level, the p values ranged 

from .07 to .62. Considering the items are supposed to differentiate between the 

classification levels, one would expect a higher correlation between the p values and the 

classification levels and would not expect such a wide spread in the p values at each of 

the levels. 
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Figure 2. Scatterplot of proportion correct by item classification level. 



CHAPTERS 

DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS 

Discussion 

Standards-based assessments are rapidly replacing or complimenting traditional 

norm-referenced standardized tests. The move to do so is largely based on the idea that 

these tests provide more comprehensive information that can be used to determine a 

child's weaknesses and to determine how well schools are teaching the content contained 

in the State's content standards. This information is then to be used to help parents and 

teachers provide children with assistance in the areas in which they are deficient, help 

schools determine which content areas teachers need to emphasize more in the classroom, 

and aid districts in determining whether schools are sufficiently teaching the state's 

content standards. As such, the performance level descriptors that correspond to scale 

scores and performance level designation are key components in the assessment and 

accountability system. Therefore, the descriptions provided for the performance levels 

should be accurate and defensible portrayals of the performance implied by classification 

into each level. 

Unfortunately, the analyses reported indicate problems with the published 

descriptions of the Fifth Grade Mathematics test's performance levels. They do not 

appear to provide completely accurate portrayals of what students at each performance 

level know and are able to do. Particularly problematic is the fact that there are not 

enough points available from the items classified in the Below die Standard and Meets 

the Standard performance levels to be categorized as being at one of these levels by 
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responding correctly to only items classified at those levels. This indicates that the 

performance level descriptors are not providing accurate achievement information. 

Students at both the Below the Standard and Meets the Standard level must know more 

than they are being given credit for because they must answer questions assigned to the 

higher performance levels in order to be classified into their current levels. Moreover, 

based on the p values for items classified into each of the levels, a number of items 

appear to be misclassified. That is, students at a given level frequently showed low rates 

of success on some items linked to the descriptions at their level, while other students 

showed unexpectedly high rates of success on items not linked to their level. 

Along with this, the items do not differentiate well between the performance 

levels. Only one item actually met the NAEP requirements for being identified as 

demonstrative of a given performance level (at least 65% correct responses in the target 

group and less than 50% correct responses in the next lowest group). Finally, the 

expected pattern of student responses did not match the actual pattern of student 

responses. That is, in terms of difficulty, the items did not fall at locations on the scale 

that would be expected if they corresponded to the performance level designations. If the 

pattern of responses did cohere, the Below the Standard items would fall at the bottom of 

the scale (less difficult questions), the Meets the Standard items would fall in the middle 

of the scale (average difficulty) and the Above the Standard items would fall at the top of 

the scale (more difficult items). The analyses revealed that this does not hold true for this 

assessment. However, given the results of the previous analyses, this is not altogether 

surprising. 
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Also problematic is the fact that the test items do not fit the IRT model being used 

to determine performance levels. The IRT analyses conducted here demonstrated that the 

fit of the items to the one-parameter model was poor. Eleven of the 45 items, 24% of the 

items, did not fit the one-parameter model. This suggests that perhaps using raw scores is 

not the best way to determine performance level for this assessment, if these items are to 

be used. Instead, a more valid way to classify students into performance levels may be to 

use the IRT ability measures (logits) generated using the three-parameter model. These 

logits could then be transformed into scale scores for easier interpretation. 

Conclusions and Recommendations 

Conclusions 

According to Messick (1995), a performance standard has two critical aspects: its 

location on the measurement scale and its meaning in terms of the nature or quality of the 

knowledge or skill characterizing proficiency at that level. Thus, the validity of content 

and performance standards cannot be separated firom the validity of the assessment itself 

or of its measurement scale. As such, the validity of standards must be addressed in terms 

of the same criteria needed to appraise the validity of assessments generally. Therefore, 

an interpreted-measurement scale is critical to standards-based assessments because 

meeting a performance standard should not simply attest that the assessed performance is 

good enough; to be educationally useful, performance standards should also characterize 

the nature of the knowledge and skill entailed at that level as well as point to what needs 

to be accomplished for further mastery. The results of these analyses suggest that the test 
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and the test score interpretations from the Fifth Grade Mathematics assessment do not 

form an interpreted-measurement scale adhering to Messick's definition. 

Additionally, Shepard (1993), following Kane's (1992) argument based validity 

model, argues that validators need to prioritize validity questions and suggests that the 

way to do this is to start with the claims made in a use or interpretation of results. The 

primary claims for perfurmance level descriptions of performance levels are (1) the 

descriptors included in the performance level descriptions specify what student at a given 

level know and are able to do, (2) students classified mto these levels actually do know 

and are able to do the tasks described in the performance level descriptions, and (3) this 

information can be used to determine the areas in which a student needs additional work, 

the areas in which teachers need to spend additional time teaching, and which schools are 

best teaching the state content standards. The results of these analyses provide arguments 

both for and against the validity of the performance level descriptions. 

As evidence that can be used to argue in favor of the validity of the performance 

level descriptions, the proportion of students answering each item correctly, with the 

exception of one item, increases in concert with the increase in performance level. That 

is, a greater proportion of students in the Below the Standard level answered the 

individual items correctly than those is the Well Below the Standard level. Similarly, a 

greater proportion of students in the Meets the Standard level answered the individual 

items correctly than those in both of the lower levels. And, likewise, a greater proportion 

of students in the Above the Standard level answered individual items correctly than 

those in all three of the lower levels. This demonstrates that the items are functioning 
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correctly and that there are not any major flaws in the items themselves. Also, there were 

a total of 12 items that were correctly classified (3 Below the Standard, 3 Meets the 

Standard, and 6 Above the Standard) into the appropriate performance level, using the 

NAEP criterion of a p value of .65 or greater. This shows that some of the performance 

level descriptors do represent what students at those levels know and are able to do. 

As evidence that provides evidence against the validity of the performance levels, 

(1) students in the Below the Standard and Meets the Standard levels must answer 

correctly a number of items classified into higher levels in order to be classified these 

lower levels, (2) using the NAEP criterion of a p value of .65 or greater as indication of 

sufficient student performance, 33 of the 45 items were not classified into the appropriate 

performance level, and (3) the pattern of students responses does not match the pattern of 

responses that would be expected if the performance level descriptors were categorized 

correctly. 

Overall, as the items appear to function normally, it appears that while 

performance level designation may be considered to be valid, the performance level 

descriptors, as indications of what students know and are able to do, are less valid. That 

is, a score of 36 may indicate that a student Meets the Standard, if that is the score that 

the state determines is an appropriate indicator of success in fifth grade mathematics, but 

not all of the performance level descriptors that correspond to this level accurately reflect 

what diis student knows and is able to do. 

Given these results, maybe Linn (1998) is correct. Perhaps we would be better off 

reducing the surplus meaning associated with achievement levels and foctising attention 
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on changes measured against constant scale points, however they are labeled. 

Unfortunately, this would also significantly reduce die amount of information that would 

be supplied by test scores. Considering that increased test score information is one of the 

main reasons for die greater emphasis and reliance on standards-based assessments, 

eliminating performance level descriptors is probably not die best or most likely course 

of action to take. Instead, improvements should be made to increase the validity of the 

current assessment. Some suggestions for improvement are listed below. 

Recommendations 

Based on die results and the discussion, a few recommendations to improve the 

validity of the Fifth Grade Mathematics Assessment are provided below: 

1. It is recommended that an IRT model consistent with the scoring system for 

determining student performance level classification should be used. This means 

either constructing a test that fits die one parameter model or using the IRT model 

chosen for determining item difficulty and fit to determine student performance 

level classification, which in this case was the three-parameter model. If the three-

parameter model is to be used to determine item difficulty and fit. then student 

performance levels should be determined using logit values firom a three-

parameter IRT analysis and converted into scale scores. This would eliminate 

reliance on raw scores. 



2. The test publisher should make sure that there are enough items within each of the 

performance levels included on the assessment, so that students will not be 

required to answer questions linked to higher performance levels in order to be 

classified into a lower one. 

3. More than one item should be associated with each descriptor. This would allow 

for a more thorough assessment of student ability to perform tasks described by 

the descriptors. The number of items measuring each descriptor is free to vary, 

but somewhere between five and ten items should be appropriate. This would 

allow students to have ample opportunity to demonstrate that they either possess 

or do not possess a given skill. 

4. Item classification into performance levels should be based on real data rather 

than on uninformed expert opinion (experts that have not had access to patterns of 

actual student performance). Without actual student response data, it is difficult to 

determine which items students at a given level will be able to answer correctly. 

By using actual response data, those responsible for determining the performance 

levels and their associated descriptors will be able to create more valid 

performance level descriptions. This should be done through pilot testing and/or 

using results from the previous year's assessment to create an item bank of items 

that are directly linked to the performance levels. As an example of how this 

could be done, the following steps are provided: (1) conduct a pilot test with a 
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representative sample of students, (2) using 'Jie sample student's responses, scale 

the items on the desired IRT metric (one with good item and person fit), (3) have 

teachers and/or other mathematics experts determine points on the scale where 

students who achieve that ability measure or higher should be classified into the 

Below the Standard, Meets the Standard, or Above the Standard performance 

levels, (4) analyze the student responses and find items at each performance level 

that meet the NAEP criteria, or if there is more than one item measuring the 

descriptors at each level, the mean p value of the groups of items could be used in 

place of the individual item p value, and (5) write performance level descriptions 

based only on the items or groups of items that meet the criteria. 

5. Before, making decisions based on test results such as these, state departments of 

education should enlist outside evaluators to validate the test scores and their 

interpretations rather than relying solely on the information provided by the test 

publisher. Few states appear to be doing this, and as this study demonstrates, this 

is likely to result in invalid test scores inferences that, considering the uses to 

which test scores such as these are to be put, could have dramatic impacts on 

students, schools and school districts. 



APPENDIX A 

PERFORMANCE LEVEL DESCRIPTIONS FIFTH GRADE MATHEMATICS 



Below the Standard 

General Performance Level Descriptors 
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This level denotes partial understanding of the knowledge and application skills that are fundamental for 
proficient work. Students who approach the standard demonstrate competency in the prerequisites 
necessary to begin working on the challenging content required of the student who meets the standards, but 
do not demonstrate full understanding of that challenging content. 

General Essentials Mathematics Performance Level Descriptors 

Fif^ grade students at the "Below the Standard" level demonstrate some understanding of the concepts and 
procedures in the six Academic Standards for Mathematics. These students have some basic arithmetic 
skills; can make some simple predictions based on given data in charts, tables or graphs; can identify 
missing numbers in simple number sentences; and understand minimal ideas of rounding in context. 
Although these students are demonstrating progress in the six Mathematics Standards, they will need 
additional assistance to meet future success in mathematics in State schools. 

