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Executive Summary

By the time the State NAEP had been administered in 1996, the Statewide Systemic
Initiatives Program of the National Science Foundation had funded 25 states and Puerto Rico for
at least three years, the minimum period of implementation time necessary to detect an impact of
the systemic initiatives. The purpose of this study has been to ascertain the impact of the
Statewide Systemic Initiatives (SSIs) on student performance and classroom practices as
measured by the State NAEP. Grade 8 mathematics data from the 1990, 1992, and 1996 State
NAEP and grade 4 mathematics data from the 1992 and 1996 NAEP were analyzed, along with
teacher questionnaire informetion, to determine the effect of the SSI program on improving
mathematics learning and instruction in the participating states. A number of issues in using the
existing NAEP data to analyze SSI impact arose, including variation in state participation in the
NAEP for the three testing times, application of different NAEP weighting procedures, lack of
consistency in the questions asked teachers about classroom practices, and failure of some states
to reach the 90 percent participation rate of sample schools. Because of these issues, data were
analyzed in anumber of ways in order to produce findings and to judge the stability of results.

SSI states had a higher percentage of minority students than nonSSI states, but were
essentially the same as the non-SSI states on socio-economic variables. Both SSI and non-SS
states improved in mathematics achievement in grades 4 and 8 from 1990 to 1996. In 1990 and
1992, the SSI states mean achievement on the mathematics composite scale was below the mean
achievement of the non-SSI states by about six scale points. By 1996, the SSI states had
improved at a dlightly faster rate than nonSSl states, reducing the gap by one scale point. Nor-
SSI states were more successful in achieving gender equity. The difference in composite scale
scores between males and females was eliminated between 1992 and 1996 by non SS| states, but
remained the same in SS| states. Both SSI and non-SSI states maintained the achievement gap
between Black and White students over the three testing times. However, there was some
evidence that the achievement gap between Black and White studentsin SSI states declined on
specific subtopic scales, including geometry and algebra and functions. The gap increased in
non-SS| states on all five subtopic scales for both grades 4 and 8. Of particular note, on the
algebra and function scale Black studentsin SSI states gained more between grade 4 and grade 8
than did White students in SSI states. Hispanic students in SSI states gained more than Hispanic
students in non-SSI states over the four years from 1992 to 1996 on five of the six scales. Norn+
SSI students only gained more on the measurement scale.

Six indicators of reform practices were analyzed, including time spent in professional
development during the last year, the number of reformrelated topics studied by teachers,
teachers’ knowledge of the NCTM Sandards, relative emphasis on reasoning and
communication, students’ opportunities for mathematical discourse, and students’ use of
calculators. In 1996, these reform indicators discriminated between SSI and non-SSI states,
suggesting a higher prevalence of reform practicesin SSI states than in non-SSI states. At grade
8 SSI states had a significant increase in opportunities for mathematical discourse over non-SSI
states, but this indicator was not correlated with student achievement. The large gap between
state differences within groups and the interaction among reform indicators requires further
analyses to decipher true differences.
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CHAPTER 1

INTRODUCTION

Tracking the impact of any large-scale educational reform confronts the researcher with a
number of methodological and conceptual issues. In thisfirst technical report on the Study of the
Impact of Statewide Systemic Initiatives, our purpose is to describe in some detail the use of data
from the State National Assessment of Educational Progress (State NAEP) to detect effects that
we believe can be attributed to a state' s participation in the National Science Foundation’s
Statewide Systemic Initiatives (SSI) Program, which was initiated in 1991. Although we have
sought definitive findings on the impact of the SSI Program, we believe an equally important
outcome of the study is the development of viable procedures for analyzing NAEP data and for
using NAEP data to study large-scale educational reform. NAEP has surveyed the achievement
of students at ages 9, 13, and 17 since 1969 and at grades 4, 8, and 12 since the 1980s, but NAEP
results reported by states have only been available in mathematics since 1990. With the advent of
the State NAEP, an important database is now accessible for contrasting differences among
states in student achievement and educational practices as reported by teachers, students, and
administrators on questionnaires administered by NAEP. In this study, we have mined the data
from the State NAEP tests administered in grade 8 mathematics in 1990, 1992, and 1996 and in
grade 4 mathematics in 1992 and 1996.

In thisinitial technical report, we describe our general approach to use of the State NAEP
data to study the impact of the SSI Program, the complexities we encountered, how we dealt with
these complexities, and our initia findings—obtained in contrasting the group of 25 states that
received NSF funding with the 25 nonSSl states. The Commonwealth of Puerto Rico also
received NSF funding for an SSI, which completed the set of 26 jurisdictions that constituted the
SSI program. However, Puerto Rico did not participate in any year of the State NAEP; in this
report, we refer, therefore, to the 25 SSI states participating in NAEP testing. After a description
in Chapter 2 of the general design of the study and areview of other recent studies, we discuss
our methodology in Chapter 3, where we highlight some of the technical issues we have faced
and the decisions made to overcome these issues. Most of the findings that are reported in this
technical report are descriptive. Chapters 4, 5, and 6 contrast the SSI and non-SSI states that
participated in the State NAEP on demographics, student achievement, and classroom practices.
In Chapter 7, we report our progress in doing a longitudinal analysis of the SSI and non-SS|
states using an empirical Bayes and Bayesian analysis.

The National Science Foundation’s Statewide Systemic Initiatives Program

Over ten years ago, in 1989, the National Council of Teachers of Mathematics published
the first set of K-12 national content standards. Since then, nearly all of the states have devel oped
content standards and assessments for methematics, as well as the other content areas. The
advancement of systemic reform has coincided with this massive effort on the part of states and
districts to describe and assess more clearly what students should be able to know andto doin a
multiplicity of content areas. Coinciding with and closely linked to standards-based reforms,
systemic reform has evolved from the theory developed by Smith and O’ Day in 1991 into
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practice as a change strategy for surmounting the difficult problem of enabling al students to
meet challenging content standards.

Since 1991, the National Science Foundation (NSF) has funded Statewide Systemic
Initiatives (SSIs) in 25 states and Puerto Rico, Urban Systemic Initiatives (USIs) in more than 40
cities, and Rural Systemic Initiatives (RSIs) in more than six regions. The Systemic Initiatives
(SIs) represent a commitment of over $600 million by NSF. During the first five years of NSF
funding, 1991 through 1996, SSI programs leveraged more than $500 million in additional funds.
This was more than twice the amount the NSF invested in statewide programs over the same
period (Zucker, Shields, Adelman, Corcoran, & Goertz, 1998).

Simply stated, systemic reform
is a process that extends over along period of time and that has to engage a number of
people in system improvement through changing multiple system components and their
interconnections concurrently.

Systemic reform in education does not imply uniform practice or the prevention of
innovation. It does not imply only one strategy for change. Nor does it imply that there has to be
a strong centralized system rather than a more locally controlled system. It does imply that an
education system needs to add greater stability, improve alignment, remove barriers or other
countervailing forces to change, create stronger links among components, and work with all
teachers so that al students will have the chance to obtain knowledge of important science and
mathematics.

In 1990, NSF instituted a new Directorate for Education and Human Resources (1) to
promote the health and vitality of science and mathematics education in the country. In order to
have a national impact, it adopted a systemic approach that would address entire systems of
mathematics and science education, rather than isolated components such as curriculum,
professiona development, or pedagogy. In its strategy for large-scale change, NSF prominently
advocated that state systemic initiatives adhere to high, explicit local and national standards for
teaching and learning, such as the newly released National Council for Teachers of Mathematics
Curriculum and Evaluation Standards for School Mathematics (1989). NSF encouraged states to
seek statewide change in pedagogy, including “hands-on” and “inquiry-based” education, that
would relieve students of the unproductive burden of rote learning (Westat* McKenzie
Consortium, 1998). Finally, the agency strongly advocated that the newly implemented methods
be monitored by student achievement assessments designed to measure students’ learning of
challenging content.

Beginning in 1991, NSF awarded cooperative agreements to states that proposed
initiatives directed toward achieving NSF' s vision of reform. NSF gave each successful state up
to $10 million over five years. It recognized that this level of funding was very small compared
to states' education budgets, but the agency expected these funds to be used as a catalyst that
would garner other resources needed to mount a reform that would bring large-scale change to
student learning throughout the state. A total of 26 grants were awarded in three cohorts:
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1991 cohort group (N = 10):

Connecticut, Delaware, Florida, Louisiana, Montana, Nebraska, North
Carolina, Ohio, Rhode Idand, and South Dakota

1992 cohort group (N = 11):

California, Georgia, Kentucky, Maine, Massachusetts, Michigan, New
Mexico, Texas, Vermont, Virginia, and the Commonwesalth of Puerto Rico

1993 cohort group (N = 5)

Arkansas, Colorado, New Jersey, New Y ork, and South Carolina.

To be considered for an SSI grant, states were required to articulate a vision for science
and mathematics education and to indicate how the state intended to develop and manage the
project, what partnerships would be created to further the reform, and how the planning process
and progress would be eval uated.

Systemic reform was new for al involved in the program, including the National Science
Foundation. Over time, the NSF administrators of the SSI program grew in their understanding
and conceptualization of systemic change. Asthe SSI program evolved, essential components, or
“drivers,” of systemic reform were identified: Four process drivers and two outcome drivers
became a dominant means for focusing the vision of systemic reform for the statewide systemic
initiatives, for the urban systemic initiatives, and for the rural systemic initiatives.

Six Driversof Educational System Reform

PROCESS DRIVERS

1

Standards-Based Curricula

Implementation of comprehensive, standards-based curricula—as represented in
instructional practice and student assessment—in every classroom and |laboratory,
as well as other learning experiences provided through the system and its partners.

Coherent Policies

Development of a coherent, consistent set of policies thet supports: provision of
high quality mathematics and science education for each student; excellent
preparation, continuing education, and support for each mathematics and science
teacher (including all elementary teachers); and administrative support for all
persons committed to dramatically improving achievement among all students
served by the system.

Convergent Resour ces

Convergence and usage of all resources that are designed for or that reasonably
could be used to support science and mathematics education—fiscal, intellectual,
material, curricular, and extra-curricular—into a focused and unitary program to
constantly upgrade, renew, and improve the educational program in mathematics
and science for al students.
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4, Broad-Based Support
Broad-based support from parents, policymakers, institutions of higher education,
business and industry, foundations, and other segments of the community for the
goals and collective value of the program, based on rich presentations of the ideas
behind the program, the evidence gathered on its successes and its failures, and
critical discussions of its efforts.

OUTCOME DRIVERS

5. Significantly Higher Student Achievement
Accumulation of a broad and deep array of evidence that the program is
enhancing student achievement, using a set of indices that might include
achievement test scores, higher level courses passed, college admission rates,
college majors, advanced placement tests taken, portfolio assessment, and ratings
from summer employers that demonstrate that students are generally achieving at
a significantly higher level in science and mathematics than their predecessors.

6. I mproved Achievement of All Students
Improvement in the achievement of all students, including those historically
underserved.

The six “Drivers of Systemic Reform” evolved out of the National Science Foundation’'s
systemic initiatives program over a number of years (National Science Foundation, 1997). Their
significance first became evident toward the end of the five-year funding period for the first
cohort of recipients of Statewide Systemic iinitiatives grants, which were awarded in 1991. The
Drivers were developed by NSF staff to better guide the management of the program and the
gathering of data from each of the SSI states, which, at the programs’ peak, included 26
jurisdictions. The Drivers were used to identify core data elements that SSlIs were required to
supply to NSF in partial fulfillment of the terms of their grants. Later, NSF' s Division of
Research, Evaluation, and Communication incorporated the Drivers into their requests for
proposals for funding evaluation studies of the systemic initiatives. Evaluators who submitted
proposals were asked to attend to the “NSF framework of four process and two outcome
drivers,” or similar frameworks, as they assessed the impact of classroom change on student
achievement within SSIs and institutionalization, scale-up, and continuous improvement by SSls
(Dear Colleague Letter, May 18, 1998, http:/www.l.nsf.gov/I/rec/pubs/ss-impact.htm, p. 3).
Examples of what a prospective grantee could propose are addressed by questions such as:

What research studies and literature support the use of the hypothesized process
drivers?

What would be a credible assessment system for monitoring progress by adriver
to facilitate the implementation of high-quality mathematics and science
education for all students?

What is the relation of process drivers to learning infrastructure indicators and
student achievement drivers and indicators?
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Moretraditional reforms focus on a single component or unit and on incremental change,
whereas systemic reform considers all of the components, their interactions with each other, and
their alignment in attaining common goals. In theory, school-based reform, curriculum reform,
and other singularly focused reform initiatives are insufficient to sustain an effort to attain
significant improvement in student learning without attending to other system components.
Those successes that can be achieved through school-based reform are deterred or inhibited by
shiftsin policy through state and district mandates or a diminishing teaching force of
knowledgeable and well-trained teachers. Standards-based reform is important to a systemic
reform, but does not imply that the reform is directed toward systemic change. Other components
within the system, such as professional development, accountability, teacher preparation, and
resource allocation, need to be addressed to achieve standards-based systemic reform. A state or
district education system will make progress towards systemic reform when policies,
administration, teaching, and curriculum are working in concert with each other in an effort
directed toward promoting improved learning of challenging content by all students.

NSF closely monitored the progress of its highly visible SSI program, expending
hundreds of millions of dollars. Each SSI was visited, annual principal investigators' meetings
were held, SRI International was engaged as an external evaluator (Zucker et al., 1998), and Abt
Associates Inc. was engaged to monitor each site by conducting site visits. Asaresult of an
accumulation of information and data, it was evident that some of the 26 SSIs were not fulfilling
the full intent of the program. NSF withdrew its funding from four sites, one (Rhode Island) after
only one year. These states—Rhode Island, North Carolina, Florida, and Virginia—therefore
received funding for less than five years.

States varied in the strategies they adopted to attain systemic reform. Nearly all states
claimed to have mathematics and science as a major focus. Eleven focused on grades K through
16. Another six focused on grades K through 12. The other states concentrated their initiatives on
the middle or primary grades. Only the Montana SSI addressed primarily high school. Eighty
percent of the SSIs had a strategy for supporting teacher professional development and
approximately 90 percent had a strategy for creating an infrastructure for capacity building, the
two most common approaches to change (Zucker et a., 1998). Other strategies identified by the
SRI International evaluation included developing, disseminating, or adopting instructional
materials (13 SSIs), supporting model schools (7 SSIs), aligning state policy (16 SSIs), funding
local systemic initiatives (9 SSIs), reforming higher education and the preparation of teachers (13
SSls), and mobilizing public and professional opinion (14 SSIs).

Study of the SSI Program Using NAEP Data

After the first phase of funding, alarge question remained about the actual impact of the
SSlIs on student learning. A number of reports have been published on the SSI program
(Laguarda, 1998; Shields, Marsh, & Adelman, 1998; Corcoran, Shields, & Zucker, 1998;
Shields, Corcoran, & Zucker, 1994; Zucker & Shields, 1995; Zucker, Shields, Adelman, &
Powell, 1995; Barley & Jenness, 1995; Horizon Research, Inc., 1995; Inverness Research
Associates, 1995). Additionally, burgeoning research and literature on the evaluation of systemic
education reform has produced an emerging analytical foundation in the field. Much, however,
remains to be learned about the practice and theory of systemic evaluation in education. Nearly
all of the evaluations primarily focused on generating formative and descriptive information.
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Very few addressed the question of student impact. In fact, some even questioned whether five
years was enough time for any state to mount an effort that would be large enough to have an
impact on student learning (St. John, 1999). At best, a state could engage in capacity building,
but the sequence of changes envisioned from reform efforts to teacher knowledge to classroom
practices to student learning would not have sufficient time to develop on a scale adequate to
influence achievement levels on state assessments. In addition, states were engaged in other
reform efforts besides those funded by NSF, including accountability, increasing graduation
requirements, grade-to-grade promotion, and state curriculum standards and assessments.

This research seeks to study the possible impact of the SSI program on student
achievement and to glean lessons that can be learned about designing, implementing, evaluating,
and supporting statewide systemic reform. The National Assessment of Education Progress
(NAEP), for the first time in 1990, administered an assessment in mathematics (grade 8) that
produced state results. In 1992 and 1996, NAEP produced state results in mathematics for grades
4 and 8.

The Study of the Impact of Statewide Systemic Initiatives Project has engaged in
analyzing data from the State NAEP to determine what the impact of the statewide systemic
initiatives on student learning has been and to identify other significant outcomes of the SSI
program. We have focused our analysis on grade 8 mathematics data for the years 1990, 1992,
and 1996 and grade 4 data for 1992 and 1996. Grade 4 state-by-state data were not collected by
NAEP in 1990. Our approach isto develop a profile for each state, SSI states and non-SSI states,
using the NAEP database, including data on student achievement, demographics, and
instructional practices. These profiles are then analyzed, using several analytical methods, to
draw inferences about the impact of the SSIs. Currently, we are in the middle of this process.

The NAEP database is complex because of the sampling procedures employed in
collecting the data, the weighting procedures, and how the data are structured to compute an
estimate of the error in the findings reported. Although we are in the midst of our analyses, at
this time we do have some preliminary findings that we can share. These observations and
findings are from our analysis of summary data as reported in the NAEP 1996 Compendium and
our analysis of student data from the NAEP database for the three test years.

This report describes the technical issues raised from the beginning in a series of studies
designed to investigate very gross effects that can be associated with the Statewide Systemic
Initiatives over a limited period of time relatively early in the evolution of these reforms. In the
view of some analysts, there are a number of reasons for not using NAEP data at this stage to
study the impact of SSIs. The most frequently cited are: 1) the NAEP instruments are not
sensitive to the changes in student learning advanced by most of the SSIs (poor alignment); and,
2) the timing of the most recent NAEP in mathematics, 1996, is too early for any SSI to reach
scalein order for changes in achievement related to SSIs to be detected (inadeguate time frame).
Any study of SSIsusing NAEP data needs to address these issues directly. One purpose of this
report is to raise these and other technical issues that we faced and to indicate how we addressed
these issues.

The State NAEP data provide the only instance in which the same achievement measure
has been used at two or more points in time with nearly all of the SSI states and Puerto Rico, 22
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of 26 states, as well as with a number of nonSSI states. The analysis of these data provides a
good entry point into study of the impact of SSIs, if only to provide baseline information and to
help identify SSI states worthy of more detailed analyses. However, enough questions exist
about the 1990 through 1996 NAEP data and the relationship to SSI states to warrant some
careful analyses. The central research question addressed by this study is:

1A.  What differences were there on mathematics achievement and student
participation variables (course completion) as measured by NAEP between SSI
states and non-SSI states over the period 1990-96?

In this study, we have mined the NAEP data and other existing studies that use the NAEP
mathematics data for the three years 1990, 1992, and 1996. NAEP mathematics data for 1990
and 1996 are available for 30 states. NAEP mathematics data for 1992 and 1996 are available for
35 states, 20 SSI states and 15 nont SS| states (Phelps, Cullen, Easton, & Best, 1997). Of the 14
states that had a significant increase in scores on grade 8 mathematics average proficiency scores
between 1990 and 1996 and were above the national average, seven had an SSI. Of the 11 states
that met these criteria for increase in scores between 1992 and 1996, eight were SSI states. In a
value-added analysis of NAEP data by state between 1992 and 1996, Barton and Coley (1998)
concluded, “Most states are not significantly different from each other in terms of cohort growth
from the fourth to the eighth grade’ (p. 11). However, the two states that had the highest growth
were SS| states (Nebraska and Michigan). These very global results warrant closer scrutiny.

It is most reasonable to expect to see improvement in mathematics achievement at the
middle grades. All 26 SSIs targeted specific grade levels in mathematics (Zucker, Shields,
Adelman, & Powell, 1995); all but Montana targeted change in the middle grades, 19 targeted
elementary grades, and 12 targeted high school. In 1994-95, 11% of all mathematics and science
teachersin the SSI states were directly participating in the SSIs (Shields, Marsh, & Adelman,
1998, p. 7); nearly 20% of the middle grades mathematics and science teachers participated in
some way that year. These figures are not cumulative since the initial funding of the SSIs, but
represent a lower boundary for the number of teachers reached up to that school year.

Design of Study

In this report, we explain in some depth the technical issues we have faced and resolved
in undertaking a comparison between SSI states as one group and non-SS| states as a contrast
group. Onein a series, this study is designed to examine differences and similarities between the
two groups of states. In following studies, we will provide data on individual SSI states in state
profiles. The within-SSI program differences among states are large. The state profiles will be
used to describe performance and process in the individua states so that cluster, or individual
states, can be studied in more detail. In another study, we will analyze the state assessment data
we have acquired from three states. We are looking at state assessment data to both replicate the
State NAEP findings from 1990 through 1996 and to project the trajectory of achievement in
subsequent years. In our final study, we will analyze individual items and item types to study the
pattern of performance on specific topics, NAEP mathematical abilities (conceptual
understanding, procedural knowledge, and problem solving), and item formats.
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This research is designed to study the impact the Statewide Systemic Initiatives (SSI)
have had using the National Assessment of Educational Progress and state assessments as
criteria. Beginning in 1990, NAEP provided uniform data for a number of states. Mathematics
achievement data along with teacher, student, and school policy information is available for
grade 8 in 1990, 1992, and 1996 and grades 4 in 1992 and 1996. This time span is fortuitous for
evauating the impact of SSI during its implementation. 1990 and, for some states, 1992 data
serve as a baseline, providing information about the status of mathematics achievement and
related practices just prior to the beginning of SSI. Information available from the 1996 NAEP
project allows for an initial study of the impact of SSI on both students' mathematics
performance and associated policies and procedures.

The overal strategy for determining SSI impact involves comparison of SSI and nonSS|
states on a variety of variables. Three types of comparisons were made: status at all three years;
three-point trend analysis using data points at 1990, 1992 and 1996; and two-point trends using
data from 1992 and 1996. Because of the voluntary nature of the State NAEP, each of the
comparisons uses a different sample of states. In addition to examining differences in means for
SSI and nonSSI states, where sample sizes permit, achievement levels of minority and majority
groups are compared to assess the extent of the gap-closing purpose of the National Science
Foundation in creating the SSI program.

Three types of variables are available from the State NAEP: 1) cognitive achievement as
measured by several types of mathematics questions; 2) demographic analysis; and, 3) policy and
practice indicators that are based on teacher, student, or principal questionnaires. Mathematics
achievement and six teacher questionnaire-based items and scal es serve as the dependent
variables for the studies. The questionnaire-related variables are: relative emphasis on reasoning
and communication; opportunities for mathematical discourse; reform topics studies; the NCTM
Sandards; last year's professional development; and, calculator use.

In order to understand the characteristics of the two groups of states, descriptive studies
based on the demographics variables collected by NAEP were conducted. Because of the
differences in the composition of the state groups as a function of participation in the State
NAEP in the three assessment years and its impact on states available for various trend studies,
the demographics of several state groupings were studied separately. In addition, descriptive
studies of trends in average scale scores over 1990, 1992, and 1996 and cohort growth in average
scale scores from grade 4 (1992) to grade 8 (1996) were done for the total group, as well as
gender and ethnic breakdowns for composite scores, subtopic scores, and gaps between the
different groups.

Multiple linear regression models are used to evauate the differences between SSI and
nonSSl states with respect to the teacher questionnaire-based indicators of curricular reform.
Hierarchical Linear Models are employed to compare SSI and nonSSI states with respect to
status and trends associated with State NAEP mathematics achievement data.

A second phase of the impact study will use data obtained from state assessmentsin
Texas, Maine, and Massachusetts. The results of these local tests will be evaluated to determine
the degree to which they are consistent with NAEP status and trends. In addition, because the
data for each of the three states is available through 1999, it will be possible to extend the study
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of achievement trends beyond what is possible with existing NAEP data. Further benefits from
the study of state assessment data come from their closer alignment with the states’ standards

and more detailed information about mathematics subtopics. Since two of the three states provide
student level information about individual items, greater flexibility in the study of the impact of
reform on various item content and type (e.g., multiple-choice vs. open-ended) configurationsis
possible.
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CHAPTER 2

REVIEW OF RECENT STUDIES

Corrdates of Student Achievement

Several recent studies (Grissmer et al., 2000; Raudenbush et a., 1998; Raudenbush et
al., 1999; and, Wenglinski, 2000) have examined the impact of avariety of factors on
achievement as measured by the National Assessment of Educational Progress (NAEP).
Klein et al. (2000b) examined a similar question using local tests as the measure of
mathematics achievement. Table 2.1 lists the variables used in these studies within the
following categories. student, family, and home characteristics; educational resources and
teacher characteristics; schooling characteristics; and, classroom practices. Thereis
considerable overlap among the factors investigated by the several projects. The findings
reviewed below reveal not only direct relationships between independent variables and
achievement but also complex interrelationships among the independent variables. For
example, in some cases, student, family, and home characteristics correlate with educational
resources and teacher characteristics in a way that reflects the fact that more advantaged
students tend to have access to better education (Raudenbush et al., 1999).

Among student, family, and home characteristics, the strongest associations with
achievement are typically found for parental educational levels, family income, and
race/ethnicity (Grissmer et al., 2000). Raudenbush et al. (1999) found significant associations
with NAEP mathematics achievement for all of the variables in this category. Furthermore,
these authors found that home and family characteristics tend to be reflected indirectly in
achievement through their impact on school resources, as well as having a direct effect on
learning. Poverty appears to impact achievement at both the individual and school level.
Regardless of their proportion, poor students in schools tend to show lower achievement.
Raudenbush (1998) observed an impact of poverty on school quality in that schools with
large numbers of students living below the poverty line have fewer resources than schools
that have a smaller number of students from homes with poverty-level incomes. Similarly, he
found that median family income of a school population, even with family income level
controlled, still accounts for a significant portion of the variation in NAEP mathematics
achievement. Bolstering Phillips' (2000) observation that the effect of racial and economic
factors on achievement are distinct, Raudenbush et a. (1999) found that the percentage of
minority students in a school is negatively related to mathematics achievement, in addition to
the variation accounted for by family income level

Focusing on educational resources and teacher characteristics and controlling for
student, family, and home characteristics, Grissmer et al. (2000) showed that higher per-pupil
expenditures, lower pupil-teacher ratios at early grade levels, higher reported adequacy of
teacher-reported resources, and lower teacher turnover were positively related to student
achievement as indicated by an aggregate of NAEP mathematics and reading scores. These
variables, together with higher levels of participation in public pre-kindergarten, reportedly

11
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Table 2.1
Correlates of Student Achievement
Grissmer Raudenbush Klein Wenglinski

Student, - Race - Gender - Race - Parents education
family, home | Pare_nt Qducaiion - Race _ - Gender - Newspapers and rr_1agazi nesin the home
characteristics | Faml_ly income - Parent edl_Jcatlon - Free/reduced-cost lunch - Number of booksin the home

- Family composition - TV watching - Language

- Mobility - Mobility - Specia Ed

- Working mothers - Regular newspapers - Previous years performance

- Teen Births - Booksin home

- Regular magazines
- Family income
- Family structure

Educational
resour cesand
teacher
characteristics

- Pupil -teacher ratio

- Per-pupil expenditure

- Teacher salary

- Teacher education

- Teacher experience

- Teacher mobility

- Adequacy of teacher resources
- Community type

- Teacher experience

- Teacher education

- Teacher major

- Instructional expenditures per student
- Percent minority

- Location

- Median family income

- Teacher Degree

- Teacher course work
- Course work

- Teacher gender

- Teacher ethnicity

- Teacher experience

- Teacher experience

- Teacher education

- Teacher major

- Professional development
o Different populations
0 Ongoing assessment
0 Higher-order thinking
o Interdisciplinary teaching
0 Classroom management
0 Cooperative learning

Schooling
characteristics

- % Pre-kindergarten

- Taking algebra

- Taking pre-algebra

- Eighth grade algebra

- Availability of computers
- School climate

- Reasoning

Classroom
practices

- Time on mathematics

- Approach to introducing topics
- Typical instructional practices
- Typical student activities

- Types of written assignments

- Use of written work

- Methods of assessing

-Working in groups

- Using written materials

- Writing about mathematics
- Hands-on learning

- Point-in time assessments
- On-going assessments

- Talk about mathematics

- Address routine problems
- Address algebra

- Address unique problems
- Address geometry

- Assign homework
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accounted for half of the variation in aggregate NAEP achievement not attributable to
student, family, and home factors. Teacher salaries, teacher educational levels, and increased
experience over the previous three years did not account for a significant amount of
achievement variation. Wenglinski (2000) also examined teacher characteristics,
emphasizing professional development, and found that teachers majors/minorsin
mathematics and professional development that focused on working with different student
populations and teaching higher-order thinking skills were, when student, family and, home
characteristics were controlled for, positively related to mathematics achievement on the
NAEP.

School-level variables are of particular interest because they are subject to policy
decisions at the local level. Grissmer et a. (2000) found that the percentage of children
participating in public pre-kindergarten was positively related to NAEP achievement. A
second school-level policy variable that is related to higher NAEP mathematics achievement
is the availability of high school algebrafor grade 8 students. Raudenbush et al. (1999)
reported an effect of 1.0 SD for taking algebra in the eighth grade. Those taking pre-algebra
outperformed those taking eighth grade mathematics or other non-agebra mathematics by .4
D.

In their study on the impact of classroom practices in science and mathematics of the
National Science Foundation’s Statewide Systemic Initiatives, Shields, Marsh, and Adelman
(1998) identified a number of strategies that are believed to be effective for improving
student achievement. They listed: greater emphasis on understanding mathematics concepts;
application of knowledge to everyday situations; integration of concepts across subjects; the
engagement of students in their own learning; sensitivity to individua students' learning
styles; increased use of technology; use of new forms of assessment for instructional
planning; more emphasis on data gathering and analysis, statistics, geometry and
visualization; discovery learning; and, a constructivist approach. NAEP' s teacher
questionnaire items have served as the basis for several studies of the impact of classroom
practices on mathematics achievement (Grissmer et al., 2000; Raudenbush et al., 1998; and,
Wenglinski, 2000). Klein et al. (2000a) used alonger survey of reform practices; his study
found small, positive but “rarely significant” relationships between teaching practices and
student mathematics performance on openended items. Three of six sites showed
significance on open-ended items. In order to provide a sense of effect size, the researchers
noted that for the largest observed positive relationship, “Our model suggests that with a
teacher at this site using al of the reform practices monthly, the average student was
predicted to score at about the 48" percentile on the test, while for ateacher using all of the
reform practices weekly, we would predict that asimilar student would score at about the
54" percentile” (p. 27). Three of the sites showed negative, or insignificant relationships
between traditional classroom practices and student mathematics achievement as measured
by open-ended items. It was observed that the direction of the reported relationships were
what would be expected and that the modest correlations were not unexpected due to
students’ brief period of exposure to reformed classroom practices. These researchers noted
the insengitivity of the test instruments due to lack of alignment with curriculum and
instruction and lower than desirable reliability coefficients.
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Specific classroom practices can be related to NAEP mathematics achievement.
Wenglinski (2000) found that students who were exposed (as indicated by their teachers
answers on their questionnaire) to weekly hands-on learning and “alot” of teaching of
higher-order thinking skills were 39% of a grade level ahead of their peers. Students exposed
to on-going assessment on a frequent basis were 46% of a grade level behind those of their
peers who encountered such practices on aless frequent basis. Further reinforcing the value
of teaching higher-order thinking, Raudenbush (2000) also found that students whose
teachers indicated anemphasis on teaching mathematical reasoning skills had higher NAEP
mathematics scores than students whose teachers emphasized these skills less.

Grissmer et a. (2000), controlling for a number of student, family, and home
characteristics, attributed “ differences in scores by state for students from similar families’
(p. 47), in part, to pupil-teacher ratios, pre-kindergarten participation, teacher mobility, and
adequacy of teacher resources. This suggests that policy decisions can affect student
performance a the state level.

Beginning in 1990, the National Assessment of Educational Progress has offered a
voluntary testing program that is designed to allow comparisons among student achievement
levels of participating states (Allen et al., 1997). Observing the strong rel ationship between
demographic factors and educational achievement, Raudenbush et al. (1999) addressed the
guestions about the appropriate use of state achievement scores when making comparisons of
states' educational accomplishments. Noting the positive relationship of student social and
economic background factors with both achievement scores and effective school practices,
these researchers asserted that fair, statistically unbiased comparisons require a model that
includes “social composition, school policy, and practice” (p. 434). As aresult of applying a
two-stage approach using a hierarchical linear model for within-state analysis and a Bayesian
synthesis for the second-stage, between state analysis, the authors concluded that “Most of
the state-to-state heterogeneity seems to be explainable on the basis of covariates defined on
students, teachers and schools (p. 431)” (see Table 2.1 for alist of the variables used in this
study). Based on the results of their analysis, which virtually eliminated most between state
differences by controlling correlates, these researchers believe that rather than compare states
on mean achievement scores, the more meaningful comparisons should be based on measures
of school policy and practice.

While Raudenbush and his colleagues (1999) focused their study on 1996 NAEP
mathematics results, Grissmer (2000) aggregated NAEP data across al available state results
for reading and mathematics from the 1990, 1992, and 1996 NAEP tests. To explain
differences in state achievement, his project studied the impact of educational resource
factors that were influenced by policy.

M athematics Content

The National Assessment of Educational Progress (NAEP) has been conducted since
1969 in some form (http://nces.ed.gov.nationsreportcard/site/whatis03/). Over time, three
distinct NAEP projects have evolved: the Main NAEP, the long-term Trend NAEP, and the
State NAEP. The Main NAEP periodically assesses students’ achievement in reading,
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mathematics, science, writing, U.S. history, civics, geography, the arts, and other subjects at
grades 4, 8, and 12. The State NAEP has measured writing, reading, mathematics, and
science at grades 4 and 8. Student samples for this program are drawn to permit inferences
about the achievement levels for each participating state. The content of both the Main and
State NAEP programs follow curriculum frameworks, developed by the National Assessment
Governing Board (The College Board, 1996), which adapt to changes in the nation’s
curricula. Since 1989, the mathematics tests have followed the recommendations of the
National Council of Teachers of Mathematics' Curriculum and Evaluation Standards for
School Mathematics (NCTM, 1989) (often referred to as the NCTM Standards). Test-item
types for the Main and State NAEP assessments that are consistent with the current state-of-
the-art in achievement testing also have evolved.

In contrast, both the student sampling frame and the content of the long-term Trend
NAEP has remained essentially unchanged. The Trend program, which began 30 years ago
and was intended to monitor general trends in achievement, was NAEP s original program.
Rather than focusing on grade levels, the Trend assessment targets students at ages 9, 13, and
17 in mathematics, reading, and science. Unlike the Main and State NAEPs, the content of
which evolves to match changes in curriculum and instructional practice, the content
blueprints of the Trend tests have not changed.

Since 1990, the frameworks for Main and State NAEP assessments in mathematics
have covered five content areas and three mathematical abilities. The content areas are:
number sense, property, and operations; measurement; geometry and spatial sense; data
analysis, statistics, and probability; and, algebra and functions. The mathematical abilities
measured are conceptual understanding, procedural knowledge, and problem solving. Three
types of items were employed: multiple-choice, open-ended, and extended open-ended, first
used in 1992 (The College Board, 1996).

Wilson and Blank (1999) analyzed results by item type and concluded that students
performed most poorly on those items that required the most student written work. They
observed that the open-ended items that assess higher-order thinking and require skill in
communicating about mathematics were the most difficult.

Comparing changes over time for mathematics for the Trend and Main NAEPs,
Loveless and Diperna (2000) observed that results on the Main NAEP between 1990 and
1996 have not evinced the gains shown on the Trend NAEP. Although the Trend NAEP
continues the original NAEP practice of testing 9- and 13-year-olds, while the State and
Main programs assess at grade 4 and 8 levels, these authors assume that the variation in
samplesis small enough so as not to invalidate meaningful comparisons between the
programs. For example, at grade 8, the gain on the Main assessment was 9 points, while, for
13-year-olds, there was no gain on the Trend measure. The authors comparison of the
content of the two assessments revealed an increase in the proportion of geometry items on
the State NAEP. They also noted the introduction of calculator use and the provision of
manipulatives for the Main NAEP in 1990. In order to further understand the changesin
mathematics achievement, Loveless and Diperna charted the gains and losses in correct
response rates for various clusters of items (e.g., geometry, problem solving, data analysis,
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addition of whole numbers, and fractions) on the two versions. Across all three age levels on
the Trend NAEP, they found increases in performance on what they described as “NCTM -
like topics’ (p. 18), such as geometry, problem solving, and data analysis, and decreases in
performance on arithmetic items, such as addition and subtraction of whole numbers and
fractions.

Wilson and Blank (1999) observed that the open-ended items that were most difficult
for students—items that assess the higher-order thinking and mathematical communication
skills—are central to the reforms recommended by the NCTM Sandards. In order to
improve achievement in these areas, the authors suggest that “ students in mathematics
classes need more opportunities to work non-routine problems, to use higher-order thinking
skills, and to communicate their mathematical ideas’ (p. 19). While noting that the Trend
NAEP showed that students improved on content, such as geometry, which is given more
emphasis in current reforms, Loveless and Diperna (2000) concluded that performance in
geometry “remained abysmal” (p. 19). Thus, at least these researchers evaluating NAEP
trends have agreed that there is a considerable need for improved student learning of the
content and skills deemed critical by the NCTM Standards. Furthermore, observing the
dippage in performance on arithmetic items on the Trend NAEP, Loveless and Diperna
(2000) warned that efforts to improve learning of reform skills should not come at the
expense of the basics of computation with whole numbers, decimals, and fractions.

Trends

Typically, two approaches are employed for tracking change in educational
achievement (Barton & Coley, 1998). Cross-sectional studies monitor performance at
established ages or grade levels. This method yields information about the differencesin the
amount of learning achieved at different ages or grade levels. In cross-sectional studies,
differences between groups are due to at least two factors: 1) age or grade level, and 2)
differences between groups of students. A second approach, referred to as cohort analysis,
follows the performance of a defined group of students as they mature. Cohort studies
describe how much a specific group of students learn within a fixed period of their schooling.
NAEP produces data on representative samples within grades and ages, however, since
different students are sampled, the equivalence of these samples is open to question. Thus,
changes in performance may be due to learning or differences in the groups sampled at two
grades or age levels. State census testing with student 1Ds allows researchers to follow the
same subjects over time, thus assuring the testing of true cohorts at different grade levels.

The picture of change in mathematics learning over time, as measured by NAEP, also
differs depending on whether cohort or cross-sectional methods are used. Using data from the
Trend NAEP to compare mathematics achievement of the student cohort that grew from age
9to 13 in the years 1978 to 1982 to that of the cohort spanning the same age range during the
period from 1992 to 1996, Barton and Coley (1998) found no significant difference in the
amount of mathematics learned during those four-year intervals. However, if the question
about change is framed differently, comparing a cross-section of 9-year-olds' performancein
1978 to the performance of 9-year-olds in 1996, mathematics achievement increases. The
same is true for age 13, indicating that students ages 9 and 13 in 1996 denonstrated that they
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knew more mathematics than had their counterparts 18 years earlier. However, the gain in
achievement between age 9 and age 13 remained constant. Using State NAEP data, Grissmer
et a. (2000) identified significant gains in mathematics achievement between 1990 and 1996
for the states taken as a whole. Grade 8 scores improved more than grade 4 scores. States
differed in the amount of gain, most being significant, with mean improvements per year
ranging from zero to two percentile points.

Depending on how change is defined, one could draw conflicting conclusions about
trends between 1978 and 1996. Barton and Coley (1998) suggest that cohort studies, because
they focus on similar groups of students (either by following identical students or sampling
from the same population) and have a built-in control for certain demographic and family
factors, may be a better measure of educational effectiveness than cross-sectiona studies.
However, these authors do not take the position that one approachto studying educational
achievement trends is generally preferable; rather, they contend that both types of
information should be considered. Since 1984, the State and Main NAEP assessments have
been spaced to alow sampling of the same cohort of students to be tested first in grade 4 and
subsequently in grades 8 and 12. The NAEP state- level assessment that began in 1990 allows
tracking of cohorts from grade 4 in 1992 to grade 8 in 1996 (Allen et d., 1997).

Comparative judgments about states' educational quality are often made by ranking
mean proficiency scores at a given grade level. For the State NAEP, grades 4 and 8 are used.
Barton and Coley (1998) pointed out that comparing the cohort gains of states often shows a
different picture and may be the preferred way for judging the effectiveness of schooling.
These researchers used as examples the results of Arkansas and Maine. In 1992, Maine
fourth graders led the nation with an average scale score of 232 on the NAEP mathematics
test, while Arkansas was at the bottom with a score of 210. However, between 1992 and
1996, the gain in each state between grade 4 and grade 8 was the same, 52 points. Based on
this comparison of students in the two states, one can conclude that the effectiveness of
mathematics education in those states between grades 4 and 8 was equivalent.

For over thirty years, closing the educational achievement gaps between advantaged
and disadvantaged children has been a primary focus of state and federal policy (US
Department of Health, Education, and Welfare, 1972; Odden, 1991). Phillips (2000) shows
that if parents education and income, percent of students in a school receiving free or
reduced-cost lunch, and the locale of a school are controlled for, a Black/White gap in
achievement remains. Based on a meta-analysis of a number of cross-sectional studies
conducted between 1965 and 1996, Phillips (2000) reported an effect size of the Black/
White gap of about .8 SD averaged over 12 grades and that, when controlling for historical
trends, it increases roughly .18 SD between grades 1 and 12.

Phillips (2000) aso reports the implications of combining the results of two cohort
studies—the National Education Longitudinal Survey (NELS) and Prospects (Phillips,
Crouse, & Ralph, 1998)—of the tragjectory of the Black/White gap across the grades. For
mathematics, Blacks trailed Whites by less than .1 SD through grade 6. Between the end of
grade 6 and grade 9, the educationa achievement gap appears to widen by roughly .1 SD per
grade and then levels off. While these data appear to be among the best available for
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understanding the Black/White gap over an extended period, the author cautions that the
results of her analysisis “very imprecise” (p. 108). Comparison of the grade 4 and 8 NAEP
results for 1992 and 1996 did not detect such a widening of the Black/White gap. Rather,
these results show that the gains for Whites and Blacks are roughly the same, indicating no
significant change (Barton & Coley, 1998) in the size of the gap during these grade intervals
(Shaughnessy et a., 1997).

Comparing State Assessments and NAEP Results

Comparability of NAEP to other assessmentsis difficult due to the differencesin
content coverage, item format, test-administration procedures, intended use, and the
consequences associated with the use of the results (Feuer et a., 1999). Linn (2000) observed
that comparability of state assessments with NAEP scores is sometimes compromised when
purposes differ. Evidence suggests that variation in item format may result in different
estimates of student knowledge and skills across content topics and content dimensions (Linn
et a., 1991; Kenney & Silver, 1998).

The Main and State NAEP tests are designed to reflect “many of the state’s curricular
emphases and objectives in addition to what various scholars, practitioners, and interested
citizens believed should be included in the curriculum.” Its purpose “is to provide
information about the progress and achievement of studentsin genera” (Allen et a., 1997, p.
20). NAEP Main and State mathematics tests attempt to represent a broad nationwide
consensus regarding what is deemed important content for curricula and the learning that
should result, both with respect to topics—e.g., geometry, measurement, algebra—and
cognitive dimensions—e.g., problem solving, reasoning, or recall of facts (Kenney & Silver,
1998). The NAEP multi- matrix sampling design allows for the administration of over 160
items in various formats with nearly an equa distribution of multiple-choice and extended-
response items (Allen et al., 1997). Finadly, it is important to note that many of the NAEP
administration procedures are different from other large-scale assessments: e.g., testing for
any one student usually lasts only an hour; test administrators are well trained and often
monitored; and, members of testing groups are randomly selected from school grade-level
populations rather than being intact classes (Allen et a., 1997). Furthermore, NAEP
participants often lack extrinsic motivation to perform well (Feuer et a., 1999).

To the extent that state assessment procedures differ from those of NAEP,
comparability of resultsis likely to be compromised. Some differences are pervasive. Klein
et a. (2000b) noted that, because of multi- matrix item sampling, content coverage of NAEP
tests is much broader than is feasible for typical state assessments, which are usually
designed to report comparable results for each student at a grade level. Kenney and Silver
(1998) reported that even where the state and NAEP test frameworks match well, subtle
differences between a state's curriculum and instruction and those targeted by NAEP may
compromise the comparability of results from the two assessments. Wilson and Blank’s
(1999) observation that students scored poorly on items demanding high production (opent
ended and extended open-ended items) is another reason why NAEP results may not be
comparable with those from state assessments, particularly if the different assessments vary
in the proportion of item formats used. It is suggested (Kane, personal communication,
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February, 2001) that the observed discrepancy between results on opertended and multiple-
choice items may be attributable to lack of motivation associated with NAEP tests.

Comparability of trends may also be affected by the differing characteristics of
assessment and accountability programs. Linn (2000) concluded that the stakes and regularity
of testing are important considerations when comparing achievement levels from year to
year. He observed that where the same test is administered annually within a district or state,
achievement levels increase. When new tests, covering similar content are introduced, mean
achievement levels drop. Thus, within a particular state or district context, familiarity with a
test over time can result in improved performance. Linn (2000) suggests that that this
familiarity effect actually represents an upwards bias in the estimates of student learning.

Where promotion decisions depend on test results, cohort achievement gain indicators
may be biased upwards by retention (Haney, 2000). This occurs because the anticipated
lower scores (of retained students) are removed from populations at grades subsequent to
grades where promotion decisions are made. Cross-sectional comparisons may be biased
downward at grades in which students are held back and biased upwards in subsequent years
(Klein et al., 2000b). Again, this occurs because of changes in grade-level population
characteristics that increase the proportion of low performersin decision years and decrease
the proportion of these students in subsequent years. Because NAEP testing involves random
sampling at al levels and comes every two or four years, the familiarity effect is unlikely to
be caused by NAEP. However, both NAEP and state gain indicators should reflect the bias
that may occur because of retaining students. One must be wary of gains on both types of
assessment in such high-stakes environments.

NAEP scores have been proposed as a criterion for judging the validity of state
assessments (Klein et al., 2000b). As Cronbach observed over 30 years ago, “ one validates,
not atest, but an interpretation of data arising from a specified procedure” (Cronbach in
Thorndike, 1971). Thus, questions of atest’s validity depend on the interpretation or use of
the results stemming from the test. Such use of results depends on the purpose for which the
test is designed. It seems that NAEP' s results could prove useful as a criterion for judging the
validity of a state’s assessment to the extent that it shares the same design, purpose, and
content as NAEP.

Texas presents a case in point regarding the use of the NAEP in judging the validity
of its state assessment, the Texas Assessment of Academic Skills (TAAS). The content
strands for the State NAEP are: number sense, property, and operations; measurement;
geometry and spatial sense; data analysis, statistics, and probability; and algebra and
functions. The NAEP item types include multiple-choice, open-ended, and extended open
ended (The College Board, 1996); TAAS uses only multiple-choice items. The grade 6
TAAS from 1994 to 1999 sampled 13 objectives that are grouped into three domains, as
indicated in Figure 2.1. The eighth grade TAAS had 60 items, while the 1996 State NAEP
used 162 items. Nine of the TAAS objectives seem to fit within the single NAEP strand of
number sense, property, and operations. Clearly, the variety of item types used for the NAEP
would suggest that it has greater breadth than TAAS. While there are TAAS objectives that
relate to each of the NAEP strands, the weighting of topics is much different.
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Figure 2.1. TAAS Mathematics Domains and Objectives.

Domain: Concepts
1. The student will demonstrate an understanding of number concepts.
2. The student will demonstrate an understanding of mathematical relations,
functions, and other algebraic concepts.
3. The student will demonstrate an understanding of geometric properties and
relationships.
4. The student will demonstrate an understanding of measurement concepts using
metric and customary units.
5. The student will demonstrate an understanding of probability and statistics.
Domain: Operations
6. The student will use the operation of addition to solve problems.
7. The student will use the operation of subtraction to solve problems.
8. The student will use the operation of multiplication to solve problems.
9. The student will use the operation of division to solve problems.
Domain: Problem Solving
10. The student will estimate solutions to a problem situation.
11. The student will determine solutionstrategies and will analyze or solve problems.
12. The student will express or solve problems using mathematical representation.
13. The student will evaluate the reasonableness of a solution to a problem situation.
(Texas Education Agency, 1999)

Mehrens (2000) points out that the TAAS is well designed to measure the Texas
Essential Elements, which comprise the state’ s written curriculum developed by Texas
educators. If one believes that curriculum and test domains are the purview of states and local
school districts, then the content validity of instruments intended to measure the domains
should be judged with respect to the specification made by those jurisdictions. Based on his
observation that every objective the TAAS purports to measure is tested every year and is
clear documentation of sound procedures for matching test items to the Texas Essential Skills
(Texas Educational Agency, 1999), Mehrens argues that the TAAS instruments meet the
Sandards for Educational and Psychological Testing (American Educational Research
Association, American Psychological Association, National Council of Measurement in
Education, 1999) for content validity.

Believing that the State NAEP mathematics assessment should be considered the
“gold standard” for mathematics content and thus a proper “benchmark” to use in evaluating
the validity of TAAS, and because the effect size of annual cross-sectional gains on NAEP
are considerably smaller than those of TAAS, Klein et a. (2000b) claim that TAASisan
inflated indicator of mathematics achievement for Texas students. Consistent with
Cronbach’s definition, the validity of TAAS depends on the interpretations made from its
results. Based on the Mehrens study, claims of validity for TAAS mathematics tests seem
justified as long as interpretations of TAAS results are clearly limited to the Texas Essential
Elements and the specific objectives of the TAAS. However, more general claims about a
construct as broad as “ mathematics achievement” based on interpretations of TAAS may not
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be considered valid because of the narrowness of the content of TAAS vis-avis the widely
accepted NCTM Sandards. In terms of gains, the TAAS would seem to be a valid indicator
for the Essential Elements and TAAS objectives, but not of mathematics achievement in
general. Klein et al. (2000b) suggest that TAAS is not valid because teachers are in effect
teaching to the test. However, it is clear, because test forms are changed each year and are
secure, that such teaching can only be to the well-defined content domain of the instruments
and not to specific items. Aslong as the inferences intended for the results are limited to this
well-defined content, there should be no question of the test’s validity for judging gain.
However, interpretations of TAAS longitudinal data that go beyond the specific content of
the tests would be questionable. It is reasonable and valid to attribute the steady improved
performance on the TAAS to better teaching and learning of the Texas Essential Elements.
Claims of more general improvement in mathematics by Texas, while plausible, should not
be based on TAAS results.
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CHAPTER 3

METHODOLOGICAL ISSUES

The State NAEP database is complex and idiosyncratic. Its use for the Study of the
Impact of the Statewide Systemic Initiatives in mathematics raised several methodological
issues. In the sections that follow, methodological questions that arose during this research
project and the solutions we applied are reviewed.

NAEP Sampling and Weighting

Weighting

The State NAEP employed complex, sophisticated student and item sampling in order
to maximize the content coverage of the assessment while, at the same time, minimizing the
number of students involved and the time they needed to spend taking the tests.
Approximately 100 schools were sampled in each participating state. Thirty students were
randomly chosen in each school, resulting in sample sizes of approximately 3,000 students in
each state. The sampling plan was designed to provide estimates for the public school
population of an entire state, as well as of certain selected subpopulations. Stratification was
by urbanization, percentage of Black and Hispanic students enrolled, and median household
income within the ZIP code area of the school (Allen et al., 1997; Mullis et al., 1993). Even
though the sampling was stratified by school and district, it yielded valid representation only
at the state level.

In 1992 and 1996, State NAEP databases provided weights to allow for equal or
proportional weighting of states. While the choice of weighting procedure does not affect
state means, the proportional approach weights states by their populations, so larger states
contribute more to population estimates. Use of the equal weighting approach has the effect
of treating each state as though it has the same-sized population. Since the SSI focused on the
state level, for this study we have, where available, used equal weighting in order to consider
each SSI state as an equal and independent replication of SSI reform efforts. The 1990 State
NAEP database includes only proportional weights; using techniques similar to those used by
NAEP for 1992 and 1996, we computed equal weights for the 1990 analysis.

State means were computed using the equal weights provided by the State NAEP
database. In this approach, the state is considered the unit of analysis, with each state’s
NAERP results reflecting either its SSI or non-SSI status. While states are the unit of analysis,
students are the sampling unit within the NAEP design. Weights are applied to individual
student data that are then aggregated to determine weighted state values.

In addition to measuring students’ mathematics achievement, teachers whose students
were sampled by the State NAEP were asked to complete a questionnaire on their
background, training, and instructional practices (Allen et al., 1997). These teacher responses
are merged with the achievement item responses of each of the sampled students to which
they were teaching mathematics at the time of assessment, making one record in the data file.

23



Chapter 3
Methodological Issues

Results of the teacher questionnaire are reported in terms of the percentage of
students with teachers choosing each questionnaire response. The same student weights are
applied to the cognitive and teacher questionnaire items.

Population Subgroups

Analysis of student performance by certain demographic categories is a desirable
feature of the Study of the Impact of Statewide Systemic Initiatives. However, in a few
states, the numbers of students in some racial/ ethnic categories are too small to allow
accurate estimates of population values for these subgroups. Because of this, we reduced the
number of states in the analyses that compared the performance of students by racial/ethnic
groups to include only those states with a sufficient student ethnic population to make valid
inferences.

Participation Guidelines

Because district and school cooperation with the State NAEP is typically voluntary,
in order to ensure the integrity of state samples, the National Center for Education Statistics
(NCES) established participation rate standards for schools and students. These standards
seek to reduce bias due to school non-response, as well as that due to inadequate strata-
specific representation of a population with respect to students with disability, limited
English proficiency, types of assessment session (monitored or unmonitored), school level of
urbanization, minority enrollment, and median household income of the area in which the
school is located. State NAEP results are reported for some states that did not fully meet
these NCES standards. In the portion of this study that focuses on the impact of an SSI on
teacher practices, all analyses were done twice—once for all states and a second time for
only those states that met the NCES participation rate standards. Results of the two analyses
were then compared to consider whether the findings of the larger group of states were
affected by results from states that did not meet the standards. Appendix A contains a
description of the participation rate standards.

Groupings of States

In order to evaluate the relation of the Statewide Systemic Initiatives to teacher
practices and characteristics and to student achievement, the mean of SSI states was
compared to the mean of non-SSI states. We did cross-sectional comparisons to examine
differences at given years and longitudinal comparisons to look at trends over two or three
testing points. All states included in the State NAEP database in a given year were included
in the comparison for that year. Data from states that participated in the State NAEP in
consecutive years was used for the longitudinal comparisons.

While the jurisdictions of Guam, Puerto Rico, the Virgin Islands, Washington, DC,
and Department of Defense Schools were included in the State NAEP, they were not
included in this study because our focus was on states rather than on jurisdictions generally.

Because of self-selection, a different set of states participated in the State NAEP in
each testing year (1990, 1992, and 1996), resulting in different groupings of both SST and
non-SSI states for each of the three years. Three sets of comparison groups were used for the
study. Separate comparison groups were employed to study yearly status, and two-point and
three-point trends. The number of states available for various analyses declined as the

24



Chapter 3
Methodological Issues

number of points increased. Because the State NAEP was not administered at grade 4 in
1990, three-point analysis was limited to grade 8. While the self-selection of states for NAEP
participation may affect the results of this study of SSI impact, it is not possible to isolate
such an effect. The numbers, percentages, and names of states included in the three types of
comparisons are provided in Appendix B of this chapter.

There is no basis for believing that SSI and non-SSI groups were equivalent on any of
the variables of interest prior to implementation of the SSI. In fact, SSI states, as a whole,
had a higher proportion of minority students than did the non-SSI states in 1990, prior to
NSF’s startup of the program.

Indicator Development

The teacher questionnaire responses associated with each sampled student in the State

NAEP database provide information about teacher background, training, and instructional
practices. One aspect of this study was to discern the impact of SSI initiatives on teacher
variables captured in the questionnaire data. Clune’s (1998) theory of systemic reform was
used as a classification scheme to identify those items that might reflect goals of reform.
Based on classification within this framework, sets of items were identified as potential
elements of reform variables. Combining items into scales has several benefits:

e sets of items delineate theoretical constructs;

e random error is reduced and true score variability increased;

e reporting is parsimonious; and,

e parametric analysis may be used.

