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The National Assessment of Educational Progress (NAEP) is

mandated by the United States Congress to survey the educational

accomplishments of U.S.
accomplishments.
achievement of 4th-,

students and monitor changes in those
For more than 25 years, NAEP has assessed the educational
8th-, and 12th-grade students in selected subject areas,

making it the only nationally representative and continuing assessment of

what U.S.

students know and can do.

. NAEP assessments are based on content

frameworks and specifications developed through a national consensus process

involving teachers,
The frameworks are designed to reflect a balance among the emphases

public,

suggested by current instructional efforts,
and desirable levels of achievement.

research,

abilities of students in grades 4, 8,
The first release of results from the mathematics assessment
appeared in the "NAEP 1996 Mathematics Report Card",

and science.

curriculum experts, parents, and members of the general

curriculum reform, contemporary
In 1996, NAEP assessed the

and 12 in the subjects of mathematics -

~a report designed to

provide policymakers and the public with a broad view of student achievement.
The current report, which provides a more detailed perspective on mathematics

achievement and practices in 1996,
and school administrators.
the report presents examples of student work in five different

specialists,
can do,

content strands of mathematics.
mathematics classes,

is primarily for teachers, curriculum
To illustrate what students know and

Information on current instruction in

as reported by students and teachers, is also included.

This report presents three types of information derived from the NAEP 1996

mathematics assessment: (1)
mathematics; (2)
practices in this subject area;
toward mathematics.
analysis of student performance on the actual assessment exercises.

information on what students know and can do in
information on course-taking patterns and current classroom
and (3) information on student attitudes
The first portion of this information is derived from an
The

latter two portions draw upon the questionnaires completed by the students

who participated in the assessment and their mathematics teachers.

The

chapters on student work are organized around the five content strands

Reproductions supplied by EDRS are the best that can be made

from the original document.
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assessed by NAEP: (1) Number Sense, Properties, and Operations; (2)
Measurement; (3) Geometry and Spatial Sense; (4) Data Analysis, Statistics,
and Probability; and (5) Algebra and Functions. Discussion within these
chapters also highlights students' proficiency on a number of cognitive
skills that cut across the different content areas. These include conceptual
understanding, procedural knowledge, and problem solving, as well as the
ability to reason in mathematical situations, to communicate perceptiohs and

- conclusions drawn from a mathematical context, and to connect the

mathematical nature of a situation with related mathematical knowledge and
information gained from other disciplines or through observation. (ASK)
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What is The Nation’s Report Card?
THE NATION’S REPORT CARD, the National ‘Assessment of Educational Progress (NAEP), is the only nationally

representative and continuing assessment of what America’s students know and can do in various subject areas. Since
1969, assessments have been conducted periodically in reading, mathematics, science, writing, history, geography, and
other fields. By making objective information on student performance available to policymakers at the national, state,
and local levels, NAEP is an integral part of our nation’s evaluation of the condition and progress of education. Only
information related to academic achievement is collected under this program. NAEP guarantees the privacy of individual
students and their families. :

NAEP is a congressionally mandated project of the National Center for Education Statistics, the U.S. Department
of Education. The Commissioner of Education Statistics is responsible, by law, for carrying out the NAEP project
through competitive awards to qualified organizations. NAEP reports directly to the Commissioner, who is also responsible
for providing continuing reviews, including validation studies and solicitation of public comment, on NAEP’s conduct
and usefulness.

In 1988, Congress established the National Assessment Governing Board (NAGB) to formulate policy guidelines
for NAEP. The Board is responsible for selecting the subject areas to be assessed from among those included in the
National Education Goals; for setting appropriate student performance levels; for developing assessment objectives and
test specifications through a national consensus approach; for designing the assessment methodology; for developing
guidelines for reporting and disseminating NAEP results; for developing standards and procedures for interstate,
regional, and national comparisons; for determining the appropriateness of test items and ensuring they are free from

bias; and for taking actions to improve the form and use of the National Assessment.
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C,Iiailtel?, 1

| Introduction

The National Assessment of Educational Progress (NAEP) is mandated by the United States
Congress to survey the educational accomplishments of U.S. students and monitor changes in
those accomplishments. For more than 25 years, NAEP has assessed the educational
achievement of fourth-, eighth:, and twelfth-grade students in selected subject areas, making it
the only nationally representative and continuing assessment of what U.S. students know and
can do. NAEP assessments are based on content frameworks and specifications developed
through a national consensus process involving teachers, curriculum experts, parents, and
members of the general public. The frameworks are designed to reflect a balance among the
emphases suggested by current 1nstruct10nal efforts, cumculum reform, contemporary research,
and desirable levels of achievement.

+

Purpose and Audience for the Report

In 1996, NAEP assessed the abilities of students at grades 4, 8, and 12 in the subjects of

mathematics and science. The first release of results from the mathematics assessment

appeared in the NAEP 1996 Mathematics Report Card ' a report designed to provide policy
f makers and the public with a broad view of student achievement.

' The current report, which provides a more detailed perspective on mathematics
achievement and practices in 1996, is primarily for teachers, curriculum specialists, and school
administrators. To illustrate what students know and can do, the report presents examples of
student work in five different content strands of mathematics. Information on current instruction
in mathematics classes, as reported by students and teachers, also is included.

A companion report, School Policies and Practices Affecting Instruction in Mathematics,’
provides information on school policies and other practices affecting mathematics education.

' Reese, C. M., Miller, K. E., Mazzeo, J., & Dossey, J. A. (1997). NAEP 1996 mathematics report card for the nation and the
states. Washington, DC: National Center for Education Statistics. '

2 Hawkins, E. F,, Stancavage, F., & Dossey, J. A. (1998). School policies and pracuces affecting instruction in mathematics.
Washington, DC: National Center for Education Statistics. :

EKC Student Work and Teacher Practices in Mathematics

17



1996 Mathematies Framework

The design of the NAEP 1996 mathematics assessment was guided by a framework that was
closely aligned with the frameworks used in 1990 and 1992.? This framework was influenced by
the National Council of Teachers of Mathematics (NCTM) Curriculum and Evaluation
Standards for School Mathematics* and was updated prior to use in 1996 to better reflect
contemporary curricular emphases and objectives. However, a connection with the 1990 and
1992 assessments was maintained in order to measure trends in student performance.

Content strands
The framework for the 1996 mathematics assessment included a broad content domain
consisting of five content strands: Number Sense, Properties, and Operations; Measurement;
Geometry and Spatial Sense; Data Analysis, Statistics, and Probability; and Algebra and
Functions. For descriptions of the content covered in these strands, see Chapters 3-7, which
describe student performance in each content strand. Table 1.1 presents the percentage
distribution of questions prescribed by the framework across the content strands foreach
grade level and shows the changes from 1990 and 1992 to 1996. Separate subscales were
_produced for the five content strands that summarize the results for each strand. '
Questions that tap content from more than one strand were grouped according to their
primary content classification.

' THE NATION'S

Percentage Distribution of Questions by Content "I raep
Strand and Grade : E,
. " \
' Grade 4 Grade 8 Grade 12

1990 | 1992 | 199611990 | 1992 [1996 | 1990 | 1992 [ 1996

D = Kl Je

Number Sense, Properties,
& Operations® | 45 45 40 130 | 30 | 25 25 25 20

Measurement | 20 .| 20 2 |15 15 15 15 1 15 15
Geometry & Spatial Sense® | 15 15 15120 | 20 | 20 20 | 20 20

Data Analysis, Stafistics, & Probability 10 10 10 15 15 15 15 15 20
Algebra & Functions | 10 10 | 15120 | 20 | 25 25 25 25

9 Approximately half the questions in 1996 at each grade level involved some aspect of estimation.
b At grade 12 in 1996, approximately 25 percent of the geometry questions involved topics in coordinate geometry.
SOURCE: NAEP 1996 Mathematics Report Card for the Nation and the States.

# National Assessment Governing Board (1996). Mathematics framework Sor the 1996 National Assessment of Educational
Progress. Washington, DC: Author.

* National Council of Teachers of Mathematics (1989) Curriculum and evaluation standards for school mathematics. Reston,
VA: Author.
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Mathematical abilities
A domain of general abilities associated with doing mathematics also was included in the
framework. These mathematical abilities — conceptual understanding, procedural knowledge,
. and problem solving — describe the nature of the knowledge or processes involved in
successfully completing the types of mathematical tasks that students are expected to master.
For example, conceptual understanding can be viewed as a student’s knowing “about”
something, while procedural knowledge can be viewed as a student’s knowing “how to do”
something. These two abilities combined provide a base for problem solving, that is, for
recognizing and understanding a problem, formulating a plan or strategy, arriving at a solution,
and reflecting upon or evaluating the solution.

Mathematical power _

The third domain included in the framework is mathematical power. Mathematical power is
defined as a student’s ability to reason in mathematical situations; to communicate perceptions
and conclusions drawn from a mathematical context; and to connect the mathematical nature of
a situation with related mathematical knowledge and information gained from other disciplines
or through observation. The cognitive skills of reasoning, communicating, and connecting lie at
the foundation of each of the content strands and each of the mathematical abilities.

Assessment questions were classified according to mathematical ability and

mathematical power, as well as content. Figure 1.1 shows how the content strands,
‘mathematical abilities, and mathematical power combine to form the framework for the NAEP
1996 mathematics assessment. ' '

THE NATION'S

Mathematics Framework for the 1996 Assessment CARD E
. "

CONTENT STRANDS
»
c
cg Z\ o .
; £ -r-
Conceptual g 3 | -
Understanding | © o |
W -g a- B
E . S ' 2 2} g
‘:i Procedural T b & 8 1 »
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S E i T N i P P e e T A S R I I v
SOURCE: National Aslsessment Governing Board, Mathematics Framework for the 1996 Noﬁqnol Assessment of
Educational Progress. :
Q
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Question types .
The NAEP mathematics framework also prescrlbed a mix of questlon types: multiple-choice,
short constructed-response, and extended constructed-response. Multiple-choice questions
require students to select the answer that best expresses what they believe is correct. Short
constructed-response questions require students to provide'a brief response, which might be a
numerical result, the correct name or classification for a group of mathematical objects, a drawn
example of a given concept, or perhaps a brief written explanation for a gitfen result. Extended
constructed-response questions require students to consider a situation that demands more than
a numerical response or a short written explanation. The response mode requires that students
provide evidence of their work on some aspect of the solution and communicate their
decision-making steps in the context of the problem.

Table 1.2 shows the distribution of questions by type for the 1990, 1992, and 1996
assessments: As the table shows, the 1996 assessment continued a shift begun in 1992 toward
the use of more constructed-response questions. Current recommendations call for the use of
constructed- response questions as a way to assess students’ abilities to reason and to |
communicate mathematlcally They provide an added dimension to the information that can be
gleaned from multiple-choice questions. :

The framework also called for the assessment to incorporate the use of calculators,
rulers, protractors (grades 8 and 12 only), and manipulatives (including geometric shapes,
three-dimensional models, and spinners). '

. ~ THE NATION'S
Table 1.2 Distribution of Questions by Type CARD [P
. ‘:
Grade4 Grade 8 Grade 12

1990 11992 | 1996|1990 [1992 [1996 | 1990 | 1992 | 1996

Multiple-Choice 102 99 81 149 {118 | 102 | 156 | 115 99
Short Constructed-Response® 41 59 | 64 42 65 69 | 47 64 | 74
Extended Constructed-Response® - 5 13 - 6| 12 - 6 | 11

Total | 143 |163 (158 | 191 (189 | 183 [ 203 | 185 | 184

@ Short constructed-respanse questions previously used in the 1990 ond 1992 ossessments were scored dichotomously
[right/wrong). New short constructed-response questions included in the 1996 ossessment were scared to ollow for
portiol credit. ’
b No extended constructed-response questions were included in the 1990 ossessment.

"~ SOURCE: NAEP 1996 Mothemotics Report Cord for the Notion ond the Stotes.

4 ' 2 0 " Student Work and Tedcher Practices in Mathematics



Estimating Mathematics Achievement

Information from both the multiple-choice and constructed-response questions was combined
in order to estimate mathematics achievement in the five content strands and overall..
Constructed-response questions were first scored by trained readers using criteria that _
distinguished among two to five levels of performance.’ When the questions were anchored to -
the NAEP scale and used in the estimation of students’ mathematics, achlevement each of the
scoring levels was anchored separately. However, for a few of the questions, adjacent score
categories were collapsed because the responses lacked sufficient structure to maintain
statistically the distinctions implied by the hand scoring. These instances w111 be noted in
the text. : 4

In addition, because of the broad content domain covered by the assessment and the
need. to reduce the burden on individual schools and students, no student who participated in
the NAEP mathematics assessment answered all of the questions. Rather, each student was
administered a portion of the assessment, and then data across students were combined to
- provide estimates of the achievement of fourth-, eighth-, and twelfth- -grade students overall and
within important subgroups, such as those defined by gender or race/ethnicity. No individual
student scores were derived. Further details on scoring ‘Emd other technical aspects of the
assessment are provided in Appendix A.

5 Each NAEP assessment contains questions that were used before (for trend analysis), as well as new questions. Short
constructed-response questions that had previously appeared in the 1990 and 1992 assessments were scored right or
wrong in 1996, as they had been in the earlier assessments. All other constructed- -response questions were scored usmg
more complex, partial-credit guidelines.
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Reporting NAEP Results

Student performance on NAEP assessments has been reported using a variety of measures.
Results for the main NAEP mathematics assessment are reported using the NAEP composite
mathematics scale, which summarizes performance across five separate subscales — one for
each of the five content strands. Achievement levels, authorized by the NAEP legislation and
adopted by the National Assessment Governing Board (NAGB), help to make these scaled
results meaningful and interpretable. The achievement levels are defined by broadly
representative panels of teachers, education specialists, and members of the general public,
and they therefore represent collective judgments about what students should know and be able
* to do relative to the content reflected in the NAEP frameworks. Brief policy descriptions of the
levels are provided in Figure 1.2.¢

THE NATION'S

| REPORT

Policy Definitions of NAEP Achievement Levels cARD [P
. E‘,
-

Basic This level denotes partial mastery of prerequisite knowledge and skills that
are fundamental for proficient work at each grade.

Proficient | This level represents solid academic performance for each grade assessed.
* Students reaching this level have demonstrated competence in challenging
subject matter, including subject-matter knowledge, application of such
knowledge to real-world situations, and analytical skills appropriate to the
subject matter. :

Advanced This level signifies superior performance.
_
SOURCE: NAEP 1996 Mathematics Report Card for the Nation and the States. .

It should be noted that setting achievement levels is a relatively new process for NAEP,
and it is still in transition. Some evaluations have concluded that the percentage of students at
certain levels may be underestimated. ” On the other hand, critiques of those evaluations have
asserted that the weight of the empirical evidence does not support such conclusions.® A further
review is currently being conducted by the National Academy of Sciences.

¢ Further information about NAEP scale construction and about the achievement levels can be found in Reese, C. M.,

Miller, K. E., Mazzeo, J., & Dossey, J. A. (1997). op. cit.

? United States General Accounting.Office Report to Congressional Requestors (1993). Education achievement standards:
NAGB's approach yields misleading interpretations. Washington, DC: United States General Accounting Office.

# Cizek, G. (1993). Reactions to National Academy of Education report. Washington, DC: National Assessment
Governing Board. '
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The student achievement levels in this report have been developed carefully and
responsibly; and the procedures used have been refined and revised as new technologies have
become available. Upon review of the available information, the Commissioner of Education
Statistics has judged that the achievement levels are in a developmental status. However, the
Commissioner and the Governing Board also believe that the achievement levels are useful and
valuable for reporting on the educational achievement of students in the United States.

Organization of the Report

The body of this report is divided into two main sections: Section I — a report on student work,

and Section IT — a report on classroom instruction. Some readers may prefer to read Section I

before reading Section II; however, others may prefer to read about classroom instruction
(Section IT) before reading about student performance (Section I).

Section I (Chapters 2-7) provides information on trends in achievement since 1990, as
well as examples of student performance in each of the five mathematics content strands.
Chapter 2 presents summaries of performance for 1990, 1992, and 1996. Results for
each of the five content strands are presented by average scale score for all students and
separately for some of the more common demographic and education groupings, such as gender,
race/ethnicity, ' and, at grades 8 and 12, the kinds of courses taken. Chapters 3-7 each

consider one content strand. Each bégins with a brief discussion of the expected knowledge and.

skills that students are asked to demonstrate in that content strand. Each chapter then presents
an item map (a visual representation of the NAEP mathematics scale) for the content 'strand, '
with selected questions from the content strand mapped onto the 0 to 500 scale. Finally, sample
questions from different points on the map are presented, along with a discussion of student
performance on these questions. For constructed-response questions, actual student responses
are included to provide the reader with illustrations of partial- and full-credit responses.

Section IT includes Chapters 8-10. Chapter 8 describes the mathematics course-taking’
patterns of eighth- and twelfth-grade students. Chapter 9 discusses classroom activities,

- including instructional emphases and approaches, assessment activities, and calculator use.

Chapter 10 reports on student attitudes about mathematics.

Finally, Chapter 11 presents an overall summary of the report. The chapter summarizes
what students know and can do in the five content strands of the NAEP 1996 mathematics
assessment, course-taking patterns and classroom practices in mathematics, and student
attitudes toward mathematics.

“The report also contains two appendices that suppon the results presented.

Appendix A contains an overview of the procedures used for the NAEP 1996 mathematics
assessment. Appendix B presents standard errors for the performance data presented in the
body of the report.

9 For fourth-grade students, 0-213 is defined by the National Assessment Governing Board as below Basic, 214—248 is
Basic, 249-281 is Proficient, and 282-500 is Advanced; for eighth-grade students, 0-261 is below Basic, 262-298 is
Basic, 299-332 is Proficient, and 333-500 is Advanced; and for twelfth-grade students, 0-287 is below Basic, 288-335 is
Basic, 336-366 is Proficient and 367-500 is Advanced.

19 Tn designations of race/ethnicity, White is defined as White non-Hispanic, and Black is defined as Black non-Hispanic.
See Appendix A for more detail.
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General -Results. — Summaries of
Performance in Mathematics
Content Strands |

In this chapter, student performance is examined as it relates to proficiency in the five content
strands of the NAEP 1996 mathematics assessment. Summaries of overall performance, as well
as performance in the five mathematics content strands, are presented for 1996, 1992, and
1990. Results are presented by average scale score and are shown for demographic and
education groupings, such as gender, race/ethnicity, and, for grades 8 and 12, by the types of
mathematics courses taken. The five content strands are Number Sense, Properties, and
Operations; Measurement; Geometry and Spatial Sense; Data Analysis, Statistics, and
Probability; and Algebra and Functions. A brief description of each of the five strands is given
in Figure 2.1.
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. : THE NATION'S
‘Descriptions of the Five NAEP Mathematics REPOR T [rep

CARD
-Content Strands

Number Sense, Properties, and Operations

This content strand focuses on students’ understanding of numbers {whole
numbers, fractions, decimals, integers, real numbers, and complex numbers),
operations, and estimation, and their application to real-world situations.
At grade 4, this strand emphasizes the development of number sense
through connecting various models to their numerical representations and
an understanding of the meaning of addition, subtraction, multiplication,
and division. At grade 8, number sense is extended to include positive and
negative numbers, arid the strand addresses properties and operations
involving whole numbers, fractions, decimals, integers, and rational
numbers. At grade 12, this strand includes real and complex numbers.
and allows students to demonstrate competency up to the pre-calculus or
calculus level. -

Measurement

This content strand focuses on,an understanding of the process of
measurement and the use of numbers and measures to describe and’
compare mathematical and realworld objects. Students are asked to identify
attributes, select appropriate units and tools, apply measurement concepts,
and communicate measurement-related ideas. At grade 4, the strand focuses
on time, money, temperature, length, perimeter, area, capacity, weight/mass,
and angle measure. At grades 8 and 12, the strand incEJdes these
measurement concepts, Eut the focus shifts to more complex measurement
problems that involve volume or surface area or that require students fo
combine shapes and to translate and apply measures. Eighth- and twelfth- -
grade students also solve problems involving proportional thinking (such as -
scale drawing or map reading) and do applications that involve the use of
complex measurement formulas. :

Geometry and Spatial Sense

This content strand is designed to extend beyond low-level identification of
geometric shapes to incluge transformations and combinations of those
shapes. Informal constructions and demonsirations (including drawing
representations), along with their justifications, take precedence over more
traditional types of compass-and-straightedge constructions and proofs. At
grade 4, students are asked to mode?properties of shapes under simple
combinations and transformations, and they are asked fo use mathematical
communication skills to draw figures from verbal descriptions. At grade 8,
students are asked to expand their understanding to include properties of
angles and polygons. They are also asked to apply reasoning skills to make
and validate conjectures about transformations and combinations of shapes.
At grade 12, students are asked to demonstrate an understanding of
fransformational geometry and to apply concepts of proportional thinking to

various geometric situations. :
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. =" THE NATION'S
Descriptions of the Five NAEP Mathematics . REPORT [ngen

CARD
Content Strands : S ﬂ,

‘Data Analysis, Statistics, and Probability.

T

This content strand emphasizes the appropriate methods for.gathering data,
the visual exploration of data, various ways of representing Soto, and the
development and evaluation of arguments based on data analysis. At grade

"4 students are asked to apply their understanding of numbers and quantities

by solving problems that invoK/e data. Fourth rogers are asked to interact
with a variety of graphs, to make predictions from data and explain their
reasoning, to deal informally with measures of central tendency, and to use
the basic concepts of chance in meaningful contexts. At grade 8, students
are asked fo analyze statistical claims and to design experiments, and they
are asked to use simulations to model real-world situations. This strand
focuses on eighth graders’ basic understanding of sampling, their ability

. 16 make predictions based on experiments or goto, and their ability to use
some formal terminology related fo probability, data analysis, and statistics.

~ Atgrade 12, the strand focuses on the ability to apply the concepts of .
probability and to use formulas and more formal terminology to describe
a variety of situations. For twelfth graders, the strand also emphasizes a
basic understanding of how to use mathematical equations and graphs to

_interpret data. ' i :

s

‘Algebra and Functions -

o

This content strand extends from work with simple patterns at grade 4 fo
basic algebra concepts at grade 8 to sophisticated analysis at grade 12. It
involves not only algebra, but also pre-calculus and some topics from discrete
‘mathematics. Students are expected to use algebraic notation and thinking in
meaningful contexts to solve mathematical and real-world problems,
specifically addressing an increasing understanding of the use of functions
{including algebraic and geometric) as representational tools. The grade 4
assessment involves informal demonstration of students’ abilities to '
: generalize from patterns, including the justification of their generalizations.
A Students are expected to translate between mathematical representations, fo
use simple equations, and to do basic graphing. At grade 8, the assessment
" includes more algebraic notation, stressing the meaning of variables and an
informal understanding of the use of symbolic representations in problem-
solving contexts. Students are asked to use vorioﬁles to represent a rule
under?ying a pattern. Eighth graders are asked to demonstrate a beginning
understanding of equations and functions and the ability to solve simple
equations and inequalities. By grade 12, students are asked about basic
algebraic notation and terminology as they relate to representations of
mathematical and real-world situations. Twelfth graders are asked to use
functions as a way of representing and describing relafionships.

ZERSFOED . 505

SOURCE: NAEP 1996 Mathematics Report Card for the Nation and the States.
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Interpretation of the Data

In general, mathematics results for all content strands and all groups of students have been
improving since 1990. However, not all of these changes were statistically significant, where
“statistical significance” means that there is a high level of certainty that the results would not
have occurréd by chance. Factors that affect statistical significance include the magnitude of
the difference between the group averages (e.g., between average performance in 1992 and
average performance in 1996), the amount of variability of performance within each group, and
even the size of the groups surveyed. Thus, for example, improved performance by a specific
amount in one of the content strands might be found to be statistically significant for White
students, but i improvement by the same amount in that strand might not be statistically
s1gn1ﬁcant for students of other racial/ethnic backgrounds Statistically si gn1f1cant differences
are noted in the figures and text that follow. All comparisons discussed in this report are
statistically significant unless otherwise noted. It is important not to focus on apparent
differences that are not stat1st1cally significant because these differences might be a result of
sampling error. In some cases where differences among groups appear large, but, in fact, are not
significant, it is noted in the text that the group dlfferences are not “statistically s1gn1ﬁcant ” or
there were no “significant differences.”? :
Figure 2.2 presents information on the average proﬁc1ency in each content strand for all
. studénts in grades 4, 8, and 12 for 1996, 1992, and 1990. The average proﬁc1ency on the
NAEP composite mathematics scale also is shown. Table 2.1 disaggregates this information by
gender, and Figures 2.3-2.8 break it out by race/ethnicity. Average proficiencies for
eighth- -grade Asian/Pacific Islander students are not included in the figures, however, due to
concerns regarding the quality and credibility of the results obtained for this group. Data from
the NAEP state assessment prograni in mathematics also conducted in 1996 provided an
independent data source to aid in evaluating the accuracy of the national grade 8 NAEP results
for Asian/Pacific Islander students as well as for other subgroups. These results suggested
that the 1996 national results may substantially underestimate the actual achievement of the
Asian/Pacific Islander group. In view of the potential to misinform, it was decided to omit the
national grade 8 Asian/Pacific Islander results from the body of the report.? Appendix A
includes average scale scores on the national assessment for this group along with a description
of the findings that led to this decision.
' A brief discussion of observed trends and significant results follows The discussion
refers to Fi 1gures 2.2-2.8 and Table 2.1.

! See Appendix A Guidelines for Analysis and Reporting for further discussion of determining statistical significance.

? Asian/Pacific Islander students are included, however, in performance data for all students.
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Trends

Comparisons with 1990

In 1992, slgnlflcant gains over performance in 1990 were observed in mathematics performance
on the composite scale and in each content strand for the general population at all three grade
levels. Considerable gains also were evident in most cases for the female, male, and White
subgroups of students. The exceptions were 1) males in the Data Analysls Statistics, and
Probability strand at all three grades and in both the Geometry and Spatial Sense content strand
and the Measurement content strand at grade 8; and 2) White students in Data Analysis,
Statistics, and Probability at grade 12. '

Other improvements from 1990 to 1992 were observed for Black students in overall
mathematics performance at grade 12, as well as in Geometry and Spatlal Sense at grades 4 and
12. Hispanic students improved between 1990 and 1992 in Geometry and Spatial Sense at
grades 4 and 12.

' The same trends were noted when companng 1996 performance with 1990 performance.
Additionally, males and White students showed improvement in the areas noted as exceptions ’
for 1992. In 1996, Black students showed additional gains in performance relative to 1990 in
overall mathematics performance at grade 4, as well as in Number Sense, Properties, and
Operatlons at grade 4 and in Measurement and in Algebra and Functions at grade 12. Hispanic
students showed additional gains in Algebra and Functions at all grades, as well as in Geometry
and Spatial Sense at grade 4.

Comparisons with 1992
In 1996, improvemeit over 1992 performance was noted in overall mathematics performance
for the general population, males, females, and White students at all grades, with the exception
of eighth-grade White students and eighth-grade male students. Improvement also was noted for
the general population in Geometry and Spatial Sense and in Algebra and Functions at all
grades; and in Number Sense, Properties, and Operations and in Data Analysis, Statistics, and
Probability at fourth grade; as well as in Measurement and in Data Analysis, Statistics, and
Probability at twelfth grade. Thus, there appears to be continued improvement to 1996 in the
content strands of Geometry and Spatial Sense and Algebra and Functions. This is less true for
the other content strands, where improvement for at least some grades appears to have leveled out
after 1992. . : : ' '
Trends for male, female, and White students were similar to those observed for all
students, with the following exceptions: 1) males did not show significant improvement in
Geometry and-Spatial Sense at fourth grade or in Algebra and Functions at twelfth grade, and 2)
females did not show significant improvement in Data Analysis, Statistics, and Probability at
fourth grade but did show improvement in this content strand at eighth grade. Additionally,
Black and Hispanic students showed improvement in 1996 in Algebra and Functions relative to
their performance in 1992 in grades 4 and 8. The same was true for the performance of
American Indian students in grade 8.
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Subgroups

Gender

As can be seen in Table 2.1, in 1996 ‘gender differences in performance favoring males were
observed for grade 4 overall proficiency and for three content strands: Number Sense,
Properties, and Operations; Measurement; and Algebra and Functions. At grade 12, gender
differences, also favoring males, were observed for two content strands: Measurement, and
Geometry and Spatial Sense. There were no significant differences in performance between
males and females at grade 8. '

Race/ethnicity

Figures 2.3-2.8 show that in 1996, White and Asian/Pacific Islander students at grades 4 and
12 performed better than other ethnic groups overall and in each of the content strands of
mathematics. White students at grade 8 also outperformed Black, Hispanic, and American
Indian students in terms of overall proficiency and in each of the five content strands. At grade
4, Hispanic students performed better than Black students in Geometry and Spatial Sense, and
American Indian students performed better than Black and Hispanic students in all strands. At
grade 8, Hispanic students outperformed Black students in Measurement and in Geometry and
Spatial Sense. At grade 12, Asian/Pacific Islander students performed better than White -
students in Algebra and Functions, and Hispanic students outperformed Black students in
Measurement and in Data Analysis, Statistics, and Probability.
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Figure 2.2
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- Strands, Grades 4, 8, and 12 .
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Aruitoxt provided by Eic:

by Gender, Grades 4, 8, and 12

Average Proﬁc:ency in Mafhemaﬂcs Content Strands

REPORT
cARD [P

THE NATION'S

~ Overall Proﬁqency '

Number Sense, Properties, _
& Operations -

Measurement

Georﬁetry & Spatial Sense” -

Data Analysis, Statistics,:
: & Probability *

Algebra & Functions

Overall Proficiency

Number Sense, Properties, -
& Operations

Measurement
Geomeiry & Spatial Sense

Data Andlysis, Statistics,
& Probability

A

gebra & Functions

Overall Proficiency

Number Sense, Properties,
& Operations

Measurement
Geometry & Spatial Sense -

"Data Analysis, Statistics,
: & Probability

Algebrc & Functions

* Slgnlhccnt difference from 1990.

t Significant difference from 1992,

— 1990 data are not available.

221*1
226*
225*1

2251
227*%

2727t

274*
270*
269*1

272"
273*1

" 304*t

301
302"t
307"t

304*1

223*%
228"
225"

226t
230*t

272*

274*
271
269*1

271+
273*t

305*%

303*
306*t
309*t

304*t

222*%

220*t.
223* .
225%t

223
225*t
272*t

274~
268
270"t

2741
273*%

303*1

300*
299*t
305*t

304*¢1

217~
224~
222

220
219

268"

272"
267*
264~

269
268*

300"

299
298*
301+

298*

218*
226*
223*

221

218*

268*

272

269"

264

268
266*

301+

300*
302

- 304~

216
223*
221+

220

219"

269+

273"
264

264

269
270

298*

298*
295+

-299*

213 °

210

218

214
1.263

267 -

259
260

263

261 -

294

293

292

295

| 210
1 221
213 .

213

214

<263

266 -

263
261

264
261

297

296
298
298

210
216
213

214
262

267

255

259

263
262

1292

290

288
293

SOURCE: National Center for Education Statistics, Nchonc|Assessmentof Educchoncﬂ Progress (NAEP) 1990, 1992, and 1996

Mathematics Assessments

Student Work and Teacher Practices in Mathematics

17



Figure 2.3

Average Mathematics Proficiency, Composite Scale *

by Race/Ethnicity, Grades 4, 8, and 12
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by Race/Ethnicity, Grades 4, 8, and 12

i Average Mathematics Proficiehcy, Composite Scale
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| Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1990, 1992, and 1996
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| Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be occurotely
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A). _
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP} 1990, 1992, and 1996
Mathematics Assessments.
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‘Averag'e Proficiency in Measurement by
Race/Ethnicity, Grades 4, 8, and 12
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Figure 2.5 Average Proficiency in Measurement by REPORT [raep
(cont) - Race/Ethnicity, Grades 4,'8, and 12 .
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{ Average Proficiency in Data Analysis, Statistics, and g 1IoNs
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Average Proficiency in Algebra and Functions by REPORT[rqeg
Race/Ethnicity, Grades 4, 8, and 12 '
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Average Proficiency in Mathemamcs Content
Strands by Courses Taken

* Performance in the different content strands is affected-by_the number and type of mathematics
courses taken. For a discussion of the mathematics courses that eighth-grade students
were enrolled in at the time of the NAEP 1996 assessment and the mathematics course- takmg
history of twelfth-grade students participating in the assessment, see Chapter 8.
Figures 2.9-2.13 show the average 1996 performance on content strands for eighth- and
twelfth-grade students with different course-taking patterns. In general, taking more
mathematics courses and more advanced mathematics courses was associated with
improved mathematics performance in all content strands. Figure 2.9 shows average scale
scores in each content strand for eighth-grade students enrolled in algebra, pre-algebra, or _
eighth-grade mathematics. Eighth-grade students enrolled in algebra performed better in all
content strands than eighth-grade students enrolled in pre-algebra or eighth-grade mathematics.
Similarly, eighth-grade students erirolled in pre-algebra performed better than students enrolled
1n eighth-grade mathematics in all content strands except Geometry and Spatial Sense. In the
latter content strand, performance was not significantly different for the two groups.

Twelfth-grade results show a similar story. Figure 2.10 presents average scale scores for
each content strand for twelfth-grade students according to the highest course they had taken in .
the algebra-through-calculus sequence.’ The algebra-through-calculus sequence consists of
elementary and intermediate algebra, followed by pre-calculus and calculus. Students at any
given point in this sequence performed better than students whose mathematics exposure had
stopped at the next lowest course in the sequence. The only exception was that students whose
highest course had been pre-algebra did not score significantly higher than students who had
taken neither pre-algebra nor algebra. There was no significant dlfference in the performance of
these two groups of students. _ , :

Figures 2.11 and 2.12 report average scale scores for students who had taken at least
one course in geometry or in probability or statistics, as well as for students who had not taken
these courses. The results in Figure 2.11 show that students who had taken geometry performed
better in all content strands than those who had not taken geometry: This overall higher
performance might be explained by the fact that most of the students who took geometry also
took at least 2 years of algebra, whereas most of the students who did not take geometry took 1

- year or less of algebra. The performance results were different, however, when comparing
students who had taken a course in probability or statistics with those who had not (Figure -
2.12). Here, there were no significant differences between the two groups. It may be that
students who take probability or statistics are students who do not take more advanced courses, ’
or that the assessment questions did not provide sufficient breadth to allow students taking
statlstlcs courses to dlsplay their added knowledge.

% The twelfth-grade coursé sequence was defined as the algebra-through-calculus sequence, not including geometry,
because variability in mathematics course sequencing from school to school makes the position of geometry in the
- curriculum ambiguous.
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The final figure in this section (2.13) shows that taking more mathematics courses in
high school is related to higher mathematics performance. (The only exception was in the
Measurement content strand, where the apparent difference between students who took
3 to 4 semesters of mathematics and those who took only 1 to 2 semesters was not
statistically significant.)

THE NATION'S
Average Proflclency in Mathematics Contenf Areas REFORT |reep
by Course Taking, Grade 8 N gf
360
340
320
. oer . 298* 298
o meol o >
280 st | " =
. e 269¢ | '
3
260
240
220
> i
Number Sense, ' ' " Data Analysis,
. Properties, & - : " - . Geometry & _ Statistics, & Algebra &
Operations Measurement. Spatial Sense Probability ‘Functions
Eighth-Grade Mathematics [} Pre-Algebra - [L] Algebra

(43% of grade 8 students) {27% of grade 8 students) " (25% of grade 8 students)

* Indicates a signiFicorﬂ difference between algebra and pre-algebra group results and between algebra and ei.ghth-grode
mathematics group results. '

t Indicates a significant difference between pre-algebra and eighth-grade mathematics group results.

'SOURCE: National Center for Education Stohshcs, National Assessment of Educafional Progress [NAEP) 1996

_ Mathematics Assessment.
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= .y : ' : THE NATION'S
Average Proficiency in Mathematics Content Areas ggporr

Lo ‘ nae
Figure 2.10 by Algebra and Calculus Courses Taken, - CARDY_ =
PR Grade 12* ‘ " \
360
Ade
340 -
A3 o
. 327]
1320 o
. " a0R
300
288
]
Number Sense, : ’ ' Data Analysis,
Properties, & " Geometry & Statistics, & Algébrd &
Operations Measurement Spatial Sense Probability : Functions
,-.Hove Not Studied Algebra or Pre-Algebra Only Taken Pre-Algebra . D Only Taken Algebral|
(4% of grade 12 students) - (4% ofgrode 12 students) (23% of grade 12 students)
EToke'n Algebra ll, but not Beyond - Token Algebra lll or Pre-Calculus, not Calculus |:]'Co|cu|us _
(48% of grade 12 students)’ - {14% of grade 12 students) , (7% of grade 12 students)

_* Students at any given point in this sequence performed significantly better than students whose mathematics exposure had
stopped at the next lowest course in the sequence. The only exception was that students whose highest course had been
pre-algebra did not score significantly higher than students who had taken neither pre-algebra nor algebra.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. :
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THE NATION'S

Average Proficiency in Mathematics Content Areas REP0R! raep
' by Geometry Course Taken, Grade 12 - =
360
340
320 318*
. 32"
- 309
300
280 281
260
240
220
. I i _
Number Sense, - . . Data Analysis,
Properties, & _ Geometry & Statistics, & _Algebru‘ &
Operations Measurement Spatial Sense - Probability Functions

%% Have Not Taken Geometry [] Have Taken Geometry
(20% of grade 12 students) {80% of grade 12 students)

* Indicates a significant difference in results between those who had taken geometry and those who had not taken éeomefry.
SOURCE: National Cenfer for Education Staiistics, National Assessment of Educational Progress [NAEP) 1996
Mathematics Assessment.
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Average Proficiency in Mathematics Content Areas pepoRT sy

. oRe L . ““
by Probability or Statistics Course Taken, CARD [0
Grade 12 ' g\
360
340
320
308 ' '
305 : : 306 306
300 299 i 798 302
280
260
240
220
fad
Number Sense, _ Data Analysis,
Properties, & ' Geometry & Statistics, & Algebra & .
Operations " Measurement Spatial Sense Probability : Functions
- Have Not Taken Probability or Statistics D Have Taken Probability or Statistics
(79% of grade 12 students) : (21% of grade 12 students)

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP} 1996

Mathematics Assessment.
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by Number of Semesters of Mathematics Courses
Taken in Grades 9 through 12, Grade 12

THE NATION’S

| Average Proficiency in Mathematics Content Areas REpORT

CARD

naep

L

\‘

360
340
320
300
280
260

- 240

220

?

318

Number Sense,

Data Analysis,

_Properties, & ' Geometry & Statistics, & Algebra &
Operations - Measurement Spatial Sense Probability Functions
1-2 Semesters D 3-4 Semesters l DS—é Semesters %1 7 or More Semesters
(4% of grade 12 students) (26% of grade 12 students) (22% of grade 12 students) (48% of grade 12 students)

NOTE: Sample size for O semesters is insufficient to permit a reliable estimate.

* Indicates a significant difference between results for students with 7 or more semesters and students with 5-6 semesters

of mathematics.

1 Indicates a significant difference between results for students with 5-6 semesters and students with 3—-4 semesters of

mathematics.

1 Indicates a significant difference between results for students with 3—4 semesters and students with 1-2 semesters of

mathematics.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Introduction to Content Strand Chapters

So far, this report has provided an overall look at performance trends in the five mathematics
content strands. Chapters 3—7 provide a detailed look at student performance within each of the
five content strands and offer many examples of assessment questions and actual student work.
The goal of Chapters 37 is to provide the reader with a general understanding of a) the range of
skills assessed within each content strand, b) how 1996 performance varied within each content
strand by grade, and ¢) how performance varied across grades. When reading these chapters, it
is important to bear in mind the variety of factors that influence student performance and,
therefore, the relative dlfﬁculty of partrcular questions. One source of performance varratron 1§ -
content, represented in the NAEP 1996 mathematics assessment by the content strands.”
Students’ opportunities to learn content vary, as does their ability to retain what they have
learned and to apply their content knowledge to assessment questions. However, other sources
of performance variation are related to the questions themselves, irrespective of the content.
Some of these sources — the type of question (e.g., multiple-choice, constructed-response),

the extent to which the question draws upon the different mathematical abilities _
(e.g., conceptual understanding, procedural knowledge, problem solving) and mathematical
power (e.g., communication, reasoning), and the use of manipulatives — were described in
Chapter 1. Other characteristics of questions, such as how the question is presented (€.g., as a
real-life problem, as a numerical equation, with a pictorial or graphical representation) and the

number of steps required-to reach a solution, also influence performance. Thus, two questions

may be assessing the same content but may elicit different results by virtue of how the problem
was presented to the students, what students were asked to do with the content, and how
students were asked to respond. Understanding how and why student performance varies,
therefore, entails more than just knowing what content a question was measuring; it also entails
knowing how the question was measuring what it measured. _

In order to provide a better understanding of the multiple ways in which drfferent item
characteristics can be combined, Table 2.2 lists a-few questions that appear as examples in the
chapters that follow. The device of “map number,” used in the table, is described in more detail
below, but questions with higher map numbers are generally more drfﬁcult than questions with
lower numbers. )

In each of the chapters that follow, several questions have been selected from a set of
released questions to illustrate what is assessed in each content strand. To provide the reader
with a ready visual reference for the relative difficulty of the questions, they have been mapped
onto the NAEP cemposite mathematics scale, which is the measure of overall mathematics
achievement. For each question, the item map provides a marker of the performance level at
which students are relatively likely to answer the question correctly.* The questions for all three
grade levels map onto the composite scale, whose possible values range between 0 and 500.
Most fourth-grade questions map to the lower end, most eighth-grade questions map to the
middle, and most twelfth-grade questions map to the higher end of the scale. Some questions

* The procedures used to develop the item maps are detailed in Allen, N. L., Carlson, J. E., & Zelenak, C. A. (1999). The
NAEP 1996 technical report. Washington, DC: National Center for Education Statistics.
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were administered to students at more than one grade level and may map at slightly different.
values for each grade. That is, mathematics skills are generally cumulative in nature, justifying
the use of a single scale to portray the growth in mathematics achievement across years. The
relationship between performance on a specific question and overall mathematics performance,
however, may not be entirely consistent across grades.

. : _ THE NATION’'S
Characteristics of Sample Questions from the REPORT |raiep
NAEP 1996 Mathematics Assessment

Table 2.2

‘?

&

Relate a Fraction to 1 248 4 Num SCR a . .
" Describe Measurement Task 332 4 Meas. SCR PS RE/CM/CN réol-life problem
Compare Two Geometric Shapes |. - 324 4 Geo. ECR PS " question contains 6 picture
Translate Words to Symbols 281 8 Alg. MC eV} . reallife problem
Subtract Integers 335 8 Alg.. SCR PK .| RE/CN real-life problem, multistep
Compare Mean and Median 463 | 12 Data ECR PS RE/CM/CN' | question contains a table
Draw a Parallelogram with .
Perpendicular Diagonals 356 12 Geo. SCR . PS solution requires drawing

B
9 MC = Multiple-Choice, SCR = Short Constructed-Response, ECR = Extended Constructed-Response.

b CU = Conceptual Understanding, PK = Procedural Knowledge, PS = Problem Solving.

¢RE = Reasoning, CN = Connecting, CM = Communicating.

To see how to interpret the item map, consider the first question in the table above,
“Relate a Fraction to 1.” This is a short constructed-response question for fourth graders that is
scored right/wrong. It maps at a scale score of 248 (refer to item map, Figure 2.14). Mapping
the question at a score of 248 on the NAEP composite mathematics scale implies that students
whose overall mathematics proficiency scores are 248 or higher have at least a 65 percent
chance of correctly answering this question.® Students whose overall mathematics proficiency
scores are below 248 have less than a 65 percent chance of correctly answering the question.
This does not mean that students at or above the 248 level always answer this question
correctly, or that students below the 248 level always answer the question incorrectly. Rather,
students have a higher or lower probability of successfully answering the question depending on
their overall ability as measured on the NAEP mathematics scale.

5 For constructed-response questions, a criterion of 65 percent was used. For multiple-choice questions with four or five
alternatives, the criteria were 74 and 72 percent, respectively. The use of a higher criterion for multiple-choice questions
reflects students’ ability to guess the correct answer from among the alternatives.
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Note that the item mapping refers to student performance on the composite mathematics
scale (i.e., the scale for general mathematics performance) and not to performance on the: N
separate scales for each content strand. Thus, in the example above, the map number for the
question, ‘which is from the Number Sense, Properties, and Operations content strand, locates
the question in relation to the performance of fourth-grade students on the entire mathematics
‘assessment, as opposed to their performance on the Number Sense, Properties, and Operations’

" content strand alone. ‘

Chapters 3-7 discuss student performance within each of the five content strands in
more detail. Several assessment questions from the content strands of the NAEP 1996
assessment are shown in these chapters. The sample questions were selected from those
released at each of the three grade levels to illustrate varying difficulty levels, a variety of
question formats, and different mathematical abilities. Examples also were chosen to illustrate
how questions tested students’ conceptual understanding and procedural knowledge, as' well as
their abilities to reason, communicate, and make connections.

In each chapter, the content in a particular content strand is further organized into areas
for ease of presentation. The organizing areas are not mutually exclusive, and many questions
required students to use knowledge and skills from more than one area. At least one sample
question is presented for each area, and information about students’ performance on each

“sample question is given for all students, as well as for students classified by gender and
race/ethnicity. For questions on the eighth-grade assessment, student performance also is
examined with respect to the mathematics course students currently are taking. For questions
on the twelfth-grade assessment, performance is examined with respect to the highest
‘mathematics course students have taken in the algebra-through-calculus sequence.

The impact of taking geometry on student performance at the twelfth-grade level is
not discussed, although the data are presented in the tables. Because more able students are
likely to progress further in the mathematics course sequence, it is difficult to separate the
impact of a particular curriculum from the impact of the student’s overall strengths in

‘mathematics. In addition, the pool of students on which the specific influence of geometry
could be isolated is rather small: 90 percent of students report having 1 year or more of
first-year algebra, 80 percent report having 1 year or more of geometry, and 70 percent report
having 1 year or more of second-year algebra. Therefore, on the assumption that second-year
algebra typically follows geometry, only about 10 percent of students could be classified as
having had first-year algebra and geometry, but no further mathematics. For these reasons,
discussion of the impact of mathematics courses on student performance at twelfth grade is
limited to the algebra-through-calculus sequence.
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Figure 2.14

Map of Selected Questions on the NAEP
Composite Mathematics Scale (ltem Map)

THE NATION'S
REPORT [ngep

CARO
=

NAEP Scale

{8) Subiract Integers {335} »

(8) Translate Words to Symboks (281)> | Average:

NOTE: Position of questions is approximate. % 500 é

Grade 12

Average:
=(301):——|

Grade 8

{27 Ay

Gn:adc_e 4
Average:

{221

< o

« (463) Compare Mean and Median (12)

<« (356) Draw a Parallelogram with Perpendicular Diagonals (12.)

« {332) Describe Measurement Task (4)
« {324) Compare Two Geometric Shapes (4)

« {248} Relate a Fradtion to 1 {4)

- Student Work and Teacher Practices in Mathematics

04

NOTE: Each mathematics question was mapped onto the NAEP O to 500 mathematics scale. The position of the question on the
scale represents the scale score obtained by students who had a 65 percent probability of successfully answering the question.
(The probability was 74 percent for a 4-option multiple<hoice question and 72 percent for a 5-option multiple<hoice question.)
Only selected questions are presented. The number 4, 8, or 12 in parentheses is the grade level at which the question was asked.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Content Strand Descripiion

The questions included in the content strand of Number Sense, Properties, and Operations
primarily covered basic arithmetic skills and concepts. These skills and concepts represent a
significant part of the mathematics curriculum, particularly at the lower grade levels, at most
American schools. Reflecting this emphasis, a large portion of the questions on the NAEP 1996
mathematics assessment fell under this content strand, although the portion was smaller than in
1990 and 1992. As shown in Table 1.1 in Chapter 1, 40 percent of the mathematics questions
given to fourth-grade students, 25 percent of those given to eighth-grade students, and 20
percent of those given to twelfth-grade students fell into this content strand.

The Number Sense, Properties, and Operations content strand focused on students’
understanding of numbeis (whole numbers, fractions, decimals, integers, real numbers, and
complex numbers), operations, and estimation, and on application of their understanding to
real-world situations. Questions in this content strand required students to demonstrate an
understanding of number properties and operations, to generalize from numerical patterns, and
to verify results. The questions also assessed student understanding of numerical relationships
as expressed in ratios, proportions, and percents '

At all grade levels, students were assessed on their comprehensmn of number concepts
and properties as well as their skills in addition, subtraction, multiplication, and division of
whole numbers, simple.fractions, and decimals. This included their knowledge of correct
mathematical procedures and their ability to apply this knowledge to solve problems. At the
eighth-grade level, students were required to demonstrate skill with whole numbers, fractions,
decimals, integers, and rational numbers. Eighth-grade students also were assessed on their
ability to use ratios and proportions and on their ability to read, use, and apply scientific
notation to represent large and small numbers. At grade 12, questions within this content strand
covered real and complex numbers as well as operators such as powers and roots. Students at
all grades were assessed on their ability to reason mathematically and to communicate the
reasoning they used to solve problems involving number sense, properties, and operations.

Q
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Examples of Individual Questupns and
Student Performance

Some of the Number Sense, Properties, and Operations questions from the NAEP 1996
mathematics assessment follow. Presentation of the questions is organized around five areas of
emphasis within the content strand of Number Sense, Properties, and Operations. The first -
three areas of emphasis are directly related to the mathematical abilities from the NAEP
mathematics framework. Thus, the area of number meanings, properties, and other number
concepts includes questions that assessed a student’s conceptual understanding of numbers and
related number concepts; the area of computation includes questions that asséssed a student’s
procedural knowledge of number operations; and the area of application of computations
includes questions that assessed a student’s problem-solving abilities. Two additional areas,
rounding and estimation and fractions, ratios, and proportions, include questions that measured
students’ abilities to use skills specifically related to these two topics. Questions within all five
areas also required students to reason, communicate, and make connections.

All sample questions from this content strand are mapped onto the NAEP composite
mathematics scale as shown in Figure 3.1. Specific instructions on how to interpret this map are
given at the end of Chapter 2. The map is included to provide a visual summary of the relative
difficulty of each sample question and, thus, of the type of material mastered within this content
strand by students with varying degrees of mathematics proficiency. Keep in mind, however,
that the difficulty of a question is influenced by many factors, including characteristics specific
to the question (e.g., format, absence or presence of graphics, real-world application) as well as
the particular mathematics content associated with the question and student opportunities to
learn this content. Remember also that overall performance on the Number Sense, Properties,
and Operations content strand is not determined solely by performance on the examples
presented here. These examples 1llustrate only some of what students know and can do.

o6
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[NOTE: Position of questions is approximate. é 500 } :

Map of Selected Number Sense, Properties, and RE,I(','&TN"‘;‘L';S

s ﬁi‘g‘uré 3.1 Operations Questions on the NAEP Composite CARD
¢ Mathematics Scale (ltem Map) \

NAEP Scale

(12) Use Percent Increase (415) >

(8) Reason to Maximize Differencev(377) . .

(12) Solve a Rate Versus Time Problem (349) » < (346) Use Percent Increase (8)
< (344) Evaluate Expression for 0dd/Even (12)

< (328) Find Amount of Restaurant Tip (8)

- Grade 12
Average:

———aony==| < (302) Multiply Two Negative Integers (8)

* (4) Solve a Multistep Problem (287) » | Grade 8
: ‘Average:

{27 A)~

< {268) Choose a Number Sentence (4)

o < (248) Relate a Frpction to1(4)
Grade 4
(4) Use Subtraction in a Problem (231) » | Average:

lllll 3=

S .o

NOTE: Eoch mothematics question wos mopped-anta the NAEP O ta 500 mothematics scale. The pasition of the question on the
scale represents the scale scare obtained by students wha had o 65 percent prabability of successfully answering the question.
(The prabability was 74 percent for o 4-optian multiplechaice question and 72 percent for o Soption multiple-chaice questian.}
Only selected questions ore presented. The number 4, 8, or 12 in porentheses is the grade level ot which the questian was asked.
NOTE: The mop values for the questian “Use Percent Increase” are very different for grodes 8 and 12. This is because the-
questian was treated differently in the estimotion of achievement ot the two grades. See discussion in text.

SOURCE: National Center for Education Statistics, Notional Assessment of Educational Progress {NAEP) 1996

Mothemotics Assessment. '
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Number meanings, properties, and other number concepts
Questions in this area required students to demonstrate a conceptual understanding of
numbers. A relatively small proportion of the questions in the content strand fell into this area.
_ The questions for fourth-grade students that fell into this area tapped concepts related
to the relative size of numbers, place value of whole and decimal numbers, and basic multiples
(e.g., of 5 and 10). The questions for eighth-grade students measured their understanding of
odd and even numbers and the properties of these numbers. More difficult questions
included concepts of scientific notation and power. Twelfth-grade questions asked students to
perform manipulations of place value and to apply their understandmg of numbers to-
mathematical problems. .

~ The following example from the twelfth-grade assessment tested students’
understanding of the attributes of odd and even numbers and required a short
constructed response.

If x and y are integers, then the expression 4x + Sy has a value that is odd or even
depending on the values of x and y. For example, if x and y are each even, 4x is

even and Sy is even. Therefore, 4x + 5y is also even. Fill in each of the blank -
spaces in the following table with either "odd" or "even" for the value of 4x + 5y.

Value of Value of Value of
X y 4x + S5y
even even even
even - odd _
odd . evenv
odd odd

The correct answers in descending vertical order are “odd,” “even,” and “odd.”

This question assessed student understanding of what happens when odd and even
numbers are multiplied and when they are summed. Students could have answered the question
by trial and error (i.e., inserting various combinations of odd and even numbers into the
equation). However, students could have responded more quickly if they had realized that odd
numbers result only by multiplying two odd numbers.or adding an even and an odd number.
The question also incorporated symbolic (algebraic) notation and, thus, also evaluated a
student’s ability to make connections across content strands. If all three entries in the table
were correctly listed as “odd,” “even,” “odd,” the response was considered “correct.” All other
responses were considered “incorrect.” '

o8
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Student performance is.reported in Tables 3.1 and 3.2. The title of the question (in

- quotation marks) can be used to locate the question on the item map in Figure 3.1. Thirty-eight
percent of the students correctly responded to the question; that is, they had three correct entries
in their tables. Fifty-seven percent had “incorrect” responses to the question, with 54 percent
having one or two correct entries in their tables and 3 percent having no correct entries." Six
percent of students did not attempt the question. As might be expected, students who had taken
more advanced mathematics courses were more likely to respond correctly to the question-than

. students who had taken less advanced courses. For example, among twelfth-grade students who
had taken or were taking calculus, 68 percent responded correctly to this question as opposed to
.only 16 percent of the students who had taken no algebra courses beyond pre-algebra.

. THE NATION'S
Score Percentages for REPORT (raep
“Evaluate Expression for Odd/Even” {
‘ \
Correct Incorrect Omit
'3 Correct 1 or 2 Correct No Correct -
Entries Entries Entries
Overall .38 54 3 6
Males 36 54 4 7
Females 39 : 54 2 5
White 40 54 2 5
Black 36 51 6 7
Hispanic 22 63 5 10
Asian/Pacific Islander 57 35 2 6
American Indian *xx *h *xx * ko
Geometry Taken 41 51 2 5
Highest Algebra-Calculus
Course Taken: C .
Pre-Algebra 16 70 3 9
First-Year Algebra 26 62 5 6
Second-Year Algebra 41 53 2 4
Third-Year ‘ '
Algebra/Pre-Calculus 53 - 41 2 5
~ Calculus - 68 23 1 8

NOTE: Row percentages may not total 100 due to rounding. Responses that could not be rated were excluded.
*** Sample size is insufficient to permit a reliable estimate. '

SOURCE: National ‘Center for Education Statistics, National Assessment of Educational Progress (NAEP} 1996
Mathematics Assessment. : I

! Student responses for this and all other constructed-response questions also could have been scored as “off task,” which
means that the student provided a response, but it was deemed not related in content to the question asked. There are
many examples of these types of responses, but a simple one would be “I don’t like this test.” Responses of this sort
could not be rated. In contrast, responses scored as “incorrect” were valid attempts to answer the question that were
simply wrong. B
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When performance is disaggregated by achievement level, Table 3.2 shows that
17 percent of students below the Basic level, 40 percent of students at the Basic level, and
167 percent of those at the Proficient level filled in their tables correctly. The question mapped
at score 344 on the NAEP composite mathematics scale, meaning that students who scored 344
or above on the overall NAEP scale could likely fill in the table correctly.

Percentage Correct Within _ REJHST"‘:;Z';S
Table 3.2 Achievement-Level Intervals for _ CARD
“Evaluate Expression for Odd/Even” (

NAEP Grade 12 Composite Scale Range

Overall Below Basic Basic Proficient Advanced

38. 17 40 67

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educohonol Progress (NAEP) 1996
Mathematics Assessment.

Computational skills

Questions that fell within the area of computational skills assessed students’ procedural
knowledge of number operations. These questions ranged from those that presented students
with a number sentence (e.g., 2 + 5=_") and required them to solve for the missing number, to
more complex questions that might have required one, two, or multiple steps (i.e., operations).
In some cases, students might have needed to recognize the order in which the steps were

to be completed. However, in all cases, the operations to be performed were made explicit for
the student. Computation questions were inherently context free; that is, they were not

tied to any real-life situation or problem. They required the student to perform more or less
routine calculations. ' '

Computation questions at fourth grade primarily tended to be one or two steps and
required the student to add, subtract, multiply, or divide whole or, sometimes, decimal
numbers. At times, students were asked to perform two operations, but the order in which the
operations were performed typically did not matter. At eighth grade, the calculations began to
include negative numbers and the use of parentheses to designate the order in which
operations needed to be performed. Some twelfth-grade questions included the use of
exponents or algebraic notation and typically involved larger numbers than did questions at
lower grade levels.

The following example is an eighth-grade question. The question required the student to
multiply two negative numbers. It was a multiple-choice question and tested procedural
knowledge of multiplication. Additionally, in order to.respond correctly to the question,
students needed to understand that the use of parentheses in this question indicated
multiplication, to recognize that the computation involved negative numbers, and to know that-
the product of two negative numbers is a positive number The questlon mapped at a score of
302 on the NAEP composite mathematics scale.
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- 12
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@ 12
@ 35

The correct option is E.

Performance data for this question are presented in Tables 3.3 and 3.4. Fifty percent of
the studénts selected the correct option. Twenty percent of the students chose Option A,
suggesting correct multiplication of the absolute value of the riimbers but lack of knowledge of
how to multiply negative numbers. Another 14 percent chose Option B, suggesting a lack of
understanding of the arithmetic operation they were to perform.

Familiarity with negative numbers may depend on the student’s curriculum. When
student performance was examined by course enrollment, students in eighth-grade mathematics
had the most difficulty with the question. Students in pre-algebra performed better than
those in eighth-grade mathematics, and those in algebra performed better than students in both
eighth-grade mathematics and pre-algebra. ‘

THE NATION'S

Percentage Correct for “Multiply Two REFoRS |reep
Negative Integers” (
. N

Percentage Correct

Overdll 50
Males 47
Females ‘54
White 55
Black 41
Hispanic ' 34

Asian/Pacific Islander ——

American Indian *xE
Mathematics Course Taking:
Eighth-Grade Mathematics - 35
Pre-Algebra 51

Algebra ‘ ‘ 75

*** Sample size is insufficient to permit a reliable estimate.

— - Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the
national estimates. See Appendix A for further detail.

SOURCE: National Center for Education Statistics, National Assessment of Educchoncl Progress (NAEP) 1996
Mathematics Assessment.
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- As shown in Table 3.4, 56 percent of those at the Basic level, 79 percent of those at the
Proficient level, and 94 percent of those at the Advanced level selected the correct option.
Only 25 percent of the students functioning below the Basic level responded correctly to
this question. | '

: . THE NATION'S
Percentage Correct Within Achievement-Level REPORT [naep

Intervals for “Multiply Two Negative Integers” CARD

Table 3.4
1

NAEP Grade 8 Composite Scale Range

Overall - Below Basic Basic Proficient Advanced

50 25 - 56 79 94

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

Application of computational skills

Questions in this area assessed students’ abilities to apply their computatlonal skills to solve
real-life problems. These questions were of the type traditionally referred to as word or story
problems. What distinguished these questions from basic computation questions is that the
questions were placed in a real-life context, requiring students to determine what operations
they needed to perform and what numbers they needed to use in those operations. Sometimes
the questions also presented extraneous or irrelevant information. Most often, students needed
to identify and perform an arithmetic operation to arrive at an-answer to the problem presented;
however, at times they were simply asked to identify a number sentence that would lead toa -
correct solution. Again, arriving at a solution could entail one or several steps. Fourth-grade
questions could often be solved in one or two steps, required simple computations, and
presented little extraneous information. At grades 8 and 12, the questions involved more
complex computations, required several steps, and presented more'information for the student
to synthesize. A fairly large proportion of the questlons at all three grades fell into this area of
emphasis, although they may have required the student to use skills in other areas such as
rounding or proportional reasoning as well.

Three examples are presented for this area. The first two examples are fourth-grade
multiple-choice questions, and the third is an eighth-grade extended constructed-response
question. ' ‘

The first question provided students with information about a partially completed
driving trip and asked them to determine the remaining distance to be driven. In order to
compute the number of miles left, students had to identify which numbers were extraneous and
which were-essential to the calculation, recognize that they needed to subtract, and know
which number to subtract from the other; they then had to perform the subtraction correctly.
Thus, the question also assessed mathematical reasoning and procedural knowledge in addition
to problem-solving ability. It was a fairly easy question and mapped at a composite scale score

of 231.
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1. Kitty is taking a trip on which she plans to drive
300 miles each day. Her trip is 1,723 miles "
long. She has driven 849 miles. How much
. farther must she drive?

@ 574 miles
874 miles
(> 1,423 miles
@ 2,872 miles

Did you use the calculator on this qhestion?

O Yes O- No

The correct option 1s B.

Student performance data are presented in Table 3.5, and the percentage of students
within each achievement-level interval who successfully answered the question 1s presented in
Table 3.6. Sixty-four percent of the students answered the question correctly. Incorrect
responses were evenly distributed across the other options. Seventy-five percent of students at
the Basic level and more than 90 percent of students at the Proficient level selected the

correct response.

i |

J(I;E NATION'S
! REPORT N
Table 3.5 . Percenfaqe Cf:rrecf for B “aRD |FEP
: - Use Subtraction in a Problem” _ g\‘
Overall ' 64
Males 65
Females 63
White o 71
Black ' 43
Hispanic 53
Asian/Pacific Islander ok
American Indian ok

*** Sample size is insufficient fo permn a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of . Educohonol Progress (NAEP} 1996 -
Mathematics Assessment. :
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™ THE NATION'S
Percentage Correct Within Achievement-Level ~ RET0RInaep|

Intervals for “Use Subtraction in a Problem” AL

Table 3.6

r

NAEP Grade 4 Cdmposite Scale Range

Overall Below Basic Basic Proficent Advanced

64 34 75 | 94 -

*** Sample size is insufficient to permit a reliable estimate. _
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

The second question also is a multiple-choice question for fourth-grade students. It
presented the student with a graphic of flowerpots arranged in five rows and four columns. The
student needed to determine which of the four number sentences would enable “Kevin” to
calculate the number of seeds needed if three seeds were to be placed in each pot. The question
also assessed the student’s understanding of operations in that the student needed to know that
a correct answer required Kevin to multiply the number of seeds by the number of rows and
the number of pots per row. The question mapped at a score of 268 on the compdsite '
mathematics scale.