Specific Essentials Mathematics Performance Level Descriptors 

Students at the "Below the Standard" level know and are able to do the following: 
Number Sense 

• Identify a multiplication number sentence that corresponds to a concrete model of repeated 
addition 

Data .Analvsis and Probability 
• Make simple valid predictions based on data represented in chans, tables or graphs 

Patterns. Algebra, and Functions 
• Identify points represented by ordered pairs 
• Solve number sentences with one missing number using whole numbers 
• Extend simple gecmetnc and number patterns 

Geometry 
• Solve perimeter problems given a formula 

Measurement and Discrete Mathematics 
• Estimate distances in a real-world problem using rounding 

Mathematical Structure/Logic 
• Identify the steps in designing a method for solving a problem 
• Beginning to construct simple valid arguments using if....then statements 
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Meets the Standard 

General Performance Level Descriptors 
This level denotes demonstration of solid academic performance on challenging subject matter reflected by 
the content standards. This includes subject matter knowledge, application of such toowledge to real world 
situations, and content-relevant analytical skills. Students who perform at this level are well prepared to 
begin work on even more challenging material that is required the next performance level. Attainment of at 
least this level is the goal for all students at the Essentials (Grade 5) level. 

General Essentials Mathematics Performance Level Descriptors 

Fifth grade students performing at "Meets the Standard" level demonstrate an adequate understanding in all 
six Academic Standards for Mathematics. These students have strong basic arithmetic skills which will be 
the basis for their continuing mathematics education. They are able to read, analyze or represent data in a 
variety of ways; they are building a basic understanding of algebraic and geometric ideas; and are 
beginning to build the key points of mathematical logic. These students have a strong basis for continued 
success in mathematics in State schools. 

Specific Essentials Mathematics Performance Level Descriptors 

Students at the "Meets the Standard" level know and are able to do the preceding (Below 
the Standard) and the following: 

Number Sense 
• Calculate multiplication problems using two-digit by three-digit numbers to find the products > 
• Solve division problems with one-digit divisors to find quotients with remainders 
• Order whole numbers through hundred millions 
• List ALL the factors for a given number 
• Write the family of equations for a given set of numbers using the inverse operations of addition 

a n d  s u b t r a c t i o n  ( e . g . ,  g i v e n  3  4  =  7 ,  t h e n  4  +  3  =  7 ; 7 - 4  =  3 ; 7 - 3 ^ 4 )  

• Write the family of equations for a given set of numbers using the inverse operations of 
multiplication and division (e.g., given 3x4= 12, then 4 x 3 = 12; 12 ^ 4 = 3; 12 3 = 4) 

Data Analysis. Statistics and Probability 
• Construct labeled graphs from information in various forms (e.g., tables, charts) 
• Interpret and analyze data (information) from a variety of graphs to draw conclusions and/or solve 

problems 
• Identify outcomes that are certain or impossible 

1 
Patterns. Algebra, and Functions 

• Compute the "input" or "output" of a function represented as a concrete model 
• Identify or explain the rule for simple linear functions using whole numbers with one variable and 

one step 



Meets the Standard- Continued 
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Geometry 
• Identify parallel or perpendicular lines in real-world situations 

Measurement and Discrete Mathematics 
• Select the appropriate measurement tool and units to use in a given situation 

Mathematical Structure/Logic 
• Progressing in designing a method for solving a problem 

Progressing in constructing simple valid arguments using if...then statements 



Above the Standard 

General Performance Level Descriptors 
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This level denotes demonstration of superior academic performance evidenced by achievement 
substantially beyond die goal for all students. 

General Essentials Mathematics Performance Level Descriptors 

Fifth grade students performing at the "Above the Standard" level demonstrate a wealth of knowledge, 
skills, and abilities as described in the sLx Academic Standards for Mathematics. These students are able to 
work efficiently and accurately with fractions, decimals, and percents; read, analyze, and represent data in a 
variety of ways including Venn diagrams: and are developing key understandings of basic probability. 
They have a strong foundation in measurement ideas and the various measurement systems and are able to 
conceptualize simple logic problems. Additionally, they have a strong basis for rudimentary algebraic and 
geometric thinking and process. 

Specific Essentials Mathematics Performance Level Descriptors 

Students at the "Above the Standard" level know and are able to do the preceding (Below 
the Standard and Meets the Standard) and the following: 

Number Sense 
• Identify equivalent fractions, decimals and percents with and without an illustration 

Data Analvsis. Statistics and Probabilitv 
• Identify outcomes that are more or less likely to occur 
• Construct Venn diagrams using given information 

Patterns. Algebra, and Functions 
• Solve and describe the rule for simple linear functions using one variable and one step 
• Solve for and explain the rule for numerical geometric patterns 

Geometry 
• Given a geometric pattern, fmd the missing or next element 
• Solve simple area problems given a formula 
• Distinguish geometric figures that are congruent 

Measurement and Discrete Mathematics 
• Use scale drawings to estimate the distance between points 
• Convert and compare measurements wiihin a given system (standard or metric) 
• Select the appropriate combination of measurement tools and units to use in a given situation 

Mathematical Structure/Logic 
• Construct simple valid arguments using if.. .then statements 



APPENDIX B 

ITEM FIT INDICES FOR SUBSAMPLES 
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Item Statistics: Misfit Order- Subsample 1 

INPUT: 300 students, 45 items ANALYZED: 300 students, 44 items, 5 CATS v3.Q7 

1 ENTRY 

1 NUMBER 

RAW 

SCORE COUNT MEASURE ERROR 

INFIT 

MNSQ ZSTD 

OUTFIT 

MNSQ 2ST0 
SCORE 1 

CORR.1 item 
1 

G ! 

! 8 206 275 39 .11 2 36 9 9 n 28 9 9 A .551 qs8 1 1 
1 41 137 289 1 37 .12 2 .20 9 9 2 16 9 9 B .411 qs41 1 1 
i 21 401 291 -1 68 .11 2 18 9 9 2 .12 9 9 C .521 qs27 1 1 
1 19 384 290 -1 48 .11 2 .15 9 9 2 .09 9 9 D .57 1 qsl9 1 1 
; 32 298 272 - 70 .11 2 14 9 9 2 .14 9 9 £ .451 qs32 1 1 
1 37 203 282 51 .11 1 99 9 9 1 92 Q 5 F .571 qs37 1 1 
1 14 174 298 95 .11 1 .85 9 4 1 75 3 1 G .521 qs 14 1 1 
1 25 79 293 2 30 .14 66 6 4 1 34 2 5 H .411 qs25 1 1 
! 34 328 291 - 34 .11 1 .57 6 4 1 .56 6 4 T .58 1 qs34 1 1 
i 9 165 299 - 69 . 13 1 .03 6 1 .05 3 J .361 q9 2 1 
: 26 170 297 - 78 .13 1 04 8 1 01 2 K .361 q26 2 1 
1 20 158 300 - 57 . 13 1 02 4 1 03 5 L .38 1 q20 2 1 
1 4 262 298 - 06 .10 01 2 1 .01 * M .511 qs4 I 1 
1 24 173 298 95 .11 89 -1 6 98 - 2 N .24 1 as24 T_ t 

1 35 155 297 - 54 .13 .97 - 6 .98 - 3 0 .421 q35 2 1 
1 42 214 291 -1 62 . 14 97 - 4 90 - 0 p .411 q42 2 1 
1 15 278 300 -3 34 .23 95 - 3 94 - 2 <3 .281 ql5 2 1 
1 17 144 299 1 32 . 11 .35 "*2 1 95 - 6 R .35 1 qsl7 1 1 
1 43 146 290 1 26 .11 .86 -2 1 94 - 3 S .331 qs43 1 1 
1 16 153 299 1 20 .11 .85 -2 2 94 - 3 T .34 1 qsl6 ^ 1 
1 33 237 297 -2 05 . 15 .93 - 8 88 - 9 0 .411 q33 2 1 
! 38 229 297 -1 97 .15 .93 - 9 .33 -1 5 V .44 1 q38 2 1 
1 28 288 297 -4 31 .34 .93 - .59 0 V .261 q28 2 1 
1 6 245 300 -2 19 . 16 .93 - 3 85 -1 1 u .421 q6 1 

1 23 121 298 1 63 . 12 .85 -2 1 .38 -1 4 t .40 i qs23 1 
1 40 139 296 1 38 . 12 .76 -3 6 .82 -2 3 s .461 qs40 1 I 
1 1 164 298 1 06 . 11 76 -3 6 .80 _2 7 c .421 qsl 1 1 
1 2 168 299 1 02 .11 .74 -3 9 .30 -2 9 q .421 qs2 1 1 
1 11 154 298 1 19 . 11 .74 -3 9 .79 -2 9 p .451 qsll 1 i 
1 10 204 300 60 .11 .74 -3 9 .77 -3 .4 0 .30! qs 10 1 1 
1 21 175 298 92 .11 .71 -4 4 .77 -3 4 n .431 qs21 1 1 

1 22 188 299 78 .11 .74 -3 3 .77 -3 4 m .37 1 qs22 1 1 
1 12 184 300 83 .11 .70 -4 6 .74 -3 3 1 .421 qsl2 1 1 
1 39 191 297 74 .11 .69 -4 7 .72 -4 .1 !c .41! q339 1 ! 
1 29 190 296 74 .11 66 -5 2 .71 -4 .2 3 .431 qs29 1 1 
1 30 231 297 28 . 11 55 —7 2 .57 -6 8 i .371 qs30 I 1 
1 36 210 297 52 .11 .50 -8 3 .53 -7 6 h .54 1 qs36 1 1 

! 5 227 300 34 .11 .48 -3 6 .51 -3 i g .49! qs5 1 1 
; 3 231 297 28 .11 .43 -3 7 .51 -8 .2 « .461 q3 3 1 1 
i 31 223 297 37 .11 .42 -9 9 .44 -9 6 e .591 qs31 1 j 

1 13 225 298 35 .11 .39 -9 9 .40 -9 .9 d .621 qsl3 1 : 

1 44 270 292 - 19 .11 .38 -9 9 .39 -9 .9 c .221 qs44 1 1 
1 7 265 299 - 09 .10 .36 -9 9 .38 -9 9 b .391 qs7 1 1 
1 13 280 296 - 28 .10 .35 -9 9 .36 -9 a a .13 1 qs 13 1 1 

1 MEAN 

1 S.D. 

211. 

65. 

295. 

6. 1 

.00 

35 

.12 

.04 

1 .01 

.56 

-1 

6 

2 

1 

1 .00 

52 

-1^ 

5 

.0 

.3 

1 

1 



Item Statistics: Misfit Order- Subsample 2 

INPUT: 300 students, 45 items ANALYZED: 300 students, 44 items, 5 CATS v3.07 

!ENTRY RAW 1 INF XT OUTFIT SCORE 

1 NUMBER SCORE COUNT MEASURE ERROR 1MNSQ ZSTD MNSQ ZSTD CORR. ite.m G 1 

1 B 172 265 78 .12 12 33 9. 9 2 23 9. 9 A .58 qs8 1 [ 

1 32 273 267 - 51 .1112 33 9. 9 2 32 9. 9 3 .43 qs32 1 1 

1 37 21S 285 38 .1112 24 9. 9 2 21 9. 9 C .44 qs37 I 1 

1 27 425 294 -2 02 .1112 14 9. 9 1 99 9. 9 D .54 qs27 1 1 

1 19 412 288 -1 93 .1112 12 9. 9 2 01 9. 9 E .50 qsl9 1 1 

1 41 134 286 1 44 . 12 1 2 05 9. 9 1 33 8. 3 F .49 qs41 I 1 

1 14 147 294 1 29 .1211 84 9. 6 1 67 7. 2 G .54 qs 14 1 1 

i 34 340 291 -1 03 .1111 68 7. 4 1 .67 7. 3 H .46 qs34 1 1 

1 25 52 296 2 90 . 16 1 1 64 5. 0 1 57 2. 9 t .30 qs25 X 1 

1 4 265 294 - 12 .llil 24 2 3 1 .24 2. 8 J .44 qs4 I 1 

! 20 142 299 - 35 .1311 07 1. 7 1 .13 •> K .30 q20 2 1 

1 26 •73 300 - 34 .131 1 13 2. 7 1 .13 2 1 L .26 q26 2 1 

1 35 141 299 - 34 .1311 02 4 1 .08 1 4 M .36 q35 2 1 

1 9 177 299 - 91 .1311 02 4 1 .03 5 N .36 q9 2 1 

1 6 248 298 -2 32 .161 99 - 1 1 .02 2 0 .31 q6 2 1 

! 42 226 295 -1 35 . 15 ! 98 - 3 .91 - 8 P .38 q42 2 ! 