Changes in teacher questionnaires in each year of the State NAEP have complicated
longitudinal comparisons of reform variable values. Few of the questionnaire items remained
exactly the same in 1990, 1992, and 1996. Wording and the number and descriptions of
response options were changed. In addition, a number of items were added. Longitudinal
comparisons have been most affected by this lack of consistency.

Longitudinal Analysis

Student Achievement

To study relationships between SSI status and gains in mathematical achievement, we
used two kinds of statistical analyses. State NAEP data have a hierarchical structure: students
are nested within schools, and schools are nested within states. Hierarchical linear modeling
is often used with such data (Bryk & Raudenbush, 1992; Goldstein, 1995; Snijders & Bosker,
1999). However, the State NAEP data have special characteristics that might make other
methods more appropriate. Three unique features of the State NAEP data are: the small
number of state-level cases; states’ voluntary participation in tests, violating the assumption
of randomness; and, the heterogeneous variance structure of each state, instead of the
homogeneity assumed by the model (Raudenbush et al., 1999).

Aware of these limitations, we used two different methods for the longitudinal
analyses of mathematics achievement: Descriptive Trend Analysis (Barton & Coley, 1998;
Grissmer et al., 2000) and Empirical Bayes and Bayesian Analysis (Raudenbush et al., 1999).
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Due to the “comparable metrics” of State NAEP scores across data collection years and
across grades (Allen et al., 1997), we can study the changes in achievement scores of each
grade across years and cohort growth from grade 4 to grade 8.

With descriptive trend analyses, we compared the average performance of SSI states
and non-SSI states across gender and race over the assessment years to identify the
longitudinal growth of student achievement on the NAEP mathematics composite
achievement scale as well as in the five content strands (i.e., number and operations,
measurement, geometry, data analysis, and algebra and functions).

Empirical Bayes and Bayesian analysis is similar to a meta-analysis, as described in
Bryk and Raudenbush (1992, Chapter 7). This method incorporates jackknife standard errors
(as described below) to create confidence intervals around each state mean for grades 4 and 8
in each test year. Then the individual state estimates are combined to estimate an overall
mean for the SSI and non-SSI states. From a longitudinal perspective, this method obtains
estimates of the average state mean in 1990, along with the state growth rate per year from
1990 to 1996.

Reform Indicators

In addition to examining the effect of an SSI on student achievement, we also used
teacher questionnaire data to evaluate the impact of SSI on instructional practices associated
with reform. For this technical report, comparisons between SSI and non-SSI states on the
reform indicators are limited analyses of the state means for the SSI and non-SSI states.
Within state variability on the reform indicators is not addressed as part of this technical
report.

Some indicators have a common scale across two or three years. For these, repeated
measures analysis of variance (ANOV A) were used to examine the main effects of SSI status
and time as well as the interaction of time and SSI status.

Other indicators had different scales in different years. For these, linear regression
was used to determine whether a state’s SSI status was related to the reform indicator in
1996. A two-step regression model was used. At Step 1, the value of the 1996 indicator was
predicted from prior values (either 1990 or 1992). At Step 2, SSI status was added as a
predictor. The purpose of this two-step approach is to examine the contribution of SSI to
changes in reform-related activities, beyond the general trend across all states. The F test for
SSI status in Step 2 was used to evaluate whether SSI status contributed to the 1996
indicator.

To provide another perspective for interpreting the relationship between the indicator
variables and SSI status, a descriptive discriminant function analysis and canonical
correlations were calculated. These methods provided information about the utility of the
indicator variables as a basis for classifying states as SSI or non-SSI. Classification based on
the obtained discriminant function was compared with the actual SSI status of states. The
canonical correlation between the indicators and SSI status provided a familiar index of the
relationship of the indicator variables taken together with SSI status.
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Interpreting Differences

Standard Errors of Estimation

Analysis of State NAEP data for this project required calculating means and standard
errors on a variety of measures for state populations at two grade levels and in three different
years, as well as for population subgroups within states. Because State NAEP data collection
procedures use complicated sampling plans, routine procedures for calculating means and
standard errors are inappropriate. In particular, the State NAEP employed stratified samples
in each state and did not sample at the same rate in different strata. The NAEP database
includes replicate weights to use with a re-sampling technique to estimate the standard error
of the means. For this report, we used the jackknife procedure (Bradley, 1982) to estimate the
standard errors in the individual state means for the within-state analyses. This re-sampling
method involves five steps:

1. An estimate of the mean is obtained for the complete set of data in the state, using the
base weights for the state.

2. Multiple subsets of the data are sampled to generate multiple estimates of the mean.
For the State NAEP, the re-sampling is achieved through the use of sets of replicate
weights, which effectively select subsets of the data.

3. Each set of replicate weights is then used to generate an estimate of the mean. These
separate estimates are sometimes called pseudo-estimates.

4. The mean of the pseudo-estimates is the jackknife estimate of the mean.

5. Using the pseudo-estimates as data, the jackknife procedure generates an estimate of
the standard estimate of the mean for each state.

The result of the jackknife procedure is an unbiased estimate of the mean and the
standard error, based on the sampling and weighting procedures developed for the State
NAEP data. The standard errors were used to compute confidence intervals around means,
indicating the extent to which the mean would vary over independent samples from the state.

For analyses based on state means (e.g., estimating the mean effect across the SSI
states), the usual formulas were used to estimate the standard error. This approach weights
states equally, using the state mean as the basic unit of analysis and limiting conclusions to
those about state means.

Conceptual Analysis

In this research program, we examine a large number of variables over several
subgroups within the State NAEP database and from some selected state databases. A
number of the comparisons are based on the NAEP achievement test results, but most also
involve demographic variables (e.g., gender, race) and reform indicators (e.g., emphasis on
reasoning and communication).

In this kind of correlational and retrospective analysis, some statistically significant
findings represent substantive differences while others are due to chance. Chance findings
are especially problematic in a very large and complex database, like that of the State NAEP
results, in which there are many variables and many observed differences are statistically
significant because of the large sample sizes.
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One way to minimize the misinterpretation of chance findings is to examine the data
within an explanatory framework. In this study we have used a model of systemic reform to
identify comparisons of interest. In addition, we examined each specific question under
consideration from several perspectives in order to build a set of results that, taken together,
could support a general conclusion. In the absence of experimental controls, this kind of
multiple testing of the network of relationships can be an effective way to use data in
building confidence in causal hypotheses. However, firm conclusions about causality depend
on future research specifically designed to test the hypotheses.

Effect Size

Research on factors that influence student achievement is moving away from
statistical significance testing to estimates of effect size (Cohen, 1969). Rather than simply
evaluating the null hypothesis, differences can be evaluated in relation to the standard
deviations of the measures. Klein et al. (2000b) consider effect sizes of trend data in the
Texas Assessment of Academic Skills state assessment results between .31 and .49 SD units
to be indicative of “very large improvement” (p. 6). Phillips’s (2000) summary of a meta-
analysis of studies of Black/White achievement differences showed average effect sizes
across twelve grades of roughly .8 SD units. At this point in our study of SSI impact, we are
exploring the feasibility of developing conventions for the interpretation of effect sizes.

Attribution

An evaluation team at Stanford Research Institute (SRI) developed a conceptual
model (Figure 3.1) of systemic reform (Zucker et al., 1998) that assigns SSI activities to “two
related but distinct channels” (p. 3). The two sets of activities can be distinguished in terms
of their distance from the classroom. One aims to build the state, region, and district
infrastructure necessary to support and sustain reform. An example of activities at this level
is adoption and diffusion of state policy building on the NCTM Standards (1989). The
second set of activities aims more directly at student outcomes by focusing on initiatives that
improve both teaching and the quality of students’ learning experiences. An example of this
type of activity is professional development designed to improve teacher knowledge and
skills for implementing reform practices in their classroom methods, such as having students
write about mathematics or work on team problem solving.

The goal of this project is discover the utility of the State NAEP database and the
results from several state assessments for detecting the impact of the SSIs. The model
depicted in Figure 3.1 suggests that, in addition to looking for evidence of impact in student
achievement results, where possible evidence of policy development and implementation as
well as specific processes aimed at improving student learning of mathematics should be
considered.

Data presented in Chapter 4 show that states differ on both demographic and
educational variables. Not only are there differences apparent among states but, also,
between regions and, perhaps most importantly, among the sets of SSI and non-SSI states.
For example, prior to the advent of the SSI, states that were later awarded grants differed
from non-SSI states both on levels of student mathematics achievement and on racial
composition. At the beginning of the SSI program, SSI states, as a group, evidenced lower
mean mathematics achievement levels than did non-SSI states. Overall, SSI states had higher
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proportions of minorities and students from economically disadvantaged families than did
non-SSI states.

While these differences are perhaps a function of a deliberate effort by NSF to focus
resources in the states with greatest need, the lack of initial comparability of SSI and non-SSI

Figure 3.1. A model of systemic reform (Zucker et al., 1998).

Student
Outcomes

Classroom Experiences

Teachers Resources School Community

Ssi

Activities

Schools, Classrooms, Teachers

Human & ) Professional
Material Incentives and Public
Policy Support for Reform Support
A Guiiding Vision/Standards Institutional Collaboration and Leadership

States, Regions, Districts

states complicates efforts to detect evidence of SSI impact. At first glance, one might
consider use of traditional regression procedures that control for pre-existing differences.
However, the lack of independence of the variables that reflect group differences from aims
of SSI makes these approaches problematic, since removal of the effects of variance due to
pre-existing conditions will neutralize variance effected by an SSI. Based on the work of
Raudenbush et al. (1999), we are experimenting with Bayesian linear modeling approaches
as a means of isolating SSI impact.
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Because of limitations associated with pre-existing differences within the groupings
of SSI and non-SSI states, an alternative approach for studying SSI impact was needed. We
sought to construct a plausible argument that using NAEP data and other existing
information to
relate improved student achievement to SSI activities. A new focus on trends in individual
states seemed to hold promise. Profiles of SSI states, including demographic and prior
achievement data along with detailed information about the focus of SSI activities and theory
of action vis-a-vis impact, should serve as a solid basis for establishing an expected locus for
impact evidence.

Clune (1998) rated 13 SSI states on the breadth and depth of a number of activity
components. His group will eventually have ratings on all SSI states. Figure 3.2 lists the
states and components. These ratings, along with additional information on a state’s SSI
target population, saturation, form, systemicness, and conceptualization of mathematics,
(obtained from SSI states as well as various research and evaluation reports) will serve as the
basis for the classification of state SSI activities.

One way in which NAEP achievement data can be broken down is by the content
strands of the NAEP mathematics framework. In addition, results can be classified by item
types, such as short- or extended-constructed response. Results based on such classifications,
when compared with a state’s emphasis on specific mathematics topics, will be particularly
useful when analyzing achievement trends of SSI states. Information about item type and
content, which is available from some state assessment databases, will allow similar analysis.

The NAEP sampling, coupled with the uneven saturation of SSI implementation
activities within states, presents another complication for detecting the impact of SSI
activities and investments. Even when quality information about the nature of SSI activities
within states exists, there is no way of knowing the extent to which SSI-targeted schools are
represented in the NAEP sample for a given year because most schools are not involved in
the NAEP sample and SSI participation is usually not random. This is another reason why the
state assessment data can prove useful. With state assessment information available, there is
a certainty that SSI-targeted schools are included in the database. Furthermore, where there is
specific information about the SSI targeting of schools or districts, the achievement results of
those entities can be compared with others to detect impact on student achievement of
mathematics outcomes.

Attribution is further hindered by the correlational nature of the statistical
methodology available for this study. While we are unable to presume causality for
relationships because of the constraints on this study, the possibility that certain relationships
exist is important because it suggests areas for further, more refined research. In a similar
vein, in order to ensure that all promising relationships are documented, p values are usually
reported as descriptive information rather than for hypothesis-testing purposes.

In summary, there is great value in accurately describing the group of SSI states in
contrast with the group of non-SSI states on common measures. Even if no significant
differences are found between the SSI states and the non-SSI states, the accurate description
of data can be used to lay the groundwork for more detailed studies and to inform the
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discussions about other initiatives supporting statewide reform. The design of the State
NAEP does allow the investigation of differences among the SSI and non-SSI states
beginning with the 1990 measures, prior to the implementation of the SSI program, and at
two subsequent points, 1992 and 1996, during the implementation of the SSI program.
However, because not all states participated in all three testing times and due to the existence
of other co-variables, building analytic models using techniques such as Bayesian linear
modeling can uncover some relationships, but cannot capture the impact across a large
number of the SSI states. Therefore, in the work we report in the future we have turned to
other approaches.

One approach is to develop a data profile on each SSI state, including the emphasis
each SSI gives to the five mathematics content topics tested in NAEP. These patterns of
emphasis will be compared to the pattern of growth in achievement on the same topics.
Another approach is to compare findings from the State NAEP with state assessment data. If
the two datasets produce comparable findings, this may confirm improved student
achievement. Then the state assessment data, collected from a larger sample than the State
NAEP, can be used to relate SSI activities to student achievement by identifying the student
performance on schools and districts most active in the SSI. Establishing consistent patterns
among SSI activities, state assessment results, and State NAEP results in two or three states
will increase the confidence that NAEP data can be used to detect effects related to SSIs.
Finally, we will draw upon findings of other studies and our own study of process indicators
to link SSI activities to teacher and student report data of classroom activities and to student
achievement in the attempt to establish a likely chain of evidence.

The limited data that are available place constraints on fully attributing student

increases in learning to SSI activities. However, using these multiple approaches will allow
us to make an informed decision about the likelihood of such a relationship.
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APPENDICES

Appendix 3A NCES Participation Rate Standards

A jurisdiction will receive a notation if its weighted participation rate for the initial
sample of schools was below 85% AND the weighted school participation rate after
substitution was below 90%. (Appendix A in Shaughnessy, Nelson, & Norris, 1997,
p. 282)

A jurisdiction that is not already receiving a notation for problematic overall school
or student participation rates will receive a notation if the sampled students within
participating schools included a class of students with similar characteristics that had
a weighted student response rate of below 80%, and from which the non-responding
students together accounted for more than five percent of the jurisdiction’s weighted
assessable student sample. Student groups from which a jurisdiction needed
minimum levels of participation were determined by the age of the students, whether
or not the student was classified as a student with a disability (SD) or of limited
English proficiency (LEP), and the type of assessment session (monitored or
unmonitored). In addition, for public schools, classes of schools were determined by
school level of urbanization, minority enrollment, and median household income of
the area in which the school is located. (Appendix A in Shaughnessy, Nelson, &
Norris, 1997, p. 283)

Appendix 3B Comparison Groups

Table 3B.1a
Number and Percentage of SSI and Non-SSI States Included in Various Comparison Groups.
SSI States (n =25) Non-SSI States (n =25)
Number Percent Number Percent

Yearly

Grade 8 1990 20 80 17 68
1992 22 88 19 76
1996 22 88 18 72

Grade 4 1992 22 88 19 76
1996 23 92 20 80

2- Point Trend

(1992 —1996)

Grade 8 20 80 15 60

Grade 4 21 84 16 64

3- Point Trend

(1990, 1992, 1996)

Grade 8 17 68 11 44
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Table 3B.1b

States Tested in Various Years and Included in the Trend Comparison Groups

Grade 4

Grade 8

Yearly

Trend

Yearly

Trend

1992

1996

1990

1992

1996

N~

w

SSI

Arkansas

California

Colorado

Connecticut

Delaware

Florida **

Georgia

Kentucky

Louisiana

PP DR D[R] >R <[] 4

PP DR P | >R <[] 4

Maine

Massachusetts

Michigan

i eI et e b e el i ksl e

el eI et et e el i ksl e

it il tl et e el ksl e

it el bl tl it e el ke

e

Montana

Nebraska

New Mexico

New York

et el el e e i e Bl Bl Bl BT Rl Bl i ke

<<

<<

New Jersey

N. Carolina **

el el el el E e el bl ksl Bl Bl Bl Ee T Rl Bl Bl ke

ittt

>

Ohio

Rhode Is **

PR PR P4 [ <

>

>

PR PR DR PR DR PR [ D4 | <

PR PR PR P4 [ <

>

South Dakota

S. Carolina

Texas

A=

A=

o

| <

Vermont

Virginia **

Number

22

] S P

21

20

22

] B

20

17

Non-SSI

Alabama

e

=

ke

ke

ke

e

Alaska

Arizona

Hawaii

Indiana

lowa

PP PR | <

P |4

PP | PR | <

PP | 4

PP 4

Idaho

PR <

M| P[RR <

Illinois

Kansas

Maryland

Minnesota

DA PR DL R DL P R <

| <

Mississippi

Missouri

R[] 4

P[] 4

it talls

<[ 4

eltaitalls

Nevada

PR R <

NewHampshire

North Dakota

ke

ke

=

e

Oklahoma

P

R[>

Oregon

>

Pennsylvania

itk

Tennessee

Utah

it

it

| <<

| <

Washington

W. Virginia

Wisconsin

Wyoming

Number

i B e

N S PR P P S

I~ BB

= Bkl

S Bl

I B B S

7 Bk

oy P

** SSI states with less than five years SSI funding




36



Chapter 4
Description of Demographics of SS Compared to Non-SSI States

CHAPTER 4

A DESCRIPTION OF THE DEMOGRAPHICS OF SSI
COMPARED TO NON-SSlI STATES

Introduction

When comparing two groups, it isimportant to understand the salient characteristics of
the groups being compared. This chapter will contrast the SSI states with nonSSI states on the
basis of demographic variables utilized in the State NAEP. The main variables are gender,
ethnicity, parents’ education, and home environment composite. These variables will be
presented for different groupings of states by participation in SSI, by year of participation in
NAEP, and by analytic group.

In grade 8, 22 SSI states and 18 non SSI states participated in the State NAEP (Table
4.1). In grade 4, 23 SSI states and 19 non-SSI states participated. Two additional states
participated at grade 4, one an SS| state, New Jersey, and one a non-SSI state, Pennsylvania.

Different analytic groupings of states are used for the different analyses. Not al of the
states participated in all three years of the State NAEP—1990, 1992, and 1996. In order to do
trend analyses over these three years, we have used only those states that participated in al three
State NAEP tests (Table 4.2). This, Trend Group 90-96, includes 17 SSI states and 11 nonSS|
states. When we use only the 1992 and 1996 data, we increase the number of states participating
in the State NAEP to 20 SS| states and 15 non-SS| states. These 34 states will constitute Trend
Group 92-96. The largest number of states participated in the State NAEP in 1996—22 SSI states
and 18 non-SSI states. This group of statesis referred to as the 1996 Group.

We begin this chapter by reporting the demographic variables for the 1996 Group. Thisis
the best representation we have for contrasting the SSI states and nonSS| states using NAEP
data. By 1996 most states had been in the SSI program three or more years. We then report the
data for Trend Group 90-96, followed by data for Trend Group 92-96. The latter group best
reflects any changes in demographics over the first years of the SSI program because 1992
coincides with the beginning of the Statewide Systemic Initiatives program. We compare the
1996 data for each of the trend groups with the 1996 Group to disclose how the demographics of
the two groups change when states that did not participate in all three State NAEP assessments
are excluded from the analysis (See Appendix A).
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Table4.1
States Participating in the State NAEP
Grade 8 Grade4
90 92 96 92 96
SS Non-SS S Non-SS S Non-SS S Non-SS S Non-SS
Arkansas Alabama Arkansas Alabama Arkansas Alabama Arkansas Alabama Arkansas Alabama
Californie Arizona Californie Arizona Californie Arizona Californie Arizona Californie Arizona
Colorado Hawaii Colorado Hawaii Colorado Hawaii Colorado Hawaii Colorado Hawaii
Connecticut Indiana Connecticut Indiana Connecticut Indiana Connecticut Indiana Connecticut Indiana
__ | Delaware lowe Delaware lowe Delaware lowe Delaware lowe Delaware lowe
w gg Florida Maryland Florida Maryland Florida Maryland Florida Maryland Florida Maryland
g £ | Georgic Minnesote Georgic Minnesote Georgic Minnesote Georgic Minnesote Georgic Minnesote
5 § Kentucky North Dakote ~ Kentucky North Dakote ~ Kentucky North Dakote Kentucky North Dakote Kentucky North Dakote
% o | Louisiana West Virginic Louisiana West Virginic  Louisiana West Virginic Louisiana West Virginic Louisiana West Virginic
S - | Michigan Wisconsin Michigan Wisconsin Michigan Wisconsin Michigan Wisconsin Michigan Wisconsin
% % Nebraska Wyoming Nebraska Wyoming Nebraska Wyoming Nebraska Wyoming Nebraska Wyoming
© E New Mexico New Mexico New Mexico New Mexico New Mexico
New York New York New York New York New York
North Carolina North Carolina North Carolina North Carolina North Carolina
Rhode Idand Rhode Isand Rhode Iand Rhode Isand Rhode Iand
Texas Texas Texas Texas Texas
Virginia Virginia Virginia Virginia Virginia
Alaska Alaska
|daho Maine |daho Maine Maine Idaho Maine
5 lllincis Massachusetts M assachusetts Massachusetts M assachusetts
B Montana Mississippi Montana Mississippi Mississippi Montana Mississippi
% New Jersey New Jersey Missouri Missouri New Jersey Missouri New Jersey Missouri
E Ohio New Hampshire Ohio New Hampshire Ohio New
= Oklahoma South Carolina  Oklahoma South Carolina South Carolina  Oklahoma South Carolina
g Oregon Vermont Oregon Vermont Oregon
D Pennsylvania Pennsylvania Pennsylvania Pennsylvania
8 Tennessee Tennessee Tennessee Tennessee
£ Utah Utah Utah Utah
Washington Washington
B o District of District of District of District of District of
-1 Columbia Columbia Columbia Columbia Columbia
° g Guam Guam Guam Guam Guam
@ Virgin Islands Virgin Islands Virgin Idlands
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Table 4.2
State NAEP Analytic Sample
1996 Group Trend Group 90-96 Trend Group 92-96 or Cohort Group
Non-SSl SSI Non-SSl SSI Non-SSl

N =22 N =18 N=17 N=11 N =20 N=15
Arkansas Alabama Arkansas Alabama Arkansas Alabama
Cdlifornia Alaska Cdifornia Arizona Cdlifornia Arizona
Colorado Arizona Colorado Hawaii Colorado Hawali
Connecticut Hawaii Connecticut Indiana Connecticut Indiana
Delaware Indiana Delaware lowa Delawvare lowa
Florida lowa Florida Maryland Florida Maryland
Georgia Maryland Georgia Minnesota Georgia Minnesota
Kentucky Minnesota Kentucky North Dakota Kentucky Mississippi
Louisiana Mississippi Louisiana West Virginia Louisiana Missouri
Maine Missouri Michigan Wisconsin Maine North Dakota
Massachusetts North Dakota Nebraska Wyoming Massachusetts Tennessee
Michigan Oregon New Mexico Michigan Utah
Montana Tennessee New York Nebraska West Virginia
Nebraska Utah North Carolina New Mexico Wisconsin
New Mexico Washington Rhode Island New Y ork Wyoming
New Y ork West Virginia Texas North Carolina
North Carolina Wisconsin Virginia Rhode Island
Rhode Island Wyoming South Carolina
South Carolina Texas
Texas Virginia
Vermont

Virginia
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1996 Group (22 SSI and 18 Non-SSI States)

As expected, the number of students in both SSI and non-SSI states in 1996 was nearly
evenly divided between males and females (Figure 4.1). At both grades 4 and 8, the SSI states
had, as a group in 1996, a dightly lower percentage of White, Asian, and American Indian
students than did the non-SSI states (Figure 4.2). The 22 SSl states had more Black students in
both grades 4 and 8, 4% and 5% respectively, and more Hispanic students in both grades 4 and 8,
3% and 5% respectively. These data corroborate that SSI states tended to have a higher
percentage of minority students than did nonSS| states.

Figure 4.1. Percentage distribution of grades 8 and 4 students, by gender and SS| status: 1996
Group (22 SSI and 18 non-SS| states).

Grade 8 Grade 4
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SSI Status SSI Status

Figure 4.2. Percentage distribution of grades 8 and 4 students, by race and SSI status: 1996
Group (22 SSI and 18 non-SSI states).
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The State NAEP did not collect information on the socioeconomic status (SES) of
students, but did include questions that can be used to infer students' SES. Two variables are
used to indicate the economic status of the students—parents education and home environment.
The NAEP student questionnaire asked students to report the education level of their fathers and
their mothers—that is, the highest educational level attained by the father and the mother.
Students' reports of parent’s education levels were very similar in the SSI and nonSS| statesin
1996 (Figure 4.3). SSI states and nonSSl states varied at most by 2% in any one category. If
information for one parent was missing, the education level of the other parent was used. For
both grade 4 and grade 8, roughly 40% of the students reported that at least one parent graduated

from college. In fourth grade, about a third of the students responded that they did not know their
parents’ educational level.

Figure4.3. Percentage distribution of grades 8 and 4 students, by parents' education and SSI status:
1996 Group (22 SSI and 18 non-SSl states).
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Students in the SSI states varied little from those in the nonSSl states in home
environment (Figure 4.4). The home environment measure combines student responses to four
family background items from the NAEP student questionnaire:

Yes
No

Response Options

| don't know

Does your family get a newspaper regularly?
Is there an encyclopedia in your home?
Are there more than 25 books in your home?

Does your family get any magazines regularly?

In both SSI and non-SS| states, generally less than 20% of the students responded “No”
to any of these items. On average, just one percent more of the students in the non-SSI states had

these advantages, compared to students in the SSI states.

Figure4.4. Percentage distribution of grades 8 and 4 students on the basis of home environment, by

SSI gtatus: 1996 Group (22 SSI and 18 non-SSI states).
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Trend Group 90-96 (17 SSI and 11 Non-SSI States)

The proportion of males and females in both SSI and non-SS| states remained nearly the
same for the three testing times—21990, 1992, and 1996 (Figure 4.5). However, the constancy in
the overall mean for each set of states obscures differences among them. Some states fluctuated
over the three testing times in the percentages of male and female students (Figure 4.5). At grade
8, a higher percentage of SSI states had more females than males participate in the NAEP
assessments at the three testing times than non-SS| states. The reasons for this are not apparent,
but the pattern of the proportion of females relative to the proportion of males clearly indicates
differences between the sets of states (Figure 4.5a). At grade 4, the proportion of females and
males participating in NAEP is more comparable between the SSI and nonSS| states (Figure
4.5h).

Figure 4.5. Percentage distribution of grades 8 and 4 students, by gender and SSI status: Trend
Group 90-96 (17 SSI and 11 nonSSI states).
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Figure 4.5a. Percentage distribution in gender of grade 8 students, by SSI status and state: Trend

Group 90-96 (17 SSI and 11 nonSSI states).
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Figure 4.5b. Percentage distribution in gender of grade 4 students, by SSI status and state: Trend

Group 90-96 (17 SSI and 11 nonSSI states).
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Asfor the total 1996 sample, the 17 SSI states in Trend Group 90-96 had fewer White
and Asian students and arelatively greater number of Black and Hispanic students than the 11
non-SS| states in that group (Figure 4.6). In 1996, the 17 SSI states in Trend Group 90-96 did
have a lower percentage of White students (4% less) and a higher percentage of Black and
Hispanic (atotal of 3% more) students than did the larger group of the 22 SS| states in the 1996
Group. This indicates that the smaller number of SSI states that constitute Trend Group 90-96
did not have the same racial composition as the SSI states that participated in NAEP. Reducing
the sample size from 18 non-SSI states in the 1996 Group to 11 nontSS states in Trend Group
90-96 resulted in less variation in racia distribution than for the SSI states. The percentage by
racial group only varied by one or two percentage points.

Both SSI states and non SSI states had a small decline in the percentage of White
students from 1990 to 1996, 2% for SSI states and 1% for non-SSI states. The variation among
sates in the difference between White students and nonWhite students was similar for SSI states
and nonSS| states (Figures 4.6a and 4.6b). In three SSI states, nontWhite students tested by
NAEP outnumbered the White students—California, New Mexico, and Texas. Hawaii was the
only non-SSI in which this was true. In seven of the 11 nonSSI states, over 80% of the students
were White, while only two of the SSI states had over 80% White students.

Figure 4.6. Percentage distribution of grades 8 and 4 students, by race and SS| status: Trend
Group 90-96 (17 SSI and 11 non-SSI states).
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Figure 4.6a. Percentage distribution by race of Grade 8 students, by SSI status and state: Trend
Group 90-96 (17 SSI and 11 nonSSI states).
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Figure 4.6b. Percentage distribution by race of grade 4 students, by SSI status and state: Trend
Group 90-96 (17 SSI and 11 nonSSI states).
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result of using the smaller group of states to do the trend analysis.

The education of parents of grade 8 students increased dlightly from 1990 to 1996 (Figure
4.7). For each year, the percentage of parents who graduated from college was dightly higher in
the nonSSl states compared to the SSI states, from 1% in 1990 to 3% in 1996. For grade 4,
parents' education in SSI and nonSS| states was almost identical, with very little change from
1992 to 1996. Trend Group 90-96 varied by two percentage points or less from the 1996 Group
on parents education, indicating that very little reduction in parents’ education isfound as a

Figure4.7. Percentage distribution of grades 8 and 4 students, by parents’ education and SSI status:

Trend Group 90-96 (17 SSI and 11 non-SSI states).
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In considering a home environment that included books, encyclopedias, magazines, and
newspapers, a slightly higher percentage of students in non-SSI states had these advantages at
both grade 8 and grade 4 levels and for al years of the State NAEP (Figure 4.8). The home
environment reported by students in the 1990-96 Trend Group varied little, 1% or less, from that
reported by the students in the 1996 Group. This, along with the lack of variation in parents
education, implies that the smaller Trend Group 90-96 is very similar to the larger group of states
with respect to students' SES.

Figure4.8. Percentage distribution of grades 8 and 4 sudents, by home environment criteriaby SSl satus:
Trend Group 90-96 (17 SSI and 11 non-SSI states).
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Trend Group 92-96 (20 SSI and 15 Non-SSI States)

As with other samples, the percentage of males and females in the total SSI and non-SSI
groups is either 50/50 or 51/49 for the two- year trend sample (Figure 4.9). Five SSI states had a
relatively large number (more than 5% difference) of femalesin 1996 at grade 8: Florida, New
Mexico, North Carolina, South Carolina, and Texas. None of the non-SSI states had as high a
percentage of female students assessed at grade 8. The two nonSS| states with the largest
percentage of females tested in 1996 were Arizona with nearly 5% more females tested than
males and Mississippi with nearly 4% more females tested than males (Figure 4.9a). In 1996, no
state with more males exceeded a difference of 5%. At grade 4 in 1996, only one SS| state had a
relatively large percentage of females—New Mexico (Figure 4.9b). Hawaii, a non-SS| state, had
areatively large percentage of males. As would be expected, Trend Group 92-96, with two
fewer states in each category, varied very little from the 1996 Group. Since Trend Group 92-96
is nearly the same in the distribution by gender asis the larger 1996 Group, the analysis of the
smaller group is not skewed by gender.

Figure 4.9. Percentage distribution of grades 8 and 4 students, by gender and SSI status: Trend
Group 92-96 (20 SSI and 15 nonSSI states).
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Figure 4.9a. Percentage distribution by gender of grade 8 students, by SSI status and state: Trend

Group 92-96 (20 SSI and 15 nonSSI states).
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Figure 4.9b. Percentage distribution by gender of grade 4 students, by SSI status and state: Trend

Group 92-96 (20 SSI and 15 nonSSI states).
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For Trend Group 92-96, the SSI states in both grade 8 and grade 4 had relatively fewer
White and Asian students, and relatively more Black and Hispanic students than the non SSI
states as a group (Figure 4.10). In 1996, the 20 SSI states in grade 8 had 7% fewer White
students than the 15 non-SSI states (Figure 4.10a) and in grade 4 the SSI states had 5% fewer
White students (Figure 4.10b). The distribution by race of the tested population in Trend Group
92-96 varies very little from the distribution in the 1996 Group. No one category differs by more
than 2% and most differ by 1% or are the same.

In nine of the 15 nonSS| states in 1996, at least 80% of the students were White. Only
five of the 20 SSI states had such alarge percentage of White students (Figure 4.10a). The grade
4 charts show a similar pattern, though with relatively fewer Whites in the SSI states (Figure
4.10b).

Figure 4.10. Percentage distribution of grades 8 and 4 students, by race and SSI status. Trend
Group 92-96 (20 SSI and 15 nonSSI states).
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Figure 4.10a. Percentage distribution by race of grade 8 students, by SSI status and state: Trend

Group 92-96 (20 SSI and 15 nonSSI states).
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Figure 4.10b. Percentage distribution by race of grade 4 students, by SSI status and state: Trend

Group 92-96 (20 SSI and 15 nonSSI states).
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Parent education trends are comparable for SSI and nonSSI states, with the percentage of
students with at least one parent who graduated from college just one percentage point higher in
the nonSSI states at grade 8 (Figure 4.11) and one percentage lower in grade 4 in 1996. In both
the SSI and the non-SSI groups at grade 8 in Trend Group 92-96 (Figure 4.11) compared to the
1996 Group (Figure 4.3), 1% fewer of the students reported a parent who had graduated from
college. This difference is not large enough to indicate that Trend Group 92-96 is different from
the 1996 Group. There were no differences between the two groups in grade 4. Asin the other
two groups, in grade 4 amost a third of the sample reported that they did not know either

parent’s education level.

Figure4.11. Percentage distribution of grades 8 and 4 students, by parents' education and SSI status.
Trend Group 92-96 (20 SSI and 15 non-SSI states).
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A dlightly higher percentage of students, 2% in nonSS| states, reported a home
environment that contained books, an encyclopedia, magazines, and newspapers, across al years

and in both grade 4 and grade 8 (Figure 4.12). The SSl states in Trend Group 92-96 reported 1%
fewer students with enriched home environments compared to the 1996 Group.

Figure4.12. Percentage didtribution of grades 8 and 4 sudents, by home environment criteriaby SS satus
Trend Group 92-96 (20 SSI and 15 non-SSI states).
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Summary of Demographics

Students tested by NAEP in the SSI states and the non-SSI states varied mainly in the
proportion of White, Black, and Hispanic students in each group. SSI states had a higher
proportion of Black and Hispanic students and a lower proportion of White students. The student
population tested in the two groups of states was nearly evenly distributed by gender. However,
when considering individual states, more states in the SSI group than the non-SSI group had a
noticeably higher proportion (nearly six percent more) of females tested than malesin grade 8. In
1996, in four of the 17 SSI states (23%) compared to one of 11 non-SSI states (9%), the
population of females tested exceeded the proportion of males tested by 4%. In ten of the 17 SSI
states, more females than males were tested compared to three of the 11 nonSS| states. The SSI
states and non-SSI states did not vary on parents’ education or home environment, two indices
related to SES.

The two Trend Groups, 90-96 and 92-96, were both found to be, in general, comparable
to the larger group of states that participated in the 1996 State NAEP. The change from the 1996
Group of 22 SS| states and 18 non-SSI states to Trend Group 90-96 of 17 SS| states and 11 nort
SS| states did vary the racial distribution of the students tested. The smaller group had a lower
proportion of White students in both the SSI and nonSSI states by 3% to 5%. Otherwise, the
states participating in the two trend groups were very similar to the 1996 Group.
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List of Appendices
Appendix A presents comparisons of the three analytic samples. The percentage of male and
female students in each sample looks the same for the three analytic samples.
Figure 4A.1. Comparisons of three analytic samples by gender, by SSI status, and grade.

Figure 4A.2. Comparisons of three analytic samples by race, by SSI status, and grade.

Figure 4A.3. Comparisons of three analytic samples by parents' education, by SSI status, and
grade.

Figure 4A.4. Comparisons of three analytic samples on the basis of home environment criteria,
by SSI status, and grade.
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Appendix A

Appendix A presents comparisons of the three analytic samples. The percentage of male
and female students in each sample looks the same for the three analytic samples.

Figure 4A.1. Comparisons of three analytic samples by gender, by SSI status, and grade.
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In the SSI states, the 1996 sample has dlightly more White students and dlightly fewer
Black and Hispanic students than the trend samples. In the nonSSI states, the percentages across
samples seem fairly consistent.

Figure 4A.2. Comparisons of three analytic samples by race, by SSI status, and grade.
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Figure 4A.3. Comparisons of three analytic samples by parents' education, by SSI status, and
grade.
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Parents' education and home environment seem consistent across the three samples.

Figure 4A.4. Comparisons of three analytic samples on the basis of home environment criteria,
by SSI status, and grade.
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Chapter 5
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CHAPTER 5

SSI AND NON-SSI ACHIEVEMENT USING STATE NAEP DATA:
DESCRIPTIVE ANALYSIS

Introduction

Use of the State NAEP data allows us to track the change in academic performance in
each state that voluntarily participated in the assessment. At present, State NAEP results are
available for grade 8 students for three years—1990, 1992, and 1996—and for grade 4 students
for two years—1992 and 1996. The achievement scales used in the State NAEP range from 0O to
500. The scales summarize the results for each of five mathematics content strands (i.e., number
sense, properties, and operations; measurement; geometry and spatial sense; data analysis,
statistics, and probability; and algebra and functions) and one overall composite score. Using
IRT procedures, the scale scores from each of the State NAEP assessments are linked to each
other to make them comparable across assessment years. Thus, these scores and procedures
enable us to monitor the trends of student performance in each state over the years of 1990,
1992, and 1996 (Allen et a., 1997). In this chapter, we focus on identifying differencesin
mathematics scal e scores between SSI and non-SSI states for grades 4 and 8. The results of the
descriptive trend analysis are based on 28 states with data available over the three assessment
years. Of the 28 states, 17 are SSI states and 11 are non-SS| states. Additional comparisons are
given in Appendices A and B for this chapter, which present results for all participating states

This chapter consists of two main sections: one focuses on the results of the trends of
grades 4 and 8 students, and the other on the cohort growth results from grade 4 (1992) to grade
8 (1996). Within each of these sections, results are presented for the total group, for males and
females, and for Whites, Blacks, and Hispanics. In addition to the comparison of composites and
of the five content strands, the gaps found between different gender and ethnic groups are also
reported.
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Trendsin Average Scale Scores over 1990, 1992, and 1996
Composite Scores
Total Group

In mathematics for both the SSI states and non-SSI states, students continually increased
in average scale scores from 1990 to 1996 for grade 8 and from 1992 to 1996 for grade 4.
Overall, the average performance across the 17 SSI states was lower than the average for the 11

non-SSl states across al three years. But, the initial gap between SSI states and non-SSI states
narrowed dlightly in 1996.

The average scale score for grade 8 mathematics from 1990 to 1996 showed an 8.3-point
increase for the 17 SSI states and a 7.1-point increase for the 11 nonSS| states (Figure 5.1). The
average increase by the SSI states was dightly higher than by nonSSl states, by 1.2 points. Prior
to the SSI program, those states that were to become SSI states scored, on average, lower than
non-SSl states on the NAEP grade 8 mathematics test. In 1990, the 17 SSI states averaged 6
points less than the 11 nonSS| states. In 1992, the difference was still about 6 points, and in
1996 it was dightly less, around 5 points.

Similarly in grade 4, both the SSI states and non-SS| states made a dight gain in average
scale scores from 1992 to 1996 (Figure 5.1). In 1992, the SSI average was 5 points lower than
the non SSI average. The performance gap was reduced by one point in 1996.

Figure5.1. Trends in average scale scores, by SSI status: Trend Group 90-96 (17 SSI and 11
nonSS| states).
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Gender

The trend in average scale scores for male and femal e students shows similar patterns
across grades and SSI status. Male and female students in both SSI and non-SSI states showed
increases in average scale scores in al testing years, with male students scoring higher than
female students. As shown in previous overall scale-score trends (Figure 5.2), for both male and
femal e students the SSI states had lower average scale scores than non SS| states. However, both
male and female studentsin SS| states gained dightly more than those in non-SS| states. Asa
result, the gap between SSI states and non-SSI states dropped 1 to 2 points across grades. For
example, in grade 8, male students in non-SSI states gained 6.2 points in average scale scores
from 1990 to 1996, while over the same period male studentsin SS| states gained 8.2 points.

Figure 5.2. Trends in average scale scores, by gender and SSI status. Trend Group 90-96 (17 SSI
and 11 non-SSl states).
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Ethnicity

Overal, the average scale-scores of racial subgroups (Whites, Blacks, and Hispanics)
show increases in mathematics performance across the assessment years. But substantial variety
in mathematics performance among racial subgroups was evident at grades 4 and 8. In both
grades, White students outperformed Black and Hispanic students, and Hispanic students scored
higher than Black students (Figure 5.3).

From 1990 to 1996, White students in the 17 SSI and the 11 non-SS| states gained in
their NAEP mathematics composite scores, reflecting the gains for the state as a whole. Grade 8
White students from both the 17 SS| states and the 11 nonSS| states gained in mathematics
achievement from 1990 to 1992 and from 1992 to 1996. Grade 4 White students from both the
17 SSI states and the 11 non-SSI states gained in mathematics achievement from 1992 to 1996.
In the SSI states, White students scored lower than those in nonSS| states in each of the three
years. Over time, the increase in scores by White students in the SSI states was slightly greater
than the increase in non-SSI states, so the difference between SSI and non-SSI states was smaller
at both grades 8 and 4 in 1996.

Average scale scores in both grades for Black students improved more for the SSI states
than they did for the nonSSI states (16 SSI, 6 non SSl)—the number of states with minority
populations that were large enough to report datafor all three years (i.e., a minimum sample size
of 62 students per state was required to report the results for any subgroups) (Mullis et a., 1991).

In 1990, grade 8 Black students in SSI states had a mean mathematics score 3.4 points
below Black students in the six non-SSI states. Six years later, Black studentsin the SS| states
dightly outperformed those in the six nonSSI states by 0.4 points. From 1990 to 1992, the mean
score for grade 8 Black students increased for both SSI states and nonSS| states. From 1992 to
1996, the mean score for grade 8 Black students increased considerably in the SSI states,
compared to increases in non-SSI states, a 5.6 increase compared to a 0.9 increase.

In grade 4, the mean mathematics score of Black students in the SSI states increased by 5
points between 1992 and 1996, compared to the 4-point increase over this period by Black
students in the six nonSSI states. In 1996, the mean score for grade 4 Black students in the SSI
states was 1.5 points lower than the mean score for Black students in nonSS| states.

For Hispanic students, performance changes in mathematics were similar to those for
White students except from 1992 to 1996 at grade 8. For grade 8 Hispanic studentsin SSI states,
the gap between SSI states and non-SSI states was reduced by one point in 1992 from 3 points in
1990, but the gap in 1996 returned to the same level asit wasin 1990 (Figure 5.3). The gap in
average scale scores for grade 4 Hispanic students between SSI states and non-SS| states,
however, remained stable at 4 points.
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Figure 5.3. Trends in average scale scores, by race and SSI status. Trend Group 90-96 grade 8
and 92-96 grade 4 (17 SSI and 11 non-SSI states*).
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* Dueto the insufficient sample size of these subgroups, results are based on 16 SSI states and 6 non-SS| states for
Blacks, and 15 SSI states and 10 non-SSI states for Hispanics.
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Subtopic Scores
Total Group

Very few differences existed in the pattern of achievement among the five mathematics
topics tested by NAEP in the three testing years and between SSI and nonSS| states (Figure
5.4).

On each of the five mathematics topics, SSI states had average scale scores below those
of the non-SSI states for al testing times for both grade 4 and grade 8. However, both SSI states
and non-SS| states had increased gain in mathematics performance on each of the five
mathematical topics. In general, grade 8 students scored higher on number/operations followed
by data analysis, algebra/functions, measurement, and geometry. In general, grade 4 Sudents
scored lower on humber/operations than on the other four topics. The greatest gains at both grade
4 and grade 8 levels were in algebralfunctions. The smallest gain was in measurement. Grade 8
students in SSI states gained dightly more than grade 8 students in non-SSI states on four of the
five subscales and grade 4 students in SSI states gained more on all five subscales.

Figure 5.4. Trends in average scale scores on content strands, by SSI status: Trend Group 90-96
grade 8 and 92-96 grade 4 (17 SSI and 11 non-SSI states).
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Gender

Gender trends for SSI states and non-SS| states were similar to those for al students
(Figure 5.5). Substantial progress was made among male and female students in the five content
strands over the three assessmert years for each grade, while the differences between the two
groups of SSI and non-SSI states remained. Male and female students in nonSS| states
performed better than their counterpartsin SSI states. There were gender differences across
average content-strand scale scores, with males performing somewhat higher.

In grade 8, female students showed a larger increase in five content strands from 1990 to
1996 than male students. In 1996, grade 8 females in three of five content strands (measurement,
geometry, and algebra and functions) gained at least 10 points above their 1990 score, regardless
of SSI group status. The greatest gains on average scale scores in content strands were in algebra
and functions at both grade levels. Mae students in grade 8 gained 12 pointsin SS| states and
9.6 points in nonSS| states. The results for grade 4 were quite similar for both SSI states and
non-SSI states (around 10 points). For female students in grades 4 and 8, SSI states and nonSS|
states improved similarly, up to 10 points in the algebra and functions content strand. Despite the
continuing gender gaps between SSI and non-SSI states in the five content strands, grade 8 male
students in SSI states in 1996 reduced the gap by 3 points in geometry and by 4 pointsin data
analysis from 5.7 and 7.1 pointsin 1990, respectively.
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Figure 5.5. Trends in average scale scores on content strands, by gender and SSI status. Trend
Group 90-96 (17 SSI and 11 nonSS| states).
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Ethnicity

In the five mathematics content strands, the overall changes in performance among the
three racial subgroups were small, but there were cumulative increases from the initial
assessment in 1990 to 1996 in grade 4 and grade 8, except for a declining trend for Hispanic
students in grade 4 in measurement. In 1996, average measurement scale scores for grade 4
Hispanic students in both SSI and nonSS| states decreased by 1.8 to 3 points. The score
differences observed for racial subgroups in composite scale scores were also observed in the
five content-strand scale scores. White students scored higher than Black and Hispanic students,
while Hispanic students outperformed Black students across grades and assessment years (Figure
5.6).

There were varied patterns of average scale-score gains in five content strands for White,
Black, and Hispanic students by SSI group status. Grade 8 White students in SSI states gained
relatively more than those in nonSS| states from 1990 to 1996. The score differences between
the two groups decreased across five content strands; for example, in geometry and data analysis,
the gaps narrowed by less than one point in 1996, from 2 to 3 points in 1990.

For Black studentsin the SSI states, the gains are apparent over the assessment years. In
all five content strands, score increases for grade 8 Black students were almost identical for both
SSI and non-SSI states between 1990 and 1992. But, score increasesin SS states were
substantially higher than in nonSS| states between 1992 and 1996. As aresult, SS| states
outperformed non-SSI states in 1996 in three of five content strands (e.g., geometry, data
analysis, and algebra and functions). In measurement, scores in both SSI states and non-SSI
states were the same in 1996; the gaps in the remaining two content strand scores narrowed by
one point. In 1996, grade 4 gaps in average scale scores between SSI states and nonSS| states
also decreased or remained stable.

The average scores for Hispanic students in SSI and non-SS| states generally showed
gains in both grades, with some variations. In grade 8, SSI states reduced the gaps in average
scale scores with nonSS| states by 0.4 points from 1990 and 1992, but the gaps widened in the
later period over four of five content strand scores. Only scale scores in data analysis decreased
in 1996. The score gaps for grade 4 students in both SSI and non-SSI states remained relatively
stable.

73



Chapter 5

SSI and Non-SSI Achievement Using the State NAEP: Descriptive Analysis

Figure 5.6. Trends in average scale scores on content strands, by race and SSI status: Trend
Group 90-96 (17 SSI and 11 non-SSI states*).
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* Due to the insufficient sample size of these subgroups, results are based on 16 SSI states and 6 non-SS| states for
Blacks, and 15 SSI states and 10 non-SSI states for Hispanics.
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Gaps Between Different Groups
Gender

Overdl, trends in the average scale score gaps between male and female students across
years and grades show similar patterns. gender gaps are generally smaller in later assessment
years than in early assessment years (Figure 5.7).

Grade 8 male students in non-SS| states scored an average of two points higher than
females in their mean mathematics composite score in 1990 and one point higher in 1996. In SS|
states, males consistently scored 2 points higher in 1990 to 1996. In grade 4, the gap between
males and females for both SSI and non-SSI states remained nearly constant in 1992 and 1996,
ranging between 1.5 to 1.8 points. The visible changes occurred in the measurement strand. In
both gradesin SSI states and in nonSS| states, male and female gaps in measurement were
reduced from 1990 to 1996 for grade 8 (around 4 points) and from 1992 to 1996 for grade 4 (up
to 1 point). More interestingly, the grade 8 gender gaps in algebra and functions for SSI states
and in data analysis for non-SSI states were reversed in 1996: In SS| states male students
averaged 1.3 points higher in algebra and functions compared to female students. In contrast to
the previous two years in data analysis, female students in non-SSI states scored higher than their
male counterparts in 1996.

But, there is little evidence from the NAEP data to indicate that SSIs had any effect in
closing the achievement gap between male and female students. The mean mathematics
composite score for female students and male students differed at most by 2 points at grades 4
and 8, at any of the testing times, and for both SSI and non-SSI states. The mean score for grades
4 and 8 for both male and female students increased over time. However, the 2-point difference
in male scores in nonSSI states in grade 8 in 1990 had decreased by one point by 1996. The 2-
point gap at grade 8 in SSI-states remained the same over the three testing times. In 1992, at
grade 4 the mean mathematics composite score between male and female students differed by
1.8 and 1.5 points for both SSI and non-SSI states, respectively. This gap was lowered only
dightly to 1.5 pointSin SSI states in 1996, but remained essentially the same in nonSSI states.
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Figure 5.7. Gender differences (males minus females) in average scale scores, by SS| status:
Trend Group 90-96 (17 SSI and 11 non-SSI states).
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Ethnicity

There were differences in the composite score and in the five content strand scale scores
for White and Black students, but the gaps between the two groups remained (Figure 5.8).
Although White students got higher composite scores than Black students and scored higher in
the five content strands in both grades, there were no consistent patterns across the six scale
scores among SSI and nonSSI states. In grade 8, SSI states dightly reduced the scoring gaps
between White and Black students across the three assessment times, especialy in 1992. The
gaps in non-SSI states decreased in 1992 from 1990, but increased in 1996. For example, in data
analysis, the gap decreased 2.5 points in 1992, but widened by 10.4 pointsin 1996, although SSI

gaps remained stable. In both SSI and non-SS| states, the score gaps in measurement gradually
increased from 1990 to 1996.

Gaps in grade 4 scale scores between White and Black students showed a sharply
contrasting pattern for SSI and nonSSI states. SSI states reduced the gap from 1992 to 1996, but
non-SS| states increased the gaps, with the exception of algebra and functions scale scores.
Whereas the gap between White and Black students remained constant in grade 8 and declined
dightly in grade 4 in SSI states, in non-SSI states the gap increased at both grades.

Figure 5.8. Differences in average scale scores between White and Black students, by SSI
Status: Trend Group 90-96 (17 SSI and 11 non-SSI states*).
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* Due to the insufficient sample size of these subgroups, results are based on 16 SSI states and 6 non-SSI states.
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Regarding score differences of White and Hispanic students, there were different trends

for studentsin grades 4 and 8 (Figure 5.9). In grade 8, the gaps in SSI states and non-SSI states
narrowed between 1990 and 1996. However, the score gaps for grade 4 students widened from
1992 to 1996. Grade 8 on the measurement content strand showed a different pattern of score-

gap change: The gap in SSI states increased across the assessment years, but the score gap in

non-SSI states dropped in 1996 after a 4-point increase in 1992.

in SSI states in the composite and five content strand scale scores.

The gaps between White and Hispanic students in nonSSI states were smaller than those

Figure 5.9. Differences in average scale scores of White and Hispanic students, by SSI status:
Trend Group 90-96 (17 SSI and 11 non-SSI states*).
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* Due to the insufficient sample size of these subgroups, results are based on 15 SS| states and 10 non-SSl states.
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Cohort Growth in Average Scale Scores from Grade 4 (1992) to Grade 8 (1996)

This performance comparison of cohort growthat two grade levels (grade 4 and grade 8)
allows us to track achievement growth of the same group of students after four years.

Composite Scores

Total Group

Both SSI and nonSS| states had substantial cohort growth between grade 4 in 1992 and
grade 8 in 1996 (Figure 5.10). Students in non-SS| states scored higher than those in SSI states in
the two assessment years; for example, the grade 4 scale score in SSI states was 216.3, compared
to 221.1 pointsin nonSS| states. After four years, grade 8 studertsin SS| states scored 268.2
points and their counterparts in nonSS| states scored 273.3. However, the cohort growth for SS|
states and non-SS| states was nearly the same, 51.9 points and 52.2 points, respectively.

Figure 5.10. Cohort growth in average scale scores from 1992 to 1996, by SS| status: Trend
Group 90-96 (17 SSI and 11 non-SS| states).
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Gender

Male and female cohorts in both SSI and non-SSI states showed performance
improvement in average scale scores from 1992 to 1996. However, we can detect a different
pattern of cohort growth between SSI and non-SS| states within gender groups (Figure 5.11). For
the male cohort, SSI states gained dlightly more, by 0.3 points, than non-SSI states, while the
female cohort in nonSSI states outscored their counterpartsin SSI states by 0.8 points.

Figure 5.11. Cohort growth in average scale scores, by gender and SSI status: Trend Group 90-
96 (17 SSI and 11 non-SSI states).
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Ethnicity

The cohort growth of the three racial groups shows increases in average scale scores
between the two assessment years, 1992 and 1996. The pattern of cohort growth varied among
White, Black, and Hispanic students. White students made higher gains than Black and Hispanic
students, while Black students made greater gains than Hispanic students (Figure 5.12).

The results for Black and Hispanic students are encouraging for SSI states. Cohort
growth of Black and Hispanic studentsin SSI states was 3.2 points and 2 points respectively,
compared to their counterparts in nont SS| states over the four-year timeframe.

Figure 5.12. Cohort growth in average scale scores, by race and SSl status: Trend Group 90-96

(17 SSI and 11 non-SSI states*).
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* Due to the insufficient sample size of the subgroups, results are based on 16 SSI states and 6 non-SSI states for

Blacks, and 15 SSI states and 10 non-SSI states for Hispanics.
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Subtopic Scores
Total Group

Both SSI and non-SSI states showed similar pictures of cohort growth in the five
mathematics content strands over the four years. Students made gains from grade 4 in 1992 to
grade 8 in 1996. In all five content strand scale scores, nonSSI states showed dightly higher
cohort gains than studentsin SSI states; rote that the nonSSI grade 4 students started at a
dightly higher point than students in the SSI states. The results show some variations of cohort
growth across five content strands (Figure 5.13). Cohort students in both SSI and nonSSI states
were likely to make greater gains in number and operations (57 points), algebra and functions
(55 points), data analysis (51 points) than in geometry (47 points) and measurement (up to 46
points).

Figure 5.13. Cohort growth in average scale scores on content strands, by SSI status: Trend
Group 90-96 (17 SSI and 11 nonSS| states).
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Gender

We can see that the scores of male and female cohort students were quite similar in the
five content strands (Figure 5.14). They showed cohort growth of between 44 points and 58
points. Most cohort gains were observed in number and operations and algebra and functions,
and least growth in measurement for both male and female in both cohorts. But, there was a
difference in cohort growth performance for male and female students by SSI status. Male
students in SSI states gained more than those in non-SSI states in four of five content scale
scores, while in all five content strands, female students in non-SSIs did better than their
counterpartsin SS| states.
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Figure 5.14. Cohort growth in average scale scores on content strands, by gender and SS| status:
Trend Group 90-96 (17 SSI and 11 non-SSI).
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Ethnicity

The results for White, Black, and Hispanic students in cohort growth indicated
differences among the three groups in five content strands (Figure 5.15). In general, White
students outperformed Black and Hispanic students, and Black students gained more than
Hispanic students. As observed in previous figures, Black and Hispanic students did better in
number and operations, in algebra and functions, and in data analysis, than in measurement, and
in geometry.