S. The picture shows the flowerpots in which Kevin will planf flower seeds.
He needs 3 seeds for each pot. Which of the following number sentences
shows how many seeds Kevin will need for all of the pots?

@ 5x4x3=[]
® Gxa+3=[]
® G+4)x3=]

®s+4+3=0]

The correct option is A.
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Student data for this question are presented in Tables 3.7 and 3.8. Fifty percent of the
students answered the question correctly; however, 25 percent of the students chose Option B
as the correct response. These students may have recognized that they needed to multiply the
number of rows by columns in order to determine the number of flowerpots, but failed to
recognize they also needed to multiply by the number of seeds.

THE NATION'S
Percentage Correct for REFORT [naep
“Choose a Number Sentence” g,
\
) ade- 4 Percentage Correct
Overall 50
Males 50
Females 50
White 53
Black 42
Hispanic 45
Asian/Pacific Islander 45
American Indian >k

*** Sample size is insufficient to permit a relioble estimate.
SOURCE: Natianal Center far Educatian Statistics, National Assessment of Educatianal Pragress (NAEP) 1996
Mathematics Assessment.

According to Table 3.8, a correct response to this question was provided by
approximately three-quarters of the fourth-grade students classified as Proficient, half of those
classified as Basic, and 30 percent of those classified as below Basic.

THE NATION'S
Percentage Correct Within Achievement-Level REF R [raep
Intervals for “Choose a Number Sentence”

\

NAEP Grade 4 Composite Scale Range

Overdll Below Basic Basic Proficient Advanced

50 30 53 . 74 e

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: Natianal Center for Education Statistics, Natianal Assessment af Educatianal Pragress (NAEP) 1996
Mathematics Assessment.
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The next example is a problem-solving question for eighth-grade students that was set
in the context of a mathematical game. Students in today’s classrooms often are presented with
such games, sometimes referred to as brain twisters, mind benders, or math challenges. This
question involved an extended constructed response, requiring the student not only to reason,
but also to communicate mathematically. '

The question first presented students with some general directions explaining that it
was important for them to show their work and explain their reasoning so that someone reading
their response could understand their thinking. Next, students were shown pictures
representing the ways two players had placed their numbered tiles for a subtraction problem
and were told that the player with the largest answer would win the game. Students then were
asked to state who would win the game and to explain how they knew that person would win.

This question requires you to show your work and explain your reasoning.
You may use drawings, words, and numbers in your explanation. Your answer
should be clear enough so that another person could read it and understand
your thinking. It is 1mportant that you show all your work.

13.In a game, Carla and Maria are making subtraction problems using tiles
numbered 1 to 5. The player whose subtraction problem gives the largest
answer wins the game.

Look at where each girl placed two of her tiles.

Carla - Maria

Who will win the game?

Explain how you know this person will win.

The correct answer 1s Maria.

52 o

Student Work and Teacher Practices in Mathematics

66



2”

In rating student responses, readers could rate a response as “extended,” “satisfactory,
“partial,” “minimal,” or “incorrect.” Students whose responses were considered to be
“extended” correctly identified Maria as the winner by describing the answersto the
subtraction problems. Examples of “extended”sexplanations included:

® The largest possible difference for Carla is less than 100, and the smallest p0551ble
difference for Maria is 194.

~ @ Carla will only get a difference of 91 or less, but Maria will get several larger

differences.

A sample “extended” response follows. This student displayed Carla’s best possible
hand and Maria’s worst possible hand, labeled each as such, and explained that if these hands
were played Maria would win. This student clearly demonstrated to a reader the reasoning

required to reach the correct conclusion.

Sample “extended® response

AN \
V(43 ‘!’

. _ -
Who will win the game? __tbn.a

Explain how you know this person will win.

Bemuse;\:% dD\OES‘H\Q her
3 1Y QES\"

Gords v He veost ooden ondh G P[uc:f iy
MC);LEROIQASWHQ [ﬁs{' ;Q

SH‘ Witvs,

\V nmﬁq

O
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A response was considered to be “satisfactory” if the student correctly identified Maria
as the winner and gave an explanation that indicated the rudimentary elements of a correct
generalization. Acceptable “satisfactory” explanations included:

® Carla can have only up to 143 as her top number, but Maria can have 435 as her
largest number.

® Carla has only one hundred, but Maria can have two, three, or four hundreds.

© Maria can never take away as much as Carla.

In the sample “satisfactory” response that follows, the student recognized and stated
that Maria would always win because her top number would always be higher than Carla’s and
her bottom number always lower.

Sample “satisfactory” response

Who will win the game? mo( \O,

Explain how you know this person will win.

Mara Wil Win Yeecavse no merker L b
Ove One p\a/s a5 her {uad dig o\ Yhe
Yop nomber W W\ e wmore "H‘ah | ond
on \\t bo'\'\om \'\' Wi\ e \CSS et\\r\oh 5 S0

Cosle hos no chonte of \,Smn'\v&
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A response was considered “partial” if the student correctly identified Maria as the
winner of the game but provided a partially correct or incomplete explanation. For example, in
the following sample response, the student explained that Carla “made a'mistake” by putting

the “1” in the hundreds place, but did not complete the explanation by telling why this was a
mistake and, thus, did not explain why Maria would always win. -

Sample “partial® response

Who will win the game? _Maria

Explain how you know this person will win. :
veconR. * YO o Marval'S
side Yz on Qan\Gs SwdL S

2\
X |
alreody mMaae o MistoFkL By Put o

e | o st ok W DR SO
‘e X Yoek W43 oa tenlas
53 |
SN
Side \ Milh \qaves Mocwa a3

Y. Winner
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A résponse was considered “minimal” if it correctly identified Maria as the winner of
the game but included no explanation, an incorrect explanation, or some response that did not
enable the reader to determine how the student reached the conclusion. The following
“minimal” response provides an example of a student who correctly identified the winner of the
game but failed to explain why Maria’s score could never be lower than Carla’s. Thus, a reader
would be unable to determine if the student arrived at the conclusion simply by randomly
placing numbers in the squares or whether the student truly understood why Maria had to win.

Sample “minimal® response

]
Who will win the game? ' ' Q f '\
N>

Explain how you know this person will win.

Gewus dp L\as fz v
- 2|

Y
‘m:ﬁ s e
‘e AR\
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To be evaluated as anything other than “incorrect,” students’ responses had to correctly
identify Maria as the winner of the game. That is, “incorrect” answers were answers that
indicated an outcome other than Maria winning the game. The following response is an example
of an “incorrect” response. '

Sample “incorrect> response

‘'Who will win the game? $ie

Explain how you know this person will win.
They  both  heve W
Sarme numbBecs

71
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Information on student performance in this question is presented in Tables 3.9 and
3.10. This question was quite difficult for students, and when the question was anchored to the
NAEP scale, the “extended” and “satisfactory” rating categories were collapsed. While most
eighth graders (95%) attempted to answer the question, only 15 percent provided a response”
that was rated at least “satisfactory.” Another 16 percent provided responses rated “partial,”
and more than 60 percent provided responses rated “minimal” or “incorrect.”

HEJ&ETNATION'S
Table 3.9 B Score Percentages for B tARD [N9EP
Reason to Maximize Difference gh
\
ade & Extended | Satisfactory |  Partial Minimal Incorrect Omit
Overall 1 14 16 32 31 5
Males 1 12 14 32 35 5
Females N 17 19 32 26 4
White 1 17 18 29 29 5
Black 0! 7 10 41 36 5
Hispanic 0! 4 17 35 .37 5
Asian/Pacific Islonder -- -— - - -- --
Americon Indion * ok ok * ok k * ok k * ok k * ok k * ok k
Mathematics Course Taking:
Eighth-Grade Mathematics 1 9 14 32 37 6
Pre-Algebra 0 12 19 31 32 5
Algebra| 2 24 19 32 20 3

NOTE: Row percentages may not total 100 due to rounding. Responses that could not be rated were excluded.

*** Sample size is insufficient to permit a reliable estimate.

— — Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the
national estimates. See Appendix A for further defail.

I Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A}.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

Only 13 percent of students at the Basic level, 29 percent of students at the Proficient
level, and 61 percent of students at the Advanced level submitted a response that was
considered at least “satisfactory.” The question mapped at 377 on the NAEP composite
mathematics scale.
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THE NATION'S

R R Percentage at Least Satisfactory Within REPORT Ineep
.Table 3.10 Achievement-Level Intervals for “Reason to ARD g\
Sl Maximize Difference” \

NAEP Grade 8 Composite Scale Range

Overall Below Basic Basic Proficient Advanced

15 4 13 29 61

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress {NAEP} 1996
Mathematics Assessment.

Rounding and estimation “
Some questions in the Number Sense, Properties, and Operations content strand assessed
students’ abilities to round numbers and to estimate. Questions of this nature were either
presented abstractly as a number or set of numbers for the student to round, or were presented
within the context of a real-life type of problem. Students ateach grade were asked to round
whole as well as decimal numbers. Questions asking students to apply their rounding and
estimation skills often involved money.

The example is a fourth-grade short constructed-response question presenting the
student with prices for lunch items and asking the student to indicate the minimum number of
one-dollar bills needed to pay for lunch for a week if the same items were purchased every day.

7. Sam can purchase his lunch at school. Each day he wants to have
juice that costs 50¢ a sandwich that costs 90¢ and fruit that costs
35¢. His mother has only $1.00 bills. What is the least number of
$1.00 bills that his mother should give him so he will have enough
money to buy lunch for 5 days?

Did you use the calculator on this question?

O Yes O No

The correct response is 9.

Responses were rated as “correct,” “partial,” or “incorrect.” In order for a response to
be rated as “correct,” a student needed to add the cost of the items for a single day ($1.75) and
then multiply this cost by 5 to determine the cost for 5 days ($8.75). Finally, the student needed
to round this number to $9.00 and recognize that 9 one-dollar bills would be needed to buy
lunch for a weék, as shown in the following sample “correct” response. Note that the students
were permitted to use calculators and were not required to show their work or provide an
explanation in order for a response to be considered “correct.” Simply writing down the number
“9” would have been considered “correct.”

Y
h
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Sample “correct® response

$a.00
o5 noHeC S\\Ou.\A Qe Sw\%q QO
becausa \§ yeu odd ‘30¢+ aa¢ +35¢
0& 6\5 75 YOU\ COLN ¥ 75
msf o 0O betovse Soms
o“\gy dO\a(‘ \bl\s. |

Did you use the calculator on this question?

® Yes < No

Rounding the weekly total down to $8.00 or estimating $2.00 each day for a total of
$10.00 resulted in a response rated as “partial,” as did small errors in computation. In the
following sample response, the student correctly calculated the cost of lunch per day, but

indicated rounding this number to $2.00. The student’s final answer of “10 bills” was
rated “partial.”

Sample “partial® response
p
x 'ﬁ}é
N
%(fp
\O 8l

Did you use the calculator on this question?

O Yes @® No
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All other answers were considered to be “incorrect.” In the next sample response, the
student presumably calculated the cost per day and for the week on the calculator. The student
reached the correct total of “875” but did not place the decimal correctly. '

Sample “incorrect® response

&8']3000

Did you use the calculator on this question? |

@ Yes O No

Student data are presented in Tables 3.11 and 3.12. This question was difficult for most
students. Ten percent of the students did not respond to the question, and half of the students
responded incorrectly. The remaining students’ responses split almost evenly between “correct”
and “partial.” Omitting the question was more common among Black students than among
students from other racial/ethnic groups.

RE TgETNATION’S
o Score Percentages for PORT Ingmp
D € CARD
,T"ble 3.1 ”’Solve a Multistep Problem” ﬂ,
: ) . \
Correct Partial Incorrect Omit
Overall 17 20 51 10
Males 19 22 45 11
Females 15 18 57 8
White 21 23 47 7
Black 6 : 9 63 20
Hispanic 6 15 63 : 11
Asian/Pacific Islander >k >k >k *okk
American Indian >k *okk * ok ok * ok

NOTE: Row percentages may not total 100 due to rounding. Responses that could not be rated were excluded.
*** Sample size is insufficient to permit o reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

BEST COPY AVAILABLE

Student Work and Teacher Practices in Mathematics -~ - 5 &1



Only 1 percent of grade 4 students classified as below Basic and 14 percent of those
classified as Basic responded correctly to the question. Forty-four percent of those classified as
Proficient responded correctly. The question mapped at 287.

THE NATION'S

Percentage Correct Within Achievement-Level  FFFO%T raep
Intervals for “Solve a Multistep Problem” E,

N

NAEP Grade 4 Composite Scale Range

Overall Below Basic Basic Proficient Advanced

.17 1 14 44 xRk

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. :

Fractions, ratios, and proportions
The largest proportion of the Number Sense, Properties, and Operations questions measured
student skills and knowledge in the areas of fractions, decimal fractions, percentages, ratios,
and proportions. Many of these questions were among the most difficult for students. They
included questions that required students to identify appropriate representations of common
and decimal fractions, to order or identify equivalent fractions, and to apply their skills to
computations involving fractions and percentages or problems involving proportional reasoning.
Fourth-grade questions covered representation, equivalence, and ordering of common
fractions such as !/, or /.. Some of the more difficult questions involved decimals. Eighth-grade
questions involved manipulation of more complex fractions, sometimes requiring the student to
identify a least common denominator or to simplify the representation (i.e., reduce the fraction).
Some questions required an understanding of the relationship between common and decimal
fractions or involved the use of percentages. The twelfth-grade questions required students to
exhibit such skills as explaining the relationship between common and decimal fractions and
percentages, calculating fractions of fractions or interest, and reasoning with proportions in
complex situations.

76

62 . : Student Work and Teacher Practices in Mathematics



Four sample questions are presented for this area: one fourth-grade question, one
eighth-grade question, one question that was presented at both eighth and twelfth grades, and
one twelfth-grade question. The fourth-grade question was a short-answer question involving
common fractions. The eighth-grade question involved calculation of a percentage. The
eighth- and twelfth-grade question assessed student understanding of and ability to calculate
percent increase. The twelfth-grade question was a rate versus time question. The example for
grade 4 students follows.

1. How many fourths make a whole?
Answer:

The correct answer is 4.

This question tested students’ understanding of how fractions relate to a whole and required -
them to write a short response. The responses were rated “correct” or “incorrect,” and a variety
of responses such as “4,” or “four fourths,” or “4 fourths,” etc., were accepted as “correct.”
Student performance data are presented in Table 3.13. Table 3.14 shows the percentage of
students within each grade 4 achievement-level interval on the NAEP composite scale who
successfully answered the question. |

THE NATION'S

Table 3.13 Percentage Correct for “Relate a Fraction to 1”7 caRD [MCF

-

3

\

Grade 4 : . Percentage Correct
Overdll 50
Males 50
Females 50
White 57
Black 29
Hispanic 33
Asian/Pacific Islander 53
American Indian *ok %

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress {NAEP} 1996
Mathematics Assessment.
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THE NATION'S
Percentage Correct Within Achievement-Level RESRSJ naep
Intervals for “Relate a Fraction to 1” gx‘,

LTIt

NAEP Grade 4 Composite Scale Range

Overall Below Basic Basic Proficient Advanced

50 22 56 81 e

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress [NAEP) 1996
Mathematics Assessment.

Overall, 50 percent of fourth-grade students answered this question correctly. Sixteen
percent of the students omitted the question. When results are presented by achievement level,
56 percent of students at the Basic level on the NAEP composite mathematics scale provided a
correct response, whereas 81 percent at the Proficient level answered the question correctly.
The question mapped at a scale score of 248 on the NAEP composite mathematics scale.

The second example is an eighth-gradé question that asked students for the closest
approximation of a 15 percent tip on a given restaurant bill. It required an understanding of
both percent and estimation.

5. Of the following, which is the closest approximation
of a 15 percent tip on a restaurant check of $24.99?
@ $2.50
$3.00
© $3.75
@ $4.50
& $5.00

The correct option is C.

Student performance data for this question are presented in Table 3.15. This question
was fairly difficult for eighth-grade students and mapped at a scale score of 328 on the NAEP
composite mathematics scale. Only 38 percent of students chose the correct option, while
approximately 20 percent of students chose Option A, and another 20 percent chose Option B.
The performance suggests that students had difficulty calculating the requested percent, that’
they did not appreciate the level of precision required for a successful estimation, or that they
simply responded with what they considered to be an appropriate tip without attending to the
direction that the tip be 15 percent. Students currently taking pre-algebra or eighth-grade
mathematics performed similarly, whereas those currently taking algebra performed better than
students in the other two groups.
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THE NATION'S

Percentage Correct for R T
v “Find Amount of Restaurant Tip” g\(
\
Overall 38
Males 37
Females -39
- White - 38
Black 40
Hispanic 28
Asian/Pacific Islander --
American Indian *xx
Mathematics Course Taking:
Eighth-Grade Mathematics 34
Pre-Algebra 33
Algebra 48

s
*** Sample size is insufficient to permit a reliable estimate. '

— — Data for grade 8 Asian/Pacific Islanders are nct reported due to concerns about the accuracy and precision of the
national estimates. See Appendix A for further detail.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment. . ' .

The percentage of students within each achievement-level interval who successfully
answered the question is presented in Table 3.16. That the question was challenging for
students can be seen by the fact that only 37 percent of eighth-grade students at the Basic level,
54 percent at the Proficient level, and 68 percent at the Advanced level on the NAEP composite
mathematics scale answered the question correctly.

oo THE NATION'S
. Table 3.16 Percentage Correct Within Achievement-Level  REON! [raep

I Intervals for “Find Amounf of Restaurant Tip” %»

\

NAEP Grade 8 Composite Scale Range

Overall Below Basic Basic Proficient Advanced

38 26 37 54 68

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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The third example in this area is a problem-solving question that was administered to
students in grades 8 and 12. It described the population growth of two towns, both textually
and graphically, and gave two opinions (Brian’s and Darlene’s) regarding the relative growth of

the two towns. Students were asked to use mathematics to explain how either opinion might

be Justlﬁed
1980 Population - 1990 Population
ona | RARSRALSR o RRSUSLRARR
s | GUVSISRALE  [rowns | GRARSRERGRADSRGRIE
5\% = 1,000 people ’ 5\% = 1,000 people
S. In 1980, the populations of Town A and Town B were 5,000 and 6,000,
respectively. The 1990 populations of Town A and Town B were 8,000
and 9,000, respectively.
Brian claims that from 1980 to 1990 the populations of the two towns
grew by the same amount. Use mathematics to explain how Brian might
have justified his claim.
Darlene claims that from 1980 to 1990 the population of Town A had
grown more. Use mathematics to explain how Darlene might have
justified her claim.
Did you use the calculator on this question?
O Yes O No
80
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In the question, Brian offered a conclusion based on the fact that the absolute size of the
population growth was the same for both towns. Acceptable mathematics for demonstrating
Brian’s conclusion included:

Town A 8,000 — 5,000 = 3,000 6,000 — 5,000 = 1,000
or

Town B 9,000 — 6,000 = 3,000 9,OOOA— 8,000 = 1,000

Darlene’s conclusion was based on the proportional growth of the two towns, which was
greater for Town A than Town B. Acceptable mathematics for demonstrating Darlene’s
conclusion included:

Town A 8.000 — 5.000 X 100% =60%  or 8§ +5=16
5,000

Town B 9.000 — 6.000 X 100% =50%  or 9+6=1.5
6,000

A response was rated as “correct” if the student provided a correct mathematical
calculation (as illustrated above) for both Brian and Darlene. In the following “correct”
example, the student provided correct mathematical explanations for both Brian’s and
Darlene’s conclusions.

Sample “‘correct® response

wn 1980 NNy 'pa-pu\ccﬁonso-ﬁ- ‘

ere 5000 ¥@00 \'esgfh\ek(
F\A. \n \aad +\~9.'Po?u\c:\'\0t‘$ el
o p  weré [oo * 9000 éesgmo pea;:le
g *%L\\ bo\\;\'\- [Ta QFQ.O-@ ‘

£ ccbo0 - S000=BO00 < Q 000 ~(2000 =300

TE\\)I‘\ A ‘\nt‘/&lwﬂd %loomw a%
fhan Jon® 300700 L oo e

3000 =Sl ©

Did you use the calculator on this question?

@® Yes O N’o

Q
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Student responses were rated as “partial” if they did one of the following:

® indicated Brian’s solution (either 1,000 or 3,000) and Darlene’s solution (60% and
50%) but did not show the mathematical explanation (calculation) that they used to
arrive at these solutions; or

® indicated either Brian’s solution or Darlene’s solution with the correct mathematical
explanation (calculation).

This next sample response was rated as a “partial” response. The student gave a
variation of the 8,000 — 5,000 and 9,000 — 6,000 mathematical explanation presented above for
Brian’s conclusion. However, the student did not provide a correct mathematical explanation for
Darlene’s conclusion. -

Sample “partial® response

B{‘q}n ‘“‘063“‘: Darlenc ‘Ha}‘t":

A 5,000 B’ ¢,0v0 AR, 000 B 9000
+ 3,000 30 oo
®,000 9,000 N0t Ha seme

aii *2 7%
§ﬁ‘m_ °r Jrow the.

Same

Did you use the calculator on this question?

O Yes ® No
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“Incorrect” responses were those that were not considered to be at least partially
correct. In the following sample “incorrect” response, the student provided no mathematical
explanation for either Brian’s or Darlene’s conclusion.

Sample ““incorrect® response

Br»i&“ ._._.l \/JO‘HA L\KA

More m 1990 .

Did you use the calculator on this question?
O Yes < No

‘Dar\em,— I do;n" \LVK?V‘/

Student performance data for both grades 8 and 12 are presented in Tables 3.17 and
3.18. Student performance on the question was similar across the two grades. One percent of
eighth-grade students and 3 percent of twelfth-grade students provided responses that were
rated “correct,” and 21 percent of eighth-grade students and 24 percent of twelfth-grade
students provided responses that were rated as “partial.” Sixty percent of the responses at
grade 8 and 56 percent of the responses at grade 12 were rated “Incorrect.”
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THE NATION'S

i REPORT
Table 3.17 Score Percentages for “Use Percent Increase” carD |"ER
: v
A
Correct Partial Incorrect Omit
. Grade 8

Overall 1 21 . 60 16

Males 0 17 62 19

Females 1 26 58 13

White ] 24 62 11

Black 0l 14 . 57 . 28.

Hispanic o] 17 52 31

Asian/Pacific Islander —— -— -— -—
American Indian >k *HEx * ok *Ex

Mathematics Course Taking: .

Eighth-Grade Mathematics o] 15 66 16
Pre-Algebra o] 21 ; 58 18

Algebra 2 33 53 11

Grade_ 1 2 )

Overall 3 24 56 16

Males 4 22 56 18

Females 2 27 56 14

White 4 25 60 11

Black 0] 21 50 26

Hispanic 2 18 46 34

Asian/Pacific Islander 5 45 31 17
American Indian * ok ok * ok ok *kx *okx
Geometry Taken 3 27 56 14

Highest Algebra-Calculus
Course Taken: .

Pre-Algebro * %k Kk * %k Kk * %k Kk * % Kk

First-Year Algebra 1 15 61 22
Second-Year Algebra 3 24 57 14
Third-Year Algebra/Pre-Calculus .4 39 53 4
Calculus 12 47 33 8

NOTE: Row percentages may not total 100 due to rounding. Responses that could not be rated were excluded.
*** Sample size is insufficient to permit a reliable estimate.
-~ Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the
national estimates. See Appendix A for further detail.
! Statistical tests involving this valué should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A}.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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1 Few students at any of the achievement levels for either grade provided “correct”
responses to the question. The best performance was by twelfth-grade students at the
Proficient level. Eleven percent of twelfth-grade students classified as Proficient provided
“correct” responses. o

For grade 12, the question mapped at 415. However, at grade 8, when the question was
anchored to the NAEP scale, the “correct” and “partial” rating categories were collapsed. The
collapsed response category mapped at 346 for grade 8 on the NAEP composite mathematics
scale. In other words, whereas the highest response category (“correct”) was mapped for grade
12, the lower collapsed category (“correct” plus “partial”) was mapped for grade 8.

4 THE NATION'S
Table 3.18 Percentage Correct Within Achievement-Level REPORY |naep

Intervals for “Use Percent Increase” -

NAEP Grades 8 and 12 Composite Scale Ranges

Overall Below Basic Basic Proficient Advanced
Grade 8 ] 0! 0! 21 4
Grade 12 3 O! ) 1 1 1 * %k K

*** Sample size is insufficient to permit a reliable estimate.

I Statistical fests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the stafistics does not match statistical test assumptions {see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

The final example is a twelfth-grade multiple-choice question. The question involved
rate and time and tested students’ knowledge of procedures used to solve for rate per unit

of time.

3. A certain machine produces 300 nails per
minute. At this rate, how long will it take the
machine to produce enought nails to fill 5 boxes
of nails if each box will contain 250 nails?

@ 4 min

4 min 6 sec

4 min 10 sec
(@ 4 min 50 sec
G 5 min

The correct option is C.
W
o | 85
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This question was a multistep problem that a student could have solved in a number
of ways. One possible approach was to determine how many nails were desired
(5 boxes X 250 nails/box = 1,250 nails), then to solve for time required to produce 1,250 nalls
(1,250 nails/300 nails per minute). The solution is 4.16 minutes, which equals 4 minutes and |
10 seconds. A proportional approach also could have been used. After determining the numbers
of nails desired, a student could have solved the proportionality equation 300/60 = 1,250/x to
get the time required. -
Student performance data are presented in Tables 3.19 and 3.20. Almost half of the
students answered the question correctly. Nineteen percent chose Option B, and 12 percent
chose Option D. Male students performed better than females. This question mapped at 349 on
the NAEP composite mathematics scale.

THE NATION'S
Table 3.19 Percentage Correct for REPORY [iep

“Solve a Rate Versus Time Problem” -
: \

Percentage Correct

Overall . 49

Males 56

Females 43

White 53

Black 36

‘ Hispanic 41
Asian/Pacific Islander 63

' American Indian *oak

Geometry Taken 52

Highest Algebra-Calculus
Course Taken:

Pre-Algebra : 37

First-Year Algebra 49

Second-Year Algebra 48

Third-Year Algebra/Pre-Calculus - 57
Caleulus , 65

*** Sample size is insufficient to permit a reliable estimate. )

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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The question was answered correctly by 73 percent of the students classified as
Proficient, 51 percent of the students classified as Basic, and 34 percent of the students
classified as below Basic.

THE NATION'S
Percentage Correct Within Achievement-Level REPORT Inaep
Intervals for “Solve a Rate Versus Time Problem” E"

NAEP Grade 12 Composite Scale Range

Overall Below Basic Basic Proficient Advanced

34 73

51

S e L L R BT e L

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

Summary

Questions in this content strand assessed students’ conceptual understanding of number
meanings, properties, and other number concepts; procedural knowledge of number operations;
and application of this understanding and knowledge to real-life problems. The understanding,
knowledge, and application sometimes involved rounding, estimation, or proportional thinking.
Questions assessing ratios and proportional thinking tended to be among the most difficult, and
the computation questions tended to be among the easiest. Few questions required
decontextualized computations. Rather, the questions often involved real-life situations
presented either as a “story” or in graphics. Some questions asked students to round or estimate
as one step in arriving at the solution.

The majority of students appeared to grasp many of the fundamental concepts of
numbers, relationships between numbers, and properties of numbers, as well as to display the
skills required for manipulating numbers and completing computations. Questions requiring
multistep solutions or involving new concepts tended to be more difficult. Additionally,
questions requiring students to solve problems and communicate their reasoning proved
challenging, and often it was the communication aspect that provided the most challenge.
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Chapter 4

Measurement

Content Strand Description

The Measurement content strand focuses on an understanding of the process of measurement
and on the use of measurement to deséribe and compare mathematical and real-world objects.
Students were asked to identify attributes of measurement, select appropriate units and tools,
apply measurement concepts, and communicate measurement-related ideas.

At the fourth-grade level, the focus was on measurement of time, money, temperature,
length, perimeter, area, weight/mass, and angles. At the eighth- and twelfth-grade levels, the
measurement problems were more complex and involved volume and surface areas in addition
to the aforementioned topics. Questions also involved reasoning with proportions, such as 18
required in scale drawing and map reading.

Examples of Individual Questions and
Student Performance

Several assessment questions from the Measurement content strand of the NAEP 1996
assessment follow. For ease of discussion, presentation of the questions is organized around four
areas of emphasis within the Measurement content strand: 1) units of measurement;

2) measurement instruments; 3) perimeter, area, and volume; and 4) estimation of measurements.
Questions within all four areas tested students’ conceptual understanding and procedural
knowledge, as well as their abilities to reason, communicate, and make connections.

The sample questions from this content strand are mapped onto the NAEP composite
mathematics scale as shown in Figure 4.1. Specific instructions on how to interpret this map are
detailed at the end of Chapter 2. The map is included to provide an indication of the relative
difficulty of each sample question and, thus, to suggest the type of material mastered within this
content strand by students with varying degrees of mathematics proficiency. It should be
remembered, however, that the difficulty of a question is influenced by many factors, including
characteristics specific to the question (e.g., format, absence or presence of graphics, real-world
application) as well as the particular mathematics content associated with the question and
student opportunities to learn this content. It also must be remembered that overall performance
on the Measurement content strand is not determined solely by performance on the few
examples presented here. These examples illustrate only some of what students know and
can do.

Student Work and Teacher Practices in Mathematics 8 8 75



THE NATION'S
Map of Selected Measurement Questions on the REPORT [rvaep

NAEP Composite Mathematics Scale (Item Map) +
h

NAEP Scale

NOTE: Position of questions is approximate. } 500 }

< {401) Use Conversion Units of Length (8)
< (388) Find Volume of a Cylinder (8)
{8) Find Perimeter (Quadrilateral) (380) >
(12) Use a Ruler to Find the Circumference of a Circle (370) » < (368) Find Volume of a Cylinder (12)
{12) Use Protractor to Draw a 235° Arc on a Gircle (360) = < (362) Compare Areas of Two Shapes (8)
~ (12) Compare Areas of Two Shapes (350) =

< (332) Describe Measurement Task (4)

{4) Compare Areas of Two Shapes (321) » Grade 12

Average:

———*—-;!Qh‘ )—"M

Grade 8

(4) Relate Perimeter to Side Length (279) » | Averege:
e gay——]

< (259) Recognize Best Unit of Measurement {12)

{8) Recognize Best Unit of Measurement (245) > .
Grade 4
Average:

NOTE: Each mathematics question was mapped onto the NAEP O to 500 mathematics scale. The position of the question on the
scale represents the scale score obtained by students who had a 65 percent probability of successfully answering the question.

(The probability was 74 percent for a 4-option multiple~choice question and 72 percent for a 5-option multiplechoice question.)
Only selected questions are presented. The number 4, 8, or 12 in parentheses is the grade level at which the question was asked.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress [NAEP) 1996

Mathematics Assessment.
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The performance of students on the questions in the Measurement content strand is
examined with respect to gender, race/ethnicity, and, for grades 8 and 12, the types of
mathematics courses taken. However, as described in Chapter 2, the impact of taking geometry
on student performance is not discussed for several reasons. First, there is only a small pool of
students on which the specific influence of geometry could be isolated, given that most students
who have taken geometry also have taken at least two years of algebra. Moreover, bécause more
able students are likely to progress further in the mathematics course sequence, it is difficult to
separate the impact of a particular curriculum from the impact of a student’s overall strength in
mathematics. Although comments on the impact of geometry course taking on performance on
the questions in this content strand might be expected, these confounding effects make it

difficult to isolate the specific impact of geometry. The data, however, are presented in

the tables.

Units of measurement

These questions primarily assessed students’ conceptual understanding and procedural
knowledge of measurement units. Students had to understand what various units of
measurement represent and the relationships between units. Questions typically required
students to choose the best unit for a particular problem, and questions for older students,
required finer distinctions. Units that were assessed included standard and metric units of
length, distance, volume, speed, and temperature, as well as units of time. Some questions
required students to convert from one unit of measurement to another within the same system of
measurement (e.g., feet to yards, quarts to pints) or to make and read scale drawings.

The following sample question was administered to both eighth- and twelfth-grade
students. It is a multiple-choice question that tested students’ conceptual understanding of
appropriate measurement units. The question asked for the best unit for measuring plant growth
during a 2-week period. To answer the question correctly, students had to realize that the daily
growth of a plant would be small, and they needed to be familiar with different units of length in
order to recognize which of those listed was small enough to make such a measurement. The
question was not difficult for students and mapped at 245 for grade 8 and at 259 for grade 12 on
the NAEP composite mathematics scale.
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3. Of the following, which is the best unit to use when measuring
the growth of a plant every other day during a 2-week period?

Centimeter
Meter
Kilometer

Foot

000066

Yard

Did you use the calculator on this question?

O Yes O No

The correct option is A.

Student performance is reported in Tables 4.1 and 4.2. That the question was fairly easy
can be seen by the fact that almost 80 percent of eighth-grade students and almost 90 percent
of twelfth-grade students who answered the question selected the correct option. At the
eighth-grade level, 54 percent of students classified as below the Basic level, 90 percent of
students classified as Basic, and 97 percent of those classified as Proficient answered correctly.
As might be expected, the percentage of twelfth-grade students at each achievement level who
answered correctly was even higher: 72 percent of those classified as below Basic, 93 percent of
those classified as Basic, and 98 percent of those classified as Proficient.

Eighth-grade students taking algebra were more likely to select the correct answer than
those taking eighth-grade mathematics. The performance of students who were in pre-algebra,
however, was not significantly different from the performance of students in either eighth-grade
mathematics or algebra.

At the twelfth-grade level, students whose highest course was calculus in the
algebra-through-calculus sequence performed better than those whose highest course was
first- or second-year algebra.
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3 : THE NATION'S
Percentage Correct for “Recognize Best Unit REPORT [napp

of Measurement” CARD

Table 4.1

\

Percentage Correct
Overall 78
Males 78
Females 78
White 84
Black , 63
Hispanic 66
Asian/Pacific Islander -
American Indian * ok
Mathematics Course Taking: :
Eighth-Grade Mathematics 74
Pre-Algebra 80
Algebra 87
' Overall 87
Males ' 87
Females 87
White 90
Black 77
Hispanic - 83
Asian/Pacific Islander 92
American Indian *xx
Geometry Taken 90
Highest Algebra-Calculus
Course Taken:
Pre-Algebra *kx
First-Year Algebra 85
Second-Year Algebra 89
Third-Year Algebra/Pre-Calculus 93
Calculus 96

*** Sample size is insuu..icient to permit a re.io..,E.e estimate.

- — Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the
national estimates. See Appendix A for further detail.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP} 1996
Mathematics Assessment.
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THE NATION'S

Percentage Correct Within Achievement-Level REFORT naep
Intervals for “Recognize Best Unit of Measurement” %

I~ Table 4.2

'R
[

NAEP Grades 8 and 12 Composite Scale Ranges

Overall Below Basic Basic Proficient Advanced
Grade 8 | 78 54 90 97 100!
Grade 12 87 72 93 98! *xx

T L

*** Sample size is insufficient to permit a reliable estimate.
| Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. .

The next example in the units of measurement area also is a multiple-choice question for
eighth-grade students that presented a real-world situation to assess students’ problem-solving
skills. The question gave a car odometer reading in miles, told the student there would be a
detour some number of feet ahead, and then asked what the odometer would read when the car
reached the detour. The conversion factor between feet and miles was given. To calculate the
answer, students had to correctly convert the distance to the detour, given in feet, to a decimal
fraction of a mile and then add that decimal fraction to the original odometer reading.
Alternatively, students could have scanned the response options and selected the one response
that corresponds to an increase of less than one mile.

7. A car odometer registered 41,256.9 miles when a highway sign warned
of a detour 1,200 feet ahead. What will the odometer read when the car
reaches the detour? (5,280 feet = 1 mile)

@& 42,456.9
41,279.9
@ 41,2613
@ 41,259.2
® 41,257.1

Did you use the calculator on this question?

O Yes O No

The correct option is E.
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Performance data are shown in Tables 4.3 and 4.4. Twenty-six percent of the students
selected the correct option. Another 37 percent selected Option A, the option corresponding to
simply adding the number of feet'to the odometer reading without first converting the distance
to miles. Students taking pre-algebra or eighth-grade mathematics performed similarly, whereas
students currently taking algebra performed better than the other two groups. Males performed
better than females. Twenty-five percent of students at the Basic level, 50 percent at the Proficient
level, and 70 percent of students at the Advanced level answered correctly. Only 11 percent of
students classified as below the Basic level answered the question correctly. The question
mapped at 401 on the NAEP mathematics composite scale.

THE NATION'S
Percentage Correct for RE R [raep
- “Use Conversion Units of Length” ‘
Percentage Correct
Overall 26
Males 30
Females 21
White : 30
Black 16
Hispanic 15
Asian/Pacific Islander -—
American Indian e
Mathematics Course Taking:
Eighth-Grade Mathematics 22
Pre-Algebra 21
Algebra 39

*** Sample size is insufficient to permit a reliable estimate.
-~ Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the
national estimates. See Appendix A for further detail.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

THE NATION'S

Percentage Correct Within Achievement-Level  REF0RT(rnaep
Intervals for “Use Conversion Units of Length” g\'
: N

MNAEP Grade 8 Composite Scale Range

Overall Below Basic Basic Proficient Advanced

26 11 25 50 70

S B TS TN D wee Sk L ;
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. :
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Measurement instruments

Questions in this area assessed students’ understanding of and ability to use measurement tools
and instruments. Students had to identify appropriate instruments for certain situations. They
also had to read representations of measurement instruments such as rulers, thermometers,
gauges, and dials. Some questions in this area required students actually to use tools such as
rulers, protractors, or compasses to measure and construct shapes. Questions for younger
students involved more common instruments and required less accurate measurements than did
questions for older students. '

The following example is a short constructed-response question for grade 12 that
required students to use a measurement instrument, provided with the assessment, to solve a
problem. The question presented a dashed circle with center, C, and a point, A, marked on the
circumference and asked students to use a protractor to draw and label an arc, AB, with a 235°
angle. Because protractors only provide measurements up to 180 degrees, students needed to
understand how to work with the difference between 235° and 180° to draw the obtuse angle

required for the solution.

7. On the circle with center C shown below, use the protractor to locate and
label a point B that creates an arc 4B with measure 235°. Darken this arc.

149
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Responses were rated “correct” if they portrayed an obtuse angle ACB measuring within
+5° of 235°. More accurate responses, which were accurate within +2°, were tabulated
separately, as shown in Table 4.5. :

Responses were rated “incorrect” if point B was placed correctly on the circle
(i.e., within £5° of the correct location) but the arc was not clearly indicated, or if a sector or arc of
235° (+5°) was shown that did not have an endpoint at point A. Responses also were rated
“incorrect” if they were incorrect for any other reason (e.g., the angle was incorrect). Three
sample responses follow: one rated “correct” and two rated “incorrect.” The “correct” response
shows an angle ACB of 235° with a shaded area of the circle corresponding to the arc AB.

Sample “correct” response

96

KC Student Work and Teacher Practices in Mathematics ‘ 83



The first sample “incorrect” response has the angle ACB of 235° +5° correctly drawn,
but does not indicate the arc AB, whereas the second sample “incorrect” response has neither
the angle nor the arc correctly indicated.

Sample “incorrect” response 1

ST T
/
/ AN
/ \
I C
A1 |
v /
\ /
\ /
\\s—’/

Sample “incorrect” response 2
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Information on student responses is presented in Table 4.5. One-fourth of the students
provided responses rated “correct,” 62 percent provided responses rated “incorrect,” and
approximately 12 percent did not respond to the question.! Students whose highest mathematics
course was calculus were more likely to provide a response considered to be “correct” than
those whose highest course was pre-calculus, and students who had taken pre-calculus were
more likely to provide a response rated “correct” than those whose highest course was
second-year algebra. Males were more likely than females to provide a response rated “correct.”

THE NATION'S
Score Percentages for REPORT [rvaep
“Use Protractor to Draw a 235° Arc on a Circle” s
\
Correct Incorrect Omit
No “A” Arc Not
(£2°) (£3-5°) | Endpoint | Indicated Other
Overall 15 10 0 4 58 12
Males 18 12 0] 5 55 10
Females 12 9 3 61 14
White 18 12 4 57 9
Black 5 5 ol 2 70 18
Hispanic 8 5 o] 4 57 27 -
Asian/Pacific Islander 24 23 0! 2 46 6
Americcn Indicn * % % * k% * % % * k% * k% * k%
Geometry Taken 17 12 0 4 57 10
Highest Algebra-Calculus
Course Taken:
Pre-Algebra 12 4) 0 6 67 6
First-Year Algebra 10 9 0 5 64 10
Second-Year Algebra 14 10 1 3 58 14
Third-Year
Algebra/Pre-Calculus 19 16 ol 5 54 6
Calculus 39 17 0 1 41 2

NOTE: Row percentages may not total 100 due to rounding. Responses that could not be rated were excluded.

*** Sample size is insufficient to permit a reliable estimate.

i Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP} 1996
Mathematics Assessment.

I Student responses for this and all other constructed-response questions also could have been scored as “off task,” which
means that the student provided a response, but it was deemed not related in content to the question asked. There are
many examples of these types of responses, but a simple one would be “I don’t like this test.” Responses of this sort
could not be rated. In contrast, responses scored as “incorrect” were valid attempts to answer the question that were
simply wrong. ;

4
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The percentage of students within each achievement level who provided a response that
was considered “correct” is shown in Table 4.6. Twenty-six percent of students at the Basic
level and 59 percent of those at the Proficient level provided responses rated “correct.” The
question was very difficult for students classified as below the Basic level; only five percent
provided a response rated “correct.” The question mapped at 360 on the composite
mathematics scale.

. erl: . THE NATION'S
- , Percentage Correct Within Achievement-Level  Report raep
Table 4.6 Intervals for “Use Protractor to Draw a CARD I
' 235° Arc on a Circle” gﬁ
NAEP Grade 12 Composite Scale Range
Overall Below Basic Basic Proficient ~ Advanced
26 5 26 59 el

e S Nl
*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Perimeter, area, and volume

This area included questions measuring student procedural knowledge and problem-solving
abilities applied to the concepts of perimeter, area, and volume. Questions at grade 4 asked
students to calculate perimeters or areas of simple figures. Questions at grades 8 and 12
involved more complex figures, including three-dimensional figures. Some also required
calculations of volume or circumference as well as an understanding of the relationship
between perimeter, area, and volume. A number of the questions provided built-in aids, such as
grids, to help students in their calculations. Assistance of this sort was especially common at
the lower grade levels. As was true throughout the assessment, real-life problem situations were
employed for many of the questions.

The first example in this area is a multiple-choice question for grade 4. The question
presented two figures: a triangle with the lengths of the sides shown and a square. Students
were asked what the length of each side of the square would be if the square and the triangle
had the same perimeter. In order to answer correctly, students had to know that the perimeter is
the distance around a figure. They needed to correctly sum the numbers shown on the triangle
and then divide that sum by four to obtain the length of one side of the square.

39
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N

8. If both the square and the triangle above have the same perimeter, what is
the length of each side of the square?

@ 4
® 5
© 6
@ 7

The correct option is B.

Student performance data are presented in Table 4.7. Overall, 26 percent of the
students selected the “correct” option, B, while 36 percent selected Option A, and 25 percent
chose Option D. Only 10 percent selected Option C. Both Option A and Option D contain a
number that is equal to one of the numbers on the sides of the triangle. Therefore, students who.
were unable to solve the problem may have been attracted to these options.

THE NATION'S
Percentage Correct for REPORT [reeep
“Relate Perimeter to Side Length” N

s

Percentage Correct

Overall 26

Males 29

Females 23

White .30

Black 19

Hispanic 15
Asian/Pacific Islander 27

American Indian *okx

e e ]

*** Sample size is insufficient to permit a relioble estimate.
SOURCE: National Center for Education Statistics, f}lotiongl Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. te
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The percentage of students within each achievement-level interval who successfully
answered the question is presented in Table 4.8. Eleven percent of students classified as below
Basic, 20 percent of those classified as Basic, and 58 percent of those classified as Proficient

selected the correct response. The question mapped at 279 on the NAEP mathematics
composite scale.

_ . - ™ THE NATION'S
fo Percentage Correct Within Achievement-Level  REPORT [png
Table 4.8 . : CARD [P
AN Intervals for “Relate Perimeter to Side Length” ﬁl*
’ \
. p

NAEP Grade 4 Composife Scale Range

Overdll Below Basic Basic . Proficient Advanced

26 11 20 58 FE

BN 6T SRR

*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

The following example is a short constructed-response question administered to both
grades 8 and 12. The question is a word problem that gave the dimensions of a cylindrical
cereal box and asked for the volume of the box to the nearest cubic inch. The formula for the
volume of a cylinder also was presented. To answer correctly, students had to know how to
substitute the specified values for height and radius into the formula, solve the equation, and
then round the answer correctly. It was not necessary to know the value of pi1 because the
calculators provided for the assessment had pi keys on them.

6. A cereal company packs its oatmeal into cylindrical containers. The
height of each container is 10 inches and the radius of the bottom is
3 inches. What is the volume of the box to the nearest cubic inch?
(The formula for the volume of a cylinder is ¥ =ns2h.)

Answer: cubic inches

Did you use the calculator on this question?

O Yes OO No

The correct answer is 283 cubic inches.
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Responses were rated “correct,” “partial,” or “incorrect.” A response was considered
“correct” if the correct numerical answer of “283” was given with correct accompanying work or
with no work shown. A response was considered “partial” if it showed any of the following;

1) correct substitutions into the formula but incorrect rounding; 2) 282.74334, suggesting
multiplicatioﬁ by the pi key on the calculator, but with no work shown; 3) 282.6, suggesting
multiplication by 3.14 on the calculator, but with no work shown; or 4) 282.8571, suggesting
multiplication by 22/7 on the calculator, but again with no work shown. All other responses
were considered “incorrect.” Sample responses follow. The sample “correct” response contains
the correct answer with accompanying work. The “partial” response shows correct substitution
into the formula but no rounding, and the “incorrect” response shows no work and provides an
incorrect answer. The question mapped at 388 for grade 8 and at 368 for grade 12.

Sample ““correct” response

Answer __ g & R  cubicinches

10

=‘n’(s)&lo
=TI ¢C9) 10 ’
V. =TT (90)

V = Q%3 in’

< L

Did you use the calculator on this question?

@ Yes O No

o ) 10 2
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Sample “partial® response

Answer: _m 4 cubic inches

16

V =810
29274534 =P &UOY

Did you use the calculator on this question?

@ Yes O No

Sample “incorrect” response

Answer: RYo) cubic inches

-

Did you use the calculator on this question?

O Yes @ No
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Student performance is reported in Table 4.9. The question was fairly difficult for
eighth-grade students, as can be seen by the fact that less than one-third of the students submitted
responses considered to be at least partially correct. However, eighth-grade students enrolled in
algebra performed better than their peers: 27 percent received full credit, and an additional
25 percent received partial credit.

As may be expected, twelfth-grade students had less trouble w1th the question; 55 percent
of students submitted a response that was considered to be at least partially correct. Students who
had taken second-year algebra as their highest mathematics course in the algebra-through-calculus
sequence were more likely than those who had taken only first-year algebra to submit a response
considered to be at least partially correct, and students whose highest course was calculus were
more likely than those with less mathematics to submit a response rated “correct.”

At both grade levels, female students were more likely than males to submit a response
considered to be at least partially correct.
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THE NATION'S

REPORT
Score Percentages for “Find Volume of a Cylinder” " caro[ ot
3
Correct Partial Incorrect . Omit
- Grade 8 - ' ;
Overall 13 17 57 12
Males 11 14 59 13
Females 14 19 54 11
White 16 19 56 ‘ 8
Black 4 12 63 20
Hispanic 6 7 56 28
Asian/Pacific Islander - —— - - ——
American Indian *xx *xx >Rk el
Mathematics Course Taking:
Eighth-Grade Mathematics 8 13 63 15
Pre-Algebra 8 15 63 10
Algebra 27 25 42 : 6
G(adé 12
Overall 29 26 36 8
Males 30 20 38 10
Females 28 31 33 7
White 32 27 34 6
Black 18 25 40 14
Hispanic 19 25 34 19
Asian/Pacific Islander 42 14 38 5
American Indian xR *xx *xx ke
Geometry Taken 32 28 34 6
Highest Algebra-Calculus
Course Taken:
Pre-Algebro * %k k * Kk k * Kk Kk * % %
First-Year Algebra 16 22 46 13
Second-Year Algebra -3 28 33 7
Third-Year
Algebra/Pre-Calculus 37 30 31 1
Calculus 56 26 18 0]

NOTE: Row percentages may not total 100 due to rounding. Responses that could not be rated were excluded.
*** Sample size is insufficient to permit a reliable estimate.

~ - Dota for grade 8 Asian/Pacific Islanders are not reported due fo concerns about the accuracy and precision of the
national estimates. See Appendix A for further detail.

| Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the stafistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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The percentage of students within each achievement-level interval who successfully
answered the question is presented in Table 4.10. At the eighth-grade level, 9 percent of
students classified as Basic, 34 percent of those classified as Proficient, and 62 percent of those

classified as Advanced provided a response rated “correct,” whereas at grade 12, 6 percent of

students below the Basic level, 32 percent at the Basic level, and 60 percent at the Proficient
level submitted a “correct” response.

THE NATION'S

Percentage Correct Within Achievement-Level  RFEFORT Inaep
Intervals for “Find Volume of a Cylinder” g,
A

NAEP Grades 8 and 12 Composite Scale Ranges

Overall Below Basic Basic Proficient Advanced
Grade 8 13 0 9 34 62
Grade 12 29 6 32 60 *x ok

D T e T R S e O R R A G
*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP} 1996
Mathematics Assessment.

The next example in the area of perimeter, area, and volume 1s a short
constructed-response question for grade 12. In this question, students were shown a picture of a
circle with the center, C, marked and were instructed to use a centimeter ruler to find the
circumference of the circle. No calculator was available. They were told the value of pi but were
not given the formula for circumference. The answer blank specified an answer in centimeters.

4. Using the centimeter ruler provided, find the circumference of the circle
with center C above. (Use m=3.14.)

Answer: centimeters

The correct answer is 15.70 centimeters.

Student Work and Teacher Practices in Mathematics - 5 1 O 8 23



In order to answer the question correctly, students had to know how the circumference
of a circle is computed, make the correct measurement, and perform the multiplication
correctly. Responses of either “15.7”” or “15.70” centimeters were considered “correct,” as were
other answers between 15.0 and 16.4 centimeters. Any answer in centimeters outside this
range, as well as any response in inches, was considered “incorrect.” Two sample “correct”
responses and one sample “incorrect” response are shown to illustrate these rating categories.
In the first sample “correct” response, the student has given the correct answer of “15.7,” while
in the second sample, the student has given an answer within the acceptable range but not
exactly 15.7.

Sample ““correct” response 1

Answer: 'f ’l centimeters 1
Y
,‘" .0 7 g
- ~30
S
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Sample “correct” response 2

centimeters

Answer: 1.2 !

In the following sample “incorrect” response, the student undertook the correct

calculation of pi times the diameter of the circle, but made a decimal error.

Sample “incorrect” response

[
I

Answer:

centimeters

O
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Information on student performance is presented in Table 4.11, and the percentage of
students at each achievement level who provided a “correct” response is shown in Table 4.12.
Overall, 29 percent of students provided a response rated “correct.” Of those students, only a
small percent (3%) did not get the exact answer of 15.7 cm. Only one percent had their
responses rated “incorrect” because they were given in inches. Students who had taken at least
pre-calculus were more likely than those in the less advanced mathematics classes to submit a
response rated “correct.” Ten percent of students classified as below the Basic level, 30 percent
at the Basic level, and 62 percent at the Proficient level answered the question correctly. The
question mapped at 370 on the composite scale.

THE NATION’S
Score Percentages for “Use a Ruler to Find the RETART |naep
Circumference of a Circle” ‘
Correct Incorrect Omit
15.0-16.4 cm
Not Including | Any Response
15.7 em 15.7 am in Inches Other

Overall 2% 3 1 57 B

Males 25 4 1 58 R

Females 27 3 1 56 14

White 29 3 1 - 58 8

Black 16 2 1 60 21

Hispanic 16 2 0! 52 30
Asian/Pacific Islander 42 6 1 43 9
AmeriCOn IndiOn * k %k * k ok * k& * k %k * k&
Geometry Taken 29 4 1 57 9

nghest Algebra-Calculus
Course Taken:

Pre-Algebra 13 1 2 68 1

First-Year Algebra 18 3 ot 60 16
Second-Year Algebra 24 2 1 61 11

Third-Year

Algebro/Pre Calculus . 44 7 o] 43 5
Calculus 52 6 11 41 0

NOTE Row percentoges may not total 100 due to rounding. Responses thot could not be rated were excluded

*** Sample size is insufficient to permit a reliable estimate.

| Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educononol Progress (NAEP) 1996
Mathematics Assessment.
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Percentage Correct Within Achievement-Level REJSETW:‘[[:;S
Intervals for “Use a Ruler to Find the CARD
Circumference of a Circle” {

NAEP Grade 12 Composite Scale Range

\ Overall Below Basic Basic Proficient Advanced

29 10 30 62 il

250 Tl ML W

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. '

Estimation of measurements

Questions in this area assessed students’ abilities to estimate absolute and relative
measurements, including size, weight, time, and distance. Questions for older students
frequently required more accurate estimates or finer comparisons.

The first example in this area is a short constructed-response question for grade 4 that
assessed students’ abilities to reason, make connections, and communicate in mathematics. The
question presented a measurement task that “Brett” needed to do without using a measuring
instrument and asked the students to write directions to tell “Brett” how to accomplish the task.
In order to answer the question correctly, students had to understand what “four equal pieces of
string” means (i.e., draw on their knowledge of fractions) and visualize a method for obtaining
these pieces. Then they had to communicate their idea in writing.

8. Brett needs to cut a piece of string into four equal pieces
without using a ruler or other measuring instrument.

Write directions tg tell Brett how to do,this. ., .. =3

Did you use the calculator on this question?

O Yes O No

EKC Student Work and Teacher Practices in Mathematics 27




A response was considered “correct” if it contained directions to fold the string in half
and cut it and then to fold each of the resulting pieces in half and cut them. A response was
considered “partial” if it mentioned folding the string in half once (e.g., “fold the string and
cut”) or mentioned cutting in the middle and doing that to the pieces. Partial credit also was
given if the student only addressed the question of how to get three more equal pieces once the
first piece was made. All other responses were considered “incorrect,” including those that
simply said to fold the string. Sample responses follow.

Sample “correct” response

" 8. Brett needs to cut a piece of string into four equal pieces
without using a ruler or other measuring instrument.

<er

Did you use the calculator on this question?

O Yes @ No

111

o ' ‘..E:.
E lC 28 Student Work and Teacher Practices in Mathematics

Aruitoxt provided by Eic:



O

Sample ““partial®” response

8. Brett needs to cut a piece of string into four equal pieces
without using a ruler or other measuring instrument.

ite directions to te]l Brett how to dg this.
e Sl

Did you use the calculator on this question?

O Yes @ No

Sample ““incorrect” response

f:sf].}Brett needs to cut a piece of string into four equal pieces
without using a ruler or other measuring instrument.

Did you use the calculator on this question?

O Yes @ No
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Data on student performance are presented in Tables 4.13 and 4.14. This question was
difficult for fourth-grade students and mapped at 332 on the composite scale. Overall, only six
percent of students provided responses rated “correct.” However, another 34 percent provided
responses considered at least partially correct and rated “partial.” Four percent of students at

the Basic level and 14 percent at the Proficient level provided a response rated “correct.”

THE NATION’S
Score Percentages for REPORT Ingep
Table 4.13 ” . ” CARD
. Describe Measurement Task 1
)
Correct Partial Incorrect Omit
Overall 6 34 50 9
Males 5 32 52 10
Females 6 36 48 9
White 7 40 44 8
Black 1 15 66 15
Hispanic 1 24 61 13
Asian/Pacific Islander * ok *kox *x % *x %
American Indian *xx oxk *x *x
NOTE: Row percentages may not total 100 due to rounding. Responses that could not be rated were excluded.
*** Sample size is insufficient to provide a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
THE NATION’S
shei M - REPORT [\ |
Table 4.14 Percentage Correct Within Achievement-Level carp |FSEP

Intervals for “Describe Measurement Task”’

=X

NAEP Grade 4 Composite Scale Range

Below Basic Advanced

Overall Basi¢ Proficient

o) 0] 4 14 *okok

*** Sample size is insufficient to permit a reliable estimate.

| Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be cccurotely
determined and/or the sampling distribution of the statistics does not match statistical test assumptions {see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educcnonol Progress (NAEP) 1996
Mathematics Assessment.
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The following example is another fourth-grade short constructed-response question.
For the block of questions in which this question appeared, students were provided with two
cardboard cutouts of each of three different shapes: squares labeled IV, and two different types
of right triangle labeled P and Q, respectively.

Students were shown cartoons of three different children, “Bob,” “Carmen,”

and

“Tyler,” who were making statements comparing the areas of V and P, and they were asked
who made the correct statement. They were instructed to use pictures and words to explain

their answers.

6. Bob, Carmen, and Tyler were comparing the areas of N and P.

']}
& 0

Bob

N and P have
the same area.

The area

Carmen \ of Nis larger

({3
Ny
.o 2
<
The area
Tyler of P is larger.

Who was correct?

Use pictures and words to explain why.

EKC Student Work and Teacher Practices in Mathemalics
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without naming “Bob” as being correct. Adequate explanations included the following:

A response was considered “correct” if an adequate explanation was presented with or

‘-\

These are equal

£

2X

area =1/2 X (2X)
=X?

area = X*?

Part of P overlaps N, and part
sticks out. The sticking-out part is
equal to the left-out part of N.

Two Ps match two Ns;
therefore, they have the same
area, (Therefore, one N has the
same area as one P.)

Areas are equal because the
height of P is the same as the
height of &, and the base of P is
twice the base of N,

102

Responses were considered “incorrect” for two main reasons: 1) the student said “Bob”
was correct but gave an inadequate or no explanation, or 2) the students named “Carmen” or

“Tyler” as being correct or omitted a name and gave no satisfactory explanation. Sample student
responses follow. '

e

-
Tev s
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The first sample response was rated “correct” because the student conveyed a clear
understanding of how the part of shape P that “sticks out” can be repositioned to form shape N.
The drawings show that shapes NV and P have the same area.

Sample ““correct’ response

Who was correct? R ni

Use pictures and words to explain why.

VSN
.

-
O . 1 }‘ b
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The next two sample responses were rated “incorrect.” In the first sample “incorrect”
response, the student named “Bob” as being correct, but gave an inadequate explanation. In the
second sample “incorrect” response, the student said that “Carmen” was correct.

Sample ““incorrect” response 1

Who was correct? NG b

Use pictures and words to explain why.

R AN

Sample ““incorrect® response 2

Who was correct? ! @ " MI!_V_

Use pictures and words to explain why.

o e N
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- NOTE: Row percentages may not total 100 due to rounding. Responses that could not be rated were excluded.

Data on student performance are presented in Tables 4.15 and 4.16. This question also
was difficult for fourth-grade students; as the table shows, only six percent of students provided
responses rated “correct.” Another 21 percent correctly answered “Bob” but could not provide
an adequate explanation for their answer. The question mapped at 321 on the composite scale.
Two percent of students at the Basic level and 14 percent at the Proficient level provided a
response rated “correct.”

THE NATION'S
Score Percentages for “Compare Areas of REPORT Inaep
CARD
Table 4.15 Two Shapes,” Grade 4 g\,
\
Correct Incorrect Omit
Bob—No Adequate
Explanation Not Bob
Grade 4
Overall 6 21 74
Males 6 22 71 0
Females 5 19 76 Ol
White 7 21 71 0
Black Ot 18 81 Ol
Hispanic i 18 81 .o
Asian/Pacific Islander 6 21 73 o]
American Indian *hk *Ex *rx ' *EE

B
S

 *** Sample size is insufficient to permit a reliable estimate.

| Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A)}.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP} 1996
Mathematics Assessment. A

Percentage Correct Within Achievement-Level REJSET"f;‘L';s
Table 4.16 Intervals for “Compare Areas of Two Shapes,” CARD
Grade 4 {

NAEP Grade 4 Composite Scale Range
Advanced

Overall Below Basic Basic Proficient

*k*x

6 1 2 14

*** Sample size is insufficient fo permit a reliable estimate.

| Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A}.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP} 1996
Mathematics Assessment. - SN
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The next example is essentially the same question as the one just shown for grade 4, but
the question was presented as a word problem at grades 8 and 12 rather than in cartoon form.
(The different presentation for grade 4 was used to reduce the amount of reading required for
younger students.)

S. Bob, Carmen, and Tyler were comparing the areas of N and P.
Bob said that N and P have the same area. Carmen said that the
area of N is larger. Tyler said that the area of P is larger.

Who was correct?

Use words or pictures (or both) to explain why.

The question was rated according to the criteria described above for grade 4, and
sample responses follow. Similar to the fourth-grade sample “incorrect” responses, the first
“incorrect” response shows “Bob” named as correct but has an inadequate explanation, and the
second “incorrect” response says “ITyler” is correct.

Sample ““correct” response

Who was correct? ! 5 (o] b

Use words or pictures (or both) to explain why.

A

I
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Sample “incorrect> response 1

Who was correct? N O o

Use words or pictures (or both) to explain why.

Deam>t N has W voghk s Ly

Sample “incorrect response 2

Who was correct? 2‘! hA-

Use words or pictures (6r l;oth) to explain why. _
Shape P2 Mwm%ﬁo |

Information on student performance is presented in Table 4.17. Ninety-eight percent of
eighth-grade students attempted the question, and 27 percent submitted a response that was
rated “correct.” Students currently taking eighth-grade mathematics or pre-algebra performed
similarly, whereas students taking algebra performed better than students in the other two
groups. At grade 8, the question mapped at 362 on the NAEP composite scale.

At grade 12, 95 percent of the students attempted the question, and 35 percent
submitted a response that was rated “correct.” Students who had calculus as their highest
mathematics course performed better than those who had less mathematics. In addition, those
whose highest course in the algebra-through-calculus sequence was second-year algebra
outperformed those who had taken only first-year algebra. The question mapped at 350 on the
composite scale. -

3

120

Student Work and Teacher Practices in Mathematics 107



THE NATION’S

Score Percentages for “Compare Areas of REPORT [naep
CARD
Table 4.17 Two Shapes,” Grades 8 and 12 . =
: \
Correct Incorrect Omit
: : ' Bob=No Adequate Not Bob ) :
: Explanation o4,
=
L Overall 27 16 54 2
Males 28 16. 54 3
Females 26 16 56 2
White 32 16 50 2
Black 8 14 75 3
Hispanic 18 19 59 5
Asian/Pacific Islander - - -- -- --
American Indian’ el Ballale ' *hx ' ol

* Mathematics Course Taking:

Eighth-Grade Mathematics 25 19 55 1
Pre-Algebra 23 14 60 2
Algebra 38 13 47 1
| Overall 35 14 | 46 5
Males 35 17 43 4
Females 35 12 48 5
White 40 15 42 3
Black . 12 16 ’ 64 8
Hispanic 25 11 54 9
Asian/Pacific Islander 54 12 32 3
American Indian *xx *xx *xx *x
Geometry Taken 38 15 43 4
nghesf Algebra-Calculus
Course Taken:
Pre-Algebra 18 8 68 4
First-Year Algebra 25 18 51 5
. Second-Year Algebra 39 14 43 3
Third-Year Algebra/Pre-Calculus 44 15 36 4

Calculus 62 Q 26

*

NOTE: Row percentages may not total 100 due to rounding. Responses that could not be rated were excluded.
*** Sample size is insufficient to permit a reliable estimate.

w

- - Data for grade ‘8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the
national estimates. See Appendix A for further detail.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mothemohcs Assessment.
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The percentage of students within each achiévement level who provided a “correct”
response is shown in Table 4.18. Perhaps not surprisingly, performance was better at twelfth

. grade, with more than 70 percent of students at the Proficient level submitting a response

considered “correct.””