1 23 237 299 -4 03 .301 97 - 1 .55 -1 3 Q .27 q28 2 1 

! 43 151 292 1 22 .111 86 -2 0 .95 - 6 R .33 qs43 I 1 

1 17 140 299 1 41 .121 90 -1 5 .95 - 7 S .34 qsl7 1 1 

1 15 273 299 -3 14 .211 92 - 5 .60 -1 9 T .37 ql5 2 1 

1 39 239 299 -2 08 .151 90 -1 2 .75 -2 0 U .46 q38 2 1 

1 24 177 300 94 • Hi 86 -2 0 .39 -1 5 V .28 qs24 1 1 

1 23 113 298 1 .79 .121 83 -2 4 .88 -1, 4 V .43 qs23 1 1 

1 33 239 299 .08 .151 .36 -1^ 7 .69 -2 6 u .50 q33 2 1 

i 1- 142 299 1 .38 .12 1 .76 -3 7 .35 -2 0 t .46 qsll 1 1 

1 16 151 299 1 .26 .111 .77 -3 5 .31 -2 7 s .45 qsl6 I i 

1 1 160 298 1 .14 • Hi .73 -3 4 .80 -2 8 r .42 qsl I 1 

1 40 136 299 1 .46 .121 .75 -3 9 .79 -2 3 q .49 qs40 1 1 

1 22 189 298 .78 .11! .75 _3 a .78 -3 3 p .36 q322 1 1 

1 39 204 299 61 • Ill .70 -4 5 .74 -3 9 0 .35 qs39 1 1 

1 12 184 298 .85 • 111 .68 -5 0 .73 -4 1 n .45 qsl2 1 1 

1 2 175 299 .96 .111 .69 -4 9 .70 -4 5 m .48 qs2 1 1 

1 21 175 298 .96 • 111 .68 -5 .0 .70 -4 6 1 .49 qs21 1 1 

1 29 205 297 .58 .111 .67 -5 .1 .69 -4 7 k .38 qs29 I 1 

! 30 236 299 .24 .111 .53 -6 5 .60 -6 .1 j .31 qs30 1 1 

1 10 219 298 .43 .111 .56 -7 .0 .57 -6 .9 1 .44 qslQ 1 1 

31 225 299 .36 .111 .56 -7 .0 .57 -6 .9 h .42 qs31 1 1 

1 36 230 299 .31 . 11 1 .49 -3 .4 .52 -7 .7 g .47 qs36 1 1 

; 3 230 299 .31 • 111 .50 -8 .51 -8 .1 * .46 qs5 I 

1 3 242 299 .17 .111 .49 -8 .3 .50 -8 .1 e .39 qs3 1 1 
i 13 244 299 . 15 -111 .40 -9 .9 .41 -9 .9 d .50 qsl 3 1 1 

! 44 266 294 -. 15 • 111 .39 -9 .9 .40 -9 .9 c .27 qs44 1 ! 

1 7 266 299 -.10 • 111 .36 -9 .9 .37 -9 .9 b .37 qs7 1 1 

1 13 277 293 -.30 .111 .27 -9 .9 .28 -9 .9 a .34 qsl8 1 i 

1 MEAN 212. 295. .00 .1211 .02 -1 .1 .99 -1 .1 

1 S.D. 72. 7 . 1 .40 .031 .57 6 .2 .54 5 .9 
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Item Statistics: Misfit Order- Subsample 3 

INPUT: 300 studencs, 45 items ANALYZED: 300 students, 44 items, 5 CATS v3.07 

1 ENTRY 

1 NUMBER 

RAW 

SCORE COUNT MEASURE ERROR 
INFIT 

MNSQ ZSTO 
OUTFIT 

MNSQ ZSTD 

SCORE 1 

CORR.1 item 
1 

G 1 

1 a 168 262 73 .12 2 28 9 9 2 15 9 9 A .551 qsa 1 1 
1 32 291 264 - 85 .11 2 21 9 9 2 20 9 9 B .54 1 qs32 1 1 
1 19 391 289 -1 70 .11 2 20 9 9 2 12 9 9 C .561 q3l9 1 1 
1 41 143 273 1 16 .12 2 11 9 9 1 97 9 2 D .511 qs41 1 1 
1 37 174 276 77 .11 2 05 9 9 1 96 9 6 Z .471 q's37 I 1 
1 27 396 291 74 .11 2 00 9 9 1 92 9 9 F .601 q327 1 1 
1 14 134 291 1 38 .12 1 85 9 4 1 64 6 4 G .481 q3l4 1 1 
1 34 358 285 -1 36 .11 1 45 5 3 1 43 5 1 H .561 qs34 1 1 
1 25 47 287 2 93 .  15 1 43 3 3 93 - 4 T .411 qs25 ^ j 

1 11 131 296 1 44 .12 37 -I 9 1 13 1 4 J .341 qsll 1 i 
1 43 134 283 34 .12 1 00 - 1 1 09 1 0 K .241 qs43 i 1 
1 9 189 299 17 .13 1 07 3 1 05 7 L .331 a9 2 1 
1 20 146 295 - 49 . 13 1 03 8 I 07 1 1 M .361 q20 2 1 
1 26 175 298 - 95 .13 1 06 I 1 06 1 0 N .341 q26 2 1 
1 35 131 297 - 25 .13 97 - 6 1 04 6 0 .401 q35 2 1 
1 4 257 293 - 11 .11 1 01 2 1 01 2 P .551 qs4 1 1 

1 151 298 1 19 .11 .92 -1 2 1 01 1 Q .291 qsl 1 1 
1 28 290 298 -4 56 .36 99 0 65 - 8 R .191 q28 2 1 
1 16 144 298 1 28 .12 84 -2 3 98 - 2 S .371 qsl 6 1 1 
! 42 209 285 -1 71 .15 96 - 6 86 -I 3 T .431 q42 2 1 
1 15 273 299 -3 25 .21 .95 - 3 87 - 5 a .311 ql5 2 1 
! 17 127 297 1 50 .12 88 -1 a 93 - 8 V .381 qsl 7 1 1 
1 23 119 296 61 . 12 .86 -1 9 91 -1 0 V .401 0323 1 1 

1 22 169 294 94 . 11 .34 -2 3 91 -1 3 u .321 q322 i 1 
1 6 255 298 -2 61 .18 .89 -1 0 72 -I 7 t .431 q6 2 1 
1 24 188 296 71 .11 83 -2 5 88 -I 7 s .281 qs24 1 1 
1 38 220 298 -1 76 .14 85 -2 3 73 t. 7 r .54! q38 2 1 
1 2 165 297 01 .11 .79 -3 2 84 -2 -* q .401 qs2 I 1 
1 33 224 298 -1 94 .14 .83 4 .71 -2 9 p .551 q33 2 ' 
1 40 136 298 1 38 .12 .74 -4 0 82 -2 4 a .491 qs40 1 i 

1 21 168 296 96 .11 .73 -4 1 77 -3 2 n .451 q321 1 1 
1 39 187 298 73 .11 .73 -4 0 77 -3 4 m .391 qs39 1 ! 

1 12 167 298 98 . 11 .74 -4 0 .75 -3 6 1 .451 qsl2 1 1 
i 29 204 297 53 .11 .68 -4 8 74 -3 9 k .371 q329 1 1 
1 30 233 298 19 .11 .66 -5 2 .68 -4 7 j .251 qs30 1 1 
1 31 197 297 51 .11 .58 -6 .7 .59 -6 4 i .531 qs31 1 1 
1 10 217 299 39 .11 .58 -6 7 .58 -6 6 h .451 qslO 1 1 
1 36 202 296 .54 . 11 .56 -7 .1 .58 -6 7 g .521 qs36 1 1 
1 3 234 297 18 . 11 .54 -7 3 55 -7 1 f .391 qs3 1 1 
1 5 221 298 34 . 11 .52 -7 8 .54 -7 4 e .491 qs5 1 1 
1 13 222 299 .33 .11 .46 -9 .1 .48 -3 5 d .561 qsl 3 1 1 
; 44 258 284 -.21 .11 .41 -9 .7 .43 -9 .4 c .241 qs44 1 1 
1 7 269 293 -.21 .11 .31 -9 .9 .32 -9 9 b .451 q37 1 1 
1 18 284 298 -.38 .11 .27 -9 .9 .28 -9 9 a .371 qsl8 1 1 

1 MEAN 

1 S.D. 

204. 

71. 

293. 

9. 1 
.00 

.44 

.13 

.04 

1 .01 
.53 

-I 

5 

.0 

.8 
.99 

.49 5 

.8 1 

1 



Item Statistics: Misfit Order- Subsample 4 

IMPUT: 300 students, 45 items ANALYZED: 300 students, 44 items, 5 CATS v3. 