Black and Hispanic cohort students in SSI states outperformed their counterparts in nort
SS| statesin all five content strand scale scores. In particular, cohort growth of Black studentsin
SSI states was substantially larger than the increases of their counterparts in non-SSI states.
Thus, athough grade 4 Black and Hispanic studentsin SSI states started below their counterparts
in non-SSI states in 1992, four years later there were no gaps between SSI and non-SSI states; in
fact, their gaps were reversed in three of five content strands.

Hispanic cohort students in SSI states also gained more than those in non-SSI states in
four of the five content strands.
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Figure 5.15. Cohort growth in average scale scores on content strands, by race and SS| status:

Trend Group 90-96 (17 SSI and 11 non-SSI states*).
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* Dueto the insufficient sample size of the subgroups, results are based on 16 SSI states and 6 non-SSI states for

Blacks, and 15 SSI states and 10 non-SSlI states for Hispanics.
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Gaps Between Different Groups

Gender

There was a distinct pattern for gender differences in cohort growth by SSI and non-SSI
states (Figure 5.16). Across composite and content strands, male students generally scored higher
in SSI states, but the pattern of cohort gender difference was reversed in nonSSI states. The only
exceptions to this pattern were in geometry and in algebra and functions. Overall, the gender
differences in cohort growth were smaller in SSI states than in nonSSI states. For example,
cohort differences between male and female students in SSI states was 0.5 pointsin
measurement, compared to —1.6 points in non-SS| states.

Figure 5.16. Gender differences in average scale scores, by SSI status. Trend Group 90-96 (17
SSI and 11 non-SSI states).
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Ethnicity

The results for cohort growth differences between White and Black students were quite
interesting. SSI states were successful in reducing the gap in cohort growth between White and
Black students (Figure 5.17). In the composite and in the five content strand scale scores, cohort
growth gaps in SSI states were smaller than those in non-SSI states. The biggest score difference
in cohort growth between SSI and nonSSI states was noted in data analysis. Non-SSI states had
a 14.4-point difference, while SSI states had an 8.2-point difference.

The most interesting picture in cohort growth differences was displayed in algebra and
functions. In SS| states in 1996, Black students in the cohort of students who werein grade 4 in
1992 gained more in agebra and functions over four years than White students. As aresult, the

gap between White and Black students was reversed, with Black students gaining more than
White students.

In non-SSI states, White students gained slightly more than Black students, 1.8 points.
Although not statistically significant, Black students gaining more than White studertsis

noteworthy considering all of the other comparisons show White students perform better than
Black students.

Figure 5.17. Differences in average scale scores between White and Black students from 1992 to
1996, by SSI status: Trend Group 90-96 (17 SSI and 11 non-SSI states*).
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SS| states also did better in reducing the gap between White and Hispanic cohort students
than nonSSI states (Figure 5.18). In five of the six scale scores, the cohort growth differences
narrowed more in SSI states than in non-SS| states: Composite (6.4 points for SSI, 8.2 points for
non-SSl); number and operations (3.2 for SSI, 6.6 for nonSSl); geometry (4.0 for SSI, 4.6 for
non-SSl); data analysis (10.8 for SSI, 13.5 for non-SSI); and algebra and functions (4.2 for SSI,
7.3 for non-SSI). However, the difference in measurement was the largest compared to other
scales for both SSI and non-SSI states, with Whites outperforming Hispanics. In number and

operations and in geometry, the cohort gaps between White and Hispanic students were smaller
than in other content strands.

Figure 5.18. Differences in average scale scores between White and Hispanic students, by SSI
status: Trend Group 90-96 (17 SSI and 11 nonSS| states*).
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Summary and Conclusions

This chapter presents the results from the State NAEP mathematics assessments for grade
4in 1992 and 1996, and grade 8 in 1990, 1992, and 1996, and for cohort studentsin SSI states
and nonSS| states. We focused our analyses on the 28 states—17 SSI and 11 nonSSI—that
participated in all three assessment years. The trend differences between SSI and non-SSI states
in the composite score and in each of the five content strands (number sense, properties, and
operations, measurement; geometry and spatial sense; data analys's, statistics, and probability;
and algebra and functions) were based on descriptive trend analyses that compared the group
means of SSI states and non-SSI states across each assessment year. In general, the results
revedled that substantial student gains in the mathematics composite score and in the five content
strands over time were observed for grade 8, grade 4, and the cohort in both SSI and non-SSI
states. Considerable improvements were also noted for students by gender and race/ethnicity.
However, SSI and ron-SSI states showed no clear patterns in the gaps between different
subgroups across the assessment years.

Summaries of performance trends for different subgroups and gaps between males and
females, as well as between Whites and Blacks and between Whites and Hispanics, are as
follows:

Trends in average scale scores

Both SSI and nonSS| states experienced an increase in the average composite scale
scores from 1990 to 1996 at grade 8 and from 1992 to 1996 at grade 4.

Male and female students in SSI states consistently scored lower than their counterparts
in non-SSI states, at both grades 4 and 8, on the composite scale score and on each
content strand. However, both male and female students in SSI states gained at a dlightly
higher rate over this period than those in non-SSI states on most scale scores. Malesin
SSI states had considerable higher gains on the geometry and data analysis scales than on
the other scales.

For both SSI and non-SSI states, the gaps between the performance on the different
scales by male and female students were gradually reduced from 1990 to 1996. Some
variation in gender differences for the composite score and on each of the five content
strands was apparent.

Substantial performance differences by ethnicity between SSI and non-SSI states existed
on all six scale scores at both grades 4 and 8. Regardless of the SSI status, White students
outperformed Black and Hispanic students on all scale scores at both grade levels.
Hispanic students scored higher than Black students at both grade levels. Generally,
White and Black students in SSI states gained substantially more than their counterparts
in non-SSI states on most scale scores.

The difference in performance between White and Black grade 8 studentsin SSI states
decreased in geometry and algebra and functions, but increased very dightly on the
composite score in number and operations, measurement, and data analysis. In contrast,
the gap between White and Black grade 8 students in six nonSS| states increased
substantially on all of the scales except in algebra and functions, where it remained
constant. At grade 4 from 1992 to 1996, the gap between White and Black studentsin SS|
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states decreased on all six scales, but in the six nonSSI states the gap increased on all
scales except for algebra and functions.

The pattern in the performance gap between White and Hispanic students was different
from the performance gap pattern between White and Black students. At grade 8, the gap
between White and Hispanic students improved from 1990 to 1996 on nearly al of the
scales for both SSI states and nont SSI states. Only on the measurement scale did the gap
increase for both SSI and nonSSI states. However, at grade 4 the performance gap
between White and Hispanic students increased on all of the scales for both SSI and non
SSI states, except on the algebra and functions scale for the SSI states.

Considering the same cohort of students as fourth gradersin 1992 and eighth gradersin
1996, students in both SSI states and nonSS| states gained nearly the same over the four
years, 51.9 and 52.2 respectively.

The cohort of male students in SSI states gained 0.3 points more between grade 4 and
grade 8 than male students in non-SS| states, whereas female students in SSI states
gained 0.8 points less than female students in nonSS| states.

Comparing the four-year gain made by male students with the gain made by female
students, male students in SSI states had a higher gain than female students on five of the
six scales, with algebra and functions as the only exception. In contrast, male students in
non-SS| states gained less than female students on five of the six scales, with the
measurement scale as the only exception.

Considering ethnicity, White students in the 1992 grade 4 cohort gained about the same
in both SSI states and nont SSI states over four years, 53.2 and 53.6 respectively.

Black and Hispanic students in both SS| states and non-SS| states gained less than White
students over the four years between grade 4 and grade 8. This indicates that Black and
Hispanic students continued to lose ground over these four years. However, Black and
Hispanic students in SSI states gained more than Blacks and Hispanics did in non-SSI
states. Thus, Black and Hispanic students did not lose as much ground in SS| statesasin
non-SS| states.

The White-Black gap in the gain scores between grade 4 and grade 8 was lessin SS|
states than in non-SSI states on all six scales. On the algebra and functions scale, Blacks
in SSI states actually gained more between grade 4 and grade 8 than did White students.
On the number and operations scale, the gain by Black and White students was the same.
The greatest difference in the White-Black gap between SSI and non-SSI states was on
the data analysis scale.

The White-Hispanic gap in the gain scores between grade 4 and grade 8 was lessin SS|
states than in non-SSI states on all of the scales except on measurement.

Even though the descriptive trends of average scale scores suggest that there was
evidence in most cases for the differences between SSI and nonSSI states on the overall
composite scale and on each of the five content strands, it is unclear whether the differences can
be attributable to the relative effectiveness of SSI in those states. There are many factors
involved in how students learn over the years. School structures, home environments, state
educational policies, and others can affect learning. In the next chapter, we will identify some
policy-relevant variables related to SSI states and their relationships with student outcomes.
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List of Appendices

Appendix A shows the results of student performance in the composite and the five content
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Appendix A

Appendix A shows the results of student performance in the composite and the five content
strands for al of SSI and non-SSI states participating in any given assessment year.

Composite Scores
Total Group
Table5A.1
Average Scale Scores, by S Satus. All Available Samples
1990 1992 1996
Grade 8
Ssl 260.6 265.4 270.2
Non-SSl 263.8 266.9 272.2
Grade 4
Ssl 217.9 221.7
Non-SSI 218.3 223.0
Gender
Table 5A.2
Average Scale Scores, by Gender and SS Status: All Available Samples
1990 1992 1996
Mae Femae Mae Femae Mae Femae
Grade 8
Ssl 261.9 259.3 266.4 264.3 271.3 269.2
Non-SSl 265.1 262.5 267.7 266.0 272.5 272.0
Grade 4
Ssl 218.8 216.9 222.6 220.7
Non-SSI 218.7 217.9 223.7 222.2
Ethnicity
Table5A.3
Average Scale Scores, by Race and SS Satus: All Available Samples
1990 1992 1996
White Black  Hispanic  White Black Hispanic  White Black  Hispanic
Grade 8
SS 270.0 235.6 237.9 274.8 239.2 242.4 279.4 244.7 248.7
Non-SSI  268.6 236.9 240.5 271.7 239.0 244.0 278.9 243.7 251.9
Grade 4
SSi 226.4 194.6 203.3 229.9 200.1 206.1
Non-SSI 224.3 194.9 204.4 229.2 200.3 208.7
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Subtopic Scores

Total Group

Table5A .4
Average Scale Scoresin Content Strands, by SIS Satus: All Available Samples

1990 1992 1996
Grade 8

Number and Operations SSI 264.8 269.7 272.1
Non-SSl 268.3 271.0 274.7

Measurement SS| 256.8 263.2 267.8
Non-SSl 261.1 266.0 271.0

Geometry SSl 258.0 260.8 267.9
Non-SSl 261.6 262.5 269.2

Data Analysis SS| 260.7 265.4 270.2
Non-SSl 263.1 267.0 272.0

Algebra and Functions  SSI 259.8 264.9 271.6
Non-SSl 262.0 265.7 273.0

Grade 4

Number and Operations SSI 214.9 218.2
Non-SSl 215.6 219.3

Measurement SS| 222.5 223.9
Non-SSl 2235 225.9

Geometry SSl 220.8 223.6
Non-SSl 220.7 224.7

Data Analysis SS 218.9 223.0
Non-SSl 218.4 223.9

Algebra and Functions  SSI 216.4 225.1
Non-SSl 216.6 226.5
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Gender

Table5A.5

Average Scale Scoresin Content Srands, by Gender and S Satus: All Available Samples

Grade 8
Number and Operations

Measurement

Geometry

Data Analysis

Algebra and Functions
Grade 4

Number and Operations

Measurement

Geometry

Data Analysis

Algebra and Functions

SS
Non-SSi
SSl
Non-SSl
SS
Non-SSi
SSl
Non-SSl
SS
Non-SSi

SS
Non-SSi
SSl
Non-SSl
SS
Non-SSi
SSl
Non-SSl
SS
Non-SSI

1990 1992 1996
Male Female Male Female Male Female
265.6 264.1 270.1 269.4 273.1 271.2
269.4 267.1 271.3 270.6 274.9 274.5
260.9 252.6 266.7 259.9 270.1 265.5
264.9 257.3 269.1 262.9 272.7 269.4
259.6 256.3 262.4 259.2 269.0 266.9
262.8 260.4 263.7 261.2 269.3 269.1
262.2 259.2 266.6 264.3 270.7 269.7
264.9 261.4 267.8 266.1 271.4 272.6
259.2 260.4 264.7 265.1 272.3 270.9
261.6 262.4 265.2 266.2 273.0 273.1
215.8 214.0 218.9 2175
215.9 215.2 219.8 218.8
224.8 220.2 225.9 221.9
225.3 221.6 227.9 223.9
220.7 220.9 223.2 224.0
220.0 221.4 224.1 225.4
219.1 218.7 224.0 222.0
218.5 218.4 224.3 2235
217.1 215.7 226.7 223.4
216.4 216.7 227.8 225.0
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Ethnicity

Table5A.6
Average Scale Scoresin Content Srands, by Race and SS Satus: All Available Samples

1990 1992 1996
White Black Hispanic White Black Hispanic White Black Hispanic
Grade 8
Number and Operations SSI 273.3 2431 2434 2783 2462 2476 2804 249.2 251.8
Non-SSI 2724 2439 2464 2754 2467 2484 280.7 250.2 255.0
Measurement SS 2675 2265 2329 2748 2291 2386 280.3 2315 240.6
Non-SSI  266.2 2299 2356 2721 2300 2393 2798 2299 246.9
Geometry SSl 266.6 2333 2383 269.1 2364 2420 2756 2458 250.4
Non-SSI  266.3 2352 239.6 266.8 2353 2434 2747 2441 2534
Data Analysis SS 2723 2315 2326 276.6 2359 2372 2814 2399 2452
Non-SSI 2689 2333 237.7 2728 2362 2416 2805 237.7 2473
Algebra and Functions SSI 268.7 236.8 236.8 273.7 2415 2419 279.7 250.1 251.3
Non-SSI  266.7 236.2 2384 270.0 2402 2431 279.0 2489 2534
Grade 4
Number and Operations SSl 2236 1922 1992 2266 1970 2013
Non-SS| 2217 1922 2009 2257 1969 2044
Measurement SS| 2317 1963 208.7 2331 1987 207.1
Non-SSl 2296 1971 2099 2329 1992 2110
Geometry SSl 2279 2003 209.0 2306 2041 2113
Non-SS| 2257 2005 2088 2301 2048 2119
Data Analysis SSl 2278 1944 2045 2313 201.3 208.0
Non-SSl 2250 1949 2042 2304 201.0 208.9
Algebra and Functions SSI 2248 1938 2009 2326 2055 210.8
Non-SS| 2222 1940 2025 2321 2059 2138
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Gaps Between Different Groups
Gender

Table5A.7
Gender Differencesin Average Scale Scores, by S Satus: All Available Samples

1990 1992 1996
Grade 8

Composite SS 2.6 2.1 21
Non-SSl 2.6 1.7 0.5

Number and Operations SSl 15 0.7 2.0
Non-SSl 2.2 0.7 0.4

Measurement SS| 8.3 6.8 4.6
Non-SSl 75 6.2 34

Geometry SSl 3.3 31 21
Non-SSl 2.3 25 0.3

Data Analysis SS 3.0 2.4 1.0
Non-SSl 35 1.6 -1.2

Algebra and Functions  SSI -1.2 -04 14
Non-SSl -0.8 -0.9 -0.1

Grade 4

Composite SS| 19 19
Non-SSl 0.8 15

Number and Operations SSI 1.8 13
Non-SSl 0.7 11

Measurement SSl 4.6 4.1
Non-SSl 37 4.0

Geometry SSI -0.3 -0.9
Non-SSl -1.4 -1.3

Data Analysis SS| 0.4 2.0
Non-SSl 0.0 0.7

Algebra and Functions  SSI 15 3.3
Non-SSl -0.3 2.8
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Ethnicity

Table5A.8
Differencesin Average Scale Scores Between Racial Subgroups, by SS Satus: All Available
Samples

Black Gap (White — Black) Hispanic Gap (White — Hispanic)

1990 1992 1996 1990 1992 1996
Grade 8

Composite SSl 343 354 339 321 321 314
Non-SSl 318 31.6 345 295 28.6 27.0

Number and Operations SS| 30.2 320 30.7 29.8 305 29.3
Non-SSl 28.8 279 29.7 273 217 257

Measurement SS| 40.7 45.3 47.2 34.6 35.8 404
Non-SSl 36.8 40.2 49.1 32.6 33.8 32.9

Geometry SSl 331 325 29.0 28.3 26.8 25.7
Non-SSl 30.7 30.1 29.6 217 24.1 214

Data Analysis SS 40.8 405 41.0 39.7 39.0 37.1
Non-SSl 35.4 35.9 27 32.7 32.3 331

Algebra and Functions  SSI 317 322 28.9 31.9 31.6 29.3
Non-SSl 30.8 28.9 29.6 29.8 27.8 257

Grade 4

Composite SS 315 29.7 231 239
Non-SSl 29.3 29.0 19.7 205

Number and Operations SSl 31.2 29.7 24.4 253
Non-SSl 29.6 29.1 20.7 213

Measurement SS| 350 34.2 230 26.1
Non-SSl 32.7 335 195 219

Geometry SSl 27.2 26.1 18.9 194
Non-SSl 24.3 251 16.7 18.2

Data Analysis SSl 331 30.0 233 233
Non-SSl 29.6 29.6 20.0 215

Algebra and Functions  SSI 30.7 27.1 239 21.8
Non-SSl 28.4 26.1 19.9 18.3
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Appendix B
Appendix B presents the results of cohort student performance in the composite and the five

content strands for SSI and non-SSI states that participated in both 1992 grade 4 assessment and
1996 grade 8 assessment.

Composite Scores

Total Group

Figure 5B.1. Cohort growth in average scale scores, by SSI status: Cohort Group 92-96 (20 SS|
and 15 non-SSl states).
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Gender

Figure 5B.2. Cohort growth in average scale scores, by gender and SSI status: Cohort Group 92-

96 (20 SSI and 15 non-SSI states).
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Figure 5B.3. Cohort growth in average scale scores, by race and SSl status. Cohort Group 92-96
(20 SSI and 15 nonSSI states).
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Total Group

Subtopic Scores

Figure 5B.4. Cohort growth in average scale scores on content strands, by SSI status: Cohort
Group 92-96 (20 SSI and 15 nonSS| states).
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Gender

Figure 5B.5. Cohort growth in average scale scores on content strands, by gender and SSI status:
Cohort Group 92-96 (20 SSI and 15 nonSS| states).

Male Female
2800 Number and Operations 280.0 Number and Operations
2745 27137
omof @ o 00] @ Cohort Score
o 2
o o
o 2600 Q2600
& o 0 Grade 8(1996)
= 2500 T 2500
3 +57.1 +57.6 B oo 4568 +57.5 )
g 200 g ' Gain (+)
I o
T 2300 o 2300
E 2
2200 200 Q Grade 4(1992)
€ 252 2169 € s 216.2
2100 T T 2100 T - T
280.0 Measurement 280.0 Measurement
27114 2700
o 270.0 0 268.6 o 0 2675
2
1) S 2636
O 2600 o 2600
2 (7]
] )
® 2500 T 2500
g 443 +45.1 g vans
© 2400 © 2400 +43.8 :
[=2) [=2]
o o
S 2300 3 2300
< € 2 2686 < 2230
220.0 2200 € s ’
2100 T T 210.0 T T
2800 Geometn 280.0 Geometry
2700
© 270.0 0 2679 2684 o 268.0
o 6 265.9
O
& 2600 g 2600
(3] [
® 2500 ® 2500
b ®
© 2400 +47.6 +47.7 © 2400 +45.3 +455
j=2] (=
o o
2300 & 2300
I 2
2200 € 203 207 2200 € 206 225
2100 T T 210.0 T T
280.0 Data Analysis 280.0 Data Analysis
X 271
o 2700 0 269.7 2706 o 2700 0 2686 s
3 ] 260.0
8§ 2600 3 .
o @
S 2500 T 2500 1
51
3 +51.0 +50.5 b +50.3 514
© 2400 © 2400
=2 [=)]
o o
T 2300 T 2300
> >
< <
2200 € 257 201 2200 © s 201
2100 T T 2100 T T
280,0 +—Algebra and Functions 280.0 Algebra and Functions
2724
© 2000 0 m3 a2 o 2700 0 2699
3 ] 260.0
g 2600 3 .
Q@ )
S 2500 T 2500
A +54.7 +54.7 & +54.8
© 2400 © 2400 +54.7
j=2] (=
o o
o 2300 T 2300
> >
< <
2200 2200
€@ 265 277 € 252 2176
2100 T T 2100 T T
ss| Non-SSi ssi Non-SSsI
SS| Status SSI Status

103



Chapter 5

SSI and Non-SSI Achievement Using the State NAEP: Descriptive Analysis

Ethnicity

Figure 5B.6. Cohort growth in average scale scores on content strands, by race and SSI status:
Cohort Group 92-96 (20 SSI and 15 nonSS| states).
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Gender

Gaps Between Different Groupsin Cohort Growth
from Grade 4 (1992) to Grade 8 (1996)

Figure 5B.7. Gender differences in average scale scores, by SSI status: Cohort Group 92-96 (20
SSI and 15 non-SS| states).
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Figure 5B.8. Differences in average scale scores between White and Black students, by SS
status: Cohort Group 92-96 (20 SSI and 15 nonSS| states).
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Figure 5B.9. Differences in average scale scores between White and Hispanic Students, by SS|

status: Cohort Group 92-96 (20 SSI
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CHAPTER 6

COMPARING SSI AND NON-SSI STATESUSING INDICATORS OF MATHEMATICS
CURRICULAR REFORM FROM THE STATE NAEP TEACHER QUESTIONNAIRES

Introduction

This chapter presents six indicators of mathematics reform that were developed from the
State NAEP teacher questionnaires. The chapter begins with a general description of the
development of the indicators and a discussion of research design issues. The next six sections
describe each indicator in detail. Each begins with a discussion of an indicator in the context of
curricular reform in mathematics, followed by a description of the 1996 indicator and the 1996
comparisons between SSI and nonSS| states at both grade 8 and grade 4. Then comparisons in
1992 and 1990 are presented, using the information available from NAEP teacher questionnaires
in those years. The sections end by examining the effect of SSI status on changes in the indicator
across time. After each indicator has been described, relationships among the six indicators are
explored, along with their relationship with student achievement. The chapter ends with a
general summary of the study’s conclusions and limitations.

Resear ch Design
Developing Indicators from the State NAEP Teacher Questionnaires

The State NAEP included a teacher questionnaire for the teachers of participating
students. The questionnaire addressed the teachers' backgrounds, general training, and their
instructional practices. The teacher questionnaire changed considerably from 1990 to 1996. The
1996 questionnaire included a number of new items, particularly those related to curricular
reform in mathematics. Very few items were exactly the same across al three years. There were
changes in both the wording of the question as well as the number of response options and their
[abels.

State NAEP results are often reported in terms of the proportion of students with teachers
selecting each response option for each item. (See, for example, Shaughnessy, Nelson, & Norris,
1997.) Nonparametric analyses are used to compare two or more groups on the proportion of
responses in each category. Statistical models using questionnaire items frequently create
dummy variables, collapsing the response categories into a dichotomous variable and,
consequently, reducing the information content of the measure. As an alternative approach, we
created scales by combining responses to related items. With a scale, random error is reduced
and true score variability isincreased. A scale simplifies reporting because the responses to
several items are combined into a single measure. Scale scores alow the use of parametric
statistics when the distribution of scale scores approximates a normal distribution.

We began with an examination of the teacher questionnaires in order to identify items
indicative of the goals of the Statewide Systemic Initiatives Program. We used a model of
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systemic reform (Clune, 1998) to categorize the items, and then examined the responses to each
selected item. Following this review, some selected items were eliminated because amost all
respondents chose the same response option, usually the highest or lowest. Either there was an
extremely high level of teacher agreement on these items, or the item was not sensitive to
differences among teachers.

We then reviewed the individual items of the 1996 grade 8 teacher questionnaire and
discussed the “best” answer, from the perspective of mathematics reform. Most response options
ranged from alow of “Never” or “None’ to a high of “Almost every day” or “A lot.” For most
items, responses in the NAEP data set were coded from 1 to N, with N as the number of response
options. In our analyses, we reversed the scales when necessary, so the highest value represented
the most frequent occurrence. In discussions, project staff generally agreed that with successful
Statewide Systemic Initiatives, the use of reform-related practices would increase, but traditional
practices that were focused on mastering facts, concepts, and routine procedures would also have
amajor role. We had concerns about a smple scale implying that “more” of something was
necessarily “better.” We explored scoring rubrics that assigned the greatest number of points to
the response option that described a moderate frequency of occurrence. The alternative scales
were evaluated using Cronbach’s coefficient apha, a measure of internal consistency (Cronbach,
1951). None of the proposed scoring systems improved on the original 1 to N coding, with 1
indicating the lowest frequency and N the highest. While we continue to be concerned about the
possibility of excessive use of some reform-related practices, this concern did not apply to most
of the results from 1990, 1992, and 1996.

Through this extensive review and analysis of the State NAEP 1996 teacher questionnaire
items, we identified six indicators of mathematics reform:

Relative Emphasis on Reasoning and Communication — how much reasoning and
communication were addressed, relative to facts and procedures.

Mathematical Discourse —ascale of students opportunities to discuss, present, and write
about mathematical ideas.

NCTM Standards —asingle item that asked about teachers knowledge of the NCTM
Sandards.

Last Year’'s Professional Development — a single item that asked how much time teachers
spent in professional development in mathematics or mathematics education during the
last year.

Reform-Related Topics Studied — a count of the number of reform-related topics teachers
have studied out of the seven topics listed in the NAEP questionnaire.

Calculator Use — ascale of the extent to which students used calculators in the classroom
and on tests.

The 1996 questionnaire was not the same as the 1992 and 1990 questionnaires. A number
of items were added over the years, particularly items related to curricular reform. Wording of
individual items was modified from one year to the next, and sometimes the number and labels
of the response options changed also. Very few items were exactly the same across al three
years.
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Comparing SSI and Non-SSI States

In this chapter, the effect of the SSI program is examined by comparing the SSI state
means on each indicator with the nonSSI state means. In this comparison, the state is the unit of
analysis. SSI states are grouped together as replications receiving the treatment (e.g., the SSI
program), and nonSSI states are grouped as replications not receiving the treatment. Unlike
experimental research, however, the SSI treatment was not randomly assigned to the states.
States participating in the SSI program had to submit a proposal, and then NSF selected the
proposals to fund.

The State NAEP is designed to provide information about the state as a whole. The
student is the sampling unit, and teachers responses are matched with each of their students,
defining one record in the data file. Each student has an associated weight, based on the sampling
plan, and state means are computed using weighted values. In this chapter, the focus is on the
state means and the variability among the means, rather than on the within-state variability.

With states as the unit of analysis, sample size is relatively small. In order to reject the
null hypothesis, differences have to be fairly large. For comparisons between SSI and non-SSI
states, we used an aphalevel of .10, following the example of Grissmer (2000).

Cross-sectional comparisons. We examined the effect of the SSI program by comparing
al SSI and nonSS| states in a given year. In this approach, al states that participated in the State
NAEP that year were included in the comparison.

Longitudinal comparisons. In longitudinal comparisons, state means were compared
across two or three different years. Longitudinal comparisons were limited to those states that
participated in the State NAEP in consecutive years.

The analytic approach used to examine the effect of SSI on changes over time depended
on the comparability of the measures. When the measures were the same across time, a repeated
measures analysis of variance was used, with SS| as a between subjects factor and time as a
within-subjects factor. When they were similar, but not exactly the same, a two-step regression
model was used. The prior year indicator was entered at Step 1, to assess the relationship among
the two measures. At Step 2, SSI status was entered to assess the additional contribution of SS|
status on the 1996 indicator. The expectation was that SSI status would be significantly related to
the indicator in 1996, but not in 1992 or 1990.

Multiple linear regression models assume that the predictors are independent.
Relationships among predictors raise issues about how to estimate the model parameters. In part,
thisissue is solved by the model specification. If the model must include all predictors, an
analytic method is used that will divide the shared variance among the predictors.

Samples

Twenty-five states received funding through NSF s SSI program, and twenty-five did
not. Some states had their funding discontinued early. In this study, they were included with the
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SS| states, since they did receive some benefits from the SSI program. The SSI program had
three cohort groups. The first began in 1991, the second in 1992, and the third in 1993.

Not all states participated in the State NAEP each of the three years. Analyses and
conclusions about the effects of the SSI program are limited to those states that chose to
participate. The State NAEP aso included the jurisdictions of Guam, Puerto Rico, the Virgin
Islands, Washington, DC, and Department of Defense Schools. In this study, only state data were
used.

Y early samples— 1990, 1992, and 1996. For each year of the State NAEP, comparisons
were made between all participating SSI states and non-SS| states. These cross-sectional
analyses used all of the data available in a given year. Table 6.1 presents the number and
percentage of SSI and non SSI states that participated each year at each grade. Appendix A lists
the individua states, with their years of participation in the State NAEP, and indicates whether
they were funded for the full five years.

Table 6.1
Number and Percent of SS and Non-SS Sates Participating in Sate NAEP Each Year
SSI states Non-SSI states
N=25 N=25
Grade Y ear N % N %
Grade 8
1990 20 80% 17 68%
1992 22 88% 19 76%
1996 22 88% 18 72%
Grade 4
1992 22 88% 19 76%
1996 23 92% 20 80%

Two-Point Trend Sample, 1992-1996. The two-point trend sample included those states
that participated in both 1992 and 1996. (See Table 6.2.) At grade 8, the two-point trend sample
included 20 SSI states, or 80%, and 15 nonSSl states, or 60%. At grade 4, it included 21 SS|
states (84%) and 16 nonSS| states (64%). These trend samples were used to evaluate change
across the four years from 1992 to 1996. By 1996, states in the first cohort were completing their
fifth year, and others were well into their fourth or their third year.

The 1992 measure provided a reference point for the 1996 measure, but it was not
necessarily independent of a state's SSI status. Funding for the first cohort started in 1991, so by
spring of 1992 some states had been funded for about a year. A potentially larger factor, though,
was that some states had begun reform initiatives on their own in the late 1980s or early 1990s.
Their experiences with statewide reforms may have positioned them to apply and to be selected
for the Statewide Systemic Initiatives Program.
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Table 6.2
Sates in the Two- and Three-Point Trend Samples at Grade 8 and the Two-Point Trend Sample
at Grade 4

Grade 8 Grade 4
SSl states Non-SS| states SSI States Non-SSI States
Arkansas® Alabama® Arkansas Alabama
Cdifornia® Arizonad® Cadlifornia Arizona
Colorado® Hawaii® Colorado Hawaii
Connecticut® Indiana® Connecticut Indiana
Delaware® lowa® Delaware lowa
Florida® Maryland® Florida Maryland
Georgia® Minnesot&! Georgia Minnesota
K entucky? Mississippi K entucky M ssissippi
Louisiana® Missouri Louisiana Missouri
Maine North Dakot&! Maine North Dakota
M assachusetts Tennessee Massachusetts Pennsylvania
Michigarf Utah Michigan Tennessee
Nebraska® West Virginia® Nebraska Utah
New Mexico® Wisconsir New Jersey West Virginia
New Y ork® Wyoming® New Mexico Wisconsin
North Carolina® New Y ork Wyoming
Rhode Idland?® North Carolina
South Carolina Rhode Idand
Texas South Carolina
Virginia® Texas

Virginia

2 Also in the three-point trend sample.

Three-Point Trend Sample, 1990, 1992, and 1996. This sample includes the 17 SSI states
and the 11 non-SSI states that participated in the State NAEP all three years. The three-point
trend sample is limited to grade 8, since the State NAEP was not administered in grade 4 in
1990. (See Table 6.2 for states in the three-point trend sample). The representativeness of the
states in this sample is an important consideration. It includes 68% of the 25 SSI states and 44%
of the non-SSI states. Generalizations from this self-selected sample to all SSI and non-SSI states
must be made carefully, especialy since more than half of the nonSSI states are not included.

Participation rates. The accuracy of the parameter estimates for each state depends on the
implementation of NAEP' s sampling plan. The National Center for Education Statistics (NCES)
established participation rate standards for schools and students. (For the guidelines, see the
Appendix of Chapter 3, Methodological 1ssues). The standards for school participation are
discussed in the following paragraph from the NAEP 1996 Mathematics Cross-State Data
Compendium for the Grade 4 and Grade 8 Assessment, Appendix A.
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NCES standards require weighted school participation rates before substitution of
at least 85 percent to guard against potential bias due to school nonresponse. The
NCES standards do not explicitly address the use of substitute schools to replace
initially selected schools that declined to participate in the assessment. However,
considerable technical consideration has been given to this issue. Even though the
characteristics of the substitute schools were matched as closely as possible to the
characteristics of the initially selected schools, substitution does not entirely
eliminate the possibility of bias because of the nonparticipation of initially
selected schools. Thus, for the weighted school participation rates that included
substitute schools, the guideline was set at 90 percent. (p. 282)

The strata specific participation rate guideline is discussed in the following
paragraphs.

The NCES standards specify that attention should be given to the
representativeness of the sample coverage. Thus, inadequate representation of an
important segment of ajurisdiction’s population is of concern, regardless of the
overdl participation rate. (p. 283)

This guideline addresses the concern that if nonparticipating schools were
concentrated within a particular class of schools, the potential for substantial bias
remained, even though the overall level of school participation appeared to be
satisfactory. Nonresponse adjustment cells for schools were formed within each
jurisdiction, and the schools within each cell were similar in terms of minority
enrollment, degree of urbanization, and/or median household income for public
schools. . . . If more than 5 percent (weighted) of the sample schools (after
substitution) were nonparticipants from a single adjustment cell, then the potential
for nonresponse bias was too great. (p. 283)

States that failed to satisfy the participation rate guidelines are annotated in reports of the
State NAEP results. That convention was used in this report also. Table 6.3 on the next page lists
the states with annotated results. In this chapter, all analyses were done twice—first with the
total sample and then with the subsample of states that met the NCES participaton rate
guidelines. The second analysis was a check on the findings from the total sample. Confidencein
the results was strengthened if the parameter estimates of the two analyses were similar. With the
reduced sample size, results for the subsample may not be statistically significant.
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1996

Arkansas
Michigan
Montana

New York
South Carolina
Vermont

Alaska

Table 6.3
Sates Not Meeting the NCES Participation Rate Guidelines
Grade 8
1990 1992
SSl States Maine
Nebraska
New Jersey
New Y ork
Non-SSl lowa Alabama
States

lowa
Maryland
Wisconsin
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1992 1996
Delaware Arkansas
Maine Michigan
Nebraska Montana
New Jersey  New Jersey
New York New York
South Carolina
Vermont
- Alaska
lowa
Nevada
Pennsylvania
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Relative Emphasis on Reasoning and Communication—Igc
The Importance of Reasoning and Communication

Two of the five education goals for students identified by the National Council of
Teachers of Mathematicsin its first standards document, Curriculum and Evaluation
Sandards for School Mathematics (NCTM, 1989), are for al studentsto learn to
communicate and to reason mathematically. These standards expressed a vision for
classrooms based on the premise that what students learn depends to a great degree on how
they have learned. The Slandards stress the need to teach much of the same mathematics
being currently taught, but to teach this mathematics with a different emphasis, including, for
example, less focus on complex paper-and-pencil computations and memorizing rules and
algorithms and more emphasis on development of critical thinking skills and on the
understanding of numbers and operations. The Relative Emphasis on Reasoning and
Communication indicator is computed to produce a statistic that represents a stress on
reasoning and communication over addressing facts, concepts, procedures, and skills.

Since NCTM published the first Sandards document, there has been a growing
acceptance in the mathematics education field of the importance of having students reflect on
their own learning and understanding. This requires students to express their understanding
of mathematics and to reveal their thinking so that ideas can be discussed and clarified.
Students do this by presenting their arguments in debates, discussing their solutions to
problems, and making predictions about various phenomena (National Research Council,
2000). Such instructional engagement requires a classroom environment in which reasoning
and communication are the norm. In an analysis of the reforms in thirteen Organization of
Economic Co-operation and Development (OECD) countries, Black and Atkin (1996) report
that most of the international innovations studied, including three in the United States,
accepted the basic assumption of constructism, that is, pupils construct meanings for
themselves. Black and Atkin observed that new methods succeeded to the extent that they
engaged the thinking of students. Carpenter and Lehrer (1999) described in greater detail
how students need to learn mathematics with understanding: devel op relationships among
mathematical ideas, extend and apply these ideas in new situations, reflect on and articulate
their thinking, and make mathematical knowledge their own. A logical conclusion from the
Third International Mathematics and Science Study (Stigler & Hiebert, 1997) is that
classroom emphasis on demonstrating and practicing procedures and ideas has resulted in
students learning simple computation procedures, terms, and definitions, the dominant
approach to teaching grade 8 mathematics in US schools. For students to learn how to
develop their own reasoning skills to solve new problems, engage in more challenging
mathematical processes, and increase their capacity for reasoning and communication
(Hiebert, 1999) requires the reform curriculum being advocated by NCTM.
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1996

In 1996, questions 37-40 of the State NAEP teacher questionnaire were part of
a section labeled “skills.” The questions were:

In this mathematics class, how often do you address each of the
following?
Learning mathematics facts and concepts
Learning skills and procedures needed to solve routine problems
Developing reasoning and analytical ability to solve unique
problems
Learning how to communicate ideas in mathematics effectively

Response options
A lot
Some
A little
None

Responses were coded from O for “None” to 3 for “A lot.” Individual variables were:
Xk - Learning facts and concepts (Facts)
Xp - Learning skills and procedures (Procedures)
Xr- Developing reasoning and analytical ability (Reasoning)
Xc - Learning how to communicate ideas in mathematics (Communication)

The first two are often considered to be “basic skills” and the other two “higher order skills.”
In mathematics reform, all four skills areas are included. Reasoning and communication are
often emphasized, but mastery of basic skillsin also important in reform curricula.

In order to incorporate all four skills areas into one indicator, responses to the four
guestions were combined in arelative, or ipsative, measure:

lrc = (XR+X(:)/ (X|:+ Xp + XR+Xc) * 100.

Irc ranged from O to 100, with 50 indicating an equal balance between basic and higher order
skills. A value greater than 50 indicated that the two higher order skills were addressed more
than the two basic skills. A value less than 50 indicated that the two basic skills were
addressed more than the two higher order skills.

Grade 8
Relative emphasis on reasoning and communication The mean of Irc(og) for al SSI

and nonSS| states in 1996 is presented in Table 6.4. The mean difference of 1.32 was
statistically significant (t = 2.86, df = 38, p <.01), with SSI states averaging higher than non
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SSI states. The absolute value of the difference is not large, but it is about as large as the
standard deviation among the non-SSI states. Comparisons for all samples and subsamples
are reported in Table 6B.1 of the Appendix. SSI states averaged significantly higher on Irc
for al samples and subsamples except for the total threee-point trend sample, where the
difference was not statistically significant.

Table 6.4
Mean and Standard Deviation of SS and Non-SSI States on | regs), Grade 8
SSl States Non-SS| States
N =22 N =18
Mean 45.86 44.54
Standard Deviation 1.52 1.35

Theindividual state means on Irc(ge) are presented in Figure 6.1, with states ranked
from highest to lowest. Of the ten highest states, seven are SSI states: Vermont, Connecticut,
Kentucky, California, Delaware, Massachusetts, and Georgia; of the ten lowest, only three
are SSI states: Arkansas, Louisiana, and New Mexico. Individual state means are listed in
Table 6B.2 of the Appendix.
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Figure 6.1. State means on Irces) Ordered from highest to lowest, grade 8.
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Individual skill areas. Table 6.5 summarizes the results for the four questions that
comprise Ircos). Means for individual states are listed in Table 6B.2 of the Appendix.

Table 6.5
Mean and Sandard Deviation of SS and Non-SS Satesin Each Skill Area, Grade 8, 1996
SS| States Non-SS| States
Skill area N =22 N =18
Xg- Facts
Mean 2.67 2.68
Standard Deviation 0.09 0.09
Xp- Procedures
Mean 2.73 2.73
Standard Deviation 0.07 0.05
XRr - Reasoning
Mean 2.39 2.30
Standard Deviation 0.08 0.05
Xc - Communication
Mean 2.27 2.13
Standard Deviation 0.12 0.12

A multivariate analysis of variance was used to examine the effect of the state’s SSI
status on the four skill areas. The overall effect for SSI status was statistically significant (F
=5.50, df = 1,35, p <.01). Follow-up univariate tests showed that SSI states scored
significantly higher than non-SSI states on the two higher order skills: Xg (F = 18.74, df =
1,38, p<.01) and Xc (F = 13.78, df = 1,38, p <.01). However, SSI states did not differ from
non-SS| states for the two basic skills: Xrand Xp.

The results for the subsample of states that followed the participation rate guidelines
were the same as for the full sample. The effect for SSI status was statistically significant (F
=5.99, df = 1,25, p < .01). SSI states had a higher average than non-SS| states for the two
higher order skills, Xg and Xc, but there was no significant difference on the basic skills, X,

and Xc.

Intercorrelations of skill areas. Relationships among the four skill areas were
examined by computing their intercorrelations. The results are reported in Table 6.6. Results
for all 40 states that participated in the 1996 State NAEP, as well as results for the subsample
of 30 states that followed the participation rate guidelines, are included.

In 1996, the two basic skills itens were strongly related, as were the two higher order
skills items. Other correlations were near 0 and several had a negative sign. The findings for
the subsample were comparable to those of the total sample.
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Table 6.6
Inter correlations of Sate Means on the Four Mathematics Skills Areas, Grade 8, 1996
Xe Xp XRr

Total sample, N =40

Xp T7*

XR -.13 11

Xc -.01 -.02 T2
Subsample, N = 30

Xp .80*

XR -.23 -.10

Xc .03 .02 .68*
*p<.01
Grade4

Relative emphasis on reasoning and communication The grade 4 mean of Irc(gs) for
al SSI and non-SSI states is presented in Table 6.7. The mean difference of 2.02 was
statistically significant (t = 4.35, df = 41, p <.01), with SSI states averaging higher than non
SSI states. While the absolute value of the difference was not large, it was larger than the
standard deviation within each group. Comparisons for al samples and subsamples are
reported in Table 6B.3 of the Appendix. SSI states averaged significantly higher on Igc for
all samplesand subsamples.

Table 6.7
Mean and Standard Deviation of SS and Non-SS States on |rc(gs), Grade 4
SSI States Non-SS| States
N =23 N =20
Mean 44.06 42.40
Standard Deviation 1.22 1.27

The individual state means on Irc(ge) are presented in Figure 6.2 with states ranked
from highest to lowest. Of the ten highest states, eight are SSI states: Vermont, Texas, North
Carolina, Connecticut, Maine, Kentucky, Georgia, and New Jersey; of the ten lowest, only
oneisan SSl state: Arkansas. Individual state means are listed in Table 6B.3 of the
Appendix.
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Figure 6.2. State means on |rc(gs) Ordered from highest to lowest, grade 4.
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Individual skill areas. Table 6.8 summarizes the results for the four questions that
comprise Ircos). Means for individual states at grade 4 are listed in Table 6B.3 of the
Appendix.

Table 6.8
Mean and Sandard Deviation of SS and Non-SS Satesin Each Skill Area, Grade 4, 1996
SSI States Non-SSl States
Skill area N=23 N=20
Xe - Facts
Mean 2.91 2.92
Standard Deviation 0.04 0.04
Xp- Procedures
Mean 2.87 2.88
Standard Deviation 0.04 0.05
XRr - Reasoning
Mean 2.42 2.33
Standard Deviation 0.10 0.07
Xc - Communication
Mean 2.27 2.12
Standard Deviation 0.12 0.14

In the multivariate analysis of variance, the overall effect for SSI status was
statistically significant (F = 4.27, df = 1,38, p < .01). Follow-up univariate tests showed that
SS| states scored significantly higher than non-SSI states on the two higher order skills: Xg
(F = 13.30, df = 1,41, p< .01) and Xc (F = 15.33, df = 1,41, p < .01). SSI states did not
differ from non-SSl states for the two basic skills: Xgand Xp.

The results for the subsample of states that followed the participation rate guidelines
were the same as for the full sample. The effect for SSI status was statistically significant (F
=4.82, df =1,27,p<.01). SSI states had a higher average than non-SS| states for the two
higher order skills, Xg (F = 14.65, df = 1,30, p < .01) and X, (F = 15.56, df = 1,30, p < .01),
but there was no significant difference for the basic skills, Xg, and Xp.

Intercorrelations of skill areas. Correlations of the four skill areas at grade 4 in 1996 are
reported in Table 6.9. Results for all 43 states that participated in the 1996 State NAEP, as
well as results for the subsample of 32 states that followed the NCES participation rate
guidelines, are included.

At grade 4, as was found at grade 8, the two basic skills items were strongly related and
so were the two higher order skills items. Other correlations were near 0. The findings for the
subsample were comparable to those of the total sample.
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Table 6.9
Inter correlations of Sate Means on the Four Mathematics Skills Areas, Grade 4, 1996
Xe Xp XRr

Total sample, N =43

Xp .66*

XR -.19 .15

Xc -.13 .07 .82*
Subsample, N = 32

Xp .62*

XRr -.18 .19

Xc =11 .15 .82*
*p<.01

1992

In 1992, questions 23-26 of the teacher questionnaire asked how much the teacher
emphasized the four skills areas:

Think about your plans for this mathematics class for the entire year. How
much emphasis did you or will you give to each of the following?
Learning mathematics facts and concepts
Learning skills and procedures needed to solve routine problems
Developing reasoning and analytical ability to solve unique
problems
Learning how to communicate ideas in mathematics effectively

Response options
Heavy emphasis
Moderate emphasis
Little or no emphasis

The 1992 questions differed from those in 1996 in several important ways. In 1992, teachers
were explicitly asked to think about the entire year. The 1992 question asked, “How much
emphasis did you or will you give to each of the skills?” while the 1996 question asked,
“How often do you address each . . . ?” With the wording change, the response options were
also different from those in 1996. In 1992, there were three options. “Heavy,” “Moderate,”
and “Little or no emphasis’; in 1996, there were four: “A lot,” “Some,” “A little,” and
“None.”
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Computation of Irc(gz used the same formula as in 1996, providing an ipsative
measure of the emphasis on the two higher order skills compared to the emphasis on the two
basic skills. In 1992, the response options were coded from 0 to 2, with “Little or no
emphasis’ equal to 0 and “Heavy emphasis’ equal to 2.

Grade8

Relative emphasis on reasoning and communication 1n 1992, the 22 SSI states
averaged dlightly higher on Irc(g2) than the 19 non-SSI states, as shown in Table 6.10 This
difference was not statistically significant (t = 0.97, df = 40, p = .33). For the subsampl e that
followed the NCES participation rate guidelines, SSI status was not significant either. (See
Table 6B.4 of the Appendix.)

Table 6.10
Mean and Standard Deviation of SS and Non-SS States on Irc(e), Grade 8
SSI States Non-SS| States
N =22 N =19
Mean 43.50 42.86
Standard Deviation 2.03 2.03

Individual skill areas. Table 6.11 summarizes the results for each of the four
individual skill areas by state SSI status. In the MANOVA, the effect for SSI was not
statistically significant (F = 0.77, df = 4,36). The SSI effect was not significant in the
subsample either (F = 1.64, df = 4,31, p = .19). State means of the four individual skill areas
are shown in Table 6B.5 of the Appendix.

Table6.11
Mean and Standard Deviation of SS and Non-SS Satesin Each Skill Area, Grade 8, 1992
SSI States Non-SSl States
Skill area N =22 N=19
Xe- Facts
Mean 1.66 1.67
Standard Deviation 0.07 0.10
Xp- Procedures
Mean 1.74 1.73
Standard Deviation 0.05 0.08
XRr- Reasoning
Mean 1.42 1.38
Standard Deviation 0.08 0.07
Xc - Communication
Mean 1.33 1.28
Standard Deviation 0.11 0.08
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Intercorrelations of skills areas (Table 6.12). In 1992 as in 1996, the highest
correlations were between the two basic skills, Xk and Xp, and the two higher order skills, Xgr
and Xc. In 1996, no other correlations were significant; but in 1992, the correlation between
Xc, Communication, and Xp, Procedures, was a so significant, though not as high as the other
correlations.

Table 6.12
Intercorrelations of Sate Means on the Four Mathematics Skills Areas, Grade 8, 1992
Xe Xp XRr

Total sample, N =41

Xp .80**

XRr -.04 15

Xc .29 32% B7%*
Subsample, N = 36

Xp 81**

XRr .00 .20

Xc 31 37* .64**

*p<.05 **p<.01
Grade4

Relative emphasis on reasoning and communication At grade 4, the 22 SSI states
averaged dlightly higher on Irc(g2) than the 19 non-SSI states, as shown in Table 6.13. This
difference was statistically significant (t = 1.79, df = 39, p <.10). For the subsample that
followed the NCES participation rate guidelines, SSI status was significant also. (See Table
6B.4 in the Appendix).

Table 6.13
Mean and Standard Deviation of SS and Non-SS States on |rc(ez), Grade 4
SSI States Non-SS| States
N =22 N =19
Mean 40.08 39.09
Standard Deviation 1.93 1.61

Individual skill areas. Table 6.14 summarizes the results for each of the four
individual skill areas by state SS| status. In the MANOVA, the effect for the SSI was
statistically significant (F = 3.98, df = 4,36, p < .01). The SSI effect was significant in the
subsample also (F = 3.30, df = 4,31, p < .05). Table 6B.6 in the Appendix presents the
individual state means for the four skills areas.
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Table6.14
Mean and Sandard Deviation of SS and Non-SS Satesin Each Skill Area, Grade 4, 1992
SS| States Non-SS| States
Skill area N =22 N=19
Xe - Facts
Mean 1.93 1.94
Standard Deviation 0.04 0.03
Xp- Procedures
Mean 1.92 1.90
Standard Deviation 0.03 0.02
XRr - Reasoning
Mean 1.44 1.41
Standard Deviation 0.09 0.08
Xc - Communication
Mean 1.32 1.24
Standard Deviation 0.11 0.09

Follow- up univariate tests showed that SSI states scored significantly higher than
non-SSl states on one skill: Xc (F =5.39, df = 1,39, p <.05). SSI states did not differ
significantly from nonSS| states in the other three skill areas. Results for the subsample of
states that followed the participation rate guidelines matched those for the full sample. The
effect for SSI status was statistically significant (F = 3.30, df = 1,31, p <.05), and SS| states
had a higher average than nonSS| states for Xc (F = 5.93, df = 1,34, p <.05).

Intercorrelations of skill areas (Table 6.15). In 1992 as in 1996, the highest
correlations were between the two basic skills, Xrand Xp, and the two higher order skills, Xg
and Xc. In 1996, no other correlations were significant, but in 1992, the correlation between
Xc, Communication, and Xp, Procedures, was aso significant, though not as high as the
other correlations. In addition, at grade 4, X¢, Facts, was negatively related to Xg,
Reasoning.

Table 6.15
I ntercorrelations of Sate Means on the Four Mathematics Skills Areas, Grade 4, 1992
Xk Xp XR
Total sample, N =41
Xp .60**
XRr - 4% A7
Xc -.01 A9** .68**
Subsample, N = 36
Xp B7**
XR - 48** A3
Xc -.13 A0* .69**

*p < .05, **p < .01
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1990

The wording of the 1990 questions was very similar to the wording in 1992, and the
labeling of the response options was almost identical, except that the 1990 questionnaire had
four response options. Questions 26 to 29 on the grade 8 teacher questionnaire were:

Think about your plans for this mathematics class for the entire year. How
much emphesis will you give each of the following?
L earning mathematics facts and concepts
Learning skills and procedures needed to solve routine problems
Developing reasoning and analytical ability to solve unique
problems
Learning how to communicate ideas in mathematics effectively

Response options
Heavy emphasis
Moderate emphasis
Little emphasis
None

Computation of 1rceo) Was the same as in previous years, with response options coded from 0
for ‘None” to 3 for “Heavy emphasis.”

Grade8

Relative emphasis on reasoning and communication. In 1990, the mean of the SS|
states on Irc(on) Was a bit higher than the mean of the non-SSI states, but this difference was
not statistically significant (t = 1.08, df = 36, p = .29). The comparison for the subsample also
was not statistically significant (t = 1.01, df = 34, p = .32). Comparisons for al samples and
subsamples are shown in Table 6B.7 in the Appendix.

Table 6.16
Mean and Standard Deviation for SS and Non-SS States on Irc(g), Grade 8
SSI States Non-SS| States
N=20 N=17
Mean 46.09 45.68
Standard Deviation 112 1.16

Individua items. Table 6.19 summarizes the 1990 results by state SSI status. 1n 1990,
the effect for SSI was not statistically significant in either the total sample (F = 2.13, df =
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4,32, p = .10) or the subsample (F = 1.91, df = 4,31, p = .13). Individua state means arein

Table 6B.8 of the Appendix.

Table 6.17

Mean and Sandard Deviation of SS and Non-SS Satesin Each Skill Area, Grade 8, 1990

Skill area

Xg - Facts

Mean

Standard Deviation
Xp - Procedures

Mean

Standard Deviation
XR - Reasoning

Mean

Standard Deviation
Xc - Communication

Mean

Standard Deviation

SSl States
N=20

2.52
0.07

2.62
0.06

2.30
0.07

2.23
0.09

Non-SS| States
N=17

2.48
0.08

2.63
0.06

2.26
0.08

2.16
0.10

Intercorrelations of skill areas (Table 6.18). Asin 1992 and 1996, the highest

correlations were for the pairs of skills: the two basic skills, Xgand Xp, and the two higher
order skills, Xrand Xc. Asin grade 8 in 1992 and 1996, Xg was not significantly related to
either of the basic skills. Like 1992, Xc, Communication, was moderately related to Xp,

Procedures. In addition, in 1990 Xc was related to X, Facts and Concepts.

Table 6.18

Intercorrelations of State Means for Emphasis Given to the Four Skill Areas, Grade 8, 1990

Total sample, N = 37

*p<.05 **p<.01

Xk

A3

.10
39*

A2F*

.08
.38*

Xp

.09
35*

.06
34*

XR

A4

A3



Chapter 6
Reform Indicators

Change from 1992 to 1996

A direct comparison of the values of Irc across 1990, 1992, and 1996 is not
meaningful, because the number of response options and the labels for the options are not
consistent across the three years. Several rescaling approaches were explored, but none
seemed satisfactory. Since the measures are conceptually very similar but the scale is not the
same, a hierarchical regression model was used to examine changes over time as a function
of SSl status.

Grade8

Two-point trend sanple. Results of the two-step linear regression model predicting
Irc(os) from Irc(gz) and SSI status are summarized in Table 6.19.

Table 6.19
Predicting Ircgs) from Irciez) and S Status, Grade 8
B  SEB b 3¢ F DR®  Fp
Step 1
Irc(92) 050 010 .67 45 27.30%*
Step 2
Irc(92) 0.47 0.09 .63
SSl status  0.78  0.36 27 52  17.61** 07 479

*p< .05, **p<.01

The table shows that |rc(92) Was significantly related to Ircgs), and that SSI status also
contributed to the prediction of Irc(gs). IN other words,, the SSI states averaged higher on
Irciee) than the non-SSl states, given | reez). The correlation between SSI status and |rcgz)
was small (r = .15, p = .19). The scatterplot for the regression model is shown in Figure 6.3.
Regression lines were fitted separately for the SSI and non SSI states. The graph shows that
the SSI effect was largest for those states that were relatively low on Irc(ey).
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Figure 6.3. Scatterplot of lrc(g2) and Irces) for al SSI and nonSSI states in the two-point
trend sample, grade 8.

SS Status
494 ] Non-SSI States (N = 15)
Il sS! States (N = 20)

I(RC(96))

38 30 40 41 42 43 44 45 46 47 48 4
I(RC(92))

Subsample. For the subsample, the effect for Irc(e2) Was significant, but SSI status
did not add to the prediction of Irc(gs). The results are presented in Table 6.20.

Table 6.20

Predicting Ircgs) from Ircez) and S Status, Grade 8, for the Subsample that Followed the
NCES Participation Rate Guidelines

B SEB b R? F DR? Fo
Step 1
lrc92) 071 015 .70 49 2213+
Step 2
lrc(o2) 056  0.19 55
SSl status 075  0.55 25 53 12.41** 04 186

*p< .05, **p< .01
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In this subsample, the strong relationship between the predictors may be getting in the way of
detecting the effect for SSI. The correlation between SSI and Irc(gz) in the subsample is .60 (p
<.01).