Wt

Percentage Correct Within Achievement-Level nEpTngnNﬂ:z;s

G X REMN Intervals for “Compare Areas of Two Shapes,” CARD E
- -
)

Grades 8 and 12

NAEP Grades 8 and 12 Composite Scale Ranges
Overall Below Basic Basic Proficient Advanced
Grade 8 27 8 26 " 58
Grade 12 '35 10 39 i 72 *x*x

*** Sample size is insufficient to permit a reliable estimate. '

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. . .

The last example in the area of estimation of measurements is a short
constructed-response question for grade 8. Students were presented with a four-sided figure
(quadrilateral) and a line labeled “unit of length” that did not give the dimensions of the unit.
They were instructed to use the unit of length to estimate the perimeter of the figure and then to
specify two consecutive whole-number units between which the length of the perimeter would
lie. Since students did not have rulers for this question, they had to figure out other ways to
estimate the number of “units” that were needed to go around the figure. They could do this by
simple visual comparison or perhaps by adjusting the distance between the thumb and index
finger to equal the unit of length given in the question and then applying that measure to
the figure. '
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11. Use the unit of length below to estimate the perimeter of the ﬁgure
shown. Between whlch two consecutlve whole- number units does the
~ perimeter lie?

|
Unit of Length |

Answer: Between and

The correct answer is “between 6 and 7”. Students needed to have both 6 and 7 in their
answer for it to be rated “correct.” Student responses of “between 5 and 6” and “between 7 and 8”
were rated “incorrect,” as were any other incorrect responses. Information on student performance
is shown in Tables 4.19 and 4.20. This question had a high omit rate of 21 percent. Another
21 percent submitted a response that was considered “correct.” Almost equal percentages of
students (about 5%) submitted responses of “between 7 and 8” or “between 5 and 6,” possibly
representing a miscounting of units. Students currently taking eighth-grade mathematics or
pre-algebra performed similarly, whereas students taking algebra performed better than students
in the other two groups. The question mapped at 380 on the NAEP composite mathematics scale.
When performance is disaggregated by achievement level, Table 4.20 shows that
19 percent of students at the Basic level, 44 percent of students at the Proficiens level, and
69 percent of students at the Advanced level answered the question correctly. Only five percent of
students below the Basic level were able to answer correctly.
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THE NATION'S

R Score Percentages for REFDRT naep
Tab!,e 4.19 “Find Perimeter (Quadrilateral)” L
Correct Incorrect Omit
Between Between Between
6and 7 7and 8 5and 6 Other
Overall 21 6 5 47 21
Males 22 6 5 47 20
Females 20 5 5 48 22
White 26 7 5 45 17
Black 10 2 2 53 33
Hispanic 12 1 5 55 26
Asian/Pacific Islander -- -- -- -- --
Americcn lndicn * k% * %k k * %k k * k * * k%
Mathematics Course Taking:
Eighth-Grade Mathematics 16 4 5 50 23
Pre-Algebra 16 6 4 54 18
Algebra 34 8 7 37 12

NOTE: Row percentages may not total 100 due to rounding. Responses that could not be rated were excluded.

*** Sample size is insufficient to permit a reliable estimate.

- - Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the
national estimates. See Appendix A for further detail.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

THE NATION'S
Percentage Correct Within Achievement-Level  "EP0RTIraep

Intervals for “Find Perimeter (Quadrilateral)” -
) N

Table 4.20

NAEP Grade 8 Composite Scale Range

Overall Below Basic Basic Proficient Advanced

21 5 19 44 69
|
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Summary

This content strand assessed students’ conceptual understanding and procedural knowledge of
measurement units, their ability to use measurement tools and instruments, and their

. problem-solving abilities applied to the concepts of perimeter, area, and volume. In addition,
several questions assessed students’ abilities to estimate absolute and relative measurements.
Many of thé questions shown here as examples were difficult for students, particularly those
requiring unit conversions, calculatlons of volume and circumference, and estimation of
measurements.

Eighth-grade algebra students tended to perform better on the questions than other
eighth-grade students, whereas eighth-grade students in pre-algebra or regular mathematics
tended to perform similarly. At the twelfth-grade level, those students whose highest course in
the algebra-through-calculus sequence was second-year algebra tended to outperform those who
had only reached first-year algebra, whereas there were not always significant differences in
performance between students who had taken pre-calculus/third-year algebra and those who
had stopped with second-year algebra. In addition, students who reported calculus as theéir
highest mathematics course tended to perform better than those’ who had only taken the less
advanced mathematlcs courses.
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Chapter 54

Geometry and Spatial Sense

Content Strand Description

" At the foundation of successful performance in the Geometry and Spatial Sense content strand is
a conceptual understanding of geometric figures and their properties. However, the questions '
classified under this content strand extended well beyond low-level identification of geometric
shapes. Some of the questions required students to visualize and draw geometric figures after
transforming them or combining them with other figures, and many required them to apply their
understanding of geometry to reason through and solve problems. A large number of the
questions from this content strand were constructed-response questions, including questions
requiring drawn responses. ' ' .

At the fourth-grade level, students were asked to demonstrate an understanding of the
properties of shapes and to visualize shapes and figures under simple combinations and

‘transformations. Fourth-grade students also were asked to use their mathematical
communication skills to translate verbal descriptions into drawn figures. At the eighth-grade
level, some questions measured concepts related to properties of angles and polygons. These
included symmetry, congruence and similarity, and the Pythagorean theorem. Students also had
to apply reasoning skills to make and validate conjectures about combinations and
transformations of shapes. At the twelfth-grade level, students were expected to demonstrate a
knowledge of more sophisticated geometric concepts and formulas and more sophisticated
reasoning processes than at earlier grade levels. Questions sometimes involved proportional
reasoning or coordinate geometry.

BESTCOPY AVAILABLE
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Examples of Individual Questions and
Student Performance

Several quéstions from the NAEP 1996 mathematics assessment follow. Presentation of the
questions is organized around four areas of emphasis within the Geometry and Spatial Sense
content strand. The area of basic geometric concepts and properties includes questions that
assessed a student’s conceptual understanding of geometry. The area of geometric procedures
includes questions that assessed a student’s procedural knowledge of geometric constructions
and computations. The area of geometric transformations and spatial sense includes questions
that assessed studenits’ abilities to visualize shapes and figures as well as transformations and
combinations of shapes and figures. Finally, the area of geometric models and problems includes
questions that measured students’ abilities to represent problem situations with geometric
models and to apply an understanding of the properties of different figures to solve problems.
Questions within all four areas also required students to reason, communicate, and

make connections.

All sample questions from this content strand are mapped onto the NAEP composite
mathematics scale as shown in Figure 5.1. Specific instructions on how to interpret this map are
given at the end of Chapter 2. The map is included to provide an indication of the relative
difficulty of each example question and, thus, to indicate the type of material mastered within
this content strand by students with varying degrees of mathematics proficiency. Keep in mind,
however, that the difficulty of a question is influenced by many factors, including
characteristics specific to the question (e.g., format, absence or presence of graphics, real-world
application) as well as the particular mathematics content associated with the question and
student opportunities to learn this content. Also, remember that overall performance on the
Geometry and Spatial Sense content strand is not determined solely by performance on the
examples presented here. These examples illustrate only some of what students know and
can do.

The performance of students on the questions in the Geometry and Spatial Sense
content strand is examined with respect to gender, race/ethnicity, and, for grades 8 and 12, the
types of mathematics courses taken. However, as described in Chapter 2, the impact of taking
geometry on student performance is not discussed for several reasons. First, there is only a
small pool of students on which the specific influence of geometry could be isolated, given that
most students who have taken geometry also have taken at least 2 years of algebra. Moreover,
because more able students are likely to progress further in the mathematics course sequence,
it is difficult to separate the impact of a particular curriculum from the impact of a student’s
overall strength in mathematics. Although comments on the impact of geometry course taking
on performance on the questions in this content strand might be expected, these confounding
effects make it difficult to isolate the specific impact of geometry. The data, however, are
presented in the tables. '
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Map of Selected Geometry and Spatial Sense REJ(}]{FETN?::;';’S

Questions on the NAEP CARD |
Composite Mathematics Scale (ltem Map) g\‘

NAEP Scale

NOTE: Position of questions is approximate. é 500 é

\j

-

{12} Describe Geometric Process for Finding Center of Disk (424) »

< (389} Use Similar Triangles (12)

{12} Draw a Parallelogram with Perpendicular Diagonals {356} > = (360) l:]s:dP';lt:‘:::::rAt:gl])ert:\]NZI;erpendlculur line

(8) Reason About Betweenness {335} >
« {34) Compare Two Geometric Shapes (4)

Grade 12 | 4 (3)3) Assemble Pieces to Form Shape (12)
Average:
(302

{4) Assemble Pieces to Form.Shupe (285) » Grade 8 |~ (290} Assemble Pieces to Form Shape (8)

Average:

Z(27ZA4)=

Grade 4
Average:

T(221)=

< (232) Assemble Pieces to Form a Square (8)

. |2 (217} Assemble Pieces to Form a Square (4)

% [ ?

NOTE: Each mathematics question was mopped anta the NAEP O ta 500 mathematics scole. The pasition af the questian an the
scale represents the scale score abtoined by students wha hod o 65 percent prabobility of successfully answering the question.
(The prabability was 74 percent far o 4-option multiple<haice question and 72 percent far o 5-option multiplechaice questian.)
Only selected questians are presented. The number 4, 8, or 12 in porentheses is the grode level ot -which the question was asked.
SOURCE: Natianal Center far Education Statistics, Natianal Assessment of Educational Pragress (NAEP) 1996

Mathematics Assessment.
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Basic geometric concepts and properties

Questions in this area required students to demonstrate a conceptual understanding of
geometric figures, including an understanding of the properties of various figures and the
definition of geometric terms. Some questions asked students to demonstrate their
understanding by classifying or comparing various figures.

The example for this area is a fourth-grade extended constructed-response question.
Students were presented with two four-sided figures (a rectangle and a parallelogram) and were
asked to list the ways in which the figures are alike and the ways in which they are different.
Students were instructed to list as many ways as they could.

Think carefully about the following question. Write a complete answer. You may use
drawings, words, and numbers to explain your answer. Be sure to show all of your
work.

10. In what ways are the figures above alike? List as many ways as you can.

In what ways are the figures above different? List as many ways as you can.

Some correct responses for how the figures are alike were the following:

® They both have four sides (or four corners or four angles).
® They both have parallel sides.

® They both have two sets of sides that are the same length.
® They have the same area.

® They have the same leﬁgth (base).

® They have the same height.

® They have the same number of little squares.
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A response of “they both have lines that are straight” was not accepted as correct. An.
answer that they both have four sides and four angles was considered to be only one reason.
Some correct responses for how the two figures are different were as follows:

® One has four equél angles, and the other does not.
® One has right angles or perpendicular lines, and the other does not.
® One is “slantier” than the other (or takes up full squares).

® They have different perimeters.

4 . A response of “they are not both the same shape” was considered to be a rephrasing of
the given information that the figures are different and was not accepted as correct.
Furthermore, students did not need to make the comparisons in their responses; that is, they
merely could have stated, for example, “one has four equal angles.”

Student responses were rated as being either “extended,” “satisfactory,
“minimal,” or “incorrect.” However, when the question was anchored to the NAEP scale, the

29 4

partial,”

“extended” and “satisfactory” rating categories were collapsed. The rating guide for this
question is presented below: :

® “Extended”: The student gave at least two valid reasons why the figures are alike
and at least two valid reasons why they are different.

® “Satisfactory”: The student gave two valid reasons why the figures are alike and at
least one valid reason why they are different, or gave one valid reason why they are
alike and two valid reasons why they are different.

® “Partial”: The student gave one valid reason why the figures are alike and one valid
reason why they are different, or gave two valid reasons why they are alike and no
valid reasons why they are different, or gave two valid reasons why they are different
and no valid reasons why they are alike.

® “Minimal”: The student gave a nonspecific response (e.g., “the one on the right is
skinnier”) or gave only one correct reason why they are alike or why they are
different.

® “Incorrect”: Any response not fitting into the categories above.
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Virtually no fourth-grade responses met the criteria for an “extended” response, that
is, contained two valid reasons for why the figures are alike and two valid reasons for why they
are different. However, the following is a sample of a “satisfactory” response.

Sample ““satisfactory’ response

10. In what ways are the figures above alike? List as many ways as you can.

.'H"’-‘I \oath CTYSR 8
&Z‘/bo"l\\owe O :&ejes

“\c: gﬁ‘\’\q Vtec)wc.ou(‘nqu
Mave %&&'m“meuhi-g (._3

In what ways are the figures above different? List as many ways as you can.

I,:‘e')' Q‘ﬁh""bb"’l\ Hhhedame
Q hb sz-:f"\"/-‘ba}')\ ,'\qve G ’ ,

SfCourhens “qleces

Shape

The student listed four reasons why the shapes are alike. However, one reason (they both
are shapes) was not accepted as a valid reason, and the answers about both having four sides and
four corners are considered to be the same reason. The student also listed two reasons why the
shapes are different but was not given credit for, “they aren’t both the same shape.” Thus, the
student was credited with providing two valid reasons why the shapes are alike and one valid
reason why they are different. This met the criterion for a “satisfactory” response.

131

118 Student Work and Teacher Practices in Mathematics



In the sample “partial” response below, the student listed three reasons why the shapes
are alike and one reason why they are different, but among the reasons why they are alike, only
one (they both have 18 squares) was considered correct. The response, therefore, was rated as
“partial,” because the student provided only one correct reason why the shapes are alike and one
correct reason why they are different.

Sample “partial® response

10. In what ways are the figures above alike? List as many ways as you can.

In what ways are the figures above different? List as many ways as you can.

v ONLZ ,Z» W,m&n\n’t
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The next sample response was rated as a “minimal” response. The student listed three
reasons why the figures are alike and three reasons why they are dlfferent but only one of these
reasons (one is slanted/one is straight) was considered valid.

Sample “minimal® response

10. In what ways are the figures above alike? List as many ways as you can.

In what ways are the figures above different? List as many ways as you can.

%%&”:mﬂww furc,

Bre

’

The next response, in which the student failed to list any information, was
rated “incorrect.”

Sample ““incorrect” response

10. In what ways are the figures above alike? List as many ways as you can.

In what ways are the figures above different? List as many ways as you can.
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Aruitoxt provided by Eic:

~ Response rates for this question are reported in Tables 5.1 and 5.2. As stated
earlier, virtually no students provided responses that were rated “extended.” Only 11 percent
of the students provided responses that were rated “satisfactory,” and the remaining

students’ responses were divided fairly evenly among the “partial,” “minimal,” and

“incorrect” categories.! Females were more likely than males to provide “satisfactory” or

“partial” responses.
THE NATION'S
Percentage Correct for REPORT \naep
~Compare Two Geometric Shapes” L
Extended | Satisfactory|  Partial Minimal Incorrect Omit
Overall 0 R 29 31 | 23 5
, Males| O 9 25 32 25 7
) Females 0 13 33 30 21 3
White 0 13 32 30 20 4
Black ] 5 21 33 28 11
Hispanic 0! 6 22 29 34 8
Asian/Pacific Islander 0! 8 21 33 33 4
American Indian *xx *rx el o

K
NOTE: R

*** Sample size is insufficient to permit a reliable estimate.

A R .

ow percentages may not fotal 100 due to rounding. Responses that could not be rated were excluded.

| Statistical tests involving this value should be inferpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A}.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

About 20 percent of the students whose overall mathematics performance put them at the
Proficient achievement level provided responses that were considered to be at least “satisfactory.”
As would be expected, “satisfactory” responses were even less frequent at the lower achievement
levels. The question mapped at a score of 324 on the NAEP composite mathematics scale.

' Student responses for this and all other constructed-response questions also could have been scored as “off task,” which
means that the student provided a response, but it was deemed not related in content to the question asked. There are
many examples of these types of responses, but a simple one would be “I don’t like this test.” Responses of this sort
could not be rated. In contrast, responses scored as “incorrect” were valid attempts to answer the question that were
simply wrong. "

: i

-y

Student Work and Teacher Practices in Mathematics 1 3 4 121

BEST COPY AVAILABLE



" THE NATION'S
Percentage Satisfactory Within Achievement-Level REFORT [naep

Intervals for “Compare Two Geometric Shdpes""

\

NAEP Grade 4 Composite Scale Range

Overdll Below Basic Basic Proficient Advanced

’ 11 4 12 19 TR

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

Geometric procedures _

This area included questions that assessed students’ procedural knowledge in geometry,
including their ability to use the Pythagorean theorem or the properties of ratio and proportion;
to draw shapes; and to use such tools as straightedges, compasses, and protractors.

Three examples of twelfth-grade questions are provided for this area. One example is a
multiple-choice question, and two are short constructed-response questions that required
drawn responses. '

The first question presented students with two similar triangles, one within the other.
Measurements were provided for two sides of the small triangle and two sides of the large
triangle, and students were asked to determine the length of the third side of the small triangle.

c 12 B

E D
M

A

1. Iftriangles ADE and ABC shown in the figure above are similar,
what is the value of x?

@ 4
® 5
© 6
@ 8
S 10

Did you use a calculator on this question?

O Yes O No

The correct option is A.
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To respond correctly to this question, students needed to know the properties of similar
triangles — specifically, how to find the length of the sides of one triangle given the length of the
corresponding sides of a similar triangle. In this question, the sides of the smaller triangle were :
one-third the length of the corresponding sides of the larger triangle. Once students recognized
this, they could compute the length of small triangle side x as '/ of large triangle side 12.

" Performance data for this question are shown in Tables 5.3 and 5.4. Thirty-seven percent
of twelfth-grade students provided a correct response. Half of the students whose highest
mathematics course was third-year algebra or pre-calculus and more than 60 percent of the

students who had taken calculus responded correctly to the question. Both of these groups of

students performed better than students who had taken less math.

Forty-seven percent of the students chose “6” (Option C) as the correct response. These
students may have calculated the length of AB instead of x, may have thought the smaller
triangle was !/; the length of the larger triangle, or may have used, in their calculations, the
4 to 2 relationship of DB to AD instead of the 6 to 2 relationship of AB to AD.

. ET(IiiETNI\TION’S
v . R REPOR
Table 5.3 Percentage Correct for “Use Similar Triangles” CARD [N
\
Percentage Correct
Overall 37
Males 38
Females 36
White v 40
Black 30
Hispanic 25
Asian/Pacific Islander 44
American Indian *xx
Geometry Taken 38
Highest Algebra-Calculus
Course Taken:
Pre-Algebra el
First-Year Algebra 34
Second-Year Algebra 32
Third-Year Algebra/Pre-Calculus - 51
Calculus : 62
*** Sample size is insufficietto permit a |icb| estmcte o
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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The‘ques‘tion mapped at 389 on the NAEP composite mathematics scale. Over half of the
~students classified as Proficient responded correctly to the question compared with approximately
one-third of those in the Basic category and approximately one-quarter of those whose overa]l

~ performance was below Basic.
THE NATION’S

e Percentage Correct Within Achievement-Level  RePORT frgep
Table 5.4 Intervals for “Use Similar Triangles” CARD I
=

N

NAEP Grade 12 Composite Scale Range

Overall Below Basic Basi¢ Proficient Advanced

37 26 37 56 : b

*** Sample size is insufficient to permit a reliable estimate.
- SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

In the next sample question for this area, students were asked to draw a parallelogram
with perpendicular diagonals. To respond correctly, students needed to know the definitions of
_parallelogram, perpendicular, and diagonal. They also needed to be able to transfer this

knowledge to a drawing.

- 2. In the space below, use your ruler to draw a parallelogram that has
perpendicular diagonals. Show the diagonals in your sketch.

““Correct” responses included drawings of a square or another rhombus with

diagonals shown:
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- - All other responses were considered “incorrect.” A common “incorrect” response was a
quadrilateral, with-or without diagonals, that appeared to be a parallelogram other than those
already described. One sample response of an incorrect quadrilateral follows:

Sample “incorrect® response 1

Another sample of an incorrect drawing is the following:

Sample ““incorrect® response 2

n\ A

N
<

\(o 138
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Student performance data are presented in Tables 5.5 and 5.6. Nineteen percent of
the students responded correctly to the question, including seven percent who drew a correct
rthombus that was not a square. Forty-four percent of the students drew an incorrect quadrilateral,
and 22 percent of the students submitted other types of “incorrect” responses. Students who had
taken calculus performed better than all other groups of students (56% responded correctly),
and students whose highest course in the algebra-calculus sequence was third-year algebra or
pre-calculus performed better than those with less mathematics.

THE NATION'S
Score Percentages for “Draw a Parallelogram with &0 [nep
Table 5.5 Perpendicular Diagonals” AR
' ' %\
Correct Incorrect Omit
Rhombus Quadrilateral
that is Not - with Incorrect
a Square Square Diagonals Other

Overall 7 12 44 .22 15

Males 7 . 13 42 23 15

Females 7 12 46 20 15

White 8 15 47 19 10

Black 2 4 38 31 26

Hispanic 3 3 .37 30 27

Asian/Pacific Islander 16 20 35 14 15

Americon Indion %* % % %* % % %* % % * % % %* % %

Geometry Taken 8 14 48 68 10
Highest Algebra-Calculus
Course Taken:

Pre-Algebra ol 4l 40 32 20

First-Year Algebra 4 6 44 26 18

Second-Year Algebra 6 12 48 21 12
Third-Year

Algebra/Pre-Calculus 12 21 49 12 6

Calculus 27 29 25 15 5

NOTE: Row percentages may not total 100 due to rounding. Responses that could not be rated were excluded.

*** Sample size is insufficient to permit a reliable estimate.

I Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Cenfer for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Fifteen percent of the students did not attempt the question. The tendency to omit the
question was higher for students whose highest course was either pre-algebra or ﬁrst-year
algebra than it was for students who had taken more advanced courses.

Table 5.6 shows student performance disaggregated by NAEP achievement levels Over
half of the students classified as Proficient responded correctly to the question, whereas only
17 percent of those classified as Basic and 1 percent of those classified as below Basic
responded correctly. The question mapped at a score of 356 on the NAEP composite
mathematics scale.

i

—y . THE NATION'S
Percentage Correct Within Achievement-Level  geporr raeg

Table 5.6 Intervals for “Draw a Parallelogram with CARD
‘ Perpendicular Diagonals” ‘ \

NAEP Grade 12 Composite Scale Range

Overall - " Below Basic Basic Proficient Advanced

19 1 17 57

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educationa! Progress (NAEP) 1996
Mathematics Assessment.

The final sample question for this area follows. The question presented a line [ containing
a point P and an angle formed by line segment AP and line [. Students first were asked to draw a
line (m) through point P that was perpendicular to segment AP. They then were asked to measure,
with a protractor, the smaller angle formed by lines [ and m. Correct responses required students
to understand that perpendicular means 90 degrees and to know how to use the protractor to
draw a 90-degree angle and measure another angle. Students ‘also needed to recognize which
angle to measure.
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8. In the figure below, use the protractor to draw a line m-through. .
point P perpendicular to segment 4P. In the answer space provided
give the measure of the smaller angle formed by lines { and m.

3

A

Answer:

‘The correct response for the size of the angle was 50 degrees, but, to allow for
measurement error, answers between 46 degrees and 54 degrees inclusive were accepted as
“correct.” All other answers were rated as “incorrect.” The following is an example of a
“correct” response.

Sample ““correct” response

X4
Answer: 50 :
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Some “incorrect” responses gave correct angle measurements but had incorrectly drawn
lines. The following sample of an:“incorrect” response shows an instance in which the line was

drawn correctly, but the angle measurement was incorrect.

Sample “incorrect” response 1

Answer: Mpl - 40

In the following sample of an “incorrect” response, the student incorrectly drew a line that

was perpendicular to line /.

Sample “‘incorrect” response 2

Answer: q O

)
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Table 5.7 shows student performance overall and by various subgroups. Twehty-thrée
percent of the students drew line m correctly and provided a correct answer for the size of the
angle; 4 percent drew incorrect lines but had correct angle measurements; 17 percent drew
correct lines but had incorrect angle measurements; and half of the students had other
“incorrect” responses. A higher percentage of males than females provided “correct” responses
to the question, and the probability of a “correct” response was related to the student’s
mathematics preparation.

THE NATION'S
Score Percentages for “Use Protractor to Draw  REP0RT(raep
. . ”
Perpendicular Line and Measure Angle ‘
Correct Incorrect Omit
Line, Angle,
Correct Angle |  Correct Line Other
Overall 23 4 17 50 | 7
Males 26 4 17 46 7
Females 19 4 17 54 7
White 27 4 17 45 7
Black 6 3 15 67 9
Hispanic 11 3 13 67 6
Asian/Pacific Islander 35 3 25 36 1
Americon Indion * k % * %k k * k Kk * %k k * %k Kk
Geometry Taken 26 4 18 48 4
Highest Algebra-Calculus '
Course Taken:
Pre-Algebro * %k % * %k Kk * %k % * %k * ok ok
First-Year Algebra 14 3 16 63 3
Second-Year Algebra 21 4 17 52 4
Third-Year
Algebra/Pre-Calculus 34 5 21 32 8
Caleulus 49 5 18 25 11

7R R R

NOTE: Row percentages may not total 100 due to rounding. Responses that could not be rated were excluded.
*** Sample size is insufficient to permit a reliable estimate. .

| Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Performance by achievement levels, shown in Table 5.8, was similar to that of thé
previous question. The question mapped at a score of 360.

Percentage Correct Within Achievement-Level REJSETN?I;[L';S

Intervals for “Use Protractor to Draw CARD
Perpendicular Line and Measure Angle” E\(

NAEP Grade 12 Composite Scale Range

Overall Below Basic Basic Proficient Advanced
23 1 21 57 *kx

*** Sample size is insufficient to permit a reliable estimate.

| Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A}.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP} 1996

Mathematics Assessment.

Geometric transformations and spatial sense
The area of geometric transformations and spatial sense includes questions that tapped
students’ visual-spatial skills. In many of the questions, students were presented with a figure
and asked what the figure would look like if it were flipped, rotated, folded, unfolded, pulled
apart, combined with another figure, or transformed in some other manner.

Three sample questions are presented for this area. The first two sample questions were
included within a block of questions for which students were provided with two cardboard
cutouts of each of the following shapes:

MC Student Work and Teacher Practices in Mathematics l 4 4 131
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For the first question, students at grades 4 and 8 were asked to assemble the 2 pieces
labeled Q (triangles) to make a square.

3. You will need the 2 pieces labeled Q. Please find those 2 pieces now.

1

Use the 2 pieces labeled Q to make a square. Trace the square and draw ‘
the line to show where the 2 pieces meet '

Responses that were rated as “correct” could include either two or four replicates of (), as
long as the final shape was a square.

Diagonals had to be shown, although a slight space between the shapes was acceptable.
Freehand drawings also were rated as “correct.” Squares without diagonals drawn were rated
“incorrect,” as were other types of drawings not resembling those above. A sample of an
“incorrect” response follows:

Sample ““incorrect” response

. 145
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Student performance data are presented in Tables 5.9 and 5.10. As might be expected
the question was fairly easy for students at both grade levels. Seventy-three percent of
fourth-grade students and 89 percent of eighth-grade students assembled and drew the pieces
correctly. The question mapped at a score of 217 for grade 4 and 232 for grade 8. At least
three-quarters of the students classified in each of the achievement levels at each grade
responded correctly, except for fourth-grade students performing below the level of Basic.

: : < THE_NATION'S
Percentage Correct for “Assemble Pieces to  REP0R!rmep
Form a Square” g
3

Percentage Correct

Overdll 73
Males ' 75
Females 71
White , 81
Black , 46
Hispanic 55
A5|on/PQC|F|c Islander 81
American Indian *Ex
Overall 89
Males - 89
Females . 89
White | 93
Black 75
Hispanic 84
Asian/Pacific slander . --
American Indian” xRk
Mathematics Course Taking:
Eighth-Grade Mathematics 89
Pre-Algebra 91
Algebra 91

L R G T I G L A LA A T R T e e
***Somple size is insufficient to permit a reliable esnmote i

— - Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the
national estimates. See Appendix A for further detail.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. ’
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THE NATION'S
Percentage Correct Within Achievement-Level  REPORT [ngpp

. CARD
Intervals for “Assemble Pieces to Form a Square” A

Table 5.10

\

NAEP Grades 4 and 8 Composite Scale Ranges

Overdll Below Basic Basic Proficient Advanced

Grade 4 73 38 85 98|

9 * % *

Grade 8 89 77 95 9Q

*** Sample size is insufficient to permit a reliable estimate.

| Statistical tests involving this value should be inferpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions [see Appendix A.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress [NAEP) 1996

Mathematics Assessment.

The next question, which was presented to students at all three grade levels, was more
difficult. For this question, students had to assemble the same two pieces used in the previous
question to make a four-sided shape that was not a square. Students again had to trace the
figure and draw a line to show where the pieces met.

3. Use the 2 pieces labeled O to make a 4-sided shape that is not a square.
Trace the shape and draw the line to show where the 2 pieces meet.

The three types of drawings that were accepted as “correct” follow. As in the previous
question, two or four repllcates of Q could be used, but they had to be placed such that the
resultant shape was rectangular or rhomboid, but not square. A four-sided figure composed by
overlapping two Q) shapes also was accepted as “correct.” In the latter case, it was not
necessary to show what would anyway have been an ambiguous concept, namely the line where
the two pieces meet. ‘
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A sam le “Incorrect” res onse, in Wthh the figure has more than four sides, 1s
gu
ShOWH below.

Sample “incorrect® response

Tables 5.11 and 5.12 present performance results for this question. Only 16 percent of
the students at grade 4 were able to provide a “correct” response to the question, while close to
half of the eighth-grade students and over half of the twelfth-grade students provided a
response rated “correct.” Males were more likely than females to respond correctly.
Furthermore, eighth-grade students in algebra performed better than those in pre-algebra or
eighth-grade mathematics. '

0 - 143
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Table 5.11°

Score Percenfages for “Assemble Pieces to
Form Shape”

REPORT

CARD

. THE NATION'S

(ST

=
N

Overall

Males
Females

White

Black

Hispanic
Asmn/Poahc Islonder

Overall

Males
Females

White

Black

Hispanic
Asian/Pacific Islander
American Indian

Mathematics Course Taking:
Eighth-Grade Mathematics
Pre-Algebra

Algebra

Grade 12

Overall

Males
Females

White

Black

Hispanic
Asian/Pacific Islander
American Indian

Geometry Taken

Highest Algebra-Calculus
Course Taken:

Pre-Algebra

First-Year Algebra

Second-Year Algebra
Third-Year Algebra/Pre-Calculus

Calculus

Correct Incorrect Omit
Rhombus Not a Rhombus
15 1 80 5
18 1 75 é
12 1 84 4
19 1 77 3
3 0l 88 9
9 11 80 11
17 21 80 11
45 3 49 2
48 3 46 2
42 3 52 3
52 3 43 2.
17 4 74 5
38 5 54 4
41 3 54 2
42 2 54 2
59 4 36 1
53 5 39 3
55 é 36 3
51 4 42 3
59 5 34 2
28 4 63 5
39 8 49 4
68 8 23 11
56 5 37 2
35 11 46 é
51 4 42 2
54 5 39 2
60 5 32 2
60 » 34 1

A M s IR PR A S

NOTE: Row percentages may not fotal 100 due to rounding. Responses that could not be rated were excluded.

*** Sample size is insufficient to permit a reliable estimate.

- — Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the
national estimates. See Appendix A for further detail.

| Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical fest assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Among eighth- and twelfth-grade students, over half of those classified as Basic or
Proficient responded correctly to the question. At grade 4, “correct” responses were provided by
15 percent of those classified as Basic and one-third of those classified as Proficient. The
question mapped at 285 for grade 4, 290 for grade 8, and 313 for grade 12.

v THE NATION'S
Percentage Correct Within Achievement-Level &0 Ireep
Intervals for “Assemble Pieces to Form Shape”

\

NAEP Grades 4, 8, and 12 Composite Scale Ranges
Overali Below Basic Basic Proficient Advanced
Graded | 16 3 15 33
Grade 8 49 25 54 76 * ok
Grade 12 58 32 66 81 kR
P L T - e R T T B i S R P T D I K|

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

, The final example for this area was a short constructed-response question for
eighth-grade students. Students were given three facts about the spatial relationships among
points A, B, and C and asked whether these facts supported the conclusion that C always had to
fall between A and B. They also were asked to draw a diagram to explain their answer.

12. Jaime knows the following facts about points 4, B, and C.

e Points A4, B, and C are on the same line, but might not be in that
order.

e Point C is twice as far from point A4 as it is from point B.

Jaime concluded that point C is always between poiﬁts A and B.

Is Jaime's conclusion correct?

OYes ONo

In the space provided, use a diagram to explain your answer.
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To be considered “correct,” a response had to disagree with the conclusion and include

one of the following diagrams in which B is shown to fall halfway between points A and C. All
other responses were considered “incorrect.” '

C B A
or
A B C

The following is an example of an “incorrect” response.

Sample ““incorrect” response

Is Jaime's conclusion correct?

OYes @ No

In the space provided, use a diagram to explain your answer.

C
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Student performance data are presented in Tables 5.13 and 5.14. The question was
answered correctly by approximately one-quarter of the students. More females than males
responded correctly. The percentage of eighth-grade students enrolled in algebra who answered
the question correctly (34%) was greater than the percentage of those enrolled in pre-algebra or
regular mathematics who answered correctly. Slightly under half of the students classified as
Advanced or Proficient responded correctly. However, only 24 percent of the students classified
at the Basic achievement level and 6 percent of those classified as below Basic responded
correctly. The question mapped at a score of 335.

_ » THE NATION'S
Percentage Correct for R |raep

“Reason About Betweenness” L

Table 5.13

Percentage Correct

Overall 23

Males 21
Females ' 26
White 27
Black 10
Hispanic 16

Asian/Pacific Islander . --

American Indian e
Mathematics Course Taking:
Eighth-Grade Mathematics 18
Pre-Algebra 19

Algebra 34

*** Sample size is insufficient fo permit a reliable estimate.
- - Data for grade 8 Asian/Pacific Islanders are not reported due fo concerns about the accuracy and precision of the

national estimates. See Appendix A for further detail.
SOURCE: National Center for Education Statistics, National Assessment of Educohonol Progress (NAEP) 1996
Mathematics Assessment.

THE NATION'S

Percentage Correct Within Achievement-Level  FEEONT [ngep
Intervals for “Reason About Betweenness” ﬁ\‘

Table 5.14

Y

NAEP Grade 8 Composife Scale Range

Overal! Below Basic Basic Proficient Advanced

23 6 24 44 48

SOURCE Nohonol Center for Educohon Stohshcs, Nohonol Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Geometric models and problems

Questions falling into the final area of geometric models and problems requnred students to
apply their geometric skills and understanding in order to represent situations with geometric
models or solve practical problems. Many questions requiring extended responses fell into this
area. The example shown is a twelfth-grade extended constructed-response question. Students
were asked to describe a procedure for locating the point that is the center of a circular paper
disk. They were provided with an actual disk and told they could manipulate it in any way.
Students were asked to use “geometric definitions, properties, or principles” to justify

their procedure.

This question requires you to show your work and explain your reasoning. You may
use drawings, words, and numbers in your explanation. Your answer should be
clear enough so that another person could read it and understand your thinking, It is
important that you show all your work.

10. Describe a procedure for loacting the point that is the center of a circular
paper disk. Use geometric definitions, properties, or principals to explain
why your procedure is correct. Use the disk provided to help you formulate
your procedure. You may write on it or fold it in any way that you find
helpful, but it will not be collected.

Responses were rated “extended,” “satisfactory,” “partial,” “minimal,” or “incorrect.”
However, when the question was anchored to the NAEP scale, the “extended” and
“satisfactory” rating categories were collapsed. A description of the ratings and sample
responses for each rating category follow.

An “extended” response was one that described locating the center of the circle by
foldmg or by compass and straightedge construction and that clearly and completely explained
what geometric properties of circles justified the method chosen (e.g., two diameters intersect in
the center of the circle, the intersection of two perpendicular bisectors of two nonparallel chords
is the center of the circle). So few students received a rating of “extended” that no samples are
available to present.

A “satisfactory” response was one in Wthh the student described a method of locating
the center point by folding or by compass-and-straightedge construction but did not use
appropriate geometry terminology in the explanation. For example, the following sample
response was rated as “satisfactory.” In it the student described a method of folding the circle
in half and then in half again, but did not use any geometric terminology.
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Sample “‘satisfactory® response

fld $he dise n half =0 it
locks like this

Fod it in half again =0 4 looks hkE
+h’ub

Unfold ‘H, ¢he center
will be  focaled oMere
the 2z cremses
intersect.

A “partial” response was one that located the center by folding or that described a
compass and straightedge construction of the perpendicular bisectors of two nonparallel chords,
but the explanation was incomplete. Responses that correctly explained a drawing of two
diameters or the perpendicular bisectors of two nonparallel chords also were considered as
“partial.” The following response was rated “partial” because the student did not describe how
to determine the diameter of the circle; thus, the response was incomplete.

Sample “‘partial” response

i | 154

E MC Student Work and Teacher Practices in Mathematics 141

IToxt Provided by ERI




“Minimal” responses showed a line that appeared to include the center of the circle (e.g.,
a diameter or the perpendicular bisector of a chord), but the explanation was inaccurate, as in the
following example.

Sample “minimal® response

All other responses were considered to be “incorrect.”

Sample “‘incorrect” response

Menpsure  around it and vse that numbe-

or € inthe  epufio—

C=z2mr~

I.‘p Fhe pembe~ 15 .GO( Been
wovld be ¢.-5=2wr

= .04 +hn you wou)d mane
yo the middl e w/‘rulcr-
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Tables 5.15 and 5.16 present student performance data on this question. Only 1 percent
of the students provided a response that was considered to be “extended,” and 13 percent
provided “satisfactory” answers. Approximately one-quarter each provided answers that were
rated as either “minimal” or “incorrect,” and nearly as many did not respond at all. Students who
had taken calculus were less likely than others to omit the question, and students who had taken
at least third-year algebra, pre-calculus, or calculus were more likely to receive a rating of at least
“satisfactory” than those who had not.

THE NATION’S

Score Percentages for “Describe Geometric REPORT |raep
Process for Finding Center of Disk” L
A
Extended | Satisfactory|  Partial Minimal Incorrect Omit
Overall 1 13 9 25 28 23
Males 1 13 10 25 28 22
Females 0! 13 7 26 29 24
White 1 15 9 28 27 19
Black Ol 4 5 13 36 42
Hispanic o] 9 7 26 28 28
Asian/Pacific Islander 3 17 17 19 30 14
Americon lndion * %k %k . * %k * * %k %k * %k %k * %k % * %k %
Geometry Taken 1 14 9 26 29 22
Highest Algebra-Calculus
Course Taken: .
Pre-Algebra 0 4 8! 25 33 25
First-Year Algebra 0! 8 11 26 27 25
Second-Year Algebra 1 13 8 26 30 21
Third-Year
Algebra/Pre-Calculus 2 20 . 5 25 25 23
Caleulus 0! 26 10 25 24 16
HOATAE G AT S T T T v e e

NOTE: Row percentages may not total 100 due to rounding. Responses that could not be rated were excluded.
*** Sample size is insufficient to permit a reliable estimate.

| Statistical fests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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The question mapped at a score of 424. One-third of the students at the Proficient
achievement level and lower percentages at the levels below Proficient were able to
respond correctly. '

Percentage Satisfactory Within Achievement-Level REJSSTNEUN’S
Intervals for “Describe Geometric Process for CARD [
Finding Center of Disk” i\’

NAEP Grade 12 Composite Scale Range

Overall Below Basic Basic Proficient Advanced

13 4 14 31 * %k

[ R T A S £ STkl it e sty S

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

Summary

Many of the example questions for this content strand were difficult for students. The easier
questions required students to construct or describe simple shapes, and more difficult questions
required the application of knowledge about geometric properties to solve complex problems.
Most of the questions required students to draw or explain a response. Questions in this content
strand also relied upon students’ visual-spatial skills. For many of the sample questions a
significant difference between the performance of male and female students existed.
Eighth-grade algebra students tended to perform better than other eighth-grade students,
whereas eighth-grade students in pre-algebra or regular mathematics performed similarly. Also,
an increase in performance was sometimes noted between twelfth-grade students who had taken
at least second-year algebra and those who had not. Additionally, a further increase in

performance was noted at times for students who had taken at least third-year algebra
or pre-calculus.
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Data Analysis, St
and Probabiiidy

B

Content Strand Description

Questions in this content strand assessed students’ skills in collecting, organizing, reading,
representing, and interpreting data. Also assessed were students’ understanding of the basic
elements of sampling, data analysis, and probability as well as their competence in calculating

-simple statistics and probabilities. Many questions required a constructed response and asked

students to do a variety of tasks, such as completing or discussing charts and graphs or
describing the best ways to collect or display data. :

Students at grade 4 were expected to be familiar with a variety of types of graphs
(typically pictorial), make predictions from data and explain their reasoning, and use the basic
concept of chance. At grade 8, students were expected to analyze statistical claims and design
experiments, demonstrate some understanding of sampling, and be able to make predictions
based on complex data. Students at grade 12 were expected to use a wide variety of statistical
techniques to model situations and solve problems. They also were expected to understand and
apply concepts of probability to dependent and independent events and to have some
knowledge of conditional probability.

Examples of Individual Questions and
Student Performance

A number of the Data Analysis, Statistics, and Probability questions from the NAEP 1996
mathematics assessment are shown in this chapter. Presentation of the questions is organized
around three areas of emphasis. Tables, graphs, and charts includes questions that assessed
students’ abilities to interpret and display data; sampling and statistics includes questions that
assessed students’ knowledge and skills in these areas; and probability includes questions that
assessed students’ understanding of and ability to calculate the probability of simple and
related events.

Q
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All sample questions from this content strand are mapped onto the NAEP mathematics
scale as shown in Figure 6.1. Specific instructions on how to interpret this map are given at the
end of Chapter 2. The map is included to provide an indication of the relative difficulty of each
example question and, thus, to indicate the type of material mastered within this content strand
by students with varying degrees of mathematics proficiency. As noted in previous chapters,
however, the difficulty of any question is a function of the relationship between characteristics
specific to the question (e.g., format, absence or presence of graphics, real-world application),
the specific mathematics content associated with the question, and students’ opportunities to
learn this content. It should be remembered also that overall performance on the Data Analysis,
Statistics, and Probability content strand is not determined solely by performance on the
examples presented here. These examples illustrate only some of what students know and
can do.
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Map of Selected Data Analysis, Statistics, and REJH,ETN'I‘I_";;’;S

Figure 6.1 Probability Questions on the NAEP Composite CARD
S Mathematics Scale (Item Map) EW

NAEP Scale

NOTE: Position of questions is approximate. % 800 é
>

{8) Recognize Misleudihg Graph (475)

N

< (463) Compare Mean and Median (12)

{12) Use Data in Table to Compute Average Hourly Wage
and Determine When Wage Rate Changes {420) »

< (411) Compare Probabilities {12)

Grade 12

Average:
.g\n 1)

{12) Use Data from a Chart {295) »

(8) Use Data from a Chart (286) ™ Grade 8 |« {289) Identify Representative Sample (8)

Average:

27Ay— {278) Determine a Probability (4)
' (265) Use Data from a Chart (4)

A

A

< {246) Read a Bar Graph {4)

(8) Reason About Sample Space (235) > | Grade 4
Average:

X221
¥

% . $
NOTE: Each mathematics question was mapped onto the NAEP O to 500 mathematics scale. The position of the question on the
scale represents the scale score obtained by students who had a 65 percent probability of successfully answering the question.

{The probability was 74 percent for a 4-option multiplechoice question and 72 percent for a S-option multiplechoice question.)
Only selected questions are presented. The number 4, 8, or 12 in parentheses is the grade level at which the question was asked.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment. .

~
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Tables, graphs, and charts -
These questions assessed students’ abilities to interpret and display data in tables, graphs, and
charts. At all grade levels, students had to read and interpret data, make predictions, compute
with data, and interpolate and extrapolate. They also had to translate data into tables and
graphs. Questions for fourth-grade students often used pictographs, with symbols representing
single or multiple units. Fourth-grade students also were evaluated on their ability to interpret
simple pie charts. Questions for older students included stem-and-leaf and box-and-whisker
plots. Graphs and charts often involved percents, and graphs often compared units on two
dimensions. Students in eighth and twelfth grade were asked to make decisions about the best
representation of data for certain situations or to compare data in two different tables, graphs,
or charts.

Four examples of questions are presented here — one at each grade level a'nd one that -
appeared at all three grade levels. The first example is a multiple-choice question that
appeared on the assessment for fourth-grade students. The question presented students witha
bar graph representing class votes on favorite types of music. Results for three types of music
and a residual “other” category were displayed separately for boys and girls. A legend indicated
that the square symbol used in the graph represented one student. Students were to determine
the type of music preferred by most of the students in the class. In order to respond correctly,
students had to add the number of votes for boys and girls together within categories and
compare the totals.

4. Each boy and girl in the class voted for his or her favorite kind of music.
Here are the results.

D =] student

Girls

[]
Bo D
O O
O
D DBoys Boys

aol ] OO0 CIC) anl ]
L0 U4 00 Od

Classical Rock Country Other

S

<

Boys

Oo00e

Which kind of music did most students in the class prefer?
@ Classical

Rock
© Country
@ Other

Did you use a calculator on this question?

O Yes O No

The correct optign is B.

At
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This question was not very difficult for fourth-grade students. It mapped at a score of
246 on the NAEP composite mathematics scale. Student performance data are presented in
Tables 6.1 and 6.2. Nearly 60 percent of the students responded correctly to the question.
Another 36 percent of the student§'chose Option C (country music) as the appropriate response.
These students may not have understood that they had to sum the data for girls and boys and
may have simply chosen the category with the longest bar. Table 6.2 shows that approximately
‘two-thirds of the students at the Basic achievement level and more than 80 percent of those at
the Proficient level responded correctly to the question.

THE NATION'S

. - REPORT [rgep
Table 6.1 Percentage Correct for “Read a Bar Graph” CARD |_
. {
Percentage Correct
/ ole
Overall : _ 59
Males 61
Females 57
White 67
Black. _ 33
- Hispanic 45
Asian/Pacific Islander i
American Indian ok
*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. ’ l
THE NATION'S
fable 6.2 Percentage Correct Within Achievement-Level  REORT[raep
able 6. Intervals for “Read a Bar Graph” s
\

NAEP Grade 4 Composite Scale Range

Overall Below Basic ~ Basic Proficient Advanced

59 38 66 82

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: Nationa! Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. : :
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The second example for this area was a question that appeared on the assessment for all
three grade levels. It is a short constructed-response question for which students had to
interpret data from a table and then explain their interpretation. The data in this question again
represented votes, this time regarding shapes that were being considered for a class symbol.
(The question fell within a block for which students were supplied with cardboard shapes or
manipulatives. The designations N, P, and () that are used in the question refer to these
shapes.) Based on the preference data from three classes, students were to determine which
shape should be selected for the symbol and tell why. The correct response was shape N
because it received more total votes than the other two shapes; students also could have stated
that it was the first choice in one class and the second choice in the others.

5.  This question refers to pieces N, P, and Q.

In Mr. Bell's classes, the students voted for their favorite shape for
a symbol. Here are the results.

Class 1 . Class 2 Class 3
Shape N 9 14 1.1
Shape P 1 9 17
Shape Q 22 7 2

Using the information in the chart, Mr. Bell must select one of the shapes
to be the symbol. Which one should he select and why?

The shape Mr. Bell should select:

Explain:
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l
1
i

!

i
1

A sample “correct” response follows. In this response, the student chose shape N,

supporting this choice by adding up the total number of votes for each shape and showing that
shape N received the most votes overall.

Sample ““correct” response

The shape Mr. Bell should select: /V

Explain: 4 N f_ o -
ﬁ" 7 3
' 1 —
9 L3
e _3q 3

These next two samples are “incorrect” responses. In the first, the student correctly :
chose shape N but provided an incorrect explanation. It is followed by a sample response from a
student who chose shape Q

Sample “incorrect” response 1

The shape Mr. Bell should select: | N
Explain:

pelaves "k 1S o NeaT

X
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Sample “incorrect” response 2

The shape Mr. Bell should select: ihnﬂ_L

Explain:

more s\uder\fs vifed for

This question was somewhat difficult for students in grade 4-but easier for students in ,
grades 8 and 12. The performance results are displayed in Tables 6.3 and 6.4. Table 6.3 shows
the percentage of students at each grade who 1) chose shape V and had a correct explanation,

2) who chose shape N but had no or an incorrect explahation, 3) who chose shape Q, and 4) who
made some other incorrect response.! Only the responses of students who chose shape N and
had a correct explanation were rated “correct.” ,

Approximately one-third of the fourth-grade students, one-half of the eighth-grade
students, and two-thirds of the twelfth-grade students chose shape N for the symbol and had
correct explanations. At each of the three grades, the percentage of students who chose shape NV
but had no or incorrect explanations was between 12 and 17 percent. Perhaps the most
interesting difference was in the percent of students who chose shape Q. Thirty-two percent of
the fourth-grade students (equivalent to the percentage who answered correctly) chose shape Q.
At grade 8, this percentage dropped by half, and at grade 12, only nine percent of the students
chose shape Q. At the earlier grades, students may be more inclined than at later grades 51mply
to base their response on the largest single number in the table rather than to sum the data
across classes. Another possible explanatlon is that at the fourth- grade level, students 51mply
answered their favorite shape.

! Student responses for this and all other constructed- response questions also could have been scored as “off task,” Wthh
means that the student provided a responsé, but it was deemed not related in content to the question asked. There are
many examples of these types of responses, but a slmple one would be “I don’t like this test.” Responses of this sort
could not be rated. In contrast, responses scored as “incorrect” were valid attempts to answer the question that were

simply wrong.
165
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ERIC

Aruitoxt provided by Eic:

= THE NATION'S
REPORT [reg
Score Percentages for “Use Data from a Chart” CARD j; |
Correct Incorrect Omit
Shape N-No,
Shape N—Correct | or Incorrect,
Grade 4 Explanation | Explanation Shape Q Other
Overall 32 12 32 21 3
Males 31 12 30 23 3
Females 33 12 33 18 3
White 38 12 32 14 3
Black 13 11 34 39 3
Hispanic 16 13 25 39 6
Asian/Pacific Islander 33 18 31 16 21
AmeriCOn lndicn * k * * k * * *k * * k * * k *
Grade 8
Overall 58 5 16 10 0
Males 57 16 16 1 -0
Females 60 14 16 10 0l
White 64 15 . 13 7 ol
Black 38 20 21 20 2
Hispanic 52 Q - 20 19 ol
Asian/Pacific Islander - - _—_— - ) -
AmeriCOn |ndi°n * k * * k Kk * *k * * *k * * %k *
Mathematics Course Taking: i
Eighth-Grade Mathematics 56 16 19 - 10 o]
Pre-Algebra 57 14 17 11 o]
‘ Algebra 67 15 9 10 0
_ Overall 67 17 Q 6 1
Males 66 20 7 6 2
- Females 67 16 10 6 \ 1
" White|T 70 18 7 4 1
Black 58 15 16 8 2
Hispanic | - 55 - ' 21 9. 12 4
Asian/Pacific Islander C 67 14 10 7 2
AmeriCOn lndicn ***- * k * * *k * * *k * * %k *
Geometry Taken 68. 18 8 5 1
Highest Algebra-Calculus .
Course Taken:
Pre-Algebra . 65 i 10 Q 3
First-Year Algebra 61 20 10 6 - 2
Second-Year Algebra 69 18 . 8 5 0
Third-Year Algebra/Pre-Calculus® | . 71 17 6 5 1
Colculus : : : 4 0

NOTE: Row percentoges moy not total 100 due to rounding. Responses that could not be rated were excluded.
*** Sample size is insufficient to permit a Teliable estimate.

- - Data for grade 8 Asian/Pacific Islanders are not reported due to concerns obout the accuracy and precision of the
national estimates. See Appendix A for further detail.

~ | Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the stafistics does not match statistical test assumptions {see Appendix A}.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. :
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Table 6.4 shows, for each grade, the percentage of students within each of the NAEP
achievement levels who responded correctly to the question. At grade 4, only students who were
at least at the Proficient level had a greater than 50 percent chance of answering correctly. At
grade 8, more than two-thirds of students at the Basic level provided “correct” responses, and at
grade 12, even students below the Basic level had a 50 percent chance of correct response. The -
question mapped at a score of 265 on the NAEP composite mathematics scale for grade 4 _
students. At grade 8, the question mapped at 286, and at grade 12, the question mapped at 295.

THE NATION'S
Percentage Correct Within Achievement-Level REPORT raep

Table 6.4 ‘ Intervals for “Use Data from a Chart” ‘

NAEP Grades 4, 8, and 12 Composite Scale Ranges
Overall Below Basic l . Basic , Proficient Advanced
Grade 4 32 8 32 61 * %k *
Grade 8 58 . - .38 68 77 *x%
Grade 12 67 51 73 77 * ok x

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

The third sample for this area is an extended constructed-response question for

eighth-grade students. Students were presented with two graphs displaying the number of riders

for the Metro Rail Company over a 6-month period. The difference between the graphs was that
one displayed the scale for the number of riders in increments of 2,000 while the other
displayed the scale in increments of 100. The question itself had two components, although
these were scored together to provide a single rating for the question. First, students were
instructed to choose, and justify their choice for, the graph that would best convince others that
the Metro Rail Company made a lot more money from ticket sales in March than in October.
Second, students were asked to explain why some people might consider the graph they chose
to be misleading,
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This question requires you to show your work and explain your
reasoning. You may use drawings, words, and numbers in your
explanation. Your answer should be clear enough so that another -
person could read it and understand your thmkmg It is important’

- that you show all of your work.

Which graph would be best to help convince others that the Metro
Rail Company made a lot more money from ticket sales in March
than in October? -

Explain your reason for making this selection.

Why might people who thought that there was little difference
between October and March ticket sales consider the graph you
chose to be misleading?

Did you use a calculator on this question?

O Yes O No

9. METRO RAIL COMPANY
Month Daily Ridership
October ' 14,000
November 14,100
December 14,100
January 14,200
February 14,300
March : 14,600
The data in the table above has been correctly represented by both
graphs shown below.
GraphA o Graph B
22,000 : 14,600
e 20,000 e 14,500 /
£ 18,000 T 14,400
S 16,000 2 14,300
2 14,000 ' 2 14,200
[+] [+]
2 12,000 2 14,100
10,000§ 14,000
0 0
€O 9 g O H 2 o> 0 g o N
824823 824223
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The correct answer for the first part of the question was Graph B because it
appeared to show a large increase from October to March. Acceptable variations on this
explanation included:

® The line in Graph B goes up more, has a more dramatic rise; or climbs higher.
® Graph B climbs faster.
® Graph B is steeper.

® Graph B shows a larger visual increase.

For the second part of the question, students were expected to recognize that Graph B
might be considered misleading because it exaggerated a relatively small increase in ridership
(misuse of scale). Acceptable variations of this reason included:

® Graph B has a smaller scale.
® Graph A has a larger scale.

® The numbers on B are smaller than those on A (they increase by 100s not 1,000s).

The use of the term “range” instead of “scale” was not considered acceptable.
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Student responses were considered “correct” if they identified B as the best graph and
had a complete explanation for both parts of the questlon An example of a “correct” response
follows. In this example, the student.used the term “range” in both answers, which would not,
in itself, be considered “correct”; however, the student also said that Graph B should be chosen
because it climbs faster and is misleading because it only has 100 at a time. Both of these '

statements were considered “correct” responses.

Sample ““correct” response

Which graph would be best to help convince others that the Metro
Rail Company made a lot more money from ticket sales in March
than in October? -

Explain your reason for making this selection.

awh B. IV hes 6 Smaller ra
(:C(;P]::mbcﬁ WQ(QQ)/‘Q vt M:ZES

M.Q‘ 7m)>"\ cl.mb yaS)Q\"o

Why might people who thought that there was little difference

between Octo!)er an.d March t1( g 1lﬁ conmﬁ‘tﬁ: you

chose to be misleading?

- The ra.nqz“bf\'\' wr :3
.‘ﬂw.y'or\ly ,have. a 100 Q’ld ./IYUL

Did you use a calculator on this question?
OYes @ No '
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Student responses were rated as “partial” if they chose Graph B and had an incomplete,
but partially correct, explanation for one or both parts of the question. For example, in the
following sample response the student gave a complete explanation of why B should be chosen,
* but an incomplete explanation of why Graph B could be considered misleading. When the
question was anchored to the NAEP scale, the “correct” and “partial” rating categones
were collapsed.

Sample 3‘pdrtial” response

Which graph would be best to help convince others that the Metro
Rail Company made a lot more money from ticket sales in March
than in October? -

Explain your reason for makmg this selection.

N 0&3 aq v *
Q \‘ ‘w‘?‘
| *
|- <ﬁ \
NN |

Why might people who thought that there was little difference
“between October and March ticket sales consider the graph you
chose to be misleading?

Ty
\%0&“’

¥ Q00 o
et

Did you use a calculator on this question?
OYes @ No
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Students also could have had responses that identified Graph B as the best graph but'
offered no explanations or only incorrect explanations. Answers of this type, which are
illustrated in the following example, were rated as “minimal.”

Sample “minimal® response

Which graph would be best to help convince others that the Metro
Rail Company made a lot more money from ticket sales in March
than in October?

Explain your reason for making this selection.

Graph B Decomse 1k e more
C\-CO\V Yo vy<od. |

Why might people who thought that there was little difference
between October and March ticket sales consider the graph you

chose to be misleading?
| might not be ahnle h:

:;W e aroph T rove Chaosen

Did you use a calculator on this question?
OYes @No.
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Student responses, such as the following, that did not identify B as the best graph were
" rated “incorrect.”

Sample ““incorrect” response

Which graph would be best to help convince others that the Metro
Rail Company made a lot more money from ticket sales in March
than in October?

_ Explain your reason for making this selection. lose
A ‘becavse The J°f vy ¢
J. '.r k .3 ¢ J
te 15,000 a=d » 5 -
M,000 - |
Why might people who thought that there was little difference
between October and March ticket sales consider the graph you
chose to be misleading?
Becavse The ene I chose d’“""
loe k& ke owmech J.rf(unct bcea vt
of dAroun ¢

1t s o IOnjcf (o »§¢<

Did you use a calculator on this question?
OYes @ No

-

Table 6.5 shows that only 2 percent of the students chose Graph B and gave complete
explanations, while 19 percent chose Graph B and gave incomplete, but partially correct,
explanations for at least one part of the question. However, 35 percent of thé eighth-grade
students who were taking algebra were able to provide at least partially correct ‘explanations for
choosing Graph B. This was.a higher percentage than was obtained for students enrolled in
pre-algebra or eighth-grade mathematics. Overall, 30 percent of the students did not even -
attempt the question.
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Aruitoxt provided by Eic:

' THE NATION'S

P Score Percentages for - REPORT [ngep
a . (3 3 CARO
~Table 6.5 “Recognize Misleading Graph” g\,

Correct Partial __Minimal Incorrect Omit

Graph B~ | Graph B—incomplete |  Graph B- :

Complete but Partially No or Incorrect
Explanation | Correct Explanation | Explanation

Overall 2 19 34 14 - 30
Males 2 19 32 15 31
Females 2 18 ' 36 14 30
‘White| 2 23 - 34 n | 28
Black 2! 6 38 2] 33
Hispanic 0! 7 24 25 43
_ Asian/Pacific Islander -- -- -- -- --
Americon Indion * KK * KK * kK * kK **.*

Mathematics Course Taking: ' _
Eighth-Grade Mathematics| 1 " 16 32 ' 19 32

Pre-Algebra 3 13 - 38 - 15 30
. Algebra 3 32 31 6 28

NOTE: Row percentages may not total to 100 due to rounding. Responses that could not be rated were excluded.

*** Sample size is insufficient to permit a reliable estimate. .

- Data for grade 8 Asian/Pacific Islanders are not reported due fo concerns about the accuracy and precision of the
national estimates. See Appendix A for further detail..

| Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical fest assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

Table 6.6 shows that 35 percent of the eighth-grade students who were classified as
Proficient on the NAEP com'posite mathematics scale, 22 percent of the students classified as
Basic, and only 7 percent of the students classified as performing below Basic chose Graph B
and responded with at least partially correct explanations to the two parts of the question. The
question mapped at a score of 475.

‘ Percentage at Least Partial Within ngggrmggs
Table 6.6 Achievement-Level Intervals for CARD
e ”Recognize Misleading Graph” - . \{

NAEP Grade 8 Composite Scale Range

Overall Below Basic Basic Proficient Advanced
20 / 7 22 35 *E*

*** Sample size is insufficient to permit a reliable estimate. ’

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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The final example for this area is a short constructed-response question that was used at
grade 12. The question presented a table summarizing time of day and number of hours worked,
average hourly wage, and daily earnings for an individual on each of 5 days. For the fourth day,
the cells for average hourly wage and total earnings were left blank. As in the previous example,
this question had two parts that were considered together in determining the student’s score. In |
the first part, students were given the total earnings for all'5 days and asked to use this
information, in conjunction with the table, to determine the average hourly wage for day 4. To
respond correctly, students had to add the daily earnings for the 4 days presented ($119.00),
subtract this from the total earnings of $153.50, and divide by the total number of hours worked
on the fourth day. This yielded the correct answer of $5.75. For the second part of the question,
students were to use the information on time of day and number of hours worked, along with the
average hourly rate, to determine the time of day at which the hourly rate changed. The correct
answer was 5:00 p.m. ’ -

TIME CARD Number Average Total
Name: J. Jasmine of Hourly Daily
Hours Wage Earnings
Mon. 10:00 a.m. —3:00 p.m. 5 5.50 27.50
Tue. 9:00 a.m. — 4:00 p.m. 7 5.50 38.50
Wed. 3:00 pm. — 7:00 p.m. 4 5.75 23.00
Thur. 2:00 p.m. — 8:00 p.m. 6
Fri.  5:00 p.m.— 10:00 p.m._ 5 6.00 30.00

2.

According to the information above, what is the éverage hourly wage

for Thursday's earnings if the total earnings for five days was

$153.50?

Answer:

The hourly wage rate changes at some hour during the day. At what
~ time does the hourly wage rate change?

Answer:

Did you use a calculator on this question?

OYes ONo
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Student responses were rated “correct,” “partial,” or “incorrect.” “Correct” responses
identified both the correct hourly wage and the correct time of the rate change. “Partial”
responses identified either the correct average hourly wage or the correct time of the rate
change, and “incorrect” responses did not correctly identify either. Following are three sample
responses. The first two responses were rated “partial”; each student correctly computed the
average hourly wage for the fourth day, but in the second part of the question the first
respondent entered the total daily earnings for day 4 instead of the time of the rate change, and
the second respondent entered 2:00 (the time the individual started work on day 4).

Sample ““partial” response 1

2. According to the information above, what is the average hourly wage
for Thursday's earnings if the total earnings for five days was
$153.50?

nswer___ D+ 19

The hourly wage rate changes at some hour during the day. At what
time does the hourly wage rate change?