1 ENTRY 

1 NUMBER 

RAW 
SCORE COUNT MEASURE 

1 INFIT 
ERROR 1MNSQ ZSTD 

OUTFIT 

MNSQ ZSTD 

SCORE 1 

CORR.1 item G 1 

1 3 168 262 73 .1212 28 9.9 2 15 9.9 A .551 qs8 1 1 

1 32 291 264 85 .1112 21 9.9 2 20 9.9 3 .54 1 qs32 1 1 

1 19 391 289 -1 70 .1112 20 9.9 12 9.9 C .561 q3l9 1 1 

1 41 143 273 1 16 .1212 11 9.9 1 97 9.2 D .51! qs41 1 1 

i 37 174 276 77 .1112 05 9.9 1 96 9.6 E .47 1 qs37 1 1 

1 27 396 291 -1. 74 .1112 00 9.9 1 92 9.9 F .601 qs27 1 1 

1 14 134 291 1. 38 .121 1 85 9.4 1 64 6.4 G .481 qsl4 1 1 

1 34 358 285 -1 36 .1111 45 5.3 1 43 5.1 H . 561 q334 1 1 

1 25 47 287 2 93 . 161 1 43 3.3 93 -.4 r .411 qs25 1 1 

1 11 131 296 1 44 .121 87 -1.9 1 13 1.4 J .34 1 qsll 1 1 

1 43 134 283 1 34 .1211 00 -.1 1 09 1.0 K .241 qs43 1 1 

1 9 189 299 -1 17 .1311 07 1.3 1 AC .7 L .33 1 q9 2 1 
1 20 146 295 - 49 .1311 03 .8 1 .07 1.1 M .36! q20 2 1 

1 26 175 298 - 95 .131 1 06 1.2 1 .06 1.0 N .34 1 q26 2 1  

1  35 131 297 - 25 .131 97 - . 6 1 .04 . 6 0 .401 q35 2 1  

1  4 257 293 - 11 .1111 01 .2 1 .01 .2 P .55 1  q3 4 1 [ 

1 I 151 298 1 19 • 111 92 -1.2 1 .01 Q .291 qsl 1 1 

1  28 290 298 -4 56 .361 99 .0 65 -.3 R . 191 q29 1 [ 

1 16 144 298 1 28 .121 .84 -2.3 .98 -.2 S .371 qsie 1 1 

1 42 209 285 - i 71 .151 96 -.6 .86 -1.3 T .43 1 q42 2 1 

1 15 273 299 -3 25 .211 95 -.3 .37 - _ 5 0 .311 ql5 1 1 

1  17 127 297 1 50 .121 a s  -1.3 .93 -.8 V .381 qs 17 1 1 

1  23 119 296 1 61 .121 .86 -1.9 .91 -1.0 V .401 q323 1 1 

: 22 169 294 94 .111 .84 -2.3 .91 -1.3 u .321 q322 1 1 

1 6 255 298 61 .181 .89 -1.0 .72 -1.7 t .431 q6 2 1 

1 24 188 296 71 .111 .83 -2.5 .88 -1.7 s .281 qs24 1 1 

1 38 220 298 -1 76 .141 .35 -2.3 .73 -2.7 r .54! q38 2 1  

1 2 165 297 1 01 .111 .79 -3.2 .84 -2.2 q .401 qs2 1 1 

1 33 224 298 -1 84 .141 .83 -2.4 .71 -2.9 p .551 q33 n 1 

1 40 136 298 1 .38 .121 .74 -4 .0 .82 -2.1 0 .491 qs40 1  

I 21 168 296 .96 • 111 .73 -4.1 .77 -3.2 n .451 qs21 1 1 

1 39 187 298 .73 .111 .73 -4.0 .77 -3.4 m .391 q339 1 1 

1  12 167 298 .98 .111 .74 -4.0 .75 -3.6 1 .451 qsl2 1 

1 29 204 297 .53 • 111 .68 -4.3 .74 -3.9 ic .371 q329 1 1 

1 30 233 298 19 .111 .66 -5.2 . 68 -4.7 j .251 q330 1 1 

1 31 197 297 .61 .11! .58 -6.7 .59 -6.4 i .531 qs31 1 1 

1 10 217 299 .39 .Ill .58 -6.7 .58 -6.6 h .451 qslO 1 1 

1 36 202 296 .54 • 111 .56 -7.1 .58 -6.7 g  .521 qs36 1 1 

1 3 234 297 18 .111 .54 -7.3 .55 -7.1 t .391 qs3 1 1 

1 5 221 298 .34 .111 .52 -7.9 .54 -7.4 e .491 qs5 1 r 

i  13 222 299 .33 • 111 .46 -9.1 .48 -8.5 d  .561 qsl3 1 1 

1 44 258 284 -.21 .111 .41 -9.7 .43 -9.4 c .241 qs44 1 I 

1 7 269 298 -.21 .111 .31 -9.9 .32 -9.9 b .451 qs7 1 1 

1  la 284 298 -.38 • 111 .27 -9.9 .28 -9.9 a .371 qsl8 I 1 

1 MEAN 

1 S.D. 

204. 

71. 

293. 

9. 1 

.00 

.44 

.1311 

.04 1 

.01 

.53 

-1.0 

5.8 

.99 

.49 

-.3 

5.5 j 
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Item Statistics: Misfit Order- Subsample 5 

INPOT: 300 students, 45 items ANALYZED: 300 students, 44 items, 5 CATS v3.07 

1 ENTRY 

1 NUMBER 

RAW 
SCORE COUNT MEASURE ERROR 

INFIT 

MNSQ ZSTD 
OUTFIT 

MNSQ ZSTO 
SCORE1 

CORK.1 item 
1 

G 1 

1 8 159 258 32 .12 2 41 9 9 2 24 9.9 A .501 qs8 1 1 
1 32 233 254 - 20 .11 2 29 9 9 2 26 9.9 3 .431 qs32 1 1 
1 41 114 275 1 60 .12 2 13 9 9 2 12 9.3 C .401 q341 1 1 
1 37 174 273 77 .11 2 07 9 9 1 97 9.5 D .44 1 qs37 1 1 
1 25 63 290 2 55 .15 1 91 7 6 1 51 2.3 £ .341 qs25 1 1 
1 19 401 286 -1 86 .11 1 90 9 9 1 79 9.0 F .64 1 qsig 1 1 
1 27 414 291 94 .11 1 89 9 9 1 .78 9.0 G .641 qs27 1 1 
1 14 137 295 36 .12 1 80 9 2 1 60 5.9 H .501 qsl4 1 1 
1 34 353 287 -1 27 .11 1 68 7 7 1 66 7.6 I .501 qs34 1 1 
1 26 174 298 - 91 .13 1 19 3 3 1 35 4.8 J . 191 q26 2 1 
1 35 139 298 - 35 .13 1 08 1 9 1 21 2.9 K .28 1 q35 *> t 

1 23 124 296 1 54 .12 96 - 5 1 12 1.3 L .251 qs23 i ; 

1 4 256 296 - 07 .11 1 07 9 1 06 .7 M .54 1 qs4 1 1 
1 43 149 286 1 15 .12 95 - 3 1 06 . 7 •N .231 qs43 1 i 
1 9 174 298 - 91 .13 1 03 5 1 01 . i 0 .371 q9 2 1 
1 20 156 298 - 62 .13 00 0 1 03 .4 P .391 q20 2 1 
1 40 128 296 1 49 .12 82 -2 a .99 -.1 Q .401 qs40 1 1 
1 38 239 295 -2 21 . 16 97 - 3 99 -.1 R .391 q38 2 1 
1 42 210 289 -1 65 .14 98 - 3 97 -.3 S .411 q42 2 1 
1 6 249 299 -2 40 .17 96 - 4 91 -.6 T .40! q6 2 1 
1 28 290 298 -4 60 .37 91 - 3 61 -.9 U .281 q28 2 1 
1 17 121 295 1 58 .12 87 3 .89 -1.2 V .38 1 qsl7 1 1 
1 16 147 295 1 23 .11 83 -2 6 38 -1.4 V .38 1 qslS 1 1 
1 11 139 296 t 34 .12 79 -3 3 88 -1.5 u .421 qsll i ( 

1 1 155 298 1 14 .11 79 -3 2 87 -1.7 t .401 qsl 1 1 
1 33 231 298 -1 97 .15 86 -1 7 72 -2.5 s .521 q33 2 1 
1 22 170 294 92 .11 81 -2 8 36 -1.3 r .34 1 qs22 1 1 
1 39 183 296 78 .11 76 -3 7 .84 -2.2 q .351 qs39 i 1 
1 12 162 297 1 05 .11 81 -2 9 .84 -2.2 p .381 q3l2 1 ! 
1 24 IB3 296 78 . 11 80 -2 3 83 -2.3 o .321 qs24 1 1 

1 15 270 298 -3 16 .21 82 -1 3 .52 -2.4 n .501 ql5 2 i 
1 30 230 298 24 .11 64 -5 3 74 -3.6 m .261 qs30 1 1 

2 170 299 95 .11 70 -4 7 .71 -4.1 1 .48 1 qs2 1 ! 

i 29 206 298 .52 .11 67 -4 9 .70 -4.4 Ic .381 qsZS 1 1 

1 21 173 297 91 .11 67 -5 2 .69 -4.3 j .491 qs21 1 ' 

1 10 217 297 38 .11 64 -5 5 .66 -5.0 i .361 qslO 1 : 

I 36 221 298 34 .11 51 -7 3 .55 -6.9 h .491 qs36 1 ! 

1 5 218 299 .38 .11 51 -3 0 .52 -7.6 g .521 qs5 1 1 

1 3 236 299 .18 .11 50 -a 1 .50 -7.3 f .44 1 qs3 1 1 

1 13 224 298 .31 .11 46 -8 .9 .48 -8.3 e .541 qsl3 1 1 

1 31 214 297 .42 . 11 46 -9 0 .47 -8.6 d .59! qs31 1 1 
! 7 255 299 -.04 .11 39 -9 9 .44 -9.1 c .44 1 q3 7 1 1 

1 44 266 289 -.25 .11 .29 -9 9 .29 -9.9 b .451 qs44 1 1 

1 IS 274 294 -.30 .11 .27 -9 .9 .29 -9.9 a .44 1 qsl8 1 1 

1 MEAN 

1 3.D. 

205. 

71. 

293. 

10. 1 

.00 

.44 

.13 

.04 

.02 

.55 6 

9 

1 

1 .01 

.51 

-.6 

5.6 I 



Item Statistics: Misfit Order- Subsample 6 

INPUT: 300 scudents, 45 items ANALYZED: 300 students, 44 items, 5 CATS v3 

1 ENTRY 

1 NUMBER 

RAW 

SCORE COUNT MEASURE ERROR 

INFIT 

MNSQ ZSTD 

OUTFIT 

MNSQ ZSTD 
SCORE 1 

CORR. 1 item 
1 

G 1 

1 a 171 274 74 .11 2 40 9 9 2 26 9 9 A .511 q3 8 1 1 
i 32 250 271 - 27 .11 2 24 9 9 2 21 9 9 B .481 qs32 1 1 
i 27 401 288 -1 35 .11 2 10 9 9 2 05 9 9 C .531 qs27 1 1 
1 19 371 282 -1 53 .11 2 07 9 9 1 99 9 9 • .63 1 qs 19 1 1 
1 41 124 280 T, 41 .12 1 98 9 9 1 79 7 5 E .461 q341 1 1 
1 37 166 279 34 .11 1. 34 9 1 1 .73 7 8 F .491 q337 1 i 
1 25 55 290 2 67 .15 74 5 3 1 .25 1 4 G .351 qs25 1 i 
i 14 135 293 1 32 .12 1 67 7 3 1 49 5 2 H .57 1 qsl4 1 1 
1 34 338 287 -1 12 .11 62 6 9 1 60 6 8 I .571 qs34 1 i 

i 4 261 295 - 17 .11 ]_ 20 2 5 1 20 2 5 J .451 qs4 1 1 
1 26 151 295 - 60 .13 I 14 3 1 1 18 3 1 K .221 q26 2 ! 