Figure 6.4 presents the scatterplot for the model with the 14 SSI states and 11 non
SS| states in the subsample. The shape is comparable to that for the full model, and the
estimate of b for the two modelsis similar. However, with the strong relationship between

the two predictors, it is not possible to determine the unique contribution of SSI status to
IRc(96)-

Figure 6.4. Scatterplot of Ircoz) and Ircee) for SSI and non-SS| states that followed the
NCES participation rate guidelines, grade 8.

SS Status
[ Non-SS!I States (N = 11)
Il SS! States (N = 14)

I(RC(96))

38 39 40 41 42 43 44 45 46 47 48 4
I(RC(92))

Grade4

Two-point trend sample. Results of the two-step linear regression model predicting
Irceee) from Irc(az) and SSI status are summarized in Table 6.21.
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Table6.21

Predicting Ircos) from lrcez) and SS Satus, Grade 4

R

B SEB b

Step 1

Irc(92) 0.52 0.08 72
Step 2

Irc(92) 0.44 0.07 .61

SSl status 1.21 0.27 A4

*p<.01

At grade 4, |rc(g2) Was significantly related to Irc(oes), and SSI status also contributed to the
prediction of Irc(gs). The relationship between SSI status and | re(g2) Was moderate (r = .26, p
< .10). The scatterplot for the regression mode! is shown in Figure 6.5. Regression lines were

.52

.70

39.69* .18

DR? (=

38.15*

20.25*

fitted separately for SSI and nonSSI states. As was found at grade 8, the SSI effect seems

largest for those states that were relatively low on lrcez).

Figure 6.5. Scatterplot of Irc(g2) and Irc(es) for al SSI and nonSSl states in the two-point

trend sample, Grade 4.

I(RC(96))

411

40-

SSl Status
] Non-SSI States (N = 16)
Hl SS| States (N = 21)

35 36 37 38 39 40 41 42 43 44

1(RC(92))
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Subsample. The results for the subsample of states that followed the NCES
participation rate guidelines in both 1992 and 1996 are presented in Table 6.22.

Table 6.22

Predicting Irc(gs) from Ircez) and SS Status, Grade 4, for the Subsample that Followed the
NCES Participation Rate Guidelines

B SEB b R? F DR®  Fp
Step 1
IRc(92) 054 010 .75 56 32.38
Step 2
lrc(@2) 043 008 .59
SSigatus 125 032 .44 74 33.21* 17  15.39*

*p< .05, **p<.01

In the grade 4 subsample, both Irc(e2) and SSI status contributed to the prediction of |rc(gs).
The relationship between Irc(oz) and SSI status was .36 (p < .05), a bit higher than the
relationship in the full sample, but still moderate. The scatterplot is shown in Figure 6.6.

Figure 6.6. Scatterplot of Ircoz) and Ircgs) for SSI and nonSSI states that followed the NCES
participation rate guidelines, Grade 4.

477 SSI Status
[l Non-SS| States(N = 13)
46 . ° H SS! States (N = 14)

I(RC(96))

411

4-O-I L] L] L] L] L] L] L] L] L]
35 36 37 38 39 40 41 42 43 44
I(RC(96))
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Change from 1990 to 1996

Three-point trend sample. Twenty-eight states are in the three-point trend sample.

The results of the linear regression predicting Irc(es) from Irc(oo)and SSI status are presented
in Table 6.23. In this sample, Irc(g0) Was related to Irc(gs), ad SSI status did not add
significantly to the prediction. SSI status was not significantly related to Ircgo) (f = .21, p =
.14). Figure 6.7 presents the scatterplot for the total three-point trend sample.

Predicting Ircgs) from Ircgo) and S Status, Grade 8

Table6.23
B
Step 1
Irc(90) 0.83
Step 2
Irc(90) 0.80

SSl status 0.28

*p<.01

SEB

0.18

0.18
0.44

b

.68

.66
.09

DR? Fo

21.98*

10.93* .01 0.39

Figure 6.7. Scatterplot of Irc(oo) and Ircee) for al SSI and nonSSI states in the three-point

trend sample, grade 8.

491

I(RC(96))

SS Status
[ Non-SSI States (N = 11)
Il sS! States (N = 17)

42 43 44 45 46
I(RC(90))

a7

48 49
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Subsample. Twenty states from the three-point trend sample satisfied the NCES
participation rate guidelines in all three years. The results of the linear regression model for
the subsample are presented in Table 6.23. The results for the subsample are comparable to
those of the total sample: the effect for Irc(g0) Was significant, but the effect for SSI status
was not. The relationship between SS| status and Irc(g) Was fairly high in this subsample (r =
.58, p <.01); in other words, states participating in the SSI program were likely to be higher
on lrceo) than the non-SSI states. Given this confounding, the independent effect of SSI
cannot be evaluated. Figure 6.8 presents the scatterplot for the compliant subsample.

Figure 6.8. Scatterplot of Ircoo) and Irces) for SSI and nonSSl states that followed the
NCES participation rate guidelines, Grade 8.

SSI Status
49 [ Non-SSI States (N=7)
[l SS! States (N = 13)

I(RC(96))

42 43 44 45 46 4T 48 49
|(RC(90))

Summary of Results
1996

Grade 8 and Grade 4

In both grades, SSI states averaged significantly higher than non-SSI states onlrc(gs),
the indicator of the relative emphasis on reasoning and communication.

SS| states also averaged significantly higher than the nonSSI states on the two higher
order skills: 1) reasoning and analytic ability, and 2) communicating mathematical
ideas. The SSI states did not differ from the nonSSI states on the two basic skills: 1)
facts and concepts, and, 2) skills and procedures.
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In 1996, the two basic skills items were strongly related to each other, and the two
higher order skills were also strongly related, but other correlations were near 0.

1992
Grade8

SSI states averaged a bit higher than the non-SSI states on Irc(e2), but the difference
was not statistically significant. SSI states were not significantly different from the
non-SSI states on any of the four individual items that were part of Irc(oz).

Intercorrelations of skills areas scored highest between the two basic skills and the
two higher order skills, consistent with the results in 1996. Unlike 1996, though, Xc
was moderately related to Xp.

Grade4

At grade 4, the SSI states were significantly higher than the non-SSI states on Irc, as
well as on one skill area, Xc.

Intercorrelations were highest for the skill pairs: the two basic skills and the two
higher order skills. Aswith grade 8, Xc, Communication, was related to Xp,
Procedures. In addition, at grade 4, Xr, Facts, was negatively related to Xg,
Reasoning.

1990
Grade8

In 1990 at grade 8, the difference between SSI and non-SSI states on | re(oo) Was small
and not statistically significant.

Intercorrelations among the four skills areas again found the highest correlations
between item pairs: the two basic skills and the two higher order skills. In 1990, Xc,
Communication, was also significantly related to both basic skills, Xg, Facts, and Xp,
Procedures.
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Change AcrossTime
Two-point trend: 1992-1996
Grade 8
Both I rce2) and SSI status were significant predictors of 1rces) for the total sample,
but only Irc(e2) was significant for the subsample. In the subsample, the two
predictors were fairly strongly related.
Grade4

Both I rce2) and SSI status were significant predictors of Ircge) for the total sample, as
well as for the subsample.

Three-point trend: 1990-1996
Grade 8
Irco0) Was significantly related to Ire(os), but SSI status was not, for both the total

sample and the subsample. The two predictors, SSI status and Irc(oo), Were not
significantly related to each other in the full sample, but were in the subsample.
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Students Opportunities for Mathematical Discourse—Ivp

TheImportance of Mathematical Discour se

Discourse in the mathematics classroom refers to the ways of representing mathematical
ideas and to thinking, talking, agreeing, and disagreeing about them (NCTM, 1991). It involves
the way ideas are exchanged and what the ideas entail. In 1991, NCTM took the position in its
Professional Sandards for Teaching Mathematics that discourse in the mathematics classroom
should be based on mathematical reasoning and evidence. The Professional Standards clam that
classroom discourse founded on mathematical evidence will lead students to develop the ability
to formulate problems, to explore, conjecture, and reason logically, al important goals for school
mathematics as expressed in the Curriculum and Evaluation Standards for School Mathematics
(NCTM, 1989). Verbalization is important if students are to acquire higher order thinking skills.
Such thinking “requires students to manipulate information and ideas in ways that transform
their meaning and implications” (Newmann, Secada, & Wehlage, 1995, p. 86). Students
manipulate information and test ideas when they have to synthesize from facts and ideas,
generalize, or arrive at some conclusion or interpretation.

A classroom environment conducive to discourse and involvement in higher order
thinking will encourage students to interact with other students and teachers in extended
conversations and in deeper thought processes. The teacher’srole is to “trandate what is being
said into mathematical discourse to help frame discussion, to pose questions, to suggest real- life
connections, to probe arguments, and to ask for evidence” (Adler, 1999, p. 51). The objective for
teachers is to structure activities that will reveal students’ thinking and actively inquire into
students’ thinking (Bransford, Brown, & Cocking, 2000). Students are able to amend, refine, and
discuss ideas when they are engaged in small- group work, collaborative problem solving, and
reflective abstract thinking (Shafer, 2001; Wood, 1996; Gravemeijer, 1994; Y ackel, Cobb, &
Wood, 1991). Through these activities students are more likely to interpret problem situations,
express their thinking, react and resolve conflicting points of view, and develop a deeper
under standing of mathematics.
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1996

The 1996 teacher questionnaires of the State NAEP included severa items about student
discussion or writing about mathematics.

How often do the students in this class do each of the following?
Solve mathematics problems in small groups or with a partner
Write a few sentences about how to solve a mathematics problem
Talk to the class about their mathematics work
Write reports or do mathematics projects
Discuss solutions to mathematics problems with other students
Work and discuss mathematics problems that reflect real life situations

Response options
Almost every day
Once or twice aweek
Once or twice a month
Never or hardly ever

How much time do the students in this class spend each week working on
mathematics with a partner or in a small group?

Response options
None
Less than Y2 hour
121 hour
More than 1 hour

How often do you use each of the following to assess student progressin
mathematics?
Short (e.g., aphrase or sentence) or long (e.g., severa sentences or
paragraphs) written responses
Individual or group projects or presentations

Response options
Once or twice aweek
Once or twice a month
Once or twice a year
Never or hardly ever

These items describe instructional practices related to students learning to discuss
mathematics and to explain their mathematical reasoning. Items for the scale were selected on
the basis of areview of al the questionnaire items by project staff. After the item selection was
finalized, project staff considered the scale' s designation. In early conversations, communicating
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about mathematical ideas seemed to be an organizing principle. Six of the nine items refer to
talking, discussing, or working with others, and the other three items refer to writing. We
decided to call this a scale of mathematical discourse, since the items represented a variety of
opportunities for talking and writing about mathematics.

Response options were scaled from least to most frequent; the option representing the
lowest frequency (e.g., Never or hardly ever) equaled 1 and the option representing the highest
frequency (e.g., Almost every day) equaled 4. Responses to the nine individual items were added
together, creating a scale with arange from 9 to 36. For grade 8, internal consistency of the scale
was .76 and at grade 4 it was .79. State means for the mathematical discourse indicator, Imp(gs),
were computed using the weights provided in the State NAEP database.

Grade8

Student opportunities for mathematical discourse. Table 6.24 present s the mean and
standard deviation of the state means on Ivps), the mathematical discourse indicator, for the 22
SSI states and 18 nonSSI states participating in the 1996 State NAEP. The mean for the SS|
states was significantly higher than the mean for non-SSI states (t = 2.43, df = 39, p<.05). SSI
states averaged significantly higher in 1996 on Ivp(gs) in @l samples and subsamples, as reported
in Table 6C.1 of the Appendix.

Table 6.24
Mean and Standard Deviation of Impes) in S and Non-SS Sate, Grade 8, 1996
SSl States Non-SSI States
N =22 N =18
Mean 23.19 22.33
Standard Deviation 1.19 1.01

Individual state means are graphed in Figure 6.9, with states ordered by their means from
lowest to highest. The ten states scoring highest on mathematical discourse include eight SSI
states (California, Kentucky, Vermont, Delaware, Georgia, Michigan, Connecticut, and
Montana) and two non-SSI states (Maryland and Arizona). The ten lowest states include three
SSI states (Arkansas, New Y ork, and Rhode Island) and seven non-SS| states (North Dakota,
Indiana, Alabama, West Virginia, lowa, Tennessee, and Minnesota). See Table 6C.2 in the
Appendix for the mean values for each State.
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Figure 6.9. State means on lvpgs) Ordered from highest to lowest, grade 8.
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Individual items. Table 6.25 lists the mean for SSI and non-SSI states for each of the nine
items in the 1996 mathematical discourse scale. For all participating states, a MANOVA found
no overall significant effect for SSI status (F = 1.36, df = 9,30, p = .25). For the subsample, SSI
status was statistically significant (F = 2.08, df = 9,20, p < .10). Mean values for each state are
listed in Table 6C.2 of the Appendix.

Since the first six itemsin Table 6.25 have the same set of response options, the means
can be compared directly. In grade 8 in both SSI and non-SS| states, two of the practices
happened, on average, about once or twice a week:

Discuss solutions to mathematics problems with other students, and

Work and discuss mathematics problems that reflect rea-life situations.
In the total sample, the means for SSI and non-SSI states were similar for these two items, but in
the subsample, the SSI states averaged higher on the second. The item on class time spent in
group work showed that there was little difference between SSI and non-SSI states as a group: in
both SSI and non-SS| states, students averaged one-half hour to one hour aweek working with a
partner or in a small group.

The item with the lowest mean at grade 8 was:

Write reports or do mathematics projects.
Most students never or hardly ever did mathematics reports or projects, though these activities
did happen a bit more frequently in the SSI states. The next least frequent item was:

Write a few sentences about how to solve a mathematics problem.
In both SSI and non-SSI states, students indicated that they wrote a few sentences about how to
solve mathematics problems just once or twice a month. This item was one of the two with the
largest mean difference between SSI and non-SS| states.

SSI states averaged higher than non-SSI states on items about assessing student progress
(the last two items in Table 6.25). In both SSI and nonSSI states, teachers used written
responses to evaluate student progress more often than they used individual or group projects or
presentations, but both occurred infrequently—somewhere between “Once or twice a year” and
“Once or twice a month.”
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Table 6.25
Mean and Standard Deviation of Individual Mathematical Discourse Itemsin SS and Non-SS States, Grade 8, 1996
SS| States Non-SSI States Mean
M D M D Difference F

Small groups/with partner

Total sample 280 0.17 277 0.18 0.03 0.24

Subsample 282 014 276 0.20 0.04 0.77
Write about solution

Tota sample 209 027 192 0.20 0.17 4.96

Subsample 209 0.26 1.88 0.19 0.19 6.21
Tak to class

Total sample 274 0.16 261 0.13 0.13 5.04

Subsample 277 0.16 260 0.20 0.17 7.09
Write reports/do projects

Tota sample 147 017 1.36 0.08 0.11 6.29

Subsample 147 0.15 1.32 0.08 0.15 6.53
Discuss with others

Tota sample 321 011 316 0.12 0.05 2.06

Subsample 321 0.09 316 0.10 0.05 241
Discuss real- life situations

Total sample 298 0.14 289 0.13 0.09 4.27

Subsample 299 011 287 0.13 0.12 6.92
Class time spent in group work

Total sample 3.00 0.19 298 0.18 0.02 0.06

Subsample 3.02 017 299 0.20 0.03 0.24
Assess by written responses

Total sample 268 0.25 251 024 0.17 4.36

Subsample 269 0.26 247 022 0.22 6.04
Assess by individual/group projects

Total sample 225 014 216 011 0.09 4.70

Subsample 227 012 216 011 0.07 7.09
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[tem intercorrelations. The relationships among the state means on each of the nine
discourse items are presented in Table 6.26. The first correlation matrix is based on data from all
states, and the second is for the subsample of states that met the NCES participation rate
guidelines.

Table 6.26
Inter correlations of Sate Means on the Nine Mathematical Discourse Items, Grade 8, 1996

[tem number
1 2 3 4 5 6 7 8
Total sample, N = 40
1. Work in small groups -
2. Write about solution .60*

3. Talk to class 07  .b2*

4. Write reports/do projects 34 83 .36

5. Discuss with others 66* 47 19 22

6. Real- life situations 29 36 38 .14 50

7. Time in group work 92 b4 00 34 72 24

8. Assess by written responses  .56*  .94*  54* 75 43* 35  48*

9. Assess by projects 46 76 47 81* 26 .19 42  69*

Subsample, N = 30
1. Work in small groups -
2. Write about solution .58*

3. Tak to class -04 46

4. Write reports/do projects 34 84 31

5. Discuss with others 67 b5 .27 24

6. Real-life situations 12 33 4 26 49

7. Time in group work 95 58 -06 40 .69 .12

8. Assess by written responses  .53* .96+ .50 81* 4 .30 48"

9. Assess by projects 46 79* 46 78 40 .28 BO* .74
*p<.01

The intercorrelations for the 40 states in the total sample are comparable to those for the
the 30 states in the subsample. In both samples, correlations were generally positive, and roughly
half were statistically significant. Somewhat fewer correlations were statistically significant (p <
.01) in the subsample, in part because of the smaller sample size.

Relationships among these items may be underestimated because of restrictions in range.
For some items, a large proportion of respondents selected the highest or lowest option. If the
response options were designed to differentiate among respondents, the correlations might be
somewhat different.
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Grade4

Student opportunities for mathematical discourse. The grade 4 state means on lvp(gs), the
mathematical discourse indicator, are shown in Table 6.27. The mean for the SSI states was
significantly higher than the mean for non-SSI states (t = 2.43, df =22, p <.05). At grade 4, SSI
states averaged significantly higher in 1996 on Imp(gs) in al samples and subsamples, as reported
in Table 6C.1 of the Appendix.

Table 6.27
Mean and Standard Deviation of Impeegs) in S and Non-SS States, Grade 4, 1996
SS| States Non-SSI States
N =23 N=20
Mean 23.83 22.99
Standard Deviation 1.03 1.22

Individual state means are graphed in Figure 6.10, with states ordered by means from
lowest to highest. (See Table 6C.3 in the Appendix for the mean values.) The ten states scoring
highest on mathematical discourse include seven SS| states (Kentucky, Vermont, Maine,
California, North Carolina, Connecticut, and Georgia) and three non-SSI states (Maryland,
Nevada, and Mississippi). The ten lowest states include two SS| states (Arkansas and Rhode
Island) and eight nonSSI states (North Dakota, Indiana, Missouri, lowa, Tennessee, Wisconsin,
Washington, and Hawaii).

Individua items. Table 6.28 lists the mean for SSI and nonSSI states for each of the nine
items in the 1996 mathematical discourse scale. At grade 4, the effect for SSI status was not
statistically significant for any of the states (F = 1.13, df = 9,33, p = .37) or for the subsample (F
=1.22, df =9,22, p = .33).

At grade 4, the two items with the largest differences between SSI and non-SS| states
both concerned writing:
Write a few sentences about how to solve a mathematics problem, and
Assess student progress with short (e.g., a phrase or sentence) or long (e.g.,
several sentences or paragraphs) written responses.
The first occurs about once or twice a morth, and the second occurs between once or twice a
year and once or twice a month.
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Figure 6.10. State means on lupee) Ordered from highest to lowest, grade 4.
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Table 6.28
Mean and Standard Deviation of Individual Mathematical Discourse Itemsin S and Non-SS States, Grade 4, 1996
SS| States Non-SS| States Mean
M SD M SD Difference F

Small groups/with partner

Total sample 2.96 0.11 2.92 0.14 0.04 1.18

Subsample 2.98 0.09 2.89 0.13 0.09 5.32
Write about solution

Total sample 2.18 0.26 1.99 0.24 0.19 6.35

Subsample 221 0.25 1.99 0.25 0.22 5.96
Talk to class

Total sample 291 0.14 2.80 0.22 0.09 3.74

Subsample 2.93 0.13 2.79 0.22 0.14 4.23
Write reports/do projects

Total sample 1.40 0.10 1.34 0.08 0.06 4.32

Subsample 1.40 0.10 1.34 0.08 0.06 3.55
Discuss with others

Tota sample 3.06 0.12 2.99 0.12 0.07 3.66

Subsample 3.08 0.09 2.98 0.12 0.10 6.84
Discuss real- life situations

Total sample 2.97 0.13 3.12 0.12 0.15 1.82

Subsample 3.00 0.11 2.92 0.12 0.08 4.80
Class time spent in group work

Total sample 3.20 0.13 3.12 0.15 0.08 3.39

Subsample 3.23 0.13 3.10 0.14 0.13 8.32
Assess by written responses

Total sample 2.75 0.24 2.56 0.25 0.19 6.21

Subsample 2.79 0.24 2.57 0.26 0.22 6.23
Assess by individual/group projects

Total sample 2.38 0.12 2.33 0.15 0.05 2.48

Subsample 2.40 0.13 2.32 0.13 0.08 3.15
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[tem intercorrelations. The relationships among the state means on each of the nine
discourse items are presented in Table 6.29. The first correlation matrix is based on data from all
states, and the second is for the subsample of states that met the NCES participation rate

guidelines.

Table 6.29

Inter correlations of Sate Means on the Nine Mathematical Discourse [tems, Grade 4, 1996

Total sample, N =43

1. Work in small groups

2. Write about solution

3. Tak to class

4. Write reportg/do projects

5. Discuss with others

6. Real-life situations

7. Time in group work

8. Assess by written responses
9. Assess by projects

Subsample, N = 32

1. Work in small groups

2. Write about solution

3. Tak to class

4. Write reports/do projects

5. Discuss with others

6. Real- life situations

7. Time in group work

8. Assess by written responses
9. Assess by projects

p<.01

.65*
37

.56*
.70*
.38

.89*
.61*
.58*

A3*
.30

.64*
6r*
.29

.90*
.66*
.61*

.60*
.76*
.63*
27

67*
.95*
54*

.62*
q1*
A1*
.28

.66*
.95*
.52*

[tem number

3 4
A0*
765 A3
J1* .18
34 63
.64 76*
39 70*
44
78*  B0*
.68* .25
30  .60*
68*  72*
42 74*

5

(0*
.62*
.66*
.38

6r*
.62*
A2*
42

27
.30
31

.25
.30
.36*

.64*
Sr*

.61*
54*

.58*

.58*

Generally, the intercorrelations at grade 4 are similar to those at grade 8. All correlations
are positive, and many are above .60. The one item that is the least related to the othersis:
Work and discuss mathematics problems that reflect real-life situations.
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1992

In 1992, the teacher questionnaire included four items that matched four from the 1996
mathematical discourse scale. They were:

How often do the students in this class do each of the following things?
Write a few sentences about how to solve a mathematics problem
Write reports or do mathematics projects
Discuss solutions to mathematics problems with other students
Work and discuss mathematics problems that reflect real life Situations

Response options
Almost every day
Once or twice aweek
Once or twice a month
Never or hardly ever

To alow for adirect comparison between 1992 and 1996, the sum of the four identical items,
Impa(e2), Was used as one indicator of mathematical discourse. The internal consistency of this
scale was .54 at grade 8 and .64 at grade 4.

Besides the four identical items, the 1992 questionnaire includes three more items very
similar to items that made up Ivpee). The additional items are listed on the next page. The two
items about assessment are worded very similarly in 1992 and 1996; however, teachers answered
the question separately for each classin 1992, but they answered it just once in 1996.
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How often do the students in this class do each of the following things?
Solve mathematics problems in small groups.

Response options
Almost every day
Once or twice aweek
Once or twice a month
Never or hardly ever

Think about your plans for this mathematics class for the entire year. How
often do you use each of the following to assess student progressin
mathematics?
Short (e.g., a phrase or sentence) or long (e.g., several sentences or
paragraphs) written responses
Individual or group projects or presentations

Response options
Once or twice aweek
Once or twice amonth
Once or twice a year
Never or hardly ever

Responses to all seven items were summed for a seven item scale of mathematical

discourse, Imp(ez). Theinternal consistency of the sevenritem scale was .69 at grade 8 and .75 at
grade 4.

Grade8

Student opportunities for mathematical discourse. Table 6.30 shows that the mean of the
SS| states was a hit higher than the mean of the nonSSI states in 1992, but the difference was
not statistically significant for either the four matched items, Impaz), (t = 0.99, df = 39, p = .33)
or the total scale, Iwp(ez), t = 1.52, df =39, p = .14). See Table 6C.4 in the Appendix for results
with other samples and subsamples, Table 6C.5 for the individual state means on Iypgz), and
Table 6C.7 for individual state meanson lypa.
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Table 6.30
Mean and Standard Deviation of lypaez and lupez) in SS and Non-SS States, Grade 8
SS| States Non-SS| States
N=22 N=19
IMD492)
Mean 9.14 9.04
Standard Deviation 0.37 0.29
IMD(92)
Mean 15.57 14.23
Standard Deviation 0.69 0.66

Individual items. The means for SSI and nonSSI states on each of the seven items on the
1992 discourse scale are listed in Table 6.31. Table 6C.5 of the Appendix lists the values for the
individual states. Mean differences between SSI and nonSSI states in 1992 were small. The
overadl F for the MANOVA comparing SSI and non-SSI states on these seven items was not
significant for either the total sample (F = 1.20, p = .33) or the subsample (F = 0.82, df = 7,28, p
= .58).
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Table6.31
Mean and Sandard Deviation of Individual Mathematical Discourse Itemsin SS and Non-SS
Sates, Grade 8, 1992

SSI States Non-SSl States Mean
N=22 N=19 Difference
Matching items
Write about solution
Mean 1.83 1.77 0.06
Standard Deviation 0.15 0.16
Write reports/do projects
Mean 1.24 1.21 0.03
Standard Deviation 0.06 0.07
Discuss with others
Mean 3.18 3.18 0.00
Standard Deviation 0.14 0.11
Discuss real- life situations
Mean 2.89 2.87 0.02
Standard Deviation 0.14 0.10
Other similar items
Solve in groups
Mean 2.50 2.44 0.06
Standard Deviation 0.16 0.19
Assess by written responses
Mean 2.20 2.09 0.11
Standard Deviation 0.16 0.17
Assess by projects, portfolios,
or presentations
Mean 1.74 1.69 0.05
Standard Deviation 0.12 0.15

At grade 8 in 1992, in both SSI and non-SSI states, the two most frequent activities were:

Discuss solutions to mathematics problems with other students, and

Work and discuss mathematics problems that reflect real-life situations.
The first occurred ailmost every day, and the second occurred just about as often. The least
frequently occurring item was:

Write reports or do mathematics projects.
On average, reports and projects occurred closer to “Never or hardly ever” than to “ Once or
twice amonth.” The item on which the largest difference between SSI and nonSS| states
occurred was:

How often do you use short or long written responses to assess student progressin

mathematics?
Both groups averaged close to “Once or twice a year,” athough the SSI mean was a bit higher.
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Item intercorrelations. Table 6.32 lists the intercorrelations of the state means on the
seven items in the 1992 mathematical discourse scale for the total sample of 41 states as well as
for the subsample of 36 states that followed the NCES participation rate guidelines.

Table6.32
Intercorrelations of Sate Means on the Seven Mathematical Discourse Items, Grade 8, 1992
[tem number
1 2 3 4 5 6
Total sample, N =41
1. Write about solution -
2. Write reports/do projects .60* -
3. Discuss with others .30 21 -
4. Redl- life situations 31 .16 b51* -
5. Solve in small groups 46 38 72 28 -

6. Assess by written responses 85 54 24 40 40 -
7. Assess by projectg/portfolios b2x 83 25 21 46 51

Subsample, N = 36
1. Write about solution -
2. Write reports/do projects 64 -

3. Discuss with others .32 .22 -
4. Real-life situations 31 A7 51* -
5. Solve in small groups 49 43 70 .25

6. Assess by written responses 85+ 64 34 42 50 -
7. Assess by projects/portfolios 61* 85 23 .16 .BO* .65*

*p<.01

The correlations suggest two groups of items in this scale. One group has items about
writing, and includesitems 1, 2, 6, and probably 7. The other has items about working and
discussing with other students, and includesitems 3, 4, and 5. These two subgroups seem to
capture the distinction between product and process.

Grade4

Student opportunities for mathematical discourse. Table 6.33 shows that for bothlyvpa(ez)
and Ivp(ez), the mean of the SSI states was higher than the mean of the non-SSI states. The
difference was statistically significant for the total scale, Imp), (t = 1.79, df = 39, p <.10), but
not for the four matched items, Ivpaez), (t = 1.60, df = 39, p = .12). See Table 6C.4 in the
Appendix for results with other samples and subsamples, Table 6C.6 for the individual state
means on lypay), and Table 6C.7 for individual state means on Ivpa.
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Table 6.33
Mean and Standard Deviation of Ivpaez) and Ivpe) in SS and Non-SS Sates, Grade 4, 1992
SSI States Non-SS| States
N =22 N =19
IMD492)
Mean 9.08 8.86
Standard Deviation 0.41 0.44
IMD(92)
Mean 15.74 15.30
Standard Deviation 0.81 0.76

Individual items. The means for SSI and nonSSI states on each of the seven items on the
1992 discourse scale are listed in Table 6.34. Table 6C.6 of the Appendix lists the values for the
individual states at grade 4. Mean differences between SSI and nonSS| states in 1992 were
small. The overall F for the MANOVA comparing SSI and non-SSI states on these seven items
was not significant for either the total sample (F = 1.36, df = 7,33, p = .33), or the subsample (F
=1.70,df =7,28, p=.15).
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Table 6.34
Mean and Sandard Deviation of Individual Mathematical Discourse Itemsin SS and Non-SS
Sates, Grade 4, 1992

SS| States Non-SS| States Mean
N=22 N=19 Difference
Matching items
Write about solution
Mean 1.88 1.81 0.07
Standard Deviation 0.15 0.21
Write reports/do projects
Mean 1.25 1.24 0.01
Standard Deviation 0.07 0.04
Discuss with others
Mean 2.98 2.93 0.05
Standard Deviation 0.12 0.14
Discuss real- life situations
Mean 2.95 2.98 0.05
Standard Deviation 0.14 0.11
Other similar items
Solve in groups
Mean 2.70 2.66 0.04
Standard Deviation 0.15 0.15
Assess with written responses
Mean 2.18 2.11 0.09
Standard Deviation 0.19 0.17
Assess with projects, portfolios,
or presentations
Mean 1.78 1.69 0.09
Standard Deviation 0.16 0.07

At grade 4 in 1992, as at grade 8, in both SSI and non-SSI states, the two most frequent
activities were:
Discuss solutions to mathematics problems with other students, and
Work and discuss mathematics problems that reflect real-life situations.
The two occurred almost every day. The least frequently occurring item was:
Write reports or do mathematics projects.
On average, reports and projects was closer to “Never or hardly ever” than to “Once or twice a
month.” The largest difference between SSI and non SS| states was on the two items about
assessment:
- How oftendo you use short or long written responses to assess student progressin
mathematics?
How often do you use group or individual projects, portfolios, or presentations to
assess student progress in mathematics?
At grade 4, the average for the first item was dightly more than once or twice a year, and the
average for the second was between “Once or twice ayear” and “Never or hardly ever.”
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Item intercorrelations. Table 6.35 lists the intercorrelations of the grade 4 state means on
the seven items in the 1992 mathematical discourse scale.

Table 6.35
Intercorrelations of Sate Means on the Seven Mathematical Discourse Items, Grade 4, 1992
[tem number
1 2 3 4 5 6
Total sample, N =41
1. Write about solution -
2. Write reports/do projects 0% -
3. Discuss with others J72% B2 -
4. Redl- life situations A Vi N -
5. Solve in small groups 76 .67 .87 .61*

6. Assess by written responses 85  B6* 55+ .65 .56* -
7. Assess by projectg/portfolios 66* 77 59 B0* .68 .67*

Subsample, N = 36
1. Write about solution -
2. Write reports/do projects .69*

3. Discuss with others a3 53* -
4. Redl-life situations g2 41 5% -
5. Solve in small groups 78 72 88 .65*

6. Assess by written responses 85 b5 57 .67 .59* -
7. Assess by projects/portfolios .68 .78 .61* 51* 72* .68

p<.01

At grade 4, the seven mathematical discourse items were moderately to strongly related
to each other. The items having the strongest relationship with items 7 and 8 show the link
between instruction and assessment.
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1990

The 1990 teacher questionnaire had two items related to mathematical discourse.

About how often do students in this class do the following types of activities
for mathematics?

Work in small groups

Write reports or do mathematics projects.

Response options
Almost every day
Severa times aweek
About once aweek
L ess than once a week
Never

The 1990 questionnaire had five response categories rather than the four in later years. In
addition, the 1990 choices provided finer distinctions among activities that occurred at |least
weekly. Everything else had to be coded as “Never.” Thel990 response options were coded
from 1 for “Never” to 5 for “Almost every day,” and the items were summed for the 1990
mathematical discourse scale, Imp(go).

Grade8

Student opportunities for mathematical discourse. Table 6.36 presents the mean and
standard deviation of Iypo) for the SSI and non-SSl states participating in the 1990 State
NAEP. Comparisons for all subsamples are reported in Table 6C.8 of the Appendix, and means
for individual statesarein Table 6C.9.
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Table 6.36
Mean and Standard Deviation of Iypo) and the Individual Mathematical Discourse Itemsin SS
and Non-SS States, Grade 8

SS| States Non-SS| States
N=20 N=17
IMD(90)
Mean 4.18 4.19
Standard Deviation 0.33 0.31
Individua items
Work in small groups
Mean 2.62 2.68
Standard Deviation 0.28 0.30
Write reports/do projects
Mean 1.55 151
Standard Deviation 0.09 0.09
Change from 1992 to 1996
Grade 8

Change on the mathematical discourse indicator from 1992 to 1996 was evaluated in two
ways on the basis of the available data. The four items that were exactly the same from 1992 to
1996 provided information on the overall change from 1992 to 1996, as well as on the effect of
SSI status on any change. In addition, the seven-item mathematical discourse scale, Ivp(az), was
used to examine whether SS| status was a significant factor in predicting Iwpes), the 1996
measure of mathematical discourse.

Imps — Four matching items

Two-point trend sample. For Ivpa, the four items that were part of the teacher
guestionnaire in both 1992 and 1996, a 2x2 repeated measures analysis of variance was used to
examine changes in students' opportunities for mathematical discourse in SSI and non-SS|
states. The results are presented in Table 6.37 and graphed in Figure 6.11. Overall, Ippa
increased from 1992 to 1996 (F = 31.73, df = 1,33, p < .01). In addition, the SS| states scored
higher than the non-SSI states across both years (F = 4.22, df = 1,33, p < .05). The increase for
SS| states was dightly greater than for the nonSSI states (F = 3.38, df = 1,33, p <.10).

Table 6.37
Mean and Standard Deviation of lyps in SS9 and Non-SS Satesin 1992 and 1996, Grade 8
1992 1996 Change
N Mean SD Mean SD Mean SD
SSl States 20 9.14 0.37 9.69 0.50 0.53 0.46
Non-SSl| States 15 9.04 0.29 9.31 044 027 034
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Figure 6.11. Change in the mean of Iyp4 for SSI and non-SSI states from 1992 to 1996, Grade 8.
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Subsample. The results of the 2x2 repeated measures analysis of variance for 14 SS|
states and 11 non-SSI states that followed the NCES participation rate guidelines are presented in
Table 6.38 and graphed in Figure 6.12. For the subsample, the increase in Iyps from 1992 to
1996 was statistically significant (F = 25.08, df = 1,23, p < .01). In addition, the SSI states scored
higher than the non-SSI states across both years (F = 8.38, df = 1,23, p <.01). Unlike the
findings for the total sample, the interaction term of SSI status by year was not statistically
significant (F = 1.84, df = 1,23, p = .18).

Table 6.38

Mean and Standard Deviation of Iypa in SS and Non-SS Sates that Met the NCES
Participation Rate Guidelinesin 1992 and 1996, Grade 8

1992 1996 Change

N Mean SD Mean SD Mean SD

SSI States 14 912 031 9.77 0.49 0.58 0.55
Non-SS| States 11 8.95 0.27 9.29 041 0.33 0.28
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Figure 6.12. Change in the mean of Iyp4 for SSI and nonSSI states from 1992 to 1996, Grade 8,
for the subsample that followed the NCES participation rate guidelines.
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Two-point trend sample. Impez) is not directly comparable to Ivpge), because the scales
are of different lengths and contain somewhat different items. Given these constraints, a
regression model was used to examine change in mathematical discourse from 1992 to 1996 as a
function of a state’s SSI status. In the model, the dependent measure was the state’'s mean on the
1996 nine-item scale, Ivp(gs), and the predictors were the state’ s score on the 1992 severritem
scale, Ivper) and its SSI status. Results are shown in Table 6.39 and graphed in Figure 6.13.

Table 6.39
Predicting Impgs) from lupez) and SS Satus, Grade 8
B SEB b R? F DR  Fp
Step 1
IMD(92) 1.20 0.24 .65 42 24.32*
Step 2
IMD(92) 111 025 .60
SSI status 0.46 0.32 19 46 13.59* .04 2.07
*p<.01
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The regression analysis found that 1vpe2) Was significantly related to Impee) (b = .60, t = 4.46, p
<.01), but SSI status did not add anything to the prediction of Iupgs) (b = .19, t = 1.43, p = .16).
In the two-point trend sample, the correlation of the two predictors was .26 (p < .10)

Figure 6.13. Relationship between Imp(g2) and Impes) for SSI and non-SSI states, grade 8.
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Subsample. The results of the linear regression analysis for the subsample are presented in Table
6.40. As with the total sample, the 1992 mathematical discourse measure was significantly

related to the 1996 measure (b = .43, t = 2.23, p <.05), but SS| status did not add to the

prediction of Iupe) (b = .28, t = 1.45, p = .16). In the subsample, the correlation of the two
predictors was .50 (p < .01). Figure 6.14 shows the scatterplot.
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Table 6.40

Predicting Impgs) from Impe) and SSI Status for the Subsample of States that Met the NCES
Participation Rate Guidelines, Grade 8

B SEB b R? F DR? =
Step 1
IMD(92) 1.08 033 57 32 11.09*
Step 2
IMD(2) 082 0.37 43
SSl status  0.66  0.45 28 38  6.86* 06 210
*p<.01

Figure 6.14. Relationship between Ivpg2) and Imp(gs) for the subsample of SSI and non-SS| states
that met the NCES participation rate guidelines, grade 8.
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With the reduced sample, the relationship between the measures of mathematical discourse in
1992 and 1996 seems stronger for the non-SSI states, based on the slope of the regression lines.
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Grade4
Imps — Four matching items

Two-point trend sample. For the four items that were part of the teacher questionnaire in
both 1992 and 1996, the results of the 2x2 repeated measures analysis of variance found that Iypa
increased significantly from 1992 to 1996 (f = 48.28, df = 1, 35, p <.01). The results are
presented in Table 6.41 and graphed in Figure 6.15. In addition, the SSI states scored higher than
the nonSSl states across both years (F = 5.00, df = 1,35, p < .05). The interaction of SSI status
and year was not statistically significant (F = 2.18, p = .149).

Table6.41
Mean and Standard Deviation of lyps in SS9 and Non-SS Satesin 1992 and 1996, Grade 4
1992 1996 Change
N Mean SD Mean SD Mean SD
SSl States 21 9.09 041 961 044 052 0.37
Non-SSl| States 16 8.87 0.48 9.20 0.50 0.34 0.37

Figure 6.15. Change in the mean of Iyp4 for SSI and non-SSI states from 1992 to 1996, grade 4.
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Subsample. Table 6.42 presents the results of the 2x2 repeated measures analysis of
variance for those states that followed the participation rate guidelines. For the subsample, the
increase in | ypafrom 1992 to 1996 was statistically significant (F = 34.02, df = 1,25, p<.01). In
addition, the SSI states scored higher than the nonSSI states across both years (F = 5.16, df =
1,25, p < .05). The interaction term of SSI status by year was not statistically significant (F =
0.73, df = 1,25, p = .40). Theresults are graphed in Figure 6.16.

Table 6.42
Mean and Standard Deviation of lyp,in SS and Non-SS States that Met the NCES Participation
Rate Guidelinesin 1992 and 1996, Grade 4

1992 1996 Change

N Mean SD Mean SD Mean SD

SSI States 13 9.16 0.38 9.67 0.43 051 042
Non-SS| States 14 8.86 0.52 9.23 0.53 0.38 0.37

Figure 6.16. Change in the mean of Iypa for SSI and non-SS| states from 1992 to 1996, Grade 4,
for the subsample that followed the NCES participation rate guidelines.
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Ivpez) @nd lupes)

Two-point trend sample. Results of the regression model predicting Impges) from Imp(ez)
and SSI status are shown in Table 6.43. The results for the total sample show that both Ivpe2) and
SSI status were significantly related to the prediction of Iupes). Figure 6.17 presents the
scatterplot.

Table 6.43
Predicting Impgs) from Iuper) and SS Satus, Grade 4
B SEB b R F DR  Fp
Step 1
IMD(92) 1.04 0.17 72 52 38.71**
Step 2
IMD(92) 0.96 0.17 .67
SSl status 0.55 0.28 23 57 22.93** .05 3.92*

*p<.10; **p<.01

Figure 6.17. Relationship between Ivpg2) and Impgs) for SSI and non-SSI states, grade 4.
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Subsample. The results of the linear regression analysis for the subsample of 13 SSI
states and 14 nonSSI states are presented in Table 6.44 and Figure 6.18. As with the total
sample, the 1992 mathematical discourse measure was significantly related to the 1996 measure
(b =.43,t =223, p<.05). In the subsample, SSI status did not add anything to the prediction of

mathematical discoursein 1996 (b =.28,t = 1.45, p = .16). The correlation of the two predictors
was .39 (p < .05).

Table 6.44

Predicting Impgs) from Iupez) and SSI Satus for the Subsample of States that Met the NCES
Participation Rate Guidelines, Grade 4

B SEB b R? F DR? Fo
Step 1
IMD(92) 1.02 0.20 72 52  26.97*
Step 2
IMD(2) 090 021 64
SSl status 054  0.36 22 56  15.33* 04 229
*p<.01

Figure 6.18. Relationship between Iypgr) and Imp(gs) for the subsample of SSI and non-SS| states
that met the NCES participation rate guidelines, Grade 4.
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Change from 1990 to 1996
Grade8

Our ability to evaluate change from 1990 to 1996 is limited because of the lack of
comparable items across the three years. In addition, the three-point trend sample includes only
17 SSI states and 11 non-SSI states.

For the total sample, the regression analysis found that I vip(gs) Was a function of both SSI
(b =.32,t=1.96, p<.10) and Impo) (b = .48,t = 2.92, p < .01). The scatterplot is presented in
Figure 6.19.

Table 6.45
Predicting Impgs) from Iupeo and SS Satus, Grade 8
B  SEB b R F DR®  Fp
Step 1
IMD(92) 200 071 48 24 8.00**
Step 2
ImMD(92) 1.96 0.67 48
SS| status 84 043 32 34 6.35%* 10 3.83*

*p<.10; **p, .01
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Figure 6.19. Relationship between Impgo) and Impgs) for SSI and non-SSI states.
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Subsample. For the subsample of 20 states that participated all three years and
consistently followed the participation rate guidelines, results of the linear regression arein
Table 6.46. In the analysis, Imp(eo) IS related to Iupe) iN Step 1, but in Step 2, SSI statusis the

only significant predictor. The correlation of the two predictorsis.17. The scatterplot is shown in
Figure 6.19.

Table 6.46

Predicting Impgs) from Ivpeo and SSI Satus for the Subsample of States that Met the NCES
Participation Rate Guidelines, Grade 8

B SEB b R? F DR  Fp
Step 1
IMD(90) 1.50 0.83 .39 15 3.24*
Step 2
IMD(90) 120 076 .31
SSl status  1.20 053 .45 35 464+ 20  5.26**

*p<.10,**p, .05
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Figure 6.20. Relationship between Ivpgo) and Impes) for SSI and non-SSI states that met the
NCES participation rate guidelines, grade 8.
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Summary of Results

1996

Grade8

In 1996, SSI states averaged significantly higher than nonSS| states, although the difference
was small, on lvp(ge), the 9-item mathematical discourse scale. The difference between SSI
and non-SS| states on the nine individual items of the mathematical discourse scale was not
statistically significant for the total sample, though it was for the subsample at p < .10.

Variability among SSI states and non-SSI states was relatively large compared to the
difference between the two groups of states.

On average, students had teachers who assessed student progress through written responses
and projects and presentations between “Once or twice ayear” and “Once or twice a month.”
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Grade4

At grade 4, the SSI states averaged significantly higher than nonSSI states on Ivip(gs), the 9-
item mathematical discourse scale. SSI and nont SS| states did not differ significantly on the
nine individual items of the scale.

Variability anong SSI states and non-SSI states was relatively large compared to the
difference between the two groups of states.

1992

Grade8

In 1992, SSI states averaged dightly, but not significantly, higher than nonSSI states on the
IMb(e2) 8nd Impae2).

Grade4

At grade 4, SS| states averaged significantly higher than non-SSI states on Ivp(gz). They also
averaged higher on Impagy), but the difference was not stetistically significant.

1990

The 1990 teacher questionnaire included only two items related to mathematical discourse.
The SSI states as a group did not differ from the non-SSI states on Iyipao).

Change Across Time

Two-point trend: 1992-1996
Imba

A scale of four mathematical discourse items was used to evaluate changes from 1992 to

1996. At grade 8, both SSI and nonSS| states increased in Iyps, and SSI states scored higher
than non-SSI across the two years. There was no evidence that SSI states increased more than
non-SS| states. At grade 4, both SSI and non-SSI states increased from 1992 to 1996, and the

SSI states scored higher across both years. As at grade 8, there was no evidence that the SSI
states increased more than the non-SSI states.
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I mp(e2) and | mpee)

The 1992 measure of mathematical discourse was significantly related to the 1996 measure
at both grade 4 and grade 8, but SSI status was not. However, SSI status was moderately
related to the mathematical discourse measure in 1992.

Three-point trend: 1990-1996
In the regression analyses, SSI status was related to the 1996 mathematical discourse
measure. In 1990, the mathematical discourse scale included only two items, so it was not a

very strong indicator of student opportunities for mathematical discourse. In 1990, SSI status
was weakly related to the discourse measure.
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Teachers Knowledge of the NCTM Standards—I s

The Importance of Teacher Knowledge of the National Council of Teachers of
Mathematics Standards

On March 21, 1989, the National Council of Teachers of Mathematics (NCTM) publicly
released the Curriculum and Evaluation Standards for School Mathematics for the first timein a
flurry of well-orchestrated press coverage. NCTM, a professional organization, produced a
policy document that conveyed a vision for both mathematical content and instruction in
response to the need for reform in mathematics education that over the next decade became the
“centerpiece of a broad reform movement in education” (McLeod, Stake, Schappelle,
Méllissinos, & Gierl, 1996, p. 120). The Curriculum and Evaluation Standards, followed by two
other documents—Professional Standards for Teaching Mathematics (NCTM, 1991) and
Assessment Sandards for School Mathematics (NCTM, 1995)—was a conscientious strategy by
the NCTM leadership to advance the learning of more and somewhat different mathematics by
all students. The document advocated a substantial change in state curriculum guidelines and at
least some documented superficial change by textbook publishers (McLeod, Stake, Schappelle,
Méllissinos, & Gierl, 1996; Romberg & Webb, 1993). Four years after the release of the NCTM
Standards, a national survey indicated that teachers of mathematics who were well aware of the
NCTM Standards varied by grade—18% in grades 1-4, 28% in grades 5-8, and 56% in grades 9-
12 (Weiss, Matti, & Smith, 1994). In a later survey, the 50 state supervisors of mathematics
estimated that, on the average, the NCTM Standards had had an impact on all grades, but that the
greatest impact was on Grades K-4 (McLeod, Stake, Schappelle, Méellissinos, & Gierl, 1996).
For teachers simply to declare knowledge of the NCTM Standards says very little about their
classroom practices and whether what they do in their classrooms is aligned with the vision of
the document. However, the percentage of teachers who acknowledged that they know about the
NCTM Curriculum and Evaluation Sandards demonstrates at |east the magnitude of their
awareness of the most important mathematics education reform document published in recent
years. At a minimum, the percentages referred to above reflect efforts within the states toward
reform by indicating those states in which teachers are professionally informed.
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1996

The 1996 State NAEP teacher questionnaire included an item on teachers' knowledge of
the NCTM Sandards. The item, with responses, was.

How knowledgeable are you about the National Council of Teachers of Mathematics
(NCTM) Curriculum and Evaluation Sandards for School Mathematics?

Response options

Very knowledgeable
Knowledgeable

Somewhat knowledgeable

| have little or no knowledge.

Is the indicator of teachers' knowledge of the NCTM Standards, presents data on the impact of
the Standards on student achievement. In our analysis, response options were scaled from 1 to 4,
with 1 for “I have little or no knowledge’ to 4 for “Very knowledgeable.”

Grade8

Teachers knowledge of the NCTM Standards. Table 6.47 presents the mean and
standard deviation on the NCTM Standards indicator for all SSI and nonSS| states that
participated in the 1996 State NAEP. The mean for the SSI states was significantly higher than
the mean for the non-SSI states (t = 2.44, df = 38, p < .05). Comparisons for other samples and
subsamples are presented in Table 6D.1 in the Appendix.

Table 6.47
Mean and Standard Deviation of SS and Non-SS States on | 5o
SS| States Non-SSI States
N =22 N=18
Mean 2.72 2.59
Standard Deviation 0.21 0.13

Theindividual state means on | gg6) are presented in Figure 6.20, with states ranked from
highest to lowest. Of the ten highest states, eight are SSI states: Vermont, Massachusetts,
Connecticut, Delaware, Maine, Rhode Island, Kentucky, and Virginia; of the ten lowest, four are
SS| states: Texas, Louisiana, New Mexico, and Michigan. See Table 6D.2 in the Appendix for
the state means.
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Figure 6.20. State means on | 596 Ordered from highest to lowest, grade 8.
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Table 6.48 shows the percentage of studentsin SSI states and in nonSS| states with a

teacher who selected each response. In 1996, SSI states had a larger proportion of students with
teachers who were very knowledgeable about the NCTM Sandards. In both SSI and non-SSI
states, roughly one out of ten students had teachers with little or no knowledge of the Standards.

Table 6.48
Percentage of Students in Each Category of Teachers' Knowledge of the NCTM Standards,
Grade 8, 1996

Little/No Somewhat Very

Knowledge Knowledgeable Knowledgeable Knowledgeable
Non-SS| states  11.9% 33.8% 38.9% 16.4%
SS| states 10.7% 29.1% 37.7% 22.5%

Grade4

Table 6.49 presents the mean and standard deviation on Isfor al the SSI and nonSS|
states that participated in the 1996 State NAEP. The mean for the SSI states is slightly higher
than the mean for the nonSSI states (t = 1.76, df = 41, p < .10). Comparisons for other samples
and subsamples are presented in Table 6D.1 in the Appendix.

Table 6.49
Mean and Standard Deviation of SS and Non-SS States on | rc(og)
SS| States Non-SSI States
N =23 N=20
Mean 1.98 1.88
Standard Deviation 0.21 0.15

The individual state means on | (g6) at grade 4 are presented in Figure 6.16, with states
ranked from highest to lowest. Of the ten highest states, seven are SS| states: Vermont, Maine,

Delaware, Rhode Iland, Massachusetts, Colorado, and Kentucky; of the ten lowest, four are SSI
states: Texas, New York, Florida, and California. See Table 6D.2 in the Appendix for the state
means.
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Figure 6.22. State means on | 596 Ordered from highest to lowest, grade 4.
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Table 6.50 presents the percentage of students with teachers who selected each response
option in SSI and non-SSI states. Percentages for individua states can be found in Table 6D.2 in
the Appendix.

Table 6.50
Percentage of Students in Each Category of Teachers Knowledge of the NCTM Standards,

Grade 4, 1996

Little/No Somewhat Very

Knowledge Knowledgeable Knowledgeable Knowledgeable
Non-SSl| states  36.3% 36.7% 17.9% 5.2%
SSI states 40.2% 36.4% 20.3% 7.1%

In 1996, SSI states had a dightly larger proportion of students with teachers who were
very knowledgeable about the NCTM Sandards. In both SSI and non-SSI states, roughly two
out of five grade 4 students had teachers with little or no knowledge of the Standards.

Summary of Results

Grades4 and 8

In the total 1996 sample, the mean for the SSI states is significantly higher than the mean
for the non-SSI states in both grade 4 and grade 8.

In both SSI and nonSSI states, grade 8 students have teachers who are more
knowledgeable about the NCTM Sandards than grade 4 students. In grade 8, about 50%
of the students had teachers who said they were knowledgeable or very knowledgeable
about the Standards; in grade 4, just 25% had teachers who said they were
knowledgeable or very knowledgeable.

The ten highest scoring states included eight SSI states at grade 8 and seven SS| states at
grade 4; the ten lowest scoring states included four SSI states at both grade 8 and grade 4.
Six SSl states, Vermont, Massachusetts, Delaware, Rhode Island, Maine, and Kentucky,
were in the top ten states at both grade levels, Texas was the only SSI state in the bottom
ten at both grade levels.

The item concerning teachers' knowledge of the NCTM Standards was first used on the

1996 NAEP questionnaire, so comparisons with 1992 and 1990 on this indicator are not
possible.
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Time Spent in Professional Development
During theLast Year—Ipp

The Importance of Time Spent in Professional Development

It is of vital importance that the professional development of mathematics teachers be
an onrgoing effort. The John Glenn Commission in its report to the nation, Before It's Too
Late, released September 27, 2000 (http://www.ed.gov/inits/M ath/glenn/), described
professional development as:

... aplanned, collaborative, educationa process of continuous improvement for teachers

that helps them do five things:

(1) deepen their knowledge of the subject(s) they are teaching;

(2) sharpen their teaching skills in the classroom,

(3) keep up with developments in their fields, and in education gererally;

(4) generate and contribute new knowledge to the profession; and

(5) increase their ability to monitor students’ work, so they can provide constructive
feedback to students and appropriately redirect their own teaching (p. 15).

The commission recognized that teachers are rarely afforded extended time periods for
engaging in their own educational experiences. Instead, they are subjected to “in-service
events that are no more substantive than a broad-brush overview of this semester’s teaching
fad” (p. 18).

A number of studies indicate that professional development that provides a
substantial number of contact hours and is sustained over along period of time resultsin a
significant impact on teaching practices (Garet, Birman, Porter, Desimone, Herman, & Y oon,
1999; Little, 1993; Loucks-Hordey et.a., 1987; Loucks-Hordey, S., Stiles, K., & Hewson,
P., 1996; Sparks, 1994; Loucks-Hordey, Hewson, Love, & Stiles, 1998). Recognizing the
importance of professional development, the SSI states allocated the largest single portion of
their budgets to professional development (Corcoran, Shields, and Zucker, 1998; Zucker,
Shields, Adelman, Corcoran, & Goertz, 1998). However, in 1993, early in the
implementation of the program, a national survey of mathematics and science teachers
indicated that less than half of science and mathematics teachers had spent more than 15
hours on in-service education in the last three years—32% grades 1-4, 41% grades 5-8, and
55% grades 9-12 (Weiss, 1994). Many other factors in addition to duration, such as the
quality of the activity, degree of engagement, and focus on content, contribute to professional
development that leads to improved teaching. The amount of time that a teacher has recently
spent in professional development produces one indicator that is at least a necessary
condition for on-going professional development.
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1996

Question 42 of the 1996 grade 8 teacher questionnaire and question 57 of the grade 4
guestionnaire asked:

During the last year, how much time in total have you spent in
professional development workshops or seminars in mathematics or
mathematics education? Include attendance at professional meetings and
conferences, district-sponsored workshops, and external workshops.

Response options
None
Less than 6 hours
6-15 hours
16-36 hours
More than 35 hours

Response options were coded from 1 to 5: “None” equaled 1 and “More than 35 hours”
equaled 5. Since the item asked specifically about staff development activities of the previous
year, it might have been particularly sensitive to the effects of the SSI program.