Answer: b“‘ S— O

Did you use a calculator on this question?
@ Yes ONo

Sample ““partial® response 2

2. According to the information above, what is the average hourly wage
for Thursday's earnings if the total earnings for five days was
$153.50?

Answer: 5, 75—

The hourly wage rate changes at some hour during the day. At what
time does the hourly wage rate change?

00

Answer:

Did you use a calculator on this question?
@Yes ONo
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The third sample response was rated “incorrect.” This student entered the total daily
earnings for the fourth day as a response to the first question and identified 3:00 p.m. as the
time of the rate change. :

Sample “‘incorrect> response

2. According to the information above, what is the average hourly wage
for Thursday's earnings if the total earnings for five days was
$153.50?

Answer: 4 590

The hourly wage rate changes at some hour during the day At what
time does the hourly wage rate change?

Answer: @M

Did you use a calculator on this question?
@ Yes ONo

Performance data are presented in Tables 6.7 and 6.8. Thirteen percent of students
answered both parts of the question correctly, whereas 43 percent responded correctly to one of
the two parts. Students who had taken calculus were more likely to respond correctly than
students who had not taken calculus, and students who had taken at least third-year algebra or
pre-calculus were more likely than those who had taken less mathematics to provide at least a
partially correct response. '

164 ) - Student Work and Teacher Practices in Mathematics



THE NATION'S

Score Percentages for “Use Data in Table to  pepoRr ~aEp
Compute Average Hourly Wage and Determine CARD
When Wage Rate Changes” ]
Correct Parfial Incorrect Omit
“Overall | - 13 43 40 3
Males 13 43 40 3
Females 13 43 40 3
White 16 46 36 2
Black 4 38 51 7
Hispanic 11 36 46 7
Asian/Pacific Islander | . 15 44 37 - 4
American Indian *xx bl el il
Geometry Taken 14 46 - 36 3
Highest Algebra-Calculus
Course Taken: :
Pre-Algebrc * k% * k * A Ckkk * % Kk
First-Year Algebra 8 36 51 | 4
Second-Year Algebra 15 45 37 3
Third-Year ' -
Algebra/Pre-Calculus 14 53 31 -2
Caleulus 25 59 e 14 2
s e e BE e ' g AR S TN NI TR 7E )]
NOTE: Row percentoges may not total 100 due to roundlng Responses thot could not be rated were excluded
*** Sample size is insufficient to permit a reliable estimate.
- SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
The question mapped at a score of 420. Twenty-three percent of the students
classified as Proficient and 14 percent of those classified as Basic were credited with a fully
correct response.
Percentage Correct Within Achievement-Level THE NATION'S
Intervals for “Use Data in Table to Compute REEES; ReEEp
Average Hourly Wage and Determine When Wage L
Rate Changes” —

NAEP Grade 12 Composite Scale Range

Overall Below Basic Basic Proficient Advanced

13 4 14 23 il

ST OEASEE BT o th S

el Somple size is insufficient to permlt a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress [NAEP) 1996
Mathematics Assessment.
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Sampling and statistics ,

Questions in this area, which appeared primarily on the instruments for eighth- and
twelfth-grade students, assessed students’ understanding of and ability to apply sampling theory
and statistical analyses. Students were asked questions regarding sampling, data
representation, and data summarization. They were evaluated on their understanding of the
various measures of central tendency as well as on their ability to calculate these measures.
Students also needed to understand concepts related to correlation. Three questions are
presented here. Two were eighth-grade multiple-choice questions, and one was a twelfth-grade
extended constructed-response question.

The first eighth-grade question assessed students’ understanding of what can happen
when a sample is taken. Students were told that a bag contained two red candies and one yellow
candy and that each of two persons took one candy out of the bag, without replacement. The
question then listed four combinations of candy colors and asked which combinations could
have been drawn by these two people, given the candies in the bag. Only the fourth
combination, both picking yellow candies, was not possible.

4. Abag contains two red candies and one yellow candy. Kim takes out one candy
and eats it, and then Jeff takes out one candy. For each sentence below, fill in the
oval to indicate whether it is possible or not possible.

Possible Not Possible

Kim's candy is red and Jeff's candy is red.
Kim's candy is red and Jeff's candy is yellow.
Kim's candy is yellow and Jeff's candy is red.

CNCNCRC
CNCHNCRC)

Kim's candy is yellow and Jeff's candy is yellow.

Table 6.9 presents the percentages of students responding correctly to none, one, two,
three, or all four of the statements of sampling possibilities. Nearly 80 percent responded
correctly to all four statements, and another 10 percent responded correctly to at least three of
the statements. More females than males responded correctly to all four questions. When the
question was anchored to the NAEP scale, the categories of none, one, or two correct responses
to statements were collapsed.

1739

166 ) o ‘ Student Work and Teacher Practices in Mathematics



Q

ERIC

Aruitoxt provided by Eic:

THE NATION'S

Score Percentages for ngggg nIEp
”“Reason About Sample Space” s
)
3
10 3 6 1
Males 75 11 4 8 2 0
Females 85 9 2 4 0
White 86 8 2 2 0 o]
Black 61 14 7 14 4 0]
Hispanic 65 13 3 16 3 0!
Asian/Pacific Islander - - - - - -
Americcn |ndicn * % Kk '.k** * k Kk * k Kk * Kk %k * Kk Kk
Mathematics Course Taking:
Eighth-Grade Mathematics 76 12 5 6 1 1
Pre-Algebra 82 . 11 2 5 1 0
Algebra 86 7 1 4 2 0

NOTE: Row percentages may not tofal 100 due to rounding. Responses that could not be rated were excluded.
*** Sample size is insufficient to permit a reliable estimate.

— — Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the
national estimates. See Appendix A for further detail.

| Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the sfatistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress {(NAEP) 1996
Mathematics Assessment. ‘

This question was very easy for eighth-grade students. Table 6.10 shows that at least
three-quarters of the students who performed below the Basic level on the NAEP mathematics
assessment gave the correct response to at least three statements, as did nearly all of the
students in the other achievement level categories. The question mapped at a score of 235.

Percentage with at Least Three Correct Within RE;S,ETN"‘I;(;';S
' Achievement-Level Intervals for CARO
“Reason About Sample Space” {

NAEP Grade 8 Composite Scale Range

Overall Below Basic . Basic Proficient Advanced

89 75 97 99! 100!

| Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix AJ.
SOURCE: National Center for Education Statistics, Nationat "Assessment of Educational Progress {NAEP) 1996
Mathematics Assessment. '
[
G0
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The second example for this area is also an eighth-grade multiple-choice question. This -
question assessed students’ understanding of what constitutes a representative sample.
Students were told that a poll was being taken at a junior high school to determine the school
mascot and were asked where they could find a sample of students to interview that was most
representative of the students in the school.

6. Apollis being taken at Baker Junior High School to détermine whether to
change the school mascot. Which of the following would be the best place
to find a sample of students to interview that would be most representative
of the entire student body?

@ An algebra class
The cafeteria

@ The guidance office
@ A French class

® - The faculty room

The correct option is B.

This question also was fairly easy for eighth-grade students. Table 6.11 shows that
65 percent of the students answered correctly. One percent of the students chose Option D, the
French class, while approximately 10 percent of the students chose each of the remaining three
options. The question mapped at a score of 289, and most of the students whose performance
was classified as Basic or above chose the correct option.

181

168 . Student Work and Teacher Practices in Mathematics



ERIC

Aruitoxt provided by Eic:

Percentage Correct for
“Identify Representative Sample”

REPORT
CARD

THE NATION'S

neEp

=

-

Y

Percentage Correct
gae-d o P zzi .
Overall 65
Males 64
Females 66
White 73
Black 48
Hispanic .47
Asian/Pacific Islander --
American Indian *hk
Mathematics Course Taking:
Eighth-Grade Mathematics 59
Pre-Algebra 67
Algebra 74

*** Sample size is insufficient fo permit a reliable estimate.

— — Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the

national estimates. See Appendix A for further detail.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Percentage Correct Within Achievement-Level
Intervals for “Identify Representative Sample”

THE NATION'S
REPORT
CARD

(ST

\

NAEP Grade 8 Composite Scale Range
Overall Below Basic Basic Proficient Advanced
65 43 72 87 96!
o TR o b e TR e L3 T SYLE 3R \ATG e 2 TR |

| Statistical fests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match stafistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

182

Student Work and Teacher Practices in Mathematics

169



The final example for this area is an extended constructed-response question for grade 12

in which students were asked to determine whether the mean or median better represented the.
typical daily attendance in each of two theaters and to justify their answers. They were provided
with data on each theater’s daily attendance over a 5-day period, along with the median and the
mean of the 5 days. Theater A had a nontypical, or outlier, value for attendance on day 4. The
attendance for Theater B was bimodal.

This question requires you to show your work and explain your
reasoning. You may use drawings, words, and numbers in your
explanation. Your answer should be clear enough so that another
person could read it and understand your thinking. It is important
that you show all of your work.

10. The table below shows the daily attendance at two movie
theaters for 5 days and the mean (average) and the median

vattendance.
Theater A Theater B
Day 1 100 72
Day 2 87 97
Day 3 90 70
Day 4 10 71
Day 5 91 100
Mean (average) 75.6 82
Median - 90 72

(a) Which statistic, the mean or the median, would you use -
to describe the typical daily attendance for the 5 days at
Theater A? Justify your answer.

(b) Which statistic, the mean or the median, would you use to describe
the typical daily attendance for the 5 days at Theater B? Justify
your answer.

‘Did you use the calculator on this question?

OYes O No

170
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The correct answer for Theater A was the median, and the correct answer for Theater B
was the mean. The appropriate explanation for the choice of the median for Theater A conveyed
the idea that the attendance on day 4 was significantly different from attendance on the other
days. Appropriate explanations for the choice of the mean for Theater B were variations on the
following:

© There are two clusters of data;

@ The median is representative of one of the clusters, while the mean is representative of

both; and

@ 82 is a better indicator of where the “center” of the five data points is located.

2 &6 l 2 &«

Responses were rated as “extended,” “satisfactory,” “partial,” “minimal,” and
“incorrect.” However, when the question was anchored to the NAEP scale, the “extended” and
“satisfactory” rating categories were collapsed. A description of the ratings and sample

responses for each rating category follow.

In order to have been rated as “extended,” a student’s response had to identify the
appropriate measure for each theater and provide a correct explanation for at least one of the
choices. The following is a sample of an “extended” response. After correctly identifying each
statistic, the student explained that the median is better for Theater A because the mean is
pulled down by 1 day, and that the mean is better for Theater B because it is closer to

the middle.

Sample “extended® response

(@ e mcd\a-n becoNS2 Ws ove

\OuoLY '\“*\Q-“ e mﬁ‘;ﬂ

Nl

(® YoN bu‘_q).tse, \\' \S
m Yo Ahe vwiddle oS

QN ONeLradg,,

N 1S mi’\\.nx DWW
mf‘n“‘ naNe do.y WAt

o1 = \® opl oend "D

Did you use the calculator on this question?

O Yes O No‘r

f—n
(0
s
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In the following sample, rated as “satisfactory,” the student indicated the better measure
for both theaters, but only provided a complete explanation for Theater A.

Sample “‘satisfactory” response

(a) - 3 .

d 2

Wo«@%

W*MW% o
o ’ g of 10 1y,

(b)

/Meam- ﬂa%WCaJJJ*M
by Hof oyt - A Mol ane bout
He damt ~

Did you use the calculator on this question?

O Yes @ No

Students’ responses also could be rated as “partial” or “minimal.” “Partial” responses
P P P
either correctly identified the better measure for both theaters but did not provide appropriate

explanations for either, or correctly identified and explained only one measure. Two examples of
“partial” responses follow. '
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Sample “*partial” response 1

(@) | ' f

® wWean
O+ O aAs AR,

. Did.you use the calculator on this question?

O Yes @ No

Sample ““partial” response 2

(@ 4
s e S el o

Yo moon

® o . | e S duw werl
edion - 2 of ¥
The 0'’s -Cloest +O \ﬁd— |

medion = T
Did you use the calculator on this question?
O Yes @ No
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The next two sémple responses were rated as “minimal.” Both students correctly
identified the better measure for only one of the theaters (the first for Theater A and the second
for Theater B); however, neither had an appropriate explanation. The first student came close
with the explanation of the median for Theater A, but failed to complete the thought that the
attendance for day 4 was an outlier compared to the other 4 days.

Sample “minimal® response 1

M&m@g—*ﬁ*ﬁ“‘my .

D =

WWR‘]
oM in M\Lh

Qo
P:\J:mh“"

Madiqn - For § days, 2,707
peofplL came in ACh 9gy,
Did you use the calculator on this question?

O Yes @ No
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Sample “minimal” response 2

@ The ptmm 05 AL antvegls
no-+ wlod eccvrred ot Ha sk

O Tle tntne (o) - We ot +2
ko Ao HP‘.“J oLufla‘ o W dtn~ca
W 83 R et

Did you use the calculator on this question?

O Yes @ No

All other responses were considered “incorrect.” The final example is of an “incorrect” response.

Sample “incorrect® response

Ohe muan brogust not atways 4o

{00 pesplt Showy wp o ek And gangy ThE
wadion wmld ‘ot wrcm;mgﬁ Lo \erausd
W Mot & dafenatl Mumiser.

Y The median for He aume ciason. 45

question A

Did you use the calculator on this question?

O Yes @ No

BEST COPY AVAILABLE
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Tables 6.13 and 6.14 present student performance data for this question. The question
was fairly difficult, and only four percent of the students chose the better measure for both
theaters and gave a complete explanation for at least one of their choices. Slightly more than
30 percent of the students omitted the question, and over half of the students produced responses
that were rated “incorrect” or “minimal.” Students who had taken at least third-year algebra or
pre-calculus were more likely than other students to choose the better measures for both
theaters and offer at least one complete explanation; however, éven among this group the

percentage of responses that were at least “satisfactory” was small.

} THE NATION'S
Score Percentages for RER R [raep
“Compare Mean and Median” L
3
, Extended | Satisfactory Partial Minimal | Incorrect Omit
Better Measure
and Complete
Better Measure Explanation
Better Measure| Both Theaters; 1 Theater; or Better | Better Measure
Both Theaters; Complete Measure Both Theaters | 1 Theater; No
Complete Explanation with No or or Incomplete
Explanation for 1 Theater | Incomplete Explanation [  Explanation

Overall 1 3 10 28 25 31

Males 1 3 12 25 23 32

Females 0! 2 9 31 27 30

White 1 4 12 30 25 27

Black ol ol 7 25 24 42

Hispanic 0! 1! 6 18 24 48
Asian/Pacific Islander 1] 4 7 25 24 34
Americon Indion ok ok ok * k k * %k Kk * kK * k% * %k
Geometry Taken 1 3 10 29 27 30

Highest Algebra-Calculus
Course Taken: .
Pre-Algebro * ¥k k * K Kk * ok k * %k * %k * %k
First-Year Algebra 0 2 8 28 26 33
Second-Year Algebra 0 2 10 29 26 30
Third-Year

Algebra/Pre-Calculus 0 6 18 31 18 25
Calculus o) 10 11 26 25 21

NOTE: Row percentages may not total 100 due to rounding. Responses that could not be rated were excluded.

*** Sample size is insufficient to permit a reliable estimate.

| Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical fest assumptions (see Appendix A).
SOURCE: National Center for Education Stchshcs Nchoncl Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table 6.14 shows that few of the students within any of the achievement level
classifications received full credit on this question, and when the question was anchored to the
NAEP scale, the “extended” and “satisfactory” rating categories were collapsed. The question
mapped at 463 on the NAEP composite mathematics scale.

Percentage at Least Satisfactory Within REJ{,‘,ET"%‘:;S
Achievement-Level Intervals for CARD
“Compare Mean and Median” {

NAEP Grade 12 Composite Scale Range

Overall Below Basic Basic v Proficient Advanced -

4 ol 2 13 *xx

Ly F S, A R - R
*** Sample size is insufficient to permit a reliable estimate.
| Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Probability .
This area included questions measuring students’ understanding of probabilistic events and
their ability to determine the probability of simple and compound events. Questions for
fourth-grade students used less advanced terminology than those for older students, and

probabilities were simpler to calculate. Questions for older students required them to predict
outcomes given two or more dependent events. Some questions also involved percents and
proportions. Two questions are presented as examples for this area. One is a fourth-grade
multiple-choice question, and the other is a twelfth-grade extended constructed-response
question.

The following example question asked fourth-grade students to determine the chances
that the person randomly chosen to be the captain of a swim team would be a fifth grader, given
that the membership of the swim team was divided between fifth- and sixth-grade students in a
specified manner. The language used in this example is typical of the probability questions
presented in the fourth-grade assessment.

oy 190
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9. There are 3 fifth graders and 2 sixth graders on the swim team. Everyone's
name is put in a hat and the captain is chosen by picking one name. What
are the chances that the captain will be a fifth grader?

@ loutofs
1 out of 3
© 3outofs
@ 2outof3

The correct option is C.

Tables 6.15 and 6.16 display student performance data on this question. Approximately
one-third of the students responded correctly. Twenty-two percent of the students chose
Option A, the probability that any individual student would be chosen, whereas 16 percent
chose Option B, and 28 percent chose Option D. The appeal of the latter option may have been
that it contained both of the numbers specified in the stem of the question. Clearly, many
fourth-grade students did not know how to determine chance.

THE NATION'S
. . REPORT [ngep
Table 6.15 Percentage Correct for “Determine a Probability” . CARD
1
Percentage Correct

Overall ' 31
Males 32
Females 30
White 34
Black 22
Hispanic 26
Asian/Pacific Islander 35
American Indian , okk

L |
*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Table 6.16 shows the percentage of students within each of the achievement level
intervals who responded correctly to this question. Half of the students classified as Proficient
responded correctly compared with approximately one-quarter of the students at each of the
lower two levels. The question mapped at 278.

I ) — THE NATION'S
i e 16 Percentage Correct Within Achievement-Level  REFOR!Iraep
- Janle O Intervals for “Determine a Probability” g\

NAEP Grade 4 Composite Scale Range

Overall Below Basic Basic Proficient Advanced

31 23 24 54 rEx

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

The final example is a twelfth-grade extended constructed-response question on joint
probabilities. The question showed two spinners that were half black and half white, and
students were told that to “win,” both arrows had to land on black when the spinner was spun
once. They then were asked whether they agreed that there was a 50-50 chance of this
happening and instructed to justify their answers. The correct response was “no” because the

- possibility of either event happening was 1 in 2; therefore, the possibility of both happening was
1 in 4, or 25 percent.

9. The two fair spinners shown above are part of a carnival game. A
player wins a prize only when both arrows land on black after each
spinner has been spun once.

James thinks he has a 50-50 chance of winning. Do you agree?

@ Yes No

Justify your answer.

Did you use the calculator on this question?

O Yes O No
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Students’ explanations were rated “correct,” “partial,” or “incorrect.” A “correct” .
explanation had to indicate that the actual chances were 1.in 4, or 25 percent, and correctly

justify this conclusion. Both of the following responses were considered “correct.”

Sample ““ceorrect” response 1

James thinks he has a 50-50 chance of winning. Do you agree?
@® Yes @ No

Justify your answer.

he hes a 50 ~50 CL‘“"“ % wining on
bhe °f the Spinnart then on The of/\ff ¢ H% the Same
C"an(ts" ,Go X .80 = .&f he Aa; a

V5% chance of “"""?n}

Did you use the calculator on this question?

O Yes @ No

Sample ““correct” response 2

James thinks he has a 50-50 chance of winning. Do you agree?
® Yes @ No

Justify your answer.
Twe cMavee thot caon spineey

lowds 6w block (4 one n
two, or L tve probabilihy
™ok 4w L seinners 9ot o

cevraiv vesvl+ is L,
t -

)
o7 Y.
Poksible cambinations:

0,08, 00, o0

RN
Did you use the calculator on this question?

O Yes @ No
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Students also could have simply drawn a diagram similar to the one presented in the
second sample above and still have been considered as giving a “correct” response. For a
response to have been rated as “partial,” students had to do one of the following:

@ list the sample space correctly, but with less than a complete explanation;
® draw a correct tree diagram, but with less than a complete explanation; or

® simply state that the chance would be 1 in 4.

In the following example of a “partial” explanation, the student described the sample
space but did not tell what the actual chances of winning were. '

Sample “partial® response

James thinks he has a 50-50 chance of winning. Do you agree?
® Yes @ No

Justify your answer.

Did you use the calculator on this question?

O Yes @ No
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“Incorrect” explanations included all explanations that did not meet the criteria stated
above. Note that students who responded correctly to the initial “yes/no” question but were not
able to provide at least a partially adequate explanation received a rating of “incorrect.” Two
examples of responses that were rated as “incorrect” follow.

Sample “incorrect” response 1

James thinks he has a 50-50 chance of winning. Do you agree?
® Yes @ No ‘

Justify your answer.

pxonk Qi O~a Pooma Qo

buk Ue CLpandd on Snauw Yand
O 330w maxw TV

Dpuwx

Did you use the calculator on this question?

O Yes @ No

Sample ““incorrect” response 2

James thinks he has a 50-50 chance of winning. Do you agree?
@ Yes @ No

Justify your answer.

Jw 1B
2w

19
MM?@W Chancts

Did you use the calculator on this question?

O Yes @ No
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Student performance data are presented in Tables 6.17 and 6.18. Forty-four percent of
the students provided an “incorrect” response to the initial question, meaning that they did not
answer “no” to whether there was a 50-50 chance of the spinners both landing on black.
Approximately one-quarter of the students answered the initial question correctly but provided
an incorrect explanation. The remainder were able to give an explanation that was at least
partially correct. Students whose highest course was calculus were substantially more likely
than other students to provide a fully correct explanation: 34 percent of these students provided
a response rated “correct.” Males were more likely than females to provide at least a partial
explanation to the question. : ‘

THE NATION'S
- ST REPORT [raeg
Score Percentages for “Compare Probabilities” CARD
=A|
Correct " Partial : Incorrect” Omit
Correct Answer | Correct Answer | Correct Answer
to “Yes/No" to “Yes/No" to “Yes/No” | Incorrect Answer
Question; Correct| Question; Partial | Question; Incorrect |  to “Yes/No”
Explanation Explanotion - Explanation Question
Overall 8 20 24 44 4
Males 9 23 25 40 3
Females 7 16 24 49 4
White 9 23 26 39 3
Black 4 8 - 18 62 7
Hispanic 5 7 18 a 65 4
Asian/Pacific Islander 11 20 29 38 11
Americcn Indicn kK kK AKX % kK k%
Geometry Taken 8 22 25 4] 4
Highest Algebra-Calculus
Course Taken:
Pre'Algeer Xk %k AKX % *k Xk *k Xk kK
First-Year Algebra 5 12 .24 56 3
Second-Year Algebra 7 21 28 42 3
Third-Year
Algebra/Pre-Calculus 8 37 21 26 8
Calculus 34 24 16 19 6

NOTE: Row percentages may not total 100 due to rounding. Responses that could not be rated were excluded.

*** Sample size is insufficient to permit a reliable estimate.

| Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix AJ.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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The question mapped at a-score of 411. Almost two-thirds of the students who were !
classified as being Proficient on the NAEP mathematics assessment responded with at least a

partial explanation. However, only 27 percent of those classified as Basic and 5 percent of those
classified as below Basic performed as well.

THE NATION'S
Jable 6.18 Percentage Correct Within Achievement-level  FEEORT [naep
) Intervals for “Compare Probabilities” i\

NAEP Grade 12 Composite Scale Range

Overall Below Basic Basic Proficient Advanced

28 5 27 65 R
e e

*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educationial Progress (NAEP) 1996
Mathematics Assessment.

Summqry ’

This content strand included questions that assessed students’ understanding of data, including
how to best collect, display, and interpret data. Questions also assessed students’ understanding
of statistics and probability and their competence in calculating statistics and determining
probabilities. Statistics included mean, median, mode, and standard deviation of distributions,
and probabilities could be simple, dual, or conditional.

As might be expected, straightforward interpretations of graphs, charts, and tables were
easier for students than questions that asked theém to perform calculations with displayed data.
Students also had difficulty explaining why one method of reporting or displaying data was
better than another, even though they may have recognized which was the better method.
Questions asking students to determine chance or probability were generally difficult for them.
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Algebra' and Functions

Content Strand Description

The Algeébra’and Functions content strand extends from work with simple patterns at grade 4 to
basic algebra concepts at grade 8 to more advanced questions at grade 12. The strand includes
not only algebra, but also pre-calculus and some topics from discrete mathematics. On the
NAEP 1996 mathematics assessment, students were expected to use algebraic notation and to
solve mathematical problems set in real-world contexts. Across the grades, students also were
expected to demonstrate an increasing understanding of the use of algebraic functions and
geometry as representational tools. _ ‘

At grade 4, the assessment involved informal demonstration of students’ abilities to
generalize from patterns and justify such generalizations, translate between mathematical
representations, use simple equations, and construct basic graphs. At grade 8, the assessment
included more algebraic notation, stressing the meaning of variables and an informal
understanding of the use of symbolic representation in problem-solving contexts. Students also
were expected to use basic concepts of functions as-a way of describing relationships and to
solve simple equations and inequalities. At grade 12, students were expected to be adept at
appropriately choosing and applying algebraic representations in a variety of
problem-solving situations, including using functions in representing and describing more
complex relationships.

Examples of Individual Questions and
Student Performance

Several questions from the Algebra and Functions content strand of the NAEP 1996
mathematics assessment are shown in this chapter. Presentation of the questions is organized
around four areas of emphasis within the Algebra and Functions content strand: 1) patterns and
functional relationships; 2) number lines and graphs; 3) equations and inequalities, which
includes algebraic representations and solving equations and inequalities; and 4) advanced
functions topics and trigonometry. As was true for the other content strands, questions within all
four areas tested students’ conceptual understanding and procedural knowledge, as well as their
abilities to reason, communicate, and make connections.

LN
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All sample questions from this content strand are mapped onto the NAEP composite .
mathematics scale as shown in Figure 7.1. Specific instructions on how to interprét this map are
given at the end of Chapter 2. The map is included to provide an indication of the relative
difficulty of each sample question and, thus, to indicate the type of material mastered within
this content strand by students with varying degrees of mathematics proficiency. As mentioned
in previous chapters, it is important to remember that the difficulty of a question is a function of
the characteristics specific to the question (e.g., format, absence or presence of graphics,
real-world application), as well as the specific mathematics content associated with the
question, and students’ opportunities to learn this content. Remember also that overall
performance on the Algebra and Functions content strand is not determined solely by
performance on the examples presented here. These examples illustrate only some of what
students know and can do.

Patterns and functional relationships

Most of the questions in this area that required students to solve problems related to patterns of
numbers, letters, or figures were found at grade 4. In simpler patterns, all elements changed in
the same way (e.g., adding 5, rotating figure one unit). In more complex patterns, elements
changed in different ways. The most difficult questions covered relationships between patterns.
Questions asked students to identify the next element(s) in the pattern, fill in missing elements,
perform computations with missing elements, or explain patterns.

Two sample questions are presented for this area — an eighth-grade short
constructed-response question and a twelfth-grade extended constructed-response question. Both
questions assess students’ problem-solving skills. '

The question selected for the first example listed the number of diagonals that can be
drawn from any vertex of various polygons and then asked how many diagonals could be drawn
from any vertex of a 20-sided polygon. In order to answer the question correctly, students had to
analyze the information presented and determine the pattern present, that is, that the number of
diagonals is always three less than the number of sides of the polygon. Then they needed to
apply that pattern to the 20-sided polygon to compute the correct answer of 17. Any other
answer was considered “incorrect.”

From any vertex of a 4-sided polygon, 1 diagonal can be drawn

From any vertex of a 5-sided polygon, 2 diagonals can be drawn
From any vertex of a 6-sided polygon, 3 diagonals can be drawn
From any vertex of a 7-sided polygon, 4 diagonals can be drawn

10. How many diagonals can be drawn from any vertex of a 20-sided
polygon?

Answer:

The correct answer is 17.
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Map of Selected Algebra and Functions REJS,ET"’I‘I;]""’S
Questions on the NAEP Composite caRD [T
. Mathematics Scale (Item Map) ﬂ\\’

NAEP Scale

NOTE: Position of questions is approximate. l 500 %

{12} Destribe Pattern of Squares in 20th Figure (445) »

{363) |dentify Graph of Function {12)

A

{12} Use Trigonometric Identity {362) »

{335) Subtract Integers {8)

A

Grade 12
{8) Find {x,y} Solution of Linear Equation (305} » Average:

T2 (301)5

Gr;lde.li ]
{8) Translate Words fo Symbols (281) » | Average:

X(27ZA4)z

A

{285) Find Number of Diagonals in a Polygon
from a Vertex (8)

{263) Solve Pair of Equations (12}

A

; 'Gi-a;le 4
Aterages:

T(221X):
A

{4) Write Expression Using N (231) »

?' o! * ?
NOTE: Each mathematics question was mapped onto the NAEP O to 500 mathematics scale. The position of the question on the
scale represents the scale score obtained by students who had a 65 percent probability of successhully answering the question.
(The probability was 74 percent for a 4-option multiple-choice question and 72 percent for a 5-option multiple-choice question.}
Only selected questions are presented. The number 4, 8, or 12 in parentheses is the grade level at which the question was asked.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Student performance data are presented in Table 7.1, and the percentage of students. "
within each achievement-level interval who successfully answered the question is presented in
Table 7.2. Fifty-four percent of the students answered the question correctly. Female students'.
outperformed males on this question. Students taking eighth-grade mathematics or pre-algebra
performed similarly, while those taking algebra performed better than the other two groups.
Sixty percent of students at the Basic level, 84 percent at the Proficient level, and more than
90 percent of students at the Advanced level gave the “correct” response. The question mapped at
a composite scale score of 285.

' ' - THE NATIDN'S
”E; - REPORT [ng
Table 7.1 Percentage Correct for “Find Number of CaRp |FEED

Diagonals in a Polygon from a Vertex” +
N

ade & Percentage Correct
Overdll _ 54
Males 50
Females 59
White 61
Black 35
Hispanic 41
Asian/Pacific Islander -~
American Indian el
Mathematics Course Taking: ,
Eighth-Grade Mathematics 47
Pre-Algebra 51
Algebra 69

L - - . .
*** Sample size is insufficient to permit a reliable estimate.

- - Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the
national estimates. See Appendix A for further detail.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP} 1996

Mathematics Assessment.

201

EMC 188 Student Work and Teacher Practices in Mathematics




Percentage Correct Within Achievement-Level REJS,ETNATION’S

Intervals for “Find Number of Diagonals in a “carp [2E0
Polygon from a Vertex” g

-

NAEP Grade 8 Composite Scale Range

Overall Below Basic Basic Proficient Advanced

54 27 60 84 96!

! Stohshcol tests mvolvmg thls value should be interpreted with caution. Standard error estimates may not be accurately’
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).”
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996 -
Mathematics Assessment.

The next example is an extended-constructed response question for twelfth-grade students.
It included directions to the students to show all of their work and explain their reasoning. Students
were told that they could use drawings, words, or numbers in their explanations and that the
answer needed to be clear enough that another person could read it and understand their thinking.
In the problem, students were shown the first three figures in a pattern of tiles that they were told
contained a total of 50 figures. They were asked to describe the 20th figure in the pattern and to '
explain the reasoning they used to determine this solution. They then were asked to write a general
description that could be used to define any of the 50 figures in the pattern.

9. The first 3 figures in a pattern of tiles are shown below. The pattern of
tiles contains 50 figures.

Describe the 20th figure in this pattern, including the total number of
tiles it contains and how they are arranged. Then explain the reasoning
that you used to determine this information. Write a description that
could be used to define any figure in the pattern. -

Q 2 O 2
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In rating student responses, readers could rate a response as “extended;” “satisfactory,” »
“partial,” “minimal,” or “incorrect.” A response was considered “extended” if it included the
following elements: 1) a correct count of 442 tiles for the 20th figure; 2) a verbal or graphical
explanation of the reasoning the student used (e.g., a description of a figure with a row of
21 tiles across the top, a row of 21 across the bottom, and a 20 x 20 square between these rows
with the top row extending one tile to the right of the square, and the bottom row extending one
tile to the left); and 3) an accurate generalization, based on inductive reasoning. The following
sample “extended” response contains all of these elements. '

Sample “extended” response

n " (ckc,L g\,um e rensed ‘ \‘n‘f \q' \ll.'o‘,k" a-d ovae &~d+
e er ot Jor every SucCession, relative du Do Mt
o n |
Tor e, bt b wth et o Fgre Ll e ool e
/
acras of he base , n uni¥s  wide L1 Lty across o
N Hop, ord wtZ umis 9\'-3\\. This s dhe pd‘hn\
“ a “'3'“( u"“ e 21 Units acrcsS on e
L -
.Y h
bethm gt 20 unid Wik v the widdle, 22 vt high,
a® Ul g"{\s wiee ok “he *? TN rerwse is lintar

Toisl puwber g Files it covdning -
2r 4 (TOXTD ¥ L\ = IYT

The jnrer Spvae s aluays (~x~Jwnfs in am (a9

A response was considered “satisfactory” if the student described the 20th figure, gave
the number of tiles, and provided some evidence of sound reasoning. However, “satisfactory”
responses either included errors in computation or lacked clarity in the explanation. The
following sample “satisfactory” response is an example of a response that contained most of the
elements asked for in the question but that lacked a clear explanation or generalization.
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Sample “satisfactory> response

" A response was considered “partial” if the student illustrated or described at least one -
additional figure in the pattern correctly or stated that there are 442 tiles in the 20th figure but
did no more. In the following sample “partial” response, the student correctly diagrammed the
20th figure but did not tell how many tiles were in the figure, explain his or her reasoning, or
provide a generalization.

Sample “partial® response

20 . Rows acrdsd

22 Rows wp _

221 Rows aclross G-J'Jurl--{-c

2\ Rows geross af st boHom
> 21 LblockS

Q
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‘A response was considered “minimal” if the student attempted to draw or describe the
given pattern or an additional figure in the pattern or made some attempt to go beyond what was
shown in the question. The following “minimal” response is an example of a student who made
an attempt to draw the 20th figure but did not correctly describe it or tell the number of tiles it
contains. The student’s reasoning was not clearly explained, and there was no description that
could be generalized to any figure in the pattern. '

Sample “minimal® response

: | 9
NereasAe | aeredS
QC&CJ\M‘CZSU'C—‘ 0 W]

d/ SPa-LCS —

A response was considered “incorrect” if the student showed no attempt to go beyond
what was shown in the question. The following sample “incorrect” response is an example of a
student who just repeated one of the figures shown in the original question and gave a verbal
answer that appeared to show lack of comprehension of the question.

Sample ““incorrect” response

The D0 Jigure is ow the right hand

g'\de {UW\Q 3\'6 Pq“’tfﬂ O.Ddl's one Up On ‘4
11 he +hs . The ?iﬂure cou

' )
dhe caryes, 1‘1

=1

be Q box.
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Information on student performance on this question is presented in Table 7.3. This
question was quite difficult for students, and when the question was anchored to the NAEP scale,
the “extended” and “satisfactory” rating categories were collapsed. While 80 percent of
twelfth-graders attempted to answer the question, only 4 percent provided a response that was
rated as “satisfactory” or higher. Another 18 percent provided “partial” responses, and more than
50 percent provided responses rated as “minimal” or “incorrect.”’ Students whose highest
mathematics course was calculus were more likely to provide a response considered to be at least
partially correct than students with fewer courses in the algebra-through-calculus sequence, and
students whose highest course was third-year algebra were more likely to provide a response
considered to be at least partially correct than those whose highest course was first-year algebra.

_ THE NATION'S
Score Percentages for REFORT (naiep
“pescribe Pattern of Squares in 20" Figure” ‘
SRR Extended | Satisfactory |  Partial Minimal Incorrect Omit
Overall 2 2 18 28 25 20
Males 2 2 19 26 .27 .19
Females 1 2 17 31 23 21
White | 3 2 19 33 23 15
Black 0! 0! 9 17 35 36
Hispanic o! 1! 18 19 26 33
Asian/Pacific Islander 2! 3 - 30 20 20 22
Americon Indion * kk * k% * %Kk * k %k * % % * k %k
Geometry Taken 2 3 20 ‘30 126 19
Highest Algebra-Calculus
Course Taken: . ,
Pre_Algebro . * k% * k% * k Kk * %k k * k% * %k Kk
First-Year Algebra 2 o] 13 24 26 28
Second-Year Algebra 2 -2 18 30 24 21
Third-Year ‘ ' ' :
Algebra/Pre-Calculus 1! 7 - 22 - 32 - 22 15
Calculus 7 3 38 28 12 8

D R B . 0 Syt S BB R R e L .

NOTE Row percentoges moy not totol IOO due to rounding. Responses that could not be roted were excluded
*** Sample size is insufficient to permit a reliable estimate.

| Statistical tests involving this value should be inferpreted with caution. Stondord error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical fest assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress [NAEP) 1996
Mathematics Assessment. '

Student responses for this and all other constructed-response questions also could have been scored as “off task,” which -
means that the student provided a response, but it was deemed not related in content to the questiOn asked. There are
many examples of these types of responses, but a simple one would be “I don’t like this test.’ * Responses of this sort
could not be rated. In contrast, responses scored as “incorrect” were valid attempts to answer the questlon that were
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The percentage of students within each achievement-level interval who provided a
response that was rated at least satisfactory is shown in Table 7.4. Only 2 percent of students at -
the Basic level and 15 percent of students at the Proficient level submitted responses that were
considered at least “satisfactory.” The question'mapped at 445.

Percentage at Least Satisfactory Within REJS&”‘%‘;’?
Table 7.4 Achievement-Level Intervals for CARD
“Describe Pattern of Squares in 20th Figure” {

NAEP Grade 12 Composite Scale Range

Overall Below Basic Basic Proficient Advanced

4 0! 2 15 il

*** Sample size is insufficient to permit a reliable estimate.

| Statistical tests involving this value should be interpretea with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the stafistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

Number lines and graphs

Questions in this area asked students to use number lines and rectangular coordinate systems.
At grade 4, students primarily were asked to locate points on graphs, trace paths, and identify
points on number lines. At grade 8, many questions asked students to identify coordinates, and
at grade 12, questions asked students to represent equations, inequalities, and functions on
number lines and graphs.

The follow‘ing example is a twelfth-grade question that asked students to identify which
of five figures shown could be the graph of a function. To answer the question correctly students
needed to understand the definition of a function and be able to test each of the figures
against that definition. The question mapped at a score of 363 on the NAEP composite
mathematics scale.
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9. Which of the following could be the graph of a function?

@@ y
'y
-+ —e
P *—e
-+ o—eo
(B

-
Lo

The correct option is E.
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Performance data for this question are presented in Tables 7.5 and 7.6. The question was
fairly difficult for students and mapped at a score of 363 on the composite scale. Twenty percent
of the students selected the correct option, E, while another approximately 20 percent chose
Option D, and 32 percent chose Option C. It is possible that students selected Option C because
they did not know the definition of a function, or could not recognize Option E as representative of
a function because y does not vary with values of x, and simply selected the figure that appeared
most complicated. ' '

As might be expected, familiarity with functions appears to depend on a student’s
curriculum. Students who had taken more advanced mathematics courses were more likely to
respond correctly to the question than students who had not taken these courses. Students who
cited at least third-year algebra/pre-calculus as their highest mathematics course taken
performed better than those who had taken fewer courses in the algebra-through-calculus
sequence. That the question was difficult for students can be seen by the fact that only
17 percent of students at the Basic level and 56 percent of those at the Proficient level
answered correctly.

' THE NATION'S
Percentage Correct for “Identify Graph REPORT | nmp
CARD
Table 7.5 of Function” _ : L
\
ade Percentage Correct
Overall 20
Males : 21
Females 20
White 20
Black 16
Hispanic ' 22
Asian/Pacific Islander 43
American Indian el
Geometry Taken _ 22
Highest Algebra-Calculus
Course Taken:

Pre-Algebra 9
First-Year Algebra 10
Second-Year Algebra 17
Third-Year Algebra/Pre-Calculus 36
Calculus 55

_

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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_ ; == THE NATION'S
Percentage Correct Within Achievement-Level REPORT [rgap

Intervals for “Identify Graph of Function” CARD

\

NAEP Grade 12 Composite Scale Range

Overall Below Basic Basic Profidient |  Advanced

20

RO, vy <r LV RO DERR - U SR

8 17 56 rEH

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

Equations and inequalities :

Questions assessing student knowledge of, and skill in using, equations and inequalities ranged
from those asking for simple algebraic representations of situations and problems to those
asking students to solve systems of equations and inequalities. At grade 4, students had to
identify simple algebraic representations involving number sentences or pictures. They also
were asked to identify missing numbers in simple equations and inequalities. Eighth-grade
students were asked to solve more complex equations and inequalities, often involving two
missing variables. At times they were asked to predict the resultant effect on the value of one
variable when the value of another variable had been changed. Questions for students in
grade 12 sometimes involved exponents and square roots as well as systems of equations

and inequalities.

The next two sample questions assessed students’ conceptual understanding of
algebraic representations. The first question is a multiple-choice question for grade 4. It
presented a short word problem about stamps that included a variable, N. Students were asked
to identify the symbolic representation of the correct answer.

3. N stands for the number of stamps John had. He gave 12 stamps to his sister.
Which expression tells how many stamps John has now?

® N+12
N-12
© 12-N
@ 12xN

The correct option is B.
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- To answer the question correctly, studénts needed to understand that “giving stamps
away” corresponds to subtracting them from the total, N, and is correctly represented by a
minus sign. The question was fairly easy for fourth-grade students and mapped at a composite
scale score of 231. Student performance is shown in Tables 7.7 and 7.8. Two-thirds of
fourth-grade students selected the correct option; the remaining students were fairly evenly
divided between Options A and C, with only around three percent selecting Option D. Female
students performed better than males. Seventy-three percent of students at the Basic level and
90 percent of students at the Proficient level selected the correct response. Fewer than half of
the students classified as below Basic were able to choose the correct response.

: - THE NATION'S
Percentage Correct for REFDRT [naep
Table 7.7 i, . . ” AR
‘Write Expression Using N E\‘,
\
Overall 67
Males 64
Females 70
White 71
Black 56
Hispanic 58
Asmn/Pcaﬁc Islander 70
American Indian *x
*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
. . THE NATION'S
Percentage Correct Within Achievement-Level REPORT [raep
Table 7.8 Intervals for “Write Expression Using N” gu‘,
\

NAEP Grade 4 Composite Scale Range

Overadll Below Basic Basic Proficient Advanced

67 44 73 90 * k%

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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The next example in this area is a grade 8 multiple-choice question similar to the
previous one. It presented a word problem and then asked students to identify the symbolic
representation of the solution. In this question, a plumber’s hourly rate was given, plus travel
charges. Students also were told to let h represent the number of hours worked and then were
asked which expression could be used to calculate the plumbers total charge. In order to
answer correctly, they needed to know what computations were required to solve the word
problem and how those computations should be expressed in an equation. The questlon was
fairly easy and mapped at 281 on the composite scale.

9. A plumber charges customers $48 for each hour worked plus an additional
$9 for travel. If & represents the number of hours worked, which of the
following expressions could be used to calculate the plumber's total charge
in dollars?

@ 48+9+h
48%9 xh
@®© 48+ (9xh)
® (48x9)+h
® (48xh)+9

The correct option is E.

Student performance data are presented in Table 7.9, and the percentage of students
within each achievement-level interval who successfully answered the question is presented in
Table 7.10. Fifty-eight percent of the students answered the question correctly. Incorrect
responses were fairly evenly distributed across the other options. Students currently enrolled in
algebra performed better than those in pre-algebra or eighth- grade mathematics, whereas ,
students in the latter two courses performed similarly. Sixty-six percent of students at the Basic
level and more than 90 percent of students at the Proficient level selected the correct response.
Only one-fourth of the students below the Basic level were able to respond correctly.
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THE NATION’S

AP Percentage Correct for REPORT [raep
Tub|‘¢:'7.?”-: “Translate Words to Symbols” gx,
SV 3
)
ade & Percentage Correct

Overall 58

Males 55

Females 60

White 64

Black 39

Hispanic 46

Asian/Pacific Islonder --

American Indian *xx

Mathematics Course Taking:

_ Eighth-Grade Mathematics 48

- Pre-Algebra 54

‘ Algebra . 76

*** Sample size is insufficient to permit a reliable estimate.

- - Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the .
national estimates. See Appendix A for further detail.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress {NAEP) 1996
Mathematics Assessment. '

- THE NATION'S
‘ Percentage Correct Within Achievement-Level = RPPORT[ngep
Table 7.10 p " CARD
‘ Intervals for “Translate Words to Symbols g\,
h

NAEP Grade 8 Composite Scale Range

Overall Below Basic Basic Proficient Advanced

58 24 66 94 99!
e —————————— |

| Statistical fests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

The following three sample questions assess students’ knowledge of procedures for
solving equations and inequalities. The first question is a grade 8 multiple-choice question that
asked students to identify a solution to a linear equation with two unknowns, x and y. To answer

"~ correctly, students could solve the equation by trial and error, working their way through the

pairs of x and y values given in the response options and, in each case, determining whether the
resultant expression equaled 6, as specified by the equation. Alternatively, a student could
graph the equation and test which of the points specified by the (x, y) coordinates in the
response options fell onto the graphed line. The question mapped at 305 on the NAEP
composite scale. '
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8. Which of the following ordered pairs (x, y) is a solution to the equation
2x-3y=67
@ (6,3)
(3,0
© 3,2
@ (2,3)
® (0,3)

The correct option is B.

Student performance data are presented in Table 7.11. Over 40 percent of students
answered the question correctly. The remaining students were distributed fairly evenly among
Options A, C, and D, with less than five percent selecting Option E. Students currently taking
pre-algebra or eighth-grade mathematics performed similarly, whereas those currently taking
algebra performed better than students in the other two groups.

THE NATIDN'S

B Percentage Correct for REPORT naep
. : ‘ CARD
‘ T‘a‘bl.e 71 ’Find (x, y) Solution of Linear Equation” +
\
Overall 42
Males 42
Females 40
White 46
Black 30
Hispanic ' 29
Asian/Pacific Islander --
American Indian el
Mathematics Course Taking: '
Eighth-Grade Mathematics 31
Pre-Algebra 36
Algebra _ 64

*rx Scmple size is msufﬂcuent to permit a rehoble estimate.

- — Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the
national estimates. See Appendix A for further detail.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP} 1996
Mathematics Assessment.
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The percentage of students within each achievement-level interval who correctly
answered the question is presented in Table 7.12. More than 90 percent of students classified
as Advanced, 75 percent of those classified as Proficient, and 44 percent of those classified as
Basic selected the correct response.

Percentage Correct Within REJS,ETN‘:;O"’S
Achievement-Level Intervals for carp [P
“Find (x, y) Solution of Linear Equation” {

NAEP Grade 8 Composite Scale Range

Overall Below Basic Basic Proficient Advanced

4] 15 44 75 Q3!

I Statistical tests invalving this value shauld be interpreted with cautian. Standard errar estimates may not be accurately
determined and/ar the sampling distribution of the statistics daes nat match stotistical test assumptians (see Appendix A).
SOURCE: Natianal Center for Education Statistics, Natianal Assessment of Educatianal Pragress {NAEP) 1996
Mathematics Assessment.

The next example in this area is a short constructed-response question for grade 8
students. Students were asked to find the difference between a high point above sea level and a
low point below sea level and to show their work. In order to answer the question correctly,
students had to recognize that the correct procedure would be to sum the two numbers,
equivalent to subtracting a negative number, rather than to subtract one from the other.

2. The lowest point of the St. Lawrence River is 294 feet below sea level..
The top of Mt. Jacques Cartier is 1,277 feet above sea level. How many
feet higher is the top of Mt. Jacques Cartier than the lowest point of
the St. Lawrence River? Show your work.

The correct r'esponse is 1,571 feet.
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Readers could rate responses as “correct,” “partial;” or “incorrect.” A response was
considered “correct” if the answer given was 1,571 feet, even if the student’s work was not
shown. A response was considered “partial” if it showed the correct procedure, either

1,277 — (—294) or 1,277 + 294, but did not have the correct answer. Anything else was
considered “incorrect.” Sample student responses follow. In the sample “partial” response, the
student showed the correct procedure but made an arithmetic error. In the “incorrect” response,
the student subtracted the two numbers even after drawing a figure that indicated some

understanding of the relationship between the top of the mountain and the bottom of the river.

Sample ““correct® response

i YY) ‘5;73
a1 BN

Did you use the calculator on this question?

O Yes @ No
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Sample “partial®” response

297
7+ 19 (p

IS Y/

Did you use the calculator on this question?

@® Yes O No
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Sample “‘incorrect® response

= 1A &,

a1
- 34

1?3

Cas

1

Did you use the calculator on this question?

O Yes @ No

Table 7.13 shows student performance on this question. While more than 95 percent of
eighth-grade students attempted to answer the question, only 25 percent provided a response
that was rated at least “partial.” When the question was anchored to the NAEP scale, the
“correct” and “partial” rating categories were collapsed. The question mapped at 335 on the
composite scale. As may be expected, students currently taking algebra outperformed those
taking eighth-grade mathematics or pre-algebra. Male students performed better than females
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THE NATION'S

. REPORT [gam
Table 7.13 . Percentage Correct for “Subtract Integers” CARD
C
ad Correct Partial Incorrect . Omit
Overall 22 3 70 4.
Males 25 3 65 6"
Females 19 2 76 2
White 26 3 68 2
Black 10 3 78 9
Hispanic 14 2 72 12
Asian/Pacific Islander -— -- -— -
American Indian *xx el ko * x
Mathematics Course Taking:
Eighth-Grade Mathematics 18 2 75 5
Pre-Algebra 15 2 81 2
Algebra 38 5 54 2

NOTE: Row percentages may not total 100 due to rounding. Responses that could not be rated were excluded.
*** Sample size is insufficient to permit a reliable estimate.

- ~ Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the
national estimates. See Appendix A for further detail.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Table 7.14 presents the percentages of students whose responses were rated “correct”
overall and within each of the achievement-level intervals. That this question was fairly
difficult for students can be seen by the fact that only 18 percent of those classified as Basic

and 46 percent of those classified as Proficient answered the question correctly.

- Table 7.14

Percentage Correct Within Achievement-Level

Intervals for “Subtract Integers”

THE NATION'S
REPORT [rgp

CARD
=

Overdll

NAEP Grade 8 Composite Scale Range

Below Basic

Basic

Proficient

Advanced

22

9

18

46

81

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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The following example is a multiple-choice question for grade 12 that required students to
solve a pair of equations. The question showed two equations, each with two boxes for missing
numbers, and asked what single number could be placed in all four boxes to make both
equations true. In order to answer the question correctly, students had to realize that the only
number that could be multiplied by both 4 and 3 and remain unchanged is 0. However, even if
students did not realize this immediately and set about answering the question by trial and error
(i.e., substituting the numbers presented in the options into the equations to solve for the
answer), they would quickly obtain the correct answer, as it was presented in the first option.
Presumably, this would be the first number tried by the students.

6. 4 x = and x 3=

What number if placed in each box above would
make both equations true?

00000

The correct option is A.

Student performance data are presented in Tables 7.15 and 7.16. The question was not
difficult for students, as can be seen by the high percentage of students (88%) overall who
answered correctly. Ninety-eight percent of students classified at the Proficient level, 96
percent of those classified at the Basic level, and 69 percent of those classified as below the
Basic level answered correctly. Performance on this question appears less dependent on
advanced curriculum than does performance on some of the more difficult questions; it appears
that the concepts assessed in this question are taught in the lower level algebra courses. Thus,
students in calculus, third-year algebra/pre-calculus, and second-year algebra performed
similarly, whereas students in second-year algebra performed better than those in first-year
algebra, and those in first-year algebra performed better than those in pre-algebra. Female
students performed better than males on this question. The question mapped at 263 on the
NAEP composite mathematics scale. h
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THE NATION'S

Percentage Correct for “Solve Pair REFORT [raep

of Equations” gx‘,
\

Grade 12 | ' Percentage Correct

Overall 88

Males 85
Females 90
White 91
Black 79
Hispanic 78
Asian/Pacific Islander 90
American Indian *kk
Geometry Taken ' 92
Highest Algebra-Calculus
Course Taken:
Pre-Algebra 57
First-Year Algebra 83
Second-Year Algebra 92
Third-Year Algebra/Pre-Calculus 96
Caleulus . 95

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress {NAEP) 1996
Mathematics Assessment.

5

- - THE NATION'S
R Percentage Correct Within Achievement-Level  RePORT reEp
«:Table,7.16 Intervals for “Solve Pair of Equations” CARD =

NAEP Grade 12 Composite Scale Range

Overall Below Basic Basic Proficient Advanced

88 69 96 98! ox
L e e -

*** Sample size is insufficient to permit a reliable estimate.

| Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Advanced functions topics and trigonometry

Questizms testing advanced algebraic concepts asked students to describe functions and their
properties, apply properties of functions, and apply functions to real-world situations. There
also were questions that assessed students’ familiarity with trigonometry. The following grade
12 example is a multiple-choice question that assessed students’ knowledge of a trigonometric
identity. To answer the question correctly, students had to know, or be able to derive, the
identity that demonstrates that the value of the expression cos?x + sin?x equals 1 for any real
number x. The question mapped at 362 on the composite scale.

8. cos’(3x) +sin’(3x) =

000060

The correct option is B.

Student performance data are presented in Table 7.17. Overall, 27 percent of the
students who attempted the question answered correctly. Approximately 18 percent sel;—:cfed ‘
each of Options C and D, 15 percent selected Option E, and 9 percent chose Option A. Almost
13 percent of the students omitted the question. Students whose highest course was pre- or
first-year algebra performed similarly. However, above that level, each additional course in the
algebra-through-calculus sequence was associated with an increase in the proportion of
students who could answer the question correctly.

o 222

EMC Student Work and Teacher Practices in Mathematics 209

IText Provided by ERIC



THE NATION'S

e REPORT [
Table 7.17 B Percentage Correct for B P {raep
Use Trigonometric Identity g,
. _ |
ade Percentage Correct
Overall 27
Males , 26
Females 27
White 28
Black 17
Hispanic 25
Asian/Pacific Islander 56
American Indian o
Geometry Taken 30
Highest Algebra-Calculus
Course Taken:

Pre-Algebra 13
First-Year Algebra 15
Second-Year Algebra 26
Third-Year Algebra/Pre-Calculus 43
Calculus 64

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress {[NAEP) 1996
Mathematics Assessment.

When performance is disaggregated by achievement level, Table 7.18 shows that
11 percent of students below the Basic level, 26 percent of students at the Basic level, and
60 percent of those at the Proficient level answered the question correctly. As might be expected,
this question was difficult for students performing at the Basic level and below.

THE NATION'S
Percentage Correct Within Achievement-Level  EE0R raep

Intervals for “Use Trigonometric Identity” L

il  Table 7.18

NAEP Grade 12 Composite Scale Range

Overall Below Basic Basic Proficient Advanced

27 11 26 - 60 il
O

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress' (NAEP) 1996
Mathematics Assessment. i
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Summary

Questions in this content strand assessed students’ knowledge of and ability to solve problems in
four areas: pasterns and functional relationships, number lines and graphs, equations and
inequalities, and advanced functions topics and trigonometry. The majority of students at all
grade levels appeared to understand basic algebraic representations and simple equations, as well
as how to find simple patterns. Students at grades 8 and 12 had difficulty with questions requiring
knowledge of linear equations, algebraic functions, and trigonometric identities. Students in these
grades also found that questions requiring them to identify and generate complex patterns and
solve real-world problems were challenging. In general, for eighth- and twelfth-grade students,
those with more advanced coursework performed better on this content strand.
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.Ch‘ap‘t."el? 3

Conurse-Taking Pdtter_hs |

When students do well in mathematics they are likely either to select or be placed in more
advanced courses earlier in their school careers than students experiencing less success. This
allows them to take a greater number of increasingly difficult courses as they progress through
high school — courses that expose them to more advanced content, as well as provide them the
opportunities to practice and apply more powerful mathematical techniques in problem settings.
In contrast, lower performing students may select, or be assigned to, less demanding
curricular offerings — placements that provide them with fewer challenging opportunities,
offer slower progress toward more advanced coursework, or even increase the likelihood that
they will terminate their study of mathematics earlier in their school careers than more
successful students.
' This chapter is about student course-taking patterns. It includes information on the
types of mathematics courses in which eighth-grade students were enrolled at the time of the
NAEP 1996 assessment and on the mathematics course-taking histories of twelfth-grade
students participating in the assessment. It also presents course-taking information for different
~ gender and racial/ethnic subgroups. One of the reasons for monitoring course taking by gender
and racial/ethnic groups is that research indicates that males and White students are likely.to
study algebra before females and some minority students.! Perhaps more importantly, taking
algebra early appears to be related to student outcomes of taking more mathematics overall as
well as more advanced coursework in mathematics.?

Eighth-Grade Cowurse Taking

In 1996, less than one percent (0.2%) of eighth-grade students indicated that they were not
taking a mathematics course. Table 8.1 presents self-reported information on mathematics
course taking by eighth-grade students. The average mathematics scores of students with
different course enrollments also are shown.

! Fennema, E., & Leder, G. C. (Eds.) (1990). Mathematics and gender. New York: Teachers College Press; Kifer, E. (1992).
‘Opportunities, talents, and participation. In L. Burstein (Ed.), The IEA student of mathematics 1I: Student growth and
classroom processes. (pp. 279-307). New York: Pergamon Press.

2 Smith, J. B. (1996). Does an extra year make any difference? The impact of early access to algebra on long-term gains in
mathematics attainment. Educational Evaluation and Policy Analj;sis, 18(2),141-153.
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’ - ) . ' UN,S
Average Scale Score by Mathematics Course THE NATI
. . REPORT NEED
Table 8.1 Enrollment and by Gender, Race/Ethnicity, and  apD
Whether School Offers Algebra for High School =
Credit or Placement, Grade 8 : ‘ —1I\
_ tighth-Grade Other '
Algebra Pre-Algebra Mathematics Mathematics
Percentage | Average | Percentage [ Averoge | Percentage | Average |Percentage| Average
Grade 8 Assessment|  Of Scale of Scale of Scale of Scale
Year | Students Score Students Score Students Score Students Score
 All Students 1996 _25*T 295 27* 270 43* 262*t 5 - 270*
1992 20 299 28* - 273 49* 256 3 257
1990 . 16 295 20 271 61 252 3 257
Females 1996 26*t 294 27 271 42* 261* 5 278*t
' : 1992 21 300 28 272 48 255 3 251
1990 16 293 21 268 »60 252 4 *ok
Males 1996 25* 297 27* 269 43* 264*t 5 262
1992 19 299 28* 273 49*.-+ | 256 4 250
1990 16 - 298 19 275 62 253 -3 *ok o
White 1996 27* 305 29 277 40* 271* 4 2841
1992 22 306 31 278 45 266 3 259
1990 - 18 300 21 276 57 . 260. 3 265
Black 1996 20* 258 25 240 48* 237 7 254
1992 13 259 23 247 60. 231 4 *ok
1990 9 *oxx 16 246 72 234 3 *ok
Hispanic 1996 20*t 262 22 260 52* 249 6 R
1992 12 277 21 256 62 241 5 el
1990 7 *oxx 14 260 76 240 4 *ok
Asian/Pacific islander 1996 - - - = - -- -- -- -- --
1992 42 313 24 *okk 32 265 2 *ok
]990 39 * * * 22 * kK 33 * % Kk 6 * * *
American Indian 1996 14 fan 18 *okk 63 *okk 6 *ok
1992 7 *oxx 30 *okk 57 253 5 el
. ]990 6 *v** A8 * % Kk 84 * ok k 3 * * *
School Offers Algebra
for High School Credit
or Placement: . : :
Yes 1996 28* 298 28 271 39* 262* 5 276*t
1992 23 302 29 274 45* 256 4 249
1990 18 301 20 271 58 254 4 254
No 1996 16 279 24 268 56 266 5 el
1992 10 285 28 270 60 257 2 *ok
1990 7 *ok 19 272 73 252 1 *ok

.
NOTE: Row percentages may not total 100 due to rounding. '

* Significantly different from 1990.

t Significantly different from 1992. ,

*** Sample size is insufficient fo permit a reliable estimate.

- - Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the national
estimates. See Appendix A for further detail.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1990, 1992, and 1996

Mathematics Assessments.
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Among the eighth-grade students who provided usable answers about the mathematics
course in which they were enrolled, 43 percent indicated that they were in a basic eighth-grade
mathematics class; 27 percent were in a pre-algebra class; 25 percent were in an algebra class;
and 5 percent were in some other mathematics course.’ These “other mathematics” courses
included applied mathematics (also referred to as technical preparation mathematlcs) and
integrated.or sequential mathematics. Perhaps not surprisingly, students in algebra classes
outperformed students in pre-algebra, eighth-grade mathematics, and “other mathematics”
courses on the NAEP 1996 assessment, and students in pre-algebra outperformed students in
eighth-grade mathematics classes. '

In 1996, the eighth-grade course-taking patterns and NAEP mathematics performance
of females and males in the same mathematics courses were similar to each other. For example,
42 percent of female students and 43 percent of male students were enrolled in eighth-grade

" mathematics. Similarly, the percentages of female students enrolled in pre-algebra, algebra, and
“other mathematics” classes were similar to the percentages of male students enrolled in the
same type of class. Furthermore, within each mathematics course, female students and male -
students performed similarly on the NAEP 1996 mathematics assessment; for example, female
students in algebra classes had an average scale score of 294, while the average scale score for
male students in algebra classes was 297.

However, when one looks at performance differences across mathematics courses, the
pattern differs by gender group. For female students, those taking algebra outperformed female
students in pre-algebra classes, and female students in algebra, pre-algebra, and “other -
mathematics” courses outperformed those in eighth-grade mathematics. For male students,
those taking algebra outperformed those in pre-algebra, eighth-grade mathematics, and “other
mathematics” courses, while male students in any of the courses other than algebra performed
similarly to each other. : '

An examination of the 1996 percentages of the different racial/ethnic groups enrolled in
each type of mathematics course shows no significant differences, except in algebra, where the
percentage of White students was higher than the percentage of American Indian students:*
There were, however, some differences in the overall performance of different racial/ethnic
groups in specific mathematics courses. In algebra, White students outperformed Black and
Hispanic students. In pre-algebra, White and Hispanic students outperformed Black students,
and White students also outperformed Hispanic students. In eighth-grade mathematics, White
and Hispanic students outperformed Black students. In “other mathematics” courses, Whlte
students outperformed Black students.

Comparisons of percentages of students enrolled in different mathematics courses by
whether or not their school offered algebra for high school credit or placement show that offering
algebra for high school credit appears to make some difference. The percentage of eighth-grade

About two percent of eighth-grade students taking the NAEP 1996 assessment either omitted this question or provided
multiple responses. These were considered nonlegitimate answers, and, therefore, these students were excluded from
analyses involving eighth-grade course-taking patterns.