1 35 141 296 - 44 .13 I 02 4 1 08 1 4 L .351 q35 2 1 
1 20 143 297 - 47 .13 1 00 1 I 06 1 0 M .371 q20 2 1 
1 9 167 296 - 85 .13 1 00 0 01 1 N .381 q9 2 1 
1 16 145 296 1 19 .11 36 -2 0 1 00 0 0 .331 qsl6 1 1 

1 42 213 287 -1 78 .14 1 00 0 95 - 5 P .371 q42 2 1 
1 33 226 296 -1 91 .15 94 - 3 87 -1 Q .421 q33 2 1 

1 15 272 297 -3 27 .22 94 - 4 66 -1 5 R .351 ql5 2 1 
1 17 135 295 1 33 .12 86 -2 0 93 - 9 S .351 qsl7 1 , 
i 43 154 285 1 02 .11 33 -2 5 92 -1 0 T .331 qs43 1 1 
1 40 131 296 1 33 .12 85 -2 t 92 -1 0 U .381 qs40 1 , 

1 6 242 300 -2 22 .16 92 - 9 89 - 3 V .411 q6 2 ! 

1 33 226 294 -1 93 .15 91 -1 33 -I 5 V .441 q33 2 1 

1 23 126 297 1 45 T 83 -2 4 .90 -1 2 u .401 q323 1 1 
1 24 173 299 36 .11 82 -? 7 86 -1 9 t • 321 qs24 1 I 
1 2 181 296 74 .11 73 -3 3 85 -2 1 s .331 qs2 1 i 

1 29 283 297 -3 93 35 - 7 39 r .391 q2a 2 1 
! 1 149 300 1 16 .11 31 -2 3 85 -2 1 q .391 qsl 1 1 
! 11 147 294 16 .11 77 -3 5 .82 -2 5 p .431 qsll i 1 

1 22 131 296 74 74 -3 9 .80 -2 3 0 .371 qs22 1 i 
i 21 162 294 97 .11 73 -4 1 79 -3 0 n .431 qs21 ^ 1 
1 39 188 296 66 .11 76 -3 6 .78 -3 1 m .331 qs39 1 ! 

i 29 195 295 53 .11 71 -4 5 .73 -4 1 1 .361 qs29 1 > 

i 12 183 296 73 .11 68 -5 1 .72 -4 3 Ic .441 qsl 2 T 

1 5 213 298 .39 .11 .64 -5 6 .69 -4 8 3 .351 qs5 1 I 

1 10 216 296 34 .11 63 -5 3 .65 -5 4 i .351 qslO 1 ! 

1 31 210 296 41 .11 57 -6 3 .61 -6 1 h .451 q331 1 ^ 

1 3 224 300 .27 .11 .58 -6 7 .60 -6 3 g .38 1 qs3 I 
1 36 213 296 .37 .11 .55 -7 3 .57 -6 9 c .461 qs36 1 [ 

: 30 225 296 24 .11 .50 -8 2 .51 -8 0 e .461 qs30 1 i 

1 13 229 298 .20 .11 .47 -9 0 .48 -3 3 d • 491 qsl3 1 1 

1 44 262 287 -.27 .11 .38 -9 9 .40 -9 9 c .241 qs44 1 1 
! 13 274 297 -.31 .11 .34 -9 9 .35 -9 9 b .291 qsia "T 

1 7 266 300 -.20 .10 .33 -9 9 .34 -9 9 a .43 1 qs7 1 1 

1 -

1 MEAN 

1 3.D. 

203. 

67. 

293. 

7 . 

.00 

.34 

.12 

.03 

1 .01 

.53 

•1 
5 

0 

a 
.99 

.49 e 
8 

.4 1 
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APPENDI X C 

ITEM MAPS FOR SUBSAMPLES 
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Item Map: Subsample I 

IMPCT: 300 students, 45 items ANALYZED: 300 students, 44 items, 5 CATS v3.07 

students MAP OF items 
<more>I<rare> 

qs23 

T qs40 qs41 

. S qsl7 qs43 

qsll qsl6 

qsl qsl4 qs2 

. « » » » < »  qsl2 qs21 

» # » » » * » #  qs22 qs29 q339 

qslO qs36 qs37 

S qs31 qs8 

qsl3 qs3 qs30 

M qs4 

qs44 qs7 

.*#»!»#»» qsia 

M 

q20 q35 

»»»»»«» q26 q3 qs32 

qs34 

- 2  

. # « » » * » » »  

. » » » » #  
A* 

. !»#•# 
.»# 

.1) 
* 

-3 

-4 

<less> 

qs25 

qs24 

qsl9 

q42 

q327 

q38 

q33 

q6 

qi5 

q28 

<frequ> 

EACH '#• IS 2. 



Item Map: Subsample 2 

INPUT: 300 students, 45 items ANALYZED: 300 students, 44 items, 5 CATS v3.07 

students MAP OF items 
<more>l<race> 

T qs25 

qs23 

-1 

IS qsll qsl7 q340 

. »  Tl qsl4 qsI6 qs43 

, 1 qsl 

qs2 qs2X qs24 

1 qsl2 

.NN## 1 qs22 qsS 

• it i qs29 qs39 

SI qslO q331 qs37 

» #  1 qs30 qs36 qs5 

.it##*## 1 q3l3 q3 3 

. # # # # # #  

# # # #  1 qs4 qs44 qs7 

# # # # # #  1 q20 q35 qsl8 

# # »  Ml 
####»####*# 1 qs32 

. # # « # #  1 
.### 1 q26 q9 

» # # #  qs34 

-2  

<in 
i* 

-3 

q42 

qsl9 

q33 

q6 

ql5 

qs27 

q38 

-4 + q28 

<less>I<£requ> 

EACH IS 3. 
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Item Map: Subsample 3 

INPUT: 300 acudencs, 45 items ANALYZED: 300 students, 44 items, 5 CATS v3.07 

students MAP OF items 

<moce>1<rare> 

3 + qs25 

IT 

1 qs23 

* IS qsli qsl7 

. Tl qsl4 qsl6 qs40 qs43 

i qsL qs"!! 

.Hi) qsl2 qs2 qs21 q322 

1 qs37 

. » #  1 q324 qs31 q339 qsB 

itltlt# 1 qs29 qs36 

SI qslO qsl3 qs5 

1 qs3 qs30 

»M 

1 q35 qs4 qs44 qs7 

1 qsl8 

Ml q20 

1 

1 qs32 

q26 

»»»»»# 1 q9 

1 qs34 

.4»»» SIS 

1 q42 qsl9 qs27 

1 q33 q38 

• »* + 
.#»# I 

! 

## Tl 
I q6 

4# IT 

. i ql5 

-4 

q28 

<less>l<£tequ> 

EACH •»' IS 2. 



Item Map: Subsample 4 

INPUT: 300 scudencs, 45 items ANALYZED: 300 students, 44 items, 5 CATS vS.OT 

students MAP OF items 

<more> i <rare> 

qs25 

2 

.# T 

qs23 

S q3l7 qs40 

qsll qsl4 qsl6 qs41 qs43 

- 2  

1 
+ 

qsL 

qs8 

1 q32 qs21 

; qsl2 q324 qs29 
! qs22 qs31 

1 q336 qs37 qsS 
S 1 qslO qsl3 qs30 

I 

1 q3 3 
1-M 

.!»»»!* jt» 1 qs4 qs7 
1 qsLS q3 44 
1 q35 

Ml qs32 

»#»»»»» 1 q20 

1 
#•*»!»##» 1 q9 

q26 qs34 

»»*##» 1 
*»»»#» i 

IS 
• It## SI 

*»»»** 1 q42 qsl9 

qs27 

1 
.!( q33 

If It 1 q38 

.»* i 
.* T| 
. *  1 q6 

* 1 

IT 

1 
-3 

ql5 q2a 

-4 
<less>l<£requ> 

EACH ' » ' IS 2 . 
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Item Map: Subsample 5 

INPUT: 300 scudencs, 45 items ANALYZED: 300 students, 44 items, 5 CATS v3.07 

students MAP OF items 

<more>I<rate> 

q325 

2 

qsL7 0323 qs41 

, S qsl4 qs40 

T qsll q3l6 

. *  qsl qs43 

» qsi2 qs2 

qs21 qs22 qs8 

. * »  qa24 q3 37 qs39 

qs29 

S qslO qs3I qs5 

qsl3 qs30 qs36 

. » » » »  q33 

M qs4 q37 

qs32 

q35 qslS q344 

M q20 

. » # « #  
q26 q9 

- 1  

-2  

.## 
## 

. »  

-3 

qs34 

q42 

qsl9 

q33 

q3a 
q6 

ql5 

qs27 

-4 

q29 

-5 + 

<less>I<frequ> 

EACH IS 3. 



Item Map: Subsample 6 

IMPUT: 300 scudencs, 45 items ANALYZED; 300 studencs, 44 items, 5 CATS v3.07 

acudenca MAP OF items 

<moce> <rare> 

T q325 

-J 

-1 

qs23 

S qsl4 qsl7 

T qslS 

• ft# qsl qsll 

q321 q3 43 

qs24 0337 

qsl2 qs2 

qs29 qa39 

S qsiO qs31 

«»*«»» qsl 3 q3 3 

M 

qs4 

»!«»»»»»»» q s i a  q332 

******* 
******* q20 q35 

************ M q26 

. ******  
********** q9 

.****** 
.********* qs34 

.**** 

**** S 

***** S 

****** qsl9 

** q42 

.* q33 q38 

.** 
** 

. q6 

** T 

* T 

* 

qsl7 qs40 qs41 

qs22 qs3 

qs30 

ql5 

I q28 
-4 + 

<less>|<frequ> 

EACH IS 2. 



APPENDIX D 

PERSON FIT INDICES FOR SUBSAMPLES 
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Person Fit Indices: Sample 1 

INPUT; 300 students, 45 items ANALYZED: 298 students, 34 items, 4 CATS v3.07 

1 ENTRY 

1 NUMBER 

RAW 
SCORE COUNT MEASURE ERROR 

INFIT 

MNSQ ZSTD 
OUTFIT 

MNSQ ZSTD 
SCORE 1 

COR.R. 1 studeni 

1 64 28 34 1.85 .47 1 .10 4 4 13 3 1 A .05! 1490511 
1 73 30 34 2.36 .55 1 00 0 3 55 2 0 a .091 1677911 
1 277 29 34 2.08 .50 1 .26 3 3 50 2 3 C-.15 1 6115811 
1 170 28 34 1.85 .47 .21 7 2 45 3 D-.05 1 388071) 

1 91 29 34 2.08 .50 05 2 n 27 1 4 E .111 2176211 

1 285 27 34 1.64 .45 1 03 1 2 17 1 7 F .171 6323811 

1 138 17 34 .07 .38 1 .52 3 3 2 01 3 6 G-.061 3017211 

1 121 28 34 1.85 .47 1 04 2 1 96 1 3 H .15 1 273811! 