Grade8

Time spent in professional development during the last year. The mean and standard
deviation on Ippgg) for all SSI and non-SSI states in 1996 is presented in Table 6.51. In the
total sample, the mean for the SSI states was significantly higher than the mean for the non
SSl states (t = 1.72, df = 38, p < .10). Comparisons for all samples and subsamples are
reported in Table 6E.1 in the Appendix. No statistically significant differences were found in
any of the other samples or subsamples.

Table 6.51
Mean and Standard Deviation of SS and Non-SSI States on | pp(gs), Grade 8
SS| States Non-SSI States
N =22 N =18
Mean 3.46 3.30
Standard Deviation 0.34 0.24

The individual state means on Ipp(ge) are presented in Figure 6.23, with states ordered
from highest to lowest. Of the ten highest states, eight are SSI states: California, Kentucky,
Massachusetts, Texas, Florida, Delaware, Vermont, and Montana; of the ten lowest, five are
SSI states: New Mexico, Nebraska, Louisiana, Rhode Island, and North Carolina. See Table
6E.2 in the Appendix for the individual state means.

178



Chapter 6
Reform Indicators

Figure 6.23. State means on |(PD(96)) ordered from highest to lowest, grade 8.
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Grade4

The state mean and standard deviation of 1pp(ge) by SSI status is presented in Table 6.52.
At grade 4, the mean for the SSI states is significantly higher than the mean for the non-SS|
states (t = 2.22, df =41, p < .05). Comparisons for al samples and subsamples are found in
Table 6E.1in the Appendix.

Table 6.52
Mean and Standard Deviation of SS and Non-SS States on Ippoe), Grade 4
SSI States Non-SS| States
N =23 N =20
Mean 2.85 2.69
Standard Deviation 0.26 0.23

Individual state means at grade 4 are presented in Figure 6.24. Of the ten highest
states, eight are SSI states: Texas, California, Vermont, Arkansas, Massachusetts, Kentucky,
Lousiana, and South Caroling; of the ten lowest, four are SSI states: New Y ork, Nebraska,
Colorado, and Delaware. See Table 6E.2 in the Appendix for the means for each SSI and
non-SSl state.
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Figure 6.24. State means on |(PD(96)) ordered from highest to lowest, grade 4
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1992

In 1992, the wording of the item on time spent in professional development was
dightly different from that of 1996, but the response options were the same. The 1992 item is
shown below.

During the last year, how much time in total have you spent on in-service
education in mathematics or the teaching of mathematics? Include attendance at
professional meetings and conferences, workshops and courses.

Response options
None
L ess than 6 hours
6-15 hours
16-36 hours
More than 35 hours

Grade 8

Time spent in professional development during the last year. In 1992, the 22 SSI
states averaged just .03 higher on Ipp(ez) than the 19 non-SSI states, as shown in Table 6.53 (t
=0.97, df = 39, p =.33). See Table 6E.3 in the Appendix for comparisons for all samples and
subsamples and Table 6E.2 for individual state means.

Table 6.53
Mean and Standard Deviation of SS and Non-SS States on |pp(g2), Grade 8
SSI States Non-SS| States
N =22 N =19
Mean 3.28 3.25
Standard Deviation 0.22 0.21

Grade4
At grade 4 in 1992, the means for SSI and non-SSI states were practically identical,

as shown below in Table 6.54. Comparisons for other samples and subsamples can be found
in Table 6E.3 of the Appendix and individual state meansin 6E.2.
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Table 6.54
Mean and Standard Deviation of SS and Non-SS States on |pp(g2), Grade 4
SSI States Non-SS| States
N =22 N =19
Mean 2.58 2.59
Standard Deviation 0.21 0.22
1990

The wording on the 1990 questionnaire was the same as in 1992:

During the last year, how much time in total have you spent on in-service
education in mathematics or the teaching of mathematics? Include
attendance at professional meetings and conferences, workshops and
COUrses.

Response options
None
L ess than 6 hours
6-15 hours
16-36 hours
More than 35 hours

Grade8

In 1990, the mean of the SSI states on Ipp(gp) Was slightly higher than the mean of the
non-SS| states, but this difference was not statistically significant (t = 1.08, df = 35, p = .29).
See Table 6.55. Results for other samples and subsamples are listed in Table 6E.4 in the
Appendix, and individual state means are in Table 6E.2.

Table 6.55
Mean and Standard Deviation of S3 and Non-SS States on |pp(eg), Grade 8
SS| States Non-SSI States
N=20 N=17
Mean 2.98 2.89
Standard Deviation 0.31 0.39
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Change from 1992 to 1996
Grade8

Two-point trend sample. Twenty SSI states and 15 non SSl states participated in the
State NAEP in both 1992 and 1996. The 2x2 repeated measures analysis of variance found a
significant effect by year (F = 4.55, df = 1,33, p < .05). Neither the effect for SSI (F = 0.59,
df = 1,33, p = .48), nor the interaction effect of year by SSI (F = 0.78, df = 1,33, p=.38)
were statistically significant. Figure 6.25 presents the graph of the means for the SSI and
non-SSl states in 1992 and 1996. The two groups of states are at the same point in 1992,
while both are higher in 1996. Although the increase on thisitem in SSI states is greater than
that in the nonSS| states, the difference is relatively small.

Figure 6.25. Mean for last year’s staff development in 1992 and 1996, grade 8.
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Subsample. Whenthe analysis is repeated with only those states that followed the
NCES participation rate guidelines, the conclusions are the same as for the full sample. The
effect for year is statisticaly significant (F = 6.28, df = 1,23, p <.05), but the effect for SSI
and the interaction effect of year by SSI are not.

The graph for the subsample looks similar to that for the total sample, except that
the SSI states are dlightly above the nonSSI statesin 1992. (See Figure 6.26.) Both the SS|
states and the non SSI states increased in staff development participation from 1992 to 1996.
While it seems that the SSI states increased dightly more, the difference is not statistically
significant.
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Figure 6.26. Mean for last year’s staff development in 1992 and in 1996 for states following
the NCES participation rate guidelines, Grade 8.
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Two-point trend sample. The 2x2 repeated measures analysis of variance for the
data from grade 4 indicated a significant effect for year (F = 19.51, df = 1,35, p<.01) and a
significant interaction of year and SSI status (F = 7.15, df = 1,35, p < .05). AsFigure 6.27
shows, the mean for the SSI states and the non-SSI states was almost the same in 1992. From
1992 to 1996, both groups increased in the amount of staff development time during the last
year, and the SS states, as a group, showed a greater increase. The effect for SSI status was
not statistically significant (F = 2.36, df = 1,35, p = .13).
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Figure 6.27. Mean for last year's staff development in 1992 and in 1996, grade 4.
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Subsample. For the subsample of states that followed the NCES participation rate
guidelines, the results of the ANOVA are similar to those for the full sample. Figure 6.28
shows the subsample means for the SSI and nonSSI states. The effect for year was
statistically significant (F = 19.04, df = 1,25, p < .01) and the interaction of year by SSI status
was also significant (F = 9.37, df = 1,25, p < .01). Overall, SSI status was not significant (F =
1.67, df = 1,25, p=.21).
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Figure 6.28. Mean for last year's staff development in 1992 and 1996, for states that met the
NCES participation rate guidelines, grade 4.
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Change Across 1990, 1992, and 1996

Three-point trend sample. A 2x3 repeated measures analysis of variance was used
to examine the effect of year and SSI status on the amount of time spent in professional
development during the last year. For the 17 SS| states and 11 non-SSI states that
participated consistently for all three testing years, the ANOVA found a significant effect for
year (F = 28.64, df = 1,25, p < .01), but no significant effects for SSI status (F = 1.66, df =1,
26, p = .21), or the interaction of year and SSI status (F = 1.20, df = 2,52, p = .31). Figure
6.29 presents the graph of the SSI and non-SSI state means across the three years.
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Figure 6.29. Mean for last year's staff development in 1990, 1992, and 1996, grade 8.
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In 1990, the mean for SSI and non-SSI states on this item was dightly under 3,
indicating that, on average, students had teachers who spent 6-15 hours in staff development
during the last year. In 1996, the mean was around 3.4, indicating that students had teachers
who averaged between 6-15 hours and 16-35 hours of staff development over the last year.

Subsample. For the subsample of states that followed the NCES participation rate
guidelines, the 2x3 repeated measures analysis of variance found a significant effect for year
(F =20.61, df = 2,17, p < .01), replicating the result for the total sample. For the subsample,
the main effect for SSI was also statistically significant (F = 4.28, df = 1,18, p < .10), but the
interaction of year and SS| status was not (F = 1.14, df = 2,36, p = .33). Figure 6.30 presents
the means for the SSI and non-SSI states in the subsample over time.

As the graph indicates, the SSI states seemed to make steady progress. In contrast, the
non-SSI states showed an increase from 1990 to 1992, and then seemed to level off.

188



Chapter 6
Reform Indicators

Figure 6.30. Mean for last year's staff development in 1990, 1992 and 1996, for the SSI and
non-SSI states following NAEP' s participation rate guidelines, grade 8.

SS| Status
3.40- Non-SS| States( N = 7)
—e— S| States (N = 13)
3.207
o
a
= 3.007
2.807
2.601 . .
0] (27 %
Y ear
Summary of Results
1996
Grade8

For the total sample, SSI states averaged dightly, but significantly higher than the
non-SS| states. In other samples and subsamples, the difference was not statistically
significant.

Grade4

At grade 4, SSI states averaged significantly higher than non-SSI states in all samples
and subsampl es.
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1992 and 1990

The overall means for the SSI and nonSSI states prior to 1990 were very close on
thisindicator. (Note: Grade 4 is not included in the 1990 State NAEP.)

Change Over Time
Two-Point Trend Sample, 1992-1996

Grade8

Teachers spent more time in staff development in 1996 than they had in 1992. The

interaction of year by SS| status was not statistically significant in either the total
sample or the subsample.

Grade4

Teachers spent more time in staff development in 1996 than they had in 1992. In
addition, the SSI states showed a larger increase than the non-SSI states at grade 4.

Three-Point Trend Sample, 1990, 1992, and 1996

As with the two-point trend sample, the grade 8 means increase from 1990 to 1996,
but there is no significant effect for SSI and no significant interaction. While both SSI
and non-SS| groups increase across the time period, the SSI states seem to increase

steadily, while the non-SS| states seem to have increased from 1990 to 1992 and then
leveled off.
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The Number of Reform-Related Topics
Teachers Have Studied—Igr

The lmportance of Teachers Study of Reform-Related Topics

Important if teachers are to make the transition from atraditional approach in teaching
mathematics to approaches that are advanced in reform documents, such as those produced by
NCTM (1989, 1991, and 1995), is for teachers to have a sound understanding of the pedagogical
content knowledge of the reform methods. Effective professional development experiences help
teachers develop in-depth knowledge of content, as well as pedagogical content knowledge
(listening to students' ideas, posing questions, and attending to different needs of students)
(Loucks-Hordley, Hewson, Love, & Stiles, 1998).

For teachers to change requires them to experience a number of factors. Teachers need to
experience some dissatisfaction with traditional approaches, to be exposed to new methods, to
have these methods modeled for them, to have the opportunity to experiment with them, and to
be able to reflect onhow the effectiveness of the methods will work with their own students
(Webb, Heck, & Tate, 1996). There is some evidence that simply increasing the number of
mathematics courses a teacher takes will reach a point of diminishing returns. However, thereis
a noticeable increase in student performance for each additional college mathematics course a
teacher has taken up to five courses (Kilpatrick, Swafford, & Findell, 2001). One explanation for
thisis that teachers need specialized knowledge of mathematics and teaching practices beyond
those taught in advanced mathematics classes.

A very strong driver of reforms advanced by NCTM and the NSF' s SSI program is for all
students to increase their knowledge of challenging mathematics (NCTM, 1989; National
Science Foundation, 1997). Effective professional development for mathematics teachers will
focus on mathematics and student thinking by focusing on students' problem-solving strategies
and by studying actual examples of their work. Effective professional development for teachers
working with students with diverse backgrounds requires them to organize their instruction to
accommodate diversity in ways that are beneficia to their students. One important issue for
teachers to understand is how learning mathematics is influenced by their students’ ethnic,
cultural, socioeconomic, and linguistic backgrounds and by gender (Croom, 1997). It isaso
important for teachers to know mathematics to be effective. But for them to teach challenging
mathematics effectively to diverse student populations requires that they have recent pedagogical
knowledge about how students learn mathematics.
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1996

Questions 9-15 of the grade 8 and grade 4 1996 teacher questionnaires asked:

Have you ever studied any of the following, either in college or university courses or in
professional development workshops or seminars?

Estimation

Problem solving in mathematics

Use of manipulatives (e.g., counting blocks of geometric shapes) in mathematics

instruction

Use of calculators in mathematics instruction

Understanding students' thinking about mathematics

Gender issues in the teaching of mathematics

Teaching students from different cultural backgrounds.

Response options:
Yes
No

For each student, |rr(9s) Was computed by simply counting the number of “Yes” answers
out of the seven topics listed. Since al seven topics could reasonably have been included in the
Statewide Systemic Initiatives for mathematics reform, it seemed reasonable to expect that
teachersin SSI states would have studied these topics. One weakness of this indicator, however,
isthat the question did not refer specifically to what teachers had studied recently, but to whether
teachers had “ever” studied the topic. With such a broad time-span, this indicator may not be
sengitive to the effects of the SSI program. Internal consistency of this scale (i.e., Cronbach’s
coefficient apha) was .69 for grade 8 and .70 for grade 4.

Grade8

Number of reform-related topics teachers have studied. Table 6.56 presents the mean and
standard deviation for all SSI and nonSSI states in the 1996 State NAEP on thisindicator. The
mean difference of 0.16 was statistically significant, with t = 1.85 (df = 38, p <.10). Statistica
comparisons for other samples and subsamples are presented in Table 6F.1 in the Appendix. The
difference between SSI and non SSI states was statistically significant for all grade 8 samples
and subsamples in 1996.
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Table 6.56
Mean and Standard Deviation of SS and Non-SS States on |gr(ge), Grade 8
SSI States Non-SS| States
N =22 N =88
Mean 5.16 5.00
Standard Deviation 0.31 0.27

Individual state means on Irt(gs) are presented in Figure 6.31, with states ranked from
highest to lowest. Of the ten highest states, eight are SSI states: California, Nebraska,
Connecticut, Florida, Georgia, Montana, Delaware, and Kentucky; of the ten lowest, three are
SSI states: Maine, Vermont, and New Y ork. The values of the individual state means are
included in Table 6F.2 in the Appendix.

Individual items. Table 6.57 lists each of the seven topics along with the percentage of
students with a teacher who had studied the topic at some time. Percentages for individual states
are listed in Table 6F.2 in the Appendix.

Table 6.57
Seven Reform-Related Topics and the Percentage of Students Whose Teacher Had Studied the
Topic, Grade 8, 1996

Mean Mean
Percentage of Percentage of
Students in Students in
SS| States Non-SS| States
Topic N =22 N =18
Estimation 77.9 75.2
Problem solving 94.3 93.4
Manipulatives 9.1 87.9
Cdculators 84.6 82.0
Students’ thinking 71.2 66.6
Gender issues 53.3 51.9
Cultural differences 49.6 48.1

In 1996 in both SSI and non-SSI states, more than 90% of the students had teachers who
had studied problem-solving in mathematics, and around 90% had teachers who had studied the
use of manipulatives. Roughly 80 to 85% of the students had teachers who had studied the use of
calculators, and about 75% of the students had teachers who had studied estimation. About 66%
of the students had teachers who had studied students’ thinking about mathematics. Roughly half
had studied gender issues and cultural differences.
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Figure 6.31. State means on |rr(gs) Ordered from highest to lowest, grade 8.
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For each of the topics, the percentage of teachersin SS| states who responded
affirmatively was dightly higher than the percentage in nonSS| states in 1996. However, the
difference between the SSI and non-SSI states was very small. The topic with the largest
difference was. Understanding students' thinking about mathematics (71% for SSI states, and
67% for non-SSI states).

Grade4

Number of reform-related topics teachers have studied. Table 6.58 presents the grade 4
results on IrT(ge) for all SSI and non-SSI states in the 1996 State NAEP. The mean difference of
0.10 for SSI states and non-SSI states was not statistically significant (t = 1.23, df =41, p = .22).
Statistical comparisons for other samples and subsamples are presented in Table 6F.1 in the
Appendix. For the subsample of states that followed the NCES participation rate guidelines, SS|
states averaged significantly higher on Irrge) than non-SSI states.

Table 6.58
Mean and Standard Deviation of SS and Non-SS States on Igr(gs), Grade 4
SS| States Non-SSI States
N =23 N=20
Mean 4.84 4.74
Standard Deviation 0.26 0.29

Theindividual state means on Irt () are presented in Figure 6.32, with states ordered
from highest to lowest. Of the ten highest states, eight are SSI states: Florida, California,
Colorado, North Carolina, Texas, Delaware, Kentucky, and Montana; of the ten lowest, four are
SSI states: New Y ork, Maine, Rhode Island, and Vermont. The values of the individual state
means are included in Table 6F.3 in the Appendix.
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Figure 6.32. State means on |rr(gs) Ordered from highest to lowest, grade 4.

NEVADA
FLORIDA:
MARYLAND

CALIFORNIA
COLORADO
NORTH CAROLINA
TEXA
DELAWAR)
KENTUCK
MONTANA
HAWAII
GEORGI A
NEW MEXIC®
MINNESOTA— 0 22— ]
NEBRASKA
MICHIGAN
NORTH DAKOTA]
ARIZONA™ |
WEST VIRGINI A |
ALABAMA —

VIRGINIA

NEW JERSE

ALASKA

OREGO

CONNECTICU
MISSISSIPPH
MISSOURM

SOUTH CAROLIN
LOUISIANA
MASSACHUSETT
UTAH
WASHINGTO
ARKANSAS
IOWA
VERMON
WISCONSI

RHODE ISLAN

WYOMIN

MAINE p—

TENNESSEE us
PENNSYLVANIA—] | @ Non-Ssi States (N = 20)

NEW YOR M ssi States (N = 23)

INDIANAj ¥|
| T | T | | | T I I |
3.00 3.50 4.00 4.50 5.00 5.50

I(RT(96))

196




Chapter 6
Reform Indicators

Individual items. Table 6.59 lists each of the seven reform-related topics along with the
percentage of students with ateacher who had studied the topic. Individual state percentages are
included in Table 6F.3 in the Appendix.

Table 6.59
Seven Reform-Related Topics and the Per centage of Students Whose Teacher Had Studied the
Topic, Grade 4, 1996

Mean Mean
Percentage of Percentage of
Studentsin Studentsin
Topic SS| States Non-SS| States
N=23 N =20
Estimation 79.0 77.9
Problem solving 92.0 90.9
Manipulatives 94.8 924.1
Calculators 73.4 70.6
Students' thinking 69.3 68.2
Gender issues 40.0 39.4
Cultural differences 43.3 39.9

In 1996 in both SSI and nonSSI states, almost 95% of grade 4 students had teachers
who had studied the use of manipulatives in mathematics instruction and more than 90% of the
students had teachers who had studied problem solving in mathematics. Between 70 and 80% of
the students had teachers who had studied estimation and/or the use of calculators. About 66% of
the students had teachers who had studied students' thinking about mathematics. Roughly two
out of five teachers had studied gender issues and cultural differences.

SSl states as a group had a dightly larger proportion of students with teachers who had
studied each of the seven reform-related topics, but the difference between the percentages in the
SSI and non-SS| states was very small.

1992
In 1992, the question preceding the seven reformrelated topics was dlightly different

from the 1996 question at both grade 8 and grade 4. In addition, the examples in parentheses for
the item on manipulatives were different at grade 8, as described below.
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In 1992, questions 21-27 of the grade 8 State NAEP teacher questionnaire asked:

Have you ever had training in any of the following, either in college courses or in
in-service education?

Estimation

Problem-solving in mathematics

Use of manipulatives (e.g., measuring instruments or geometric solids) in
mathematics instruction

Use of calculators in mathematics instruction

Understanding students’ thinking about mathematics

Gender issues in the teaching of mathematics

Teaching students from different cultural backgrounds.

Response options:
Yes
No

For grade 4, questions 8-14 were the same as at grade 8, except for the parenthetical expression
for the item on manipulatives. For grade 4, the examples of manipulatives were “counting blocks
or geometric shapes,” the same examples used at both grade levels in 1996.

IrT(92) Was computed by counting the number of “Yes’ answers out of the seven topics
listed. While there were slight wording differences between 1992 and 1996, it seemed that these
differences would not compromise the comparability of the indicator, since teachers simply
indicated whether or not they had studied the topic. The internal consistency of the scale was .70
for both grade 8 and grade 4.

Grade8

Number of reform-related topics teachers have studied. Table 6.60 presents the mean and
standard deviation on Irt(g2) for all the SSI and non-SSI states that participated in the 1992 State
NAEP. The mean difference of 0.06 was not statistically significant (t = .67, df = 39, p =.52).
Statistical comparisons for other samples and subsamples are presented in Table 6F.4 in the
Appendix. The difference between SSI and nonSSI states was not significant in analyses that
included all of the states, but when the trend samples were limited to the states that had followed
the NCES participation rate guidelines, there was a significant difference between the SSI and
nonSS| states. The individua state means for all SSI and nonSSI states is included in Table
6F.5 in the Appendix.
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Table 6.60
Mean and Standard Deviation of SS and Non-SS States on Irr(e2), Grade 8
SSI States Non-SS| States
N =22 N =19
Mean 4.74 4.68
Standard Deviation 0.28 0.39

Individual items. Table 6.61 lists each of the seven topics along with the percentage of
students with a teacher who had studied the topic. Individua state percentages are included in
Table 6F.5 in the Appendix.

Table 6. 61
Seven Reform-Related Topics and the Percentage of Students Whose Teacher Had Studied the
Topic, Grade 8, 1992

Mean Mean
Percentage of Percentage of
Students in Students in
SS| States Non-SS| States
Topic N =22 N=19
Estimation 75.8 74.1
Problem-solving 93.0 92.0
Manipulatives 84.9 80.9
Cdculators 735 70.9
Students’ thinking 65.2 64.6
Gender issues 41.0 435
Cultural differences 44.1 43.6

In 1992 in both SSI and nonSSI states, more than 90% of the grade 8 students had
teachers who had studied problem solving in mathematics, and 80-85% had teachers who had
studied the use of manipulatives. About 75% of the students had teachers who studied
estimation, and 70-75% had teachers who had studied the use of calculators. About two-thirds of
the students had teachers who studied students' thinking about mathematics. Roughly 40-45%
had studied gender issues and cultural differences.

In 1992, SSI states had, on average, a dightly higher proportion of students with teachers
who had studied six of the seven reform-related topics. The one exception was the topic of
gender issues, where the average for nonSS| states was dlightly higher. The difference between
the SSI and nonSS| states was very small. The item on the use of manipulatives had the largest
difference, 84.9% for the SSI states and 80.9% for the non-SSI states.
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Grade4

Number of reform-related topics teachers have studied. Table 6.62 presents the mean and
standard deviation of the state means on Irt(g2) for al of the SSI and non-SSI states that
participated in the 1992 State NAEP. The means are amost identical. Statistical comparisons for
other samples and subsamples are presented in Table 6F.4 in the Appendix. The individua state
means for all SSI and nonSSI states is included in Table 6F.6 in the Appendix.

Table 6.62
Mean and Standard Deviation of SS and Non-SS States on Irrgz), Grade 4
SSl States Non-SSI States
N =22 N=19
Mean 4.70 4.72
Standard Deviation 0.30 0.24

Individual items. Table 6.63 lists each of the seven reformrelated topics along with the
percentage of students whose teacher had studied the topic. Individual state percentages are
included in Table 6F.6 in the Appendix.

Table 6.63
Seven Reform-Related Topics and the Percentage of Students Whose Teacher Had Studied the
Topic, Grade 4, 1992

Mean Mean
Percentage of Percentage of
Students in Studentsin
SS| States Non-SSI States
Topic N =22 N=19
Estimation 79.5 79.8
Problem solving 90.8 92.4
Manipulatives 92.8 93.0
Calculators 61.2 62.0
Students’ thinking 68.8 70.6
Gender issues 34.8 35.3
Cultural differences 44.2 40.4

In grade 4 in both SSI and non-SSI states, more than 90% of the students had teachers
who had studied problem solving in mathematics, and even dightly more had teachers who had
studied the use of manipulatives. About 80% of the students had teachers who studied
estimation, about 70% had teachers who had studied students' thinking about mathematics, and
about 60% had teachers who had studied the use of calculators. Between 40 and 45% had
teachers who had studied cultural differences and about a third who had studied gender issues.
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In 1992, nonSSI states had a dlightly higher proportion of grade 4 students with teachers
who had studied six of the seven reform-related topics, except for the topic of cultura
differences, where SSI states were higher. Except for this topic, the difference between the SSI

and nonSS| states was quite small

1990

The 1990 grade 8 teacher questionnaire included only one of the seven topics from 1992
and 1996. The 1990 questionnaire asked:

Have you ever received training in any of the following, either in courses or
in-service education?

Teaching students from different cultural backgrounds

Response options:
Yes
No

Table 6.64 presents the percentage of studentsin SSI and nonSS| states who had teachers who
had studied this topic

Table 6.64

Percentage of Students Whose Teacher Had Studied Teaching Students from Different Cultural
Backgrounds, Grade 8, 1990

Mean Mean
Percentage of Percentage of
Students in Students in
SSI States Non-SS| States
Topic N=20 N=17
Cultural differences 34.6 29.0

In 1990, the percentage of students with teachers who had studied cultural differences was a bit

higher in SSI states than in nonSS| states, but the difference was not statistically significant. See
Table 6F.7 in the Appendix and Table 6F.8.
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Change from 1992 to 1996

Grade8

Two-point trend sample. A 2x2 repeated measures analysis of variance found a
significant effect for year (F = 48.21, df = 1,33, p < .01) for the 20 SSI and 15 non-SSI states that
participated in 1992 and 1996. The effect for SSIs was not statistically significant (F = 1.82, df =
1,33, p = .19), nor was the interaction of year and SSI (F = 1.60, df = 1,33, p = .21). The mean
for each year by SS| statusis plotted in Figure 6.33.

Figure 6.33. Mean of Irr for SSI and nonSSI states at grade 8 in 1992 and 1996.
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As Figure 6.32 shows, the mean number of topics studied by teachersin SSI states increased

from 4.74 to 5.18 across the four years, while the increase in nonSS| states was from 4.68 to
4.98.

Subsample. For comparison purposes, the 2x2 repeated- measures ANOV A was repeated
with the 14 SSI states and the 11 nonSSI states that followed NCES's participation rate
guidelines. With this subsample, the analysis again found a significant effect for year (F = 74.14,
df =1, 23, p<.01). In addition, there was a significant effect for SSI status (F = 8.51, df =1, 23,
p < .01). In the subsample, the SSI states averaged higher than the nonSS| states and both
groups increased equally from 1992 to 1996. Figure 6.34 shows subsample means.
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Figure 6.34. Mean of Irt a grade 8 in 1992 and 1996, for SSI and nonSSI states following the
NCES participation rate guidelines.
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Two-point trend sample. A 2x2 repeated measures analysis of variance found a
significant effect for year (F = 4.05, df = 1,35, p <.10) for the 21 SSI and 16 nonSSI states that
participated in the State NAEP both years. The effect for SSIs was not statistically significant (F
=0.75, df = 1,35, p =.39), but the interaction of year and SSI was (F = 4.47, df = 1,35, p <.05).
The means for each year by SSI status are plotted in Figure 6.35.
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Figure 6.35. Mean of Irt for SSI and non-SSI states at grade 4 in 1992 and 1996.
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Subsample. The results for the subsample of states that met the NCES participation
guidelines are shown in Figure 6.36. The 2x2 repeated measures analysis of variance included 12
SSI states and 14 non-SSI states. The main effect for year was statistically significant (F = 6.08,
df = 1,24, p < .05), and so was the effect of year by SSI status (F = 3.05, df = 1,24, p <.10). The
main effect for SSI status was not statistically significant (F = 1.36, df = 1,24, p = .26).
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Figure 6.36. Mean of Irt a grade 4 in 1992 and 1996, for SSI and nonSSI states following the
NCES participation rate guidelines.
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Change Across 1990, 1992, and 1996

Three-point trend sample. In 1990, just one of the seven topics was included in the
teacher questionnaire: i.e., teaching students from different cultural backgrounds. Table 6.65
presents the percentages for the 17 SSI states and 11 non-SSl states in the three-point trend
sample.

Table 6.65

Percent of Grade 8 Students Whose Teacher Had Studied Teaching Students from Different
Cultural Backgrounds

Mean Mean
Percent of Percent of
Students in Students in
Y ear SS| States Non-SS| States
N=17 N=11
1990 324 325
1992 47.3 44.4
1996 54.4 47.0
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A 2x3 repeated measures analysis of variance with the percentage of students as the
dependent measure found a significant effect for year (F = 36.03, df = 2,25, p <.01), but no
significant effect for SSI (F = 0.69, df = 1,26, p = .41), or the interaction term (F = 2.09, df =
2,26, p = .13). Figure 6.36 shows the graph of Table 6.

Figure 6.37. Proportion of students whose teacher had studied teaching students from different
cultural backgrounds, grade 8.
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Subsample. When the analysis is limited to those states that followed the NCES
participation rate guidelines, the results are similar to those for the total sample. The repeated
measures ANOV A found a significant effect for year (F = 21.74, df = 2,17, p < .01), but no
significant effect for SSI status (F = 2.11, df = 1,18, p = .16), or the interaction (F = 1.38, df =
2,18, p = .27). Table 6.64 below lists the mean percentage of students with teachers who had
studied teaching children from different cultural backgroundsin 1990, 1992, and 1996. Figure
6.38 shows the graph of Table 6.66.
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Table 6.66
Percent of Grade 8 Students Whose Teacher Had Sudied Teaching Sudents from Different

Cultural Backgrounds in the Subsample of Sates that Followed the NCES Participation Rate
Guidelines

Mean Mean
Percent of Percent of
Students in Students in
Year SSI States Non-SS| States
N=13 N=7
1990 34.6 31.6
1992 49,5 40.9
1996 56.4 46.9

Figure 6.38. Proportion of students whose teacher had studied teaching students from different
cultural backgrounds in the subsample that followed the NCES participation rate guidelines.
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1996

Summary of Results

Grade8

Students in SSI states had teachers who had studied a dightly greater number of reform
related topics than students in non-SSI states.

Over 90% of the students in both SSI and nonSS| states had teachers who had studied
problem solving, and almost that many had teachers who had studied the use of
manipulatives in mathematics instruction.

Roughly half of the students in both SSI and non-SSI states had teachers who had studied
gender issues or teaching students from different cultural backgrounds.

Grade4

1992

For the total sample, SSI and non-SS| states did not differ in the number of reform
related topics students’ teachers had studied. For the subsample of states that followed
NCES participation rate guidelines, students in SSI states had a significantly higher mean
than students in non-SS| states.

About 95% of the students in both SSI and nonSSI states had teachers who had studied
the use of manipulatives in mathematics instruction, and about 90% had teachers who had
studied problem solving.

About 40% of the students in both SSI and non-SSI states had teachers who had studied
gender issues or teaching students from different cultural backgrounds.

Grade8

Students in SSI states averaged a little higher in the number of reform related topics
teachers had studied, but the difference between SSI and non-SSI states was not
statistically significant. For the two- and three-point trend samples, the mean of the SS|
states that followed the NCES participation rate guidelines was significantly higher than
the mean of the nonSSl states.

In 1992, over 90% of the students in both SSI and nonSSI states had mathematics
teachers who had studied problem solving, and between 80 and 85% had teachers who
had studied the use of manipulatives in mathematics instruction.

About 40-45% of the students had teachers who had studied gender issues or teaching
students from different cultural backgrounds.
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Grade4

1990

Students in non-SS| states averaged just .02 higher in the number of reform-related topics
their teachers had studied. No statistically significant differences were found for any
samples or subsamplesin 1992.

Two topics had been studied by teachers of over 90% of the students: the use of
manipul atives and problem solving. Gender issues and cultural differences were the least

likely to be studied.

Grade 8

In 1990, only one of the seven reformrelated topics, “ Teaching students from different
cultural backgrounds,” was included on the teachers' questionnaire. The proportion of
students with teachers who had studied the item did not correlate with the state SSI status.
In both SSI and nonSS| states, roughly athird of the students had teachers who had

studied the topic.

Change Across Time

Two-point trend: 1992-1996

Grade8

For the total sample of 20 SSI and 15 non-SSI states the number of reform-related topics
teachers had studied increased from 1992 to 1996. However, there was no significant
effect for SSI and no interaction effect. For the subsample that followed participation rate
guidelines, the effects for both time and SSI were significant, with SSI states averaging
higher across both years than non-SSI states. The interaction effect of year and SS| status

was not significant.

Grade4

For the total sample of 21 SSI and 16 non-SS| states, the number of topics studied
increased from 1992 to 1996, and the interaction effect was significant, with SS| states
increasing more than non-SSI states. These results were aso found in the subsample of
states following the participation rate guidelines.
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Three-point trend: 1990, 1992, and 1996
Grade8

Only one of the seven topics was included on the 1990 teacher questionnaire. From 1990
to 1996, the proportion of students with teachers who had ever studied the topic
increased significantly. However, there was no significant effect for SSI status or for the
interaction of time and SS| status.

The results were the same for the subsample of states following the participation rate

guidelines. The effect for year was significant, but the effect for SSI status and the
interaction effect were not significant.
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Calculator Use—I ¢
The Importance of Calculator Use

For over 20 years, the National Council of Teachers of Mathematics (NCTM) has
recommended the thoughtful use of calculators throughout the mathematics curriculum (NCTM,
1980; 1989; and 2000). In 1989, in the Curriculum and Evaluation Standards for School
Mathematics, NCTM stated its belief that “appropriate calculators should be available to all
students at all times’ (NCTM, 1989, p. 8). Ten years later, in Principles and Sandards, NCTM
devoted one of its six principles for school mathematics to technology, including calculators.
This principle states that calculators are essential tools for teaching, learning, and doing
mathematics and that “technology (including calculators) should be used widely and responsibly,
with the goal of enriching students' learning of mathematics’ (NCTM, 2000, p. 25). NCTM over
the years has continued to clarify its position on calculator use, stressing that student use of
calculators should not be viewed as a replacement for developing basic understandings, learning
basic facts, or using other means for calculating. State educators and others have become more
permissive in allowing student use of calculators on state assessments. In 1996, over haf of the
states permitted student use of calculators on state tests (NCREL, 1996). In March 1994, students
who took the Scholastic Aptitude Test | (SAT 1) were allowed to use calculators.

An increasing volume of experimental research supports growing evidence that students
who regularly use calculators in learning mathematics gain in conceptual understanding and
reasoning while becoming as competent as, or more competent in paper-and-pencil computations
than, those who are taught in the absence of calculators (Kilpatrick, Swafford, & Findell, 2001;
Groves, 1994; Dunham & Dick, 1994; Brolin & Bjork, 1992; Hembree & Dessart, 1992). In
framing the Statewide Systemic Initiatives Program, the National Science Foundation (NSF) did
not explicitly state a position on calculator use. However, one of the six drivers of reform
espoused by NSF stressed the need for convergent resources, including materials such as
calculators, to focus on the formation of a unitary program to further the learning of all students.
At the outset of the SSI program in the early 1990s, atime of increasing availability of hand- held
calculators, there was strong support from NCTM and educational researchers for students at all
grade levels to use calculators in learning and doing mathematics. As such, indicators of the
degree of use of calculators provide at least a partial measure of the implementation of reform
practice. These use-indicators, however, do not show whether the calculators are used
responsibly and whether calculators are used appropriately in concert withother resources to
provide students a deep understanding of mathematics, both important considerations.
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1996

Severa questions on the 1996 teacher questionnaire focused on calculator use. Five were
selected for the indicator, based on the item intercorrelations and the goals of the SSI program.
The selected items were:

How often do the students in this class do each of the following?
Use a calculator

Response options
Almost every day
Once or twice aweek
Once or twice a month
Never or hardly ever

Do you permit students in this class unrestricted use of calculators?

Do you permit students in this class to use calculators for tests?

Do the students in this class have access to calculators owned by the
school ?

Do you provide instruction to students in this class in the use of
calculators?

Response options
Yes
No

For the first item, responses were coded from 1 for “Never or hardly ever” to 4 for
“Almost every day.” For the others, “Yes’ was coded as 2 and “No”as 1. For each student, Ic(gs)
was computed by adding the responses across the five items, resulting in a scale with arange
from 5to 12. Theinternal consistency of the scale (i.e., Cronbach’ s coefficient alpha) was .65 for
grade 8 and .61 for grade 4.

Grade8

Calculator use. Table 6.67 presents the means and standard deviations of 1¢gs) for al SSI
and non-SSl states in the 1996 State NAEP. The mean difference of 0.07 was not statistically
significant, with t = 1.85 (df = 38, p < .10). Statistical comparisons for other samples and
subsamples are presented in Table 6G.1 of the Appendix.
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Table 6.67
Mean and Standard Deviation of SS and Non-SS States on I ¢(gs), Grade 8
SSI States Non-SS| States
N =22 N =18
Mean 9.92 9.85
Standard Deviation 0.72 0.65

Individual state means on Ic(ge) are presented in Figure 6.38, with states ranked from
highest to lowest. Of the ten highest-ranking states, five are SSI states: Michigan, Kentucky,
Delaware, California, and Montana; of the ten lowest, six are SSI states: Louisiana, Texas, New
Y ork, Arkansas, South Carolina, and New Mexico. The values of the individual state means are
included in Table 6G.2 of the Appendix.

Individua items. Table 6.68 lists the mean and standard deviation for each of the five
guestions. With the individual items, the effect for SSI was statisticaly significant (F = 2.24, df
= 5,34, p < .10). Post hoc contrasts found a statistically significant difference on one of the five
items:. Student access to school owned calculators. SSI states, as a group, averaged significantly
higher on thisitem (F = 6.43, df = 1,39, p < .01). Means for individual states are listed in Table
6G.2 in the Appendix

Table 6.68
Mean and Sandard Deviation of SS and Non-SS Sates on the Individual Items of the
Calculator Use Indicator, Grade 8, 1996

SSl| states Non-SS| states

N=22 N =18

Item Mean SD Mean SD
Frequency of use 3.15 0.33 317 041
Unrestricted use 1.41 0.11 144 0.5
Use on tests 1.67 0.13 166 0.17
School owned calculators 1.84 0.09 1.77 0.10
Instruction in use 1.82 0.08 1.80 0.05
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Figure 6.39. State means on Icge) Ordered from highest to lowest, grade 8.
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Item intercorrelations. The first three items are very strongly related, with correlation
coefficients around .90, as shown in Table 6.69. The item about instruction in calculator use is
moderately correlated, around .50, with all other items except for the one on unrestricted use of
calculators. The item that seems the most different from the others is the one asking whether
students have access to calculators owned by the school. For three of the four comparisons, the
relationship is dightly negative, but not significantly different from 0. The only positive
significant correlation is between access to school-owned calculators and instruction in calculator
use.

Table 6.69
Intercorrelations of Sate Means on the Five Calculator Use Items, Grade 8, 1996
Total sample, N =40 1 2. 3. 4.

1. Frequency of use

2. Unrestricted use .88*

3. Useontests 97* .90*

4. School owned calculators -.15 -.19 -.09

5. Instruction in use b51* .26 50* A7*
Subsample, N = 30 1. 2. 3. 4,

1. Frequency of use

2. Unrestricted use .87*

3. Useon tests 97* .89*

4, School owned calculators -.21 -.23 -.14

5. Instruction in use A7* .25 A49* 46*
*p<.01

Supplementary information. We expected to find more calculator use in the SSI states
than in non-SSI states, given the goal of curricular reform in mathematics. But SSI participation
was not the only factor influencing calculator use. For example, the state' s testing program might
have influenced the use of calculators. The North Central Regional Educational Laboratory has a
database of state student assessment programs. The May 1996 database was used to identify
states with assessment programs and whether students could use calculators when taking state
tests (North Central Regional Educational Laboratory, 1996). Of the 47 states that participated in
the State NAEP at least once, 40 answered the question about calculator use on state
assessments. Of these, 28 permitted students to use calculators while taking the test and 12 did
not (p. 96). Table 6.70 lists the states by their calculator use policy. States included under
“Other” either did not have state assessments in 1996 or did not provide information about
calculator use on their state assessments.
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Table 6.70
Use of Calculators on Sate Assessments and Sate's SS Satus, for Sates Included in State
NAEP in 1990, 1992, or 1996

Calculators permitted, N = 29
SSI states— Arkansas,* California, Connecticut,* Florida, Georgia, Maryland, Maine,*
Michigan, Montana, New Jersey,* New Mexico,* New Y ork, North Carolina,*
Ohio, Rhode Island,* Vermont
Non-SSl states— Alabama, Idaho, Illinois, Maryland, Minnesota,* Missouri,*
Mississippi,* Oregon, Pennsylvania, South Dakota, Utah, Washington, Wisconsin

Calculators not permitted, N = 11
SSI states — Delaware, Louisiana, Massachusetts, Texas, Virginia
Non-SS| states— Hawaii, Indiana, North Dakota, New Hampshire, Oklahoma, Tennessee

Other, N=10
SSI states — Colorado, Kentucky, Nebraska, South Carolina
Non-SS| states— Alaska, Arizona, lowa, West Virginia, Wyoming

* States reporting that some questions on the state assessment were intentionally designed for
calculator use.

The effect of the state’s calculator use policy on Ic(gs) Was examined with a 2x2 analysis
of variance. The mean and standard deviation for each group are reported in Table 6.69. States
with policies permitting calculator use averaged significantly higher on I ¢gs) (F = 8.99, df = 1,30,
p < 01). the mean for states permitting use was 10.09 (SD = 0.60) and the mean for states not
permitting use was 9.32 (SD = 0.77), a difference of about one standard deviation unit. The
interaction effect of SSI status and calculator use was not statistically significant, in part because
of the lack of power to test the interaction because of the relatively small number of states not
permitting calculator use. As Table 6.71 shows, at grade 8, the state means for SSI and non-SSI
states on I c(g6) are about the same in states where calculator use is permitted, but they differ by
about .40 where calculator use is not permitted. These findings about a state’' s calculator use
policy illustrate the importance of considering factors in addition to a state’'s SSI statusin
evaluating the effects of SSI and underscores the difficulty of attributing effects to SSI.
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Table6.71
Mean and Standard Deviation of SS and Non-SS States on I¢(gs), Grade 8 as a Function of
Whether Students Were Permitted to Use Calculators on State Achievement Tests

SS| States Non-SSI States
Permitted N=13 N=9
Mean 10.07 10.11
Standard Deviation 0.56 0.69
Not permitted N=5 N=4
Mean 951 9.09
Standard Deviation 0.87 0.65

Grade4

Table 6.72 presents the grade 4 results on I cg6). The mean difference of 0.25 between SSI
and nonSS| states was not statistically significant (t = 1.60, df = 41, p = .12). Statistical
comparisons for other samples and subsamples are presented in Table 6G.1 in the Appendix.

Table 6.72
Mean and Standard Deviation of SS and Non-SS States on I¢(gs), Grade 4
SSl States Non-SSI States
N =23 N =20
Mean 8.16 7.91
Standard Deviation 0.53 0.48

The individual state means on I¢ge) @ grade 4 are presented in Figure 6.40, with states
ordered from highest to lowest. Of the ten highest states, five are SSI states: North Carolina,
Kentucky, Michigan, Maine, and Vermont; of the ten lowest, five are SSI states: New Y ork,
Texas, Louisiana, New Mexico, and Arkansas. The values of the individual state means are
included in Table 6G.3 in the Appendix.
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Figure 6.40. State means on | c(ge) Ordered from highest to lowest, grade 4.
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Individual items. Table 6.71 lists the grade 4 mean and standard deviation for each of the
five questionsin Ic(ge). The overall effect for SSI was not statistically significant (F = 1.17, df =
5,37, p = .33). Means for individual states are listed in Table 6G.3 in the Appendix.

Table 6.73
Mean and Sandard Deviation of SS and Non-SS Sates on the Individual 1tems of the
Calculator Use Indicator, Grade 4, 1996

SS| states Non-SS| states

N =22 N =18
Item Mean SD Mean SD
Frequency of use 2.21 0.25 209 024
Unrestricted use 1.12 0.04 1.10 0.03
Use on tests 1.12 0.10 1.10 0.07
School owned calculators 1.86 0.09 181 011
Instruction in use 1.84 0.09 1.80 0.09

[tem intercorrelations. At grade 4, state means on al five items are moderately to strongly
related. The highest correlation is between whether students have access to school owned
calculators and whether the teacher provided instruction in calculator use.

Table6.74
Intercorrelations of Sate Means on the Five Calculator-Use Items, Grade 4, 1996
Total sample, N =40 1 2. 3. 4.

1. Frequency of use

2. Unrestricted use T3

3. Useon tests .83* .86*

4. School owned calculators .80* .50* .60*

5. Instruction in use .86* 54* .62* .90*
Subsample, N = 30 1 2. 3. 4,

1. Frequency of use

2. Unrestricted use 74

3. Useontests .84* .86*

4. School owned calculators .80* 52* .64*

5. Instruction in use .90* 57* .68* 91*
*p<.01

Supplementary information. Means and standard deviations for SSI and non-SSI states
as afunction of the state’s calculator use policy are reported in Table 6.75. States with policies
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permitting calculator use averaged significantly higher on Icge) (F = 3.43, df = 1,32, p <.10); the
mean for states permitting use was 8.13 (SD = 0.58) and the mean for states not permitting use
was 7.74 (SD = 0.37), adifference of .39. Neither the main effect for SSI status nor the
interaction of SSI status and calculator use was statistically significant. The mean for the SSI
states was about .24 points higher than the nonSS states, regardless of whether calculator use
was permitted on the state assessments.

Table 6.75
Mean and Standard Deviation of S3 and Non-SS States on I ¢(g6), Grade 4 as a Function of
Whether Students Were Permitted to Use Calculators on State Achievement Tests

SS| States Non-SSI States
Permitted N=14 N =10
Mean 8.24 7.99
Standard Deviation 0.57 0.59
Not permitted N=4 N=5
Mean 7.84 7.61
Standard Deviation 0.39 0.34
1992

In 1992, the grade 8 teacher questionnaire included seven items about calculator use
instead of the five used in 1996. Three questions were the same as in 1996:

How often do the students in this class do each of the following?
Use a calculator

Response options
Almost every day
Once or twice aweek
Once or twice amonth
Never or hardly ever

Do you permit students in this class unrestricted use of calculators?
Do you permit students in this class to use calculators for tests?

Response options
Yes
No
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The other questions at gade 8 were:

Do the students in this class have access to any of the following
calculators owned by the school ?
Basic 4-function
Scientific
Do you provide instruction to students in this class in the use of
the following types of calculators?
Basic 4-function
Scientific

Response options
Yes
No

At grade 4, the questions were the same as in 1996. Scoring for the first item was from 1 for
“Never or hardly ever” to 4 for “Almost every day”. For the others, “Yes’ was coded as 2 and
“No” as 1. For each student, |c92) was the sum of the individual items, resulting in a scale with a
range from 7 to 14 at grade 8 and from 5 to 12 at grade 4. Internal consistency of the scale (i.e.,
Cronbach’s coefficient alpha) was .70 for grade 8 and .66 for grade 4.

Grade8

Calculator use. In 1992, SSI and non-SSl states averaged about the same on Ic(gy). (See
Table 6.76). Statistical comparisons for other samples and subsamples are presented in Table
6G.4 in the Appendix and individua state means are included in Table 6G.5.

Table 6.76
Mean and Standard Deviation of SS and Non-SS States on I¢(e2), Grade 8
SS| States Non-SS| States
N =22 N =19
Mean 11.24 11.21
Standard Deviation 0.90 111

Individual items. Table 6.77 lists the SSI and non-SSI means on each item in 1992. The
effect for SSI was not statistically significant (F = 1.52, df = 7,33, p =.19). Individual state
means are included in Table 6G.5 of the Appendix. In 1992, the mean for the nonSS| states was
dightly higher on four of the items, but the mean for SSI states was dlightly higher on students
access to calculators owned by the school and instruction in the use of a basic 4-function
calculator. Results for the subsample were similar to those for the total sample (F = 1.18, df =
7,28, p=.34).
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Table6.77

Mean and Sandard Deviation of SS and Non-SS Sates on the Individual 1tems of the

Calculator Use Indicator, Grade 8, 1992

SSl states
N =22
Item Mean SD
Frequency of use 2.59 0.38
Unrestricted use 1.29 0.10
Useon tests 1.47 0.14
School owned calculators
Basic 4-function 1.72 0.09
Scientific 1.30 0.10
Instruction in use
Basic 4-function 1.67 0.09
Scientific 1.31 0.10

Non-SS| states
N=18
Mean <D
268 048
131 014
150 0.18
161 0.15
1.27 011
162 0.08
1.32 0.13

Intercorrelations. Table 6.76 presents the intercorrelations of the items on I¢(gz).

Table 6.76

Inter correlations of Sate Means on the Seven Calculator Use Items, Grade 8, 1996

Total sample, N =40
1. Frequency of use
2. Unrestricted use
3. Useontests
4. School owned 4-function calculators
5. School owned scientific calculators
6. Instruction in 4-function calcul ator
7. Instruction in scientific calculator

Subsample, N = 30
1. Frequency of use
2. Unrestricted use
3. Useontests
4. School-owned 4-function calculators
5. School-owned sciertific calculators
6. Instruction in 4-function calculators
7. Instruction in scientific calculator

*p< .01

1

93*
.98*
.23

.56*
A48*
.82*

.93*
.98*
.20

52*
A46*
.82*
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93*
A7
A47*
.38
A5*

93*
A2
A5*
.36
T7*

3.

31

.55*
52*
8"

.29

52*
.50*
78*

4,

A8*
A3*
19

A8*
a4
A7

5. 6.
.38

81 .36
5. 6
37

78 .35
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As Table 6.76 shows, the state means on most items were moderately to strongly related. The
main exception was students' access to school-owned 4-function calculators. State means on that
item were only weakly related to the states means for frequency of use, unrestricted use, and use
on tests. Access to 4-function calculators was related to instruction in their use, and access to
scientific calculators was related to instruction in their use.

Supplementary information. The information from the 1996 NCREL report on state
assessments was used to categorize states. A 2x2 ANOVA found that states that permitted
calculators use on their tests averaged higher on | ¢ than states that did not permit calculators.
The main effect for SSI status was not significant, and neither was the interaction of SSI status
and calculator policy. The small number of states in some of the cells limited the power to detect
significant effects.

Table 6.79
Mean and Standard Deviation of SS and Non-SS States on | ¢(g2), Grade 8 as a Function of
Whether Students Were Permitted to Use Calculators on State Achievement Tests

SS| States Non-SSI States
Permitted N=13 N=9
Mean 11.27 11.56
Standard Deviation 0.94 1.26
Not permitted N=5 N=5
Mean 10.76 10.55
Standard Deviation 0.92 0.89

Grade4

Cdculator use. Table 6.80 presents the grade 4, 1992 descriptive statistics for the SSI and
non-SSI states. The means are amost identical. Statistical comparisons for other samples and
subsamples are presented in Table 6G.4 in the Appendix. The individual state means for all SSI
and nonSS| states are included in Table 6G.6 in the Appendix.

Table 6.80
Mean and Standard Deviation of SS and Non-SS States on I¢(e2), Grade 4
SS| States Non-SSI States
N =22 N =19
Mean 7.27 7.21
Standard Deviation 0.59 0.59
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Individual items. Table 6.81 lists each of the items along with the means and standard
deviations for SSI and non-SS| states. On all five items, the means are very close. Individual
state means are included in Table 6G.6 in the Appendix.

Table 6.81
Mean and Standard Deviation of SS and Non-SS Sates on the Individual 1tems of the
Calculator Use Indicator, Grade 4, 1992

SS| states Non-SS| states

N =22 N=19

Item Mean SD Mean SD
Frequency of use 181 0.25 179 024
Unrestricted use 1.08 0.03 1.07 0.03
Use on tests 1.06 0.04 1.06 0.05
School owned calculators 1.64 0.17 1.62 0.18
Instruction in use 1.68 0.14 1.67 0.13

[tem intercorrelations. At grade 4, state means on al five items are moderately to strongly
related, as shown in Table 6.82. Asin 1996 at grade 4, one of the highest correlations is between
whether students have access to school-owned calculators and whether the teacher provided
instruction in calculator use. In 1992, the next highest correlations were between the frequency of
use, access to school-owned calculators, and instruction in use.

Table 6.82
Intercorrelations of Sate Means on the Five Calculator Use Items, Grade 4, 1992
Total sample, N =41 1 2. 3. 4.

1. Frequency of use

2. Unrestricted use .70*

3. Useon tests 9% T3

4. School owned calculators .85*% A4* .62*

5. Instruction in use 93* .56* A2* 91*
Subsample, N = 36 1. 2. 3. 4,

1. Frequency of use

2. Unrestricted use T7*

3. Useon tests .82* 9%

4. School owned calculators .84* .50* .65*

5. Instruction in use 94* .63* TT* .90*
*p<.01
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Supplementary information. Table 6.83 presents the means and standard deviations for
lcez) @s afunction of the states' SSI status and its policy on the use of calculators on state
assessments. A 2x2 ANOVA found ro significant effect for SSI status, calculator use policy, or
the interaction.

Table 6.83
Mean and Standard Deviation of S3 and Non-SS States on I ¢(g2), Grade 4 as a Function of
Whether Students Were Permitted to Use Calculators on State Achievement Tests

SSl States Non-SS| States
Permitted N=13 N=9
Mean 7.22 7.40
Standard Deviation 0.66 0.51
Not permitted N=5 N=6
Mean 7.10 6.87
Standard Deviation 0.38 0.74
1990

The 1990 grade 8 teachers questionnaire included four items that were very similar or
identical to those in later years. They were:

How often do the students in this class do each of the following?
Use calculators

Response options
Almost every day
Severa times aweek
About once aweek
Less than once a week
Never

Do you permit students in this class unrestricted use of calculators?

Do you permit students in this class to use calculators for tests?

Do the students in this class have access to calculators owned by the
school ?

Response options
Yes
No
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Ico0) Was the sum of the four items, with responses to the first question scored from 1 for
“Never” to 5 for “Almost every day” and responses to the other three scored 1 for “No” and 2 for
“Yes'. The scale' srange was 4-11, and its internal consistency (coefficient alpha) was .67.

Calculator use. In 1990, SSI and non-SS| states averaged about the same on Icgg). (See
Table 6.84.) Statistical comparisons for other samples and subsamples are presented in Table
6G.7 in the Appendix, and individual state means are included in Table 6G.8.

Table 6.84
Mean and Standard Deviation of SS and Non-SS States on I ¢(sq), Grade 8
SSl States Non-SSI States
N=20 N=17
Mean 6.30 6.44
Standard Deviation 0.65 0.69

Individual items. Table 6.85 lists each of the items along with the means and standard
deviations for SSI and nonSS| states. The overall F was 0.66 (df = 4.32, p =.62). On al four
items, the means are very close; with the nonSSI average dightly higher on the first three, and
the SSI average slightly higher on students' access to school owned calculators. Individual state
means are included in Table 6G.8 in the Appendix.

Table 6.85
Mean and Sandard Deviation of SS and Non-SS Sates on the Individual 1tems of the
Calculator Use Indicator, Grade 8, 1990

SS| states Non-SS| states
N =20 N=17
Item Mean SD Mean SD
Frequency of use 2.24 0.34 234 037
Unrestricted use 117 0.08 1.20 0.09
Use on tests 1.28 0.13 132 013
School owned calculators 1.60 0.16 158 0.14

Item intercorrelations. At grade 8 in 1990, state means on the first three items are
strongly related, as shown in Table 6.86. The lowest correlations are between students' access to
school-owned calculators and the other three items. Whether or not a school owns calculators for
student use is likely to be related not only to the extent to which calculators are used in classes,
but also to other factors, such as the socioeconomic level of the community. In affluent areas,
schools may not need to provide calculators for student use.
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Table 6.86.
Intercorrelations of State Means on the Four Calculator Use Items, Grade 8, 1990
Total sample, N = 37 1 2. 3.
1. Frequency of use
2. Unredtricted use .89*
3. Useon tests .96* .92*
4. School owned calculators .61* 53* .56*
Subsample, N = 36 1 2. 3.
1. Frequency of use
2. Unredtricted use .90*
3. Useontests .96* .92*
4. School owned calculators .61* 53" .55*
*p<.01

Supplementary information. Table 6.87 presents the means and standard deviations for
lcoo) as afunction of the state’'s SSI status and its 1994-95 policy on the use of calculators on
state assessments. A 2x2 ANOV A found no significant effect for SSI status, calculator-use
policy, or the interaction.