* The reader is reminded that statements about significant differences are based on statistical tests that consider the
magmtude of the difference among the percentages or averages and the standard errors of those statistics. Therefore,
differences that appear to be large may turn out to be statistically nonsignificant. More détails on statistical inferences .

using NAEP data are available in Appendix A.
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students enrolled in algebra-in schools that offered algebra for high school credit was higher
than the percentage of students enrolled in algebra in schools that did not offer this option.
Because course enrollments were self-reported, students in schools that did not offer algebra for
high school credit, but who indicated that they. were taking algebra, may have erroneously -
reported their enrollment status. However, in this report, we have assumed that thé responses of
these students were correct and either their schools offered a nontransferable algebra-
course or that they were taking algebra at an altematlve site such as a local high school or -
community college. i
As might be expected, the pattern of eighth- grade mathematics enrollment by whether

or not the school offered algebra for high school credit was the converse of the algebra
enrollment pattern. That is, the percentage of students enrolled in eighth-grade mathematics in
schools that offered algebra for high school credit was lower than the percentage enrolled in
eighth-grade mathematics in other schools. Comparisons of students’ performance on the NAEP
1996 assessment show that algebra students from schools that offered algebra for high school
credit performed better than algebra students from schools that did not. :

~ Because some current mathematics reform efforts advocate that students take more
difficult mathematics courses earlier in their school careers and specifically suggest that
students be prepared to take algebra in eighth grade, we examined enrollment patterns over time
to determine whether enrollment in eighth-grade algebra was increasing. Indéed, the data
indicate thata higher percentage of eighth-grade students was enrolled in algebra in 1996
(25%) than had been enrolled in algebra in 1992 or in 1990 (20% and 16%, respectively).
However, despite these increases in the percentages enrolled, students enrolled.in algebra in
1996 performed similarly on the NAEP mathematics assessment to students enrolled in algebra
in 1992 and 1990. '

- The percentage of eighth- grade students enrolled in pre-algebra in 1996 did not

increase from 1992 but was higher than the percentage of students enrolled in pre-algebra in

'1990. As with students in algebra, performance on the mathematics assessment for students in -

pre-algebra in 1996 was similar to the performance for pre-algebra students in 1992 and 1990. .
The percentage of eighth-grade students enrolled in eighth-grade mathematics in 1996 was

“similar to the percentage enrolled in 1992, but was lower than the percentage enrolled in 1990.

It is possible that the curriculum of eighth-grade . mathematics.had also been. changmg over this
period because, in 1996, students in eighth-grade mathematics performed better in
mathematies than eighth-grade mathematics students did in 1992 and 1990.

The small percentage of students enrolled in “other mathematics” courses in 1996 was
similar to the percentages enrolled in 1992 and 1990. Students in “other mathematics” courses
in 1996 outperformed students in “other mathematics” courses in 1992.

Comparisons of gender groups over time show that a higher percentage of female
students was enrolled in algebra in 1996 than was enrolled in algebra in 1992 and 1990.
However, for male students, the percentage enrolled in algebra in 1996 was only 51gn1ﬁcantly
higher than the percentage enrolled in 1990.
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Enrollment patterns in algebra over time differed among racial/ethnic subgroups. The
percentages of White students and Black students enrolled in algebré were significantly higher
in 1996 than they were in 1990, but not significantly higher than they were in 1992, while the
percentage of Hispanic students enrolled in algebra in 1996 was higher than the percentage -
enrolled in 1992 or 1990. : '

In schools that offered algebra for high school credit, student enrollment in algebra
increased from 1990 to 1996. A significant increase in enrollment in algebra was not observed-
for schools that did not offer algebra for high school credit. |

| Mathe_mla_tics "Cou‘rse Taking in High School

The NAEP background survey of twelfth-grade students collected considerable detail about
students’ current and past course-taking patterns. In 1996, three percent of the nation’s
twelfth-grade students attended schools that required 4 years of mathematics (taken in grades -
9-12) for high school graduation, and 51 percent attended schools with a 3-year requirement.
In schools that have less than.a 4-year requirement, students generally take their mathematics
classes earlier in their high school careers. This means that when these students graduate from
high school, many have not been involved in the formal study of mathematics on-a regular basis.
for a year or more. The chances, therefore, are likely that by the time they graduate and enter
the work world or go on to higher education, many students probably will have forgotten much
of what they learned or at least will be less facile with what they remember. :

Table 8.2 shows that, in 1996, slightly less than two-thirds of the nation’s twelfth-grade
students (64%) were enrolled in a mathematics class. Being enrolled in mathematics, however,
did not necessarily mean that these students had all had 4 years of high school mathematics or
were enrolled in advanced courses. For some individuals, taking mathematics in their senior
year might have been the result of having either failed previous classes or delayed taking a
required class.® Nevertheless, taken as a group, students enrolled in mathematics in their
twelfth-grade year outperformed students who were not-enrolled in mathematics on the NAEP
1996 mathematics assessment. The average scale score of those who were taking mathematics
was 311, while those who were not had an average scale score of 292.°

Similar percentages of female and male twelfth-grade stidents were enrolled in
mathematics in 1996, 63 percent and 66 percent respectively. In terms of racial/ethnic groups,
a higher percentage of Asian/Pacific Islander twelfth- grade students (77%) was enrolled in
mathematics classes compared with White students (63%), Hlspamc students (63%), and
American Indian students (56%). :

The percentage of students enrolled in a mathematics class their senior year was higher
in 1996 than it was in 1990. Similarly, the percentage of female students enrolled in a
mathematics class their senior year was higher in 1996 than in 1990. -

5 Here and throughout this report, the term “senior year” refers to students’ twelfth-grade year.

¢ The source of these data is the NAEP 1996 mathematics assessment. The data are available on the World Wide Web at: -
<http://nces.ed.gov/naep/>.
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Percentage of Students Currently Enrolled in a  pepony o

Mathematics Course by Gender - carp |2oF
and Race/Ethnicity, Grade 12 _ ﬁ\'
Assessmem . Percentage of
Yeur Students
‘Al Students 1996 | 64*
o 1992 - . 63
1990 59
Females 1996 ‘ 63*
. 1992 61* -
. 1990 _ 52
Males 1996 66
1992 66
| 1990 66
. White 1996 | 63
’ 1992 62
1990 58
Black 1996, 70
1992 64
1990 62
Hispanic 1996 _ 63*
1992 . 62
1990 53
Asian/Pacific Islander 1996 - 77
1992 85
199 76
American Indian 11996 56
1992 .
1990 *xk

EECOTTRR

] : S YR Y EE P L0 SRR g i L9
* Significantly different.from 1990.
*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Educahon Statistics, National Assessment of Educational Progress (NAEP) 1990, 1992, and 1996
Mathematics Assessments.
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First- Year Algebrw

As shown by the data on mathematics course taking, in 1996 over a third of twelfth-grade
students appear to have chosen to opt out of ‘mathematics before their senior year of high
school. Especially for these students, but for other students as well, to have taken any advanced
mathematics courses, they would have had to take algebra as early as possible in their school

careers. Information about when students initially took first-year algebra is an indicator of

students’ preparedness to enter a mathematics sequence that would lead to advanced courses.
Data on eighth-grade course taking in 1996 shows that one-fourth of our nation’s eighth-grade
students were erirolled in algebra, which (in addition to geometry) is a prerequisite for higher
level mathematics courses.” The responses of twelfth-grade students, who were asked to provide
information on when they initially took first-year algebra, are presented in Table 8.3.

THE NATION'S
PPN Percentage of Students by Year They Initially Took PE{oRT[raep
’ a First-Year Algebra Course, Grade 12 =t
S
. . Assessment | Before 9* gt 10t 11tor 12% :
: Year Grade Grade Grade Grade Not Token
All Students 1996 291 5 13 3 31
1992 | 23 51 15 5 6
Females 1996 - 29t 52 13 3 31
1992 23 52 15 5 5
Males 1996 301 49 13 4 4%
' 1992 24 49 15 5 7.
White | 1996 30t 52 12 3 3t
1992 _ 24 " 52 - 14 4 ‘ 6
Black [ 1996 27 48 17 5 4
1992 18 . 48 19 9 7
Hispanic 1996 21 51 16 7 5
1992 | 17 45 23 9 7
Asian/Pacific Islander- 1996 50 37 8 2 .2
| 1992 40 44 10 4 2
American Indian | 1996 13 52 27 8 -
]992 ] * %k Kk * Kk k * % % * %k * * % %

NOTE: Row percentages may not total 100 due to rounding.
t Significantly different from 1992.
*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1992 and 1996
Mathematics Assessments. .

7

This is not to imply that algebra is the most advanced mathematics course ava]]ab]e to eighth-grade students In fact R

students may be in an integrated-mathematics course that substitutes for algebra, or some students may even.be in courses
more advanced than algebra. However, as shown in Table 8.1, only five percent of students were in mathematics courses
other than algebra, pre-algebra, or eighth-grade mathematics.

Student Work and Teacher Practices in Mathematics

219



In 1996, the majority of twe]fth-grade students (51%) indicated that they initially took
first-year algebra in the ninth grade and 29 percent took it before the ninth grade.® Regardless
of whether twelfth-grade students were currently taking a mathematics class or not, about ha]f
of them indicated that they had initially taken algebra in the ninth grade.

The patterns for initially taking first-year algebra were similar for male and female
students. The percentages by racial/ethnic groups, however, show some differences. For
example, although the modal response of White, Black, Hispanic, and American Indian’ .
students indicated initially taking first-year algebra in the ninth grade, the modal response of
Asian/Pacific Islander students indicated initially takmg first-year algebra before the
ninth grade.

Comparisons over time show that for all twelfth-grade students, for female and male
students, and for White students, the percentages of students who initially took first-year
algebra before the ninth grade were higher in 1996 than they were in 1992. Moreover, for all of
those groups, the percentages of twelfth-grade students who had not taken a first-year algebra
course at all were lower in 1996 than they were in 1992. These numbers appear to signify a
positive trend in light of current mathematics reform efforts.

Number and Types of Mathematics Courses Taken

As shown in Table 8.4, in 1996 almost half of the nation’s twelfth-grade students indicated
having taken seven or more semesters of mathematics during their high school career (i.e.,
grades 9 to 12). Seven or more semesters of mathematics translates into more than 3 years of
mathematics courses. This appears encouraging, glven that only three percent of twelfth-grade
students were enrolled in schools that required more than 3 years of mathematics courses for
‘high school graduation. That is, students appear to be taking more mathematics than schools
require for graduation. However, the reader should keep in mind that some of these semesters of
" coursework may reflect repeats of courses for students who falled to reach levels of performance
that would have allowed them to move forward.
It also is encouraging that, in 1996, the percentage of female students with seven or

‘more semesters of mathematics was similar to the percentage of male students.

% Discrepancies between these data on grade 12 students in 1996 and data reported in Table 8.1 on grade 8 students in
1992 (the same population of students) may be explained by the fact that these data are based on students’ self-reports.
Memory limitations or confusion about the different levels of algebra may influence the accuracy of students’ responses,
especially when students are asked about their course-taking experiences retrospectively at grade 12.
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THE NATION’S

Percentage of Students by Number of Semesters of peport NaEp
Mathematics Taken (Grades 9 through 12) by - CARD
Gender and Race/Ethnicity, Grade 12 {
“Assessment | 7 or More 5-6 34 12 No
Year | Semesters | Semesters | Semesters | Semesters | Semesters
All Students 1996 - 48 22 26 4 1-
1 1992 48 23 - 25 3 1
1990 . 45 .23 27 6 .0
- Females | 1996 .47 23 26 4 0
1992 46 25 25 3 0]
.| 1990 40 27 28 5 0
"Males - 1996 49 . 20 26 5 1
1992 50 21 25 3 1
1990 50 18 26 6 1
White 1996 50 23 23 4 0
1992 50 24 23 3 1
1990 46 | 23 .25 5 0
Black | 1996 37 17 40 o) 1
' 1992 38 . 18 38 5 1.
1990 33 21 39 7 1
Hispanic | 1996 | 44 23 28 . 5 1
1 1992 38 28 28 5. 1
o 1990 38 22 35 5 0
Asian/Pacific Islander | 1996 66 16 17 1 1
- 1992 |- 69 18 12 2 . 0
1990 66 | 23 7 3 0
American Indian:| 1996 | .. 22 28 38 .10 -2
s ,]992 , * % %k * k% * k% ) * %k %k * k%
]990 * % %k * k% * k% % %k k . * % %k

NOTE: Row percentages may not total 100 due to rounding.

*** Sample size is insufficient to permit a reliable estimate. '

SOURCE: National Center for Education Stohshcs National Assessment of Educational Progress (NAEP) 1990, 1992, and 1996
Mathematics Assessments.

Comparisons across racial/ethnic groups by semester categories show that, in 1996, the
percentage of Asian/Pacific Islander students taking seven or more semesters of mathematics
was higher than the percentages of students in the other racial/ethnic groups; and the
percentage of White students was higher than the percentage of Black and American Indian
students. For most of the racial/ethnic groups, the modal number of semesters was seven or
more. However, for Black students and Amerlcan Indian students, the modal number was
3~4 semesters.

Student Work and Teacher Practices in Mathemaltics ' - 2 3 3 . 221



Reform efforts to improve the mathematics achievement of the nation’s students
advocate taking more mathematics, as well as taking courses that are at more advanced levels of
mathematics. In 1996, students were asked to indicate the level of exposure they had to
different types of mathematics courses during their high school years. This information is
presented in Table 8.5 along with student data from 1992 and 1990 where available.

In 1996, the relative percentages of students who indicated that they had taken one
school year or more of each type of mathematics course wére not unexpected. In terms of what
are generally considered lower-level courses, 63 percent of twelfth-grade students indicated
having taken a year or more of pre-algebra, and 53 percent indicated having taken a year or
more of general mathematics. Among the higher level mathematics courses, the highest
percentage of twelfth-grade students indicated having taken a year or more of first-year algebra
(90%), followed by 80 percent who indicated having taken geometry. Two relatively new
mathematics courses were added after the 1990 administration for students’ consideration. In »
1992, “unified, integrated, or sequential mathematics” was added to the list of mathematics
courses, and, in 1996, nine percent of twelfth-grade students indicated having taken a year or
more of that course. In 1996, students also were asked about “applied mathematics,” also
known as “technical preparation mathematics”; 15 percent of students indicated having taken a
year or more of such work. '

Given the belief that more students should be taking higher level mathematics, in -
general, the course-taking patterns of twelfth-grade students have improved over time. For
example, between 1990 and 1996, there were increases in the percentages of students who
had taken a full year of pre-algebra, first-year algebra, second-year algebra, pre-calculus
(also known as third-year algebra), calculus, or probability or statistics. On the other hand, the
percentage of students who reported havmg taken more than one year of general mathematics
was also hlgher
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THE NATION'S

Table 8.5 Percentage of Sfudenfs by Mathematics Courses FEiM Iraep
able . and Years of Sfudy, Grade 12 g\,
' ' Years of Study
Assessment |  More Than One School One-Half ~ Not
Year One Year - . Year Year or less - Studied
GenerolMdth-emotics 1996 _ 33*1’ 20 3 44
' 1992 27 _ 23 3 48
1990 27 23 3 47
Business or Consumer 1996 4 16t Q 71t
Mathematics 1992 5 21* 9 66
: 11990 5 17 Q 6
Introduction to Algebro : 1996 11*t ' 52% 7 30*¢
orPre-Algebra | + 1992 9 - 48 7 37
| 1990 9 . 43 7 41
First-Year Algebra 1996 9 81+ 4 6*1
. . 1992 8 79* 4 o
1990 8 73 4 14
Geometry 1996 5t 75 7 13t
1992 4* 72 5 19
. 1990 5 66- 5 25
Second-Yeo.r Algebra 1996 4 66*t 7 23*t
: T1992 3 58 8 32*
1990 3 53 -3 38
Trigonometry 1996 2 20 23 55*
. 1992 2 19 22 58
1990 2 15 19 64
Pre-Calculus, 1996 2 22* 12 65*t
Third-Year Algebra 1992 1 18 10 70
: 1990 2 14 10 75
Caledlus | - 1996 ] 11+ 4 84*
1992 1 Q 3 87
1990 1 7 3 88
Probability or Stafistics 1996 2 6*1 13* 79%
1992 ] 4 12 83
1990 1 3 Q 88
Unified, Integrated, or 1996 4 5 4 . 87
Sequential Mathematics 1992 - 2 4 5 89
Applied:Mathematics 1996 5 10 6 79
(Technical Preparation)

(X e A
NOTE: Row percentages may not total 100 due to rounding.

* Significantly different from 1990.

t Significantly different from 1992.

SOURCE: National Center for Educohon Statistics, National Assessment of Educational Progress (NAEP) 1990, 1992 ond 1996

o Mathematics Assessments.
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Algebra and Calculus Coursework in High Schdiil_

In Table 8.6, twelfth-grade students are categorized according to the highest level mathematics. "
course they indicated having taken in an algebra-through-calculus sequence. The ' A
algebra-through-calculus sequence for this analysis was created in accordance with the typical
sequential order of these courses in high schools in the United States.” The lowest level in this
sequence is “Not having taken at least a pre-algebra or introduction-to- algebra course” and the
highest level is calculus, with intermediate steps as follows: pre-algebra, first-year algebra,
second-year algebra, and pre-calculus (also referred to as third-year algebra.or analysis).
Students were credited with having taken a particular course only if they indicated that they
had taken one school year or more of that course.

In 1996, almost half of the twelfth-grade students indicated that second-year algebra
was the highest course in an algebra-through-calculus sequence that they had taken for one
school year or more. Second-year algebra was the modal response of both female students and
male students; however, a higher percentage of female students than male students indicated
second-year algebra as the highest algebra-through-calculus course they had taken.
Comparisons between the percentages of female students and male students at each course
level showed no other significant difference.

There were few significant differences in the course-taking patterns of different
racial/ethnic groups. For example, the percentages of White, Black, Hispanic, Asian/Pacific
Islander, and American Indian students who indicated that second-year algebra was the highest
algebra-through-calculus course they had taken were similar to each other. The only differences
found were for first-year algebra and calculus. The percentage of American Indian students
indicating first-year algebra as their highest level course taken was higher than the percentage
of any other racial/ethnic group, and the percentage of Hispanic students indicating this was
higher than the percentage of Asian/Pacific Islander students. For calculus, the percentage of
White students was higher than the percentages of Black and Hispanic students.

The trend toward students taking more-advanced-level courses also is apparent when we
focus on the highest level courses students have taken in the algebfa-through-calculus
sequence. For example, in 1996, four percent of twelfth-grade students indicated not having
taken pre-algebta; this was lower than the nine percent in 1990. In addition, four percent of
students indicated pre-algebra as their highest level algebra-through-calculus course, and this
was lower than the six percent of students who so indicated in 1992. Even the 23 percent of
students who indicated that first-year algebra was their highest level algebra-through-calculus
course was lower than the 29 percent in 1992. At the other end of the spectrum, seven percent
of students in 1996 indicated that calculus was the highest algebra-through-calculus course
taken; this was higher than the five percent of students in 1992, or the three percent of students
in 1990, who indicated that calculus was their highest course.

? Chaney, B., Burgdorf, K., & Atash, N. (1997). Influencing achievement through high school graduation requirements.
Educational Evaluation and Policy Analysis, 19(3), 229-244.
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THE NATION'S

. Percentage of Students by Highest RE o |reep
Table 8.6 -
Algebra-Through-Calculus Course Taken, Grade 12 g\,
‘ \
’ Pre-Calculus
) Assessment| Not Taken | First-Year | Secand-Year | ar Third-Year
o - Year Pre-Algebra | Pre-Algebra | Algebra Algebra Algebra Calcvlus
" All Students 1996 4* 41 23*t | . 48* 14 7*t
o 1992 é* 6 29 44 1 5*
1990 9 8 28 43 9 3
Females 1996 3*t 4*t 211 51+ -14* 6*
1992 5 6 28 45 1 5*
1990 8 8. 28 45 9 3
© Males 1996 5* 5* 24 45 13 8*
1992 é* 6 29 - 42 1 5
1990 10 7 27 41 10 4
White 1996 3* 4* C 22 49 15 8
: 1992 5. 5 27 45 12 5
1990 8 7 | 2 44 10 4
Black | 1996 5 5 24*t | 52*% 1 3
: 1992 8 8 37 37 7 3
1990 13 . 10 3. 39 6 0
Hispanic | 1996 8 6 - 27 46 10* 4
: 1992 7 9 34 40 6 4
‘ 1990 17 ’ 1Q 31 37 3 1
Asian/Pacific Islander | 1996 3 4 14 39 19 20 -
‘ 1992 1 4 20 45 12 17
- 1990 5 10 24 42 13. 5
American Indian 1996 5 6 46 38 4 2
. . ]992 .*f* * %k % * Kk &k * %k %k * kK - * k%
]990 L * K K * %k % * k ok * Kk &k * k%

{0
NOTE: Row percentages may not total 100 due to roundung '

* Significantly different from 1990.

t Significantly different from 1992.

*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, Nohono| Assessmentof Educational Progress (NAEP) 1990 1992 and 1996
Mathematics Assessments.

"~ The patterns for both female students and male students over time are encouraging,
especially for female students. In 1996, there were declines from 1990 and/or 1992 in the
~ percentages of females who reported that their highest level course in the
algebra-through-calculus sequence was none, pre-algebra, or first-year algebra. At the same
time, there were increases in the percentages of female students who reported having taken
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pre-calculus or calculus. For male students, there were declines in the percentages who
reported having stopped with no year-long courses in the algebra-through-calculus sequence;
theré was also an increase in the percentage who reported having taken calculus.: o

‘ Differences over time for the racial/ethnic groups were as follows: among White
students, there was a significant increase in the percentage of students taking calculus, whereas
declines were observed in the percentages of students who did not take pre algebra or who did
not advance beyond pre-algebra. For Black students, there were increases in the percentages
who reported having taken second-year algebra or calculus as their highest course; there were
also declines in the percentages who reported stopping with no pre-algebra, only pre- -algebra, or
only first-year algebra. Among Hispanic students, there was an increase in the percentage who
reported having taken pre-calculus.

Geometry Coursework in High School

Although researchers have found that geometry is generally taken after first-year algebra and
before second-year algebra, this sequence is not always the rule; therefore, we chose to examine
course taking in geometry separate from algebra-calculus courses.” Furthermore, the role of
geometry in the American educational system has changed over the years. Some educational
researchers have cited geometry as the new “gatekeeper” course for access to higher education,
because most colleges are now requiring the completion of a course in geometry prior to
entrance.!! Therefore, it seemed important to examine geometry course taking apart from course
taking in an algebra-through-calculus sequence. The data in Table 8.7 indicate that in 1996,
over 80 percent of twelfth-grade students had taken a year or more of geometry during their -
high school years. Similar percentages of female and male students in the twelfth grade
reported having taken a school year or more of geometry. Over half of the students in all
racial/ethnic groups indicated having taken geometry.

The 1996 percentage of twelfth-grade students who indicated having taken geometry
was higher than the percentage in 1990. This pattern was similar for female and male students
and for White, Black, and Hispanic students.

'® Ibid; National Assessment of Educational Progress (NAEP) 1996 mathematics assessment.

! Pelavin, S., & Kane, M. (1990). Changing the odds: Factors increasing access to college. New York: College Board Publications;
U.S. Department of Education. (1997). Getting ready for college early: A handbook for parents of students in the middle and
junior high school years. Available on the Word Wide Web at: <http://www.ed.gov/pubs/GettingReadyCollegeEarly/>.
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Percentage of Students by Whether They Have  pgii toloNS

Taken a Geometry Course and by Gender and CARD
Race/Ethnicity, Grade 12 =Xq

Assessment | .
_ , _ Year . Yes No
Grade 12
Al Students| 1996 ' 80* 20*
1992 76* - 24*
_ 1990 71 29
Females 1996 . 82* 18*
1992 77* 23*
1990 - 71 . 29
Males 1996 78* 22*
1992 75 25
1990 70 30
White 1996 81* 19*
1992 78 22
1990 ' 73 27
Black| 1996 ©o82* 18*
1992 72 28
1990 61 39
Hispanic 1996 77* 23*
' 1992 67 33
1990 58 42
- Asian/Pacific Islander 1996 84 : 16
‘ 1992 86 14
1990 ' 85 . 15
American Indian 1996 58 , 42
]992 X %* % & * % %k
]990 %* % & . . * % %k

NOTE: Row percentages may not totol 100 due to roundmg

* Significantly different from 1990.

*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1990, 1992, and 1996
"Mathematics Assessments. :
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Summary

This chapter examined the course-taking patterns of the nation’s eighth- and twelfth-grade
students in 1996 and over time. In 1996, over half of the eighth-grade students were enrolled in
pre-algebra or algebra, while most of the remaining students were enrolled in eighth-grade
mathematics. The percentages of female students enrolled in each of these three mathematics
courses were similar to the percentages of male students enrolled in them. Enrollment
percentages in each of these three types of mathematics classes were also similar for the
different racial/ethnic groups except that the percentage of White students enrolled in algebra
was higher than the percentage of American Indian students enrolled in that course. Trends
over time appear to show that more eighth-grade students were taking more advanced
mathematics courses. For example, the percentage of female students enrolled in algebra in
1996 was higher than the percentage enrolled in algebra in 1992 and 1990, and the percentage
of male students, White students, and Black students enrolled in algebra in 1996 was higher
than the percentage enrolled in 1990.

In 1996, approximately two-thirds of twelfth-grade students reported being enrolled in a
mathematics class. Similar percentages of female and male students were taking mathematics,
while the percentage of Asian/Pacific Islander students taking mathematics was higher
than the percentages of White, Hispanic, and American Indian students. The percéntage of
twelfth-grade students enrolled in mathematicés in 1996 was higher than in 1990 this was also
true for the percentage of female students enrolled in mathematics.

In 1996, 29 percent of twelfth-grade students reported that they mltlally took first-year
algebra before the ninth grade. This was true of both female and male students. In terms of
racial/ethnic groups, half of the Asian/Pacific Islander students initially took first-year algebra l
before the ninth grade, which was higher than the percentage of White or Hispanic students
taking first-year algebra this early. Information appears to show that over time, more students
were taking first-year algebra and taking it earlier in their school careers.

In 1996, nearly half of all twelfth-grade students, both female and male students,

~ reported taking seven or more semesters of mathematics. Large majorities of students reported
having taken first-year algebra, geometry, and second-year algebra. In addition, there have been
significant increases over time in the percentages of students taking courses at all levels of the
algebra-through-calculus sequence, including the most advanced mathematics courses. Almost
half of the twelfth-grade students indicated second-year algebra as the highest course taken in
the algebra-through-calculus sequence. Twenty-one percent of students indicated taking a

" higher level course (such as.pre-calculus or calculus) and 31 percent of students indicated
taking a lower-level course (such as first-year algebra or pre-algebra) as their highest course in
this sequence. With the exception of second-year algebra, where the percentage of female
students was higher than the percentage of male students, there were no significant gender
differences in the highest algebra-through-calculus course taken.

_ Comparisons over time also indicate a rise in the percentage of twelfth-grade students
who have taken geometry. In 1996, four out of five twelfth-grade students indicated that they
had taken a year or more of geometry. This was true of .female and male students as well as
students from the different racial/ethnic groups, w1th the exceptlon of American
Indian students. '
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Classsoane

The NAEP 1996 mathematics assessment sought to embody many of the c'urri’cul‘a'r.emtphases
and objectives laid out in the curriculum and evaluation standards developed by the National
Council of Teachers of Mathematics (NCTM).' Among the key features of the NAEP 1996

mathematics assessment were the following:

® movement away from earlier assessments emphasizing only number properties and
operations to also measure ability in number sense and estimations, as well.as problem
solving, communication, reasoning, and connections;»

® inclusion of questions that require students to work through an extended problem and
explain thezr reasoning through writing, gwing examples, or drawing diagrams;

® increased use of calculators; and

@ increased use of manipulatives such as geometric shapes to provide students with concrete
representations to use in problem-solving situations.? ' '

* The importance of these key features in current mathematics reform efforts, as well as the
prominence given to them in the NAEP mathematics assessments since 1990, invites the
question of the extent to which the mathematics instruction offered in our nation’s classrooms
reflects these same features. Background questions asked of students who participated in
NAEP and of their teachers and principals were used to gather information about the
instructional practices students were experiencing in their mathematics classrooms. For
example, teachers were asked about the emphasis they placed on different mathematics content
strands and on different mathematics skills. Teachers and students also were asked.about the
frequency with which students engaged in a variety of pedagogical and assessment practices in
their mathematics classes, including questions about the use of calculators to do
mathematics schoolwork.

' National Assessment Governing Board (1996). Mathematics framework for the 1996 National Assessment of Educational
Progress. Washington, DC: National Assessment Governing Board.

2 White, S. (1994). Overview of NAEP assessment frameworks. Washington, DC: National Center for Education Statistics, p- 51
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Chapters 2 through 7 focused on student performance in mathematics overall, in the
content strands, and on individual mathematics questions: This chapter focuses on information
gathered by NAEP about the mathematics instruction our nation’s students are experiencing in
their classrooms. The information presented in this chapter about fourth- and eighth-grade
students was provided either by their mathematics teachers or by the students themselves.
Teachers of twelfth-grade students were not surveyed; therefore, information about twelfth-grade

students was obtained solely through students’ self-reports. In addition, because the questions

focused on practices directly related to mathematics instruction, most of the information about
twelfth-grade students was limited to those students who reported that they were presently
enrolled in a mathematics class.

Emphasis on Content Strands

In the 1996 mathematics assessment, teachers of mathematics were asked about the level of
empbhasis they placed in their mathematics curriculum on each of the five mathematics content
strands that are part of the NAEP mathematics framework: Number Sense, Properties, and
Operations; Measurement; Geometry and Spatial Sense; Data Analysis, Statistics, and ‘
Probability; and Algebra and Functions. Because the data are based on written self-reports
using a three-category response scale (“a lot,” “some,” or “a little or no” emphasis), there is a
certain inherent ambiguity in the findings in that one teacher’s reading of “a lot” may be =
another teacher’s “some,” and so on. Nevertheless, patterns do emerge and provide an
important picture of the state of mathematics instruction in our nation’s classrooms. Figure 9.1
shows the percentages of fourth- and eighth-grade students whose teachers reported placing
“a lot” of emphasis on each of the five content strands. More detailed information on teachers’
responses for each of the different content strands is presented in Tables 9.1-9.5.

The data in Figure 9.1 show that at both grades 4 and 8, a large percentage of students
had teachers who placed “a lot” of emphasis on Number Sense, Properties, and Operations. At
the fourth-grade level, fewer than one in five students had teachers who placed “a lot” of
emphasis on any one of the remaining four content strands. In contrast, at the eighth-grade
level, in addition to the prominence of the Number Sense, Properties, and Operations strand,

_teachers of over half of the students reported placing “a lot” of emphasis on Algebra and

Functions. “A lot” of emphasis on the other content strands, however, was still infrequent. In
addition, as the data in Tables 9.1-9.5 show, with the exception of Algebra and Functions, the
emphasis placed on the different content strands did not differ by type of eighth-grade
mathematics course in which students were enrolled.
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‘Percentage of Students Whose Teachers Place REJgﬁT"f_;‘;';S

“A Lot” of Emphasis on Specific Content Strands CARD
by Grade and Content Strand

N

""Grade 8 .

N Sense, M ) t G try Data Agbra Number Sense, Measurement Geometry Data Algebro

Properties, & & Spatial Analysis, & Funchi Properties, & & Spatial Analysis & Functions
Operotions Sense Statistics, & Operations ~ Sense Statistics, &
Probability . Probability

Conlent Strand
S AT RIBETLE e L R R E T
SOURCE: National Center for Educchon Stohshcs, Nohoncl Assessment of Educchoncl Progress (NAEP) 1996

Mqthemohcs Assessment.
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Number Sense, Properties, and Operations
As shown in Figure 9.1, and again in Table 9.1, “a lot” of emphasis on Number Sense,
Properties, and Operations was very common in mathematics classes for both grade 4 and

grade 8.

Percentage of Students by Teachers’ Reports on -REJSETNQ_:;“;S
Table 9.1 Emphasis Placed on Number Sense, Properties, -caRD [
""and Operations, Grades 4 and 8, 1996 =&y

A Lot | | Little or None

rode s ]

: A All Students 93 . ' 7 0
Grade 8 - : : : :

All Students 88 10 . 2
Students Enrolled in: ’ ’ :
- Eighth-Grade Mathematics 87 [ 1
Pre-Algebra 92 6 1
Algebra 87 10 ' :

NOTE: Row percentages may not total 100 due to rounding.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP} 1996
Mathematics Assessment. '
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Measurement : ~ :
The data in Table 9.2 show that the modal response from teachers of both fourth and
eighth-grade mathematics was “some” emphasis on the Measurement content strand. Nearly
two-thirds of fourth-grade students were being taught mathematics by teachers who reported
placing “some” emphasis on this strand and over one-half of eighth-grade students were in
classes with “some” emphasis on this strand. '

¥

i’HE NATION’S

Percentage of Students by Teachers’ Reports- gepopr raEp
on Emphasis Placed on Measurement, CARD |
Grades 4 and 8, 1996 {
A Lot Some Little or None
Qradé. a i o B .
" All Students 19 64 17
G.ra_dé 8 |
All Students 19 58 - 23
Students Enrolled in:- - ) ' :
Eighth-Grade ‘Mathematics 22 60 18
Pre-Algebra 19 57 : 24
Algebra 16 ' 54 30

NOTE: Row percentages may not total 100 due to rounding.
SOURCE: National Center for Educahon Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Geometry and Spatial Sense

Data on the curricular emphasis given to Geometry and Spatial Sense are presented in

Table 9.3. As with the Measurement content strand, mathematics teachers of the majority of
students at grades 4 and 8 reported placing “some” emphasis on Geometry. Fifty-eight percent -
of fourth-grade students had mathematics teachers who indicated placing “some” emphasis on
Geometry, and at the eighth-grade level, 54 percent of students had teachers who placed
“some” emphasis on Geometry in their mathematics classes.

THE NATION’S

R Percentage of Students by Teachers’ Reports  pepopy ruep
Table 9.3 on Emphasis Placed on Geometry and Spatial CARD | -
: o Sense, Grades 4 and 8, 1996 {
- Level of Emphasis
A Lot Some Little or None
All Students 12 58 30
Grade 8
All Students 24 54 22
Students Enrolled in: :
Eighth-Grade Mathematics 30 - | 50 20
Pre-Algebra 16 59 25
' ~ Algebra 19 - 56 25
L e

NOTE: Row percentages may not total 100 due to rounding.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. '
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Data Analysis, Statistics, and Probability
Although the Data Analysis, Statistics, and Probability content strand has received substantlal
attention in mathematics reform at all grade levels in recent years,? classroom emphasis placed
on this strand appears to be less than the emphasis on Number Sense, Properties, and
Operations; Measurement; or Geometry and Spatial Sense. However, the data, which appear in
Table 9.4, indicate that there may be somewhat more emphasis at the eighth-grade level than at.
the fourth-grade level. ' '
In 1996, only eight percent of fourth-grade students were taught mathematics by
‘teachers who reported placing “a lot” of emphasis on Data Analysis, Statistics, and Probability
and 41 percent of students had teachers who reported “some” emphasis. At the eighth-grade
level, 15 percent of students had teachers of mathematics who reported placing “a lot” of
emphasis on this content strand, and 47 percent had teachers who reported-“some’ empha51s

Percentage of Students by Teachers’ Reports on REJSETN%(;';IS
Emphasis Placed on Data Analysis, Statistics, . CARD|
and Probab:hfy, Grades 4 and 8, 1996 : ' {
A Lot B Some I Little or None
All Students 8 41 50
All Students 15 : 47 - 38
Students Enrolled.in: . .
Eighth-Grade Mathematics 7 52 31
Pre-Algebra 12 45 : 43
Algebra 17 42 : 4]
5 300 - - il SRR SRR S I S e

NOTE: Row percentages may not total 100 due to rounding.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

3 National Council of Teachers of Mathematics (1989). Curriculum and evaluation standards. Reston, VA: Author.
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Algebra. and Functions :

The data on emphasis on Algebra and Functions are presented in Table 9.5. Teachers of
eighth-grade students reported placing much more emphasis on this content strand than did
teachers of fourth-grade students. In 1996, only nine percent of fourth-grade students had
teachers who reported. “a lot” of emphasis on Algébra and Functions, while the majority of
eighth-grade students (57%) had teachers who indicated “a lot” of emphasis on this
content area. ' . .

An examination across types of eighth-grade mathematics courses by level of emphasis
shows some significant, and perhaps expected, differences. Eighty-five percent of algebra
students had teachers who reported “a lot” of emphasis on Algebra and Functions; this .
percentage was higher than the percentage of pre-algebra students (58%) or-the percentage of
eighth-grade mathematics students (40%) whose teachers reported placing “a lot” of emphasis
on this content strand. Thirteen percent of algebra students were in mathematics classes with
“some” emphasis on Algebra and Functions; this percentage was lower than the percentage of
pre-algebra students (36%) or the percentage of eighth-grade mathematics students (45%).
Finally, 15 percent of students in eighth-grade mathematics had teachers who reported
“little or no” emphasis on Algebra and Functions, which was higher than the five percent of
pre-algebra students and the two percent of algebra students. ‘

THE NATION'S

| , Percentage of Students by Teachers’ Reports on gt =
Table 9.5 ‘Emphasis Placed on Algebra and Functions, CARD [(oer
" ’ Grades 4 and 8, 1996 {
Level of Emphusis
A Lot Some Little or None
Grade 4 S - )
All Students 9 30 - 60 |
Grade 8 o
All Students 57 34 9
Students Enrolled in:
Eighth-Grade Mathematics 40 45 15
Pre-Algebra 58 36 5
Algebra | 85 . 13 2
NOTE: Row percentages may not total 100 due to rounding.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Emphasis on Mathematical Processes

In addition to learning disciplinary content, students are expected.to acquire mathematical skills
and abilities that cut across content strands. Teachers of mathematics at grades 4

and 8 were asked questions about the extent to which they empha51zed the followmg
mathematlcal processes: ' . : -

® ]earning mathematics facts and concepts;
® ]earning skills and procedures to solve routine problems;
® developing reasoning abilities to solve unique problems; and

® learning how to communicate ideas in mathematics.

Together, these mathematical skills provide students with the ability to do mathematics
successfully. They also reflect the mathematical abilities and the construct of mathematical
power described in the NAEP mathematics framework. Figure 9.2 presents data on students
whose teachers reported placing “a lot” of emphasis on the different mathematical processes.:
Tables 9.6 through 9.9 provide more detailed information on teachers’ responses regarding the
level of emphasis they place on these processes in their mathematics instruction.

The data in Figure 9.2 show that teachers of the majority of fourth- and elghth grade
students reported placing “a lot” of emphasis on learning facts and concepts, learning skills
and procedures to solve routine problems, and developing reasoning ability to solve unique
mathematics, problems. Although fewer students had teachers who reported placing “a lot” of
emphasis on communicating ideas in mathematics effectively, over one-third of fourth-grade
students and 43 percent of- elghth grade students had such teachers.

As with mathematics content, with the exception of developing reasoning abilities to
solve unique problems, the emphasis placed on the different mathematical processes was not
found to be related to the mathematics class in which students were enrolled. |
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Percentage of Students Whose Teachers Place ngggfuguu's
“A Lot” of Emphasis on Specific Mathematics = cARD |"oor
Processes by Grade and Mathematics Processes {
Gradeldy ] - G adels e
. 93% % e '
90 E
ol 19% 9%
N i " r——‘
70 i ‘ .
60
52%
50 ]
3%
a0 3%
30 ‘
20 iy
10
o skills Reasoning  C icati Facts skills Roasoning c i
and and and :
Procedures Concepts  Procedures
Mathematics Processes
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. )
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Learning mathematics facts and concepts

To do mathematics successfully, students must have knowledge of basic mathematics facts and
a reasonable understanding of differént mathematical concepts. The information provided by
teachers on learning facts and concepts does not allow us to determine the relative focus on
facts compared with concepts. Nevertheless, the data, which are presented in Table 9.6, provide
a picture of the importance teachers of fourth- and eighth-grade students appear to place on
learning mathematics facts and concepts. In 1996, 93 percent of fourth-grade students and

79 percent of eighth-grade students were taught mathematics by teachers who reported placing
“a lot” of emphasis in their mathematics classes on learning mathematics facts and concepts.

Percentage of Students by Teachers’ Reports on REJSETN%(;?
Emphasis Placed on Learning Mathematics Facts = CARD
and Concepts, Grades 4 and 8, 1996 {
) Levellof{Emphasis} s
A Lot ' Some Little or None
All Students 93 7 ol
Al Students B 16 5
Students Enrolled in: | o
Eighth-Grade Mathematics 77 - 18 : .5
Pre-Algebra _ 82 15 .3
Algebra 79 _ 15 6

NOTE: Row percentages may not total 100 due to rounding.

| Statistical tests involving this value should be interpreted with caution. Standard error estimate may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical fest assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. :
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Learning skills and procedures needed to solve

routine problems .

Knowing facts and concepts is an essential beginning. To use this knowledge to solve problems,

students must acquire procedural knowledge and problem-solving skills.* Information from

teachers on the emphasis they place on learning skills and procedures to-solve routine problems

is presented in Table 9.7. : ,
Teachers of both fourth- and eighth-grade students place similar emphasis-on learning

skills and procedures to solve routine problems as on learning mathematics facts and concepts.

In 1996, 91 percent of fourth-grade students were taught mathematics by teachers who reported

placing “a lot” of emphasis on learning these skills and procedures, whereas 79 percent of

eighth-grade students had such teachers.

Percentage of Students by Teachers’ Reports THE NATION'S

Table 9.7 on Emphasis Placed on Learning Skills and | REEE;?J NUEp
we Procedures Needed to Solve Routine Problems, o
Grades 4 and 8, 1996 ~

Level of Emphasis
A Lot " Some Little or None

'Grade 4

All Students - 91 ' ' ' 8 0!

Grade 8 : ‘ :
All Students 79 18 e .3

Students Enrolled in:

Eighth-Grade Mathematics 80 - 19 ]
Pre-Algebra 79 18 -3
Algebra 78 16 6

NOTE: Row percentages may nat tatal to 100 due to raunding. .

| Stotisticol tests invalving this volue should be interpreted with caution. Standord error estimate may not be accurotely
determined ond/or the sompling distribution of the stotistics daes nat motch stotistical test assumptians (see Appendix A}.
SOURCE: Notionol Center for Educatian Stotistics, Nationol Assessment of Educational Pragress (NAEP) 1996
Mathematics Assessment. ' '

* Wakefield, A. P. (1997). Supporting math thinking. Phi Dz(rqg)(m, 79(3), 233-236.
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Developing reasoning ability to solve unique problems

Doing mathematics successfully means a lot of things. It means being able to follow procedures
and solve computational problems, and.it means having the ability to solve classes of problems
that become relatively routine through repeated exposure. In addition, it means being able to
use-one’s knowledge and reasoning ability to solve mathematical problems in contexts that.have
not been encountered previously. The NAEP 1996 data on developing reasoning ability suggest -
that the task of helping students develop these capabilities may be somewhat more difficult to
incorporate into mathematics instruction than the tasks of teaching students facts and concepts
or how to apply more routine skills and procedures. That is, as the data in Table 9.8 show,
compared with the mathematics processes discussed above, fewer students have teachers who
reported placing “a lot” of emphasis on developing reasoning abilities. This is true in both
fourth- and eighth-grade mathematics classes. Nevertheless, the majority of both fourth- and
eighth-grade studeits still had teachers who reported “a lot” of emphasis on developing
students’ reasoning ability to solve unique mathematics problems, while most of the remainder
had teachers who reported “some” emphasis.

THE NATION'S
Percentage of Students by Teachers’ Reports on  REPORT [ngpp

1“."TabAI.e X3 Emphasis Placed on Developing Reasoning Ability to CARD
LT Solve Unique Problems, Grades 4 and 8, 1996 - )

- Level of Emphusis * -

Little or None

" All Students | 52 ' 41 8
Grade8 i ' _ ,
| All Students 52 40 8
Students Enrolled in:
Eighth-Grade Mathematics 42 ' 47 : 12
Pre-Algebra 53 41 -6

Algebro 68 29 3

ALY L s e HEER ., 1=l 3 I B SRR 2L AR B
NOTE: Row percentages may not total 100 due to rounding. '

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP} 1996

Mathematics Assessment. :
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Overall, the reported emphasis at the two grades was nearly identical. That is,

52 percent of fourth-grade students and 52 percent of eighth-grade students were taught
mathematics with “a lot” of emphasis on developing reasoning ability to solve unique problems.
Forty-one percent of students at grade 4 and 40 percent students at grade 8, were taught by
teachers who reported “some” emphasis. _

However, there were some differences in the emphasis experienced by eighth-grade
students in different mathematics courses. The pefcentage of algebra students (68%) in classes
with “a lot” of emphasis on developing reasoning abilities was higher than the percentage of
eighth-grade mathematics students (42%) in such classes. Reciprocally, the percentages of
eighth-grade mathematics students in classes with “some” (47%) or “little or no” emphasis
(12%) on developing reasoning skills were both higher than the percentages of algebra students
in such classes .(29% for “some” and 3% for “little or no” emphasis). That is, students
perceived to be more advanced mathematically appear to get more exposure to higher
level processes.

Learning how to communicate ideas in
mathematics effectively |
Not only do students need to acquire knowledge and be able to reason and solve problems, but
they also need to.be able to communicate ideas in mathematics effectively. More and more,
NAEP and other mathematics assessments are ‘assessing students’ ability to explain how they
solve problems. In addition, in more classrooms, students are being asked to discuss and, either
verbally or in writing, to explain solutions to problems. Information about the emphasis teachers
place on learning how to communicate ideas in mathematics effectively is presented in
Table 9.9.

In 1996, similar percentages of fourth-grade students were taught mathematics by
teachers who reported “some” or “a lot” of emphasis on communicating ideas in
mathematics — 45 percent and 38 percent, respectively. At the eighth-grade level similar
percentages of students also had teachers who reported “a lot” or “some” emphasis on
communicating ideas in mathematics — 43 percent and 42 percent, respectively.
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THE NATION'S
Percentage of Students by Teachers’ Reports on RepoRT naep

Emphasis Placed on Learning How to Communicate CARD
Ideas in Mathematics Effectively, Grades 4 and 8, 1996 \

o e Levelof Emphasist L1

A Lot Some Little or None
38 - 45 .18
All Students 43 o 42 16

Students Enrolled in: . ,

Eighth-Grade Mathematics 4] 40 ‘ - 20
Pre-Algebra 39 ' 47 14
Algebrc 50 39 11

NOTE Row percentoges may not totol 100 due to roundlng
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress {NAEP) 1996
Mathematics Assessment.

Instructional Practices

Current mathematics reform efforts promote the use of a variety of instructional practices that can
help students achieve academically.® This section includes teachers’ reports on the frequency of
use of selected classroom practices at the fourth- and eighth-grade levels and students’ reports at
the twelfth-grade level. Their res‘ponses provide a general picture of some instructional practices
that students currently are experiencing in our nation’s classrooms.

Use of manipulatives

Since the mid-1960s, mathematics educators have been promoting the use of manipulative
materials to facilitate mathematics learning.’ Such materials include Cuisenaire™ rods,
geometric shapes, geoboards, Base 10 place value blocks, and a host of measuring instruments.
Starting with the NAEP 1990 mathematics assessment, students were provided with rulers and
protractors for use in some tasks on the assessments. With the 1992 assessment, students also
received some geometric shapes to use in responding to questions requiring the analysis of
relationships between these simple shapes and more complex shapes that could be formed from
the pieces. The 1996 assessment expanded the practice of including manipulative materials. In
order for students to use these manipulatives most appropriately and effectively in the NAEP
mathematics assessment, they must have had previous experience with them,; one of the best
ways to provide such exposure is through classroom instruction.

5 National Council of Teachers of Mathematics (1991). Professional standards for teaching mathematics. Reston,
VA: Author.

6 Bohan, H. J., & Shawaker, P. B. Using manipulatives effectively: A drive down rounding road. Available on the World Wide
Web at: <http://www.enc.org/classroom/lessons/docs04083/4083.htm>. '
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As part of the NAEP 1996 assessment, teachers of fourth- and eighth-grade students were
asked two separate questions about the frequency with which they used specifically named
manipulatives in their mathematics instruction. Their responses are-presented in ~ « :

Tables 9.10 and 9.11. Twelfth-grade students also were asked about their use of spemﬁc
manipulatives, chosen to be more appropriate to their grade level. Information from |
twelfth-grade students who were taking mathematics is presented in Table 9.12. The data..
appear to show that working with these types of manipulatives is more common at.lower grade
levels and for lower level mathematics courses taken by eighth-grade students.

Percentage of Students by Teachers’ Reports on . et (oionS

. Frequency with Which Students Work with Objects  tARD [v
Like Rulers, Grades 4 and 8, 1996 o g\’

Almost Once or Twice OnceorTwice |  Neveror

Every Day a Week ~ o Month Hardly Ever
'8‘ | . P ) . .l B 36 | . 5‘] " . . N 5
All Students | - 7 18 53 21
* Students Enrolled in: v : : ’
Eighth-Grade Mathematics 7 23 56 14
Pre-Algebra 5 16 58 22
~ Algebra 9 13 45 33

NOTE: Row percentages may not totcl 100 due to rounding.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

In 1996, a substantial portion of fourth- and eighth-grade students were reported to work
with objects like rulers in their mathematics classes at least “once or twice a month.” Teachers of
just over half of fourth-grade students reported using such objects “once or twice a month,” while
teachers of another third reported using such objects “once or twice a week.” At the eighth-grade
level, 53 percent of students worked with objects like rulers “once or twice a month,” and
18 percent of students worked with them “once or twice a week.”

Frequency of use of objects such as rulers differed slightly depending on the mathematlcs
classes in which eighth-grdde students were enrolled. Students in eighth-grade mathematics were
more likely to use such objects than students in algebra; that is, only 14 percent of students in
eighth-grade mathematics “never or hardly ever” used such objects, which was significantly lower
than the 33 percent of algebra students who were in mathematics classes in which they “never or
hardly ever” used such objects.

In addition to objects such as rulers, teachers were asked about the frequency of use of
manipulatives and teaching aids such as counting blocks and geometric shapes. The :
information about these manipulatives is presented in Table 9.1 1. The use of ihe&eﬁtyges of
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manipulatives appears less common than the use of objects such as rulers.” In 1996, although

teachers of 47 percent of fourth-grade students reported using counting blocks and geometric
shapes “once or twice a month;” teachers of 26 percent of students reported “never or hardly
ever” using such manipulatives. - S

At the eighth-grade level, the use of these manipulatives appears even less common.
The majority of students (54%) had teachers who reported “never or hardly ever” having their .
students work with counting blocks or geometric shapes. '

The frequency of use of counting blocks and geometric shapes differed slightly
depending on the type of mathematics class eighth-grade students were taking. Students in
eighth-grade mathematics classes were reported to-use these types of manipulatives more
frequently than those in algebra classes. That is, the percentage of students in algebra classes
(66%) whose teachers reported “never or hardly ever” working with counting blocks or
geometric shapes was higher than the percentage of students in eighth-grade mathematics
classes (44%) whose teachers reported this.- " '

Percentage of Students by Teachers’ Reports on - REPTSETN%%s
Frequency with Which Students Work with Counting CARD
Blocks and Geometric Shapes,' Grades 4 and 8, 1996 ﬁ\\’
} 'ZA‘Imost Once or Twice | Om: or Twn:e " Never or
. Every Day a Week a Month Hardly Ever
_ All Students 5 22 47 26
@8 | |
All Students ] 7 38 54
Students Enrolled in: . : :
Elghth Grade Mathematics ] 4 46 44
Pre-Algebra - 1 6 36 - 58
Algebro ol 5. 29 )
— . - = - — T R

NOTE: Row percentages may not total 100 due to rounding. .
| Statistical fests involving this value should be interpreted with caution. Standard error estimate may not be cccurotely

. determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. :

7 It is possible that some of this difference could be due to the wording of the two questions. The question about rulers asked
about working with “objects like rulers,” while the other question only mentioned working with “counting blocks and geometric
~ shapés” rather than, for example, “ianipulatives such as counting blocks and geometric shapes.”
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Twelfth-grade students were asked a single question that combined the use of measuring
instruments and geometric solids. Of twelfth-grade students who indicated they were currently -
taking a mathematics class, the majority (53%) reported “never or hardly ever’ workmg with
measuring instruments or geometric solids in their mathematics classes.

BN Percentage of Students by Frequency with Which REJSETN’::Q;;S
Table 9.12 . They Work with Measuring Instruments . CARD
‘or Geometric Sohds, Grade 12, 1996 (

Iosl 0 Once or 'I'wu:e , Onc orTice ' ev‘er or
Every Day a Week o Month Hardly Ever
Students Toking Mathematics 53

PR G A R PCIR TRRR BA R INE L Y L

NOTE: Row percentoges may not total 100due to roundlg
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress {NAEP} 1996
Mathematics Assessment. ) ,

Working in small groups or with a partner

One of the pedagogical strategies recommended to foster increased learning and understanding
of mathematics is the use of small-group activities. By working in small groups or with a
partner, students are expected to be more actively involved in the learning process, and this is -
believed to increase student learning.? Information about the frequency with which students
were reported to work with other students to solve problems is presented in Table 9.13.

- Teachers of a large majority of students in both grades 4 and 8 reported that their
students worked at least once a week with other students to solve mathematics problems.
However, although the percentages were relatively small, seven percent of fourth-grade students
and eight percent of eighth-grade students “never or hardly ever” had this opportunity.

Twelfth-grade students enrolled in mathematics reported less frequency of working with
other students to solve problems than did teachers of fourth- and eighth-grade students. In
1996, about one in five twelfth-grade students reported “never or hardly ever” working this way,
while less than 10 percent of fourth- and eighth-grade students had teachers who reported

“never or hardly ever” having their students work with a partner or in small groups.

® Lacampagne, C. B. (1993). State of the art, transforming ideas for teaching and learning mathematics. Washington, DC: U.S.
Department of Education, Office of Educational Research and Improvement; Lotan, R. A., & Benton, J. H. (1990). Finding
out about complex instruction: Teaching math and science in heterogeneous (,lassrooms In N..Davidson (Ed). Cooperazwe
learning in mathematics. New York: Addison-Wesley. ' T :
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Percentage of Students by Frequency with Which  report naep
They Solve Problems in Small Groups. or with a
- Partner, Grades 4, 8, and 12, 1996*

THE NATION'S

CARD
\

All Students

All Students

Students Enrolled in:
Eighth-Grade Mathematics
Pre-Algebra

Algebro

NOTE Row percentcges may not total lOO due to roundlng

, 0n¢eor Twice

Almost Once or Twice l Never or .
Every Day a Week a Month- Hardly Ever
25 50 18 7
27 40 26 8
24 44 25 6
24 39 30. 8
34 33 25 9
32 21

Tk, R AL R A S

* Data on fourth- and eighth-grade students are based on teachers’ reports, and dctc on twelfth-grade students are based on

students’ reports.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessmenf

Writing in mathematws and reports/progects
Writing across the curriculum is one of the current instructional strategies being advocated by

many educators to increase student learning and communication skills.” Writing in mathematics
not only helps students improve their language arts skills, but also places an expectation on '
them to be able to communicate mathematical thinking and understanding to others. Over the
years, NAEP assessments have presented students with increasing numbers of questions that
require them to write out responses and, often, to explain their answers in writing. Students

have typically found these questions more challenging than multiple-choice questions.!
However, it is reasonable to assume that if students are not being exposed to content or
processes that are assessed by NAEP, they cannot be expected to answer those questions
correctly. Therefore, whether students, in fact, are writing more in their mathematics classes is
of interest to interpreters of NAEP assessment results, as well as to-mathematics educators
more generally. Information about the frequency with which students were reportedly asked to
write a few sentences or to write larger reports in mathematics classes is presented in

Tables 9.14 and 9.15.

 Miller, L. D. (1991). Writing to learn mathematics. Mathematics Teacher, 84(7), 516-521.

10 Dossey, J. A., Mullis, L. V. S., & Jones, C. 0. (1993). Can students do mathematical problem solving? Washington, DC:
National Center for Education Statistics; Hawkins, E., Stancavage, F., Mitchell, J., Goodman, M., & Lazer, S. (1998).
Learning about our world and our past: Using the tools and resources of geography and U.S. history-A report of lhe 1994
NAEP assessment. Washington, DC: National Center for Education Statistics.
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In 1996, the majority of fourth-grade students had teachers who indicated that students
wrote a few sentences about how to solve a mathematics problem “once or twice a month” or less.
However, the percentages of students who were asked to write about solving probléms “almost
every day” or “‘once or twice a week” in 1996 were higher than the percentages in 1992, and the
percentage of students.who “never or hardly ever” wrote about solving problems decreased from
1992 to 1996. . :

- . The frequency with which eighth-grade students wrote about solvmg mathematics
problems in 1996 appeared.to be similar to that of fourth-grade students. However, percentage
changes from-1992 to 1996 for eighth-grade students, although in the same direction as the
changes for fourth-grade students, were not statistically significant. :

The majority (61%) of twelfth-grade students taking mathematics reported that they

“never or hardly ever” wrote a few sentences about how to solve a mathematics problem.

THE NATION'S
Percenfage of Students by Frequency with Which ngpé‘m"':;w
They Write a Few Sentencés about How to Solve a  CARD
Mathematics Problem, Grades 4, 8, and 12* E\\
Assessment Almost Once or Twice | Once or Twice "Ngv'e:rfo} |
L Year Every Day | aWeek a Month - Hardly Ever
GradeRai .
All Students | = 1996 91 26t 36 29t
. . 1992 2 17 36 45
A|| Students 1996 5 - 25 37 .33
1992 3 18 37 ‘ . 4]
Students Enrolled in: '
Eighth-Grade o
Mathematics 1996 4 27 35 34
| 1992 2 16 | 38 |- a4
Pre-Algebra 1996 4 27 37 33
1992 2 18 " 42 : 37
Algebra 1996 5 20 39 36
. 1992 7 24 31 38
Students Taking o ‘ : .'
Mathematics 1996 7 - 13 18 - 6]

NOTE: Raw percentoges may nat tatal 100 due fa roundmg
t Significantly different from 1992, :

* Data on fourth- and eighth-grade students are based.an teachers’ reparts, and data an twelh‘h-grode students are based an
students’ repoarts.
SOURCE: National Center for Education Statistics, Natianal Assessment of Educononol Pragress (NAEP) 1992 ond 1996
Moathematics Assessments. .

EMC 248 e Student Work and Téacher Practices in Mathematics

260




In 1996, fewer students were reported to be writing reports or doing mathematics projects
than were reported to be writing a few sentences about how to solve a mathematics problem. .

- As'shown in Table 9.15, teachers of. 66 percent of fourth-grade students and 64 percent of

eighth-grade students reported “never or hardly ever” asking their students to write reports or do
g er p y g p

projects in their mathematics classes. Most of the remaining students had teachers who reported

assigning reports or projects “once or twice a month.” Responses indicating daily or weekly
frequency were quite uncommon, but this may reflect the fact that such assignments, by their
nature, have longer time spans associated with them and so would be less frequently assigned.
At the twelfth-grade level, 71 percent of students taking mathematlcs reported that they “never
or hardly ever” wrote reports or did mathematics projects: :

e Percentage of Students by Frequency w:th ‘Which 'REJSETN':_;DN’S
fTable They Write Reports or Do Mathematics Projects,  CARD =
B  Grades 4, 8, and 12* : (

' A'ssessment"r - Ist " | Once or Twice Once or iwice Never or
Year |- Every Day a Week a Month Hordly Ever
1996 o ] a4t 29t 66t
1992 0Ol 1 17 A 82
Al Sfudents 1 1996 ol 3 33t 64t
1992 : 0Ol 1 21 - 78 |
Students Enrolled in:
Eighth-Grade
Mathematics 1996 . Ol 3 35 63
1992 0l 0 23 ’ 76
.. Pre-Algebra 1996 Ol 5 34 611
1992 0l 1 20 79
Algebra 1996 0l 2 30t 681
1992 o 1 16 83
Students Taking . .
Mathematics 2 4 24 71
TG

NOTE: Row percentoges may nat tatol 100 due to rounding.
t Significontly different fram 1992,

* Dato an faurth- and eighth-grade students are based an teochers reparts, and dato an twelfth-grade students are bosed on
students’ reparts.

| Statistical tests invalving this value shauld be interpreted with cautian. Standard error estimate may nat be accurately
determined and/or the sampling distribution of the stotistics does nat match stotistidal test assumptians (see Appendix A).
SOURCE: Natianal Center far Educohon Statistics, Nohono| Assessment of Educohonol Pragress (NAEP) 1992 ond 1996
Mathématics ‘Assessments.

" Siudent Work and Teacher Practices in Mathematics S 281 . 249



Changes in percentages over time appear-to show increases in the frequency with
which the practices of writing reports or doing mathematics projects are being implemented in
mathematics classrooms. For example, the percentages of fourth-grade students in 1996 whose .
teachers reported having students write reports of do projects “once or twice a week” or “once
or twice a month” were both higher than the percentages at those frequen01es in 1992. In
addition, the percentage of fourth-grade students who “never or hardly ever” wrote reports or
did projects in 1996 was 66 percent, which was significantly lower than the 82 percent in 1992.

At the eighth-grade level, the percentage of students (33%) who were reported to
be writing reports and doing projects “once or twice a month” in 1996 was higher than the
percentage of students (21%) doing so in 1992. Additionally, in 1996, the percentage of
students (64%) who “never or hardly ever” wrote reports or did projects was lower than the
percentage of students (78%) in this category in 1992. When eighth-grade students were
grouped by type of mathematics course, changes over time also were apparent. For students in
pre-algebra and algebra, the 1996 percentages of students who “never or hardly ever” wrote
reports or did projects were lower than the 1992 percentages. For algebra students, the 1996
percentage of students who wrote reports and did pro;ects ‘once or twice a month” was higher
than the 1992 percentage.

Communicating and connecting mathematics

To reflect what is happening in mathematics classrooms across the nation, NAEP has attempted
to develop an assessment that presents students with questions that represent real-life problems
and require students to use their abilities to communicate mathematically. Information in
Tables 9.16 and 9.17 shows that in 1996, substantial proportions of fourth-, eighth-, and
twelfth-grade students were regularly involved in discussing solutions to mathematics problems
with other students. Similarly large proportions of fourth- and eighth-grade students were
working or discussing mathematics problems that reflected real-life situations. On average for
the different grade levels, the frequency with which students were engaged in these practices

~had not changed significantly from 1992 to 1996, except for eighth-grade students in the less

advanced mathematics classes, where there were indications of increased frequency.

~As shown in Table 9.16, in 1996, over one-third of fourth-grade students and almost
half of eighth-grade students were being taught mathematics by teachers who reported that their
students had discussions with other students about mathematics solutions “almost every day.”
Similarly, almost half of twelfth-grade students taking mathematics also reported that they
discuss mathematics solutions with other students “almost every day.”

- Between 1992 and 1996, for most of the response categories, the frequency with which
fourth- and eighth-grade students were reported to discuss mathematics solutions with other
students did not change significantly. However, for students in eighth-grade mathematics, the
numbers suggest an upward trend, and the percentage in 1996 who “never or hardly ever” had
such discussions was lower than the 1992 percentage. Also, for students in pre-algebra, the
1996 percentage of students who had such discussions “once or twice a month” was higher than
the 1992 percentage.
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THE NATION'S

Percentage of Students by Frequency with Which  peport raEp
They Discuss Solutions to Mathematics Problems with CARD
. Other Students, Grades 4, 8, and 12* gﬁf

¥ it st - it N ! K ¥
Assessment Almost Once or Twue Oncer Twice . Neveror
Year Every Day a Week a Month Hardly Ever
1996 35 37 22 6
1992 33 39 22 6
All Students 1996 . 49 A 3 37 2
1992 43 1 32 '
Students Enrolled in:
Eighth-Grade .
Mathematics 1996 44 3 39 2t
‘ 1992 37 0 33 9
Pre-Algebra | 1996 52+ 5 37 2
1992 44 1 33 4
Algebra 1996 54 2 32 N
1992 58 1 29 2
Students Tckmg
“.Mathematics 1996 48 28

| kS R

NOTE Row percentages may not totcl IOO due to roundung
1 Significantly different from 1992.
* Data on fourth- and eighth-grade students are based on teachers reports, and data on twelfth-grade students are based on

students’ reports.
SOURCE: National Center for Education Statistics, Nchonal Assessment of Educational Progress {NAEP) 1992 and 1996
Mathematics Assessments.