1 106 12 34 -.69 .40 1 .63 2 8 1 90 2 9 I-.091 2475211 

1 122 28 34 1.35 .47 1 02 1 1 81 1 1 J 191 2764911 

1 298 9 34 -1.21 .44 1 .44 I 6 1 74 1 9 K .07 1 6493601 

1 231 31 34 2.70 .62 1 .06 1 1 72 6 L .04 1 5078511 
1 77 14 34 -.37 .39 1 .38 2 1 1 64 2 5 M .101 1942311 
1 27 24 34 1.11 .40 .98 - X 1 60 1 3 N .291 727511 
1 285 26 34 1.45 .43 1 03 1 1 59 1 1 0 .211 6292711 

1 242 27 34 1.64 .45 .96 - 2 1 57 9 P .261 5360411 

1 39 11 34 -.85 .41 1 .38 1 7 1 53 1 7 Q ..31 912101 

1 213 29 33 2.06 .50 1 00 0 1 51 7 R .191 4725211 

1 81 7 34 -1.63 .48 1 .49 1 5 T 41 9 S • 111 1963811 

1 26 r 34 -.69 .40 1 .20 1 0 47 1 7 T .251 718211 

1 226 24 34 1.11 .40 12 7 1 46 1 1 U .191 4957611 

1 46 22 34 .80 .39 1 .01 1 1 43 1 2 V .311 1068211 

1 52 23 34 .95 .39 I .14 9 1 41 I 1 w .19t 1306311 

1 295 23 34 .95 .39 .94 - 4 1 41 1 1 X .331 6465511 
1 7 12 34 -.69 .40 1 .13 7 1 39 4 Y .311 144911 

34 21 34 . 65 .38 I 22 6 1 38 1 2 2 .171 200240 1 

! 19 17 34 .07 .38 1 .33 2 2 1 35 1 4 .151 402511 

1 BETTER FITTIMG OMITTED 1.— —1 1 1 
1 171 26 34 1.45 .43 37 - 7 66 - 3 z .45 ! 3905311 
1 228 27 34 1.64 .45 .87 - 6 63 - 8 y .431 5020311 

1 93 19 34 .36 .38 .86 -1 1 79 - 9 X .521 2197911 

' 29 22 34 .80 .39 .86 -1 X 74 - 9 w .50 1 758811 

269 13 29 -.30 .42 .86 - 9 .83 - 7 V .561 591271 I 

1 55 23 34 .95 .39 .86 -1 0 71 - 9 u .491 1374511 

1 30 14 34 -.37 .39 .36 - 9 77 .2 t .58 1 1958011 

1 256 26 34 1.45 .41 .86 - 7 68 - 3 s .451 567561[ 

1 12 28 34 1.85 .47 .86 - 6 60 -.8 r .421 242311 

1 5 22 34 .80 .39 .35 -1 ]_ .72 -1 .0 q .511 87811 

1 120 21 34 .65 .38 .35 -1 2 .75 -.9 p .521 2723011 

1 300 10 34 -1.03 .42 .31 - 9 .84 -.6 0 .591 6505101 

1 31 18 34 .21 .38 .83 -1 3 .75 -7 n .561 785111 

1 229 28 34 1.85 .47 .33 - 7 .57 -.9 m .441 5024001 

1 14 10 18 .39 .52 .83 -1 0 .74 -.9 1 .571 301611 

1 243 27 34 1.64 .45 .33 - 8 .63 -.3 k .451 536701! 

1 193 24 34 1.11 .40 .82 -1 2 .71 -.9 3 .50! 4352211 

1 37 21 34 . 65 .38 .82 -1 5 .71 -1 .1 i .551 898011 

1 143 28 34 1.85 .47 .81 - 8 .56 -.9 h .461 3216311 

1 174 24 34 1.11 .40 .31 -1 .3 .66 -1 .0 g .521 4018111 

1 205 20 34 .50 .38 .80 -1 7 .71 -1 .2 f .571 4553411 

1 28 14 34 -.37 .39 .79 -1 4 .74 3 e . 62 1 754411 

1 257 22 34 .80 .39 .78 -1 .7 .67 -1 .2 d .561 5692811 

1 183 17 34 .07 .38 .74 -2 0 .68 -1 6 c .641 4214611 

; 255 23 34 .95 .39 .71 -2 .58 -1 .4 b .611 5624911 

1 150 18 32 .38 .33 .60 _3 4 .53 -2 .1 a .731 3438711 

1 MEAN 

1 S.D. 

23. 

6. 

34. 

2. 

1.05 

1.13 

.46 

.12 

.00 

. 13 

.0 

.8 

.98 

.41 
-.1 

.8 
1 

1 
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Person Fit Indices: Sample 2 

INPUT: 300 scudencs, 45 Items ANALYZED: 298 students, 34 items, 4 CATS v3.07 

1 ENTRY 

1 NUMBER 

RAH 
SCORE COONT MEASURE ERROR 

INFIT 

MNSQ ZSTD 
OUTFIT 

MNSQ ZSTD 

SCORE 1 

CORR.1 
I 

studen1 

1 104 32 34 3.19 .74 1 07 1 3 81 1 5 A-.041 2180011 
1 172 31 33 3.19 .74 99 0 3 22 1 3 B .021 3466301 
1 278 29 34 2.11 .51 1 18 6 2 75 1 9 C- 051 5797111 
1 236 29 34 2.11 .51 1 13 4 2 19 1 4 D .061 4964411 
1 95 11 34 -.89 .41 1 94 3 5 1 98 2 8 E-.24 1 2091601 
1 300 16 34 -.11 .38 1. 45 2 6 1 88 3 4 F .011 6485911 
1 257 25 34 1.27 .42 1 15 8 1 88 1 8 G .171 5339611 
1 76 28 34 1.87 .47 1 18 6 1 86 2 .H .091 1606511 
1 290 9 34 -1.24 .43 1 66 2 5 1 85 2 0 I-.101 6216611 
1 273 33 34 3.93 1.03 07 1 1 92 4 J-.031 5731111 
1 109 17 34 .04 .38 1 50 2 9 1 75 2 9 K-.01! 2274811 
1 96 10 33 -1.03 .42 1 57 2 4 1 71 1 9 T^-.021 2094611 
1 63 6 33 -1.87 .50 97 - 1 1 70 1 2 M .321 1300001 
1 119 9 34 -1.24 .43 1 29 2 1 63 1 5 N .151 2564911 
1 8 15 34 -.25 .39 1 57 3 1 1 62 2 5 0-.021 189911 
1 218 30 34 2.39 .55 09 2 1 61 ? .101 45929II 
1 149 21 34 . 63 .39 1 07 4 1 53 I 9 Q .301 3159711 
1 118 15 34 -.25 .39 1 36 2 Q 1 57 2 3 R .131 2551701 
1 141 9 34 -1.24 .43 1 31 1 3 1 56 i 4 S 15| 3049911 
1 43 20 34 .48 .39 1 11 9 1 55 9 T .281 942611 
1 81 30 34 2.39 .55 1 09 2 1 54 6 U .101 1740711 
1 101 11 34 -.39 .41 1 40 I 9 1 51 1 6 V .111 2171411 

1 211 14 34 -.41 .39 1 .45 2 4 1 50 2 0 w .08 1 4347911 
1 123 26 34 1.46 .43 1 04 2 1 47 9 X .24 1 2795111 
! 298 6 34 -1.88 .50 1 15 5 1 47 8 Y .24 1 6436011 
1 3 18 34 . 19 .38 1 33 2 a T 47 1 9 z .14 1 144601 

1 BETTER FITTING OMITTED — — 1 1 
1 213 19 34 .33 .38 .82 -I 3 74 -1 3 z .591 4421611 
1 115 23 34 .94 .40 82 -I i. 67 -l 1 y .561 2454101 
1 87 24 34 1.10 .41 .32 -I 65 -1 X .551 1818511 
1 24 4 15 -1.33 . 65 91 - 6 72 - 6 M .581 5006 1 
1 292 22 34 .78 .39 .31 -1 3 68 -1 2 V .57 1 6246011 
! 34 22 34 .78 .39 .91 -1 3 .71 -X 1 u .571 759511 
i 253 19 34 .19 .38 81 4 73 -1 4 t .611 5266611 

1 176 23 34 .94 .40 .30 3 .71 -1 0 3 .561 3513801 

1 114 21 34 . 63 .39 .30 -1 4 .72 -1 2 r .581 2393211 
1 226 25 34 1.27 .42 .80 -1 .62 -1 q .55 1 4723111 
1 65 22 34 .78 .39 .79 -1 5 .66 -1 .3 p .591 1375411 

1 206 23 34 .94 .40 .78 -I .5 .67 -i 2 0 .58 1 4173411 
1 25 22 34 .78 .39 .78 -1 .5 .67 -1 3 n .591 510411 
1 75 19 34 .33 .33 .78 6 .70 -1 4 m .621 I57901I 
1 243 17 34 .04 .38 .77 -1 .6 .70 -1 6 1 .64 1 514211! 

1 13 20 34 .43 .39 .77 -1 -7 .69 -1 .4 k .621 262611 
! 61 21 34 .63 .39 .77 -1 .7 .67 -1 4 j .611 1277411 

1 117 18 34 .19 .38 .77 -1 .7 .70 -1 6 i .64 1 2550111 

1 291 21 34 .63 .39 .76 -I .8 .65 -1 5 h .631 6244311 
1 162 26 33 1.58 .45 .75 -1 .2 .53 -1 .2 g .561 3339211 

1 142 15 34 -.25 .39 .74 -1 .8 .69 -1 .7 t .67! 3071411 
1 152 25 34 1.27 .42 .74 -1 .5 .56 -1 .3 e .601 3214711 
! 177 15 34 -.25 .39 .74 -1 .8 .66 .9 d . 68 1 351940! 

1 92 21 34 .63 .39 .70 -2 .3 .61 -1 .7 c .671 1908611 

1 167 21 34 .63 .39 .65 -2 .7 .56 -2 .0 b .711 3394811 

1 221 18 34 .19 .38 .54 -2 .3 .57 -2 3 a .741 4597011 

1 MEAN 

1 S.D. 

23. 

6. 

34. 

1. 

1.08 

1.13 

.46 

.12 

1 .00 

.16 

.0 
a 

.97 

.39 

-.1 

.9 
1 

1 
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Person Fit Indices: Sample 3 

INPUT: 300 scudencs, 45 items ANALYZED: 300 students, 35 items, 5 CATS v3.07 

1 ENTRY 

1 NUMBER 

RAW 

SCORE COUNT MEASURE ERROR 

INFIT 

MUSQ ZSTD 

OUTFIT 

MNSQ ZSTD 

SCORE 1 

CORK.i 
1 

studer. I 

41 21 35 -1 44 .37 05 4 2 .05 3 1 A 03 1 720811 

1 209 21 35 -1 44 .37 1 02 2 2 .01 3 0 B 131 4537211 
1 157 5 32 -3 93 .54 1 .12 3 1 .97 1 5 C 04 1 3283711 
1 137 13 34 -2 51 .39 1 53 2 7 1 96 3 4 • - 061 4106411 
1 36 3 35 -3 38 .44 1 .19 7 1 .65 1 5 E 07 1 645901 

1 133 15 35 -2 25 .37 T 21 1 3 1 62 n i. 5 F 061 2551701 

1 28 29 -2 41 .42 1 21 1 0 1 .61 2 1 G- 161 5272 ! 