Table 6.87
Mean and Standard Deviation of SS and Non-SS States on I ¢(90), Grade 8 as a Function of
Whether Students Were Permitted to Use Cal culators on State Achievement Tests

SS| States Non-SSI States
Permitted N=13 N=8
Mean 6.34 6.65
Standard Deviation 0.71 0.70
Not permitted N=4 N=5
Mean 6.10 6.07
Standard Deviation 0.55 0.61

One limitation of this analysisis that calculator use policy refers to the 1994-95 school
year and may be unrelated to policiesin 1990. However, the analysisisincluded as a reference
point for the analyses of the 1996 NAEP data.
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Change from 1992 to 1996
Grade8

Two-point trend sample. At grade 8, I is not directly comparable from 1992 to 1996
because the 1992 measure has seven items while the 1996 measure has five. The two-step
regression mode! predicting Ic(gs) from I o2 and SSI status found a significant effect for the 1992
measure, but no effect for SSI status. Results are summarized in Table 6.88, and graphed in
Figure 6.41.

Table 6.88
Predicting I c(ge) from ¢z and SS Status, Grade 8
B  SEB b R F DR®  Fp
Step 1
lc(e2) 0.47 0.09 .68 46 28.25*
Step 2
lceen) 0.47 0.09 .68
SSl status A1 0.18 .08 A7 14.36* 01 040
*p<.01

Figure 6.41. Relationship between I¢(96) and I ) for SSI and non-SS| states, grade 8.
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In the cross-sectional analyses in 1996, whether students were allowed to use calculators
on the state assessment was significantly related to Ic. A second regression model included
caculator use policy at step 1, along with the 1992 indicator. (See Table 6.89.) Both I¢(92) and
caculator use were related to Icge), but SSI status did not add to the predictability of I¢(gs).

Table 6.89
Predicting I c(ge) from I c(ez), Calculator Use Policy, and SS Status, Grade 8
B  SEB b 2§ F DR®  Fp

Step 1

lco2) 0.42 0.10 .60

Caculator use  0.42 0.23 .26 53  13.28*
Step 2

lcw2) 042 010 .60

Calculator use  0.40 0.24 .26

SSl| status 016  0.22 A1 54 8.90* 01 058
*p<.01

Subsample. For comparison purposes, the analysis was repeated with the subsample of 14
SSI states and 11 nonSSl states. The results were the same as those with the full sample, as
summarized in Table 6.90 and illustrated in Figure 6.42.

Table 6.90
Predicting lc(ge) from Icez and SS Status for the Subsample of Sates that Met the NCES

Participation Rate Guidelines, Grade 8

B SEB b R? F DR? Fo
Step 1
lcio2) 043 012 .60 36 12.80*
Step 2
lcioz) 043 012 59
SSl status 014 0.23 10 37 642 01 038
*p<.01
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Figure 6.42. Relationship between | ¢(9s) and Icgp) for the subsample of SSI and non-SSI states
that met the NCES participation rate guidelines, grade 8.

11.001 S Status
[ Non-SSl States (N = 11)
Il SS! States (N = 14)
10.004
o
<2
Q
9.007
[ ]
8.00

900 1000 1100 1200 13.00
1(C(92))

For the subsample as with the full sample, calculator use policy added to the prediction of
the 1996 indicator, but SSI status did not.

Table6.91
Predicting Ic9e) Fromlce2), Calculator-Use Policy, and SS Status for the Subsample of States
that Met the Participation Rate Guidelines, Grade 8

B SEB b R? F DR? Fo

Step 1

lc(e2) 0.34 0.14 45

Calculator use  0.61 0.26 42 51 8.80*
Step 2

lceen) 0.34 0.14 45

Cdculator use 0.60 0.27 41

SSl status 0.11 0.26 .08 51 5.65* .00 19
*p<.01
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Grade4

Two-point trend sample. At grade 4, I is directly comparable from 1992 to 1996, so a
2x2 repeated measure analysis of variance was used to examine change over time and the effect
of SSI status on any change. Results are summarized in Table 6.92, and graphed in Figure 6.43.
Ic increased significantly from 1992 to 1996 (F = 121.91, df = 1.35, p <.01). The interaction of
year and SSI status was aso significant, with SSI states increasing more than non-SSI states (F =
3.04, df = 1,35, p <.10). The main effect for SSI was not statistically significant (F = .63, df =
1,35, p = .43).

Table 6.92
Mean and standard deviation of Ic in SS and Non-SS Satesin 1992 and 1996, Grade 4
1992 1996 Change
N Mean SD Mean SD Mean SD
SSl States 21 7.27 0.60 8.13 0.55 0.86 0.43
Non-SS| States 16 7.25 0.56 7.88 051 0.63 0.38

Figure 6.43. Change in the mean of I¢ for SSI and non-SSI states from 1992 to 1996, grade 4.
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An additional analysislooked at the effect of the state' s calculator use policy. In that
analysis, the only statistically significant effect was for time. However, the power to detect any
differences was small because some of the cells of the design had very few cases.

Subsample. Results for the subsample of 13 SSI states and 14 non-SSI states are
summarized in Table 6.93, ad graphed in Figure 6.44. As with the total sample, I¢ increased
significantly from 1992 to 1996 (F = 67.56, df = 1,25, p < .01). The interaction of year and SS|
status was not statistically significant for the subsample, though SSI states increased more than
non-SS| states (F = 1.02, df = 1,25, p = .32). The main effect for SSI was not statistically
significant (F = .48, df = 1,25, p = .50).

Table 6.93
Mean and standard deviation of Ic in SS and non-SS statesin 1992 and 1996, Grade 4
1992 1996 Change
N Mean D Mean D Mean D
SSl states 13 7.31 0.58 8.11 0.55 0.80 0.41
Non-SSl| states 14 7.25 0.60 7.88 0.55 0.63 0.41

Figure 6.44. Change in the mean of I¢ for the subsample of SSI and nonSSl states that followed
the NCES participation rate guidelines, grade 4, 1992 to 1996.
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The graph for the subsample is similar to that for the total sample.
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A supplementary analysis, including the state’ s cal culator- use policy, found a significant
effect for time, but no other statistically significant effect. However, the ability to detect
differences was limited by the small sample size in some of the cells.

Change from 1990 to 1996
Grade 8

Two-point trend sample. At grade 8, I is not directly comparable from 1990 to 1996
because the 1990 measure has four items while the 1996 measure has five and the response
options are different for one of the items. The two-step regression model predicting Ic(ge) from
lceo) and SSI status found a significant effect for the 1990 measure, but no effect for SSI status.
Results are summarized in Table 6.91 and graphed in Figure 6.45.

Table 6.91
Predicting I c(gs) from Ice) and SS Status, Grade 8
B SEB b R? F DR Fp
Step 1
lc(o0) 0.77 0.14 72 52 27.72*
Step 2
| co0) 078 015 .73
SSl status 0.20 0.19 14 54 14.48* .02 111
*p<.01
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Figure 6.45. Relationship between I c9s) and Ic(go) for SSI and non-SSI states, grade 8.
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Predictors of Icge) included the states’ calculator use policy. States that permitted
students to use calculators on state tests averaged higher on I ¢ than expected from their
average on l¢(go), as shown in Table 6.95. However, SSI status did not add to the prediction of
lc(96)-

Table 6.95
Predicting Ic(ge) fromlcez), Calculator Use Policy, and SS Satus, Grade 8
B SEB b R? F DR  Fp

Step 1

lc(o0) 0.90 0.14 .78

Calculator use 0.34 0.19 22 75  27.20*
Step 2

lcee0) 0.92 0.14 .80

Calculator use  0.31 0.19 .20

SSI status 0.20 0.18 13 77 18.76* .02 1.22
*p<.01
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Subsample. For comparison purposes, the analysis was repeated with the subsample of 14
SSI states and 11 nonSSI states. The results were the same as those with the full sample, as
summarized in Table 6.96 and illustrated in Figure 6.46.

Table 6.96

Predicting lc(ge) from o) and SSI Satus for the Subsample of States That Met the Participation
Rate Guidelines, Grade 8

B SEB b R? F DR? Fo
Step 1
lc(o0) 065 019 62 39 11.34*
Step 2
lcioz) 065 0.20 62
SSl status 014  0.25 A1 40 561 01 031
*p<.01

Figure 6.46. Relationship between |¢(9s) and lcgo) for the subsample of SSI and non-SSI states
that met the NCES participation rate guidelines, grade 8.
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For the subsample as with the full sample, the state’s calculator use policy was related to
the state's average on Icgg), but SSI status was not (see Table 6.97).

Table 6.97
Predicting Ic(ge) from I o), Calculator Use Policy, and SS Satus, Grade 8
B SEB b R? F DR  Fp

Step 1

lceeo) 0.82 0.20 .70

Calculator use 0.38 0.22 .28 74 16.73*
Step 2

lc90) 0.82 0.20 .70

Cdculator use 0.38 0.25 .28

SSl status 0.00 0.25 .00 73 10.22* .00 .00
*p<.01

Summary of Results

In the cross-sectional comparisons for each of the three years of the State NAEP, there
was no statistically significant difference between SSI and nonSS| states on I, the indicator of
students' use of calculators. At grade 8 in 1996, however, SSI states averaged significantly
higher than non-SSI states on one item of the indicator: student access to school-owned
caculators.

Information about state policies on the use of calculators on state achievement tests was
used to examine the influence of other factorsin addition to the state’s SSI status. For both
grades 4 and 8 in 1996, states permitting students to use calculators on state assessments scored
significantly higher on I¢ than states that did not permit calculator use. No statistically significant
differences were found in earlier years.

Change Across Time

Two-point trend; 1992-1996

Grade 8
lce2) was significantly related to | c(ge), but SSI status was not. The state’s calculator use

policy added to the predictability of Ic(gg).

Grade4
Ic was directly comparable from 1992 to 1996, allowing an evaluation of time-related
changes. I increased for both SSI and non-SSI states, and the increase was slightly more
for the SSI states. Analyses of calculator-use policy did not find a significant effect.
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Three-point trend; 1990, 1992, and 1996

Grade 8
lce0) Was significantly related to | c(gs), but SSI status was not. The state's calculator use
policy added to the predictability of I¢(gg).
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Interrelationships Among the Indicators

The indicators represent important components of a model for implementing
curricular reform in mathematics. Clune (1998) describes the complexity of systemic
reform. The indicators developed from the State NAEP teacher questionnaire provide
limited information on just afew of the components of reform. However, they are useful
in examining the impact of the SSI program.

Figure 6.47 illustrates the relationships among the indicators. The indicators are:
Ipp — Time in Professional Development Last Y ear
IrT — Number of ReformRelated Topics Studied
Is — Teachers Knowledge of NCTM Standards
Irc — Relative Emphasis on Reasoning and Communication
Imp — Students’ Opportunities for Mathematical Discourse
lc — Students Use of Calculators.

Figure 6.47. Relationships among the indicators within a model of systemic reform.

[ SS|

v ! !

l
—

The indicators fall into three groups, organized according to assumptions of causality
implicit in the model of reform. The indicators at the left of Figure 6.47, Ipp and Irr,
measure teachers opportunities to learn about mathematics and mathematics instruction.
In a complete model, many other factors would be included to describe the teachers
education and training, both preservice ard inservice. These two indicators were selected
because it seemed plausible that the SSI program could affect them. However, the effect
may be somewhat limited because of the constraints of the indicators. 1pp asks only about
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time in staff development during the last year, so the time frame is relatively limited. Irt
asks whether teachers have ever studied each of seven topics, so the indicator may be too
broad to measure the specific effects of the SSI program. Figure 6.47 shows a
relationship between Ipp and Irr. With more time in professional development, it might
be reasonable to assume that the likelihood of studying the seven reform-related topics
would increase.

The middle group of indicators includes just one, | s teachers' knowledge of the
NCTM standards. In a complete model, the middle group would represent what teachers
know and are able to do. Isis expected to be related to the SSI program, because the
NCTM Sandards were used as a framework for planning the direction of reform.
Knowledge of the standards is considered as an important organizing principle of the SSI
programs. If nothing else, an effective SSI increase teachers' knowledge of the
Sandards.

The indicators at the right, Irc, Imp and Ic, describe instructional activities. This
extends the model a step beyond what teachers know and are able to do to what they
typicaly do in their classes throughout the year. As the diagram shows, Irc, the relative
emphasis on reasoning and communication, is considered to result from Is In the model,
Imp, students opportunities for mathematical discourse, and Ic, students' use of
calculators, result in part from Irc, teacher’ s knowledge of the standards.

This model proposes that the strongest relationships would be among the 3
indicators at the right side of the diagram, and the next strongest would be between
between Isand Irc. While relationships between Ipp and Izt and the other indicators are
expected to be positive, they may not be very strong because limitations of the measures
aswell as the many other factors that affect each of the indicators.

Correlations among the indicators for each year of State NAEP are presented in
the following sections.
1996

Table 6.98 presents the intercorrelations at grade 8 and grade 4 for the tota
sample and the subsample that met NCES participation rate guidelines.
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Table 6.98
Intercorrelations Among the Sx Indicators of Mathematics Reform at Grade 8 and Grade
4, 1996

Grade 8 Grade 4
lpp  IrT Is lrc  ImD lpp  IrT Is lrc  ImD

Total Sample

IRt .39 A40*

Is .39 13 21 .08

=% .36 .26 12 A7 .36 .38

ImD A6* 48 B0* .65* A3 B0* 44 86*

Ic 14 .32 B55%  B5*  49* -.02 21 A48 .33 Ar*
Subsample

IrT A49* A40*

Is .36 21 .06 .04

lrc 43 50 70* 50 47 34

ImD 49 Ko*  48*  .66* A6 50 41 87*

Ic .24 .38 .67  .60* .49* -.06 A7 A48 .33 A8*
*p<.01

The correlations support the importance of teachers' knowledge of the NCTM
Sandards at grade 8. | swas significantly correlated with al three indicators, Irc, Imp, and
Ic, and the three indicators were moderately related to each other. One of the classroom
practice indicators, Iyp, was related to the two indicators of staff development, Ipp and
Irr. In the subsample, another classroom practice indicator, Irc, was also significantly
related to an indicator of staff development, Igr.

At grade 4, | swas significantly related to one classroom practice indicator, Ic, in
both samples and also to another, Ivp, in the total sample. The strongest correlation was
between Irc and Iyp. The two indicators of staff development, Ipp and Igrr, were related to
both Irc and Iyp as well as to each other. At grade 4, the calculator use indicator, Ic, was
significantly related to Iy p but not to Irc.

1992

Five of the six indicators were included in the 1992 NAEP teacher questionnaire.
However, al 1992 indicators were dlightly different from those in 1996 because of
differences in the wording of the questions and/or differences in the response options.
The one indicator missing in 1992 was | s, teachers knowledge of NCTM Sandards. The
intercorrelations of the 1992 indicators are listed in Table 6.99.
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Intercorrelations Among the Sx Indicators of Mathematics Reform at Grade 8 and Grade

Table 6.99
4,1992
lpp
Total Sample
IRt .39
lre .36
ImD A1*
lc 22
Subsample
IRt .35
lre .36
ImD 37
lc .16
*p<.01

The intercorrelations of the 1992 indicators were similar to those for 1996 in

several ways:

The highest correlation was between Irc and Iyp.
All three classroom practice indicators were significantly related at grade 8.

Grade 8

IrT

.36
52*
11

.36
o4*
.09

lrc

(%
46*

Jq1*
.50*

Imp

.50*

49*

lpp

.39
42*
.30
34

42
46*
34
32

Grade 4

lrT

A49*
A46*
A3

.55*
.55*
40

lrc

91*
45*

92*
49*

ImD

AT7*

52*

Both staff development indicators were significantly related to Iyp at grade 8 and
Irr was significantly related at grade 4.

At grade 4, Ipp was significantly related to Irc, but not at grade 8.
Ic was not related to either staff development indicator in most comparisons.
And there were afew differences:

In 1996, the two staff development indicators were significantly related, but not in

1992.

In 1996 at grade 4, Ic was not significantly related to the other two classroom

practice indicators, but it was in 1992.

1990

The 1990 NAEP Teacher Questionnaire was substantially different from later
guestionnaires. Izt included just one of the seven reformrelated topics, Ivp had 2 items
and I ¢ had 4. Table 6.100 lists the intercorrelations in 1990.
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Table 6.100
Intercorrelations Among the Sx Indicators of Mathematics Reform at Grade 8, 1990

lpp IrT Irc Imp

Total Sample

IrT .00

lrc A3* .36

Imp A3* .32 .66*

Ic A3* 24 A8* .65*
Subsample

IrT .01

Irc A3* .38

IV]5) A3* .33 .66*

Ic A4* .22 50* .66*

In 1990, as in the other years, the strongest correlation was betweenlgc and Ivp,
and all three classroom practice indicators were significantly related. Ipp was significantly
related to all classroom practice indicators, suggesting that states where teachers spent
more hours in staff development over the year were aso states where teachers used
reform practices more frequently. In 1990, Izt was not related to other measures, unlike
later years. However, only one of the seven reform-related topics was included in the
1990 teacher questionnaire, so |rr(go) IS avery limited measure of teachers' study of
reformrelated topics.

Discriminant Analyses

Descriptive discriminant analysis was used to examine whether the six indicators,
as a group, could distinguish between the SSI and non-SSI states. In 1996 at both grade 4
and 8 the indicators differentiate the two groups, but not in earlier years. For grade 8,
1996, the canonical correlationwas .56 (p < .05) for the total sample and .78 (p < .01) for
the subsample; for grade 4 it was .66 (p < .01) for the total sample and .72 (p < .01) for
the subsample.

Table 6.101 presents the classification results for grade 8 and Table 6.102 for
grade 4. The discriminant functions correctly classified 77.5% of the total sample and
90% of the subsample at grade 8 and 88.4% of the total sample and 90.6% of the
subsample at grade 4. A state’'s SSI status is related to the six indicators of curricular
reform at both grade 4 and grade 8.
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Table 6.101
Classification Results for the Descriptive Discriminant Function, Grade 8, 1996
Predicted Status
Actual status SSI Non-SSl
sS| Cdifornia® Arkansas®
Colorado® Louisiana®
Connecticut® Michigar®
Delaware® New Mexico’
Florida®
Georgia®
Kentucky®
Maine?
M assachusetts’
Montana®
Nebraska®
New Y ork
North Carolina®
Rhode Idand®
South Carolina®
Texas”
Vermont®
Virginia®
Nor-SSl Alaska’ Alabama®
Arizona® Indiana®
Hawaii® lowa’
Maryland® Minnesota®
Mississippi® Missouri®
North Dakota®
Oregon®
Tennessee®
Utah?
Washington®
West Virginia®
Wisconsin®
Wyoming®

®Subsampleclassification the same
PSubsample classification different
°Not in subsample
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Table 6.102
Classification Results for the Descriptive Discriminant Function, Grade 4, 1996
Predicted Status
Actud status SS Non-SS|
SSI Arkansas’ Nebraska®
Cdifornia® New Mexicd®
Colorado®
Connecticut®
Delaware®
Florida®
Georgia®
Kentucky®
Louisiana®
Maine?
M assachusetts”
Michigar®
Montana’
New Jersey”
New York®
North Carolina®
Rhode Idand®
South Carolina’
Texas®
Vermont*
Virginia®
Non-SS Hawaii® Alabama®
Maryland® Alaska’
Nevada’ Arizona®
Indiana®
lowa’
Minnesota®
Mississippf®
Missouri®
North Dakota®
Oregon®
Pennsylvania®
Tennessee®
Utah®
Washington®
West Virginia®
Wisconsin®
Wyoming

®Subsampleclassification the same
bSubsample classification different

°Not in subsample
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Relationships Between the Indicators and NAEP M athematics Achievement

This section examines the relationship between the indicators and the states' mean
mathematics composite scores. Figure 6.47 extends the previous diagram to include student
achievement and the many other factors that affect each component of the model.

Figure 6.48. Indicators of mathematics curricular reform and their relationship to student
achievement.
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Ipp — Time in Professional Development Last Y ear

Irr — Number of Reform-Related Topics Studied

Is— Knowledge of the NCTM Standards

Imp — Students’ Opportunities for Mathematical Discourse
Irc — Relative Emp hasis on Reasoning and Communication
Ic — Use of Calculators

Achievement — NAEP Mathematics Composite

As the figure shows, the three indicators of classroom practice are expected to be directly related
to student achievement. The other indicators are expected to have their effects primarily
indirectly, through the classroom practice indicators.

245



Chapter 6
Reform Indicators

Univariate analyses

The correlations for 1996, 1992, and 1990 for the total samples and the subsamples are
reported in Table 6.103.

Table 6.103
Correlations Between the Individual Indicators and the Mean NAEP Mathematics Compositein
1996, 1992, and 1990

N lPD lrT Is Irc ImMD lc
Grade 8
1996
Total sample 40 -.20 -.02 .30* 31 -.06 .62*
Subsample 30 -.16 -.02 32% 21 -.18 .55*
1992
Total sample 41 -.08 -.13 - 23 .00 57*
Subsample 36 -.10 -.16 - 25 -.05 .55*
1990
Total sample 41 .08 -.04 - .08 25 .61*
Subsample 36 .10 -.09 - .10 27 .60*
Grade 4
1996
Total sample 43 -35¢ -.30* .10 -.16 -.15 .35*
Subsample 32 -.29 -33 -1 -.19 -.18 .35*%
1992
Total sample 41 -36*  -.09 - -.14 -.07 24
Subsample 36 -38  -.10 - -.20 -.14 24
*p<.10

In 1996, at grade 8, the state mean on | g, teachers’ knowledge of the NCTM Standards,
was positively and significantly related to its mean NAEP mathematics composite. Since NAEP
was designed to be aligned with the NCTM Standards, the relationship between teachers
knowledge of the standards and students performance on the test is evidence of validity of the
interpretation of both the test and the indicator as a measure of mathematics reform efforts. At
grade 4, the relationship between | s and the NAEP mathematics composite was smaller and not
statistically significant.

Also in 1996 at grade 8, the state mean on Irc, the relative emphasis on reasoning and
communication, was positively and significantly related to the NAEP mathematics composite for
the total sample, but not for the subsample. 1 rc was not significantly related to the NAEP
mathematics composite in any other sample.

For al grade 8 samples and the 1996 grade 4 samples, the state means on I, students
use of calculators, was strongly and positively related to NAEP mathematics achievement. The
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value of the correlation ranged between .55 and .62 for the grade 8 comparisons and was lower at
grade 4.

The state mean on lyp, Students' opportunities for mathematical discourse, was not
significantly related to the NAEP mathematics composite for any year at either grade level.

The other two indicators, Ipp and Irt, were not related to achievement in any of the grade
8 samples, but they were significantly and negatively related at grade 4. For grade 4 in both 1992
and 1996, states with the lowest means for NAEP mathematics achievement had students whose
teachers had spent more time in professional development. In 1996, states with relatively low
NAEP mathematics composites reported that students' teachers had studied more reform-related
topics.

Multivariate analyses

Ultimately the goal of any curricular reform effort is to increase student achievement.
The SSI program included some assumptions about how to increase student achievement. The
indicators used in this study were created to exaine whether SS| states were implementing
practices that were expected to result in gains in student achievement. In this section, the
relationship between the indicators and student achievement is explored.

Multiple linear regression techniques were used to explore whether the group of six
indicators predicted student achievement. Both full models, and reduced, parsimonious models
were computed. I ntercorrelations among predictors create challenges to estimating regression
parameters. Since the indicators were designed to measure various aspects of the SSI program,
they are expected to be related. Results of the regression analyses were considered carefully, in
light of the limitations of the analytic technique. Both full models, and reduced, parsimonious
models were examined.

Grade 8. In the full models with all indicators, the predictors as a set were significantly
related to student achievement in all samples and subsamples. In 1992 and 1996, a reduced
model of Irc, Imp, and I¢ did about as well as the full model. The beta for Irc ranged from .20 to
40 in the models, and the beta for Ic ranged from .66 to .77. The betafor Iyp ranged from -.54 to
-.69. In 1990, the only significant predictor was I ¢, with a beta of around .80 in the multivariate
models.

The negative weighting for Iyp was unexpected. The result was found in both 1992 and
1996 and was fairly large. The significant negative betas for Iyp in the multivariate model
contrast with the univariate correlations which were close to .00 (Table 6.103). In al years, Iup
was highly correlated with Irc, and moderately correlated with Ic (Tables 6.98 and 6.99). In
addition, both Irc and |c were positively related to the NAEP mathematics composite. In this
situation, Iyp Seems to be acting as a suppressor variable. That is, when lyp was adjusted for Irc
and | ¢, the residual was negatively related to achievement.

Imp addressed whether students work in small groups, write about problem solutions, and
give presentations. However, the measure did not address the content of the discussions,
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solutions, or presentations. The negative coefficient suggests that mathematical discourse
opportunities are most effective when they are linked to an emphasis on reasoning and
communication. If there is a mismatch, either with relatively many opportunities for
mathematical discourse and arelatively low emphasis on reasoning and communication, or with
relatively few opportunities for discourse and a relatively high emphasis on reasoning and
communication, the prediction of the NAEP mathematics composite is adjusted by the difference
between Imp and lrc.

Grade 4. At grade 4, Icwas a significant predictor in the multivariate regression models
for al samples and subsamples. In both 1996 and 1992, the prediction of the State NAEP
mathematics composite was increased with another indicator in the model. In 1996, adding either
lrc or Iy significantly increased the model R?, with lyip increasing it a bit more than Irc. In the
models, the beta for | c was positive, and the betas for Iyp and Irc were negative. In 1992, adding
|rc to the model increased the model R? alternatively adding Ipp increased R a bit more. The
beta for Ic increased when the other indicator was added to the model, and both added indicators
had negative betas.

As with the findings for grade 8, the multivariate model included at least one measure
with a negetive beta. In general, we can conclude that when the indicators are in agreement,
student achievement is a linear function of the indicators, but when one indicator is higher or
lower than would be expected on the basis of the other indicators, achievemert predictions
should be adjusted.

Next steps. The models devel oped here were based on state means on the indicators and
state means on the State NAEP mathematics composite. To date, we have not investigated these
relationships within the states. In addition, the findings are based on correlational methods.
Further research is needed to separate the effects of the indicators, either by sampling to
minimize the interdependencies or with experimental methods. Nevertheless, the findings
demonstrate the importance of using multivariate as well as univariate approaches.

Summary and Conclusions

The analyses reported here used information from the State NAEP teacher questionnaires
to examine the effects of the SSI program. Indicators of curricular reform in mathematics were
developed from items on the teacher questionnaire. The analyses were based on state means that
were computed using the weights provided in the State NAEP database. Both cross-sectional and
longitudinal methods were used to compare the SSI states with the non-SSI states.

In the 1996 cross-sectional comparisons, SSI states, as a group, scored significantly
higher than nonSS| states at grade 8 on five of the six indicators:
Ipp — Time in Professional Development Last Y ear
Irr — Number of Reform-Related Topics Studied
Is — Teachers Knowledge of NCTM Standards
Irc — Relative Emphasis on Reasoning and Communication
Imp — Students' Opportunities for Mathematical Discourse
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and at grade 4 on four of the six indicators:

lpp — Time in Professional Development Last Y ear

Is — Teachers Knowledge of NCTM Standards

Irc — Relative Emphais on Reasoning and Communication

Imp — Students' Opportunities for Mathematical Discourse
For the sixth indicator,

lc —Students’ Use of Calculators,

there were no statistically significant differences between the SSI and non-SS| states. However,
Ic was related to whether the state allowed calculator use on their state achievement tests.

The 1992 cross sectional comparisons found that SS| states scored significantly higher
than non-SSI states on Irc and Ivp at grade 4. There were no statistically significant differences
a grade 8.

A descriptive discriminant function analysis used al six indicators to correctly categorize
about three-fourths of the total samplesin 1996 and about 90% of the subsamples. No
statistically significant functions were identified for 1992 or 1990.

The longitudinal comparisons also provide some evidence for the effectiveness of the SS|
program, though comparisons are limited because of the reduced sample. From 1992 to 1996,
four indicators can be compared directly: Ipp, Irr, Ic @d Impa, a subset of four matched items
from Iyp. From 1990 to 1996, one indicator can be compared directly across all 3 years: lpp.
Three other indicators are similar, but not directly comparable: Irc, Imp and | c.

For the four indicators that allow a direct comparison from 1992 to 1996, there was a
statistically significant increase across time for both grade 4 and grade 8. At grade 4, the increase
for SSI states was significantly greater than the increase for nonSSI states on Ipp and | gy, but not
on lupsor Ic, At grade 8, the SSI states in the total sample increased more than nonSS| states on
IMDa4.

For the two indicators that can’t be compared directly from 1992 to 1996, the 1992
measures were significantly related to the corresponding1996 measures. For Iyp, SSI status did
not add to the prediction at either grade 4 or grade 8. For Irc, SSI status was a significant
predictor, with SSI states averaging higher-than-predicted compared to non-SS| states at both
grade 4 and grade 8, athough the grade 8 finding was limited to the total sample.

The findings for the three-point trend analyses at grade 8 differed for the three indicators.
For Imp, the state’s SSI status was significantly related to Ivps) but Impeo) Was not. For Irc,
Irco0) Was asignificant predictor of 1rceg), but SSI status was not.

At the beginning of this project, the three-point trend analyses seemed to offer the
strongest test for the SSI program. As the study progressed, however, the three-point analyses
seemed increasingly limited. First, states did not participate consistently across all years of State
NAEP, so the available sample was reduced to just 17 of the 25 SSI states and 11 of the 25 non
SSI states. Second, some states did not meet the participation rate guidelines, raising the concern
of bias due to sampling. This further reduced the three-point trend sample to just 13 SSI and 7
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non-SSl states. Third, the SSI states in the three-point trend sample started out higher than non
SSI states on some of the indicators, making it difficult to separate the effect of SSI from pre-
existing differences between the groups. Finally, the teacher questionnaire changed considerably
from one year to the next, so the comparability of the indicators was limited. Given these
congtraints, the three-year trend sample was small, and comparisons across three years were
limited, providing little power to investigate the research questions.

The SSI states varied considerably. Many were among the highest states on the indicators
and a few were among the lowest. Future research will examine the specific features of each
state’ s SSI to account for the variability among the SSI states. We will examine the range of the
indicators within a state, and explore relationships between the indicators and specific
demographic groups. Through this analysis, we hope to refine our understanding of effective
curricular reform.
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Table 6A.1.
Sate Participation in Sate NAEP

[(e]
N

SSI States
Arkansas
Cdifornia
Colorado
Connecticut
Delaware
Florida*
Georgia
Kentucky
Louisiana
Mane
Massachusetts
Michigan
Montana
Nebraska
New Jersey
New Mexico
New Y ork
North Carolina*
Ohio
Rhode Idand*
South Carolina
Texas
Vermont
Virginia*
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Table 6A.1 (continued)
Sate Participation in State NAEP

Grade 8 Grade 4
3point  2-point 2-point
0 92 96 trend trend 92 96 trend
Non-SS| States
Alabama v v v v v v v v
Alaska - - v - - - v -
Arizona v v v v v v v v
Hawaii v v v v v v v v
|daho v v - - - v - -
Illinois v - - - - - - -
Indiana v v v v v v v v
lowa v v v v v v v v
Maryland v v v v v v v v
Minnesota v v v v v v v v
Mississippi - v v - v v v v
Missouri - v v - v v v v
Nevada - - - - - - v -
New Hampshire v v - - - v - -
North Dakota v v v v v v v v
Oklahoma v v - - - v - -
Oregon v - v - - - v -
Pennsylvania v v - - - v v v
Tennessee - v v - v v v v
Utah - v v - v v v v
Washington - - v - - - v -
West Virginia v v v v v v v v
Wisconsin v v v v v v v v
Wyoming v v v v v v v v
Number of non-SSI states 17 19 18 11 15 19 20 16
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Appendix B

Table6B.1
Comparison of SS and Non-SS States on Irc(gg), for All States in Each Sample and for the
Subsample of States that Followed the NCES Participation Rate Guidelines

Standard
N Mean Deviation t p
Grade 8
1996 sample
Total sample
SSl 22 45.86 1.52 2.90 .006
Non-SSI 18 44.54 1.35
Subsample
SSl 16 45.90 1.29 4.26 .000
Non-SSl 14 44.08 1.04
2-point trend sample
Total sample
SSl 20 45.69 1.34 2.23 034
Non-SSI 15 44.63 1.44
Subsample
SSl 14 45.94 1.37 351 .002
Non-SSI 11 44.19 1.12
3-point trend sample
Total sample
SSl 17 45.59 1.41 1.20 243
Non-SSI 11 44.90 1.52
Subsample
SSl 13 45.86 1.40 244 .029
Non-SSI 7 44.37 1.25
Grade 4
1996 sample
Total sample
SSI 23 44.06 1.22 4.36 .000
Non-SSI 20 42.40 1.27
Subsample
SSI 16 44.17 0.98 4.75 .000
Non-SSI 16 42.34 1.18
2-point trend sample
Total sample
SSl 21 43.98 1.07 4.32 .000
Non-SSI 16 42.34 1.20
Subsample
SSI 13 44.24 0.93 4.38 .000
Non-SSI 14 42.39 1.25
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Table 6B.2
State Means on Four Individual Skill Areasand Igc for All Sates Participating in Sate NAEP, Grade 8,
1996

Xe Xp Xr Xc lre
SSI States (N = 22)
Arkansast 2.70 2.78 2.23 201 42.89
Cdifornia 2.60 2.61 245 231 47.22
Colorado 2.68 2.74 2.36 2.20 4547
Connecticut 2.63 2.69 249 245 47.85
Delaware 2.56 2.68 243 2.34 47.07
Horida 2.72 2.72 2.37 2.23 44.75
Georgia 2.74 2.75 2.46 242 46.58
Kentucky 2.74 2.75 241 2.56 47.27
Louisiana 2.85 2.83 2.29 2.19 43.10
Maine 2.58 2.62 2.37 213 46.09
M assachusetts 2.69 2.76 2.49 2.39 46.94
Michigant 2.65 2.73 2.34 2.25 45.60
Montanat 271 2.65 241 2.18 4558
Nebraska 2.69 2.75 2.33 2.20 45.20
New Mexico 2.80 2.82 2.35 214 43.87
New Y orkt 2.70 2.74 242 2.16 45.18
North Carolina 2.73 2.79 243 2.35 46.02
Rhode Idand 253 2.70 231 2.26 46.20
South Carolinat 271 2.80 240 2.33 45.65
Texas 271 2.83 2.52 221 45.61
Vermontt 247 257 251 241 4959
Virginia 2.73 2.75 2.33 2.30 45,18
Non-SSI States (N = 18)
Alabama 2.77 2.77 2.22 2.16 43.49
Alaskat 2.75 2.69 2.25 2.20 44.75
Arizona 2.56 2.67 2.35 2.22 46.36
Hawaii 2.76 2.77 2.26 2.06 42.87
Indiana 2.66 2.76 2.28 2.00 43.49
lowat 247 261 2.34 2.14 47.10
Marylandt 261 2.69 2.33 241 47.00
Minnesota 2.65 2.70 2.37 2.00 4454
Mississippi 2.78 2.80 2.36 2.29 A4.77
Missouri 2.68 2.72 231 213 44.49
North Dakota 2.68 2.76 2.33 214 4513
Oregon 2.59 271 2.27 2.10 4452
Tennessee 2.82 2.80 2.25 214 42.84
Utah 2.77 2.79 2.30 2.10 43.35
Washington 2.61 2.68 2.26 1.86 43.09
West Virginia 2.76 271 2.24 212 43.22
Wisconsint 2.61 2.68 2.35 212 45,73
Wyoming 2.67 2.78 2.39 217 45.01

TDid not meet the NCES participation rate guidelines.
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Table6B.3
Sate Means on Four Individual Skill Areasand Igc for All Sates Participating in Sate NAEP, Grade 4,
1996

Xe Xp Xr Xc lre
SSI States (N = 23)
Arkansast 2.94 2.88 2.19 211 41.36
Cdifornia 2.88 2.76 2.39 221 44.28
Colorado 2.88 2.83 2.35 2.19 43.81
Connecticut 2.92 2.90 251 2.38 4497
Delaware 2.89 2.86 242 2.30 44.31
Horida 2.93 291 242 2.30 4391
Georgia 297 2.92 2.49 2.37 44.62
Kentucky 291 2.88 243 243 44.82
Louisiana 2.96 293 2.34 2.30 43.20
Maine 2.90 2.88 2.50 2.33 44.92
M assachusetts 291 2.88 243 2.25 43.78
Michigant 2.84 2.86 2.39 2.07 43.14
Montanat 2.95 2.87 2.38 212 277
Nebraska 2.95 2.89 2.32 211 42.35
New Jerseyt 2.94 2.92 254 231 44.61
New Mexico 2.85 281 2.27 217 4311
New Y orkt 2.92 291 2.50 2.25 43.90
North Carolina 2.87 2.89 255 240 45.62
Rhode Idand 2.84 2.86 240 212 43.39
South Carolinat 293 2.90 244 2.29 44,01
Texas 291 2.92 2.67 241 46.06
Vermontt 2.84 2.78 251 251 46.91
Virginia 2.94 2.88 2.38 2.27 4352
Non-SS| States (N = 20)
Alabama 2.96 2.94 2.36 2.22 42.80
Alaskat 2.87 2.83 2.26 1.99 41.38
Arizona 290 2.76 2.31 2.16 43.17
Hawalii 293 2.84 2.30 212 42.36
Indiana 297 2.96 2.28 1.99 40.79
lowat 293 2.87 2.26 2.03 41.25
Maryland 2.87 2.87 2.46 248 45,59
Minnesota 2.83 2.84 2.28 1.99 42.08
Mississippi 2.95 2.92 240 2.32 43.84
Missouri 297 2.92 2.27 2.03 41.11
Nevadat 2.88 2.86 251 231 45.08
North Dakota 2.94 2.90 2.24 1.98 40.93
Oregon 2.88 2.89 2.35 2.09 42.49
Pennsylvaniat 297 2.95 2.39 2.18 42.73
Tennessee 2.95 2.92 2.34 221 4256
Utah 2.96 2.87 2.29 2.08 41.76
Washington 291 2.83 2.26 197 4153
West Virginia 2.95 2.90 231 2.10 4222
Wisconsin 2.93 2.89 2.32 2.03 41.79
Wyoming 2.96 2.88 2.39 2.06 42.50

TDid not meet the NCES participation rate guidelines.
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Table 6B.4
Comparison of SS and Non-SS States on Ire(gy), for All States in Each Sample and for the
Subsample of Sates that Followed the NCES Participation Rate Guidelines

Standard
N Mean Deviation t p
Grade 8
1992 sample
Total sample
SSI 22 43.50 2.09 0.99 329
Non-SSI 19 42.86 2.03
Subsample
SSI 18 43.50 1.89 0.92 .364
Non-SSI 18 42.89 2.09
2-point trend sample
Total sample
SSI 20 43.39 194 0.87 392
Non-SSI 15 42.80 2.01
Subsample
SSI 14 43.74 1.23 3.63 .001
Non-SSI 11 41.97 1.20
3-point trend sample
Total sample
SSI 17 43.30 2.04 0.27 .789
Non-SSI 11 43.07 2.23
Subsample
SSI 13 43.85 121 3.19 .008
Non-SSI 7 41.91 134
Grade 4
1992 sample
Total sample
SSl 22 40.08 1.93 1.79 .082
Non-SSI 19 39.09 1.62
Subsample
SSl 17 40.21 2.08 1.79 .083
Non-SSI 19 39.09 1.62
2-point trend sample
Total sample
SSl 21 40.08 1.98 1.62 114
Non-SSI 16 39.08 1.75
Subsample
SSl 13 40.47 1.90 1.92 .067
Non-SSI 14 39.07 1.86
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Table 6B.5
Sate Means on Four Individual Skill Areas and Irc for All States Participating in State NAEP,
Grade 8, 1992

XE Xp XR Xc lrc
SSI States (N = 22)
Arkansas 1.69 1.76 118 112 38.10
Cdifornia 150 1.67 144 1.28 44.73
Colorado 1.67 1.70 1.45 1.32 44.29
Connecticut 1.64 1.68 1.39 1.36 44.40
Delaware 1.69 1.74 143 131 43.46
Florida 175 1.78 143 143 43.16
Georgia 174 1.82 147 1.49 44.81
Kentucky 1.73 175 145 1.36 4351
Louisana 1.75 177 1.39 1.39 4263
Mainet 1.55 164 144 1.25 44.48
Massachusetts 171 1.76 1.39 131 42.30
Michigan 1.59 1.67 1.49 134 4591
Nebraskat 1.65 1.76 132 107 40.31
New Jerseyt 1.66 174 161 1.50 4757
New Mexico 171 1.80 1.38 131 4155
New Y orkt 1.70 171 133 1.23 41.68
North Carolina 1.67 171 1.42 1.32 4354
Ohio 1.59 1.74 1.29 1.22 4164
Rhode Idand 153 1.69 144 1.39 46.37
South Carolina 167 177 143 147 44.91
Texas 167 1.79 1.55 1.39 44.66
Virginia 1.79 1.78 1.40 1.40 42.99
Non-SS| States (N = 19)
Alabamat 1.77 1.76 137 1.35 4244
Arizona 168 1.82 144 131 42.63
Hawaii 1.63 1.63 1.20 119 39.68
Idaho 164 173 145 123 42.90
Indiana 1.68 1.69 137 121 42.16
lowa 1.59 1.70 1.39 1.30 4442
Maryland 1.50 1.62 144 1.38 46.94
Minnesota 1.62 172 1.42 1.16 4292
Mississippi 1.88 1.89 1.48 1.49 42.25
Missouri 159 1.66 133 121 43.40
New Hampshire 150 1.62 141 128 45.88
North Dakota 1.65 1.76 141 121 41.90
Oklahoma 1.82 1.76 1.29 1.29 39.99
Pennsylvania 1.72 1.80 1.46 1.36 43.59
Tennessee 174 181 1.36 1.35 41.82
Utah 1.73 1.82 140 1.22 40.75
West Virginia 177 1.78 1.38 1.26 40.61
Wisconsin 1.58 1.66 147 1.35 46.60
Wyoming 158 161 131 119 43.49

TDid not meet the NCES participation rate guidelines
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Table 6B.6
Sate Means on Four Individual Skill Areas and Irc for All States Participating in State NAEP,
Grade 4, 1992

XE Xp XR Xc lrc
SSI States (N = 22)
Arkansas 1.99 191 121 114 35.40
Cdifornia 1.88 1.89 144 1.28 40.80
Colorado 1.88 1.86 144 1.32 41.21
Connecticut 1.89 192 154 132 41.48
Delawaret 1.95 193 1.33 1.28 38.16
FHorida 1.96 1.9 1.50 143 41.52
Georgia 1.93 1.95 144 142 40.69
Kentucky 1.95 193 1.50 144 41.89
Louisiana 1.95 1.9 151 1.50 42.49
Mainet 1.83 1.86 1.45 117 39.98
M assachusetts 191 191 142 1.23 39.01
Michigan 191 1.90 152 134 41.41
Nebraskat 1.95 1.89 134 1.23 3852
New Jerseyt 1.95 197 153 1.46 41.71
New Mexico 1.95 1.89 1.30 127 38.16
New Y orkt 197 195 144 131 39.76
North Carolina 192 1.89 1.49 1.33 40.94
Ohio 197 192 1.48 131 40.05
Rhode Idand 1.96 193 1.30 1.09 35.89
South Carolina 1.95 193 142 141 40.67
Texas 1.92 193 158 142 42.62
Virginia 197 193 1.45 1.26 39.34
Non-SSl states (N = 19)
Alabama 197 193 1.46 1.40 40.53
Arizona 1.94 1.90 1.39 1.24 39.14
Hawaii 1.88 1.88 1.38 121 38.94
Idaho 191 1.88 143 113 38.66
Indiana 1.96 1.88 1.29 114 36.68
lowa 1.9 191 1.40 122 38.48
Maryland 1.88 1.89 1.63 143 43.87
Minnesota 1.89 1.88 1.40 113 38.49
Mississippi 1.96 193 1.39 137 39.76
Missouri 197 191 1.35 121 37.97
New Hampshire 192 1.88 141 1.26 39.91
North Dakota 1.99 193 1.29 111 35.99
Oklahoma 1.99 193 144 1.25 38.78
Pennsylvania 1.96 193 144 133 39.81
Tennessee 1.97 1.92 1.35 1.32 38.93
Utah 1.96 1.89 1.39 121 3852
West Virginia 1.95 1.89 1.36 122 38.30
Wisconsin 193 1.90 152 1.25 40.28
Wyoming 1.95 191 148 122 39.66

TDid not meet the NCES participation rate guidelines.
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Table 6B.7
Comparison of SS and Non-SS States on Ircan), for All States in Each Sample and for the
Subsample of States that Followed the NCES Participation Rate Guidelines

Standard
N Mean Deviation t p
Grade 8
1990 sample
Total sample
SSI 20 46.09 112 1.08 .287
Non-SSI 17 45.68 1.16
Subsample
SSl 20 46.09 1.12 1.00 324
Non-SSI 16 45.70 1.20
2- and 3-point trend samples
Total sample
SSI 17 46.01 1.13 1.07 .296
Non-SSI 11 45.49 1.30
Subsample
SSI 13 46.31 0.96 3.20 .006
Non-SSI 7 45.04 0.78
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Table 6B.8
Sate Means on Four Individual Skill Areas and Irc for All States Participating in State NAEP,
Grade 8, 1990

XE Xp XR Xc lrc
SSI States (N = 20)
Arkansas 2.57 261 2.09 2.03 4331
Cdifornia 240 2.57 2.36 2.23 47.61
Colorado 244 2.60 2.37 2.30 47.61
Connecticut 2.39 2.57 2.34 2.24 47.81
Deaware 253 2.56 2.32 2.17 46.38
Florida 254 2.64 2.26 2.23 45.36
Georgia 258 2.70 241 2.39 47.18
Kentucky 2.67 2.67 2.29 2.30 45.70
Louisiana 258 2.64 2.23 221 45.32
Michigan 252 258 2.25 2.13 45.48
Montana 241 249 2.30 2.19 47.72
Nebraska 2.53 2.58 2.24 211 4551
New Jersey 2.63 2.69 2.38 2.35 46.60
New Mexico 2.53 2.68 2.33 2.17 45.56
New Y ork 2.49 259 2.24 2.15 45.76
North Carolina 2.53 2.62 2.27 2.29 46.31
Ohio 251 2.64 2.24 2.16 45.32
Rhode Idand 250 2.62 2.20 2.15 45.03
Texas 254 2.65 2.32 2.26 46.45
Virginia 2.57 2.73 2.29 2.30 45.76
Non-SSI States (N = 17)
Alabama 2.56 2.68 231 2.29 46.05
Arizona 248 2.56 2.28 217 46.38
Hawalii 253 2.64 2.23 2.05 44.44
Idaho 254 2.63 2.23 2.19 45.36
[llinois 2.50 2.64 2.36 2.16 46.48
Indiana 254 2.64 213 213 44.09
lowat 2.46 259 2.19 2.07 4541
Maryland 241 2.56 242 2.36 48.83
Minnesota 2.38 258 218 1.98 4452
New Hampshire 243 2.57 2.29 2.20 46.56
North Dakota 2.40 2.64 2.19 2.07 45,55
Oklahoma 2.58 2.65 2.25 2.23 45.35
Oregon 2.39 249 2.35 212 47.21
Pennsylvania 2.59 2.72 2.34 2.24 45.17
West Virginia 255 2.66 2.26 2.16 45.07
Wisconsin 243 2.60 221 1.99 4484
Wyoming 2.34 258 211 212 45.25

T Did not meet the NCES participation rate guidelines.
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Appendix C

Table6C.1
Comparison of SS and Non-SS states on Iwp(gs) for All Statesin Each Sample and for the
Subsample of States that Followed the NCES Participation Rate Guidelines.