It is important that students are able to apply the mathematics they learn in the classroom .
to solve real-life problems. And solving mathematics problems that reflect real-life situations in the
classroom can facilitate mathematics learning and understanding." In 1996, substantial
proportions of students from grades 4 and 8 were working and discussing mathematics that
reflected real-life situations at least “once or twice a week.” Teachers of 29 percent of fourth-grade
students reported that their students did this “almost every day,” while teachers of 45 percent '
reported that their students did this “once or twice a week.”

! National Council of Teachers of Mathematics. (1989) op. cit.; Usiskin, Z. (1993). Lessons from the Chicago mathematics
project. Educational Leadership, 50, 14-18.
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_The percentages were similar for eighth-grade students: teachers of 27 percent reported
that students worked and discussed mathematics problems that reflected real-life situations
“almost every day,” and teachers of 47 percent reported working and discussing these types of .
problems “once or twice a week.”

Percentage of Students by Teachers’ Reports on REJSETNATIUN’S
Frequency with Which Students Work and Discuss " ap |NED
Mathematics Problems That Reflect Real-Life '

Situations, Grades 4 and 8 {

L

Assessment Almost: Once or Twue Once or Twice ‘ Never or
Year - - Every Day a Week a Month Hardly Ever
1996 29 45 23 4
1992 26 48 ' 23 "4
Al Students 1996 27 47 22 17 4
. ' 1992 19 - 51 . 24 - 6
Students Enrolled in:
Eighth-Grade v _ - '
Mathematics 1996 26 48 23 4
: 1992 19 51 25 5
Pre-Algebra 1996 28 48 21 _ 3
1992 9. 52 24 | 5
Algebra 1996 . 28 45 22 5
1992 .20 53 19 8
RENGH RTINS NS

NOTE Row percentoges may nat tatal 100 due to rounding. .
SOURCE: Natianal Center far Educatian Statistics, Natianal Assessment of Educohonol Pragress (NAEP) 1992 and 1996
Mathematics Assessments.

@wﬂcwiator- Use |

The use of calculators as an instructional strategy is being highlighted because of the emphasis
placed on appropriate use of calculators in mathematics education by NCTM curriculum and
evaluation standards as well as other mathematics reform efforts. The increasing accessibility to
a variety of calculators suggests an expectation that students have the ability to use them

. appropriately in the workplace and in everyday life. Although there is concern that wider use of

calculators in mathematics instruction may interfere with students’ mastery of basic skills in
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mathematics, there is research that shows that the proper use of calculators can enhance learning
at all stages.!? Furthermore, the NAEP 1996 mathematics framework recommends the inclusion
of more mathematics questions that require the use of a calculator for successful completion of
those questions.' '

In the NAEP 1996 and 1992 assessments, teachers and students were asked about their
use of calculators for schoolwork and on mathematics'tests. Their responses are reported in this
section. We also report ﬁndmgs in this section regarding the extent to which students used
calculators appropriately in the 1996 assessment. The basis for the latter data is as follows: the
assessment was subdivided into separately timed sections, or- “blocks,” and students were '
allowed to use calculators on some of these blocks. When students were allowed to use
calculators, they also were asked to indicate if, in fact; they had used a calculator for each
question. Each of the questions was in turn identified as to whether the use of a calculator to
solve the question was warranted. That is, each questlon was characterized as: (a) calculator
neither required nor useful, (b) calculator not required but some students might choose to use
it; and (c) calculator required. By combining these two types of information, it is possible to
examine data on the extent to which students used the calculators appropriately during
the assessment. . ‘

Students® access to calculators _ .

Increasing student use of calculators in mathematics assessment is most appropriate when all
students have access to calculators for instruction. In 1996, teachers of 80 percent of
fourth-grade students and 80 percent of eighth-grade students reported that their students had
access to school-owned calculators to do their school work, and 95 percent of twelfth-grade
students taking mathematics reported having a calculator available to do mathematics '
schoolwork.™ In 1996, teachers of fourth- and eighth-grade students also were asked about the
frequency with which they used calculators in their mathematics classes. As the data in

Table 9.18 show, teachers of eighth-grade students reported much greater frequency of
calculator use than teachers of fourth-grade students.

Teachers of 68 percent of fourth-grade students reported that their students used
calculators in class “once or twice a month” or less. In contrast, 76 percent of eighth-grade
students had teachers who reported that they used calculators at least “once or twice a week.”
Comparisons of percentages of eighth-grade students by mathematics class show that the
percentage of algebra students (68%) whose teachers reported use of calculators “almost every
day” was higher than the percentage of eighth-grade mathematics students (48%) whose
teachers reported similar usage.

In 1996, over three-fourths of twelfth- grade students taking mathematics indicated that
they used calculators for class work in mathematics “almost every day,” and 14 percent

reported using them “once or twice a week.”

12 Lacampagne, C. B. (1993). op. cit.
18 National Assessment Governing Board. (1996). op.cit.
14 The source of these data is the NAEP 1996 mathematics assessment. -
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Data over time appear to show increased frequency of use of calculators; this is true for all

- students at grades 4 and 8 as well as for eighth-grade students in each of the three different types

of mathematics classes. For fourth-grade students, the 1996 percentages reported to be using . * -
calculators either “almost every day,” “once or twice a week,” or “once or twice a month” were all
higher than the corresponding 1992 percentages. In addition, the 1996 percentage of fourth-grade
students whose teachers reported “never or hardly ever” using calculators was lower than the
1992 percentage. :

For eighth-grade students overall the 1996 percentage who used calculators “almost =
every day” was higher than the 1992 percentage, and the 1996 percentage who used calculators
“never or hardly ever” was lower than the 1992 percentage. This same pattern held true for
students in eighth-grade mathematics, pre-algebra, and algebra.

S Percentage of Students by Frequency with -~ & JgEmegs
Table 9.18 Which Students Use Calculators in Class, CARD
| e Grades 4, 8, and 12* ¢

Onte or Twue Ilt or ite

Assessment Almost Never or
Year ~_Every Day a Week a Month Hardly Ever
All Students | 1996 | 5t | 28t 42t 26t
| 1992 1 15 32 51
Grade 8 - . | ' '
A_|| Students 1996 55¢ ' 21 14 Al
1992 34 22 21 24
Students Enrolled in: '
Eighth-Grade : ‘
Mathematics 1996 - 48% 24 16 121
1992 .27 25 24 .24
Pre-Algebra 1996 57t .20 . 16 71
. 1992 36 21 18 25
Algebra 1996 | - 8t 16 9 7t
1992 49 18 - 13 19

Grade '|2

Students Tokmg |
Mathematics 1996 78 14 3 5

NOTE Row percentc:ges may not total 100 due to roundmg

1 Significantly different from 1992. :

* Data on fourth- and eighth-grade students are based on teachers’ reports, and data on twelfth-grade students are based on
students’ reports.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1992 c:nd 1996
Mathematics Assessments. .
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Students in grades 8 and 12 were asked whether they. use scientific or graphing
calculators for their mathematics schoolwork, and data on their responses are presented in

Figures 9.3 and 9.4: As perhaps expected, higher percentages of both eighth-gra'de.students

and twelfth-grade students taking mathematics reported using scientific calculators than

reported using graphing calculators. In addition, the percentage of twelfth-grade students taking

mathematics who use scientific calculators was higher than the percentage of eighth-grade

“students overall who do so; this also was true for the use of graphing calculators. At grade 8, the
percentages of algebra students who indicated using scientific and graphing calculators were
higher than the percentages of pre-algebra or elghth grade mathematics students who reported

using them.-

Percentage of Students Who Reporf Using Scientific. REFORT
Calcularors, Grades 8 and 12, 1996 :

THE NATION’S

naep

2%

Students Mathematics

A L . S
-All Eighth-Grade Pre-AIgebrc Algebra Students Taking Mathematics

SOURCE Ncmoncl Center for Educchon Sfchshcs, Nchoncl Assessment of Educchoncl Progress (NAEP) 1992 cnd 1996
Mathematics Assessments.
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Graphing Calulators, Grades 8 and 12, 1996

THE NATION'S

Percenfage of Students Who Report AUsing 'REPORT

CARD

raep|

Qo

\
\

: @Ka@fb 12 ”

100
90
80
70
- . _ , 62%
60 ]
50
40 ‘
30
20
1% -
10 . 1%
All Eighth-Grade Students Taking Mathematics
Students Mathematics
SOURCE Nohoncl Cenfer For Educohon Stohshcs, National Assessment. oF 7Educohono| Progress (NAEP) 1992 and 1996
Mathematics Assessments.
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Policies for using calculators in mathematices class .

Classroom policies regarding the use of calculators can help students learn to use them
appropriately and effectively.’s In NAEP assessments, teachers of mathematics were asked if they
allowed unrestricted use of calculators in their classes and also whether they allowed calculators
on mathematics tests. Information based on their responses is provided in Table 9.19.

In 1996, 13 percent of fourth-grade students had teachers who reported that they allowed
unrestricted use of calculators, and 10 percent of fourth-grade students had teachers who
reported that they allowed calculators to be used on mathematics tests. A higher percentage of
eighth-grade (47%) than fourth-grade students was allowed unrestricted use of calculators in
mathematics classes, and a higher percentage (67%) also was allowed to use calculators on.
mathematics tests. Higher percentages of students taking algebra than students taking
eighth-grade mathematics or pre-algebra had teachers who reported allowing unrestricted use of
calculators and allowing calculators to be used on mathematics tests.

Between 1992 and 1996, there appears to have been an increase in the percentage of
students being allowed unrestricted classroom use of calculators and use of calculators on
mathematics tests. At the fourth- grade level, there were increases in both practices. This also was
true for eighth-grade students and students taking eighth-grade mathematics. The differences
between 1992 and 1996 for students in pre-algebra and algebra classes were significant only for
the percentages being permitted fo use calculators on mathematics tests.

THE NATION'S
' Percentage of Students by Teacher Reported REPORT |ngiep
Tolle Gl - Uses of Calculators, Grades 4 and 8 : CARD g\,
. : . \
Assessment Teachers Allow Unrestricted | Teachers Allow Use on
Year Use in Classroom Mathematics Tests
GradeYa, 0 oy
All Students 1996 13t 101
T 1992 -5 5
&8 |
All Students 1996 » 471 67t
1992 30 - 48
Students Enrolled in:
Eighth-Grade Mathematics 1996 421 62t
1992 23 43
Pre-Algebra 1996 42 66t
, 1992 ' 28 45
Algebra 1996 62 791t
© 1992 50 . 65
[ - — = Y ST g Erns 2 G e : ..g:\.». )

t Significantly different from 1992.
SOURCE: National Center for Education Statistics, Nchoncl Assessment of Educational Progress (NAEP) 1992 and 1996
Mathematics Assessments

15 National Council of Teachers of Mathematics (1991, February). Calculators and the education of youth. NCTM Position
Statement. Reston, VA: Author. )
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As noted earlier, several blocks of questions in the NAEP 1996 assessment allowed

students to use calculators. For these questions, students were asked to indicate if, in fact, they

“used a calculator in solving the problem or not. Students’ responses were used in conjunction
with information on whether or not the question was calculator-appropriate to categorize
students into two groups: an “Appropriate calculator use” group and an “Other” group.
Students in the “Appropriate calculator use” group used the calculator for at least 65 percent of
the calculator-suitable questions-and for no more than one of the calculator-unsuitable
questions. Students in the “Other” group used the calculator for less than 65 percent of the
calculator-suitable questions and/or for more than one of the calculator-unsuitable questions.
Information on calculator use by different instructional practices is presented in Table 9.20.
Student mathematics performance information also is presented in the table.
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THE NATION’S

Percentage of Students by Calculator Use, REPORT [reep
Grades 4, 8, and 12, 1996 .
\
Appropriate Calculator Use Group ' Other Group
Percentage of- Average Percentage of Average
Students . Scale Score Students Scale Score
All Students ' 21 221 79 224
Unrestricted Classroom Use 19 217 81 226
Restricted Classroom Use 21 222 79 224
Allowed Use on Classroom Tests 16 224 84 225
Not Allowed Use on
Classroom Tests 21 221 79 225
All Students 20 285 80 269
Unrestrlcted Classroom Use 24 293 76 277
Restricted Classroom Use 17 278 83 265
Allowed Use on Classroom Tests 22 292 78 276
Not Allowed Use on
Classroom Tests 17 271 83 261
All Students 27 318 73 299
Use in Classwork:
Almost Every Day 32 321 68 304
Once or Twice a Week 22 317 78 296
Once or Twice a Month 13 *oak 87 286
Never or Hardly Ever 16 293 84 285
Use on Tests or Quizzes:
Almost Every Day 34 323 66 309
Once or Twice a Week 26 318 74 297
Once or Twice a Month 28 322 72 300
Never or Hardly Ever 16 292 84 285
R AR I RO SR TR N S A S ¢ 0 ' o e - : 3

NOTE Students in the “Appropriate Colculotor Use group used the colculotor for at leost 65 percent of the calculator-
suitable questions and for no more than one of the calculator-unsuitable questions. Students in the “Other” group used the
calculator for less than 65 percent of the calculator-suitable questions and/or used it for more than one of the calculator-
unsuitable questions.

NOTE: Row percentages may not total 100 due to rounding.

*** Sample size is insufficient o permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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In the NAEP 1996 mathematics assessment, 21 percent of fourth-grade students,

20 percent of eighth-grade students, and 27 percent of twelfth-grade students used the calculator
appropriately, as we have defined appropriate use. The average mathematics scale score for
fourth-grade students who used the calculator appropriately was similar to the average scale
score of students who did not. However, at the eighth- and twelfth-grade levels, students who, . .
appropriately used calculators outperformed students who did not.

At the fourth-grade level, the appropriateness of students’ use of calculators on the
assessment was not related to whether they were allowed unrestricted use of calculators in the -
classroom or whether they were allowed to use calculators on classroom tests. On the other
hand, at the eighth-grade level, students in classrooms that allowed unrestricted use of = -
calculators were more likely than others to use calculators on NAEP appropriately.
Furthermore, students in classrooms that allowed unrestricted use outperformed students in .-
classrooms that did not allow unrestricted use.. The findings with regard to use of calculators on
classroom tests were similar. That is, the percentage of students who used calculators '
appropriately on NAEP was higher in classrooms where calculators were used on mathematics
tests. In addition, students from classrooms in which calculators were used on classroom tests -
performed better on the 1996 mathematics NAEP than did students from classrooms in which .
calculators were not used on tests. - :

At the twelfth-grade level, it appeared that the more often students used calculators for
class work and on classroom tests, the more likely they were to be appropriate users of
calculators on the 1996 mathematics assessment. For example the percentage who applied
calculators appropriately on NAEP was higher among those who used calculators for class work

“almost every day” than among those who used calculators for class work less often.
Additionally, appropriate usage was more frequent among students who reported using
calculators “once or twice a week” than among those who reported using calculators “once or
twice a month.” Among students who were able to use the calculator appropriately on NAEP,
twelfth-grade students who reported “never or hardly ever” using calculators in the classroom
performed lower on the NAEP 1996 assessment than students in other frequency-of-use groups.

In terms of frequency of use on classroom tests, the percentage of twelfth-grade students
who used calculators appropriately on NAEP was higher among those who reported “almost
every day” use of calculators on tests than among those who reported using:calculators on tests

¢ less frequently.

,@esessment Methods

The dialogue about assessment of students’ academic achievement in mathematics continues to
be an important one.’* Most of the arguments focus on the inadequacies and inappropriateness
of the format of assessment questions. For example, opponents of multiple-choice questions

16 Cain, R. W., & Kenney, P. A. (1992). A joint vision for classroom assessment. Mathematics Teacher, 85(8), 612—615;
Herman, J. L. (1997). Large-scale assessment in support of school reform: Lessons in search of alternative measures.
Los Angeles: National Center for Research on Evaluation, Standards, and Student Testing; Glaser, R.,.& Silver, E. (1994).
Assessment, testing and instruction: Retrospective and prospect. Los Angeles: National Center for Research on Evolutlon, .
Standards, and Student Testing; Romberg, T. A. (Ed.) (1995).. Reform in school mathematics and authentic assessment.
Albany, NY: State University of New York Press. . .
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argue that these questions do not often provide students with the opportunity to show all that they
know, and encourage movement to alternative methods of assessment such as
performance-based assessments or project-based assessments. -

* In-addition to arguments about the validity of current assessment formats, the education
community has debated the usefulness of. different forms of assessments for informing teachers
and students about how to improve their teaching and learning. This section includes
information from teachers’ reports on the frequency with which they assess students and use
different forms of assessment in mathematics. S

In 1996, as shown in Table 9.21, the teachers of 64 percent of fourth- grade students
reported that they gave mathematics tests “once or twice a month,” and teachers of 32 percent
of fourth-grade students reported that they gave mathematics tests “once or twice a week.” At
the eighth-grade level, the frequency of weekly tests increased somewhat, with 55 percent of
students reportedly given tests “once or twice a month” and 45 percent reportedly given tests

“once or twice a week.”

Forty-one percent of twelfth-grade students who were taking mathematics reported,
that they took mathematics tests “once or twice a month,” and- 54 percent reported that they
took mathematics tests “‘once ‘or twice a week.” Twelfth-grade students in mathematics
reported taking mathematics tests with greater frequency than reported by teachers of
elghth grade students. '

Percentage of Students by Frequency with Which REJS,ETN?I,‘;:‘;S
Students Take Mathematics Tests, \ CARD
Grades 4, 8, and 12, 1996* =5

Once or Twice a Week|Once or Twice a Month| Never or Hardly Ever

Almost Every Day

Percentoge | Average | Percentage| Averoge |Percentage | Average |Percentage | Average
of Students | Scale Score] of Students|Scale Score| of Students | Scale Score |of Students | Scale Score

All Students | . 1 214 | 32 | 221 | 64 | 226 4 | 230

Al Students 1| *** 45 273 | 55| 275 0 el

Students Enrolled in:
Eighth-Grade Mathematics 0 *xx 43 261 57 266 0 el
Pre-Algebra 0 *xx 47 272 | - 53 271 0 el

Algebra ] il 46 295 53 300 0 il

Students Taking
Mathematics 4

* %k *

L DA I

NOTE: Row percentcges may not totcl 100 due to roundnng
*** Samplesize is not sufficient to permit a reliable estimate. :
* Data on fourth- and elghth—grcde students are based on tecchers reports, and data on twelf'rh—grcde students are bosed on
students’ reports.

SOURCE: National Center for Education Statistics, National Assessment of Educchonol Progress (NAEP} 1996

Mathematics Assessment.
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Tables 9.22 through 9.25 provide information from fourthi- and eighth-grade teachers on
the types of assessments they used to assess students’ progress. In 1996, teachers appeared to
be responding to mathematics reform calls for less multiple-choice testing and. more. A
constructed-response testing. Teachers of nearly one-third of fourth-grade students reported
that they “never or hardly ever” used multiple-choice tests to assess their students’ progress in.
mathematics, although the modal response was to report using such tests “once or twice a month”
(reported by teachers of 42 percent of grade 4 students). At the eighth-grade level, there was
greater variability in the reported use of multiple-choice tests. Teachers of just over one-third of
eighth-grade students indicated that they “never or hardly ever” used multiple-choice tests,

31 percent of students had teachers who indicated using multiple-choice tests “once or twice a
year,” and another 31 percent of students had teachers who indicated using such tests “once or
twice a month.”

Percentage of Students by Teachers’ Reports on the RE;&ETNA"ON’S
Frequency with Which They Use Multiple-Choice Tests (rp ﬁg}ﬂ
to Assess Their Students’ Progress in Mathematics, =
Grades 4 and 8, 1996 —
Frequency , R
Once or Twice a Once or Twice a | Once or Twice a Never or
Week Month Year Hardly Ever
All Students 6 42 - 20 32
All Students 3 31 31 34
Students Enrolled in:
Eighth-Grade Mathematics 4 35 26 35
Pre-Algebra 3 30 36 32
Algebra 2 28 35 35

£ T G S SRR S UL P
NOTE: Raw percentages may not tatal 100 due to raunding.
SOURCE: Natianal Center far Education Stafistics, Natianal Assessment of Educatianal Progress (NAEP) 1996

Moathematics Assessment.
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In 1996, as shown in Table 9.23, 26 percent of fourth-grade students were taught by
teachers who indicated that they used short and long written responses to assess students’
progress in mathematics “once or twice a week,” and 36 percent of students had teachers who
reported using written responses to assess progress “once or twice a month.” The pattern of

percentages was only slightly different for eighth-grade students.

o : ;‘
Percentage of Students by Teachers’ Reports on the ...

THE NATION'S

A| Sudnts
Students Enrolled in:
Eighth-Grade Mathematics

Pre-Algebra
Algebra

e d T 3. T2 A R R

Mathematics Assessment.

Q

 NOTE: Row percentages may not total 100 due to roundi

Frequency with Which They Use Short and Long " app [oo7
Written Responses to Assess Their Students’ Progress — e
—\
" Once or Twice o Once o Twice 0 'ance or Twice 0 Never or
Week Month Year Hardly Ever
26, 36 .19 18
17 41 21 21
17 40 20 22
20 44 18 19
14 35 28 23
VTR T7 % T RO Y
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
279
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As the data in Table 9.24 show, the use of individual or group projects or presentations for
assessment appears less common than the use of short or long written responses. In 1996,
teachers of over half of fourth-grade students indicated using projects or-presentations only
“once or twice a year” or less. The percentage of eighth-grade students whose teachers reported
very limited use was even higher: 66 percent of eighth-grade students had teachers who

indicated using such methods to asse

year” or less frequently.

Percentage of Students by Teachers’ Reports on the RE
Frequency with Which They Use Individual or Group
Projects or Presentations to Assess Their Students’

ss students’ progress in mathematics only “once or twice a

THE NATION'S

CARD

i

PORT [rvqep

-

i

All Students

All Students

Students Enrolled in:
Eighth-Grade Mathematics

Pre-Algebra

Algebra

T R

el s Uy
0

Progress in Mathematics, Grades 4 and 8, 1996

NOTE: Row percentages may not total 100 due to rounding.

Once or Twice a Once or Twice o Never or
Week Month Year Hordly Ever
16 30 31 24
7 27 ‘43 23
7 29 44 19
8 26 42 23
6 25 38 30

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress {NAEP) 1996

Mathematics Assessment.
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The data in Table 9.25 show that, in 1996, the use of portfolios appeared to be more
frequent at the fourth-grade level than at the eighth-grade level. Forty-five percent of
fourth-grade students had teachers who reported using portfolios for assessing students’
progress in mathematics “once or twice a month” or more often, whereas 29 percent of’
eighth-grade students had teachers who used portfolios at least “once or twice a month.”

Percentage of Students by Teachers’ Reports on the .;ncr

THE NATION’S

All Students

Students Enrolled in:
Eighth-Grade Mathematics
Pre-Algebra

Algebra

NOTE Row percentoges may not total lOO due to rounding. :
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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@ Frequency with Which They Use Portfolio Collections " pp |"S5P
| of Each Student’s Work to Assess Students’ Progress E%,
. in Mathemaﬂcs, Grades 4 and 8, 1996 —IN\
Once or Twice a Once or Twice a Onte or Twnte a R Ne;;ar orv
Week Month Year Hardly Ever
15 30 17 39
10 19 21 50 -
10 17 23 50
11 19 18 51
10 20 21 .50
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This chapter provided a picture of the instructional practices students in grades 4, 8, and 12 were
experiencing in 1996 in their mathematics classrooms. In terms of disciplinary content, the '
majority of fourth- and eighth-grade students were receiving mathematics instruction w1.th

“a lot” of emp}‘lf:lsis on Number Sense, Properties, and Operations and “some” emphasis on
Measurement and Geometry and Spatial Sense. Higher percentages of eighth-grade students
compared with fourth-grade students had mathematics instruction with somewhat more
emphasis on Data Analysis, Statistics, and Probability, and Algebra and Functions. Except for
Algebra and Functions, eighth-grade students in different types of mathematics classes were
not experiencing differing levels of emphasis on the different content strands. For Algebra and
Functions, a higher percentage of students in algebra classes had instruction with “a lot” of
emphasis on this content strand compared with the percentage of pre-algebra and elghth grade
mathematics students receiving such emphasis.

With regard to mathematical processes, in 1996, high perceritages of fourth- and
eighth-grade students had teachers who reported placing “a lot” of emphasis on learning
mathematics facts and concepts, and learning skills and procedures needed to solve routine
problems. A slight majority of fourth- and eighth-grade students were in classes with “a lot” of
emphasis on developing reasoning ability. At both grades 4 and 8, the percentage of students
with “a lot” of emphasis on how to communicate ideas in mathematics effectively was similar to
the percentage of students with “some” emphasis. Only for the process of developing reasoning
ability was the percentage of algebra students whose instruction had “a lot” of emphasis higher
than the percentage of eighth-grade mathematics students.

Data on specific instructional practices in 1996 show differences by grade level and a
few by eighth-grade course taking. Additionally, there were a few changes over time. For
example, working with objects like rulers and other manipulatives was more common at the
lower grade levels and in less advanced mathematics courses taken by eighth-grade students.
The majority of fourth- and eighth-grade students work at least once a week with other students
to solve mathematics problems, while twelfth-grade students taking mathematics report working
with other students to solve problems less frequently. _

Writing a few sentences about how to solve a mathematics problem was relatively rare
among fourth- and eighth-grade students; however, the percentages of fourth-grade students who
were asked to write about solving problems “almost every day” or “once or twice a week” in
1996 was higher than the percentages in 1992. On average, fewer students were writing reports
or doing mathematics projects than were writing a few sentences about how to solve a
mathematics problem. However, changes over time appear to show increases in the frequency
with which the practices of writing reports or doing mathematics projects are being
implemented in mathematics classrooms.

In 1996, substantial proportions of students — over one-third of fourth-grade students,
almost half of eighth-grade students, and almost half of twelfth-grade students taking
mathematics — were discussing solutions to mathematics problems with other students “almost
every day.” Furthermore, substantial proportions of students from grades 4 and 8 were
working on and discussing mathematics that reflected real-life situations at least “once or twice
a week.”
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As Table 9.18 indicates, in 1996, the frequency with which calculators were used
increased with increasing grades and with more advanced mathematics courses at the
eighth-grade level. The data across time show increases in the frequency of use by fourth- and
eighth- grade students, regardless of mathematics course. A majority of eighth- grade students
and twelfth-grade students taking mathematics reported using scientific calculators to do
schoolwork. Although a majority of twelfth-grade students taking mathematics also reported
using graphing calculators, only 11 percent of eighth-grade students did. At the eighth-grade
level, for both scientific and graphing calculators, the percentage of algebra students who
indicated using them was higher than the percentage of pre-algebra or eighth-grade
mathematics students. _ '

As Table 9.19 shows, in 1996, smaller percentages of fourth- than eighth-grade students
had teachers who reported allowing unrestricted use of calculators and use of calculators on

" mathematics tests. Higher percentages of students taking algebra than students taking
eighth-grade mathematics or pre-algebra had teachers who reported allowing unrestricted use of
calculators and use of calculators on mathematics tests. Between 1992 and 1996, there appears
to have been an increase in both the percentage of students allowed unrestricted use of
calculators and the percentage of students allowed use of calculators on mathematics tests.

In the NAEP 1996 assessment, the majority of fourth-grade, eighth-grade, and
twelfth-grade students did not use calculators appropriately (see Table 9.20). Appropriate
calculator use is defined as using a calculator on questions for which a calculator is either
required or useful. Although the average mathematics scale score for fourth-grade students who
used the calculator appropriately was similar to the average scale score of students who did not,
at the eighth- and twelfth-grade levels, students who appropriately used calculators '
outperformed students who did not.

In 1996, the majority of students in grades 4 and 8 were assessed in mathematics classes
“once or twice a month,” while the majority of twelfth-grade students were assessed “once or
twice a week.” Teachers of grades 4 and 8 reported less testing with multiple-choice questions
and more with constructed-response questions. The use of individual or group projects or
presentations was less common than the use of written responses. Teachers’ use of portfolios
was more common with fourth- than with eighth-grade students.
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Having the necessary content knowledge and skills is essential to being successful in using
mathematics. However, some support also exists for the notion that students’ attitudes and
beliefs about mathematics can influence their persistence and achievement in the subject.!
Over the years, in NAEP assessments, students have been presented with statements pertaining
to their attitudes toward mathematics. To each of these statements students were asked to
indicate whether they agreed with, disagreed with, or were undecided about the statement.
Students’ responses to the following three statements are discussed in this chapter:

0 “I like mathematics”;
© IfI had a choice, I would not take any more mathematics”; and
© “Everyone can do well in mathematics if they try.”

As shown in Table 10.1, in 1996, over half of fourth- and eighth-grade students agreed with the
statement “I like mathematics.” However, the percentage of fourth-grade students who agreed
was significantly higher than the percentage of eighth-grade students who agreed. An
examination of data by mathematics course showed that the percentage of algebra students who
disagreed with the statement “I like mathematics” was significantly lower than the percentage
of pre-algebra or eighth-grade mathematics students who disagreed.

Among twelfth-grade students, 50 percent indicated liking mathematics. This
percentage was lower than the percentages of eighth-grade and fourth-grade students. As might
be expected, the frequency of positive responses was greater among twelfth-grade students who
were currently taking mathematics than among those who were not taking mathematics.
Furthermore, positive responses increased in frequency among students who reported having
taken more advanced mathematics coursework. For example, the percentage of twelfth-grade
students who had taken geometry and agreed with the statement “I like mathematics” was .

53 percent, which was higher than the 38 percent among students who had not taken geometry.

! Kohn, A. (1994). The truth about self-esteem. Phi Delta Kappan, 76(4), 272-283.
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Similarly, when responses are examined by highest level algebra-through-calculus course
taken, one observes that the percentage of students agreeing that they like mathematics was
higher among those who had progressed to calculus or pre-calculus than among those whose . - . -
highest course was second-year algebra, first-year algebra, or pre-algebra. There also was-a higher
rate.of agreement among those whose highest algebra-through-calculus course was second-year
algebra than among those whose highest course was first-year algebra or pre-algebra.

THE NATION'S

Percentages of Students by Their Response to the gpier ~
Statement: “I Like Mathematics,” CARD [P
Grades 4, 8, and 12, 1996 ﬁ\’
’ ~ Agreement. .~ ..
Agree Disagree Undecided
All Students 69 14 7.
Graﬂ?é}_fé,{: : ‘
All Students 56 23 21
Students Enrolled in: o
Eighth-Grade Mathematics 55 24 21
Pre-Algebra 54 24 22
Algebra 60 20 - 20
Grade 1'2‘“'?""‘””‘ N
' All Students 50 33 17.
Students Who Are:
Enrolled in Mathematics 57 26 16
Not Enrolled in Mathematics 37 45 18
Students Who Have: : ~
Taken Geometry 53 . 30 17
Not Taken Geometry 38 44 18
Hnghest Algebra-Calculus
Course Taken: -
. Pre-Algebra 39 42 19
First-Year Algebra 39 42 20
Second-Year Algebra 51 33 16
Third-Year Algebro/Pre-Colculus 62 22 16
Caleulus 74 11 14

NOTE: Row percentcges may not totcl 100 due to rounding.
SOURCE: National Center for Education Statistics, National Assessment of Educatiorial Progress [NAEP) 1996
Mathematics Assessment. :
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There were no changes in the percentages agreeing or disagreeing with the statement
“I like mathematics” from 1990 or 1992 to 1996 for either fourth-grade or eighth-grade
students. This also was true for eighth-grade students regardless of the mathematics class they
were taking. At the twelfth-grade level, however, the 1996 percentage of students who agreed
with the statement “I like mathematics” (50%) was less than the 1990 percentage (54%).2

A second question addressed to the students was whether they agreed or disagreed with
the statement, “If I had a choice, I would not study any more mathematics.” In 1996,

72 percent of fourth-grade students disagreed with the statement, implying that, given a choice,
they would choose to continue their studies in mathematics. The data presented in Table 10.2,
suggest that, as students progress through their school careers, more students become
disenchanted with mathematics and, if given a choice, would choose not to take any more
mathematics. For example, the percentage of eighth-grade students who agreed that they
would choose not to study any more mathematics (16%) was higher than the percentage of
fourth-grade students who agreed (12%) and lower than the percentage of twelfth-grade
students who agreed (31%). '

Not surprisingly, students who had taken more mathematics were more likely to express
interest in taking even more mathematics classes. Among eighth-grade students, the percentage
of algebra students (709%) who indicated that they would choose to take more mathematics was
higher than the percentage of pre-algebra (63%) or eighth-grade mathematics (63%) students
who so indicated. Twelfth-grade students who were taking mathematics were more likely to
indicate that they would take more mathematics (56%) than were those who were not taking
mathematics (33%). Students who had taken geometry also were more likely to indicate that
they would take more mathematics (50%) than those who had not taken geometry (38%).
Students whose highest algebra-through-calculus class was calculus or pre-calculus were more

- — likely to indicate that they would take more mathematics (70% and 62%, respectively) than
students whose highest course was pre-algebra, first-year algebra, or second-year algebra
(38%, 39%, and 46%, respectively). Students whose highest course was second-year algebra
were more likely to indicate that they would take more mathematics than were students whose
highest course was first-year algebra.

The 1996 percentage of fourth-grade students who disagreed with the statement
(i.e., who implied they would take more mathematics; 72%) was lower than the 1992 percentage
(76%).* This is somewhat discouraging, given current reform efforts to increase the accessibility
of the mathematics curriculum as well as the amount of mathematics children take. Of course,
fourth-grade students are not usually given the choice of taking or not taking mathematics.
Nevertheless, this attitudinal trend does not reflect well on efforts to increase mathematics
course taking. Between 1992 and 1996, there were no significant differences in the
percentages of all eighth-grade students indicating agreement or disagreement. Similarly, over
this time period, the opinions of eighth-grade students in the different mathematics classes did
not change.

2 Sources of trend data are the NAEP 1996, 1992, and 1990 mathematics assessments. These data are available on the World
Wide Web at: <http://nces.ed.gov/NAEP>.

3 Sources of trend data are the NAEP 1996 and 1992 mathematics assessments. Fourth- and eighth-grade students were not
asked to respond to this statement in the NAEP 1990 mathematics assessment; twelfth-grade students were not asked to
respond to this statement in the NAEP 1992 and 1990 mathematics assessments.
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~ Percentages of Students by Their Response to the REJS,ETNAT'ONS

ILLERM I Statement: “If | Had a Choice, | Would Not Study  CARD s

Any More Mafhemaﬂcs,” Grades 4, 8, and 12, 1996 ' 3¢
Agree Disagree . . Undecided
Grade 4 SRR - : -
| Al Students 12 | 72 16
All Sjudent , 16 o ‘ 65 a 19
Students Enrolled in:
E:ghth Grade Mathematics . 16 . 63 21
Pre-Algebra 18 - 63 19
Algebra 13 70 7
Grade 12 B .
All Students 31 47 22
Students Who Are: - ‘
Enrolled in Mathematics 24 56 21
Not Enrolled in Mathematics 42 33 25
Students Who Have: L
Taken Geometry 29 : 50.. 22
Not Taken Geometry 38 38 . 24
Highest Algebra-Calculus '
Course Taken: '
Pre-Algebra 40 38 22
First-Year Algebra 37 39 ; c 24
Second-Year Algebra 31 46 : .23
Third-Year AIgebro/Pre—CoIculus 20 62 , 18
Calculus 13 70 - 17

NOTE: Row percentages may not total 100 due to rounding.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

A potential motivator for students to persist in mathematics and to continue to work at

improving their mathematics achievement is the belief that everyone can do well in

mathematics. In 1996, students were asked whether they agreed with the 'stat.emept, “Everyone
can do well in mathematics if they try.”* The data in Table 10.3 show that the nation’s children
were much more likely to agree than to disagree with the statement; 89 percent of fourth-grade
students, 73 percent of eighth-grade students, and 50 percent of twelfth- grade students agreed
with the statement. However, as the data also make clear, the percentage agreeing declined w1th
grade level. Furthermore, increasing percentages of older students were unsure about how they

* Students were not asked to respond to this statement in the NAEP 1992 or 1990 mathematics assessments.
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felt about the statement: 21 percent of twelfth-grade students, 15 percent of eighth-grade
students, and 8 perqent of fourth-grade students i'ndicated that they were undecided in

their opinion, -

Perhaps surprlsmgly, an exammatlon by course taklng at the eighth-grade level shows
that a higher percentage of students in eighth-grade mathematics (77%) than in algebra (67%)
agreed with the statement. Theré were no significant differences in percentages by course

taking at the twelfth-grade level.

: Percentage of Students by Their Response fo the
ICHERT I Statement: “Everyone Can Do Well in Mathematics
If They Try,” Grades 4, 8, and 12, 1996

REPORT
CARD

THE NATION’S

naep

\

| Agree Disagree Undecided

Grade 4
All Students 89 3
Grade 8

All Students 73 12

Students Enrolled'in:
Eighth-Grade Mathematics 77 10
Pre-Algebra 72 11
Algebra 67 : 15
' All Students 50 29

Students Who Are:
Enrolled in Mathematics 51 28
Not Enrolled in Mathematics 47 ‘ 31

Students Who Have:
Taken Geometry 49 30
Not Taoken Geometry 53 28

Highest Algebra-Calculus

Course Taken: _ : .

~ Pre-Algebra 54 25
First-Year Algebra 51 29
Second-Year Algebra 49 29
Third-Year Algebrc/Pre-Cclculus 47 32
Caleulus 46 - 30

15

13
17
18

2]

21
22

22
19

20
20
22
22
24

NOTE: Row percentages may not total 100 due fo rounding.
SOURCE: National Center for Education Statistics, National Assessmentof Educational Progress (NAEP) 1996
Mathematics Assessment.
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Semneary

This chapter included information on student attitudes and beliefs about mathematics. In
particular, it reported on students’ agreement with three specific statements: “I like
mathematics”; “If I had a choice, I would not study any more mathematics”; and “Everyone can
do well in mathematics if they try.” In general, the majority of students at each grade level
rendered a response that was favorable to mathematics. However, the percentage offering a
favorable response declined with grade level. For example, 72 percent of fourth graders, but
only 65 percent of eighth graders and 47 percent of twelfth graders disagreed with the statement
“If  had a choice, I would not study any more mathematics.” Liking mathematics, and a
willingness to study more mathematics, were both positively associated with the students’
mathematics course taking. That is, favorable responses were more frequent among
eighth-grade students enrolled in algebra, twelfth-grade students enrolled in any mathematics
class, and twelfth-grade students who had completed more advanced course work. These
associations with course taking were not, however, apparent in students’ opinions on the
relationship between effort and mathematics achievement. In fact, eighth-grade students
enrolled in algebra were less likely than those enrolled in eighth-grade mathematics to agree
that “everyone can do well in mathematics if they try.”
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This report has presented three types of information derived from the NAEP 1996 mathematics
assessment: 1) information on what students know and can do in mathematics, 2) information on
course-taking patterns and current classroom practices in this subject area, and 3) information
on student attitudes about mathematics. The first portion of this information is derived from an
analysis of student performance on the actual assessment exercises; the latter two portions draw
upon the questionnaires completed by the students who participated in the assessment and
their mathematics teachers.

The chapters on student work were organized around the five content strands assessed
by NAEP: Number Sense, Properties, and Operations; Measurement; Geometry and Spatial
Sense; Data Analysis, Statistics, and Probability; and Algebra and Functions. Within these
chapters, the discussion also highlighted students’ proficiency on a number of cognitive skills
that cut across the different content areas. These include conceptual understanding, procedural
knowledge, and problem solving, as well as the ability to reason in mathematical situations, to
communicate perception and conclusions drawn from a mathematical context, and to connect
the mathematical nature of a situation with related mathematical knowledge and information
gained from other disciplines or through observation.

Student Work

Trend comparisons

In 1990, NAEP gathered baseline achievement data for fourth-, eighth-, and twelfth-grade _
students, using a newly developed mathematics framework. Two subsequent assessments, based
on the same framework and administered in 1992 and 1996, offered the opportunity to track
trends in achievement. The results have been promising, indicating statistically significant
improvements in overall mathematics performance at all three grade levels and in each of the
five content strands. The gains were largest between 1990 and 1992, but additional gains also
were evident between 1992 and 1996 on the overall composite scale and for some of the content
strands. Specifically, student performance in Geometry and Spatial Sense and in Algebra and
Functions improved at all grade levels; performance in Number Sense, Propeities, and
Operations and in Data Analysis, Statistics, and Probability improved at fourth grade; and
student performance in Measurement and in Data Analysis, Statistics, and Probability improved
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at twelfth grade. When the achievement trends were disaggregated by race and gender, the
direction of change still was generally positive for most comparisons. However, trend
comparisons for some of the smaller or more diverse groups did not achieve statistical
significance; as a result, one cannot say with certainty that these gains did not simply reflect . -
chance variation due to sampling. o XS : ‘ oo

Subgroup compamsons

Gender. In 1996, gender differences in performance favormg males were observed for
overall proficiency and three content strands at grade 4 (Number Sense, Properties, and '
Operations; Measurement; and Algebra and Functions) and for two content strands at grade 12
(Measurement, and Geometry and Spatial Sense). "

Race/Ethnicity. In 1996, White and Asian/Pacific Islander students at grades 4 and 12
and White students at grade 8 performed better than other racial/ethnic groups overall and in
each of the content strands of mathematics.' Hispanic students performed better than Black
students in Geometry and Spatial Sense at grade 4; in Measurement and in Geometry and
Spatial Sense at grade 8; and in Measurement and in Data Analysis, Statistics, and Probablllty
at grade 12. American Indian students performed better than Black and Hispanic students in
all strands at grade 4 and outperformed Black students in all content strands and Hispanic
students in all strands but Geometry and Spatial Sense at grade 8. At grade 12, Asian/Pacific
Islander students performed bétter than White students in Algebra and Functions.

Course Taking. In general, taking more mathematics courses and more advanced
mathematics courses were associated with improved mathematics performance in all conitent -
strands. Eighth-grade students enrolled in algebra performed better in all content strands than
eighth-grade students enrolled in pre-algebra or eighth-grade mathématics, and eighth-grade
students enrolled in pre-algebra performed better than students enrolled in eighth-grade
mathematics in all but one of the content strands (Geometry and Spatial Sense).

Twelfth-grade results show a similar story. Students at any given point in the
algebra-through-calculus sequence performed better than students whose mathematics
exposure had stopped at the next lowest course in the sequence with one exception: students
whose highest course had been pre-algebra did not perform significantly bétter than students
who had taken neither pre- -algebra nor algebra. Similarly, students who had taken geometry
performed better in all content strands than those who had not taken geometry.

In addition, taking more mathematics courses in high school was related to higher
mathematics performance, with one exception: students who took 3—4 semesters of mathematics
did not perform significantly better in Measurement than _students who took only 1-2 semesters.

' Results for eighth-grade Asian/Pacific Islander studenls are not mcluded in the body of this reporl See Appendlx A
for details. . . . : .
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Content strands

Number Sense, Properties, and Operations. Students scoring in the Basic achievement
level or above appeared to grasp many of the fundamental concepts-and properties of and
relationships between numbers, and displayed the skills required for manipulating numbers and
completing computations. Questions assessing proportional thinking, requiring multistep
solutions, or involving new concepts tended to be more difficult. Additionally, questions requiring
students to solve problems and communicate their reasoning proved challenging, and often it was
the communication aspect that provided the most challenge. '

Measurement. Many of the measurement questions were difficult for students,
particularly those requiring unit conversions, calculations of volume and circumference,
and estimation. o

Eighth-grade algebra students tended to perform better than other eighth-grade
students, whereas eighth-grade students in pre-algebra or eighth-grade mathematics tended to
perform similarly. At the twelfth- grade level, students whose highest course was second-year
algebra tended to outperform those who had only reached first-year algebra, and students who
reported calculus as their highest mathematics course tended to perform better than those who
had taken less advanced mathematlcs courses. 2

Geometry and Spatlal Sense. Most of the questlons in thls content strand requlred a
drawn or written response, and many were difficult for students. Questions in this content. '
strand also relied upon students’ visual-spatial skills. In several of the sample questions, a
significant difference was found between the performance of male and female students. Here
also, eighth-grade algebra students tended to outperform other eighth-grade students, whereas -
eighth-grade students in pre-algebra and those in eighth- grade mathematics performed
similarly. In addition, on some of the questions, twelfth-grade students who had taken at least -
second-year algebra outperformed those who had not and, similarly, students who had taken at
least third-year algebra or pre-calculus outperformed those who had not.

Data Analysis, Statistics, and Probability. In this content strand, students seemed to
perform better on questions that asked them to make straightforward interpretations of graphs,
charts, and tables as opposed to those requiring them to perform calculations with displayed
data. Students had dlfﬁculty explaining why one method of reporting or displaying data was
better than another, even though they may have recognized which was the better method.
Questions asking students to determine chance or probability also were difficult.

Algebra and Functions. The majority. of students at all grade levels appeared to
understand basic algebraic representations and s1mple equations, as well as how to find 51mple
patterns. The more proficient students at grades 8 and 12 were able to demonstrate knowledge
of linear equations, algebraic functions, and trigonometric identities, but even those students
found that questions requiring them to identify and generalize complex patterns and solve
real-world problems were challenging. In general, for eighth- and twelfth-grade students, those
with more advanced coursework performed better in this content strand.

2 Performance in Measurement and in Geometry and Spatial Sense was not analyzed with respect to whether students had taken
a course in geometry because of the variability in mathematics course sequencing, the small percentage of students for whom
the impact of geometry can be isolated, and the difficulty associated with identifying the effect of a particular curriculum on the
performance of students in advanced mathematics. See discussion in Chapter 2. :
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Classroom Teaching

Course-takcng patterns
In 1996, the modal group, but not the majority, of elghth -grade students regardless of whether -
they were male or female, were enrolled in eighth-grade mathematics, and most of the
remaining students were enrolled in pre-algebra or algebra. Trends over time show increases in
the percentage of eighth-grade students taking more advanced mathematics courses."

These positive trends also were evident at the twelfth-grade level. For example, the -
1996 percentage of twelfth-grade students enrolled in mathematics was significantly higher
than the 1990 percentage. In addition, over time more students appear to be initially taking . -
first-year algebra earlier in their school careers. Examination of the highest course taken by
twelfth-grade students in an algebra-through-calculus sequence showed that in 1996, almost
half of the twelfth-grade students indicated second-year algebra as their highest course taken.
In the remaining half, fewer students indicated a course higher than second-year algebra as
their highest course taken than indicated a lower level course as their highest course taken.

Classroom practices
In 1996, teachers of fourth- and eighth-grade students were asked about the emphasis they
placed on different mathematics content and processes in their mathematics instruction. The
majority of fourth- and eighth-grade students were receiving mathematics instruction with more
emphasis on Number Sense, Properties, and Operations; Measurement; and Geometry and
Spatial Sense than on Data Analysis, Statistics, and Probability; and Algebra and Functions.
Perhaps as expected, more emphasis was placed on Data Analysis, Statistics, and Probability
and on Algebra and Functions at the eighth-grade level than at the fourth-grade level. In all of
the eighth-grade mathematics classes, students experienced similar levels of emphasis on the
mathematics content strands, except for Algebra and Functions, which was more heavily
emphasized in the algebra classes. Mathematics instruction at grades 4 and 8 placed more
emphasis on learning mathematics facts and concepts and on learning skills and procedures
needed to solve routine problems than on developing reasonmg ablllty or on learmng how to
communicate ideas in mathematics effectively.

Teachers of fourth- and eighth-grade students, as well as twelfth- grade students,
were asked about a variety of instructional practices that were being 1mplemented in
their mathematics classes. In 1996, results showed differences in the frequencies of
implementation of some practices at different grade levels. For example, working with objects
like rulers and other manipulatives was more common at the fourth-grade level and in less
advanced mathematics courses taken by eighth-grade students. Similarly, the majority of -
fourth- and eighth-grade students worked at least once a week with other students to solve
mathematics problems, while this type of structured interaction was less frequent among
twelfth-grade students.
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Reports on these practices over time show some significant changes. For example, while
the practice of writing a few sentences about how to solve a mathematics problem was relatively
rare among fourth-grade students, there have been increases in frequency over time. On average,
few students at grades 4 and 8 were writing reports or doing mathematics projects, but changes
over time show increases in the frequency of implementation of this practice also.

In 1996, the frequency with which calculators were used increased with 1 1ncreasmg grade
level and with mathematics content at the eighth- grade level. Furthermore, the use of calculators
has increased over time. The majority of eighth- and twelfth-grade students taking mathematics
reported using scientific calculators to do schoolwork. At the eighth-grade level, the use of
scientific and graphing calculators was more common in the higher level mathematics courses than
in the lower level courses. A majority of the twelfth-grade students taking mathematics reported
using graphing calculators, although only about one in ten eighth-grade students did. In addition,
the unrestricted use of calculators and the use of calculators on mathematics tests were more
common among eighth-grade than fourth-grade students and among eighth-grade students in
higher level mathematics courses than among those in lower level courses.

Finally, students in grade 12 reported being tested more frequently in mathematics than
teachers reported that fourth- and eighth-grade students were tested. Teachers of grades 4 and 8
reported less testing with multiple-choice questions than with constructed-response questions and
less use of individual or group projects than of written responses. Teachers’ use of portfolios was
more common with fourth- than with eighth-grade students. .

Student Attitudes Toward Mathemaatics

The NAEP 1996 mathematics assessment probed student attitudes and beliefs about mathematics.
In particular, it examined students’ agreement with three specific statements: “I like mathematics”;
“If I had a choice, I would not study any more mathematics”; and “Everyone can do well in-
mathematics if they try.” In general, the majority of students at each gréde level rendered a
response that was favorable to mathematics. However, the percentage offering a favorable response
declined with grade level.

Liking mathematics and bemg willing to study more mathematics were both positively
associated with students’ mathematics course taking. That is, favorable responses were more
frequent among eighth-grade students enrolled in algebra, twelfth-grade students enrolled in any
mathematics class, and twelfth-grade students who had completed more advanced coursework.
These associations with course taking were not, however, apparent in students’ opinions on the
relatlonshlp between effort and mathematics achlevement In fact, eighth-grade students enrolled
in algebra were less likely than those enrolled in elghth grade mathematics to agree that “everyone
can do well in mathematics if they try.” '
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Conclusions

Performance of U.S. students in mathematics continues to improve. Since 1990, improved
performance overall at all three grade levels and in each of the five content strands has been
observed. When the achievement trends observed in 1996 were disaggregated by race and
gender, improvement in performance continued to be observed for most groups. In addition,
taking more, and more advanced, coursework in mathematlcs was associated with improved
performance in all content strands.

Examination of student work revealed that certain types of questions were harder for
some students than others. In particular, questions involving new concepts or requiring
multistep solutions, written (or drawn) explanations of students’ reasoning, problem solving,
estimation, or the use of spatial skills were difficult for students. Straightforward questions that
required simple (decontextualized) calculations were easier.

While examination of 1996 course-taking patterns revealed that more students appear
to be taking more, and more advanced, mathematics courses than before, a look at classroom
practices indicated that students still need more-exposure to communicating effectively about
mathematics. In partlcular students need more practice writing about how to solve"
miathematical problems and discussing how to solve problems reflecting real-life situations.:
Activities of this sort invite students to engage more fully with the content of mathematics, can
serve to increase students’ ability to think analytically, and are necessary for improving
performance on more difficult cognitive questions.
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Procedures

The NAEP 1996 Mathematics Assessment

The 1996 assessment utilized the first update of the NAEP mathematics assessment framework
since the release of the National Council of Teachers of Mathematics (NCTM) Curriculum and
Evaluation Standards for School Mathematics.' This update sought to incorporate new knowledge
about the teaching and learning of mathematics while also ensuring comparability of results
across the 1990, 1992, and 1996 assessments.

The Assessment Design

Each student participating in the assessment received a booklet containing three 15-minute
segments, or blocks, of cognitive questions. NAEP uses an adaptation of matrix sampling called
balanced incomplete block (BIB) spiraling — a design that enables broad coverage of
mathematics content while minimizing the burden for any one student. The balanced incomplete
block part of the design assigns blocks of questions to booklets; each pair of blocks appears
together in at least one booklet, and each pair of booklets shares at least one block of questions.
The spiraling part of the method cycles the booklets for administration, so that typically only a few
students in any assessment session receive the same booklet.

Of the 17 blocks in the national sample at grade 4 and 19 blocks in the natlonal sample
at grades 8 and 12, three were carried forward from the 1990 assessment, and five were carried
forward from the 1992 assessment, to allow for the measurement of trends across time. The
remaining blocks of questions at each grade level contained new questions that were developed
for the 1996 assessment as specified by the updated framework.

Each cognitive block of math questions consisted of multiple-choice and
constructed-response questions. In addition, five to seven of the blocks at each grade allowed for
the use of calculators. For several blocks, students were given manipulatives (including geometric
shapes, three-dimensional models, and spinners). For two of the blocks, students were given
rulers at grade 4 and rulers and protractors at grades 8 and 12.

! National Council of Teachers of Mathematics (1989). Curriculum and evaluation standards for school mathematics. Reston,
VA: Author.
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Each student booklet also included three sets of student background questions. The first
set included general background questions such as questions about the student’s race or
ethnicity, mother’s and father’s level of education, number and type of reading materials in the
home, amount of time spent on homework, and student’s academic expectations. The second set
was directed specifically at the student’s mathematics background and included questions '
about mathematics instructional activities, mathematics courses taken, use of spemahzed
resources such as calculators in mathematics classes, and views on the utility and valie of
mathematics. These first two sets of background questions preceded the cognitive blocks in the
assessment. The third set of questions followed the cognitive question blocks and contained five
questions about students’ motivation to do well on the assessment, their perception of the
difficulty of the assessment, and their familiarity with the types of cognitive questions included.
Students were given 5 minutes to complete each set of background questions, with the
exception of fourth graders, who were given more time on the initial set of general backgfound
questions to allow those questions to be read aloud to them.

In addition to the student assessment booklets, two other instruments relevant to this
report provided data relating to the assessment — a mathematics teacher questionnaire and a
school characteristics and policy questionnaire.

The teacher questionnaires were administered to the mathematics teachers of each
of the fourth- and eighth-grade students participating in the assessment. Because twelfth-grade
students were not necessarily enrolled in mathematics, no questionnaires were administered
to twelfth-grade mathematics teachers. The teacher questionnaire consisted of three sections
and took approximately 20 minutes to complete. The first section focused on the teacher’s -
general background and experience; the second section focused on the teacher’s background
related to mathematics; and the third section focused on classroom information about
mathematics instruction. Because the sampling for the teacher questionnaire was based on
participating students, the responses to the mathematics teacher questionnaire do not
necessarily represent all fourth- or eighth-grade mathematics teachers in the nation or in a
state. Rather, they represent teachers of the representative sample of students assessed. It is
important to note that in this report, as in all NAEP reports, the student is always the unit of
analysis, even when information from the teacher or school questionnaire is being reported.
Using the student as the unit of analysis makes it possible to describe the educational context
experienced by representative samples of students. Although this approach may provide a
different perspective from that obtained by simply collecting information from teachers or
schools, it is consistent with NAEP’s goals of providing information about the educational
context and performance of students. :

The school characteristics and policy questionnaires were given to the principals or
other administrators in each participating school and took about 20 minutes to complete. The
questions asked about the principal’s background and experience, school policies, programs,
facilities, and the demographic composition and background of the students and teachers in
that school.
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National Samples

The national results presented in this repoﬁ are based on nationally representative probability
samples of fourth-, eighth-, and twelfth-grade students. The samples were selected by Westat -
using a complex multistage sampling de51gn that involved sampling students from selected
schools within selected geographic areas across the country. For a more detailed description
of the samplmg procedures, see the NAEP 1996 Mathematics Report Card for the Natwn and
the States.”

Students with Disabilities (SD) and Limited
English Proficient (LEP) Students

It is NAEP’s intent to assess all selected students. However, some students with dlsabllltles or
limited English proficiency are not capable of taking the assessment, or not capable of takmg
it under standard conditions. NAEP provides written guidelines in an effort to standardize
local school decisions about which students will participate in the assessment and under
what conditions.

The 1996 assessment marked a transition in NAEP guidelines for the inclusion of
students with disabilities or limited English proficiency. New guidelines were developed in an
effort to 1) increase inclusion rates, 2) be applied more consistently across states and .
_]UI’lSdlCtlonS and 3) ensure that inclusion decisions would be related to the subject matter
instruction given to the student rather than less relevant considerations. Under the new
guidelines, students with disabilities should participate unless:

0 the student’s Individualized Education Plan (IEP) team (or equivalent) determined that
the student cannot participate in assessments such as NAEP; or

O the student’s cognitive functioning is so severely impaired that he or she cannot
participate; or '

0 the student’s IEP requires an accommodation or adaptation that NAEP and the
school do not provide, and the student cannot demonstrate his or her knowledge
without.that accommodation. :

The guidelines indicate that students with limited English proﬁ01ency should participate unless: -
O the student has recelved language arts 1nstruct10n prlmarlly in Enghsh for less
than three school years including the current year; and

O the student cannot demonstrate his or her knowledge of the subject being
assessed in English even with an accommodation permitted by NAEP

In all cases, schools are encouraged to include the student in instances of doubt.

2 Reese, C..M., Miller, K. E., Mazzeo, J., & Dossey, J. A. (1997). NAEP 1996 mathematics report card for the nation and the
states. Washington, DC: National Center for Education Statistics.
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In order to determine the impact of the change in criteria on the measurement of trends,
the 1996 national mathematics sample was subdivided into three parts: S1, S2, and S3. Schools
in S1 received the old inclusion guidelines, and schools in S2 and S3 received the new
guidelines. In addition, schools in S3 were instructed to offer a series of specified
accommodations to students who normally receive such accommodations for testing.

Initial analyses of the 1996 results demonstrated that the change in written inclusion
guidelines did not adversely impact the cross-sectional or trend estimation of achievément.
Therefore the S1 and S2 samples were combined for reporting. Data from studeénts in S3,
however, were held aside for further analysis of the impact of accommodations on the
measurement of trend.?

Data Coliection amnd Scoring

As with all NAEP assessments, data collection was conducted by trained field staff. For the
national assessment, this was accomplished by Westat staff. Materials collected as part of the
1996 assessment were shipped to National Computer Systems where trained staff evaluated the
responses to the constructed-response questions usmg scoring rubrlcs or guldes prepared by the .
Educational Testing Service (ETS). . _

Each constructed-response question had a unique scoring rubric that defined the
criteria used to evaluate students’ responses. The extended constructed-response qﬁestions
were evaluated with four- or five-level rubrics (e.g., no evidence of understanding, evidence of
minimal understanding, evidence of partial understanding, and evidence of satisfactory or
extended understanding), while the short constructed- -response questions first appearing in the
1996 assessment were rated according to three-level rubrics that permitted partial credit
(e.g., evidence of little or no understanding, evidence of pamal understanding, and evidence of
full understanding). Other short constructed-response questions that appeared in previous
assessments were scored as either correct or incorrect. For more mformatlon see The NAEP
1996 Technical Report.* '

Student responses for constructed responses also could have been scored as “off task ?
which meant that the students provided a response that was deemed unrelated in content to the
‘question asked. A simple example of this type of response is, “I don’t like this test.” Responses
of this sort could not be rated. By contrast, responses scored as mcorrect were vahd attempts to
answer the question that were simply wrong. .

Scoring of the NAEP 1996 assessment included rescoring to monitor interrater
reliability and trend reliability. In other words, scoring reliability was calculated within year
(1996) and across years (1990, 1992, and 1996). The overall within-year percentages of
agreement for the 1996 national reliability samples were 96 percent at grade 4, 96 percent at

_grade 8, and 96 percent at grade 12. For information on trend reliability, see the NAEP 1996
Mathematics Report Card for the Nation and the States.’

* For further details, see Reese, C. M., Miller, K. E., Mazzeo, J., & Dossey, J. A. (1997). op. cit.; and Mazzeo, J., Carlson, J.,
Voekl, K., & Lutkus, A. (forthcoming). Increasing the participation of students with disabilities (md limited English
proficient students in the National Assessment of Educational Progress: A specml report on 1996 research activities.
Washington, DC: U.S. Department of Education. . -

* Allen, N. L., Carlson, J. E., & Zelenak, C. A. (1999). The NAEP 1996 techmcal report Washmglon DC: National Center for
Education Statistics.

® Reese, C. M., Miller, K. E., Mazzeo, J., & Dossey,_] A. (1997). op. cit.
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Aruitoxt provided by Eic:

Datae Analysis and IRT Scaling

Subsequent to the professional scoring, all information was transcribed to the NAEP

database at ETS. Each processing activity was conducted with rigorous quality control. After
the assessment information had been compiled in the database, the data were weighted
according to the population structure. The weighting for the national and state samples
reflected the probablhty of selection for each student as a result of the sampling design,
adjusted for nonresponse. Through stratification, the weighting assured that the representation
of certain subpopulations corresponded to figures from the U.S. Census and the Current
Population Survey.® . :

Analyses then were conducted to determine the percentages of students who gave
various responses to each cognitive and background question. Item response theory (IRT) was
used to estimate average scale score proficiency for the nation, various subgroups of interest -
within the nation, and for the states. IRT models the probability of answering a question
correctly as a mathematical function of proficiency or skill. The main purpose of IRT analysis is
to prov1de a common scale on which performance can be compared across groups, such as those
defined by grades and subgroups (e.g., gender or race/ethnicity). Because of the BIB spiraling
design used by NAEP, students do not receive enough cognitive questions about a specific
content area to provide reliable information about individual performance. Traditional test
scores for individual students, even those based on IRT, would lead to misleading estimates of
population characterlstlcs such as subgroup means and percentages of students at or above a
certain proﬁmency level. Instead, NAEP constructs sets of plausible values designed to
represent the distribution of proficiency in the population. A plausible value for an individual is
not a scale score for that individual but may be regarded as a representative value from the
distribution of potential scale scores for all students in the population with similar
characteristics and identical patterns of item (question) responses. Statistics describing
performance on the NAEP proficiency scale are based on these plausible values. They estimate
values that would have been obtained had individual proficiencies been observed — that is,
had each student responded to a sufficient number of cognitive questions so that proficiency
could be precisely estimated.”

A score scale ranging from 0 to 500 was created to report performance for each content
strand (Number Sense, Propemes and Operations; Measurement; Geometry and Spatial Sense;
Data Analysis, Statistics, and Probability; Algebra and Functions). The scales summarize
examinee performance across all three question types used in the assessment (multiple-choice,
short constructed-response, and extended constructed-response). Each content area scale was
based on the distribution of student performance across all three grades assessed in the 1996
national assessment (grades 4, 8, and 12) and had a mean of 250 and a standard deviation of
50. A composite score was created as an overall measure of students’ mathematics proficiency.
The composite scale was a weighted average of the five content-strand scales, where the weight
for each content strand was proportional to the relative importance assigned to the content
strands in the specifications developed by the Mathematics Objectives Panel.

6 For additional information about the use ofwelghtmg procedures in NAEP, see Johnson, E. G. (December 1989). Journal of
Education Statistics, 14(4), pp. 303-334.