1 124 11 35 -2 85 .40 1 .30 1 4 X 57 1 3 H- 051 2372311 

i 73 29 35 - 24 .42 81 - 7 1 56 1 0 r- 041 1451301 

I 233 21 35 -1 44 .37 54 3 2 1 .47 6 J 05 i 5085211 
1 106 16 35 -2 11 .37 I 08 5 I .49 2 t K 191 2253811 

1 154 10 35 -3 01 .41 1 24 1 1 1 48 1 5 201 3048111 

1 94 7 34 -3 55 .47 1 23 8 1 .48 1 0 M 101 1873311 

! 127 9 35 -3 19 .43 1 24 1 0 1 48 I 3 N 131 2422301 

1 112 19 35 -1 71 .37 1 33 2 1 1 .44 1 7 0- Oil 2289811 

1 214 23 35 -1 17 .37 t 43 i. 4 1 38 1 P 111 4611611 

1 279 27 35 - 57 .40 94 • 2 1 .42 9 Q 141 6099711 

125 20 33 -1 46 .38 I 42 4 37 ]_ 2 R .11! 238741 1 

! 189 9 34 -3 17 .43 1 12 5 I 38 1 1 S 28 1 4127411 
1 81 9 32 -3 11 .43 1 29 I 2 1 .36 1 0 T 171 1586601 

1 3 19 35 -1 71 .37 1 20 1 3 1 35 1 4 U 131 58911 

1 206 30 35 - 05 .44 1 .35 1 1 1 .22 4 V .04 1 4429911 

i 29 21 35 -1 44 .37 1 .15 1 0 1, .35 1 2 w .00) 559511 

1 179 13 35 -2 54 .38 1 .34 8 1 .33 1 3 X 09! 3918111 

1 21 17 35 -J. 98 .37 .28 8 1 .34 1 5 Y-.091 46441: 

1 31 26 35 - 73 .39 1 33 1 5 I 12 3 z .161 572811 

1 BETTER riTTING OMITTED — .—t - — 1 i 
! 105 16 35 »2 11 .37 .71 1 .65 -1 9 .311 2233711 

1 72 10 20 -1 81 .49 69 -I 7 .64 -1 7 z 56 1 1427511 

1 180 24 35 -1 03 .38 .68 -2 1 .58 -1 5 y .43 1 3935511 

1 34 31 35 15 .46 .68 -1 1 .56 - 9 X 161 1678611 

1 139 13 35 84 .37 .63 -2 5 .62 -2 0 w .621 2663411 

1 75 23 35 - 41 .41 .68 5 .52 -1 3 V .381 1499511 

! 282 27 35 - 57 .40 .68 -1 6 .53 -1 4 u .321 6157711 

i 186 31 35 15 . 46 .67 -1 1 .54 - 9 t .31! 4033511 

1 194 27 35 - 57 .40 .67 -1 7 .52 -1 4 s .431 4278311 

1 91 35 35 1 09 .51 66 - 9 .57 - 6 r-.05 1 1774111 

1 77 35 35 1 09 .51 .64 -1 0 .54 - 6 q-.031 1514011 

1 202 30 35 - 05 .44 63 -1 4 .45 -1 3 p .291 4409911 

1 68 29 35 -.24 .42 63 -1 6 .46 4 0 .24 1 1307511 

1 135 3 35 -3 38 .44 .62 -1 7 .47 -1 3 n .48 1 2573711 

1 100 31 35 .15 .46 .61 -1 3 .52 -1 .0 m .201 2031811 

I 25 32 35 36 .47 .60 -1 3 .52 -.9 1 .231 433111 

i 192 35 35 1 09 .51 .59 -1 1 .46 - 3 Ic .021 4215211 

1 37 32 35 36 .47 .58 -1 4 .55 - 3 j-.061 65181! 

1 83 32 35 .36 .47 .56 -1 4 .41 -1 2 1 .291 1750611 

289 32 35 .36 .47 .55 5 .41 -1 .2 h .291 633151! 

i 170 32 35 .36 .47 .54 .,1 5 .41 2 g .141 3649311 

1 251 32 35 .36 .47 .51 -1 6 .36 -1 3 f .321 5537111 

1 89 33 35 .59 .49 .48 6 .41 -1 .0 e .191 1753611 

1 263 33 35 .59 .49 .43 -1 9 .32 -1 3 d .24 1 5901311 

1 53 36 35 1 .35 .51 .40 -1 9 .33 -.9 c-.17! 953811 

1 119 36 35 1 .35 . 51 .40 -1 9 .33 - 9 b-.171 2336511 
1 252 34 35 .84 .50 .23 -2 5 .21 -1 .5 a .171 5541511 

1 MEAN 

1 S.D. 

23. 
7. 

35. 

2. 

-1 

1 

.13 

.01 

.40 

.04 

.92 

.20 1 
41 

.Qi 
.88 

.28 

-.4 

.9 
1 

1 

1 

1 
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Person Fit Indices: Sample 4 

INPUT: 300 scudencs, 45 items ANALYZED: 298 students, 34 items, 4 CATS v3.07 

1 ENTRY 

(NUMBER 
RAW 

SCORE COUNT MEASURE ERROR 

INFIT 

MNSQ ZSTD 

OUTFIT 

MNSQ ZSTD 
SCORE 1 

CORR.1 
1 

studen1 

1 97 29 34 2 05 .50 1 .09 .3 2 72 2.0 A • OK 2180411 
1 242 30 34 2 33 .55 1 .07 .2 2 55 1.6 B .041 5365201 
1 151 32 34 3 12 .74 1 .10 .2 2 38 1.0 C-.081 3550211 
1 294 23 34 92 .39 09 .6 1 90 2.4 D .151 6465911 
1 261 27 34 61 .44 .95 -.2 1 89 1.5 E .251 5722001 
1 79 21 34 62 .38 .38 2.6 1 79 2.6 F-.03( 1875811 
! 32 10 34 -1 03 .42 1 .58 2.3 1 77 2.2 G-.09( 1962211 
i 210 29 34 2 05 .50 1 .26 .8 1 69 1.0 H-.081 4696211 
( 111 6 34 -1 84 .49 1 .33 1.0 1 68 1.2 I .081 2478311 
( 23 27 34 1 61 .44 I 04 .2 t 68 1.2 J .:7( 478411 
1 34 24 34 1 08 .40 1 10 .6 1 68 1.7 K .17( 302911 
! 292 6 34 84 .49 59 1.7 1 67 1.2 L-.10( 6436201 
! 259 24 34 1 08 .40 19 1.1 1 66 1.7 M .10( 5682111 
1 39 32 34 3 12 .74 1 .04 .1 1 64 .5 N .051 980411 
1 110 10 34 -1 03 .42 1 47 1.9 1 62 1.9 0 .011 2467001 
i 274 9 33 -1 19 .43 1 .49 1.8 1 62 1.7 p .001 609151) 
( 53 7 30 -1 40 .48 1, 38 1.3 1 62 1.4 Q .041 1290311 
( 20 15 34 - 24 .38 1 45 2.6 I 61 2.7 R .001 338511 
1 205 11 33 - 82 .41 1 39 1.8 1 57 1.9 S .071 4668501 
1 162 31 34 2 66 .62 1 .12 .3 1 54 .6 T .011 4109811 
1 258 10 31 - 82 .42 .46 2.0 1 54 1.8 U .001 5678411 
1 62 13 34 - 54 .39 1 .33 1.7 1 50 2.0 V • 111 1561811 
t 2 25 34 24 .41 1 11 .6 1 49 1.2 w 171 9611 
! 11 15 34 - 24 .38 40 2.4 1 47 2.1 X .061 189911 

13 21 34 62 .38 1 .23 1.6 1 46 1.6 Y . 12( 319711 
1 72 32 34 3 12 .74 03 , 1 1 45 .4 Z .07( 1751411 
1 101 19 34 33 .38 1 28 2.0 1 36 1.5 .".31 2276111 
( BETTER FITTING OMITTED — — 1 1 
1 192 23 34 S2 .39 35 -1.0 73 -1.0 2 501 4334601 
1 227 19 34 33 .38 85 -1.2 77 -1.2 y .54( 5048111 

1 59 17 31 31 .39 85 -1.2 77 -1.2 X .541 148281! 
( 230 25 34 1 24 .41 .35 -.9 70 -.9 w .48 ! 5082411 
( 12 21 34 62 .38 .85 -1.2 74 -1.1 V .531 204511 
( 133 19 34 33 .38 .85 -1.3 77 -1.2 u .55( 3158611 

1 130 20 34 48 .38 .85 -1.3 77 -1.1 t .541 2997911 

1 48 26 34 1 42 .43 84 -.8 66 -1.0 s .471 1156Q1I 

( 112 24 34 ]_ 08 .40 .84 -1.0 74 -.8 r .491 2517701 

1 209 21 34 62 .38 .84 -1.3 74 -1.2 q .541 4684111 

1 254 29 33 2 31 .55 .83 -.5 50 -.9 p .421 5606201 
1 266 20 34 48 .38 .83 -1.4 74 -1.2 0 .551 57=15011 

( 221 25 34 1 .24 .41 .83 -1.0 65 -1.1 n .501 4S94211 
( 108 26 34 1 42 .43 .83 -.9 64 -1.0 m .491 2457511 

1 123 25 33 1 34 .43 .83 -.9 65 -1.0 1 .491 2818011 
( 61 20 34 48 .38 .83 -1.4 .73 -1.3 k .561 150321! 
( 211 21 34 62 .38 .82 -1.5 72 -1.3 j .551 4703611 
( 13 23 34 92 .39 .82 -1.3 .68 -1.2 i .541 246411 
( 132 23 34 .92 .39 .82 -1.3 69 -1.2 h .531 3037301 

1 275 13 34 - 54 .39 .82 -1.1 32 -.9 9 .59! 610201! 

( 155 23 34 .92 .39 .82 -1.3 68 -1.2 f .541 3671801 

( 32 24 34 1 .08 .40 .80 -1.3 67 -1.1 e .531 723411 

1 85 21 34 .62 .38 .76 -2.0 .67 -1.5 d .611 2026311 

1 124 24 34 1 .08 .40 .75 -1.7 .61 -1.4 c .581 2845711 
( 177 23 33 1 .05 .40 .75 -1.7 .61 -1.4 b .591 4012911 
( 1.31 13 34 -.54 .39 .74 -1.7 .67 -1.7 a .681 3013611 

1 MEAN 

1 3.0. 

23. 

6. 

34. 

2. 