Standard
N Mean Deviation t p
Grade 8
1996 sample
Total sample
SSl 22 23.19 1.19 247 .018
Non-SSI 18 22.33 1.01
Subsample
SSl 16 23.29 1.02 3.00 .006
Non-SSl 14 22.19 1.00
2-point trend sample
Total sample
SSl 20 23.09 1.20 2.19 .036
Non-SSI 15 22.25 1.07
Subsample
SSl 14 23.33 1.08 2.75 012
Non-SSI 11 22.17 1.02
3-point trend sample
Total sample
SSl 17 23.04 1.30 1.83 .081
Non-SSI 11 22.16 121
Subsample
SSl 13 23.34 1.12 2.45 .031
Non-SSI 7 21.99 1.20
Grade 4
1996 sample
Total sample
SSI 23 23.83 1.03 243 .020
Non-SSI 20 22.99 1.22
Subsample
SSI 16 24.02 0.89 297 .006
Non-SSI 16 22.90 121
2-point trend sample
Total sample
SSl 21 23.80 1.03 2.60 .015
Non-SSI 16 22.82 121
Subsample
SSI 13 24.02 0.91 2.67 .013
Non-SSI 14 22.89 1.28
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Table 6C.2

State Means on |vpgs) and Each Mathematical Discourse Item, Grade 8

Imp
SS| States, N = 22

Arkansast 20.49
Cdlifornia 25.41
Colorado 23.13
Connecticut 23.83
Delaware 24.33
Forida 23.27
Georgia 23.96
Kentucky 24.85
Louisana 22.17
Maine 23.39
M assachusetts 23.23
Michigartt 23.89
Montanat 23.75
Nebraska 22.67
New Mexico 22.50
New Yorkt 21.25

North Carolina 23.63
Rhode Idand 21.83
South Carolinat  23.49

Texas 22.29
Vermontt 24.62
Virginia 22.16

T Did not meet the NCES participation rate guidelines

Work in
small groups

2.38
3.15
2.97
2.76
2.90
2.83
281
2.78
2.73
2.88
2.77
3.01
2.94
2.75
2.88
2.52
2.93
2.52
2.76
2.72
2.84
2.73

Write
about

solution

161
2.56
197
2.32
2.24
2.00
2.19
2.66
1.84
217
211
221
211
1.92
191
1.83
212
1.75
217
1.84
2.53
1.87

Tak to
class

248
2.70
2.64
2.99
3.06
2.84
3.01
2.78
281
2.74
2.82
2.67
250
2.62
251
254
291
2.69
2.85
2.59
281
2.69

Write reports/
do projects

1.20
1.65
1.43
1.51
1.58
1.40
1.43
191
1.32
1.48
252
1.40
1.40
1.32
1.39
1.42
1.36
1.52
1.50
1.35
1.89
1.34

Discuss
with
others

3.05
3.29
3.20
3.19
3.28
3.27
331
3.17
3.19
3.24
3.12
3.27
3.49
3.29
3.28
3.03
3.25
2.97
3.18
3.16
3.25
3.19

Discuss

real-life

situations

2.76
2.95
2.87
3.04
3.17
3.08
3.17
2.94
2.82
2.92
2.89
3.15
3.24
3.01
3.03
2.80
3.00
2.85
311
3.06
2.77
2.94

Timein
group
work

2.78
341
321
2.87
3.09
3.09
3.03
3.07
2.98
3.01
2.98
3.20
3.18
2.89
3.09
2.54
3.12
2.74
291
2.88
3.10
2.84

Assess by

written

responses

2.27
3.09
2.62
3.05
2.80
2.44
2.79
3.22
2.37
2.77
2.78
2.80
2.67
2.57
2.37
247
2.74
247
2.76
241
2.89
2.52

Assess
by
projects

197
2.58
2.28
231
243
2.29
2.22
2.40
2.19
2.22
2.26
2.16
217
2.25
2.17
211
2.24
2.29
2.24
2.14
2.50
2.08
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Table 6C.2, continued

State Means on vpes) and Each Mathematical Discourse Item, Grade 8

Imp

Non-SSI States, N = 18

Alabama
Alaskat
Arizona
Hawaii
Indiana

lowat
Marylandt
Minnesota

M i ssissippi
Missouri
North Dakota
Oregon
Tennessee
Utah
Washington
West Virginia
Wisconsint
Wyoming

T Did not meet the NCES participation rate guidelines

21.18
22.64
23.80
23.22
21.07
21.68
24.23
21.91
23.30
22.26
20.32
23.43
21.91
22.49
22.13
22.55
22.73
22.05

Work in
small groups

248
2.83
3.03
291
2.70
2.69
2.87
2.88
2.66
2.76
241
3.05
2.60
291
2.95
2.55
2.78
2.80

Write
about

solution

1.66
1.86
2.25
2.08
1.76
1.94
2.34
1.68
2.09
1.80
1.57
2.07
1.83
1.98
1.89
1.85
2.02
1.84

Tak to
class

2.84
247
2.68
2.69
244
2.52
3.02
243
2.76
2.77
2.30
2.63
2.82
2.46
2.27
2.85
2.57
2.93

Write reports/
do projects

1.27
1.34
1.42
1.44
1.29
1.27
1.44
1.28
1.51
1.35
1.30
1.45
1.32
1.39
1.36
1.22
1.46
1.34

Discuss
with
others

3.09
3.39
3.23
3.19
2.96
3.01
3.24
311
3.28
3.16
2.99
3.24
3.13
3.26
3.24
3.13
3.01
3.22

Discuss

real-life

situations

2.76
2.86
2.97
2.69
2.73
2.89
3.10
3.00
3.15
2.99
2.90
2.86
2.86
2.89
2.68
2.83
3.00
2.89

Timein
group
work

2.75
3.20
3.23
3.07
2.79
2.82
2.99
311
2.98
2.96
2.67
3.24
2.85
3.13
3.23
2.73
2.93
3.07

Assess by

written

responses

2.22
2.63
2.86
2.79
2.34
242
3.01
2.39
2.72
2.35
2.09
2.70
2.37
242
2.40
2.50
2.65
242

Assess
by
projects

212
2.80
2.32
2.35
2.07
211
217
2.01
2.28
221
2.08
2.20
2.23
2.13
2.13
1.99
2.35
2.10
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Table 6C.3

State Means on Ivp(es) and Each Mathematical Discourse Item, Grade 4

Imp
SS| States, N = 23

Arkansast 21.06
Cdlifornia 24.94
Colorado 24.19
Connecticut 24.87
Delaware 23.87
Forida 23.81
Georgia 24.38
Kentucky 25.39
Louisiana 22.72
Maine 25.05
M assachusetts 24.14
Michigan 23.58
Montanat 23.18
Nebraska 23.06
New Jerseyt 24.22
New Mexico 23.43
New Yorkt 22.93

North Carolina 24.92
Rhode Idand 22.46

South Carolinat  23.66

Texas 23.98
Vermontt 25.18
Virginia 23.07

T Did not meet the NCES participation rate guidelines

Work in
small groups

2.64
3.19
3.05
3.02
291
2.92
2.99
3.01
2.83
3.07
3.07
2.94
2.92
2.94
3.07
2.93
2.84
3.03
2.86
2.96
2.94
3.01
2.88

Write
about

solution

1.76
2.50
2.24
2.55
2.29
1.96
2.07
2.59
1.93
2.59
2.28
211
2.04
1.93
2.16
2.03
2.06
241
2.04
2.09
2.02
2.76
1.93

Tak to
class

2.64
2.84
2.82
3.05
2.99
3.02
3.12
3.02
3.00
311
2.80
291
2.72
2.78
311
2.77
2.84
2.95
2.69
2.95
2.99
2.89
294

Write reports/
do projects

1.28
1.60
1.38
1.37
1.38
1.44
1.41
1.64
1.26
1.38
1.43
1.38
1.43
1.39
1.31
1.39
1.38
1.48
1.29
1.40
1.33
1.63
131

Discuss
with
others

2.69
3.05
3.07
3.14
3.10
3.07
321
3.10
3.01
3.22
3.13
3.16
3.05
3.01
3.19
291
3.07
3.14
2.87
3.02
3.15
3.01
3.08

Discuss

real-life

situations

2.67
2.84
3.01
3.07
2.99
3.07
311
3.06
3.05
2.89
2.90
2.96
2.82
3.12
3.05
2.87
2.97
3.08
2.83
3.09
3.22
2.79
2.97

Timein
group
work

2.88
3.43
3.39
3.33
3.12
3.25
3.25
321
3.00
3.30
3.29
3.16
3.14
3.07
3.20
3.23
3.08
3.25
3.18
3.12
3.17
3.39
3.17

Assess by

written

responses

2.26
2.92
2.77
3.03
2.78
2.61
2.79
3.25
2.49
3.16
2.83
2.68
2.70
248
2.64
2.74
2.56
3.09
2.58
2.66
2.66
3.12
2.56

Assess
by
projects

231
2.54
2.55
231
2.25
2.46
2.44
2.61
2.27
2.29
2.49
2.27
2.44
2.39
2.50
2.55
2.19
247
2.19
2.45
2.38
2.54
2.27
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Table 6C.3, continued
State Means on Ivp(es) and Each Mathematical Discourse Item, Grade 4

Write Discuss Discuss  Timein Assessby  Assess
Work in about Talkto  Writereports/ with real-life group written by
ImD small groups  solution class do projects others situations work responses  projects
Non-SSI States, N =20

Alabama 23.18 2.76 194 3.11 1.37 2.98 3.00 3.08 2.56 2.35
Alaskat 23.40 3.10 1.89 2.76 1.38 3.05 2.88 3.36 2.56 241
Arizona 23.73 2.96 2.16 2.76 1.46 3.05 2.94 3.27 2.74 241
Hawaii 22.44 2.81 1.99 2.73 1.35 2.97 2.75 2.98 2.60 2.22
Indiana 21.65 2.75 1.72 2.69 1.23 2.94 2.91 2.89 2.36 2.15
lowat 21.97 2.97 2.92 2.53 1.26 2.92 2.81 3.08 2.34 2.33
Maryland 26.03 3.09 2.70 3.34 1.46 3.29 3.19 3.25 3.23 2.48
Minnesota 22.82 3.05 1.88 2.65 1.34 2.95 3.01 3.26 2.33 2.27
Mississippi 24.57 2.96 2.30 3.13 1.48 3.03 2.98 3.10 2.90 2.68
Missouri 21.70 2.77 181 2.71 1.24 2.92 2.90 2.99 2.27 2.21
Nevadat 25.22 3.14 2.37 3.07 147 3.18 3.14 3.35 2.82 2.65
North Dakota 21.02 2.71 1.75 2.48 1.23 2.71 2.74 2.84 2.31 2.24
Oregon 23.61 3.02 2.21 2.76 1.37 3.00 2.79 3.24 2.88 2.35
Pennsylvania 22.70 2.99 191 2.94 1.27 3.06 2.99 3.11 241 211
Tennessee 22.21 2.72 1.76 2.87 131 2.89 2.91 2.95 2.52 2.30
Utah 23.27 3.01 1.89 2.79 1.33 3.11 3.01 3.25 2.48 2.38
Washington 22.36 2.98 1.89 2.54 1.35 2.91 2.77 3.23 2.46 2.28
West Virginia 22.97 2.86 2.09 2.82 1.30 2.99 2.89 3.11 2.74 2.23
Wisconsin 22.27 2.80 1.89 2.72 1.40 2.97 2.89 3.05 2.39 2.19
Wyoming 22.61 2.94 1.88 2.68 1.26 2.97 2.96 3.09 242 241

TDid not meet the NCES participation rate guidelines
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Table 6C.4
Comparison of SS and Non-SS States on |vpaez) and Ivpep) for All States in Each Sample and
for the Subsample of States that Followed the NCES Participation Rate Guidelines

Standard
N Mean Deviation t p
|MD4(92 — 4 matchi ng items
Grade 8
1992 sample
Total sample
SSI 22 9.14 0.37 1.00 322
Non-SSl 19 9.04 0.29
Subsample
SSI 18 9.14 0.39 0.95 351
Non-SSI 18 9.03 0.30
2-point trend sample
Total sample
SS| 20 9.16 0.35 1.07 293
Non-SSl 15 9.04 0.29
Subsample
SSI 14 9.19 0.31 2.00 .058
Non-SSl 11 8.95 0.28
3-point trend sample
Total sample
SSl 17 9.17 0.35 1.14 .268
Non-SSI 11 9.03 0.32
Subsample
SS| 13 9.24 0.27 2.66 021
Non-SSI 7 8.88 0.29
Grade 4
1992 sample
Total sample
SSl 22 9.07 0.41 1.60 118
Non-SSI 19 8.86 0.44
Subsample
SS| 17 9.07 0.45 1.44 .160
Non-SSI 19 8.86 0.44
2-point trend sample
Total sample
SS| 21 9.09 041 1.46 155
Non-SSI 16 8.87 0.48
Subsample
SSl 13 9.17 0.38 1.76 .092
Non-SSI 14 8.86 0.52
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Table 6C.4, continued
Comparison of SS and Non-SS States on |vpaez) and Ivpep) for All States in Each Sample and
for the Subsample of Sates that Followed the NCES Participation Rate Guidelines

Standard
N Mean Deviation t p
ImMD(e2)— 7 similar items
Grade 8
1992 sample
Total sample
SSI 22 15.57 0.69 1.53 134
Non-SSl 19 15.25 0.66
Subsample
SSI 18 15.56 0.72 1.39 173
Non-SSI 18 15.23 0.67
2-point trend sample
Total sample
SS| 20 15.60 0.65 1.57 127
Non-SSI 15 15.26 0.62
Subsample
SSI 14 15.67 0.57 2.78 011
Non-SSl 11 15.06 0.53
3-point trend sample
Total sample
SSl 17 15.62 0.64 1.24 230
Non-SSI 11 15.29 0.69
Subsample
SS| 13 15.76 0.49 2.88 016
Non-SSl 7 15.00 0.60
Grade 4
1992 sample
Total sample
SSl 22 15.74 0.81 1.79 .081
Non-SSI 19 15.30 0.76
Subsample
SS| 17 15.77 0.87 1.70 .099
Non-SSI 19 15.30 0.76
2-point trend sample
Total sample
SS| 21 15.78 0.81 1.66 107
Non-SSI 16 15.33 0.81
Subsample
SSl 13 15.99 0.76 2.10 .046
Non-SSI 14 15.32 0.87
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Table 6C.5

State Means on lvpez) and Each Mathematical Discourse Item, Grade 8

SS| States, N = 22
Arkansas
Cdlifornia
Colorado
Connecticut
Delaware
Florida
Georgia
Kentucky
Louisiana
Mainet
M assachusetts
Michigan
Nebraskat
New Jerseyt
New Mexico
New Yorkt
North Carolina
Ohio
Rhode Island
South Carolina
Texas
Virginia

T Did not meet the NCES participation rate guidelines

Imp

14.04
16.15
16.45
15.42
1554
15.61
15.96
16.21
15.57
16.03
14.52
16.28
15.42
16.23
15.54
14.86
15.28
14.37
15.25
15.94
16.71
15.22

Work in
small groups

231
2.71
2.68
2.37
248
2.55
2.55
2.56
2.49
2.78
2.30
2.68
2.55
2.53
2.68
221
2.48
2.32
2.25
244
2.61
2.49

Write
about

solution

1.47
1.97
1.97
1.85
1.74
1.80
1.87
1.96
1.84
1.79
1.70
2.02
1.82
2.08
1.60
1.77
1.79
1.69
2.00
1.83
1.95
1.72

Write reports/
do projects

1.19
1.38
1.33
1.29
131
1.18
1.23
1.33
1.23
1.23
1.19
1.26
1.22
1.20
1.23
1.22
1.25
1.12
1.23
1.29
1.27
1.20

Discuss
with
others

3.01
3.28
3.34
3.05
3.16
3.26
331
3.15
3.20
3.27
2.97
3.29
3.24
3.20
3.33
2.92
3.12
2.90
311
3.20
3.38
3.20

Discuss

real-life

situations

2.72
2.70
2.92
2.88
2.93
2.95
311
2.86
2.89
3.04
2.74
3.06
2.87
3.00
2.87
2.79
2.75
2.78
2.84
2.98
3.24
2.74

Assess by

written

responses

1.89
2.22
2.30
221
217
2.18
2.18
2.38
2.22
2.17
1.97
2.28
212
2.54
2.07
2.33
2.18
1.96
2.13
2.34
244
2.07

Assess
by
projects

1.48
1.87
1.90
1.81
1.84
1.73
1.71
1.99
1.70
1.79
1.66
1.76
1.62
1.65
1.73
161
1.72
1.61
1.69
1.83
1.85
1.79
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Table 6C.5, continued
State Means on Ivpez) and Each Mathematical Discourse Item, Grade 8

Write Discuss
Work in about Write reports/ with
ImD small groups solution  do projects others
Non-SS| States, N =19

Alabamat 15.52 2.35 1.74 1.25 3.19
Arizona 16.00 2.66 2.03 121 3.28
Hawaii 14.88 2.38 1.79 1.19 3.02
Idaho 15.57 2.77 1.75 1.16 3.37
Indiana 14.32 2.27 1.59 1.19 3.02
lowa 15.15 2.44 1.76 1.18 3.13
Maryland 16.41 2.61 2.05 1.25 3.25
Minnesota 15.49 2.54 1.82 1.22 3.14
Missi ssippi 15.66 2.35 1.95 1.28 3.17
Missouri 14.68 2.27 1.62 1.14 3.19
New Hampshire 16.30 2.69 1.93 1.43 3.21
North Dakota  14.67 2.23 1.59 1.19 3.20
Oklahoma 14.39 2.12 1.58 1.17 3.20
Pennsylvania 14.59 2.30 1.75 117 2.99
Tennessee 15.01 2.21 1.76 1.23 3.04
Utah 15.30 2.54 1.84 1.19 3.37
West Virginia  14.45 2.33 1.57 1.14 3.20
Wisconsin 16.15 2.60 1.92 1.29 3.25
Wyoming 15.19 2.69 1.58 1.14 3.30

T Did not meet the NCES participation rate guidelines

Discuss
real-life
situations

3.04
2.88
2.62
2.94
2.79
2.98
2.83
2.89
2.97
2.93
2.83
2.98
2.85
2.77
2.88
2.77
2.76
3.01
2.84

Assess by
written

responses

214
2.29
211
1.95
1.81
2.04
2.49
2.16
2.28
1.98
2.13
1.90
1.88
212
2.10
2.02
1.93
2.35
1.97

Assess
by
projects

1.89
1.69
1.77
161
1.67
1.63
1.89
1.66
1.70
1.59
212
1.61
1.59
1.54
1.77
1.56
1.53
1.73
1.70
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Table 6C.6

State Means on Ivp(ez) and Each Mathematical Discourse Item, Grade 4

SS| States, N = 22
Arkansas
Cdlifornia
Colorado
Connecticut
Delawaret
Florida
Georgia
Kentucky
Louisiana
Mainet
M assachusetts
Michigan
Nebraskat
New Jerseyt
New Mexico
New Yorkt
North Carolina
Ohio
Rhode Idand
South Carolina
Texas
Virginia

T Did not meet the NCES participation rate guidelines

Imp

13.79
16.55
16.25
15.99
14.78
16.31
15.80
17.00
16.50
16.17
1541
15.70
15.22
16.20
15.76
15.89
15.67
14.92
14.10
1581
16.95
15.53

Work in
small groups

2.26
2.87
291
2.73
2.54
2.81
2.72
2.84
2.69
2.88
2.64
2.74
2.76
271
2.66
2.61
2.73
2.57
2.50
2.75
2.80
2.71

Write
about

solution

1.56
2.02
1.92
1.98
1.67
1.90
1.92
2.09
2.04
2.00
1.89
1.90
1.80
2.08
1.88
1.96
1.77
1.74
1.63
1.80
2.08
1.82

Write reports/
do projects

1.09
1.39
1.32
1.27
1.20
1.32
1.23
1.37
1.26
1.23
1.22
1.29
121
1.30
1.28
1.27
1.23
1.20
1.19
1.18
1.27
1.18

Discuss
with
others

2.61
3.07
3.03
3.03
291
3.09
2.98
3.02
311
3.06
2.99
3.04
3.00
3.01
2.94
2.96
3.00
2.88
2.72
3.09
3.06
3.05

Discuss

real-life

situations

2.72
2.94
291
2.94
2.87
311
2.97
3.04
3.15
2.89
2.88
2.98
291
3.08
281
2.96
2.90
2.87
2.71
311
3.28
2.96

Assess by

written

responses

2.02
2.30
2.19
221
191
2.22
211
2.48
241
231
2.06
1.99
1.93
2.32
2.32
2.35
2.20
201
1.86
2.20
2.57
2.16

Assess
by
projects

1.56
1.99
2.02
1.83
1.63
1.86
1.84
2.16
1.82
1.77
1.76
1.75
1.63
1.74
1.87
1.77
1.86
1.64
1.46
1.75
1.89
1.67
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Table 6C.6, continued
State Means on Ivp(ez) and Each Mathematical Discourse Item, Grade 4

Write Discuss
Work in about Write reports/ with
Imp small groups solution  do projects others
Non-SS| States, N = 19

Alabama 15.95 2.69 2.03 1.27 3.01
Arizona 15.43 2.66 1.80 1.26 2.97
Hawaii 15.13 2.58 1.87 1.27 2.78
Idaho 15.17 2.73 1.68 1.18 3.04
Indiana 14.13 2.46 1.53 1.17 2.65
lowa 15.42 2.70 1.75 1.20 2.98
Maryland 17.45 3.00 2.44 1.28 3.16
Minnesota 15.38 2.70 1.82 1.24 2.93
Mississippi 15.24 2.64 1.79 1.24 2.93
Missouri 15.11 2.52 1.81 1.24 2.82
New Hampshire 15.53 2.79 1.79 1.27 3.07
North Dakota  13.90 2.39 1.53 1.20 2.60
Oklahoma 14.69 2.47 1.64 1.19 291
Pennsylvania 15.38 2.63 1.80 121 3.00
Tennessee 15.01 2.60 1.72 1.23 2.85
Utah 15.42 2.77 1.79 1.26 2.93
West Virginia  14.57 2.60 1.62 1.20 2.85
Wisconsin 16.07 2.79 2.04 1.33 2.99
Wyoming 15.75 2.83 1.88 1.26 3.09

TDid not meet the NCES participation rate guidelines

Discuss
real-life
situations

2.97
2.83
2.72
2.85
2.78
297
3.13
2.95
2.87
297
2.83
2.69
2.92
2.97
2.84
2.97
2.76
3.03
2.98

Assess by
written

responses

2.30
214
2.20
2.07
1.87
2.03
2.65
2.06
2.22
212
201
1.96
1.97
2.17
211
2.07
1.96
2.18
1.99

Assess
by
projects

1.76
1.73
1.73
1.63
1.65
1.78
1.83
1.67
1.75
1.65
1.78
1.54
161
1.60
1.70
1.65
1.63
1.75
1.74
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Table6C.7
State Means on lypa for All States Participating in State NAEP in 1992 and 1996
Grade 8
1996 1992

SSI States
Arkansas 8.62" 8.39
Cdlifornia 10.45 9.32
Colorado 9.47 9.56
Connecticut 10.05 9.07
Delaware 10.27 9.14
Forida 9.76 9.19
Georgia 10.10 9.52
Kentucky 10.68 9.30
Louisiana 9.18 9.16
Maine 9.81 9.33"
M assachusetts 9.63 8.60
Michigan 10.03" 9.62
Montana 10.24" -
Nebraska 9.54 9.15"
New Jersey - 9.48"
New Mexico 9.61 9.03
New Y ork 9.07" 8.70"
North Carolina 9.73 891
Ohio - 8.49
Rhode Idand 9.09 9.17
South Carolina 9.96" 9.29
Texas 9.42 9.84
Vermont 10.44" -
Virginia 9.34 8.87

Total sample N 22 22

Subsample N 16 18

"Did not meet the NCES participation rate guidelines.

276

Grade 4
1996 1992
8.39" 7.97
9.97 9.40
9.66 9.16

10.15 9.23
9.77 8.67"
9.55 9.42
9.77 9.10

10.36 9.53
9.24 9.57

10.10 9.19'
9.71 8.08
9.60" 9.24
0.33" -
9.44 8.92"
9.71" 9.45'
9.18 8.92
9.45' 9.16'

10.13 8.01

- 8.69
9.00 8.26
9.58" 0.18
9.72 9.68

10.20" -
9.29 9.00

23 22
16 17
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Table 6C.7, continued
State Means on lypa for All States Participating in State NAEP in 1992 and 1996

Grade 8 Grade 4
1996 1992 1996 1992
Non-SS| states
Alabama 8.79 9.22" 9.29 9.27
Alaska 9.45" - 9.21" -
Arizona .87 9.40 9.61 8.87
Hawaii 9.41 8.63 9.05 8.64
ldaho - 9.21 8.80 8.74
Indiana 8.74 8.59 - 8.13
lowa 9.11" 9.04 8.78' 8.92
Maryland 1013" 938 1064 1001
Minnesota 9.07 9.07 9.21 8.93
Mississippi 10.03 9.38 9.77 8.83
M issouri 9.30 8.88 8.85 8.84
Nevada - - 10.15" -
New Hampshire - 9.40 - 8.97
North Dakota 8.75 8.95 8.44 8.02
Oklahoma - 8.81 - 8.64
Oregon 9.62 - 9.34 -
Pennsylvania - 8.69 9.21" 8.98
Tennessee 9.13 8.91 8.89 8.63
Utah 9.52 9.16 9.34 8.94
Washington 9.17 - 8.91 -
West Virginia 9.02 8.68 9.26 8.38
Wisconsin 9.49" 9.47 9.15 9.38
Wyoming 9.30 8.86 9.06 9.20
Total sampleN 18 19 20 19
Subsample N 16 18 16 19

"Did not meet the NCES participation rate guidelines.
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Table 6C.8
Comparison of SS and Non-SS States on |vpaez) and Ivpep) for All States in Each Sample and
for the Subsampls of States that Followed the NCES Participation Rate Guidelines

Standard
N Mean Deviation t p
1990 sample
Total sample
SSI 20 4.18 0.33 -0.16 874
Non-SSI 17 4.19 0.31
Subsample
SSI 20 4.18 0.33 -0.18 857
Non-SSI 16 4.20 0.32
2- and 3-point trend samples
Total sample
SSl 17 4.17 0.35 0.16 876
Non-SSI 11 4.15 0.28
Subsample
SSl 13 4.24 0.35 0.76 464
Non-SSl 7 4.13 0.32
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Table 6C.9

State Means on vpeo) and Each Mathematical Discourse Item, Grade 8

SSI States (N = 20)

Arkansas
Cdifornia
Colorado
Connecticut
Delaware
Forida
Georgia
Kentucky
Louisiana
Michigan
Montana
Nebraska
New Jersey
New Mexico
New Y ork
North Carolina
Ohio

Rhode Idand
Texas
Virginia

Non-SSl states (N = 17)

Alabama
Arizona
Hawaii

|daho

[llinois
Indiana
lowat
Maryland
Minnesota
New Hampshire
North Dakota
Oklahoma
Oregon
Pennsylvania
West Virginia
Wisconsin
Wyoming

T Did not meet the NAEP participation rate guidelines.

Imp

3.80
4.57
4.87
4.39
3.86
4.17
4.55
4.20
4.01
4.00
4.47
4.26
4.17
4.35
3.68
4.28
3.97
3.44
4.19
4.32

4.00
4.52
3.79
4.36
4.23
3.93
4.15
450
4.07
4.62
4.00
4.05
4.68
3.67
3.95
4.16
4.65

279

Work in
small groups

2.33
2.98
3.25
2.76
2.46
2.62
291
2.53
2.58
2.56
2.90
2.64
2.55
2.85
2.16
2.62
240
2.06
2.55
2.68

2.37
3.05
2.30
2.87
2.65
2.46
2.66
291
2.63
2.83
2.52
2.55
321
2.27
248
2.60
3.24

Write reports/
do projects

147
1.60
1.62
163
141
155
1.65
167
143
144
157
161
1.62
1.50
1.52
167
1.56
1.39
164
164

163
148
1.50
1.49
1.58
148
149
1.59
144
1.79
148
1.50
149
1.40
147
1.56
141
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Appendix D

Table6D.1
Comparison of SS and Non-SS States on Igg) for All States in Each Sample and for the
Subsample of States that Followed the NCES Participation Rate Guidelines

Standard
N Mean Deviation t p
Grade 8
1996 sample
Total sample
SSl 22 2.72 0.21 244 .020
Non-SSI 18 2.59 0.13
Subsample
SSl 16 2.72 0.22 244 022
Non-SSl 14 2.56 0.13
2-point trend sample
Total sample
SSl 20 2.70 0.21 1.85 074
Non-SSI 15 2.59 0.15
Subsample
SSl 14 2.71 0.24 1.77 .091
Non-SSI 11 2.57 0.14
3-point trend sample
Total sample
SSl 17 2.67 0.20 1.49 149
Non-SSI 11 2.57 0.13
Subsample
SSl 13 2.68 0.23 2.02 .059
Non-SSI 7 2.54 0.10
Grade 4
1996 sample
Total sample
SSI 23 1.98 0.21 1.76 .086
Non-SSI 20 1.88 0.15
Subsample
SSI 16 1.99 0.19 1.90 .068
Non-SSl 16 1.88 0.16
2-point trend sample
Total sample
SSl 21 1.95 0.19 1.37 179
Non-SSI 16 1.87 0.17
Subsample
SSI 13 1.95 0.18 1.20 242
Non-SSI 14 1.87 0.17
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Table6D.2

Sate Means on Is for All Sates Participating in State NAEP, 1996

SSI States
Arkansas
Cadlifornia
Colorado
Connecticut
Delaware
Florida
Georgia
Kentucky
Louisiana
Maine
M assachusetts
Michigan
Montana
Nebraska
New Jersey
New Mexico
New Y ork
North Carolina
Rhode Idand
South Carolina
Texas
Vermont
Virginia

Total sample N
Subsample N

"Did not meet the NCES participation rate guidelines.

Grade 8

257"
2.70
2.72
2.99
3.01
2.59
2.71
2.83
231
2.87
3.03
2.54"
2.78"
2.75

2.45
2.61"
2.60
2.85
279"
2.31
3.03"
2.82

22
16

281

Grade 4

1.79"
1.77
2.15
1.98
2.22
1.76
1.94
2.08
1.88
2.33
2.19
1.85"
2.047
1.97
1.83"
1.86
1.66"
1.95
2.20
1.98"
1.63
2.47"
2.02

23
16
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Table 6D.2, continued
Sate Meanson Is for All States Participating in State NAEP, 1996

Grade 8 Grade 4
Non-SS| States
Alabama 2.42 1.71
Alaska 2.58" 1.97"
Arizona 2.51 1.85
Hawalii 241 1.89
Indiana 2.48 155
lowa 2.70" 1.99"
Maryland 2.83" 2.15
Minnesota 2.67 1.88
Mississippi 2.81 2.10
Missouri 2.67 1.76
Nevada - 1.93"
North Dakota 2.47 2.05
Oregon 2.58 1.94
Pennsylvania - 1.75"
Tennessee 2.36 1.72
Utah 2.72 2.08
Washington 2.54 1.84
West Virginia 2.55 1.72
Wisconsin 2.62" 1.87
Wyoming 2.66 1.90
Total sample N 18 20
Subsample N 14 16

"Did not meet the NCES participation rate guidelines.
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Appendix E

Table 6E.1
Comparison of SS and Non-SS States on Ippge) for All States in Each Samples and for the
Subsample of States that Followed the NCES Participation Rate Guidelines

Standard
N Mean Deviation t p
Grade 8
1996 sample
Total sample
SSl 22 3.46 0.34 1.72 .093
Non-SSI 18 3.30 0.24
Subsample
SSl 16 3.47 0.39 1.14 267
Non-SSl 14 3.3 0.21
2-point trend sample
Total sample
SSl 20 3.44 0.36 1.04 .305
Non-SSI 15 3.34 0.22
Subsample
SSl 14 3.51 0.40 1.23 232
Non-SSI 11 3.35 0.23
3-point trend sample
Total sample
SSl 17 3.42 0.36 1.16 .258
Non-SSI 11 3.30 0.22
Subsample
SSl 13 3.47 0.39 1.33 .200
Non-SSI 7 3.29 0.23
Grade 4
1996 sample
Total sample
SSI 23 2.85 0.26 2.22 .032
Non-SSl 20 2.69 0.23
Subsample
SSI 16 2.85 0.27 212 .043
Non-SSI 16 2.67 0.20
2-point trend sample
Total sample
SSl 21 2.83 0.26 257 .015
Non-SSI 16 2.64 0.21
Subsample
SSI 13 2.89 0.28 2.38 0.26
Non-SSI 14 2.66 0.21
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Table 6E.2
Sate Means on Ipp for All Sates Participating in State NAEP
Grade 8 Grade 4
1996 1992 1990 1996 1992

SSl States
Arkansas 351" 3.43 3.35 3.17" 2.65
California 4.04 3.68 3.26 3.32 2.82
Colorado 3.27 3.19 3.05 2.61 2.49
Connecticut 3.44 3.45 3.22 2.65 2.70
Delaware 3.76 3.04 3.24 2.62 2.63"
Florida 3.78 3.45 3.29 2.79 2.92
Georgia 3.39 3.06 3.05 2.84 2.26
K entucky 4.00 3.07 2.37 3.10 2.64
Louisana 3.14 3.20 3.08 2.96 2.69
Maine 3.25 3.40" - 2.82 2.70"
M assachusetts 3.97 2.86 - 3.15 2.64
Michigan 331" 3.19 2.69 2.69" 2.90
Montana 358" - 3.17 2.86" -
Nebraska 3.06 3.35" 2.98 2.60 2.28"
New Jersey - 3.43" 2.84 2.62" 2.50
New Mexico 2.73 3.11 2.38 2.65 2.17
New Y ork 3.17" 2.90" 2.75 2.547 2.27"
North Carolina 3.14 3.28 3.44 2.66 2.61
Ohio - 3.35 2.69 - 251
Rhode Idand 3.14 3.64 2.60 2.63 2.43
South Carolina 347" 3.40 - 201" 2.75
Texas 3.81 3.56 3.12 3.42 2.84
Vermont 3.63" - - 3.24" -
Virginia 3.52 3.19 2.96 2.79 2.44

Total sample N 22 22 20 23 22

Subsample N 17 18 20 16 17

"Did not meet the NCES participation rate guidelines.
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Table 6E.2, continued
Sate Means on Ipp for All Sates Participating in State NAEP

Grade 8 Grade 4
1996 1992 1990 1996 1992
Non-SS| states
Alabama 3.37 351" 2.83 2.79 2.98
Alaska 2.79" - - 2.81" -
Arizona 3.25 3.14 2.58 2.62 2.42
Hawaii 354 3.31 2.63 2.74 2.85
|daho - 3.08 2.90 - 2.50
Illinois - - 2.67 - -
Indiana 2.95 3.02 2.40 2.23 2.39
lowa 3.13f 3.13 2.79" 2.47" 2.39
Maryland 3.61" 3.56 3.43 2.73 2.77
Minnesota 3.56 3.55 3.03 272 2.63
Mississippi 3.72 3.28 - 3.11 3.00
M issouri 3.58 3.17 - 2.72 2.33
Nevada - - - 3.23f -
New Hampshire - 3.68 3.93 - 2.88
North Dakota 3.27 3.13 2.56 2.67 2.37
Oklahoma - 3.06 271 - 2.60
Oregon 3.12 - 3.39 2.64 -
Pennsylvania - 3.00 2.75 247" 2.31
Tennessee 3.25 3.46 - 2.58 2.59
Utah 3.31 3.08 - 2.82 2.58
Washington 3.34 - - 2.85 -
West Virginia 3.40 3.19 2.56 2.73 2.65
Wisconsin 3.15' 3.41 3.05 2.43 2.52
Wyoming 3.05 3.07 2.89 2.39 2.44
Total sample N 18 19 17 20 19
Subsample N 14 18 16 16 19

"Did not meet the NCES participation rate guidelines.
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Table 6E.3
Comparison of SS and Non-SS States on Ippgz) for All States in Each Sample and for the
Subsample of Sates that Followed the NCES Participation Rate Guidelines

Standard
N Mean Deviation t p
Grade 8
1992 sample
Total sample
SSI 22 3.28 0.22 0.41 .683
Non-SSI 19 3.26 0.21
Subsample
SSI 18 3.29 0.22 0.62 537
Non-SSI 18 3.24 0.21
2-point trend sample
Total sample
SSI 20 3.27 0.23 0.05 957
Non-SSI 15 3.27 0.19
Subsample
SSI 14 3.27 0.25 0.60 551
Non-SSI 11 3.22 0.17
3-point trend sample
Total sample
SSI 17 3.28 0.23 0.07 943
Non-SSI 11 3.28 0.20
Subsample
SSI 13 3.30 0.23 1.06 .303
Non-SSI 7 3.20 0.18
Grade 4
1992 sample
Total sample
SSl 22 2.58 0.21 0.10 924
Non-SSI 19 2.59 0.22
Subsample
SSl 17 2.62 0.21 0.35 726
Non-SSI 19 2.59 0.22
2-point trend sample
Total sample
SSl 21 2.59 0.22 0.14 .892
Non-SSI 16 2.58 0.22
Subsample
SSl 13 2.59 0.22 -0.25 .803
Non-SSI 14 2.61 0.22
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Table 6E.4
Comparison of SS and Non-SS States on Ippge) for All Satesin Each Sample and for the
Subsample of Sates that Followed the NCES Participation Rate Guidelines

Standard
N Mean Deviation t p
Grade 8
1990 sample
Total sample
SSI 20 2.98 0.31 0.76 456
Non-SSI 17 2.89 0.39
Subsample
SSl 20 2.98 0.31 0.68 505
Non-SSI 16 2.89 0.40
2- and 3-point trend samples
Total sample
SSl 17 2.99 0.33 1.63 117
Non-SSI 11 2.80 0.30
Subsample
SSI 13 3.00 0.34
Non-SSI 7 2.66 0.22 2.70 015
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Appendix F

Table 6F.1
Comparison of SS and Non-SS States on Irr(gs) for All Statesin Each Sample and for the
Subsample of States that Followed the NCES Participation Rate Guidelines

Standard
N Mean Deviation t p
Grade 8
1996 sample
Total sample
SSI 22 5.16 0.31 1.82 072
Non-SSI 18 5.00 0.27
Subsample
SSl 16 5.25 0.29 2.99 .006
Non-SSI 14 4.95 0.25
2-point trend sample
Total sample
SSI 20 5.18 0.30 2.03 .051
Non-SSI 15 4.98 0.27
Subsample
SSI 14 5.26 0.25 2.70 014
Non-SSI 11 4.98 0.28
3-point trend sample
Total sample
SSI 17 523 0.28 2.24 .036
Non-SSl 11 4.98 0.30
Subsample
SSI 13 5.28 0.24 2.19 054
Non-SSI 7 4.97 0.33
Grade 4
1996 sample
Total sample
SSl 23 4.85 0.26 1.23 226
Non-SSI 20 4.74 0.29
Subsample
SSl 16 491 0.25 1.96 .059
Non-SSI 16 4.74 0.26
2-point trend sample
Total sample
SSl 21 4.86 0.26 1.68 102
Non-SSI 16 4.70 0.28
Subsample
SSl 13 4.94 0.23 2.08 .048
Non-SSI 14 4.74 0.27
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Table 6F.2
State Means on |grgs) and the Percent of Sudents Whose Teacher Had Sudied Each Reform-Related Topic, Grade 8

Percent of students with teachers who had studied a reform-related topic

State Problem Students’ Gender Cultural
Mean Estimation Solving Manipulatives Calculators Thinking I ssues Differences
SS| States, N = 22
Arkansast 5.00 80.1 97.1 90.2 90.8 64.5 44.4 36.2
Cdifornia 5.70 81.6 92.8 92.1 87.2 78.3 62.8 81.6
Colorado 511 75.3 92.5 89.1 80.3 63.2 59.7 54.0
Connecticut 5.53 88.1 97.4 93.5 92.3 79.7 57.2 49.1
Delaware 5.39 82.4 95.3 95.6 94.3 78.3 50.5 54.8
Florida 5.48 78.1 93.6 90.6 91.0 71.0 50.3 77.6
Georgia 541 85.3 96.5 94.8 86.6 75.2 57.8 53.5
Kentucky 5.38 86.2 98.9 96.6 88.0 717 55.4 44.6
Louisiana 4.95 81.8 92.1 90.3 81.0 70.7 46.1 40.5
Maine 4.65 73.2 91.9 915 77.0 68.1 56.6 14.6
M assachusetts 5.00 74.7 94.5 85.8 82.3 74.0 52.7 42.8
Michigant 4.89 82.1 92.7 89.4 82.8 68.6 50.5 30.2
Montanat 5.39 77.8 96.6 90.5 84.7 82.9 64.9 52.5
Nebraska 5.62 79.3 96.1 89.5 79.6 70.6 68.3 78.8
New Mexico 4,99 66.1 89.5 88.9 76.1 64.2 53.5 63.0
New Yorkt 4.78 64.6 93.0 86.5 78.0 65.8 452 47.2
North Carolina 5.33 81.7 96.1 95.8 94.0 717 49.0 53.8
Rhode Idand 4.87 67.9 92.6 93.2 794 69.6 44.9 41.2
South Carolinat 4.89 76.3 93.0 91.6 83.4 66.9 43.6 39.8
Texas 5.34 81.6 96.7 93.0 92.3 67.2 51.8 62.2
Vermontt 4.69 75.2 94.9 88.4 711 78.6 48.1 16.2
Virginia 5.20 75.1 91.6 86.6 89.5 66.5 58.6 56.6

TDid not follow the NCES participation rate guidelines.
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Table 6F.2, continued
State Means on |grgs) and the Percent of Students Whose Teacher had Studied Each Reform-Related Topic, Grade 8

Percent of students with teachers who had studied a reform-related topic

State Problem Students’ Gender Cultural
Mean Estimation Solving Manipulatives Calculators Thinking I ssues Differences
Non-SSI States, N = 18
Alabama 4.77 714 894 92.9 84.7 57.0 394 43.8
Alaskat 541 76.5 94.3 95.3 76.5 79.1 54.8 74.7
Arizona 5.26 77.9 93.7 86.9 83.2 74.3 53.2 61.5
Hawaii 5.30 80.2 97.0 88.3 78.9 74.3 48.3 67.0
Indiana 4.52 68.5 90.1 84.3 73.8 63.9 41.3 35.7
lowat 4.74 73.3 914 83.8 834 61.5 47.5 34.7
Maryland 534 755 95.9 90.2 87.2 73.4 55.0 62.3
Minnesota 5.19 73.0 93.6 88.4 83.4 65.4 61.1 55.8
Mississippi 4.85 82.1 96.5 94.2 85.8 62.6 38.3 35.6
Missouri 5.27 82.0 96.9 88.8 86.6 71.0 61.2 44.2
North Dakota 5.07 76.9 91.9 89.2 88.5 59.3 62.8 42.3
Oregon 4.86 774 93.7 95.9 69.9 68.9 514 43.8
Tennessee 4.83 75.4 95.3 85.0 81.6 65.4 47.4 37.0
Utah 4.97 70.8 92.2 83.1 89.3 58.1 57.1 58.5
Washington 4.95 72.0 92.9 87.9 724 66.2 55.1 56.1
West Virginia 4.94 814 94.6 92.5 854 60.4 51.7 32.7
Wisconsint 5.11 73.0 92.7 81.3 85.6 71.6 64.2 47.6
Wyoming 4.53 66.7 90.8 84.0 79.1 65.8 44.2 32.9

1 Did not follow the NCES participation rate guidelines.
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Table 6F.3
State Means on |grge) and the Percent of Sudents Whose Teacher had Studied Each Reform-Related Topic, Grade 4

Percent of students with teachers who had studied a reform-related topic

State Problem Students’ Gender Cultural
Mean Estimation Solving Manipulatives Calculators Thinking I ssues Differences
SS| States, N = 23
Arkansast 4.56 77.8 90.3 95.1 76.0 57.8 32.9 36.9
Cdlifornia 5.18 78.6 91.0 94.2 70.9 71.0 48.5 70.0
Colorado 5.15 79.3 92.6 95.8 69.8 74.6 54.2 52.5
Connecticut 4.78 81.8 90.1 95.0 73.5 70.5 36.0 36.7
Delaware 5.03 78.4 94.6 96.6 80.6 72.6 41.1 43.3
Florida 5.27 79.6 92.7 94.2 80.3 72.2 40.4 76.7
Georgia 4.97 813 92.7 95.1 75.3 73.2 41.3 45.9
Kentucky 4,99 904 97.9 97.9 82.1 68.7 38.3 34.9
Louisiana 4.75 76.3 92.9 93.4 777 66.7 374 42.1
Maine 4.39 71.3 90.1 92.2 63.8 73.9 42.1 9.6
M assachusetts 4,72 79.7 91.8 94.3 64.6 75.1 38.3 35.1
Michigartt 4.90 83.6 92.7 96.1 79.7 73.5 38.8 30.9
Montanat 4.99 814 914 93.6 69.9 70.8 52.6 42.4
Nebraska 491 77.2 87.4 93.7 75.2 63.1 44.5 58.8
New Jerseyt 4.86 75.8 91.2 93.4 77.6 68.3 411 42.6
New Mexico 4.96 79.0 87.4 94.8 70.1 66.8 39.5 61.5
New Yorkt 4.30 66.0 87.3 92.4 57.6 65.1 30.6 40.6
North Carolina 513 81.6 94.6 97.3 89.9 65.6 42.7 45.6
Rhode Idand 4.45 78.5 87.9 91.8 72.0 63.4 284 31.6
South Carolinat 4.76 79.1 94.7 94.6 72.6 63.7 37.7 40.3
Texas 5.03 86.8 96.4 95.8 71.1 70.0 32.6 59.5
Vermontt 5.54 75.9 97.0 97.7 61.9 81.8 38.3 135
Virginia 4.87 77.9 90.6 94.4 76.4 66.1 43.6 43.7

T Did not meet the NCES participation rate guidelines
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Table 6F.3
State Means on |grgs) and the Percent of Sudents Whose Teacher had Studied Each Reform-Related Topic, Grade 4

Percent of students with teachers who had studied a reform-related topic

State Problem Students’ Gender Cultural
Mean Estimation Solving Manipulatives Calculators Thinking I ssues Differences
Non-SSI States, N = 20
Alabama 4.87 77.9 93.8 96.7 70.5 73.5 40.8 45.2
Alaskat 4.85 73.3 854 91.3 62.4 64.0 54.7 63.6
Arizona 4.89 79.0 89.5 91.3 64.7 73.2 45.2 53.5
Hawali 4.99 78.4 904 94.3 727 76.5 37.0 58.4
Indiana 4.28 70.2 92.1 90.6 61.3 70.2 24.3 26.4
lowat 4.56 75.8 90.2 93.3 67.1 66.5 38.5 32.3
Maryland 5.22 80.0 92.1 93.5 83.6 75.6 51.0 52.2
Minnesota 4.93 77.3 92.5 93.9 75.3 717 46.5 39.3
Mississippi 4,77 85.7 94.7 97.3 72.5 66.7 37.3 34.4
Missouri 477 79.2 90.9 96.9 717 68.1 35.9 35.0
Nevadat 5.36 87.2 96.7 97.0 77.1 84.6 41.7 61.0
North Dakota 4.90 815 90.3 974 77.3 62.5 48.4 35.6
Oregon 4.81 82.6 93.3 95.8 68.0 73.7 39.8 37.7
Pennsylvaniat 4.30 714 90.0 92.7 69.3 61.9 24.2 23.7
Tennessee 4.32 69.4 88.1 93.3 65.1 57.9 33.9 30.5
Utah 4.69 78.3 90.1 97.4 83.2 61.0 32.8 35.6
Washington 4.58 72.1 88.5 89.9 60.4 64.9 43.1 49.1
West Virginia 4.87 86.7 93.6 96.4 83.5 64.9 38.2 284
Wisconsin 4.50 78.3 87.3 92.3 64.7 62.9 36.0 29.3
Wyoming 441 74.8 88.8 914 62.0 64.1 39.3 27.3

T Did not meet the NCES participation rate guidelines
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Table 6F.4
Comparison of SS and Non-SS States on Iry(ez) for All Statesin Each Sample and for the
Subsample of States that Followed the NCES Participation Rate Guidelines

Standard
N Mean Deviation t p
Grade 8
1992 sample
Total sample
SSl 22 4.75 0.28 0.65 519
Non-SSI 19 4.68 0.39
Subsample
SS| 18 4.76 0.24 0.81 424
Non-SSI 18 4.67 0.40
2-point trend sample
Total sample
SSI 20 4.74 0.28 0.50 .623
Non-SSI 15 4.68 0.42
Subsample
SSl 14 4.79 0.26 2.31 .032
Non-SSI 11 4.51 0.33
3-point trend sample
Total sample
SSI 17 4.78 0.28 0.59 564
Non-SSI 11 4.69 0.48
Subsample
SS| 13 4.82 0.24 2.66 .026
Non-SSI 7 4.43 0.35
Grade 4
1992 sample
Total sample
SSl 22 4.70 0.30 0.23 822
Non-SSI 19 4.72 0.24
Subsample
SS| 17 4.72 0.31 0.08 933
Non-SSI 19 4.72 0.24
2-point trend sample
Total sample
SSl 21 4.70 0.31 0.06 .955
Non-SSI 16 4.71 0.26
Subsample
SSl 13 4.73 0.34 0.19 .850
Non-SSI 14 4.71 0.25
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Table 6F.5
State Means on |grg2) and the Percent of Students Whose Teacher had Sudied Each Reform-Related Topic, Grade 8

Percent of students with teachers who had studied a reform-related topic

State Problem Students’ Gender Cultural
Mean Estimation Solving Manipulatives Calculators Thinking I ssues Differences
SS| States, N = 22
Arkansas 4.46 65.2 92.3 84.2 78.4 59.7 34.0 34.5
Cdifornia 5.09 77.3 915 88.7 78.3 68.7 41.7 64.5
Colorado 4.96 75.2 94.8 85.1 68.5 65.7 53.9 55.3
Connecticut 5.15 85.7 94.8 87.9 82.5 771 45.2 44.1
Delaware 5.65 67.5 90.6 744 76.2 64.7 48.9 46.4
Florida 5.00 75.6 92.1 86.9 79.2 67.2 38.7 65.7
Georgia 5.05 83.1 93.3 88.3 72.8 717 474 54.0
Kentucky 4.50 76.8 91.0 85.2 66.6 61.8 37.1 34.8
Louisiana 4.79 77.9 97.2 87.5 74.1 64.8 38.4 43.1
Mainet 4.43 75.5 94.9 89.1 68.6 61.1 434 11.3
M assachusetts 4.37 77.3 91.8 78.6 59.3 67.0 32.2 32.7
Michigan 4.75 818 91.3 83.3 78.5 67.2 41.8 33.3
Nebraskat 5.15 80.3 94.0 87.5 76.0 60.0 59.7 58.9
New Jerseyt 5.02 818 97.5 87.6 78.3 72.8 35.9 49.5
New Mexico 4,72 74.5 91.6 86.4 65.3 58.8 41.2 56.1
New Yorkt 4.22 54.6 91.2 81.0 61.0 66.7 37.2 333
North Carolina 4.75 78.5 92.5 87.1 76.9 63.5 38.1 39.5
Ohio 4.55 77.6 93.5 817 713 58.4 38.2 34.8
Rhode Idand 4.35 71.1 86.2 75.2 71.2 63.2 394 34.7
South Carolina 4.75 80.3 96.2 90.6 72.0 68.1 33.9 38.3
Texas 4.80 73.8 934 86.8 85.0 56.8 317 56.6
Virginia 4.93 75.3 94.9 85.2 77.0 68.6 44.5 49.2

T Did not follow the NCES participation rate guidelines.
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Table 6F.5, continued
State Means on Igrg2) and the Percent of Students Whose Teacher had Sudied Each Reform Related Topic, Grade 8

Percent of students with teachers who had studied a reform-related topic

State Problem Students’ Gender Cultural
Mean Estimation Solving Manipulatives Calculators Thinking I ssues Differences
Non-SSI States, N = 19

Alabamat 4.86 80.8 95.2 84.2 74.3 74.2 33.9 42.1
Arizona 4.93 75.6 96.0 88.7 69.6 704 43.5 57.4
Hawali 4.35 64.3 89.0 85.1 66.0 55.6 30.9 47.2
Idaho 4.62 73.3 94.0 87.9 76.4 S7.7 45.3 42.0
Indiana 4.33 67.4 88.8 744 64.6 61.5 35.6 42.1
lowa 5.09 83.5 92.8 86.9 72.1 70.3 54.6 51.0
Maryland 5.60 80.4 93.7 88.3 88.1 77.3 65.9 65.5
Minnesota 4.52 72.9 92.9 85.2 68.3 55.8 44.4 42.1
M i ssissippi 5.05 82.2 96.0 87.5 70.2 69.5 47.2 534
Missouri 4.59 78.5 91.1 89.1 72.6 67.2 34.4 32.2
New Hampshire 4.87 75.7 94.9 78.6 83.0 74.2 55.6 22.1
North Dakota 4.35 67.8 92.0 83.3 66.5 58.7 441 35.7
Oklahoma 4.85 79.1 92.9 87.5 66.1 59.2 39.5 74.5
Pennsylvania 4.31 66.3 85.6 78.0 68.7 67.2 39.1 27.6
Tennessee 4.48 74.7 934 84.8 64.5 62.9 335 35.7
Utah 4.50 74.0 88.6 73.5 66.1 53.1 45.2 52.1
West Virginia 4.73 78.2 95.7 84.6 734 64.7 43.7 34.1
Wisconsin 5.00 79.2 94.8 82.1 75.8 74.9 53.3 43.5
Wyoming 3.82 544 80.4 713 61.6 52.1 37.2 27.8

T Did not follow the NCES participation rate guidelines.
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Table 6F.6

State Means on |grg2) and the Percent of Students Whose Teacher had Studied Each Reform-Related Topic, Grade 4

State
Mean
SSl| States, N = 22

Arkansas 4.43
Cdlifornia 5.30
Colorado 5.00
Connecticut 4.90
Delawaret 4.82
Florida 5.24
Georgia 4.75
Kentucky 4.34
Louisiana 4.64
Mainet 4.50
M assachusetts 4.48
Michigan 4.75
Nebraskat 4.93
New Jerseyt 4.83
New Mexico 457
New Yorkt 4.22
North Carolina 4.62
Ohio 4.65
Rhode Island 4.05
South Carolina 4.75
Texas 476
Virginia 4.86

Estimation

76.1
88.4
81.7
89.5
78.9
84.3
79.4
81.6
76.4
81.9
81.5
84.1
75.5
79.7
73.2
72.2
81.3
76.4
69.0
84.1
75.8
7.7

Percent of students with teachers who had studied a reform-related topic

Problem
Solving

90.4
94.7
93.9
92.0
93.9
92.4
91.9
88.3
90.0
93.1
90.0
91.3
88.0
95.0
88.3
84.7
88.0
91.9
83.5
94.3
92.0
90.0

TDid not follow the NCES participation rate guidelines.

Manipulatives

921
954
92.6
95.5
90.8
94.7
93.7
90.4
94.1
94.8
90.4
90.9
97.2
92.4
91.3
86.4
93.9
94.6
86.9
95.3
93.3
94.0

Cadlculators

57.2
704
65.2
66.1
64.6
73.3
62.3
55.9
55.7
59.3
51.2
70.8
63.1
57.2
53.3
41.5
70.0
63.9
53.2
64.9
61.4
64.9

Students’
Thinking

59.5
73.0
73.0
77.2
74.0
74.0
70.9
56.0
70.7
68.8
73.3
70.4
67.6
74.0
64.0
68.0
60.9
68.7
59.0
68.5
66.7
75.1

Gender
|ssues

28.8
42.3
46.2
335
36.6
39.9
355
325
35.9
41.8
30.8
311
43.7
38.2
33.8
27.7
32.5
314
22.3
32.8
32.1
35.8

Cultural
Differences

41.5
68.8
52.0
36.4
48.4
67.9
43.3
30.8
46.8
121
31.8
37.8
60.2
48.0
52.9
43.9
38.5
38.5
32.9
36.2
56.1
48.3



L6¢

Chapter 6
Reform Indicators

Table 6F.6, continued
State Means on |grg2) and the Percent of Students Whose Teacher had Studied Each Reform-Related Topic, Grade 4

Percent of students with teachers who had studied a reform-related topic

State Problem Students’ Gender Cultural
Mean Estimation Solving Manipulatives Calculators Thinking I ssues Differences
Non-SSI States, N = 19

Alabama 4.83 79.1 93.5 95.6 57.6 72.2 40.6 45.1
Arizona 4.75 78.8 91.2 91.9 59.0 70.7 33.7 514
Hawaii 4.94 79.5 92.8 93.6 74.9 70.3 33.7 50.8
Idaho 4.88 88.1 92.9 94.2 70.4 71.9 36.1 34.8
Indiana 4.35 78.1 924 92.1 51.8 65.4 24.7 315
lowa 4.96 82.6 94.6 92.8 65.8 76.0 41.0 44.5
Maryland 5.24 84.4 944 95.9 78.8 75.8 41.1 55.5
Minnesota 4.83 77.1 91.6 94.2 62.8 72.8 41.4 43.6
Mississippi 4.99 78.6 92.3 97.0 68.9 73.8 45.2 48.5
Missouri 4.59 79.5 91.5 95.6 64.3 64.8 30.5 33.2
New Hampshire 4.63 82.5 92.6 96.4 55.7 82.8 36.1 235
North Dakota 4.48 77.1 93.2 95.3 57.3 68.4 290.2 28.6
Oklahoma 4.84 78.0 91.1 87.4 48.5 744 38.9 68.2
Pennsylvania 4.43 76.3 92.6 88.7 59.6 70.2 26.8 29.3
Tennessee 4.42 76.0 91.8 92.9 51.8 65.7 30.6 35.6
Utah 4.50 75.0 89.4 94.1 59.8 62.2 30.3 41.5
West Virginia 4.45 81.6 91.0 904 62.6 59.1 30.8 30.7
Wisconsin 4.79 80.6 94.9 87.3 65.4 72.8 39.6 38.4
Wyoming 4,77 84.7 92.9 91.7 63.9 72.1 40.2 32.5

1 Did not follow the NCES participation rate guidelines.
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Table 6F.7
Comparison of S and Non-SS Sates on Percent of Students Whose Teachers had Studied
“ Teaching Students from Different Cultural Backgrounds” , Grade 8

Mean  Standard

N Percent Deviation t p
1996
Y early sample
Total sample
SSl 22 49.58 17.40 0.30 .765
Non-SSI 18 48.14 12.94
Subsample
SSl 16 54.29 16.79 1.55 132
Non-SSI 14 46.22 11.45
2-point trend sample
Total sample
SSl 20 51.10 16.53 1.04 .308
Non-SSI 15 46.12 11.94
Subsample
SSl 14 55.38 12.52 1.90 071
Non-SSI 11 45.76 12.62
3-point trend sample
Total sample
SS| 17 54.41 14.74 1.42 170
Non-SSI 11 46.96 12.80
Subsample
SSl 13 56.35 12.47 1.47 169
Non-SSI 7 46.86 14.38
-continued-
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Table 6F.7, continued
Comparison of S and Non-SS Sates on Percent of Students Whose Teachers had Studied
“ Teaching Students from Different Cultural Backgrounds” , Grade 8

Mean  Standard

N Percent Deviation t p
1992
Yearly sample
Total sample
SSI 22 44.12 12.96 0.13 .895
Non-SSl 19 43.58 13.29
Subsample
SSI 18 45.42 11.01 0.43 673
Non-SSI 18 43.66 13.67
2-point trend sample
Total sample
SS| 20 44.32 13.40 0.05 .962
Non-SSI 15 44.12 10.36
Subsample
SSI 14 48.34 10.78 1.60 124
Non-SSI 11 41.79 9.67
3-point trend sample
Total sample
SSl 17 47.29 11.19 0.69 .500
Non-SSI 11 44.41 10.68
Subsample
SS| 13 49.53 10.20 1.87 .084
Non-SSl 7 40.91 9.66
1990
Y early sample
Total sample
SSl 20 32.16 10.91 0.52 .608
Non-SSI 17 30.47 8.94
Subsample
SSl 20 32.16 10.91 0.74 467
Non-SSI 16 29.75 8.72
2- and 3-point trend samples
Total sample
SS| 17 32.39 11.53 -0.03 976
Non-SSI 11 32,51 8.96
Subsample
SSl 13 34.57 12.28 0.61 552
Non-SSI 7 31.60 9.34
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Table 6F.8
Percent of State Students Whose Teacher had Sudied Teaching Students from Different Cultural
Backgrounds, Grade 8, 1990

Mean Mean
Percent Percent
SS| States , N =20 Non-SS| States, N =17

Arkansas 235 Alabama 25.9
Cdifornia 51.2 Arizona 44.8
Colorado 46.0 Hawaii 37.4
Connecticut 25.0 |daho 28.3
Delaware 44.8 Illinois 29.3
Florida 26.1 Indiana 23.5
Georgia 21.7 lowat 41.9
Kentucky 23.1 Maryland 42.5
Louisiana 285 Minnesota 36.8
Michigan 235 New Hampshire 19.2
Montana 39.9 North Dakota 34.4
Nebraska 315 Oklahoma 37.6
New Jersey 24.2 Oregon 31.2
New Mexico 54.2 Pennsylvania 14.8
New York 22.6 West Virginia 26.3
North Carolina 235 Wisconsin 26.1
Ohio 28.5 Wyoming 17.9
Rhode Island 22.0
Texas 49.0
Virginia 28.3

1 Did not follow the NCES participation rate guidelines.
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Appendix G

Table 6G.1
Comparison of SS and Non-SS States on I¢gs) for All Statesin Each Sample and for the
Subsample of States that Followed the NCES Participation Rate Guidelines

Standard
N Mean Deviation t p
Grade 8
1996 sample
Total sample
SSl 22 9.92 0.65 0.32 753
Non-SSI 18 9.85 0.72
Subsample
SSl 16 9.94 0.62 0.82 418
Non-SSl 14 9.73 0.76
2-point trend sample
Total sample
SSl 20 9.88 0.66 0.43 .669
Non-SSI 15 9.77 0.76
Subsample
SSl 14 9.90 0.66 0.61 547
Non-SSI 11 9.72 0.74
3-point trend sample
Total sample
SSl 17 9.88 0.70 0.38 .708
Non-SSI 11 9.78 0.68
Subsample
SS| 13 9.88 0.68 0.63 541
Non-SSI 7 9.70 0.58
Grade 4
1996 sample
Total sample
SSI 23 8.16 0.53 1.61 115
Non-SSI 20 7.91 0.48
Subsample
SSI 16 8.17 0.53 1.35 187
Non-SSl 16 7.92 0.54
2-point trend sample
Total sample
SSl 21 8.14 0.55 1.45 155
Non-SSl 16 7.88 0.52
Subsample
SSI 13 8.11 0.55 1.07 294
Non-SSl 14 7.88 0.55
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Table 6G.2
Sate Means on I cg6) and Freguency of Calculator use and the Percent of Students Whose Teacher Answered Yes to Specific Items
about Calculator Use, Grade 8

Percent of students with

Frequency Unrestricted Useon School owned Instruction
lc of Use Use Tests Calculators inUse
SSI States, N = 22
Arkansast 9.21 2.75 30 55 81 80
Cdifornia 10.54 3.36 61 80 87 87
Colorado 9.73 3.26 46 68 59 75
Connecticut 10.42 3.36 49 77 89 90
Delaware 10.57 3.40 45 84 92 93
Forida 9.87 3.14 42 63 80 84
Georgia 10.21 3.21 40 72 93 90
Kentucky 10.60 3.46 50 81 90 90
Louisiana 8.36 2.36 18 37 75 69
Maine 10.29 3.47 44 74 86 78
M assachusetts 10.09 3.26 54 72 76 80
Michigartt 10.97 3.66 59 86 94 92
Montanat 10.54 3.48 52 78 87 86
Nebraska 10.15 3.42 38 76 77 79
New Mexico 9.31 291 38 56 75 72
New Yorkt 9.21 2.78 40 54 78 68
North Carolina 10.35 3.28 35 74 98 98
Rhode Idland 9.95 3.08 52 73 90 76
South Carolinat 9.26 2.79 22 51 87 87
Texas 9.00 2.58 28 43 92 79
Vermontt 10.12 3.35 38 68 83 84
Virginia 9.53 2.92 31 58 89 84