7 For theoretical justification of the procedures employed, see Mislevy, R. J. (1988). Randomization-based inferences about
latent variables from complex samples. Psychometrika, 56(2), pp. 177-196.
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The NAEP proficiency scales make it possible to examine relationships between
students’ performance and a variety of background factors measured by NAEP. The fact that a
relationship exists between achievement and another variable, however, does not reveal the
underlying cause of the relationship, which may be influenced by a number of other variables.
Similarly, the assessments do not capture the influence of unmeasured variables. The results
are most useful when they are considered in combination with other knowledge about the
student population and the educational system, such as trends in instruction, changes in the
school-age population, and societal demands and expectations.

Most of the data analyses were conducted by ETS. However, some of the results
presented in this report are based on additional analyses conducted by the Amerlcan Institutes
for Research using data sets provided by ETS.

More detailed information about data analysis and item response theory is presented in

The NAEP 1996 Technical Report.?

Reporiing Growps

In this report, some of the results are provided for subgroups of students with shared
characteristics: gender, racé/ethnicity, course-taking patterns. Based on criteria described later
in this appendix, results are reported for subpopulations only when sufficient numbers of
students and adequate school representation are present. The minimum requirement is at least
62 students in a particular subgroup from at least five primary sampling units (PSUs).’
Regardless of whether the subgroup was reported separately, the data for all students were
included in computing overall results. Definitions of the subpopulations referred to in this
report are presented below. :

Gender
Results are reported separately for males and females.

Race/Ethnicity _
The race/ethnicity variable is derived from two questions asked of students and school records
and it is used for race/ethnicity subgroup comparisons. Two questions from the set of general
student background questions were used to determine race/ethnicity:

If you are Hispanic, what is your background?

@ ] am not Hispanic

-]

Mexican, Mexican American, or Chicano

®

Puerto Rican

Cuban

(]

(o]

Other Spanish or Hispanic background

# Allen, N. L., Carlson, J. E., & Zelenak, C. A. (1999). op. cit.

* For the national assessment, a PSU is a geographic region (a county, a group of counties, or metropolitan statistical areas).
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Students who responded to this question by selecting “Mexican, Mexican American, or Chicano,”
“Puerto Rican,” “Cuban,” or “Other Spanish or Hispanic background” were considered
Hispanic. Students who selected “I am not Hispanic,” did not respond to the question, or’
provided information that was illegible or could not be classified were further classified based on
their responses to the following question: ' '

Whic‘h best describes you?
© . White (not Hispanic)
o Black (not Hispanic)

o Hispanic (“Hispanic” means someone who is from a Mexican, Mexican
American, Chicano, Puerto Rican, Cuban, or other Spanish or Hispanic -
background.) '

© Asian or Pacific Islander (“‘Asian or Pacific Islander” means someone who is from a
Chinese, Japanese, Korean, Filipino, Vietnamese, or other Asian or Pacific
Islander background ) '

© American Indlan or Alaskan Natlve (“Amencan Indian or Alaskan Native”
means someone who is from one of the American Indian tribes or one of the
original people of Alaska.)

® Other (specify)

Students’ race/ethnicity was then assigned on the basis of their responses. For
students who selected “Other” and provided illegible information or information that could
not be classified or who did not respond at all, race/ethmclty was a551gned as determined by
school records. .

“Racelethnicity could not be determined for students who did not respond to either of

the demographic questions and whose schools did not provide information about race/ethnicity.

Details of how race/ethnicity classifications were derived is presented so that readers
can determine how useful the results.are for their particular purposes. Also, some students
indicated that they were from a Hispanic background (e.g., Puerto Rican or Cuban) and that a
racial/ethnic category other than Hispanic best described them. These students were classified
as Hispanic based on the rules described above. Furthermore, the information from the schools
did not always correspond to how students described themselves. Therefore, the racial/ethnic
results presented in thls report attempt to provide a clear picture based on several sources
of information. '

.As noted in Chapter 2, scale score and achievement level results for eighth-grade
Asian/Pacific Islander students are not included in the main body of this report. The decision
not to publish these results is discussed in detail at the end of this appendix.

0298 az
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Eighth-grade course taking
Eighth-grade students responded to a question about what mathematics course they were taking.
Students were provided with seven response options that included the following:

® | am not taking mathematics this year

® Eighth-grade mathematics

® Pre-algebra

® Algebra

® Integrated or sequential mathematics

® Applied mathematics (technical prepération)
® Other mathematics class

The course-taking grouping variable used in this report is based on the subset of students who
responded that they were taking eighth-grade mathematics, pre-algebra, or algebra. Students
who marked some other response are not included in the subpopulation analysis.

Twelfth-grade highest algebra-calculus course taken .
At the twelfth-grade level, the course-taking subpopulations are based on the highest level
mathematics course students reported having taken in an algebra-through-calculus sequence.
The grouping of students was based on students’ reports on the amount of time they took the
following mathematics courses:

® Introduction to algebra or pre-algebra

® First-year algebra

® Second-year algebra

® Pre-calculus, third-year algebra, elementary functions, 'or analysis
® Calculus

Students’ responses were edited for consistency with the standard course-taking sequence. That
is, the student was not credited as having taken a certain course unless his or her'responses '
also indicated completion of the course prerequisites.

The twelfth-grade grouping variable has six categories:

1. Not Taken Pre-Algebra: These are students who had less than a year. of
introduction to algebra or pre-algebra.

2. Pre-Algebra: These are students who had a year or more of introduction to algebra
or pre-algebra, but not first-year algebra. -

3. First-Year Algebra: These are students who had a year or more of first-year
algebra, but not second-year algebra.

4. Second-Year Algebra: These are students who had a year or more of second-year
algebra, but not pre-calculus.
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5. Pre-Calculus: These are students who had a year or more of pre-calculus, but
not calculus.

6. Calculus: These are students who had a year or more of calculus.

Guidelines for Analysis and Reporiing

This report describes students’, teachers’, and principals’ responses to background questions as
well as mathematics performance for fourth-, eighth-, and twelfth-grade students. The report
also compares the performance results for various groups of students within these populations
(e.g., subgroups formed of those who responded to a specific background question in a
particular way or by individual course-taking groups as described above). However, it does not
include an analysis of the relationships among combinations of these subpopulations or
background questions.

Estimating variability

The statistics presented in this report are estimates of group and subgroup performance based
on samples of students, and they therefore differ from statistics that could be calculated if every
student in the nation answered every question. The degree of uncertainty associated with these
sample-based estimates should, therefore, be taken into account. Two components of
uncertainty are accounted for in the variability statistics based on student ability: 1) the
uncertainty due to sampling only a relatively small number of students, and 2) the uncertainty
due to sampling only a relatively small number of cognitive questions per student. The first
component alone accounts for the variability associated with the estimated percentages of
students who had certain background characteristics or who answered a certain cognitive
question correctly.

Because NAEP uses complex sampling procedures, conventional formulas for
estimating sampling variability that assume simple random sampling are inappropriate. NAEP
uses a jackknife replication procedure to estimate standard errors. The jackknife standard error
provides a reasonable measure of uncertainty for any student information that can be observed
without error. However, because each student typically responds to only a few questions within
any content strand, the scale score for any single student would be imprecise. In this case,
plausible values technology can be used to describe the performance of groups or subgroups of
students, but the underlying imprecision involved in this step adds another component of
variability to statistics based on NAEP scale scores.!

Typically, when the standard error is based on a small number of students or when the
group of students is enrolled in a small number of schools, the amount of uncertainty associated
with the standard error may be quite large. Throughout this report, estimates of standard errors
subject to a large degree of uncertainty are designated by a “!” symbol. In such cases, the
standard errors — and any confidence intervals or significance tests involving these standard
errors — should be interpreted cautiously. Additional details concerning procedures for
identifying such standard errors are discussed in The NAEP 1996 Technical Report."

19 For more details, see Johnson, E. G. & Rust, K. F. (1992). Population inferences and variance estimation for NAEP data.
Journal of Educational Statistics, 17(2), pp. 175-190.

' Allen, N. L., Carlson, J. E., & Zelenak, C. A. (1999). op. cit.
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The reader is reminded that, like findings from all surveys, NAEP results are subject to
other kinds of error, including the effects of imperfect adjustments for student and school
nonresponse and unknown effects associated with the particular instrumentation and data
collection methods. Nonsampling errors can be attributed to a number of sources: inability to
obtain complete information about all selected schools in the sample (some students or schools
refused to participate, or students participated but answered only certain questions); ambiguous
definitions; differences in interpreting questions; inability or unwillingness to give correct
information; mistakes in recording, coding, or scoring data; and other errors in collecting,
processing, sampling, and estimating missing data. The extent of nonsampling error is difficult
to estimate, and because of their nature, the impact of such errors cannot be reflected in the
data-based estimates of uncertainty provided in NAEP reports.

Drawing inferences from the results

As noted, the percentages of students and average scale scores used in reporting NAEP results
are based on samples rather than on the entire population of fourth-, eighth-, or twelfth-graders
in the nation or a jurisdiction. Consequently, the numbers reported are estimates and are
subject to a measure of uncertainty, reflected in the standard error of the estimate. When the
percentages or average scale scores of certain groups are compared, the standard error should
be taken into account, and observed similarities or differences should not be relied on solely.
Therefore, the comparisons discussed in this report are based on statistical tests that consider
the standard errors of those statistics as well as the magnitude of the difference among the
averages or percentages.

The results from the sample, taking into account the uncertainty associated with all
samples, are used to make inferences about the population. Using confidence intervals based
on the standard errors provides a way to make inferences about the population averages and
percentages in a manner that reflects the uncertainty associated with the sample estimates. An
estimated sample average scale score + 2 standard errors approximates a 95 percent confidence
interval for the corresponding population quantity. This statement means that one can conclude
with approximately a 5 percent level of significance that the average performance of the entire
population of interest (e.g., all fourth-grade students in public schools in a jurisdiction) is
within + 2 standard errors of the sample average.

As an example, suppose that the average mathematics scale score of the studentsina
particular group was 256, with a standard error of 1.2. A 95 percent confidence interval for the
population quantity would be as follows:

Average + 2 standard errors
256 + 2X1.2

256 + 2.4

253.6, 258.4

Thus, one can-conclude with a 5 percent level of confidence that the average scale score for the
entire population of students in that group is between 253.6 and 258.4.
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Similar confidence intervals can be constructed for percentages, if the percentages are not .
extremely large or extremely small. For extreme percentages, confidence intervals constructed in
the above manner may not be appropriate, and accurate confidence intervals can be constructed
only by using procedures that are quite complicated.

Extreme percentages, defined by both the magnitude of the percentage and the size of the
sample from which it was derived, should be interpreted with caution. The NAEP 1996 Technical
Report contains a more complete discussion of extreme percentages.'?

Analyzing group differences in averages and percentages
Statistical tests are used to determine whether the evidence, based on the data from the groups in
the sample, is strong enough to conclude that the averages or percentages are éctually different for
those groups in the population. If the evidence is strong (i.e., the difference is statistically
significant), the report describes the group averages or percentages as being different (e.g., one
group performed higher than or lower than another group), regardless of whether the sample
averages or percentages appear to be approximately.the same. If the evidence is not sufficiently

 strong (i.e., the difference is not statistically significant), the averages or percentages are

described as being not significantly different, regardless of whether the sample averages-or
percentages appear to be approximately the same or widely discrepant.

The reader is cautioned to rely on the results of the statistical tests rather than on the
apparent magnitude of the difference between sample averages or percentages when determining
whether the sample differences are likely to represent actual différences among the groups in '
the population. '

To determine whether a real difference exists between the average scale scores.

(or percentages of a certain attribute) for two groups in the population, one needs to obtain an
estimate of the degree of uncertainty associated with the difference between the averages

* (or percentages) of these groups for the sample. This estimate of the degree of uncertainty, called |

the standard error of the difference between the groups, is obtained by taking the square of -
each group’s standard error, simming the squared standard errors, and taking the square root of
that sum.

Standard Error of the Difference = SE, ;= V(SE,? + SE?)

Similar to how the standard error for an individual group average or percentage is used, the
standard error of the difference can be used to help determine whether differences among groups
in the population are real. The difference between the averages or percentages of the two groups
+ 2 standard errors of the difference represents an approximate 95 percent confidence interval. If
the resulting interval includes zero, there is insufficient evidence to claim that a real difference
between the groups is statistically significant (different) at the five percent level. In this report,
differences among groups that involve poorly defined variability estimates or extreme percentages
are not discussed.

12 Allen, N. L., Carlson, J. E., & Zelenak, C. A. (1999). op. cit.
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As an example, to determine whether the average mathematics scale score of Group A is .
higher than that of Group B, suppose that the sample estimates of the average scale score and
standard errors were as follows:

Group. . Average Scale Score * " Standasd Error

A 218 ' C 0.9

216 S 11

The difference between the estimates of the average scale scores of Groups A and B is two
points (218-216). The standard error of this difference is:

V0.9 +1.19) =14

Thus, an approximate 95 percent confidence interval for this difference is:

Difference + 2 standard errors of the difference
2+2X14
2+28
-08,4.8

The value zero is within the confidence interval; therefore there is msufﬁment evidence to -
claim that Group A outperformed Group B. y

The procedures described in this section and the certamty ascribed to intervals (e g,a
95 percent confidence interval) are based on statistical theory that assumes that only one ‘
confidence interval or test of statistical significance is being performed. However, in this report,
many different groups are being compared (i.e., multiple sets of confidence intervals are being
analyzed). In sets of confidence intervals, statistical theory indicates that the certainty
associated with the entire set of intervals is less than that attributable to each individual
comparison from the set. To hold the significance level for-the set of comparisons at a particular
level (e.g., 0.05), adjustments (called multiple comparison procedures) must be made to the
methods described in the previous section. One such procedure, the Bonferroni method, was
used in the analyses described in this report to determine confidence intervals for the
differences among groups when sets of comparisons were considered.!® Thus, the confidence
intervals for the sets of comparisons in the text are more conservative than those described on
the previous pages. .

Most of the multiple comparisons in this report pertain to relatively small sets or
families of comparisons. For example, for discussions concerning comparisons of parents’ level .
of education, six comparisons were conducted — all pairs of the four parental education levels.
In these situations, Bonferonni procedures were appropriate. A detailed description of the
" Bonferroni procedure appears in The NAEP 1996 Technical Report.\*

'3 Miller, R. G. (1996). Simultaneous statistical inference. New York: Wiiey.
14 Allen, N. L., Carlson, J. E., & Zelenak, C. A. (1999). op. cit.
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Revisions to the NAEP 1990 and 1992
Mathematics Findings

After the NAEP 1994 assessment was conducted, a technical problem was discovered in the
procedures used to develop the NAEP mathematics scale used to report the 1992 mathematics
assessment. This error affected the mathematics scale scores reported in 1992. The technical
error has been corrected, and the revised national and state scale score results for 1992 are
presented in the NAEP 1996 mathematics reports. The technical problem is described in
greater detail in The NAEP 1996 Technical Report.’s A brief summary of the problem is
presented in the NAEP 1996 Mathematics Report Card for the Nation and the States.'

Piscussion of the Grade 3
Asian/Pacific Islander Sample

As noted earlier, scale score and achievement level results for eighth grade Asian/Pacific

Islander students are not included in the main body of this report. The decision to exclude

these results was made following a thorough investigation by the current NAEP grantees

(Westat and ETS)™ = into the quality and credibility of these results, as well as an independent
_review by a committee of statisticians from the National Institute of Statistical Sciences (NISS).”

Collateral results from the grade 8 state assessment program in mathematics suggested that the -

1996 national results may substantially underestimate actual achievement of the Asian/Pacific

Islander group. Because of its potential to misinform, NCES decided to omit the national grade 8

Asian/Pacific Islander results from the body of the report. The results are, however, 1ncluded in

this appendlx along with a descrlptlon of the findings that led to thls de01510n '

15 Ibid.
16 Reese, C. M., Miller, K. E., Mazzeo, J., &Dossey,.l A. (1997). op. cit.

17 Carlson, J., & Williams, P. (1996, October 29) ETS/NAEP Technical Memorandum on 1996 Mathematics Grade 8 results for
Asian/Pacific Island Subpopulation.

'8 Rust, K. (1996, November 1) Westat Memorandum to Cary Phllllps on 1996 Mathematics Crade 8 Results for Asnan and
Pacific Islander Students.

19 Letter from Jerome Sacks to Gary Phillips, dated November 21, 1996.
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Concerns about the accuracy of the grade 8 Asian/Pacific Islander results were initially
noted during routine quality control of the NAEP.1996 mathematics assessment results. Despite
statistically significant gains from 1992 to 1996 in average scale scores for the nation as a-whole
at all three grade levels, a large apparent decline in average scores was observed for the grade 8
Asian/Pacific Islander subgroup. Table A.1 contains average mathematics scale score estimates,
and their standard errors, for the Asian/Pacific Islander subgroup for the 1990, 1992, and 1996
assessment years. From 1992 to 1996, the estimated decline in average scores for this'subgroup :
was approximately 14 scale score points (about .4 within-grade standard deviation units) on the .
NAEP 500-point scale. Despite the large magnitude of this apparent decline, it is not statlstlcally
significant at the .05 level,-after controlling for multiple comparlsons

" THE NAflON’s
Table A.1 Average Mathematics Scale Scores for the Grade 8 FEon [raep

Asian/Pacific Islander Subgroup -
)

_ Average Average - : Average
Percentage | Scale Score | Percentage | Scale Score | Percentage | Scale Score

All Students 100 263 (1.3) | 100 268 (0.9)* 100 272 (1.1)*¢

Students Who Indicated
Their Race/Ethnicity as... :
Asian/Pacific Islander 2(0.5)! [279(4.8)! | 31(0.2) | 288(5.4)] 3(0.2) 274 (3.9)

The standard errors of the estimated percentages and average scale scores appear in parentheses.

* Indicates a significant difference from 1990,

t Indicates a significant difference from 1992.

! Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistic does not match statistical test assumptions (see Appendix A).

" SOURCE: National Center for Education Statistics, Nohonol Assessment of Educational Progress (NAEP) 1990, 1992, and
1996 Mathematics Assessments.

The data from the NAEP state assessment program in mathematics provided an }
independent data source to aid in evaluating the accuracy of the national grade 8 NAEP results
for Asian/Pacific Islander students as well as for other subgroups. Forty states and the District
of Columbia participated in the state assessment. Results based on the combined data from
these jurisdictions are quite stable in that they are based on a sample of approximately 4,000
schools and over 100,000 students. Because of the voluntary nature of the state assessment
program, these aggregated state results are not nationally representative. They can, however, be
compared to restricted national results, calculated using public-school data from only those
states participating in the state assessment, to obtain valuable insight into the quality of the
national estimates for the grade 8 race/ethnicity subgroups.

Table A.2 contains restricted national results. Results are presented separately for
four of the race/ethnicity subgroups: White, Black, Hispanic, and Asian/Pacific Islander.
Aggregated state results are also presented for these same four subgroups. For three of the four
subgroups, the difference between the restricted national estimates and aggregated state
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estimates are quite small. However, for the Asian/Pacific Islander subgroup, the difference
between the two estimates, though again within reasonable bounds of sampling variability, is of
considerably greater magnitude and the restricted national estimates are substantially lower

than those obtained from the aggregated state data. These results suggest that the national -
grade 8 Asian/Pacific Islander results may substantially underestimate the performance of this
subgroup. NCES was concerned that publishing the national results in the absence of the kind of
discussion included in this appendix was potentially misinforming. Hence, NCES made the
decision to omit the results from the body of the report and to include thern in this appendix.

Average Mathematics Scale Scores by REJSSTNﬂON’S
Table A.2 Race/Ethnicity for Restricted National and ~ CARD =
Aggregated State Samples - (
: ' Restricted National Aggregated State :
' ' o , ‘Sample Sample Difterence
e Students Who indicotéd
Their Race/Ethnicity as... :
White 280.7 ' 280.0 0.7
Black , 242.8 2423 0.5
Hispanic 250.4 250.3 0.1
Asian/Pacific Islander 2720 281.7 -9.7

SOURCE: National Cénfer for Education Statistics, National Assessment of Educational Progress {NAEP) 1996
Mathematics Assessment.

It is important to note that all NAEP results are estimates and are subject to some
degree of sampling variability. If different samples of schools or students had been obtained,
results for some subgroups would be higher than reported here and some would be lower. In
most subgroups, particularly large subgroups or subgroups for which special sampling procedures
are employed, estimates of performance are likely to remain similar from one sample to another.
Howevér, the national population of Asian/Pacific Islander students is small (about 3 percent of
the national population), heterogeneous with respect to academic achievement, and highly
clustered in certain locations and schools — factors that are associated with large sampling
variability in survey results and reflected in the large standard errors associated with performance
estimates for this subgroup. Furthermore, the sampling plan for the national assessment does not
include explicit stratification procedures designed to mitigate these factors. It was the judgment
of all three organizations (ETS, Westat, and NISS) that investigated these results that the '
occurrence of this large, but statistically nonsignificant, change in the grade 8 Asian/Pacific
Islander results was a consequence of these three factors: (1) the heterogeneous nature of the
Asian/Pacific Islander population, (2) the current NAEP sampling design, and (3) the sample
sizes that were assessed. '
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NCES, working with its current NAEP contractors and other advisory groups, will
continue to investigate cost-effective ways of improving the accuracy and stability of NAEP -
results beginning with the 1998 assessment. NCES will also contiriue to seek improvements as
part of an ongoing redesign of NAEP for the year 2000 and beyond.
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" The comparisons presented in this report are based on statistical tests that consider the
magnitude of the difference between group averages or percentages and the standard errors of
those statistics. The following appendix contains the standard errors for the averages and
percentages discussed in Chapters 2 through 10. For ease of reference, the format and headings
of each table in this appendix match the corresponding chapter table, although the numbers

that appear are actually standard errors.
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More Mathematics,” Grades 4, 8, and 12, 199%....................... reereees B-97
Standard Errors for Percentage of Students by Their Response to

the Statement: “Everyone Can Do Well in Mathematics If They

Try,” Grades 4, 8, and 12, 1996 ........cccceevveeeieereerereerereiere e, B-98
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. ~ THE NATION'S
Standard Errors for Average Proficiency in REPORT [nmep

Mathematics Content Strands, Grades 4, 8, and 12 CARD ‘
1996 1992 1990
_Over_o|| Proficiency | - 0.9 07 0.9
Number Sense, . | '
Properties, & Operations 1.0 08 . 1.1
Measurement 1.1 R 0.8 . . 1.0
Geometry & Spatial Sense - | 0.8 - 06 - 0.9
Data Analysis, . K
Statistics, & Probability -1 09 - -
Algebra & Functions 1.0 : 0.9 0.9
Grade 8 | |
Overall Proficiency 1.1 0.9 1.3
Number Sense, ‘ . :
Properties, & Operations 1.0 0.8 - 1.3
Measurement 1.4 - 1.2 1.6
Geometry.& Spotio| Sense | . 1.1 0.9 1.3
" Data Analysis,
Statistics, & Probability 1.5 1.0 1.6
Algebra & Functions 1.1 1.0 A 1.2
. Giade 12 |
Overall Proficiency | 1.0 09 1.1
" Number Sense, ’
Properties, & Operations 1.2 - 0.9 1.1
:  'Measurement 1.1 09 1.3
" Geometry & Spatial Sense BN e 1.0 . 1.3
V Data Analysis, ' . ' , . ‘
Statistics, & Probability 1.0 1.0 1.2
Algebra & Functions 1.2 1.0 12
ey o . ____________________|
- 1990 data are not available. @ ’

SOURCE: National Center for Education Stohshcs Natioal Assessment of Educohonol Progress (NAEP) 1990 1992, and 1996
Mathematics Assessments :
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THE NATION'S

Standard Errors for Average Proficency in REPORT [ng
Table B2.1 Mathematics Content Strands by Gender,, CARD [
Grades 4, 8, and 12 =

Grade 4
Overall Praficiency 0.9 1.1 1.0 0.7 0.8 1.0 0.9 1.2 1.1

Number Sense, ' . )
Praperties, & Operatians 1.0 1.2 § 1.1 0.8 0.9 1.1 1.1 1.4 1.3

Measurement 1.1 1.2 1.2 0.8 1.0 1.0 | 1.0 1.3 1.3
Geametry & Spatial Sense 0.8 1.1 1.0 0.6 0.8 0.9 0.9 1.2 1.2

Data Andlysis, :
Statistics, & Prabability 1.1 1.4 1.3 ] 09 | 0.9 1.2 - - -

Algebra & Functians 1ol 1 fi2]o9 | 111509 13|

Overall Praficiency 1.1 1.4 1.1 0.9 1.1 1.0 1.3 1.6 1.3

Number Sense, , |
Praperties, & Operatians 1.0 1.4 1.1 0.8 1.0 1.0 1.3 |' 1.6 1.3

.Measurement | 1.4 | 1.7 | 16| 12 | 1.4 | 15| 16 | 20 1.5
Geametry & Spatial Sense  |. 1.1 1.3 1 13 ] 09 | 11 10| 1.3 | 1.6 1.3

Data Analysis,
Statistics, & Prabability . 1.5 1.8 1.5 1.0 1.3 1.2 1.6 1.9 1 1.6

Algebra & Functians 1.1 1.5 1.1 1.0 1.2 1.2 ) 1.2 | 16 1.3
Overall Praficiency 1ol 11 foe |l 1 1o | 14| 137

Number Sehse,
Praperties, & Operatians 1.2 1.3 1.3 1 09 1.0 1.0 | 1.1 1.3 1.2

Measurement 11113 13 | 09 1.2 1.1 1.3 1.5 1.5
Geametry & Spatial Sense 1.1 1.2 1.4 1.0 1.2 1.2 1.3 1.5 1.6

Data Analysis, B '
Statistics, & Prabability 1.0 1.2 1.1 1.0 1.1 1.1 1.2 1.4 1.5
Algebra & Functions 121312012 1121413
S S S
- 1990 data are not available.
SOURCE: National Center for Education Statistics, Nchonol Assessment of Educational Progress (NAEP) 1990, 1992, and 1996
Mathematics Assessments.
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THE NATION'S

N

Standard Errors for Average Mathematics REPORT (g
Proficiency, Composite Scale by Race/Ethnicity, carp [0
Grades 4, 8, and 12 %‘\
199 1992 1990
Average Average Average
Scale Score Scale Score Scale Score
A|| Students 0.9 0.7 0.9
White 0.9 0.9 . 1.1
- Black 2.3 1.3 1.8
Hispanic 2.1 1.4 2.0
. Asian/Pacific Islander 4.1 2.3 3.5
American Indian 2.3 3.1 3.9
All Students 11 09 13
White 1.2 1.0 1.4.
Black 2.0 1.3 2.7
Hispanic N 20 1.2 2.8
Asian/Pacific Islander -— 54 4.8l
American Indian | 3.0 2.8 9.4l
All Students 1.0 0.9 1.1
White 1.0 0.9 1.2
Black 2.2 1.7 1.9
Hispanic 1.8 1.7 2.8
Asian/Pacific Islander 4.8 3.5 5.2
American Indion 8.91 * ok ok * ok ok

o PSSR L L6k e
xn Sample size is insufficient to permit a reliable estimate.

= - Data for grade 8 Asian/Pacifi¢ Islanders are not reported due to concerns about the accuracy and precision of the national
estimates. See Appendix A for further detail. .

| Statistical fests involving this value should be interpreted with caution. Standord error estimate may not be occurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1990, 1992, and 1996
Mathematics Assessments. . :
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Standard Errors for Average Proficiency in Number ggpppr

.THE . NATION’S

Figure B2.4 . Sense, Properties, and Operations by .CARD reep
S Race/Ethnicity, Grades 4, 8, and 12 %\’
1996 : 1992 1990
Average Average Average
- -Scale Score Scale Score Scale Score
Grngllll v ‘
All Students 1.0 0.8 1.1
White 1.0 0.9 1.3
Black 27 1.3 1.9
Hispanic 2.2 1.8 2.2
Asian/Pacific Islander 4.8 25 3.6
American Indian 2.6 3.3 4.0
vGra.de 8 ‘
All Students 1.0 . 0.8 1.3
White 1.2 0.9 1.3
~ Black 2.3 1.3 2.8
K Hispanic 1.9 1.5 27
Asian/Pacific Islander -— 52 4.5!
American Indian 3.9 27 10.1!
‘Grade 12 -
All Students 1.2 0.9 1.1
White 1.2 0.9 1.2
_ Black 24 1.5 1.8
Hispanic 1.7 1.8 29
Asian/Pacific Islander 51 3.8 4.8
American Indian 10.6! >k *xx

*** Sample size is insufficient to permit a reliable estimate.

— - Data for grade 8 Asian/Pacific Islanders are not reported due fo concerns about the accuracy and precision of the national

estimates. See Appendix A for further detail.

| Statistical tests involving this value should be interpreted with caufion. Standard error estimate may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1990, 1992, and 1996

Mathematics Assessments.
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THE NATION'S

i Standard Errors for Average Profmency in REEREJ neEp
F'gure B2.5. Measurement by Race/Ethnicity, Grades 4, 8, and 12 L
N
1996 997 7990
Average - Average Average
Scale Score Scale Score Scale Score

|| Stents 1.1 0.8 1.0

White 1.2 1.0 1.3

Black 2.5 1.7 2.3

Hispanic 2.5 1.6 23

Asian/Pacific Islander 4.6 3.4 4.8
American Indian 2.8 3.5 4.8

“Grade8 . - , -

* Al Students 1.4 1.2 1.6

White 1.5 1.3 1.7

Black 2.6 1.9 3.2

Hispanic 2.8 1.7 3.3

Asnon/Pocnhc Islander -- 7.1 6.4

American Indian 4.51 4.1 10.21

All Students 1.1 0.9 1.3

White 1.1 1.0 1.4

Black 2.2 1.8 2.2

Hispanic 2.1 1.8 3.0

Asian/Pacific Islander 6.6 4.0 6.1
American Indian 11.91 * ok *hx

*** Sample size is insufficient to permit a reliable estimate.
- - Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the national

estimates. See Appendix A for further detail.

| Statistical tests involving this value should be interpreted with caution. Standard error estimate may not be-accurately
determined and/or the sampling distribution of the stafistics does not match stafistical test assumptions (see Appendix A).
SOURCE: National-Center for Education Stafistics, National Assessment of Educational Progress (NAEP) 1990, 1992, and 1996
Mathematics Assessments.
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Standard Errors for Average Proficiency in AErtE NATION'S

Geometry and Spatial Sense by Race/Ethnicity, CARD %
: .Grades 4, 8, and 12 C

-

1996 1992 1990
Average . . Average Average
Scale Score Scale Score - Scale Score

All Students 0.8 0.6 0.9
White 0.9 0.8 1.1

" Black 1.5 1.4 1.6

Hispanic 2.3 1.3 1.9
Asian/Pacific Islander 4.2 2.5 4.6
. American Indian 2.8 34 4.0

All Students

1.1 0.9 1.3

White 1.3. 1.1 1.4

Black 2.5 1.7 3.1

Hispanic 24 1.2 2.5
Asian/Pacific Islander - 51 5.0!
American Indian . 3.51 3.3 8.51

All Students 1.1 1.0 1.3

White 1.2 1.1 1.5

Black 2.4 1.8 2.1

Hispanic 2.6 24 2.9
Asian/Pacific Islander 4.3 3.5 5.8
American Indian 7.9 *rk el

3 UTE A Y TR IO W AR L

el Somple size is msufﬂcuent to permit a reliable estimate. :
— - Data for grade 8 Asian/Pacific Islanders are not reported due to concemns obout the accuracy and precision of the national
estimates. See Appendix A for further defail. : ,

| Statistical tests involving this value should be interpreted with caution. Standard error estimate may not be cccurotely
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix. A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress [NAEP) 1990, 1992, cnd 1996
Mathematics Assessments.
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Standard Errors for Average Proficiency in Data REJSSTN%ONS
. Analysis, Statistics, and Probability by CARO n
Race/Ethnicity, Grades 4, 8, and 12 _ {
1996 1992 1990
Averuge Average Average
Scale Score = - Scale Score Scale Score

All Students 1.1 0.9 -

White 1.1 1.1 -

Black 3.5 1.6 -

Hispanic 24 1.4 -
Asmn/Pcaﬁc Islander 47 3.0 -
American Indian 2.5 3.2 -

All Students

1.5

White 1.8

Black 2.2

Hispanic 2.5
-Asian/Pacific Islander -—
American Indian 4.51

NO——— =
wohN— O

All Students 1
White 0

. Black 2
Hispanic 2.
5

8

MNVO O

Asian/Pacific Islander
Americcn Indicn

ARN—— —

. T L : R K
**+* Somple size is msufﬁcnent to permn a rehoble estimate.
— - Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the nohonol

estimates. See Appendix A for further detail.

- 1990 data are not available.
| Statistical tests involving this value should be mterpreted with caution. Standard error estimate may not be accurately
determined and/or the sompling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Stafistics, National Assessment of Educational Progress (NAEP) 1990, 1992, and 1996
Mathematics Assessments. ’
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THE NATION'S

B Standard Errors for Average Proficiency in REPORT e
UCHCRZR  Algebra and Functions by Race/Ethnicity, ~  ‘CARD
- Grades 4, 8, and 12 _ {

199 1992 1990

Average _ Average Average

Scale Score . Scale Score Scale Score
All Students ' 1.0 0.9 0.9
White 1.0- 1.0 1.1
Black 2.5 1.6 1.8

~ Hispanic 2.4 1.7 2.2
Asian/Pacific Islander 3.8 3.1 3.4
American Indian 2.3 3.4 3.8

Grade 8

' All Students 1.1 1.0 1.2
a White 1.2 1.2 14
Black 20 20 - 2.6
. Hispanic 2.0 1.4 2.9
Asian/Pacific Islander -— 53 5.11
American Indian 3.2l. 2.9 8.3l
All Students - 1.2 1.0 1.2
"~ White 1.2 1.0 1.3

Black - 2.8 2.1 20 -
Hispanic 1.9 1.7 2.8

Asian/Pacific Islander 50 ‘ 34 5.1 '

, American Indian 8.0l B il

*** Sample size is insufficient to permit a reliable estimate.

- - Data for grade 8 Asian/Pacific Islanders are not reported due to concerns obout the accuracy and precmon of the national
estimates. See Appendix ‘A for further detail.

I' Statistical fests involving this value should be interpreted with caution. Standard error estimate may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical fest assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1990, 1992, and 1996
Mathematics Assessments. .
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Standard Errors for Average Proficiency in .REJS&TN:\I-:;S 4
Mathematics Content Areas by Course Taking, CARD '
Grade 8" . X4
Elghth Grade : -
Mathematics Pre-Algebra - Algebra
Average Average Average
Proficiency . Proficiency Proficiency
~ Number Sense, ,
“Properties, & Operations 1.4 1.4 ‘ 1.6
. Measurement 20 ‘ 2.6 2.3
~ Geometry & Spatial Sense 1.5 - 1.5 1.7
Data Analysis, - 4
Statistics, & Probability 1.7 2.0 .26
Algebro & Functions - 1.4 , 1.4 1.6

al g1y o PR ST ey, T e IR g
SOURCE Nohonol Center For Educohon Statistics, National Assessment of Educohonol Progress (NAEP) 1996

Mothemohcs Assessment.
Standard Errors for Average Proﬁcienéy in REJSST";‘I.",‘?E'LS
Mathematics Content Areas by Algebra and CARD
Calculus Courses Taken, Grade 12 {

. | ' Taken
Have Not - ' Algebra Il |  Algebra fi

Studied Algebra| Only Taken | Only Taken{ But Not | or Pre-Calulus :
or Pre-Algebra | Pre-Algebra| Algebra | | Beyond |But Not Calculus | Cakulus

- Number Sense, : » : '
Properties, & Operations 2.7 2.2 1.6 1.2 - 1.6 - 23

Measurement 4.3 3.4 1.8 1.1 1.4 3.1

Geometry & Spatial Sense 4.2 27 1.9 1.1 1.5 2.0
Data Analysis, : ' :

Statistics, & Probability 3.5 3.1 1.6 0.9 1.4 2.7

A|gebro & Functions 3.1 2.4 1.8 1.1 1.6 | 2.

SOURCE: National Center For Educohon Statistics, Nohono| Assessment of Educohonol Progress (NAEP) 1996
Mathematics Assessment. . .
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_ n
Standard Errors for Average Proficiency in AErCE MATIDI'S

Figure B2.11 . Mathematics Content Areas by Geometry CARO (0
Course Taken, Grade 12 . : ﬂ\*

Asse : car:- 1996

Have Not Taken Geometry Have Taken Geometry

A\)eruge Proficiency Average Proficiency

Number Sense,

Properties, & Operations 1.6 1.1

Measurement 2.2 - 0.9

Geometry & Spatial Sense 1.9 - 0.9
Dota Analysis, .

Statistics, & Probability | 2.1 0.8

Algebro & Functions 2.0 . : 1.0

_ R Y T L T G T R
SOURCE: Notlono| Center for Education Statistics, National Assessment of Educotlonol Progress (NAEP) 1996
Mathematics Assessment. :

Standard Errors for Average Proficiency in REJS%"’:;’N’S
Figure B2.12 Mathematics Content Areas by Probability or cARD |
Statistics Course Taken, Grade 12 o ﬂ\;

Assessment Year 1996

Have Not Taken Probability & Statistics Have Token Probublllty & Stutlsms
Average Proficiency Average Proficiency
Number Sense, _ :
Properties, & Operations 1.2 ' 2.7
. Measurement 1.1 3.2
Geometry & Spatial Sense 1.1 : 27
Data Analysis, : _
Statistics, & Probability .09 2.8
Algebra & Functions 1.2 _ 27

LIV A Y TR

SOURCE: National Center for Education Statistics, National Assessment of Educctlonol Progress (NAEP) 1996
Mathematics Assessment.

Student Work and Teacher Practices in Mathematics

N
<




O

EMC Student Work and Teacher'Practices in Mathematics

IText Provided by ERIC

Figure B2.

Standard Errors for Average Proficiency in
& Mathema

THE NATION'S

Number Sense,

Properties, & Operations.

Measurement

“Geometry &
Spatial Sense

Data Analysis,
Statistics, & Probability

Algebra & Functions

Mathematics Assessment.

* R T
tics Content Areas by Number of Semesters EER,?D neEp
of Mathematics Courses Taken in =
Grades 9 through 12, Grade 12 =2
7 or More
Semesters Semesters Semesters Semesters
2.3 1.1 1.9 1.2
55 1.7 1.8 1.0
3.2 1.1 1.5 0.9
3.1 1.3 1.4 1.1
2.3 1.2 1.4 1.3

Gt Y i e Wbk X RN TR O VT e (W T LM R ) i)

NOTE: Sample size for O semesters is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
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THE NATION'S

Overall
Males
Females

" White

Black

Hispanic
Asian/Pacific Islander
American Indian

Geometry Taken

Highest Algebra-Calculus
Course Taken:
Pre-Algebra

First-Year Algebra
Second-Year Algebra
Third-Year
Algebra/Pre-Calculus
Colculus

i Somple size is msufﬁqent to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Standard Errors for Score Percentages for. REPORT [raep
“Evaluate Expression for Odd/Even” - %,
. . ) = \
Correct Incorrect Omit
3 Correct 1 or 2 Correct No Correct. -
Entries Entries Entries
1.6 1.6 0.5 0.8
2.1 2.1 . 1.0 1.4
2.0 2.1 0.5 0.9
1.7 1.9 0.4 0.8
4.2 3.5 2.6 2.1
3.3 3.5 2.1 3.3
7.2 6.8 1.4 2.9
1.7 1.7 0.5 0.8
6.6 55 2.2 3.4
3.1 3.5 1.5 1.5
2.1 2.2 04 0.7
3.7 3.8 0.7 2.4
7.1 55 0.8 3.9

Standard Errors for Percentage Correct Within
Achievement-Level Intervals for
“Evaluate Expression for Odd/Even”

THE NATION'S

REPORT
CARD |NSEP

\

Overall

NAEP Grade 12 Composite Scale Range

Below Basic

Basic

Proficient

Advanced

1.6

2.3

e Somple size is msufﬁcnent to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educohonol Progress (NAEP) 1996
Mcnhemcmcs Assessment.

B-20
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B THE NATION’S
| Standard Errors for Percentage Correct for “Multiply "Ein) [Feep
- Two Negative Integers” -
)
Percentage Correct
Overall . . 2.1
Males 2.6
Females 2.8
White 3.0
Black 3.2
’ - Hispanic . 34
' Asian/Pacific Islander : -
American Indian ko
Mathematics Course Taking:

‘Eighth-Grade Mathematics 2.4
‘ Pre-Algebra 4.0
' _ Algebra - 2.6

A A O SN ¥k -8 SRR R 363 AN 06 SO B AR DR

*** Sample size is insufficient to permit a reliable estimate.

- Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the national
estimates. See Appendix A for further detail.

SOURCE: National Center for Educohon Statistics, National Assessment of Educational Progress [NAEP) 1996

Mathematics Assessment.

.y THE NATION'S
Standard Errors for Percentage Correct Within  RepORT [ngpp

Achievement-Level Intervals for _ CARD
“Multiply Two Negative Integers” g‘

NAEP Grade 8 Composi?e Scale Range

Overall Below Basic - Basic Proficient Advanced

2.1-_  o240 | 36 36 3.8

T T T L G g BN

SOURCE Nohonol Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

BEST COPY AVAILABLE
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THE NATION’S

Standard Errors for Percentage Correct for. = ORI raep
“Use Subtraction in a Problem” : g,
Percentage Correct
Overall ' 1.4
. Males 1.9
' Females - 2.2
White ‘ 1.6
Black 4.6
Hispanic - 3.7
Asian/Pacific Islander *ok
Americcn Indian _ *xx
] P T T A R T ST G TR T 5 7
el Somple size is msuFﬁcnent to permn areliable estimate. o R
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996 . . -y

Mathematics Assessment.

Standard Errors for Percentage Correct Within REJ(};IETNATION,S

' ¥ caro [NEP
Table B3.6' . -+ Achievement-Level Intervals ‘
Sk for “Use Subtraction in a Problem” ' E‘:
NAEP Grade 4 Composite Scale Range
Overall Below Basic Basic Proficient Advanced.
1.4 | 2.5 2.4 1.6 ok

TR T2 A ST T AN B a5

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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THE NATION'S
Standard Errors for Percentage Correct for REPORT [naep

“Choose a Number Sentence” s
A

S Percentage Correct
Overqll 1.5
Males 2.2
Females 2.0
White 1.9
Black 4.0
Hispanic 3.2
Asian/Pacific Islander 6.8
American Indian * ok

RS

SOURCE: Nchoncl Center For Educchon Statistics, National Assessment of Educchoncl Progress (NAEP) 1996
Mathematics Assessment. :

Sfandard Errors for Percentage Correct Within RgJS,ET""‘I‘!‘;';S
Achievement-Level Intervals for CARD

- #“Choose a Number Sentence”

=y
\

NAEP Grade 4 Composite Scale Range
~ Overall Below Basic Basic Proficient Advanced
_ 1.5 2.4 24 3.8

*** Sample size is insufficient to permlt a rellable estimate.
SOURCE: National Center for Educchon Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment,
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Standard Errors for Score Percentages for RE o [reep
”“Reason to Maximize Difference” : g,
{
' Extended | Satisfactory | Partial Minimal | Incorrect - Omit
Overall 0.3 1.0 1.0 1.4 1.3 0.9
Males 0.4 1.2 1.2 1.9 1.5 1.1
Females 0.5 1.5 1.8 2.1 2.1 1.0
White | 0.4 1.4 1.2 1.8 1.7 1.2
Black 1.3 .20 27 3.0 1.6
Hispanic 1.2 2.8 3.9 4.0 1.4
Asian/Pacific Islander -— - -— -= -= -
Americon Indion * % K * Kk k * Kk k * %k % * %k * % %
Mathematics Course Taking:| . :
Eighth-Grade Mathematics | . 0.5 1.5 1.7 2.2 2.4 1.9
Pre-Algebra --- 1.7 2.0 2.9 3.2 1.0
Algebra 0.8 2.5 2.0 2.0 023 0.9

THE NATION'S

*** Sample size is |nsuff|crent to permlt a rellcble eshmcte

- .- Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the national

estimates. See Appendix A for further detail.

- Standard error estimate cannot be accurately determined.

SOURCE: National Center for Education Statistics, National Assessment of Educchoncl Progress (NAEP) 1996

Mathematics Assessment.

SOURCE Nohoncl Center For Educohon Stchshcs Nohoncl Assessment of Educchoncl Progress (NAEP) 1996

. Within Achievement-Level Intervals for
“Reason to Maximize Difference”

e B Standard Errors for Percentage at Least Satisfactory REPORT
‘Table B3.10

THE NATION'S
(ST

=X
N

CARD

Overall

NAEP Grade 8 Composite Scale Range

Below Basic

Basic

Proficient

Advanced

1.0

Mathematics Assessment.

B-24

1.0

1.8
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THE NATION’S

Standard Errors for Score Percentages for REPORT Inaep
“Solve a Multistep Problem” L
N
S Correct Partial Incorrect Omit
Overall 1.4 12 1.6 0.9
Males | 2.1 1.9 2.3: 1.3
Females 1.6 1.6 1.9 1.0
White 1.8 1.8 2.0 1.1
Black 1.7 2.1 4.4 3.0
Hispanic 2.0 2.9 3.6~ 2.0
Asian/Pacific Islander : *xx >k *xx * ok ok
American Indian *xx *xx o R *xx
Al s 5 1 BAREAY e a3 4 Y R RS RO S RERE R

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Standard Errors for Percentage Correct Within
Achievement-Level Intervals for
“Solve a Multistep Problem”

THE NATION'S
REPORT [geg

CARD
=X

\B

NAEP Grade 4 Composite Scale Range

Overall- Below Basic Basic Proficient Advanced
1.4 0.6 1.6 4.0 . *xx
ot L % L g tE ey ey
bl Somple size is msufﬁaent to permn a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
Student Work and Teachel Practices in Mathematics AN B-25



Q

ERIC

Aruitoxt provided by Eic:

_ _ THE NATION'S
Standard Errors for Percentage Correct for REPORT |nmep

. , CARD
“Relate a Fraction to 1”7 '

\

Percentage Correct

Overall 1.7

Males 20

Females : 23

. White ’ 23

Black 4.0

Hispanic 3.8
Asian/Pacific Islander 6.7
American Indian *kk

NN LR Sk, 7y, 2 s G

el Somple size is |nsuFf|C|ent to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

Standard Errors for Percentage Correct Within REPE NATION'S

Table B3.14 - Achievement-Level Intervals for caRo | NP
JERS “Relate a Fraction to 1”7 : ﬁ\’

NAEP Grade 4 Composite Scale Range

Overall Below Basic Basic Proficent Advanced

1.7 29 26 | 3.4

e Somple size is msufflaent to permn o relloble estimate.
- SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Standard Errors for Percentage Correct for
“Find Amount of Restaurant Tip”

‘THE NATION'S

REPORT
~ CARD

neep

=Ft

y 2

Overall

Males
Females

White

Black

Hispanic
Asian/Pacific Islander
American Indian

Mathematics Course Taking:

Eighth-Grade Mathematics
- Pre-Algebra
' Algebra

Percentage Correct

T N T

1.9
2.3
2.4
2.4

43
3.2

* % k

25
3.5
2.2

e R R AR AR RISy T

- - Dota for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the national

estimates. See Appendix A for further detail.

SOURCE: National Center for Education Statistics, National Assessment of Educational Frogress {(NAEP) 1996

Mathematics Assessment.

" Standard Errors for Percentage Correct Within
Achievement-Level Intervals for
“Find Amount of Restaurant Tip”

THE NATION’S

REPORT
CARD

neEp

\

NAEP Grade 8 Composite Scale Range

St e

Mathematics Assessment.

Overall Below Basic Basic Proficient _ Advanced
1.9 2.4 2.9 3.6 9.4
LR CRN 0% o AN A s
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
334 B.27
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THE NATION'S

Standard Errors for Score Percentages for “Use REPORT [ra=p
Percenf Increase” : v
i - \
I . Correct Partial Incorrect Omit
Overall 0.2 - . 1.3 1.5 0.9
Males 0.3 1.4 1.9 1.4
Females 0.4 o 2.0 2.0 1.1
White 0.3 : 1.9 1.8 1.0
- Black 3.2. 3.8 - .22
Hispanic . 3.0 4.0 3.5
Asian/Pacific Islander -- - -- -—
. American Indian il il R il
Mathematics Course Taking: ,
EighthGrade Mathematics - - 1.8 2.1 1.6
Pre-Algebra | - 25 | 29 1.7
Algebra 08 | - 3.2 3.1 1.8
Overall 0.5 : 1.7 | 1.6 0.9
Males 0.8 2.1 2.0 1.4
‘Females 0.5 1.9 2.1 1.1
White 0.7 1.8 2.0 1.4
Black . 3.6 4.7 4.1
Hispanic 0.8 3.3 ' 4.2 3.0
Asian/Pacific Islander 2.7 6.5 6.2 6.7
American Indian *r ol *ax *ohx
Geometry Taken 0.5 ‘ 1.8 1.5 1.0
Highest Algebra-Calculus o
Course Taken:
Pre_Algebro . .*** * % K * % K * %k *
First-Year Algebra 0.7 ‘ 2.2 3.2 23
- Second-Year Algebra - 05 | 1.5 1.6 1.1
Third-Year o
Algebra/Pre-Calculus 2.4 6.2 4.3 1.4
. Calculus 3.4 ' 6.7 8.0

*** Sample size is msuffucuent to permit o relioble estimate.

——Dota for grade 8 Asian/Pacific.Islanders are.not reparted due ta cancerns about the accuracy and precision of the nononol
estimates. See Appendix A for further detoil.

-- Standard error estimate connat be accurotely determined.
SOURCE: Nationol Center far Educotion Stofistics, Natianal Assessment of Educohonol Pragress (NAEP) 1994
Mathematics Assessment.

o - o ~:335
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ERIC

Aruitoxt provided by Eic:

Standard Errors for Percentage Correct Within
Achievement-Level Intervals for “Use
- Percent Increase”

THE NATION’S

REPORT
cARD |NOER

\

NAEP Grades 8 and 12 Composite Scale Ranges
Overall Below Basic Basic - Proficient Advanced
‘Grade 8 0.2 .-
Grade 12 05 0.5 3.5
*** Sample size is insufficient to permit a reliable estimate.
- Standard ‘error estimate cannot be accurately determined.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
. THE NATION'S
Standard Errors for Percentage Correct for REPORT |naep

#Solve a Rate Versus Time Problem”

=y
\

. Overall

Males’

Females

T White
Black

Hispanic

Asian/Pacific Islander
American Indian

Geometry Taken

Highest Algebra-Calculus
Course Taken:

Pre-Algebra

First-Year Algebra

Second-Year Algebra
Third-Year Algebra/Pre-Calculus
-Calculus

B B AR SR AN BT IR AL v s e ST T

*** Sample size is insufficient to permit a rehoble estimote.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996 .
Mathematics Assessment.

Student Work and Teacher Practices in Mathematics

Percentage Correct

1336

1.4

22
20

1.5
3.3
3.3
6.0

* %k %

1.5

B.29



THE NATION'S
Standard Errors for Percentage Correct Within = REPORT

N
Table B3 20 Achlevemenf-Le\(el Intervals.for “Solve a Rate Versus o[0F |
R Time Problem” o \{

NAEP Grade12 Composite Scale Range

Overdll Below Basic Basic , « Profident Advanced

1.4 2.5 2.1 4.8 el

*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Aruitoxt provided by Eic:

' Standard Errors for Percentage Correct for
" “Recognize Best Unit of Measuremen

'II

THE NATION'S -

REPORT [
CARD [

R

Overall -

Males
Females

White *

Black

. Hispanic
Asian/Pacific Islander
American Indian

Mathematics Course Taking:
Eighth-Grade Mathematics .

Pre-Algebra

Algebra

Overall

Males

Females

White

Black

Hispanic
Asian/Pacific Islander
American Indian

Geometry Taken

Highest Algebra-Calculus
Course Taken:

Pre-Algebra

First-Year Algebra
Second-Year Algebra
Third-Year Algebra/Pre-Calculus

Calculus

Percentage Correct

1.5
2.1

2.1

1.9
3.5
4.0

* k k

2.0
2.5
2.7

R Ty B e e R

~- Data for grade 8 Asian/Pacific Islanders are not reparted due ta cancerns obaut the accuracy and precisian of the natianal

estimates.-See Appendix A far further detail.

Mathematics Assessment.

Student Work and Teacher Practices in Mathematics

" SOURCE: Natianal Center far Educatian Statistics, Natianal Assessment of Educatianal Progress ([NAEP) 1996

B-31



Q

ERIC

Aruitoxt provided by Eic:

Standard Errors for Percentage Correct Within RE,IB',ETNI::[:;S
- Achievement-Level. Intervals for “Recognize Besf CARD |
Unit of Measurement” R %_’

NAEP Grades 8 and 12 Composite Scale Ranges

Overall Below Basic * Basic u:Proficient Advanced
. Grade 8 1.5 3.0 2.2 14
Grade 12 1.0 . 2.8 - 1.0 e * ok

il Somple size is lnsuFﬂcnent to permit a rehoble estimate.
-- Standard error estimate cannot be accurately determined.

SOURCE: National Center for Educotlon Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

* THE NATION'S

Standard Errors for Percentage Correct for '“E(';’ng neep
“Use Conversion Units of Length” %,
' \

Percentage Correct

Overall o ' 1.6

Males . ' 2.6

Females 2.1

White 23

~ Black 26

Hispanic ‘ 2.9

Asian/Pacific Islander o --
American Indian *oxx
Mathematics Course Taking: . '
Eighth-Grade Mathematics 2.3
Pre-Algebra : 2.7

Algebro 2.8

*** Sample size is msuFﬂcnent to permit a reliable estimate. :
-~ Data for grade 8 Asian/Pacific Istanders are not reported due to concerns about the occurocy and precision of the national
estimates. See Appendix A for further detail. : :

SOURCE: National Center for Education Statistics, Notlonol Assessment of Educononol Progress (NAEP) 1996

Mothemotlcs Assessment.
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Units .of Length”

. . Standard Errors for Percentage Correct Within
‘. Ach'evemenf-Level Intervals for ”Use Conversion

THE NATION'S

REPORT
cARD [P

\

Overdll

NAEP Grade 8 Composite Scale Range

Below Basic

Basic

Proficient

1.6

SOURCE Ncmonol Cenfer For Educcmon Stcmsflcs, Ncmoncl Assessmenf oF Educctlonol Progress (NAEP) 1996 .

Mathematics Assessment.

1.5

2.9

Advanced

8.0

THE NATION'S

i Standard Errors for Score Percentages for REPORT [ngep
Table 34'5, 8 “Use Protractor to Draw a 235° Arc on a Circle” |
Correct Incorrect Omit
: . No“A” Arc Not
C(22°) (£3-5°) Endpoint |  Indicated Other
Overall 1.1 0.8 0.2 0.5 1.4 1.0
Males 1.6 1.6 0.7 2.2 1.3
Females 1.5 1.1 0.3 0.7 1.6 1.4
White 1.4 1.1 0.2 0.6 1.8 1.0
Black 1.6 1.7 1.6 3.4 3.2
Hispanic 2.2 1.9 1.6 4.4 52
Asian/Pacific Islander 7.7 4.3 1.5 7.0 2.5
Americon Indion %* % % * % * * % * %* % % %* % % %* % %
- Geometry Taken 1.3 1.0 0.2 0.6 1.6 1.0
Highest Algebra-Calculus |
Course Taken:
Pre-Algebra 5.6 - -0.0 3.5 6.5 2.7
First-Year Algebra 1.9 2.4 0.0 1.5 3.2 2.0
Second-Year Algebra 1.7 1.1 0.3 0.6 1.8 1.4
" Third-Year ' '
Algebra/Pre-Calculus 25 2.8 - 2.0 3.7 1.5
Calculus 4.8 3.5 0.0 0.7 52 1.2
B : : . IS g T G LR T s 54 T N Eai
*** Sample size is |nsuffucuenf to permnf a relnoble estimate.
- - Standard error estimate cannot be accurately determined.
SOURCE: National Center for Education Statistics, Ncmoncl Assessment of Educational Progress (NAEP) 1996
Mcfhemcmcs Assessment.
' B-33

. Student Work and Teacher Practices in Mathematics



. - — NATION'S
Standard Errors for Percentage Correct Within REJS%

4 e
(LY -EX- M Achievement-Level Intervals for “Use Protractor to . CARD ms
T Draw a 235° Arc on a Circle” o \

NAEP Grade 12 Composite Scale Range

Overall Below Basic " Basic * Proficient Advanced

1.6 1.8 2.3 4.5 - e

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mqthemctics Assessment. '

. THE NATION'S

Standard Errors for Percentage Correct for REPORT naiep
CARD :
Table 84.7 “Relate Perimeter to Side Length” g\,
\
Percentage Correct

Overall 1.4

Males ' 1.6

Females 2.0

- -~ White 1.8

Black 2.9

Hispanic 2.8

Asian/Pacific islander 7.1

American Indian ST

*** Sample size is insufficient fo permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educchoncl Progress (NAEP) 1996
Mathematics Assessment.

. Standard Errors for Percenfdge Correct REJSSTNQ_;?;S
Table B4.8 . Within Achievement-Level Intervals for . CARO
B “Relate Perimeter to Side Length” g\‘:

NAEP Grade 4 Composite Scale Range

Overall _ Below Basic ~ Basic Proficient Advanced

* ok ok

1.4 2.0 2.5 4.2

*** Sample size is insufficient fo permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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THE NATION'S

Standard Errors for Score REPORT Inazp
'Percentages for “Find Volume of a Cylinder” - L
Correct ' Partial Incorrect Omit
Overall 1.1 12 1.4 1.0
~ Males 1.4 1.5 22 1.4
Females 1.7 1.9 2.1 1.5
White 1.4 1.7 ’ 2.0 1.3
Black 1.2 2.1 2.9 2.9
Hispanic 1.8 1.8 3.9 3.8
Asian/Pacific Islander g -- -- , g
American Indian i KEE il R
Mathematics Course Taking: ’ '
Eighth-Grade Mathematics 1.4 1.9 2.3 1.9
Pre-Algebra 1.7 2.2 2.7 1.6
Algebra - 2.2 27 . 2.6 1.4
_ Grade 12 |
Overall 15 1.2 16 0.9
Males 2.1 1.4 2.5 1.4
Females S 2.1 2.0 2.3 1.0
White 1.9 : 1.6 2.2 1.0
Black 3.6 3.4 3.8 2.9
Hispanic 4.1 1 3.4 ’ 4.0 4.2
Asian/Pacific Islander 6.3 - 3.4 5.5 : 1.8
American Indian ol el el *Ex
Geometry Taken 1.6 1.3 1.7 0.7
Highest Algebra-Calculus | '
Course Taken: _ .
Pre-Algebro * Kk Kk * k Kk * ok ok | * % %
First-Year Algebra | 2.0 2.3 . ' 2.8 2.1
Second-Year Algebra 1.8 . 1.6 1.8 . 0.9
Third-Year - ' ’ S .
Algebra/Pre-Calculus 3.7 3.7 4.0 0.9
Calculus 6.5 6.6 3.5 .-

**+ Somple size is insufficient ta permit a relioble estimate.
- - Data far grade 8 Asian/Pacific slanders are nat reparted due ta cancerns abaut the accuracy and precision of the notianal
estimates. See Appendix A far further detail. '
- - Stondard errar estimate cannat be accurately determined. .
SOURCE: Natianal Center far Educatian Statistics, National Assessment of Educational Pragress {NAEP) 1996
Mathematics Assessment :

Q . . :
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THE NATION'S

Standard Errors for Percentage Correct Within  geport raEp
Ach:evemenf-l.evel Intervals for “Find Volume CARD
of a Cylinder” - - . {

NAEP Grades 8 and 12 Composite Scale Ranges

Overdll Below Basic Basic t.. Proficient Advanced
Grade 8 1.1 1.6 36 10.1
Grade 12 1.5 1.6 2.1 - X _ *Ex

*** Sample size is insufficient to permit a reliable estimate.

- - Standard error estimate cannot be accurately determined.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress ([NAEP) 1996
Mathematics Assessment.

THE NATION'S
Standard Errors for Score Percentages.for “Use a  REPORT [pqpg
. A . CARD
Ruler to Find the Circumference of a Circle 3,
; \
Correct ~ Incorrect Omit
15.0-16.4 tm
Not Including | Any Response ‘
15.7 em 15.7 cm in Inches Other
Overall 1.6 0.6 0.2 16 0.9
Males 1.9 1.0 0.3 2.1 1.4
Females 1.9 0.6 - 03 1.9 1.2
White | 2.1 0.8 0.2 2.4 - 1.0
Black 2.6 0.8 - 05 27 " 3.0
Hispanic 2.6 1.3 - | 40 | 34
Asian/Pacific Islander - 6.2 3.6 e 0 5.2 - 27
Americon |ndi°n * % % * % % %* % % %* % % . %* % %
Geometry Taken. | . 1.7 0.7 0.2 1.8 0.7
Highest Algebra-Calculus
. Course Taken:’ ‘
Pre-Algebra 4.6 0.9 “-- 7.7 53
First-Year Algebra 2.1 . 1.8 0.4 3.0 2.0
Second-Year Algebra 1.7 0.6 0.3 1.8 13
Third-Year '
Algebra/Pre-Calculus 4.6 1.9 --- 4.5 1.7
Calculus 5.2 2.5 .- .58 0.0

*** Sample size is insufficient fo permit a reliable estimate. -

- - Standard error estimate cannot be accurately determined.
SOURCE: National Center for Education Stohshcs National Assessment of Educational Progress [NAEP) 1996
Mathematics Assessment. -
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Aruitoxt provided by Eic:

Standard Errors for Percentage Correct Within
Achnevemenf—LeveI Intervals for “Use a Ruler to
Find the C:rcumference of a Circle”

REPORT [ngep

THE NATION'S

CARD

=

- NAEP Grade 12 Cémposite Scale Range

. Overall

Below Basic

Basic

Proficient

Advanced

ool Scmple size is insufficient to permit a rellcble eshmcte

SOURCE: National Center for Education Statistics, Nchoncl Assessment of Educchonc| Progress (NAEP) 1996

Mathematics Assessment.

4.6

* k%

: : THE NATION'S
. 'Standard Errors for Score Percentages for REEORT |reep

. .- “Describe Measurement Task” L

_ , (
Correct Partial Incorrect Omit
Overall 0.7 1.5 1.6 1.0
Males 0.9 1.9 1.9 1.6
Females 0.9 2.3 2.4 1.2
White 1.0 1.9 2.1 1.0
Black 0.8 2.8 2.7 2.2
Hispanic 0.7 2.8 3.5 2.7
Asian/Pacific Islander *oxx >k > >
Americon Indian * ok *Ex *Ex *xx

*** Sample size is insufficient to provude a reliable estimate

SOURCE! National Center for Education Stchshcs National Asséssment of Educchoncl Progress (NAEP} 1996

Mathematics Assessment.

Student Wonk and Teacher Pla(,n(,es in Malhemallcs a
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Standard Errors for Percentage Correct Within . peoon sy

' Achievement-Level Intervals for _”Descnbe g CARD |er
Measurement Task” " - L ﬁ‘r

Table B4.14

NAEP Grade 4 Composil'é Scale Range

“Overall ' Below Basic Basic Proficient Advanced

0.7 - 1.1 - 24 . e

*** Sample size is insufficient to permit a reliable estimate.

- - Standard error estimate cannot be accurately determined.
SOURCE: National Center for Education Stafistics, National Assessment of Educational Progress (NAEP) 1996
Mcthemohcs Assessment.