1 

1 

.00 

.08 

.45 

.11 

1 .01 

.14 

.0 

.8 

.97 

.32 

-.1 

.8 
1 

1 
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Person Fit Indices: Sample 5 

INPOT: 300 students, 45 itsms ANALYZED: 298 students, 34 items, 4 CATS v3.07 

1 ENTRY RAW INFIT OOTFIT SCORE 1 1 
1 NUMBER SCORE COUNT MEASURE ERROR MNSQ ZSTD MNSQ 2ST0 CORR. 1 studen| 

1 96 25 34 1 27 .42 1.00 0 3 .16 3 3 A .211 2013411 
1 238 6 34 -1 87 .50 1.43 1 2 2 .51 2 2 B-.04! 6308311 
1 35 3 34 -1 42 .45 1. 67 2 2 2 .42 2 7 C-.171 816401 
1 116 9 34 -1 2 2  .44 1.75 2 6 .27 2 3 D-.201 2399411 
1 223 20 34 49 .38 1.07 5 .98 2 9 E .261 4864511 

1 42 9 34 -1 22 .44 1.52 1 9 1 .92 2 2 F-.021 937711 
1 264 33 34 3 91 1.03 1.07 1 1 87 4 G-.041 379440 1 

1 261 32 34 3 17 .74 1.08 1 1 .34 6 H .021 3770311 
1 85 33 34 3 91 1.03 1.07 1 1 .30 4 r-.031 1710911 

! 295 13 34 - 34 .40 1.48 2 5 1 .78 2 7 J .021 6462711 
1 31 9 34 -1 22 .44 1.52 1 9 1 .67 1 7 K .031 647811 
1 126 30 34 2 37 .55 1.05 1 1 66 7 L .111 2516111 
1 10 30 34 2 37 .55 1.14 4 1 .66 7 M .041 161011 
1 191 10 34 -1 03 .42 1.47 1 9 1 .60 1 7 N .071 3949711 
1 230 26 34 1 45 .43 1.14 6 1 .60 1 1 0 .141 4995911 
! 148 11 33 - 34 .41 1.40 I 8 1 .59 1 9 P .101 2919911 
i 219 27 34 1 65 .45 .94 - 3 1 57 9 Q .291 4803011 

1 255 23 34 95 .40 1. 17 1 1 1 .55 X 4 R .171 3643111 
1 27 25 34 r 27 .42 1.31 1 6 I 55 1 1 S .03[ 566111 
1 196 9 34 -1 2 2  .44 1.17 7 1 .53 1 4 T . 25 1 4161211 

1 121 13 34 - 34 .40 1.42 2 2 1 .54 2 0 t' .091 2473911 

1 296 12 34 - 69 .40 1.45 -* 2 1 .53 1 3 V .081 6470011 

1 51 10 33 -1 00 .43 1.33 1 4 X .51 1 5 H .171 1059601 
1 282 3 6 - 24 .87 1.44 I 3 1 .49 1 3 X-.181 6257911 
! 7 3 34 -2 34 .66 1.38 7 1 .49 5 Y .101 116911 

180 25 34 1 27 .42 1.09 5 1 .48 1 0 Z .211 3684511 

1 147 19 34 35 .38 1.35 2 4 1 .46 1 6 .101 289921! 
1 22 17 34 06 .38 1.37 2 3 1 .37 1 5 .131 464411 

1 134 18 32 39 .39 1.35 2 2 1 .29 1 0 I5t 2653711 

1 39 20 34 49 .38 1.31 2 1 1 .22 8 .161 1762511 

BETTER FITTING OMITTED —H f- — 1 1 
! 120 22 34 79 .39 .84 -1 2 .72 -1 0 2 .331 2432311 

1 238 17 34 06 .38 .83 -1 3 .76 -1 2 y .371 3243511 
1 124 23 34 95 .40 .32 -I 2 .75 - 3 X .511 2511811 

1 210 16 34 - 08 .38 .82 -1 3 .78 -1 1 w .331 4383801 

1 82 23 34 95 .40 .82 -1 2 .67 -1 1 V .531 1649211 

1 244 25 34 1 27 .42 .82 -1 1 .65 - 9 u .311 5330511 

1 287 13 31 - 43 .41 .32 -1 2 .75 -1 2 t .601 6302611 

i 203 23 34 95 .40 .82 -1 3 .69 0 s .531 4313811 

1 67 19 34 35 .38 .30 -1 6 .73 -1 2 r .381 1354211 

1 188 23 34 95 .40 .80 -1 4 .69 -1 .0 q .541 3874011 

1 226 25 34 1 27 .42 .80 -1 2 .65 - 9 p .321 4928111 

1 176 25 34 1 .27 .42 .79 -1 2 .61 -1 .1 0 .531 3620011 

1 77 19 34 35 .38 .79 -1 7 .71 .3 n .391 1579011 

1 299 19 34 35 .38 .78 .7 .71 -1 .3 in .591 6493811 

1 45 21 34 64 .39 .78 -1 .7 .69 -1 .2 1 .331 98461) 

1 -79 25 34 1 27 .42 .77 -1 .3 .60 -1 X Ic .341 3674411 

I 125 26 34 1 .45 .43 .77 -1 .2 .57 -1 1 j .531 2515801 

1 221 26 34 1 .45 .43 .77 -1 2 .58 -1 .1 i .531 4852411 

1 229 23 33 1 .03 .41 .77 -1 5 .62 h .57! 4971111 

1 iia 16 31 18 .40 .76 -1 .8 .70 -1 .4 g . 621 2428711 

I 36 26 34 1 .45 .43 .74 -1 .4 .54 -1 2 f .561 821311 

1 164 14 22 .58 .48 .72 .8 . 66 -1 .1 e .601 3284211 

1 30 25 34 1 .27 .42 .70 -1 .8 .54 -1 .3 d .60! 637111 

1 270 23 34 .95 .40 .69 -2 .3 .56 -1 .5 c .631 5937611 

1 4 20 34 .49 .38 .67 -2 .8 .59 -1 .8 b .681 105811 

1 MEAN 22. 34. .99 .45 1.01 .0 .97 _ 1 
1 S.D. 6. 2. 1 .12 .13 .16 .8 .34 .8 1 
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Person Fit Indices: Sample 6 

INPUT: 300 students, 45 items ANALYZED: 299 students, 34 items, 4 CATS v3.07 

1 ENTRY 

1 NUMBER 

RAW 
SCORE COUNT MEASURE ERROR 

INFIT 

MNSQ ZSTD 
OUTFIT 

MNSQ ESTD 
SCORE! 

CORR.i 
1 

studen1 

1 274 5 25 - I 89 .55 1 79 2 1 3 17 2 7 A-.411 60337 1 
1 254 30 34 2 33 .55 1 16 4 2 42 1 5 B-.08 1 5690411 
1 277 28 34 1 82 .47 1 .04 2 1 97 1 5 C .13 1 6065111 
1 12 11 34 - 85 .41 1 68 2 9 1 90 2 8 D- 191 133001 
: 256 33 34 3 86 1 .02 1 06 1 1 83 4 E-.041 5731111 
1 82 27 34 1 61 .45 1 14 6 1 75 I 3 F .08 1 174021 1 
1 173 18 34 19 .38 31 2 1 1 71 2 9 G .061 3881311 
1 31 3 34 -1 40 .45 1 .31 1 1 1 68 1 6 H .101 499901 
1 298 9 34 -1 20 .43 1 36 1 4 1 66 1 8 T .Q7| 6493601 
1 231 33 34 3 86 1 .02 1 .06 1 1 63 3 J-.021 516691! 
1 7  28 34 1 82 .47 97 - 1 1 62 1 0 K .241 90311 

1 161 23 34 92 .39 1 04 2 1 60 1 7 L .231 361951 1 

1 2S8 26 34 1 42 .43 1 .11 5 1 57 1 2 M .14 1 6382911 

1 55 3 34 -1, 40 .45 1 46 1 6 1 52 1 3 N .031 1123111 
; 227 13 34 - 54 .39 1 36 I 9 1 49 2 0 0 .091 5045711 
1 52 a 34 - 85 .41 32 1 5 1 49 1 7 P . 1 2 1  104841 1 

1 206 12 33 - 67 .40 1 40 2 0 1 46 I 8 Q .061 4596011 
1 78 12 34 - 69 .40 1 31 1 5 1 46 1 8 R .14 I 1618511 
1 220 18 34 19 .38 1 30 2 1 46 2 0 3 10 1 4841011 
1 255 20 34 47 .38 1 15 1 1 1 45 1 7 T .191 5719111 

1 90 31 34 2 66 .62 1 08 2 1 43 5 U .051 1972311 
1 14 22 34 77 .39 1 15 0 1 41 J. 3 V .181 176611 

1 247 23 34 92 .39 1 13 8 1 38 1 1 w .191 5553111 
1 209 14 34 - 39 .39 1 32 1 3 37 1 7 X . 1 3 1  4623911 
1  226 1^2 34 - 69 .40 ]_ 22 1  1 I  37 1  4 V .211 5015311 
1 268 20 34 47 .38 1 29 2 0 1 36 1 4 z .121 5897611 

1 127 20 34 47 .38 1 29 2 0 1 31 I 2 t O  1 2729011 
1 65 17 34 05 .38 1 .30 2 0 1 27 1 3 .151 136161! 

1  SETTER FITTING OMITTED ... — H ... — H  — 1 
1 63 18 34 19 .38 .85 -I 2 78 -1 •> 

z .55 1 1303111 
1 174 IS 34 - 24 .38 84 -I 1 77 -1 3 y .581 390451! 

1 124 18 34 19 .38 .84 -I 3 76 -1 3 X .561 268671! 

1 21 17 34 .05 .38 .93 3 76 -1 4 w .57! 280211 
1 15 23 34 92 .39 .83 -1 2 73 -1 0 V .521 191911 
1 37 23 34 92 .39 .83 -1 2 72 -1 0 u .521 669211 
1 34 22, 34 62 .38 82 -1 4 73 -1 2 t .551 58201! 

1 41 23 34 92 .39 82 -1 3 68 - 1  2 s .54 1  772611 

1 224 26 33 1 .56 .45 .82 - 9 .58 -1 1 r .501 4939911 
1  229 25 34 1  24 .41 .82 -1 j_ 64 1 q .521 511691! 
i 148 26 34 1 .42 .43 .32 -1 0 .62 - 1  1  p .501 336971! 

1 243 26 34 1 42 .43 .31 -I 0 62 -1 1 0 .501 5512411 

1 61 4 6 .54 .92 .81 - 5 72 - 6 n .581 127681! 

1 285 14 34 -.39 .39 .79 -1 4 .71 -1 6 m .631 627121! 

1 261 22 34 .77 .39 .79 -1 6 .68 -1 3 1 .571 5810111 
1 180 24 34 1 .08 .40 .78 -1 4 .63 -1 3 k .561 405991! 

1 281 21 34 .62 .38 .77 -7 8 .69 -1 4 j .591 6140811 
1 147 20 34 .47 .38 .77 -1 9 .70 -1 5 i .601 3367611 
1 106 25 34 1 .24 .41 .76 -1 4 .60 -1 .3 h .551 2313011 
1 27 8 33 -1 .37 .45 .74 -1 1 .57 -1 .4 g .67 1 44431! 

1 a s IS 34 .19 .38 .74 -2 1 .68 -1 .8 f .641 1913611 
i 151 21 34 .62 .38 .73 -2 2 .65 -1 6 e .631 3392411 

1 9 20 34 .47 .38 .72 -2 4 .64 -1 .8 d .651 102511 

1 35 18 34 .19 .38 .70 -2 .5 .64 -2 .0 c .681 652201 
! 117 6 9 .70 .74 .70 -1 .2 .61 - 1  .1 b .711 252351! 

1 287 21 34 .62 .38 .67 -2 .8 .59 - 1  .9 a .681 636541; 

1 MEAN 

1 S.D. 

22. 

6. 

34. 

3. 1 
.95 

.08 

.45 

.12 

t  .00 

.14 

.0 

.8 

.96 

.31 

-.1 

.8 
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1  
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