TDid not follow the NCES participation rate guidelines.
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Table 6G.2, continued
Sate Means on | cge) and Fregquency of Calculator Use and the Percent of Students Whose Teacher Answered Yes to Specific Items
about Calculator Use, Grade 8

Percent of students with

Frequency Unrestricted Useon School owned Instruction
lc of Use Use Tests Calculators inUse
Non-SSI States, N = 18
Alabama 8.68 244 21 39 82 79
Alaskat 10.12 3.34 46 67 76 86
Arizona 10.06 3.27 46 67 86 82
Hawaii 8.92 2.60 32 48 84 68
Indiana 9.06 2.77 23 48 83 78
lowat 10.39 3.48 54 81 73 80
Maryland 9.99 3.12 43 69 91 83
Minnesota 10.46 3.57 63 85 60 81
M ssissi ppi 9.37 2.85 29 51 81 87
Missouri 10.51 3.50 54 76 85 85
North Dakota 9.97 3.47 42 77 49 82
Oregon 10.48 3.53 62 85 68 77
Tennessee 8.41 241 17 33 76 74
Utah 10.74 3.66 67 85 72 83
Washington 10.12 3.36 48 74 74 80
West Virginia 9.39 2.84 31 51 89 84
Wisconsint 10.68 3.55 58 84 81 89
Wyoming 10.04 3.31 52 72 70 77

TDid not follow the NCES participation rate guidelines.
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Table 6G.3
Sate Means on I cg6) and Fregquency of Calculator use and the Percent of Students Whose Teacher Answered Yesto Specific Items
about Calculator Use, Grade 4

Percent of students with

Frequency Unrestricted Useon School owned Instruction
lc of Use Use Tests Calculators in Use
SS| States, N = 23
Arkansast 7.65 194 7 4 81 79
Cdlifornia 8.32 2.26 17 16 a1 83
Colorado 8.01 2.17 9 14 82 81
Connecticut 8.25 2.26 9 8 92 89
Delaware 8.30 2.23 11 12 4 0
Horida 7.98 212 12 4 85 84
Georgia 777 204 9 9 79 79
Kentucky 8.99 259 19 28 98 95
Louisiana 7.47 191 7 4 68 76
Maine 8.85 2.54 16 26 98 A
M assachusetts 8.05 2.19 12 11 82 79
Michigant 8.95 261 15 25 97 98
Montanat 8.14 224 6 8 20 87
Nebraska 8.18 2.22 11 7 0 87
New Jerseyt 8.36 2.37 11 6 92 88
New Mexico 7.56 1.96 12 10 69 69
New Y orkt 7.24 184 7 4 66 64
North Carolina 9.25 2.72 21 35 100 97
Rhode Idand 845 2.28 15 22 a1 89
South Carolinat 7.93 2.03 10 6 86 88
Texas 7.40 182 7 3 78 69
Vermontt 8.57 243 17 26 0 81
Virginia 7.96 2.10 6 3 0 85

T Did not meet the NCES participation rate guidelines
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Table 6G.3, continued
Sate Means on I cg6) and Frequency of Calculator use and the Percent of Students Whose Teacher Answered Yesto Specific Items
about Calculator Use, Grade 4

Percent of students with

Frequency Unrestricted Useon School owned Instruction
lc of Use Use Tests Calculators inUse
Non-SSI States, N = 20
Alabama 7.13 1.75 10 2 58 70
Alaskat 7.83 2.10 12 11 75 80
Arizona 7.61 191 10 10 79 72
Hawaii 7.84 1.94 13 10 89 80
Indiana 7.78 2.01 7 4 85 81
lowat 7.94 2.03 10 6 90 87
Maryland 8.72 2.47 16 25 92 93
Minnesota 8.50 2.49 15 17 84 86
Mississippi 7.35 1.83 13 7 63 69
Missouri 1.27 1.73 6 3 76 70
Nevadat 7.88 2.09 11 10 78 79
North Dakota 7.73 2.09 8 9 74 74
Oregon 8.53 2.34 13 27 90 90
Pennsylvaniat 7.82 2.07 6 8 84 77
Tennessee 7.10 1.79 5 2 59 65
Utah 8.46 2.32 14 19 92 90
Washington 7.81 2.08 11 9 7 7
West Virginia 8.53 247 10 9 91 96
Wisconsin 8.28 2.25 11 13 91 89
Wyoming 8.09 2.10 8 6 93 91

TDid not meet the NCES participation rate guidelines
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Table 6G.4
Comparison of SS and Non-SS States on I¢g2) for All Statesin Each Sample and for the
Subsample of States that Followed the NCES Participation Rate Guidelines

Standard
N Mean Deviation t p
Grade 8
1992 sample
Total sample
SS| 22 11.25 0.90 0.10 924
Non-SSI 19 11.21 111
Subsample
SSl 18 11.22 0.80 -0.13 .900
Non-SSI 18 11.26 1.13
2-point trend sample
Total sample
SSI 20 11.26 0.95 -0.03 973
Non-SSI 15 11.27 111
Subsample
SSI 14 11.19 0.77 -0.19 .856
Non-SSI 11 1111 1.19
3-point trend sample
Total sample
SSI 17 11.25 0.87 -0.62 545
Non-SSI 11 11.45 0.82
Subsample
SS| 13 11.29 0.69 -0.04 .967
Non-SSI 7 11.31 0.84
Grade 4
1992 sample
Total sample
SSl 22 7.27 0.59 0.31 757
Non-SSI 19 7.21 0.59
Subsample
SSl 17 7.30 0.63 0.43 672
Non-SSI 19 7.21 0.59
2-point trend sample
Total sample
SSl 21 7.27 0.60 0.10 922
Non-SSI 16 7.25 0.56
Subsample
SSl 13 7.31 0.58 0.23 824
Non-SSI 14 7.25 0.60
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Table 6G.5
Sate Means on I cg2) and Fregquency of Calculator use and the Percent of Students Whose Teacher Answered Yesto Specific Items
about Calculator Use, Grade 8

Percent of students with

School owned School owned  Instruction Instruction
Frequency Unrestricted Useon 4 function Scientific in Use of in Use of
Ic of Use Use Tests Calculators Cadculators 4 function Scientific
SSI States, N = 22
Arkansas 10.27 2.20 20 34 61 20 62 20
Cdifornia 11.80 2.88 39 57 78 25 71 30
Colorado 11.96 311 46 65 64 24 64 31
Connecticut 12.06 2.84 37 56 85 37 72 37
Delaware 11.28 2.69 29 50 68 29 63 39
Florida 10.92 2.48 31 44 64 41 59 37
Georgia 11.44 2.59 27 46 84 26 84 26
Kentucky 12.23 3.03 38 64 77 35 77 42
Louisiana 10.01 2.20 19 29 49 20 58 18
Mainet 12.98 3.30 48 71 88 41 79 43
Massachusetts 9.83 2.04 21 29 59 17 49 22
Michigan 12.73 3.17 438 74 83 40 78 45
Nebraskat 11.85 2.90 36 64 66 30 70 32
New Jerseyt 11.07 2.49 20 41 71 42 66 39
New Mexico 10.91 2.36 27 40 71 19 73 27
New Yorkt 9.60 1.92 18 24 70 8 64 8
North Carolina 10.89 2.35 19 34 74 33 67 36
Ohio 11.18 2.45 21 44 69 38 64 38
Rhode Idand 10.62 2.35 25 42 71 29 50 22
South Carolina 11.05 2.40 20 40 77 29 77 29
Texas 12.05 2.89 38 54 70 47 70 45
Virginia 10.65 231 20 34 76 26 61 20

1 Did not follow the NCES participation rate guidelines.
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Table 6G.5, continued
Sate Means on I cg2) and Frequency of Calculator use and the Percent of Students Whose Teacher Answered Yesto Specific Items
about Calculator Use, Grade 8

Percent of students with

School owned School owned  Instruction Instruction
Frequency Unrestricted Useon 4 function Scientific in Use of in Use of
Ic of Use Use Tests Calculators Cadculators 4 function Scientific
Non-SSI States, N = 19
Alabamat 10.44 2.40 21 41 49 20 66 30
Arizona 11.01 2.52 30 45 70 21 65 24
Hawalii 11.06 2.31 25 38 78 41 63 30
Idaho 12.26 3.14 44 62 56 38 69 54
Indiana 10.29 2.18 14 31 72 15 68 15
lowa 11.96 2.99 31 64 70 31 69 33
Maryland 12.05 2.74 33 54 8l 50 69 48
Minnesota 12.58 3.29 57 71 64 33 63 51
M i ssissippi 8.84 1.85 11 20 40 7 50 13
Missouri 12.44 3.28 44 76 70 26 76 34
New Hampshire  11.70 2.83 31 57 75 24 70 33
North Dakota 11.13 3.00 39 59 45 26 49 40
Oklahoma 9.42 2.03 14 23 43 14 46 17
Pennsylvania 10.66 2.39 25 42 64 31 58 26
Tennessee 9.73 2.08 12 22 41 18 52 20
Utah 12.06 3.24 58 67 38 22 62 41
West Virginia 10.75 2.34 24 39 74 22 65 20
Wisconsin 12.34 3.29 38 64 58 41 61l 51
Wyoming 12.35 3.10 43 66 80 34 69 33

tDid not follow the NCES participation rate guidelines.
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Table 6G.6
Sate Means on I cg2) and Frequency of Calculator use and the Percent of Students Whose Teacher Answered Yesto Specific Items
about Calculator Use, Grade 4

Percent of students with

Frequency Unrestricted Useon School owned Instruction
lc of Use Use Tests Calculators inUse
SSI States, N = 22
Arkansas 6.35 1.42 5 3 39 46
Cdifornia 8.03 2.13 11 12 86 82
Colorado 7.74 2.03 9 9 76 76
Connecticut 17.74 2.01 11 7 8l 76
Delawaret 7.39 1.88 3 3 72 73
Forida 7.32 1.80 9 5 66 71
Georgia 6.88 1.62 7 4 53 60
Kentucky 8.31 2.38 13 13 79 89
Louisana 6.54 1.58 8 7 31 49
Mainet 7.53 1.93 8 9 71 73
M assachusetts 7.08 1.72 9 5 62 61
Michigan 8.44 2.25 10 19 94 96
Nebraskat 7.43 1.89 11 3 69 72
New Jerseyt 7.15 1.84 8 4 58 63
New Mexico 6.34 1.45 6 2 37 47
New Yorkt 6.32 1.49 7 4 32 40
North Carolina 7.59 1.85 9 6 78 79
Ohio 7.16 1.74 3 4 66 68
Rhode Idand 6.93 1.68 5 4 57 58
South Carolina 7.12 1.66 5 3 70 68
Texas 7.49 1.88 7 6 71 77
Virginia 6.98 164 6 4 62 63

TDid not follow the NCES participation rate guidelines.
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Table 6G.6, continued
Sate Means on I cg2) and Frequency of Calculator use and the Percent of Students Whose Teacher Answered Yesto Specific Items
about Calculator Use, Grade 4

Percent of students with

Frequency Unrestricted Useon School owned Instruction
lc of Use Use Tests Calculators in Use
Non-SSI States, N = 19
Alabama 6.87 1.79 7 2 34 65
Arizona 6.78 158 6 4 55 55
Hawali 8.09 2.14 12 14 8l 88
Idaho 7.70 1.99 6 8 76 82
Indiana 6.84 156 4 1 63 59
lowa 7.33 1.80 6 2 75 69
Maryland 8.24 2.22 15 20 83 85
Minnesota 7.82 2.03 10 11 83 75
Missi ssippi 6.86 1.65 9 8 44 62
Missouri 6.93 161 4 3 61 62
New Hampshire 7.18 183 9 6 63 58
North Dakota 6.87 1.66 5 2 54 61
Oklahoma 6.05 133 4 0 28 40
Pennsylvania 7.16 1.73 4 4 69 64
Tennessee 6.19 1.38 5 2 29 47
Utah 7.16 1.77 6 6 61 65
West Virginia 7.34 181 8 6 66 71
Wisconsin 7.85 211 10 7 79 77
Wyoming 7.73 1.95 6 8 83 82

TDid not follow the NCES participation rate guidelines.
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Table 6G.7
Comparison of SS and Non-SS States on I¢(gg), for All Statesin Each Sample and for the
Subsample of Sates that Followed the NCES Participation Rate Guidelines

Standard
N Mean Deviation t p
Grade 8
1990 sample
Total sample
SS| 20 6.30 0.65 -0.62 538
Non-SSI 17 6.44 0.69
Subsample
SSl 20 6.30 0.65 -0.47 642
Non-SSI 16 6.41 0.70
2- and 3-point trend samples
Total sample
SSI 17 6.27 0.62 -0.48 .633
Non-SSI 11 6.39 0.68
Subsample
SSI 13 6.35 0.60 0.22 .829
Non-SSI 7 6.28 0.67
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Table 6G.8
State Means on | ¢(g90) and Frequency of Calculator use and the Percent of Students Whose
Teacher Answered Yes to Specific Items about Calculator Use, Grade 8

Percent of Students

Frequency Unrestricted Useon School owned
lc of Use Use Tests Calculators
SSI States (N = 20)
Arkansas 555 1.97 9 13 35
Cdifornia 741 2.75 31 50 83
Colorado 7.04 2.68 30 45 62
Connecticut 7.18 2.59 26 43 89
Delaware 6.58 2.35 23 33 66
Forida 6.10 2.14 12 23 59
Georgia 6.52 2.39 14 30 69
Kentucky 572 2.00 12 20 40
Louisiana 5.30 1.79 5 16 29
Michigan 6.73 242 26 37 67
Montana 7.49 2.95 32 57 62
Nebraska 6.51 2.46 21 36 49
New Jersey 5.64 184 11 14 55
New Mexico 6.07 212 18 20 56
New Y ork 523 1.69 5 12 37
North Carolina 6.25 2.16 10 18 81
Ohio 6.40 2.32 15 3 61
Rhode Idand 5.83 1.88 19 23 52
Texas 6.23 2.20 12 22 71
Virginia 6.30 2.19 14 27 72
Non-SS| States (N = 17)
Alabama 555 1.88 7 21 40
Arizona 6.06 2.09 17 22 60
Hawaii 552 1.75 14 15 49
|daho 6.49 243 28 30 50
[llinois 6.82 252 23 36 70
Indiana 5.86 2.00 8 15 63
lowat 6.94 2.64 20 42 67
Maryland 6.58 231 19 30 77
Minnesota 7.05 2.68 31 47 58
New Hampshire 6.88 261 21 338 69
North Dakota 6.55 2.56 24 39 37
Oklahoma 554 1.95 10 15 33
Oregon 7.65 2.93 36 53 82
Pennsylvania 5.83 197 13 20 54
West Virginia 5.69 194 11 20 45
Wisconsin 7.26 281 29 50 65
Wyoming 7124 2.67 36 49 73

T Did not meet the NCES participation rate guidelines.
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CHAPTER 7

SSI AND NON-SSI ACHIEVEMENT USING STATE NAEP DATA:
EMPIRICAL BAYESAND BAYESIAN ANALYSES

Introduction

State NAEP reported mathematics scale scores of each state that participated in the
assessment years for grade 8 in 1990, 1992, and 1996 ard for grade 4 in 1992 and 1996. One of
the advantages of NAEP scale scores is that they are comparable across data collection years and
across grades (Allen et al., 1997). This enables us to compare mathematics score means of states
in each assessment year and to assess the trends of states participating in consecutive assessment
years. The main purpose of this chapter is to examine the differences between SSI and non-SS|
states in mathematics scale scores using longitudinal and cross-sectional analytic approaches. For
these analyses, only the 28 states that participated all three yearsin NAEP are used. This sample
consists of 17 SSI states and 11 non-SS| states.

New methods are required for the use of State NAEP data for the longitudinal and cross-
sectional analyses because of the unique nature of the State NAEP (i.e., the small number of
states participating in each assessment year and states' voluntary participation in the tests). To
address these complexities of the NAEP data, we employed empirical Bayes and fully Bayesian
methods, suggested by Raudenbush et a. (1999). For the analyses, each state mean and its
standard error are needed to estimate the parameters in the models. The input data of state means
and jackknife standard errors are listed in Tables 7A.1 and 7A.2 in the Appendix. These
estimates are based on the results after taking into account the NAEP sampling design (Allen et
al., 1997).

This chapter begins with longitudinal analyses of grade 8 data, grade 4 data, and cohort
datain order to compare the overall trends of SSI states and non-SS| states over the assessment
years. Then, the next section discusses the results of cross-state analyses using the grade 8 datain
1990, 1992, and 1996, and grade 4 datain 1992 and 1996. The latter analyses allow us to detect
the differences between the two groups, the SSI and non-SSI states, in each assessment year. In
each section, the statistical models used in the analyses are discussed.

313



Chapter 7
SSI and Non-SSI Achievement Using NAEP: Empirical Bayes and Bayesian Analyses

Longitudinal Analysis.
Empirical Bayes and Fully Bayesian Methods

In this section, we display the estimated posterior distribution of each parameter from a
longitudinal analysis of grade 8 students in mathematics scale scores from 1990 to 1996 (Tables
7.1 to 7.3). Column one describes two different growth models (e.g., unconditional and
conditional models) used in our analyses. Columns two and three summarize means, standard
deviation, and credibility intervals obtained using the empirical Bayes method and the fully
Bayesian method. The upper part of the tables presents the fixed effects or coefficients, and the
lower part lists the random effects or variance components.

Overal, the estimates from the two methods appear to be fairly similar. As noted by
many researchers, however, the fully Bayesian method has many properties that for this type of
analysis are superior to the empirical Bayes method. In particular, the fully Bayesian method
takes into account uncertainty regarding the parameters of interest. Thus, even though the results
of both methods for the comparison are presented in the next section, we will focus mainly on
the results from the fully Bayesian estimates of each parameter.

For all data sets of grade 8, grade 4, and the cohort, the unconditional fully Bayesian
model is based on samples of 20,000 iterations with 5,000 burn-in iterations. For the conditional
models, the fully Bayesian results were run for 30,000 iterations after a burn-in of 10,000 to
approximate the marginal posteriors of the parameters.

Linear Growth Models of Grade 8

Unconditional Model. Table 7.1 displays the results from linear growth models of grade
8 data from 1990, 1992, and 1996 using empirical Bayes and fully Bayesian methods. First, we
begin with an unconditional model to estimate the average state mean in 1990 and average state
growth rate across 28 states. The fully Bayesian estimate of average state mean in 1990 is
262.800. Average state growth rate per year from 1990 to 1996 is 1.286. This means that grade 8
students across the states are gaining an average 1.286 points per year. Both posterior estimates
are statistically significant as the 95% credibility intervals that we obtain exclude a value of zero.

Regarding the variance components, the fully Bayesian posterior means for the variance
of average state mean in 1990 and growth rate are 85.430 and 0.186 (Table 7.1). The 95%
credibility intervals for these parameters range from 49.960 to 145.300 for average state mean in
1990 and from 0.078 to 0.373 for average growth rate. Since Figure 7.1 displays the posterior
distribution of the variances of each estimate, there is evidence of between state heterogeneity in
both average state mean in 1990 and growth rate.

Conditional M odel. The next conditional model presents the differences in state mean in
1990 and the growth rate between SSI states and non-SSI states (Table 7.1). On average, SSI
states started behind nonSS| states by 5.716 pointsin 1990 (average SSI differential effect in
state mean in 1990 is—5.716). But, the growth rate of grade 8 studentsin SSI states is 0.200
points per year faster than that of their counterparts in nonSS| states (average SSI differential
effect in state growth rate is 0.200). As aresult, the learning gap between SSI states and non-SS|
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states was significantly reduced in 1996. Unfortunately, both SSI differential effects contain zero
in their 95% credibility intervals, implying that they are not statistically significant.

Table 7.1 and Figure 7.2 show the posterior distribution of the variance of al estimatesin
state mean in 1990 and growth rate. All four variance estimates for SSI states and non-SSI states
are positive. None of posterior estimates contains a value of zero in the lower boundary of the
95% credibility interval. The results suggest that a substantial variability in state mean in 1990
and growth rate lies across SSI states and across non-SSl states.

Figures 7.3 and 7.4 show the Bayesian posterior estimates with the 95% credibility
intervals for each state. Considering the state mean in 1990, each state does vary considerably in
its performance (Figure 7.3). Compared to nonSSI states, most SSI states score below the
average state mean in 1990. The low-performing states were Louisiana, Alabama, and Hawaii,
and the high-performing states were Minnesota, lowa, and North Dakota. The three states that
scored highest are all nonSS| states.

However, when we look at the posterior distribution of annual growth rate of each state,
the pattern of state mean in 1990 is reversed (Figure 7.4). This aso confirms a relative advantage
for the SSI states over non-SSI states in growth rate. Despite the low scores in 1990, grade 8
students in SSI states were more likely to show a gain than their counterparts in non-SSl states.
North Carolina, Michigan, and Texas were fast- gaining states, al SSI states. But, on average, the
group differences between SS| states and non-SSI states are not statistically different from zero,
even though the Bayesian posterior variance estimates provide clear evidence of heterogeneity in
growth rate both among SSI states and non-SS| states.
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Table7.1

Longitudinal Analysis of Grade 8 Data over 1990, 1992, and 1996: Empirical Bayes and Fully
Bayesian Estimates After Considering Jackknife Standard Errors

Empirical Bayes

Fully Bayesian

Fixed Effect Coefficient SD  Coefficient SD Credibility Interval
2.5% 97.5%
Linear Growth Model —Time
Average state mean in 1990 262.950*** 1421 262.800 1.749 259.300 266.200
Average state growth rate (per year) 1.267**  0.390 1286  0.098 1.091 1.480
Linear Growth Model —Time, SSI, and Time x SS
Non-SS| State
Average Non-SSI state mean in 1990 266.867*** 2.167 266.400 3.124  259.800 272.000
Average Non-SSI state growth rate (per year) 1.141~ 0.595 1166  0.185 0.807 1.537
SS| State
Average SSI state mean in 1990 260.411 260.454
Average SS state growth rate (per year) 1.351 1.372
SSI Effect
Average SSI differential effect in state mean -6.456* 2781 -5.946 3.652 -12.220 2.145
Average SSI differential effect in state growthrate  0.210 0.764 0.206 0.250 -0.291 0.696
Random Effect
Linear Growth Model —Time
Variance (Mean) 85.430 24.600 49.960 145.300
Variance (Time) 0.186 0.077 0.078 0.373
Linear Growth Model —Time, SSI, and Time x SSI
Variance (Mean) 108.900 46.850 49.450 228.000
Variance (Time) 0.295 0.152 0.114 0.687
Variance (SSI) 13.810 16.750 0.317 60.840
Variance (Time x SSI) 0.377 0.237 0.112 0.983

~p£.1,*p£ .05 ** p£.01, *** p£.001

316



Chapter 7
SSI and Non-SSI Achievement Using NAEP: Empirical Bayes and Bayesian Analyses

Figure 7.1. Posterior distribution of the variance: Unconditional model.
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Figure 7.2. Posterior distribution of the variance: Conditional model.
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Figure 7.3. Posterior distributions of average scale scores of grade 8 in 1990.
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Figure 7.4. Posterior distributions of growth rates of grade 8 from 1990 to 1996.
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Linear Growth Models of Grade 4

Unconditional Model. The results from the unconditional linear growth model of grade
4 data are presented in Table 7.2. Both empirical Bayes and fully Bayesian estimates of average
state mean in 1992 and average growth rate are identical. The fully Bayesian estimated average
state mean in 1992 and average state growth rate for grade 4 mathematics scale scores were
218.200 and 0.889, respectively. This indicates that the average grade 4 mathematics scoresin
1992 across SSI and non-SS| states was 218.200 points and students were learning at the rate of
0.889 points per year from 1992 to 1996. As shown by the 95% Bayesian credibility intervalsin
Table 7.2, both posterior means are significant.

Table 7.2 also shows that there was a true variation in average state mean in 1992 and
average growth rate among states. The posterior means of the variance are 46.900 for average
state mean in 1992 and 0.604 for average state growth rate. However, the values of the variance
of average state mean in 1992 can be as small as 27.110 and as large as 80.690. The posterior
distribution of the variance of average growth rate ranges from 0.290 to 1.145. The results imply
that a quite substantial variability in these two estimates exists between states.

Conditional Model. Table 7.2 shows the results of a conditional model after adjusting
for SSI status. For non-SSI states, the average mathematics score mean in 1992 was 221.100 and
average growth rate per year is 0.747. For SS| states, grade 4 students began with 216.276 points
(221.100 + (—4.824)), but they gained more, at 0.997 points (0.747 + 0.250), per year. Thus,
students in SSI states were more likely to score lower initially but tended to learn faster than
their counterparts in non-SSI states. However, it appears that these two SSI differential effects
using the fully Bayesian method are not statistically significant because both 95% credibility
intervals included zero in their values.

Figures 7.5 and 7.6 display the posterior distributions of the variance of four estimatesin
average state mean in 1992 and average growth rate. None of the 95% credibility intervals for
these estimates included zero, thus implying that each of the groups of SSI and non-SSI states
had a considerable heterogeneity in average state mean in 1992 and average growth rate.

Thisis aso confirmed by the line chartsin Figures 7.7 and 7.8. The average state mean in
1992 differed significantly from state to state (Figure 7.7). Each state mean can be as low as 205
points and as high as 229 points. The top three states were Minnesota, North Dakota, and lowa,
and the lowest three states were Louisiana, California, and Alabama. All of the higher-
performing states are non-SSI states. Figure 7.8 displays an interesting picture regarding state
growth rate. While there is some between state variation in growth rate, both the greatest gaining
and least gaining states are SSI states. For example, North Carolinais a high-gaining state and
Delaware alow-gaining state. As indicated in Table 7.2, there were no overal differences
between SSI and non-SS| states in state mean in 1992 and state gain rate. But, the patterns of
Figures 7.7 and 7.8 are consistent with the results of Table 7.2, which show considerable
variance across both SSI states and nonSSI states in those two estimates.
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Table7.2

Longitudinal Analysis of Grade 4 Data in 1992 and 1996: Empirical Bayes and Fully Bayesian

Estimates After Considering Jackknife Sandard Errors

Empirical Bayes

Fully Bayesian

Fixed Effect Coefficient SD Coefficient SD  Credibility Interval
2.5% 97.5%
Linear Growth Model —Time
Average state mean in 1992 218.230* ** 1.309 218.200 1311 215600 218.200
Average state growth rate (per year) 0.890~ 0.463 0.889 0.169 0.556 0.889
Linear Growth Model —Time, SSI, and Time x SS
Non-SS| State
Average Non-SSI state mean in 1992 221.192* ** 2.014 221.100 2245 216500 225.200
Average Non-SSI state growth rate (per year) 0.727 0.713 0.747 0.274 0.209 1.290
SS| State
Average SS| state mean in 1992 216.303 216.276
Average SS| state growth rate (per year) 0.998 0.997
SSI Effect
Average SSI differential effect in state mean -4.889~ 2.588 -4.824 2856 -10.480 0.480
Average SSI differential effect in state growth rate 0.271 0.916 0.250 0.378 -0.488 1.006
Random Effect
Linear Growth Model —Time
Variance (Mean) 46.900 13.780 27.110 80.690
Variance (Time) 0.604 0.224 0.290 1.145
Linear Growth Model —Time, SSI, and Time x SS
Variance (Mean) 50.000 23.810 22.100 112.100
Variance (Time) 0.631 0.349 0.223 1.539
Variance (SSI) 5.154 7.916 0.215 27.730
Variance (Time x SSI) 0.708 0.566 0.147 2.224

~p£.1,*p£ .05 ** p£.01, *** p£.001
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Figure 7.5. Posterior distribution of the variance: Unconditional model.
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Figure 7.7. Posterior distributions of average scale scores of grade 4 in 1992.
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Figure 7.8. Posterior distributions of growth rates of grade 4 from 1992 to 1996.
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Linear Growth Models of Cohort

Unconditional Model. Table 7.3 displays the estimates of empirical Bayes and Bayesian
methods of cohort data analysis for grade 4 in 1992 and grade 8 in 1996 in the unconditional
linear growth model. The estimated posterior mean of average state mean in 1992 is 218.2
points. Thisis exactly identical to the estimate in the previous result of grade 4 datain Table 7.3
because the base data point for the cohort is grade 4 in 1992. The overal state growth rate of the
cohort was 12.96 points per year. That is, the grade 4 cohort among all states was likely to gain
12.96 points in mathematics scale scores in 1992. Each estimate of cohort growth model is
statistically significant as indicated by the 95% credibility intervals.

Posterior variations in average state mean in 1992 and average state growth rate are also
listed in Table 7.3. The estimated posterior variance mean of average state mean in 1992 is 46.39
and that of average state growth rate is 0.338. As Figure 7.9 shows, the posterior distributions of
these estimates indicate that both estimates vary significantly between states. The 95%
credibility interval for average state mean in 1992 ranges from 26.690 to 79.490. Average state
growth rate in 1992 ranges from 0.114 to 0.138.

Conditional M odel. Table 7.3 displays the results from the conditional models. In
general, students in nonSS| states scored higher in 1992 and gained more than their counterparts
in SSI states. On average, the nonSSI state mean in 1992 was 220.9 points and the growth rate
12.99 points per year. But, the state mean in 1992 and growth rate for SSI states were 216.361
(220.99 + (-4.539)) points and 12.967 (12.990 + (-0.023)) points, respectively. Thereis no
evidence that the differences between SSI states and non-SS| states are statistically significant.
Both posterior estimates of SS| differential effects include zero in the 95% credibility intervals.

Next, the posterior estimates of the variance of average state mean in 1992 and average
state growth rate for each SS| state and non-SS| state are presented in Table 7.3. All four
posterior means of the variance are positive and significant, indicating that each group, SSI states
and nonSS| states, is heterogeneous in state mean in 1992 and state growth rate. The posterior
distributions of these four fully Bayesian estimates in Figure 7.10 clearly indicate the variability
of these estimates.

Figures 7.11 and 7.12 display the line charts describing the posterior distribution of
average state mean in 1992 and average state growth rate for each state. As previously noted, the
chart of average state mean in 1992 is exactly identical to those shown in grade 4 data. Thus,
only Figure 7.12 will be discussed. Each state varies in its posterior mean of state growth rate.
Especially, the low-gaining states (e.g., Louisiana and Alabama) appear different from the high-
gaining states (Nebraska and North Dakota) in the estimated state growth rate. The distributions
of SSI states and non-SSI states do not display a different pattern in the two groups. Instead, the
estimated means among SS| states and among non-SS| states were both quite variable, as
indicated by the 95% credibility intervals of state growth rate. The distribution of the estimated
posterior means supports the results presented in Table 7.3, indicating no significant differences
between SSI and non-SS| states in average state growth rate
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Table 7.3
Longitudinal Analysis of Cohort Data for Grade 4 in 1992 and Grade 8 in 1996: Empirical
Bayes and Fully Bayesian Estimates After Considering Jackknife Sandard Errors

Empirical Bayes Fully Bayesian

Fixed Effect Coefficient SD  Coefficient SD  Credibility Interval
25% 97.5%

Linear Growth Model —Time
Average state mean in 1992 218.220*** 1470  218.200 1.311 215.600 220.800
Average state growth rate (per year) 13.016*** 0.521 12.960 0.139 12.680 13.230

Linear Growth Model —Time, SSI, and Time x SSI

Non-SSI State
Average Non-SSI state mean in 1992 221.178*** 2.258 220.900 2165 216.600 225.100
Average Non-SSI state growth rate (per year) 13.056* ** 0.801 12.990 0.272 12430 13510
SS| State
Average SSI state mean in 1992 216.299 216.361
Average SS| state growth rate (per year) 12.993 12.967
SSI Effect
Average SSI differential effect in state mean -4.879~ 2.902 -4.539 2767 -9866 0.738
Average SSI differential effect in state growth rate  -0.063 1.029 -0.023 0.362 -0.725 0.721
Random Effect

Linear Growth Model —Time
Variance (Mean) 46.390 13.660 26.690 79.490
Variance (Time) 0.338 0.144 0.138 0.694

Linear Growth Model —Time, SSI, and Time x SSI

Variance (Mean) 48.080 20.840 21.910 101.100
Variance (Time) 0595  0.333 0.204  1.460
Variance (SSI) 4.006 5.741 0.207 19.910
Variance (Time x SSI) 0.461 0.332 0.118 1.338

~p£.1,*p£ .05 ** p£.01, *** p£.001
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Figure 7.9. Posterior distribution of the variance: Unconditional model.
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Figure 7.10. Posterior distribution of the variance: Unconditional model.
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Figure 7.11. Posterior distributions of average scale scores of cohort—grade 4 in 1992 and grade 8 in 1996.
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Figure 7.12. Posterior distributions of growth rates of cohort—grade 4 in 1992 and grade 8 in 1996.

SSI Status
[ Non-ssI
W ss
145 m—
Mean and C.I.
= 97.5% C.I.
140 - @ Mean
= 2.5% C.l.
135 — T
®
-
13.0 m— T T T [
_ ® ] ® = F
- ®
125 m— =
[ - [
20— © -
&
&
115 —
=
| | I | I | I | | | | | | | | | | | | I | | | | | | | |
Louisiana California New Mexico Florida Georgia Kentucky Rhode Island Maryland New York Indiana Colorado Connecticut Wisconsin North Dakota
Alabama Arkansas Hawaii North Carolina ~ West Virginia Arizona Delaware Texas Virginia Michigan Wyoming Nebraska Minnesota lowa

State



Chapter 7
SSI and Non-SSI Achievement Using NAEP: Empirical Bayes and Bayesian Analyses

Cross-Sectional Analysis. Empirical Bayes M ethod
Grade8

Unconditional Model. Table 7.4 presents the results of the unconditional models, using
the empirical Bayesian method. Over three assessment years in 1990, 1992, and 1996, average
state means increased from 262.389 points in 1990 through 266.328 points in 1992 to 270.274
pointsin 1996. This was again of amost four points over each assessment year. Thus, there was
evidence that grade 8 students across the states were likely to gain in mathematics scale scores
from 1990 to 1996. The estimated variance of average state mean is also displayed in Table 7.4.
Overdl, all three estimates of the variance indicate that significant variability between states
existed in each of the average state means. The estimated variance ranges from 73.535 to 81.466,
which are substantial.

Conditional M odel. In the conditional models, we tried to detect any differences
between SSI and non-SSI states in average state mean over the period of 1990-1992-1996. The
results show that differential effects of SSI states are marginally significant and negative, as
large as-6.317 points and as small as-5.124 points. Overall, grade 8 students in non-SSI states
outperformed counterparts in SSI states over all three assessment years. However, the gaps
between SSI and nonSSI states narrowed by 1.2 points from 1990 to 1996. As the variance
componentsin Table 7.4 indicate, SSI differentia effects account for 6 to 8% of betweenstate
variance in average state means. Much of the variability between states still remains to be
explained.
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Table7.4

Cross-Sectional Analysis of Grade 8 Data: Empirical Bayes Estimates After Considering

Jackknife Sandard Errors

1990 1992 1996
Fixed Effect Coefficient SE Coefficient SE Coefficient SE
Unconditional M odel
Average state mean 262.389*** 1.705 266.328* ** 1.722 270.274*** 1.643
Conditional Model — SSI
Non-SSI State
Average Non-SS| statemean  266.224* ** 2.599 270.114*** 2.629 273.387*** 2.552
SSI State
Average SSI state mean 259.907 263.873 268.263
SS| Effect
Average SSI differential effect  -6.317~ 3.336 -6.241~ 3.376 -5.124~ 3.275
Random Effect Variance SD Variance SD Variance SD
Unconditional M odel 80.133*** 8.952 81.466* ** 9.026 73.535*** 8.575
Conditional Model 73.055%** 8.547 74.605*** 8.637 69.617*** 8.344

~p£.1,*p£ .05 ** p£.01, *** p£.001

331



Chapter 7
SSI and Non-SSI Achievement Using NAEP: Empirical Bayes and Bayesian Analyses

Grade4

Unconditional Model. The results of grade 4 average state meansin 1992 and 1996 are
displayed in Table 7.5. As presented earlier in grade 8 results, grade 4 students also show
continued increases in mathematics scores from 1992 and 1996. The empirical Bayes estimates
of average state means were 218.231 points across states in 1992 data and 221.789 points across
states in 1996 data. The overall gain of grade 4 students was about 3.6 points over the period of
four test years. As the bottom part of Table 7.5 indicates, both estimated average state means
varied significantly between states. The estimates for the variance of average state meansin 1992
and 1996 were 44.830 and 48.223, respectively. This suggests that state means in 1996 were
more heterogeneous than those in 1992.

Conditional M odel. Table 7.5 presents the empirical Bayes estimated results of the
conditional models, including SSI status, as a covariate. In general, the mathematics scores for
grade 4 studentsin both SSI and non-SSI states increased substantially over the two assessment
years of 1992 and 1996. In 1992, average state means were 221.196 points for non-SS states and
216.304 (221.196 + (- 4.892)) points for SSI states. In 1996, the average nonSSI state mean was
224.097 points and average SS| state mean was 220.296 (224.097 + (-3.801)) points. Thus, the
mathematics score gap between SSI and nonSSI states was reduced by 1.1 points from 1992 to
1996, while non-SSI states were more likely to score higher than SSI states. Table 7.5 also shows
how much variation the SSI status indicator explains in average state means. The SSI differential
effects explained 10% of between state variance in 1992 ard 4% of the variance in 1996.
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Table7.5

Cross-Sectional Analysis of Grade 4 Data: Empirical Bayes Estimates After Considering

Jackknife Sandard Errors

1992 1996
Fixed Effect Coefficient SE Coefficient SE
Unconditional M odel
Average state mean 218.231*** 1.286 221.789* ** 1.335
Conditional Model — SSI
Non-SS| State
Average Non-SS| state mean 221.196*** 1.944 224.,097*** 2.089
SS| State
Average SSI state mean 216.304 220.296
SS| Effect
Average SSI differential effect -4.892~ 2.499 -3.801 2.682
Random Effect Variance SD Variance SD
Unconditional Model 44.830*** 6.695 48.223%** 6.944
Conditional Model 40.322*** 6.350 46.387*** 6.811

~p£.1,*p£ .05 ** p£.01, *** p£.001
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Summary and Conclusions

In this chapter, we report longitudinal and cross-sectional analyses of the State NAEP
data conducted on mathematics achievement for grade 8 students in 1990, 1992, and 1996, for
grade 4 students in 1992 and 1996, and for cohort students at grade 4 in 1992 and at grade 8 in
1996. Using the empirical Bayes and fully Bayesian methods, we found that both SSI and non
SSI states showed an overal gain in mathematics scores across the assessment years. The results
also revealed that a substantial variation in average state gain existed among states. Comparing
the achievement growth between SSI and non-SSI states in average mathematics scale scores, the
following summarizes the major findings in this chapter:

In 1990, grade 8 studentsin SSI states scored lower by 5.72 points than in nonSS|
states, but showed a faster annual growth 0.20 points, from 1990 to 1996, than those in
non-SS| states. Among the 28 states, the growth in scores of three SS| states—North
Carolina, Michigan, and Texas—was highest.

Grade 4 studentsin SSI states started behind those in nonSSI states at 4.82 pointsin
1992, but learned more, 0.25 points per year, than their counterparts in nonSSl states.
North Carolina and Texas made the highest gains.

For the cohort students in grade 4 in 1992 and grade 8 in 1996, SSI states scored lower
than non-SSI states in 1992 by 4.54 points and gained less at 0.02 points per year. The
annual gain of Nebraska and North Dakota relative to other states was higher.

While there was clear evidence of the variance in average growth rate across SS| states
and non-SS| states, none of the growth estimates indicated any significant group
differences between SSI and non-SS| states.

In each year of grade 8 datain 1990, 1992, and 1996 and of grade 4 datain 1992 and
1996, the mathematics scores in SS| states were lower than those in non-SSI states.
But, the gaps between SSI and non-SSI states were reduced gradually over the
assessment years. Much of the between state variance in average state means within
each of the assessment data remains to be further explained.

Our findings regarding the effectiveness of SSI states in improving mathematics
achievement over nonSSI states need to be interpreted with care in terms of data limitations. For
longitudinal analyses of grade 4 and the cohort, our results were based on only two time points
and therefore may not provide adequate data on the overall trends of growth for grade 4 students
from 1992 and 1996 and for cohort students. State means used in this study as the input data for
empirical Bayes and fully Bayesian analyses were also not adjusted for student socioeconomic
and demographic backgrounds, school composition, and other variables reported to be associated
with student achievement scores.

In the longitudinal and cross-sectional analyses, we did not attempt to determine which
SSl-related factors contributed to achievement growth of the SSI states. In the future study, we
will extend current approaches to ng the effects of state policies and practices related to
the SSI program on student mathematics achievement.
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Appendix A
Table7A.1
Summary of State Means and Jackknife Estimated Standard Errors for Grade 8 Data
State|D  State Name 1990 1992 1996

StuN Mean SE StuN Mean SE StuN Mean SE
1 Alabama 2531 25286 110 2522 25219 170 2261 25659 210
4 Arizona 2558 25959 130 2617 26537 130 2136 26787 160
5 Arkansas 2669 25621  0.90 2556 25631 120 1845 26165 150
6 California 2424 25632 130 2516 26089 170 2290 26277 190
8 Colorado 2675 26737 090 2799 27240 100 2530 27561 110
9 Connecticut 2672 26987 100 2613 27374 110 2485 27959 110
10 Delaware 2110 26070 090 1934 26287 100 1798 26673  0.90
12 Florida 2534 25532 120 2549 25991 150 2401 26364 180
13 Georgia 2766 25885 130 2589 25036 120 2364 26247 160
15 Hawaii 2551 25102 080 2454 25741 090 2189 26213 100
18 Indiana 2569 26727 120 2659 27010 110 2347 27553 140
19 lowa 2474 27797 110 2816 28336 100 2169 28399 130
21 Kentucky 2680 25710 120 2756 26224 110 2461 26659 110
22 Loisiana 2572 24644 120 2582 24998 170 2509 25238 160
24 Maryland 2794 26077 140 2399 26483 130 2137 26968 210
26 Michigan 2587 26440 120 2616  267.35 140 2155 27687 180
27 Minnesota 2584 27539 090 2471 28239 100 2425 28405 130
31 Nebraska 2519 27567 100 2285 27765 110 2610 28277 100
35 NewMexico ~ 2643 25642  0.70 2561 25961 090 2371 26197 120
36 New York 2302 26080 140 2158 26642 210 1962 27023 170
37 NorthCarolina 2843 25035 110 2769 25841 120 2638 26783 140
38 North Dakota ~ 2485 28110 120 2314 28321 110 2602 28422 090
44 Rhodeldand 2675 26004  0.60 2120 26591  0.70 2055 26888 090
48 Texas 2542 25819 140 2614 26459 130 2245 27020 140
51 Virginia 2661 26427 150 2710 26786 120 2545 26975 160
54  WestVirginia 2600 25590  1.00 2600  259.09 100 2578 26487 100
55 Wisconsin 2750 27449 130 2814 27788 150 2165 28285 150
56 Wyoming 2701 27215 070 2444 27508 090 2696 27478 090
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Table 7A.2
Summary of Sate Means and Jackknife Estimated Standard Errors for Grade 4 Data
State!D  State Name 1990 1992 1996
StuN Mean StuN Mean SE StuN Mean SE
1 Alabama 2605 20833 160 2541 21165 120
4 Arizona 2741 21525 110 2113 21758 170
5 Arkansas 2621 21021 090 2047 21585 150
6 California 2412 20840 160 2063  209.13 180
8 Colorado 2906 22102  1.00 2609 22581 100
9 Connecticut 2600 226.80 110 2565 23203 110
10 Delaware 2040 217.90 080 1984 21503  0.60
12 Florida 2828 21369 150 2549 21576 120
13 Georgia 2766 21559 120 2542 21546 150
15 Hawaii 2625 21406 130 2578 21497 150
18 Indiana 2503 22104  1.00 2470 22939 100
19 lowa 2770  229.88  1.00 2359 22913 110
21 Kentucky 2703 21505 100 2579  219.99 110
2 Louisiana 2792 20414 150 2671  209.02 110
24 Maryland 2844 21732 130 2465 22069  1.60
26 Michigan 2412 219.88 170 2382 22626 130
27 Minnesota 2640 22849  0.90 2425 23219 110
31 Nebraska 2327 22533 120 2678 22754 120
35 New Mexico 2342 21330 140 2389 21384 180
36 New York 2284 21845 120 2248 22263 120
37 North Carolina 2884 21288 110 2658 22433 120
38 North Dakota 2193 22866  0.80 2666  230.90 120
44 Rhode Island 2390 21545 150 2461 22042 140
48 Texas 2623 21792 120 2413 22871 140
51 Virginia 2786 22076 130 2586  222.64 140
54 West Virginia 2786 21527 110 2530 22335  1.00
55 Wisconsin 2780 22869 110 2437 23141 100
56 Wyoming 2605 22538  0.90 2758 22320 140
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CHAPTER 8

CONCLUSIONSAND FUTURE DIRECTIONS

In this interim technical report on our study of the impact of the NSF' s Statewide
Systemic Initiatives program, we have presented our approach to using State NAEP data
as abasisfor our impact study. At this stage, we have no conclusive findings, but we
have identified promising directions to pursue toward the conclusion of the study. In
trying to isolate or discriminate among factors and characteristics of SSI statesin the
NAEP data that could be attributable to the SSI program, we have had to make a number
of choices and assumptions. The purpose of this technical report is to describe these
choices and assumptions in some detail and the data that can be used to compare SSI
states with non-SSI states.

One major issue we have faced is the change in the number of states that
participated in the State NAEP in 1990, 1992, and 1996. What we have had to do isto
use different groups of states for different analyses. For example, we can report
differences between SSI and nonSS| states in 1996 using the largest group of states that
participated in the State NAEP, 22 SSI states (88% of 25 possible states) and 19 non-SSI
states (76% of 25 possible states). However, to report trends in student performance,
change in classroom indicators, and disaggregated data by ethnicity, we have had to
resort to using smaller groupings of states. Another major issue we have faced in
analyzing NAEP data is the use of NAEP supplied weights to compute the results for a
participating state and to aggregate across several states. In comparing the aggregated
results of SSI states with non-SSI states, we have assumed that each state is a replication
of the other states in the grouping. Thus we have weighted states equally by taking the
mean of all the states in a group to produce a mean for the group. In this way, for
example, California has been given the same weighting as Vermont.

Not all states that participated in the State NAEP achieved the 90 percent
participation rate of sampled schools as indicated by NAEP s sample selection plan. Not
reaching the desired participation rate in the sample increased the likelihood of biasin
results for a state, though the extent and direction of the bias cannot be determined from
the NAEP data. To address this and the other issues, we have conducted the analyses
more than once using different groupings to determine the stability of results.

Demographics

SSI states (N = 22) that participated in the State NAEP in 1996 had a higher
percentage of Black and Hispanic students than non-SS| states (N = 18). The 22 SS
states had about 5% more of the population who were Black students and about 4% more
of the population who were Hispanic students in grades 4 and 8 than did the 18 non-SSI
states. From this we concluded that the SSI program tended to include those states with a
higher proportion of minorities. In the aggregate, SSI states and non-SSI states tested the
same percentage of male and female students in the State NAEP. However, four of 17
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SSI states compared to only one of the 11 nonSSl states in the 1990-96 trend group
tested 4% more femal e students than male students at grade 8 in 1996. We can only
hypothesize about the reasons for this difference between the percentage of female and
mal e students tested in these states. Perhaps male students were not as available on the
testing day or, more likely, chose not to be tested.

SS| states and non-SSI states differed very little on the demographic variables
related to socio-economic status, such as students' reports of parents' education and
enrichment of home environment. The accuracy of student report data such as the
education of parents can be questioned, but there is nothing that causes us to suspect that
the data for the SSI states would have different sources of variance than the data for the
non-SS| states. Thus, it is reasonable to compare the two groups of states on these
variables.

A Genera Comparison of Mathematics Achievement in SSI and Non-SSI States

Student performance on the State NAEP improved for both SSI and nonSS|
states from 1990 to 1996 at grade 8 and from 1992 to 1996 at grade 4. At grade 8, prior to
joining the SI program, students from the SSI states performed about six points lower on
the composite scale than did those from the nonSSI states. At grade 4 between 1992 and
1996, student performance in SSI states also was below student performance in nonSS|
states. In 1992, the average composite score for SSI states was five points below that for
the SSI states. However, over the duration of the SI program up to 1996, SSI states
improved at a dightly faster rate than did the non-SSI states for both grades 4 and 8. This
composite of SSI scale scores for both grades of about one point between SSI and non
SSI statesis evident in both the mean composite scale scores and the Bayesian anaysis.
In this technical report, we have described differences between the two groups without
taking into consideration the interaction of student performance with demographic and
other variables. We will report the relational data in future technical reports.

Findings by Gender

When gender and ethnicity were considered, some interesting differences between
SSI states and non-SSI states existed.. Female students posted lower achievement scores
than male students in both SSI states and non-SSI states. However, at grade 8 the gap was
eliminated in non-SSI states, but remained over two points in the SSI states. Male
students in SSI states maintained their advantage in part by achieving higher scores than
females on the geometry and data analysis scales.

Findings by Ethnicity

The achievement gap between White and Black studentsin both SSI and nonSS
states ranged from 30 to 34 points over the three testing times for grade 8 and from 28 to
32 points over the two testing times for grade 4. At grade 8 in the SSI states, the
achievement gap between grade 8 White and Black students on the composite scale
remained the same over the three testing times, but the extent of the gap varied by
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subtopic scale. The gap increased for measurement, but narrowed dlightly on both the
geometry scale and the algebra and functions scale. In contrast, the achievement gap for
the six non-SSl states included in the analysis increased on the composite scale and the
five subtopic scales. At grade 4, between 1992 and 1996, a similar pattern was observed.
The White-Black gap decreased on al six scales for SSI states, but increased on five of
the six scales for non-SSI states. Comparing scores of White students with Hispanic
students, the gaps were smaller than the gaps between White and Black students.
However, both SSI and non-SS| states generally had a decrease in the gaps on al of the
scales at grade 8, but generaly had an increase in the gaps on al of the scales at grade 4.

Findings for the Same Cohort from 1992 to 1996

There was some evidence that Black studentsin SSI states gained more between
grade 4 and grade 8 than Black students in nonSS| states. When the scale score of grade
4 students in 1992 was compared to the scale score of grade 8 students in 1996, Black
students in SSI states gained about three points more than Black students in non-SSI
states. This was not statistically significant. But to provide some comparison, the gain by
White students in both groups over the same four years was nearly identical. Of particular
note, Black students in SSI states gained more on the algebra and functions scale between
grade 4 and grade 8 than did White students in SSI states. In non-SSI states, White
students gained more than Black students on all six scales. Again, while these results are
not statistically significant, they could be the beginning of a trend. These results will be
considered more closely in future analyses, including identifying other related classroom
practice variables. Hispanic students in SSI states gained more than Hispanic students in
non-SSI states over the four years on five of the six scales. Non-SSI Hispanic students
only gained more on the measurement scale.

Mathematics Curriculum Reform Indicators

Tracking change in classroom practices is as important as tracking change in
student performance in the early years of the Statewide Systemic Initiatives Program. A
significant amount of the states' funding for the systemic initiatives went toward teacher
professional development with the intent of changing teachers' classrooms practices to be
more aligned with the prevalent reforms for mathematics education. Evidence of changed
classroom practices that coincides with the current understanding of how students learn
mathematics is a positive finding that is consistent with NSF' s emphases on making
mathematics education more challenging for all students. By 1996, over one-third of the
middle school teachers and 15% of the grade 4 teachers in the 26 SSIs had participated in
professional development experiences directly funded through the SSIs. About one half
of the SSI's had been identified as having had a strong, positive impact on teachers
classroom practices by incorporating more inquiry-based learning, including greater use
of hands-on work, greater attention to student inquiry, and greater use of small-group
work (Zucker, Shields, Adelman, Corcoran, & Goertz, 1998).

Our analyses of the State NAEP in 1990, 1992, and 1996 allow us to verify
findings from other evaluations and to detect statewide changes consistent with NSF's S|
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program. However, the design of the State NAEP does not allow us to attribute observed
changes to a specific state program or initiative. NAEP uses a stratified sample of schools
within a state and students within those schools to support inferences about the general
student population for a state at grades 4 and 8. NAEP data do not support inferences
about individual districts or schools. Most likely, not all of the 2,000 to 3,000 students
included in a state’s NAEP sample were in schools directly influenced by the state’'s SSI.
In some states, very few sampled students may have directly benefited from the SSI.
Information about the scaling-up strategy of each state SSI is needed to determine how
likely it is that the observed findings are associated with the systemic initiatives. This will
require that a state-by-state analysis be done, which will be our next step.

In the analyses reported in this technical report, we have tried to identify
important variables that can be used to describe changes in instruction coinciding with
the duration of the SSIs. Using NAEP teacher questionnaires, we developed six indicators
of mathematics reform:

Relative Emphasis on Reasoning ard Communication

Students' Opportunities for Mathematical Discourse

Teachers Knowledge of the NCTM Standards

Last Year's Professional Development,

Reform Related Topics Studied

Calculator Use
The indicators relate to practices advanced as reforms in methematics in the 1990s. The
NAEP data on these indicators allows inferences about the type of classroom experiences
students had in a state. The results cannot be interpreted as representative of teachers
practices in a state because teachers were not the sampling unit. Longitudinal
comparisons were limited because NAEP varied some of the questions included on
teacher and student questionnaires for each testing time.

In general, both SSI and non-SS| states increased on the six indicators of
mathematics reform, which corresponds to the change in student achievement. At grade 8
in 1996, SSI states, as a group, scored significantly higher than nonSS| states on five of
the six indicators. At grade 4, the SSI states scored significantly higher on four of the six
indicators compared to non-SSI states. At both grade levels, there was no significant
difference between SSI and non-SSI status in students' use of calculators. In 1990 and
1992, prior to any state's substantial involvement in the SSI program, the SSI and non
SSI states did not differ significantly on these indicators. Thus, this evidence from the
cross-sectional analyses of the State NAEP suggests that studentsin the SSI states in
1996 were more likely to experience instruction that utilized principles of reform
mathematics. On longitudinal analyses, we found that from 1992 to 1996 SSI states
increased more than nonSS| states on the mathematical discourse and reasoning and
communication indicators. At grade 4, SSI states increased more than non-SSI states on
the amount of staff development and the number of reformrelated topics studied, as well
as the relative emphasis on reasoning and communication and calculator use.

Within the group of SSI states and within the group of nonSS| states, there was
considerable variation. Some SSI states were among the highest scoring states on each of
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the indicators and some were among the lowest scoring. In the next phase of the study,
we will develop individual profiles for each SSI state so that we will be better able to
relate the individual state’'s SSI emphases to changes in student performance and the
indicators. For three selected states, we also will use state assessment datain concert with
State NAEP data to determine whether there are consistent patterns on student
performance.

Summary

Four years after the first state received funding from the National Science
Foundation for a statewide systemic initiatives, State NAEP data on mathematics
revealed some differences in performance between states with a SSI and those without.
Whereas, student performance in SSI states remained below student performance scores
in non-SSI states, the performance in SSI states increased at a dightly higher rate
reducing the difference in score by one point. Black students from SS| states made
noticeable gains in performance compared to Black students from non-SSI states.
Indicators on instructional practices and professional development suggested on the
average a greater proportion of studentsin SSI states were taught using reform practices
compared to those in non-SSI states. Analyzing NAEP data, although very complex, was
found to be promising for detecting differences between SSI and nonSS| states.
However, the within group differences among individual states is striking pointing to the
need to consider individua states as will be done in further analyses. The small gains by
SS| states between 1990 and 1996 reported here could be the beginning of atrend that
can only be determined by analyzing the 2000 State NAEP.
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