THE NATION’S

Table B4 Standard Errors for Score Percentages for REPORT Inaep
~ jable 715 ‘ “Compare Areas of Two Shapes,” Grade 4 . gn‘,
, Correct ~ Incorrect . Omit
' - Bob-No Adgqun'e NotBob
: : . Explanation
Grade 4 N
Overall 0.7 - 1.3 1.3 0.1
Males 1.0 ' 1.8 1.7 0.2
Femo.les 0.8. ' 1.6 1.8 R
White | 0.9 16 1.6 0.1
Black ‘ 3.6 3.6
Hispanic 2.6 2.6
Asian/Pacific Islander 3.8 4.2 5.0 ---
American Indian ok 1 ok ko *oxk

*** Sample size is insufficient to permit a reliable estimate.

- - Standard error estimate cannot be accurately determined.
SOURCE: National Center for Education Statistics, National Assessment of Educcnono| Progress (NAEP) 1996
Mathematics Assessment.

Standard Errors for Percentage Correct Within  peoorr ey

Achievement-Level Intervals for “Compare Areas  CARD ReEp
- of Two Shapes,” Grade 4 _ _ §

Table B4.16 B

NAEP Grade 4 Composite Scale Range

Overall * Below Basic Basic Proficient Advanced

07 Lo 29 | ae

*** Sample size is insufficient to permit a reliable estimate.

- - Standard error estimate cannot be accurately determined.
SOURCE: National Center for Education Statistics, National Assessment of Educohonol Progress {NAEP) 1996
Mathematics Assessment. Co
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IText Provided by ERIC

-+ Table:

Standard Errors for Score Percentages for

“Compare Areas of Two Shapes,” Grades 8 and 12

THE NATION'S

REPORT
CARD

neep

_Grode 8. .

Males
Females

White
Black

Hispanic -
Asian/Pacific Islander.

American Indian

Mathematics Course Taking:
Eighth-Grade Mathematics
~ Pre-Algebra

Algebra

Grade 12

Overall

Males
Females

White

Black

_ . Hispanic
Asian/Pacific Islander

' American Indian

Geometry Taken

Highest Algebra-Calculus
. Course Taken:
Pre-Algebra

First-Year: Algebra
Second-Year Algebra

_ Third-Year
Algebra/Pre-Calculus
Calculus

*** Sample size is insufficient ta permit a reliable estimate.

Overall

Corred - Incorrext “om
Bob—No Adequate
Explanation Not Bob
- 0-2 1.4 0.5
2.2 . 1.5 2.1 0.8
1.6 - 1.5 1.7 0.5
1.9 1.1 17 0.4
7 2.8 2.9 1.2
2o 3 4.3 2.0
2.2 . 1.6 2.2 0.4
2.0 1.7 1.9 0.7
2.9 1o 28 07
1.3 1.1 1.3 0.5
2.0 2.0 2.3 0.8
' 1.0 1.7 0.6
1.5 1.4 1.7. 0.5
- 2.2 2.5 1.9
5.2 27 i >
8.2 4.1 7.2 2.2
1.3 1.2 1.3+ 0.6
3] 3.2 6.0 2.3
2.9 2.5 2.6, 1.0
].‘9 . ].]: ]“7 06
3.4 2.2 3.3 1.6
>4 3.4 5.6 1.6

~- Data far grade 8 Asian/Pacific Islanders are nat reparted due ta cancerns about the accuracy and precisian of the natianal
estimates. See Appendix A far further detail.

SOURCE: Natianal Center far Educatian Sta

Mathematics Assessment.

ent Work and Teacher. Practices in Mathematics

o 348

fistics, Natianal Assessment of Educational Pragress (NAEP} 1996
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Standard Errors for Percentage Correct Wlfhm REJS,ETN?I_;%S

Achievement-Level Intervals for - CARD
~Compare Areds of Two Shapes,” Grades 8 and 12 SoN

NAEP Gmdes 8 and 12 Composite Scale Ranges

Overall Below Basic Basic 15 Proficient Advanced

‘Grade 8 32 -

wh

N —

— N
:";- N
[o ]

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress [NAEP) 1996
Mathematics Assessment.

THE NATION’S
“Table B4.19 Standard Errors for Score Percentages for R s |r=ep
T “Find Perimeter (Quadrilateral)” : ﬁ\»
\
— : Correct Incorrect Omit
Between Between Between
6and 7 7and 8 S5and 6 Other
Overall 1.3 0.8 0.6 1.6 1.2
Males 1.7 1.0 0:9 2.0 1.6
Females 1.7 L 0.9 2.4 1.8
White 1.7 1.1 07 | 22 | 15
Black 1.9 0.9 0.6 . 3.3 3.3
Hispanic 27 0.5 1.8 3.7 2.8
Asian/Pacific Islander -— - - - -
American Indian el XrH el el el
Mathematics Course Taking:
Eighth-Grade Mathematics 2.2 1.0 0.8 24 2.2
Pre-Algebra 2.3 1.2 1.1 3.4 2.1
Algebro 2.8 1.5 1.3 2.7 1.8

*rx Somple size is insufficient to permit a reliable estimate.

-— Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy ond precision of the national
estimates. See Appendix A for further detail.

SOURCE: National Center for Education Statistics, National Assessment of Educohonol Progress (NAEP) 1996

Mathematics Assessment.

347
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.Standard Errors for Percentage Correct  gepopt
. Within Achievement-Level Intervals for * CARD
. *”Find Perimeter (Quadrilateral)” '

A

THE NATION'S

reep

=F¢

y

NAEP Grade 8 Composite Scale Range

Overall | Below Basic Basic Proficient * Advanced

1.3 1.4 29 - 4.0 5.8

]

S R B M AR

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

°o - 348
EMC Student Work and Teacher Practices in Mathematics o
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THE NATION’S

Standard Errors for Percentage Correct for REPORT [ngen
Table B5.1 “Com T G . 2 h ” CARD
pare Two Geometric Shapes _ gn‘
’ Extended | Satisfactory|  Partial Minimal Incorrect Omit
|

Overall - 0.1 1.1 1.6 1.2 1.4 0.6

Males 0.2° 1.3 1.8 1.8 2.0 1.1

Females 0.1 1.3 2.1 1.8 1.8. 0.7

White 0.2 1.2 2.1 1.4 1.6 0.6

Black 1.9 - 3.1 3.1 . 3.5 2.3

Hispanic |  --- .20 3.5 3.7 3.9 2.1

Asian/Pacific Islander . 4.4 3.7 4.9 - 59 2.3

Americcn|ndicn * k% * k% * %k % **j* * k% * %k %

*** Sample size is insufficient to permit a reliable estimate.

- - Standard error estimate cannot be accurately determined.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

THE NATION'S

Standard Errors for Percentage Satisfactory Within geport -
Table B5.2 Achievement-Level Intervals for “Compare Two . CARD =
.Geometric Shapes” g\’
| . NAEP Grade 4 Composite Scale Range
. Overdll Below Basic Basic Proficient Advanced
1.1 1.1 - 1.6 2.6 *E*

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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REPORT

Standard Errors for Percentage Correct for SARD

”Use Similar Triangles”

THE NATION'S

naep

=

\j

r

Percentage Correct

1.4

2.1

1.6

White 1.6

Black 4.6

Hispanic 3.0

Asian/Pacific Islander 6.6

American Indian *ak

Geometry Taken ' 1.4
Highest Algebra-Calculus
Course Taken:

Pre-Algebra *r

First-Year Algebra 3.4

Second-Year Algebra 2.0

Third-Year Algebra/Pre-Calculus 3.6

Calculus 5.2

R o o e e R L ] ’mﬁﬁ“@’mﬁfmﬁﬁﬁfﬂuﬁ5‘:fﬁ?»'v‘ AT R B R

- *** Sample size is msthaent to permit a reliable estimate.

SOURCE: Nafional Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

”Use Similar Triangles”

Standard Errors for Percentage Correct Within REJS,ET"%‘:;;S
Achievement-Level Intervals for CARD

=5y
p

NAEP Grade 12 Composite Scale Range

Overall -

Below Basic Basic Proficient "-Advanced

2.4 18 4.2 L e

At 5Nl el < RGN n b

bl Somple size is lnsuffment to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

EMC Student Work and Teacher Practlces in Mathematics ‘- 350

Aruitoxt provided by Eic:

B-43



Table B5.5

Standard Errors for Score Percentages for

THE NATION’S

Overall

Males
Females

‘White

Black

Hispanic
Asian/Pacific Islander
American Indian

Geometry Taken

Highest Algebra-Calculus
Course Taken:
Pre-Algebra

" First-Year Algebra
Second-Year Algebra
Third-Year
Algebra/Pre-Calculus

Caleulus 56 | 50 43 4.1 23 |

*** Sample size is insufficient to permit a reliable estimate.

- - Standard error estimate cannot be accurately determined

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

“Draw a “Egggg neEp
‘Parallelogram  with Perpendicular Diagonals” Eﬁ
Correct Incorrect Omit
Rhombus Quadrilateral
that is Not : with Incorrect
a Square Square Diagonals Other
0.8 0.9 1.5 1.4 1.1
1.0 1.3 1.7 2.0 . 1.5
1.4 1.1 2.1 . 1.4 1.6
1.0 1.2 1.6 1.4 1.2
0.9 0.9 3.5 3.5 3.5
1.3 1.7 . 4.6 4.8 3.7
4.9 4.8 8.8 4.0 - 4.1
1.0 1.0 1.6 1.4 1.0
6.8 6.0 4.9
1.2 1.6 2.5 - 2.3 2.1
1.2 1.4 2.2 1-8 1.5
2.3 3.1 3.6 2.0 1.5

Table B5.6

' Standard Errors for Percentage Correct Within

Achievement-Level Intervals for “Draw a

Parallelogram with Perpendicular Diagonals”

- REPORT [ngep

THE NATION'S

CARO

=2
3

Overall

NAEP Grade 12 Composite Scale Range

Below Basic

Basic

Proficent

Advanced

1.3

0.7+

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

B-44
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Standard Errors for Score Percenrages for “Use

THE NATION'S

Overall

Males
Females

White

Black

Hispanic
Asian/Pacific Islander
American Indian

Geometry Taken

Highest Algebra-Calculus
Course Taken:
Pre-Algebra

First-Year Algebra
Second-Year Algebra
Third-Year
Algebra/Pre-Calculus .
Calculus

*** Sample size is insufficient to permit a reliable estimate.

- Standard error estimate cannot be accurately determined.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP} 1996

- Mathematics Assessment.’

Protractor to Draw Perpendicular Line and. CARD i
Measure Angle” g\\
“Correct : Ihtorred Omit
» Line, ~ Angle,
Correct Angle Correct Line Other
1.4 0.5 0.9 1.5 0.7
1.6 0.8 1.4 2.1 1.1
1.9 0.7. 1.3 2.0 1.0
1.8 0.7 1.2 2.0 0.9
1.8 0.9 2.8 . 3.1 . 2.1
2.9 1.4 2.3 4.1 2.1
7.0 1.5 4.5 8.0 0.8
16 0.6 1.2 1.6 0.5
1.7 1.0 2.0 2.7 . 1.1
2.0 0.7 1.5 2.5 0.7
4.5 1.5 3.1 2.8 2.3
2.8 4.3

Standard Errors for Percentage Correct Within
Achievement-Level Intervals for “Use Protractor to
Draw Perpendicular Line and Measure Angle”

THE NATION'S
REPORT [ngpp

CARD
=y

NAEP Grade 12 Corﬁposite Scale Range

Below Basic

Basic

Proficient

Advanced

Overall

1.4

1.6

4.0

* %k k

il Scmple size is msufﬂaent to permit a reliable estimate.

-- Standard error estimate cannot be accurately determined.

SOURCE: National Center for. Education Statistics, National Assessment of Educchoncl Progress (NAEP) 1996

Mathematics Assessment.

Q
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_ . THE: NATION'S
Standard Errors for Percentage Correct for R |reep
“Assemble Pieces to Form a Square” , E\‘,

Percentage Correct

Overall 1.3

_ Males 1.6

Females o 1.7

White 1.3

- Black 3.8

Hispanic 4.2

Asian/Pacific Islander _ 4.8

American Indian * ok

Overall | : 0.8

Males 1.3

Females 1.1

"White 0.7

Black 3.0

Hispanic 3.1

Asian/Pacific Islander : -

American Indian * ok
Mathematics Course Taking:

Eighth-Grade Mathematics - 1.3

Pie-Algebra 1.6

Algebra 2.4

RN LI TR

***Sample size is msufflaent to permit a rehable estimate.

— — Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the
national estimates. See Appendix A for further detail.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress [NAEP) 1996
Mathematics Assessment.

Q
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O

: Standard Errors for Percentage Correcf Within -
lTableYB'’5%10) Achievement-Level Intervals for
' * "+ “Assemble Pieces to Form a Square”

THE NATION'S

REPORT
“cARD NP

3

NAEP Grades 4 and 8 Composite Scale Ranges

Overall Below Basic Basic Proficient Advanced

Graded4 | 1.3 3.1 - 1.5

Grade 8 0.8 1.8 1.1 0.7 ol
[ R = R NP P R T LA YRR LT
*** Sample size is insufficient to permnt a rellable estimate.

- - Standard error estimate cannot be accurately determined.
SOURCE: National Center for Education Statistics, National Assessment of Educahonal Progress (NAEP) 1996
Mathematics Assessment.
B-47
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. THE NATION'S

R Standard Errors for Score Percentages for REPORT rvaep
Table B5.11 A, e P
. Assemble Pieces to Form Shape , .
. gty f
Correct Incorrect Omit
" Rhombus Not a Rhombus .
Overall 09 02 1.2 0.7
~ Males 14 0.4 1.7 1.0
Females 1.3 0.3 1.7 0.8
White 1.1 0.3 1.4 0.7
Black 1.7 .-- 3.0 ~ 2.2
Hispanic . - 2.2 3.1 2.9
Asian/Pacific Islander ‘ 4.9 6.0 '
American Indian ek *xox ek el
Overall ‘ ] .2 07 » 1.3 04
Males 9 09 | = 20 0.5
Females 1.7 0.8 1.8 0.6
White 1.7 0.8 1.8 04
~ Black 27 1.4 2.9 1.0
Hispanic 3.2 2.6 3.7 1.8
Asian/Pacific Islander -— ) - - -—
American Indian *rx el L Kex el
Mathematics Course Taking: ,
Eighth-Grade Mathematics 2.2 0.9 ’ 2.0 , 0.5
Pre-Algebra 24 0.9 - 2.2 0.6
_ Algebra 2.6 1.8 2.5 0.8
Grade 12
Overall 1.2 0.6 1.1 0.4
Males 1.9 - 0.8 2.1 : 0.7
Females 1.8 08 1.6 0.6
White 1.4 ' 0.6- R V- TN 04
Black | 3.1 1.3 3.0 1.5
Hispanic 3.9 3.4 3.5 1.7
Asian/Pacific islander 57 _30 47 -
American Indian *kx ’ el *rx il
Geometry Taken 1.5 0.6 1.5 0.3
Highest Algebra-Calculus
Course Taken: ‘ . _ :
Pre-Algebra 6.0 6.8 - 54 A 29
First-Year Algebra 3.0 1.1 2.6 : .. 08
Second-Year Algebra 1.9 . 1.9 | 0.5
Third-Year Algebra/Pre-Calculus 4.2 1.5 3.8 0.8
Calculus 52 2.8 ' 5.0

*** Sample size is insufficient ta permit a reliable estimate.

— — Data far grade 8 Asian/Pacific Islanders are nat reparted due ta cancerns abaut the accuracy and precisian af the
natianal estimates. See Appendix A far further detail.

- - - Standard errar estimate cannat be accurately determined.

SOURCE: Natianal Center far Educatian Statistics, Natianal Assessment of Educatianal Pragress (NAEP) 1996
Mathematics Assessment.
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~Standard Errors for Percentage Correct Within  peport emy

Ach:evemenf-Level Intervals for cARD [T ooh
“Assemble Pieces to Form Shape” EA’
f NAEP Grades 4, 8, and 12 Composite Scale Ranges
Overall Below Basic Basic Proficient Advanced
Grode 4 0.9 1.0 1.8 4.6 * ok x
Grade 8 1.4 2.3 2.8 4.2 *okox
Grade 12 : 1.8 3.6 *hx

*hx Sample size is insufficient to permit a rehable estimate.
'SOURCE: National Center for Education Statistics, National Assessment of Educational Progress ([NAEP} 1994
Mathematics SAssessment.

THE NATION'S

Standard Errors for Percentage Correct for REFORT [naep

“Reason About Betweenness” g\,

 Table B5.13 :

PN

Percentage Correct

. Overall 1.4

Males - 20

Females 1.5

White ‘ 1.8

Black 2.5

Hispanic v .27

Asian/Pacific Islander --

Americon Indion il
Mathematics Course Taking:

Eighth-Grade Mathematics 2.0

Pre-Algebra A 2.3

Algebrc 2.8

el Samp|e size is msuFflment to permlt a reliable estimate.

~ - Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the
national estimates. See Appendix A for further detail. ’

SOURCE: National Center for Education Statistics, National Assessment, of Educational Progress (NIAEP) 1996
Mathematics Assessment.

Yc - 356 '
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Achievement-Level Intervals for

“Reason About Betweenness” .

~ Standard Errors for Percentage Correct Within

THE NATIDN'S

REPORT
CARD | B

J

Overadil

NAEP Grade 8 Composite Scale Range

Below Basic

Basic

Proficient

Advanced

SOURCE Nchonol Center for Education Statistics, Nchoncl Assessment of Educohonol Progress (NAEP) 1996

Mathematics Assessment.

1.9

2.6

8.7

Table B5.15

Overall

Males

Females

White

Black

Hispanic
Asian/Pacific Islander
American Indian

Geometry Taken

Highest Algebra-Calculus
Course Taken:
Pre-Algebra

First-Year Algebra
Second-Year Algebra

Third-Year -

~ Algebra/Pre-Calculus
Calculus

*** Sample size i$ insufficient to permit a reliable estimate.

- - Standard error estimate cannot be accurately determined.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

B-50
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THE NATION'S
Standard Errors for Score Percentages for “Describe REPOR [ngpn
p CARD
Geometric Process for Finding Center of Disk” E’
\
Extended | Safisfactory | Partial Minimal Incorrect Omit
0.2 1.2 1.2 1.7 1.2 1.3.
0.4 1.6 .23 2.6 1.7 2.0
1.5 1.0 1.9 1.7 1.9
0.3 1.4 1.7 2.2 1.4 1.5
1.7 1.6 2.8 4.1 4.5
2.5 2.7 3.8 - 3.2 3.5
1.7 7.4 6.5 5.0 5.4 4.3
0.2 1.4 1.4 1.7 1.5 1.5
0.0 2.4 --- 57 6.1 5.4
. 1.9 1.7 3.7 2.9 3.5
0.3 1.9 1.1 1.7 1.8 1.9
1.0 2.7 2.0 3.3 2.8 3.1
4.4 3.3 6.4 7.3 4.9

Student Work and Teacher Practices in Mathematics



Q

THE NATION'S

Standard Errors for Percentage Satisfactory Within pegpopr -
Achievement-Level Intervals for “Describe caRD |
Geometric Process for Finding Center of Disk” {

t t

NAEP Grade 12 Composite Scale Range
Advanced

Overall Below Basic Basic Proficient

1.2 4.3

*** Sample size is msuffucuent to permut a rehoble estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress [NAEP) 1996
Mathematics Assessment.

THE NATION'S

Standard Errors for Percentage Correct for REPORT [reep
“Read a Bar Graph” L
‘ \

4

* Percentage Correct

Overall 1 4

Males v ' 2.1

Females 1.8

‘White | 1.7

Black 3.4

Hispanic 3.2
Asidn/Pacific Islander *rx

American Indian

*oax Somple size is msufﬁment to permut a rehoble esnmote

* SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Standard Errors for Percentage Correct Within REJS:}"&;ON'S
Achievement-Level Intervals for cARD [P
“Read a Bar Graph” : . {

NAEP Grade 4 Composite Scale Range |

Overall

Below Basic

Buasic

Proficient -

Advanced

1.4

R e e o e T R e R ROV TR

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress [NAEP) 1996
Mathematics Assessment.

EMC Student Work and Teacher- Pracnces in Mathematics
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THE NATION'S
Tabl Standard Errors for Score Percentages for REFORT [naep]
able B6.3 “Use Data from a Chart” - BX
Correct Incorrect Omit
Shape N- Shape N-No,
Correct or Incorrect,
Grade 4 Explanation Explanation 'Shape @ Other
Overall 1.4 1.3 1.7 1.1 0.5
Males 1.8 1.6 2.0 1.7 0.8
Females 20 1.6 2.5 1.5 0.8
White 1.8 1.4 2.0 1.1 0.6
Black 2.7 2.5 3.9 33 0.8
Hispanic 2.6 3.5 40 50 22
Asian/Pacific Islander 57 4.1 58 4.6 -
Americcn 'ndion * kK ] * ko * ko *hh * kK
.
Overall 2.0 1.5 Cor2 1.1 0.2
Males 29 2.1 1.7 1.6 03
Females 2.2 1.6 1.2 1.2 .-
White 2.2 1.8 1.3 1.0 ---
Black 3.8 3.4 3.0 3.1 1.2
Hispanic 4.0 1.9 3.4 2.6 ---
Asian/Pacific Islander - - L - - -
Americcn Indion ] * Kk h * kK * kK . . *h*x * k&
Mathematics Caurse Taking:
Eighth-Grade Mathematics 2.5 22 1.9 1.3 0.0
Pre-Algebra 4.2 27 2.6 1.8 0.0
Algebra 33 1.9 1.6 29 0.0
Overall 1.5 1.3 0.7 0.8 03
" Males 2.1 2.1 1.1 1.0 0.5
Females 1.7 1.4 1.0 0.9 0.3
White 1.7 . 1.4 0.8 0.7 03
Black 3.7 2.6 30 1.8 » 1.2
Hispanic - 43 39 2.1 2.7 1.5
Asuon/Pomflc Islander 56° 29 3. 46 1.2
AmerICOn IndIOn * kK . * kK ) * k& * kK * kK
Geametry Taken 1.4 1.3 0.9 0.8 03
Highest Algebra-Calculus
Caurse Taken:
Pre-Algebra . 60 4.9 3.1 3.1 1.8
First-Year Algebra 3.0 3.3 ) 2. 1.6 09
Secand-Year Algebra 1.7 1.5 1.1 1.0 0.3
Third-Year
Algebra/Pre-Calculus 3.8 ' 37 1.6 16 0.3
Caleulus ' 4.9 4.0 3.4 24 . .
.- |

*** Sample size is insufficient ta permit a reliable estimate. .
~- Dota far grade 8 Asian/Pacific Islanders are nat reparted due ta cancerns abaut the accuracy and precision af the natianal
estimates. See Appendix A far further detail.
- - Standard errar estimate cannat be accurately determined.
SOURCE: Natianal Center far Educatian Statistics, Natianal Assessment of Educatianal Pragress (NAEP) 1996
Mathematics Assessment.

Q ‘ ) o
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Standard Errors for Percentage Correct Wlfhm

- Achievement-Level Intervals for
“Use Data from a Chart”

THE NATION'S

REPORT
CARD NeEp

\

|NAEP Grades 4, 8, and.12 Composite Scale Ranges
Overall Below Basic Basic Proficient . Advanced
Grade 4 1.4 1.4 2.7 4.3 -
Grade 8 2.0 3.0 2.8 3.6 ok
Grade 12 1.5 2.4 1.8 50 -

b Somple size is |nsuFf|C|ent to permn o relloble estimate.

SOURCE: Natianal Center for Educatian Statistics, Natianal Assessment of Educatianal Pragress (NAEP] 1996

Mathematics Assessment.

THE NATION’S

Standard Errors for Score Percentages for REPORT [noen
” H H g ” CARD
Recognize Misleading Graph : !
. : \
Correct _ Partial Incorrect Omit
Graph B- | Graph B—Incomplete |  Graph B-
Complete . but Partially No or Incorrect
Explanation | Correct Explanation | Explanation
Overall 0.4 1.3 1.5 1.5 1.6
Males 0.5 2.2 2.2 1.9 1.9
Females . 0.7 1.8 2.2 1.7 2.0
White 0.5 1.8 1.8 1.9 1.7
Black --- 1.7 4.5 4.2 4.5
Hispanic 2.0 4.8 4.1 5.4
Asncn/Pocnf:c Islander - -= - -= -—
Americon Indion il e rEE il bl
Mathematics Course Taking:
Eighth-Grade Mathematics 0.4
' Pre-Algebra 1.1
Algebra 0.8

e Somp|e size is |nsuFf|C|ent ta permn a reliable estimate.
—- Dato for grade 8 Asian/Pacific Islanders are nat reparted due ta cancerns abaut the occurocy and precision of the natianal

estimotes. See Appendix A for further detail.

- - Standard error estimate cannot be accurately determined.

SOURCE: Notianal Center for Educohon Stotistics, Natianal Assessment of Educohonol Pragress (NAEP) 1996

Mathematics Assessment.

ERIC

Aruitoxt provided by Eic:

{
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Table B6..

Standard Errors for Percentage at Least Partial
Within Achievement-Level Intervals.for

THE NATION'S
REPORT [

CARD |_~
=

“Recognize Misleading Graph”

Overall

NAEP Grade -8 Composite Scale Range

Below Basic

Basic

4

Proficient

Advanced

1.5

1.9

2.8

3.6

L kKK

*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress {NAEP) 1996

Mathematics Assessment.

Table B6.7

Standard Errors for Score Percentages for “Use

- THE NATION'S

Grade :1'2' -

Overall

Males -

Females

White

Black

~ Hispanic
Asian/Pacific Islander
American Indian

Geometry Taken

Highest Algebra-Calculus
Course Taken:
Pre-Algebra

First-Year Algebra
Second-Year Algebra

» Third-Year
Algebra/Pre-Calculus
Calculus

lalalel Somple size is insufficient to permit a rehoble estimate.
SOURCE: National Center for Educohon Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment,

B-54
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1 , REPORT g
Data in Table to Compute Average Hourly Wage = CARD
and Determine When Wage Rate Changes” E\\’
Correct Partial Incorrect Omit
1.0 1.7 1.6 0.6
1.3 2.2 2.1 0.7
1.6 2.3 2.0 0.8
1.3 - 2.1 2.1 0.4
0.9 5.2 5.2 2.0
1.8 3.5 5.0 3.5
4.5 5.4 7.5 1.7
1.3 1.9 1.8 0.6
3.0 3.1 1.3
1.9 2.0 0.5
2.7 3.8 3.6 0.8
5.4 4.1 3.1 1.8

Student Work and Teacher Practices in Mathematics



Standard Errors for Percentage Correct Within REJSFETNATIUN,S
Achievement-Level Intervals for “Use Data in Table '~ (app 2P

NAEP Grade 12 Composite Scale Range

Overall Below Basic. |- Basic Proficient Advanced

1.0 1.1 ' 1.6 4.1 il

o ot M R ,
*** Sample size is insufficient to permit a rehcble estimate.
SOURCE: National Center for Education Stcmshcs, National Assessment of Educchoncl Progress ([NAEP) 1996
Mathematics Assessment.

3 Ry

TR LRIV 0 b T

Standard Errors for Score Percentages for “Reason RE R [reep

About Sample Space”

Overall [ 1.1 | 09 0.4 0.5 03 0.1

Males 1.6 1.2 0.7 0.9 0.5 0.3

Females 1.5 1.3 0.5 0.6 0.3 0.1

White 1.1 1.0 0.5 0.5 0.2

Black 2.8 2.4 1.3 2.2 1.3 ---

Hispanic © 4. 2.5 0.7 |- 3.0 1.6 <.

Asian/Pacific Islander -= -— R - -— -=

Americon Indion * %k Kk * %k Kk * k Kk * %k Kk * Kk k * Kk Kk
Mathematics Course Taking: | ' _

Eighth-Grade Mathematics 1.9 1.3 0.9 1.0 0.4 0.3

Pre-Algebra 2.4 2.1 0.7 1.1 0.4 0.0

Algebro : 1.9 1.4 0.4 1.3 06 | 0.0

*** Sample size is msufﬂaent to permit a rellcble estimate.

- Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the national
estimates. See Appendix A for further detail. :
- - Standard error estimate cannot be accurately determined.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

\ 362 :
Student Work and Teacher Practices in Mathematlcs . B-55
ERIC sud
:

to.Compute Average Hourly Wage and —
Determine When Wage Rate Changes” —L \

THE NATION'S



Q

ERIC

Aruitoxt provided by Eic:

. Table B6.10

Sfandard Errors for Percentage with at Least Three RepORT
Corrjecf Within Ach:evemenf-Level Intervals for

" “Reason About Sample Space”

‘THE NATION'S

CARO

ST

\

NAEP Grade 8 Composite Scale Range

Overdll Below Basic

Basic !

Proficient Advuncedi

0.8 2.0

- - Standard error estimate cannot be accurately determlned
" SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996 -

. Mathematics Assessment.

1.0

Table B6.11

THE NATION'S

Standard Errors for Percentage Correct for REPORT Inaep
“|dentify Representative Sample” -
: . \

Overall

Males
Females

White

Black

Hispanic
Asian/Pacific Islander
"~ American Indian

Mathematics Course Taking:
Eighth-Grade Mathematics
Pre-Algebra

Algebra

Percentage Correct

1.6

1.8
2.4

1.8
3.7
3.9

% * K

*** Sample size is insufficient to permit a reliable estimate.

R R T L

—— Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the national
estimates. See Appendix A for further detail.

-- Standard error estimate cannot be accurately determined.
SOURCE: National Center for Education Stohshcs National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

B-56
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Standard Errors for Percentage Correct Within
 Achievement-Level Intervals for
”ldenhfy Representative Sample”

REPORT [rgep

THE NATION'S

CARD

=

Overdll

NAEP Grade 8 Composite Scale Range -

Below Basic

Basic

Proficient

1.6

27

27

2.6

Advanced

Stondcrd error estimate cannot be accurately determined.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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THE NATION'S

1 Standard Errors for Score Percentages for REPORT |naep
Table B6.13 “Compare Mean and Median” g i
‘ . ‘ : \
Extended | Satisfactory Partial Minimal | Incorrect | Omit
/ Better Measure
and Complete
Better Measure Explanation
Better Measure | Both Theaters; 1 Theater; or Better | Better Measure
Both Theaters; Complete Measure Both Theaters | . 1 Theater; No
Complete Explanation with No or or Incomplete
Explanation for 1 Theater Incomplete Explanation Explanation
Overall | 03 0.5 1.0 1.4 1.4 1.5
Males | 0.5 0.7 1.7 1.9 2.2 2.5
Females 0.5 1.1 2.0 1.9 1.6
White 0.4 0.7 14 17 1.3 1.7
Black .- - 1.3 .4.0 3.9 44
Hispanic - .- 2.2 33 7.1 7.4
Asian/Pacific Islander | --- 2.1 3.0 6.0 53 6.2
Americon Indion *jk* * k * * %k * k% * k * * %k Kk
Geometry Taken |- 0.4 06 1.1 1.6 1.6 1.9
Highest AlgebraCalculus
Course Taken:
Pre_Algebro * %k %k * k * ' * %k %k * k * * k k * %k %
First-Year Algebra --- 0.8 1.8 . 2.8 34 | 3.1
Second-Year Algebra 0.2 0.5 1.3 20 2.1 2.2
Third-Year
Algebra/Pre-Calculus —r- 2.0 3.8 4.6 3.4 4.6
Calculus 2.7 2.1 3.7 4.1 © 4.4 3.5

*** Sample size is insufficient to permit a reliable estimate.

--- - Standard error estimate cannot be accurately determined.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

365
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R . THE NATION'S
i Standard Errors for Percentage Correct for REPORT [reaep
Table-B “Determine a Probability” .
By (
Percentage Correct
Overall 1.5
Males - 2.2
Females ‘ 1.6
White . 1.8
Black 3.0
Hispanic 4.0
Asian/Pacific Islander 3.7
Amerlcon Indlon ' *hx .
E . R = T T T T rm
*rk Scmple size is |nsuff|C|ent to permn a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
Q : . . .
EMC Sludent Work and Teacher Practices in Mathemahcs _ ' , ' B-59

Aruitoxt provided by Eic:

Standard Errors for Percentage at Least Satisfactory pepger (reney

Within Achievement-Level Intervals for ] s
“Compare Mean and Median” A - BEx

NAEP Grade 12 Composite Scale Range

Overall - Below Basic Bosic Proficient Advanced
.. 0.9 3.9 xx
RO T T G v"".‘ﬂ

*** Sample size is insufficient to permit a reliable estimate.

- Standard error estimate cannot be accurately determined.
SOURCE: National Center for Education Stohshcs National Assessment of Educational Progress [NAEP) 1996
Mathematics Assessment.




. 'Standard Errors for Percentage Correct Within

-Achievement-Level Intervals for
“Determine a Probability”

THE NATION'S
REPORT
CARD

neep

3

. - Overall

NAEP Grade 4 Composite Scale Range

Below Basic

. Basic

. Proficient

Advanced

1.5

023

ro Scmple size is msufﬁment to permlt a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educahoncl Progress (NAEP) 1996

Mathematics Assessment.

2.3

3.6

Table B6.17

* k k

Overall

Males
Females

White

Black

Hispanic
Asian/Pacific Islander
American Indian
Geometry Taken

Highest Algebra-Calculus

Course Taken:

Pre-Algebra

First-Year Algebra

Second-Year Algebra
Third-Year
Algebra/Pre-Calculus

Calculus

THE NATION'S
Standard Errors for Score Percentages for RE T (e
- V4 ” .
Compare Probabllmes s
AR . N
Correct Partial Incorrect Omit

Correct Answer
to “Yes/No”
Question; Correct

Correct Answer
to “Yes/No”
Question; Partial

Correct Answer
to "Yes/No”

"'|'Incorrect Answer
Question; Incorrect |

to “Yes/No”

Explanation | . Explanation Explanation Question

0.8 15. 1.7 1.7 0.7
1.3 2.3 2.4 2.1 0.9
0.9. 19 2.1 2.1 1.0
0.9 1.9 2.2 2.1 0.9
1.9 2.9 3.0 3.4 2.0
2.9 2.7 5.9 6.9 3.0
3.6 57 6.1 7.5

1.0 1.7 1.9 1.8 0.7
1.9, 2.5 25 3.9 1.1
1.3 1.7 2.4 2.6 0.7
2.2 48 3.3 4.4 3.1
3.6 3.7 4.0 4.1 4.2

el Scmple size is |nsuff|C|ent to permit a relncble estimate.

- - Standard error estimate cannot be accurately determined.
‘SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Standard Errors for Percentage Correct Within

Achievement-Level Intervals for

“Compare. Probabilities”

THE NATION'S:

REPORT
CARD

neep
\

NAEP Grade 12 Cbmposi?e Scale Range

“Overall Below Basic Basic Proficient Advanced
1.6 1.7 2.6 4.9
1% e Had - T -;lﬂ 7@' L5 : A T A T R T PR RS AR VAT

*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP} 1996
Mathematics Assessment.

Standard Errors for Percentage Correct

. for “Find Number of Diagonals

 THE NATION'S

. REPORT

CARO

(ST

=

in a Polygon from a Vertex”

B

B * " Percentage Correct
‘.Overd_‘ll 1.6
Males 2.0
Females 2.1
White 1.7
Black 2.9
Hispanic 4.0
Asian/Pacific Islander -
American Indian * Rk
Mathematics Course Taking:
~ Eighth-Grade Mathematics 2.9
Pre-Algebra 3.3
Algebra 2.5
M S P TG S 0k P A AT EREAFRRAESY, BELL. . 10 S AN

*** Sample size is insufficient to permit a reliable estimate.
—~ Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and preC|s|on of the national

estimates. See Appendix A for further detail.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Standard Errors for Percentage Correct Within g uons

Achievement-Level Intervals for “Find Number of  CARD [ooF
Diagonals in a Polygon from a Vertex” E\"
NAEP Grade 8 Composite Scale Range
Overall Below Basic Basic " Proficient - Advanced
1.6 22 2.1 2.6

- Standard error estimate cannot be occurotely determined.
SOURCE: National Center, for Education Stonsncs, National Assessment of Educononol Progress (NAEP) 1996
Mathematics Assessment. .

THE NATION'S

€ -
N

PRI Standard Errors for Score Percentages for Pl [naep
Table B7.3 ' " ” CARD
Ny i Descnbe Pattern of Squares in 20"' Figure . .

Grade ‘2 . Bl Extended | Satisfactory " Partial . Minimal Incorrect Omit
Overall | 0.4 0.5 | 1.2 1.4 | 1.4 1.3
Males 0.7 0.6 1.9 1.6 2.0 1.5

Females 0.5 0.9 1.8 2.2 1.9 1.9 .
. White 0.5 0.7 1.5 1.7 1.6 1.2
Black | --- 2.4 .2.6 3.4 4.5
Hispanic 5.1 39 | 48 5.0
Asian/Pacific Islander --- 1.6 6.6 4.7 4.3 4.9
Americon Indion * %k k * %k k * k k . * %k k * %k k * %k k
Geometry Taken 0.4 0.6 1.3 1.7 1.6 1.3

Highest Algebra-Calculus .
Course Taken: . .

) Pre_Algebro * %k k * k %k * %k k l*** * %k k * %k %k
First-Year Algebra 0.8 - 0.4 2.4 27 3.1 2.8

Second-Year Algebra 0.6 0.5 1.8 2.3 1.9 1.7

. Third-Year ' ' . '
Algebra/Pre-Calculus --- 2.8 3.4 3.7 - 3.6 2.4
Calculus 3.0 1.9 . 5.0 5.1 3.6 2.5
S e R L T R R AW L ALY s T RV AR U T |

o Somple size is insufficient to permn a rehoble estimate.

- Standard error estimate cannot be accurately determined.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. :

Q RN £ '.
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“Standard Errors for Percentage at Least Satisfactory geogrr
- Within Achievement-Level Intervals for F
“Describe- Pattern of Squares-in 20" Figure”

THE NATION'S

CARD

neep

=

A

-

NAEP Grade 12 Composite Scale Range
" Overall Below Basic  Basic Proficient Advanced
0.8 ‘ 07 3.6 *xx
im0 : e BRI i 0.7 A i ST A2 AR WA Z02 i1k

*** Sample size is insufficient to permit a reliable estimate.
- Standard error estimate cannot be accurately determined.

SOURCE: National Center for Education Stafistics, National Assessment of Educcmonol Progress (NAEP)]996

Mathematics Assessment.

Sfandard Errors for Percentage Correct for
“Identify Graph of Function”

REPORT
CARD

THE NATION’S

neep

=
\

Percentage Correct

Overall

Males
Females

White

Black

‘Hispanic
Asian/Pacific Islander
American Indian

Geometry Taken

nghest Algebra-Calculus
Course Taken:

Pre-Algebra

First-Year Algebra
Second-Year Algebra
Third-Year Algebra/Pre-Calculus
Caleulus

*** Sample size is insufficient to permit a reliable estimate. :

SOURCE: National Center for Education Statistics, Nohonol Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment

Q Lok
EMC Student Work and Teacher Practices in Mathematics ’ 37 O

1.4

1.8
1.9

1.8
2.8
4.0
6.4

* & Kk

1.6

.27
1.9

20
3.9
. 7.9

LA S e PR AR SRR, KUY
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Standard Errors for Percentage Correct RERLC IATION'S

‘Within Achievement-Level Intervals for - CARD |"op
“Identify Graph of Function” ‘ g\

NAEP Grade 12 Composite Scale Range

e Overall Below Basic Basic Proficient Advanced
1.4 1.9 2.0 6.0
A e AR WL B R R A T N R T SR

e Somple size is msufﬂaent to permn a reliable estimate. Ce
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996 : S
Mathematics Assessment. : . . .

THE NATION’S

Standard Errors for Percentage Correct for. ,."“Egggg NRED
- ”Write Expression Using N” B , gx,
. . {
ade 4 . » o Percentage Correct
Overall 1.2
Males : 1.7
Females - 1.9
White 1.8
Black . 3.0
Hispanic . 4.6
Asian/Pacific Islander - L 4.4
American Indian - *rx

R 0 day R O R L R ISR 74 2T AL A R CEANE: SRR TR SRR TR M A

*** Sample size is |nsuff|C|ent to permn a rehoble eshmote
SOURCE: National Center for Education Statistics, National Assessment of Educationdl Progress (NAEP) 1996
Mathematics Assessment,
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ERIC

Aruitoxt provided by Eic:

THE NATION'S

Standard Errors for Percentage Correct Within ~ gepopr o
Achievement-Level Intervals for caRD [T
“Write Expression Using N” E«;

NAEP Grade 4 Composite Scale Range

Overall Below Basic ‘Basic Proficient Advanced

1.2 2.4 2.2 20
5t i B A e I P B AR U 25 )|

P ﬁmW&mMﬁi% AR o 31 v
*** Sample size is msuFﬁaent to permut a reliable estimate.

SOURCE: National Centerfor Education Statistics, Ndtional Assessment of Educational Progress (NAEP) 1996.
Mathematics Assessment : : . ,

R

AT o o o SO IR

AU

- THE NATION'S
- Standard Errors for Perceéntage Correct for  REEORT (ngep
- “Translate Words to Symbols” ﬁx,
. ] ) \
Percentage Correct
Overall |~ 1.6
Males A
Females ° 2.2
White 2.0
Black 3.1
Hispanic 3.5
Asian/Pacific Islander |- -
American Indian ’ el
Mathematics Course Toking: .
_Eighth-Grade Mathematics _ 3.1
Pre-Algebra 3.4
Algebra 2.1
T e e

e Sample size is insufficient to permit a reliable estimate.

~— Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the national
estimates. See Appendix A for further detail.

SOURCE: National Center for Education Statistics, Ncmoncl Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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ERIC

Aruitoxt provided by Eic:

Standard Errors for Percentage Correct Within
Achievement-Level Intervals for
- “Translate Words to Symbols”

CARD

‘THE NATION'S

REPORT

naep

\

NAEP Grade 8 Composite Scale Range

Lomr Overall

Below Basic Basic Proficient

Advuhced

1.6

W E TIPS R

2.4 2.5

TR AR Y M S P I PO W

1.3

Stondord errar estimate cannat be accurotely determined.
SOURCE: National Center far Education Stotistics, Natianal Assessment af Educatianal Progress (NAEP) ]996
Mathematics Assessment.

Standard Errors for Percentage Correct for
“Find (x, y) Solution of Linear Equaﬂon”

THE NATION'S

REPORT
- CARD

naep
(

Percentnge Correct

Overall ) 1.7

Males 2.3

Females 2.0

White 2.1

Black _ 3.7

Hispanic o 3.2

Asian/Pacific Islander -

American Indian ko
Mathematics Course Taking:

Eighth-Grade Mathematics 2.6

Pre-Algebra 2.8

Algebra 2.5

R R S B e P B T T T IGARRTOR WML PR S,
*** Sample size is insufficient ta permit o reliable estimate.

—- Dato far grade 8 Asian/Pacific Islanders are nat reparted due ta cancerns abaut the accuracy and precision of the national

estimates. See Appendix A far further detail.

SOURCE: Natianal Center far Education Statistics, Natianal Assessment of Educatianal Pragress NAEP) 1996

B-66
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Standard Errors for Percentage Correct Within
Achievement-Level Intervals for
“Find (x, y).Solution of Linear Equation”

THE NATION’S

REPORT
carp |NoEP

\

NAEP Grade 8 Composite Scale Range

Below Basic

Basic

Proficient

Advanced

" Overall

1.7

1.9

3.2

3.6 -

Stondord error estimate cannot be occurotely determmed
SOURCE: Noational Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

. : . ) THE NATION’S
Standard Errors for Percentage Correct for REPORT |naep

“Subtract Integers” = ' .

=
Correct Partial Incorrect Omit
Overall 1.4 0.6 1.5 0.6
Males 2.0 1.0 - 2.2 0.9
Females 1.4 0.6 1.4 0.6
White 1.9 0.8 2.1 0.4
Black 2.1 . 1.8 4.0 2.3
Hispanic 2.9 0.7 3.5 3.2
Asian/Pacific Islander -- - - --
American Indian il EE i i

Mathematics Course Taking:

Eighth-Grade Mathematics 1.9 0.8 2.0 1.1
Pre-Algebra 2:2 0.6 2.4 0.6
Algebro 3.0 1.4 2.7 0.9

*** Sample size is msufﬁaent to permlf a reliable esfimate.
—- Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the occurocy and precmon of the national:

estimates. See Appendix A for further detail.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

. Mothemohcs Assessment.

Q
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ERIC

Aruitoxt provided by Eic:

Standard Errors for Percenrage Correct Within
Achlevemenf-Level Intervals for “Subtract Integers”

THE NATION'S
- REPORT [ngag

CARD
=Xy

—

NAEP Grade 8 Composite Scale Range

-y Overdll Below Basic

Basic Proficient Advanced

1.4 1.4

2.3 3.4 7.2

SOURCE Nononol Center For Educonon Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Standard Errors for Percentage Correct for
“Solve Pair of Equations” .

THE NATION'S
REPORT
CARD [P

=t

o

Overall

Males
Females

White
Black
Hispanic

Asian/Pacific Islander -
American Indian.

Geometry Taken

Highest Algebra-Calculus
Course Taken:

Pre-Algebra

* First-Year Algebra
Second-Year Algebra

Third-Year Algebra/Pre-Calculus
Calculus

ol Somple size is |nsuFf|C|ent to permit o reluoble estimate.

Percentage Correct

o
o

WO — -

SOURCE: National Center for.Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

B-68
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Aruitoxt provided by Eic:

Standard Errors for Percenfage Correct. Within
" Achievement-Level Intervals for .
“Solve Pair of Equations” =X

- THE NATION’S

REPORT
cARp |NEEP

e o v NAEP Grade 12 Composite Scale Range

" Overall Below Basic

Basic Proficient Advanced

1.0 2.8

1.3 L. ke

i Somple size is msufﬂaent to permn o relloble estimate:
- - - Standard error estimate cannot be accurately determined.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) ]996

Mathematics Assessment.

= THE NATION'S
Sfandard Errors for Percentage Correct for REPORT [naep
“Use Tngonometrlc Identity” {
3

Percentage Correct

Overall
Males

Females

White

Black

Hispanic
Asian/Pacific Islander
American Indian

Geometry Taken

Highest Algebra-Calculus
Course Taken:

. Pre-Algebra

: . First-Year Algebra
Second-Year Algebra

Third-Year Algebra/Pre-Calculus
Cclculus

1.6

1.8
2.4

2.0
3.0
3.1
6.7

* %k

1.8

R P N Bk TR Sk SRR AR S

o Somple size is msufﬂaent to permit  religble estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educohoncl Progress (NAEP) 1996

Mcthemohcs Assessment.
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Standard Errors for Percentage Correct Within ﬁﬁggETm,‘ILON,S
Table B7.18 RN ‘Achievement-Level Intervals for CARD |
' “Use Trigonometric Identity” ' ‘ ¢

NAEP Grade 12 Composite Scale Range

Overall- Below Basic | Basic , Proficient Advanced

16 18 . 2.4 5.1 e

*** Sample size is insufficient to ‘permit a reliable estimate.
SOURCE: National Center for-Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

i
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Aruitoxt provided by Eic:

Standard Errors for Average Scale Score by
: Mathematics Course -Enrollment and by Gender,
: Race/thnmry, and Whether School Offers Algebra Tl
: for High School Credit or Placemenf, Grade 8

THE NATION'S
REPORT
CARD |.

, Eighth-Grade Other
Algebra Pre-Algebra Mathematics Mathematics

Percentage | Average | Percentage | Average | Percentage | Average |Percentage | Average
fde & Assessment|  of Scole of Scale of Scale of Scale
Year Students Score Students Score Students Score. Students Score
All Students 1996 1.5 1.7 - 1.8 1.5 2:2 1.3 0.6 - 4.7
1992 1.0 1.8 2.2 1.5 2.6 1.3 0.4 4.1
1990 1.1 2.6 1.8 2.3 2.0 1.4 0.4 5.3
Females 1996 1.6 1.8 1.9 1.9 2.2 1.4 0.7 54
1992 1.3 2.1 2.2 1.8 27 1.5 0.5 54
1990 1.6 2.8 2.1 2.8 2.4 1.5 0.7 *Ew
Males | 1996 1.8 2.0 1.9 1.8 2.5 1.6 0.6 5.6

1992 1.0 2.1 2.4 1.7 2.6 1.4 0.4 5.6
1990 1.2 3.0 1.7 2.8 2.1 1.6 0.5 *okx
White 1996 2.1 1.4 2.3 1.7 2.9 1.4 0.7 4.5
' 1992 1.3 1.6 2.5 1.2 3.1 1.3 0.4 54
1990 1.5 2.5 2.2 2.1 2.3 1.6 0.6 6.9
Black 1996 20 2.9 2.4 2.2 2.2 1.9 1.0 8.2
1992 1.7 .4.8 37 3.1 3.9 1.4 1.2 bl
1990 2.1 *wx 2.9 6.0 4.6 3.2 0.8 *wx
Hispanic 1996 2.3 4.9 2.1 2.7 3.0 2.5 1.1 *okx
1992 1.2 4.3 2.5 2.6 2.8 1.5 0.8 bl
1990 1.5 bl 3.5 4.9 4.1 2.7 0.9 *kx
Asian/Pacific 1996 -— -— - - = - - - - -—
" Islander 1992 51 . 5.0 3.4 bl 5.1 4.6 0.8 bl
]990 6.6 * kK 6.] * kK 6.3 * kK 2.3 * ok k
1996 2.9 *okx 4.8 *okx 7.8 ol 3.2 bl
American Indian 1992 2.7 bl 6.1 b 6.2 3_.8 1.1 bl
' 1990 2.7 *rx 6.8 *rx 5.8 o 1.9 e

School Offers
Algebra for High o :
School Credit or [ 1996 2.2 1.9 22 2.1 2.6 1.5 0.7 5.3
Placement: | 1992 1.3 1.7 2.5 1.5 2.7 1.8 0.5 49
Yes | 1990 1.5 2.7 23 3.2 2.5 1.7 0.7 6.6
1996 2.8 5.6 4.4 4.6 6.4 4.2 1.2 bl
1992 1.6 58 38 2.2 45 2.8 0.3
No | 1990 2.1 3.3 53 4.0

il Somple size is |nsuH|C|ent to permn a reliable estimate.

~ - Data for grade 8 Asian/Pacific Islanders are not reported due to concerns about the accuracy and precision of the national

estimates. See Appendix A for further detail.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1990 1992, and 1996

Mathematics Assessments.
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= THE NATION'S

O v Standard Errors for Percenfage of Sfudenfs REPORT [ngep
BRI B Currently Enrolled in a Mathematics Course by . ||
SO Gender and Race/thmc:fy, Grade 12 S E‘
) Assessment Percentage of
I Year " - ' Students
Grc’_:de,; 12 ‘

All Students 11996 1.2

' ' 1992 1.2

1990 2.0

Females 1996 1.4

1992 1.3

| 1990 2.2

Males | 1996 1.6

1992 1.4

1990 2.4

White 1996. 1.5

1992 1.4

1990 2.5

Black 1996 20

' 1992 2.4

| 1990 3.4

Hispanic .| . 1996 v 2.6

1992 20

1990 " 2.3

Asian/Pacific Islander: : 1996 2.9

1992 2.8

1990 4.9

American Indian | 1996 - 6.0

1992 *xx

1990 *xx

*** Somple size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Stofistics, NohonolAssessmentoF Educational Progress (NAEP) 1990, 1992, ond 1996
Mathematics Asséssments.
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THE NATION'S

Standard Errors for Percentage of Students by Year RepoRT R
. They Inmally Took a First-Year Algebra Course, ~ CARD
Grade 12 !
Assessment | Before 9" g - 10 Mtor 12% |. -

Year Grade Grade Grade Grade Not Taken
All Students | 1996 1.2 | 1 0.9 0.3 0.4
1992 1.0 1.4 0.8 0.5 0.5
Females 1996 1.3 1.4 1.1 0.3 0.5

_ 1992 1.1 1.6 1.0 0.6 0.5.
Males | 1996 | 1.5 1.4 1.0 0.5 0.5
1992 1.1 1.5 1.0 0.6 0.6

White | 1996 .| 1.3 1.4 1.1 0.3 0.4
1992 1.1 1.5 0.8 0.5 0.5
Black | 1996 2.9 3.2 18 1.4 0.8
1992 1.6 3.4 2.4 1.2 1.3

Hispanic | 1996 2.0 3.3 1.8 1.4 1.6
1992 2.0 3.0 2.4 1.4 2.3_
Asian/Pacific Islander | 1996 - 4.1 3.1 2.0 0.4 0.7
1992 4.9 - 3.8 2.6 1.4 0.8
- American Indian | 1996 | 6.5 3.7 8.2 2.8 -
]992 * kK Tk ok ok * ok k * k Kk % kK

*** Sample size is insufficient to permit a reliable estimate.

- Standard error estimate cannot be accurately determined.
SOURCE: National Center for Education Statistics, National Assessment of Educohonol Progress (NAEP} 1992 ond 1996

Mathematics Assessments.
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(Grades 9 through 12) by

Gender and Race/Ethnicity, Grade 12

ST " Standard Errors. for Percentage of Students by
Table B8.4

Number of Semesters of Mathematics Taken -

~ THE NATION'S

REPORT [
T

un
=

Gragle 12 '

All Students

Females

Males

White

Black |.

Hispanic
Asian/Pacific Islander

American Indian

Assessment
Year

7 or More
Semesters

5-6
Semesters

3-4
Semesters .

1-2

Semesters

No
Semesters

1996
1992
1990

1996
1992
1990

1996
1992
1990

1996
- 1992
1990

1996
1992
1990

1996
1992
1990

1996
1992
1990

1996
1992
1990

AN @O0 MNUL Mot —mwN —0w o

x40 AR WNON ANN N—— N——= N—— ———

* k-

**\ld)

*** Sample size is insufficient to permit a reliable estimate.

- - - Standard error estimate cannot be accurately determined.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1990, 1992, and 1996

Mathematics Assessments.
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THE NATION'S

~ Standard Errors for Percentage of Students by  REPORT[ngpg
! . CARD
Mathematics Courses and Years of Study, Grade 12 =Fr
: \
. Assessment More Than One School One-Half Not
Year One Year “Year | Year or Less Studied

‘General Mathematics 1996 1.3 0.9 0.3 1.3
- 1992 1.0 0.8 0.3 1.1
1990 1.8 1.2 0.3 2.3
Business or Consumer 1996 0.4 0.7 0.4 0.9
Mathematics | - 1992 e 0.4 1.0 0.7 1:0
] 1990 0.5 1.0 1.0 1.3
Introduction to Algebra 1996 0.5 1.1 0.6 1.1
or Pre-Algebra 1992 0.5 1.0 0.4 .2
1990 0.6 1.7 0.7 1.8
First-Year Algebra 1996 0.4 0.8 0.5 0.5
1992 0.4 0.9 0.3 0.7
1990 0.7 1.1 0.5 1.0
Geometry 1996 0.4 ) 1.5 0.6 1.1
1992 04 1.3 0.4 1.2
_ 1990 | 0.5 1.7 0.7 1.5
Second-Year Algebra 1996 : 0.3 1.4 0.6 1.2
1992 0.2 1.5 0.7 1.4
1990 0.4 2.1 0.7 1.9
Trigonometry 1996 0.3 1.5 1.2 1.6
1992 0.2 1.2 1.1 1.5
1990 ‘ 0.2 1.5 1.4 1.7
Pre-Calculus, 1996 0.2 1.4 0.8 1.4
Third-Year Algebra 1992 1 0.2 1A 0.8 1.2
1990 0.2 1.5 0.8 1.7
Caleulus 1996 _ 0.2 1 - 0.8 0.3 0.9
1992 0.2 0.7 0.3 0.8
) 1990 0.2 0.7 0.5 0.7
Probability or Statistics 1996 0.4 07 0.7 1.4

1992 - 0.2 0.3 0.6 - 0.7
1990 - 0.2 0.4 1.0 1.2
Unified, Infegrated, or 1996 1.1 0.5 0.4 1.7
Sequential Mathematics 1992 0.4 0.4 0.4 0.9.
Applied Mathematics 1996 0.4 0.7 0.5 0.9

{Technical Preparation)

R T R Gl :
SOURCE National Center for Educchon Stchshcs NchoncIAssessmentof Educchoncl Progress (NAEP) 1990 1992 cnd 1996
Mathematics Assessments.

\‘1

382 n.73




- Standard Errors for Percentage of Students by REPLET LD

I e
_ Table B8.6 | H:ghesf Algebra-fhrough -Calculus Course . Taken, CARD ‘EF
. Grade 12 {
‘ . Pre-Calculus
Assessment| Not Taken First-Year | Second-Year| or Third-Year

Year Pre-Algebra | Pre-Algebra| Algebra Algebra Algebra | Calcvlus

All Students | 1996 0.5 0.3 1.0 1.3 0.9 0.5

1992 0.5 0.5 1.3 1.7 0.8 0.6

1990 0.8 0.7 1.6 1.6 1.1 0.5

Females | 1996 0.4 0.3 1.2 1.5 1.2 0.6

1992 0.6 0.5 1.5 . 1.9 1.0 0.6

1990 1.0 1.0 1.9 1.7 1.2 0.5

Males | 1996 0.7 0.4 1.2 1.5 1.1 0.8

1992 0.7 0.6 1.3 1.8 0.9 0.6

1990 1.2 0.7 1.7 | 1.9 1.2 0.6

White | 1996 0.5 0.4 1.1 1.6 1.1 0.6

: 1992 0.6 0.5 1.5 2.0 0.9 0.6

1990. 0.9 0.8 1.7 2.0 1.4 0.5

Black | 1996 0.9 0.7 2.2 2.6 1.3 0.9

1992 1.5 1.2 1.8 2.8 1.2 0.6

1990 1.8 1.5 2.6 2.5 1.6 0.4

Hispanic | 1996 1.7 1.0 1.8 3.3 1.6 1.0

1992 2.1 1.2 2.6 4.0 1.0 0.8

1990 3.3 2.2 3.2 3.4 0.9 0.7

Asian/Pacific Islander | 1996 1.2 2.0 3.0 3.6 2.8 5.4
1992 0.5 1.6 3.3 - 4.7 3.2 4.0

1990 1.9 6.1 4.8 4.3 3.9 2.9

American Indian | 1996 2.1 1.9 | 5.1 4.3 4.1 1.8

. ]992 * %k Kk * %k Kk * %k Kk * %k * * % % * %k Kk
]990 .*** . ) * %k Kk * % k * % % * % % *.**

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1990, 1992, and 1996
Mathematics Assessments. .
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Standard Errors for Percentage of Students by 7 NAIONS

| Whether They Have Taken a Geometry Course and ~ GhRo [ F
by Gender and Race/Ethnicity, Grade 12 o ﬁ‘r

Assessment ‘

Year Yes . . No
~ All Students | 1996 14 1.4
1992 1.3 1.3
1990 1.7 1.7

Females 1996 1.5 1.5

1992 ' 1.3 1.3

1990 1.9 1.9

Males 1996 1.5 1.5
: 1992 1.6 1.6

1990 1.9 1.9
White 1996 - 1.6 1.6

1992 1.3 1.3

1990 1.8 1.8
Black | 1996 2.4 2.4

1992 3.5 3.5
1990 3.0 . 3.0
Hispanic 1996 2.7 . 2.7
1992 5.6 : 5.6

_ . 1990 - 3.8 3.8
Asian/Pacific Islander | 1996 39 3.9
' 1992 2.7 2.7
1990 47 47
American Indian | 1996 [ 154 15.4
]992 %* % % . - %* % %

]990 %* % % * Kk *x

R R N S S T R e TS A

*** Sample size is insufficient to permit a reliable estimate. _
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP} 1990, 1992, and 1996
Mathematics Assessments. :
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\ Standard Errors for Percentage of Students Whose -REPTSETN‘::::;S
Figure B9.1 Teachers Place “A Lot” of Emphasis on Specific CARD
. ' Content Strands by Grade and Content Strand ﬁ\’
' Number Sense, o
Properties, & Operations . 1.1
Measurement . 2.2
Geometry & Spatial Sense 1.7
Data Anolysis, Statistics, & Probability _ 1.4
| Algebra & Functions _ 1.9
|
. Number Sense, . ' .
Properties, & Operations 1.9 .
Measurement . 2.8
Geometry & Spatial Sense 2.4
Data Anolysis, Statistics, & Probability 2.0
' Algebra & Functions - 33 .

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

Standard Errors for Percentage of Students by Teachers’ REPT[',",ETNA"ON’S

Table B9.1 " Reports on Emphasis Placed on Number Sense, cARD |Nooh
Properties, and Operations, Grades 4 and 8, 1996 ‘ (

- Level of Emphasis

Little or None

Grade 4
All Students 1.1 12 0.1
_
All Students ].9' 1.8 " ~ 0.6

Students Enrolled in:

- Eighth-Grade Mathematics 3.1, 0.7
Pre-Algebra . 1.8 0.8
3.1 1.0

Algebra

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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THE NATION'S:

Standard Errors for Percentage of Students REPORT hapn
by Teachers’ Reports on Emphasis Placed on CARD | I
Measurement, Grades 4 and 8, 1996 ‘ {
Level of Emphasis =~ T
A Lot . Some Little or None
All Students 2.2 ' 2.3 - 1.8
Grade 8' " |
All Students 2.8 3.2 2.6
Students Enrolled in: - ,
Elghth Grade Mathematics 4.1 - 4.9 . 3.6
Pre-Algebra 3.6 4.7 4.3 :
Algebro 3.6 ‘ 4.7 4.0 .

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

o Standard Errors for Percentage of Students by REJ(IJIIIETN:‘:;OE';S
ICLICY: XM Teachers’ Reports on Emphasis Placed on Geometry CARD o
RPN and Spatial Sense, Grades 4 and 8, 1996 {

Level of Emphasis

Little or None_

All Students | 17 2.2 2.4
Grade 8 | ) ' ‘
All Students 2.4 27 2.7
Students Enrolled in: | . : :
Eighth-Grade Mathematics 4.3 S 4.1 4.4
Pre-Algebra 2.9 3.8 ‘ 3.7

Algebra 3.0 - 3.9 3.1

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

Q . B
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Standard Errors for Percentage of Students  peooer [Py

by Teachers’ Reports on Emphasis Placed on Data CARD naep
™ Analysis, Statistics, and Probability, Grades 4 and 8, 1996 Eﬁ
A Lot Some Little or None
All Students 1.4 2.6 2.5
All Students 2.0 N . 33
Students Enrolled in:
Eighth-Grade Mathematics 3.5 4.4 3.9
Pre-Algebra 2.5 4.6 4.7
Algebra _ 3.3 ' 5.4 4.7

SOURCE: National Center for Education Statistics, National Assessment of Educational Progresvs (NAEP) 1996
Mathemadtics Assessment.

o TR

Standard Errors for Percentage of Students by et oy

Teachers’ Reports on Emphasis Placed on cARD [P oF
Algebra and Functions, Grades 4 and 8, 1996 EWI
A Lot Some ~ Little or None
All Students 1.9 2.7 3.0
" Gradeg” " LT
Al Students | 3.3 2.9 1.1
Students Enrolled in: _
Eighth-Grade Mathematics 5.2 4.9 2.5
Pre-Algebra 4.7 - 4.5 1.3
Algebra : 3.0 2.9 0.6

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. ' :
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Facts and Concepts

Skills and Procedures

Reasoning

Communication

Facts and Concepts
Skills and Procedures

Reasoning

Communication

Standard Errors for Percentage of Students
Whose Teachers Place “A Lot” of Emphasis

on. Specific Mathematics Processes '
by Grade and Mathematics Processes

THE NATION'S .

REPORT
CARO

NeEp

:\

b

1.0

12

24
2.4

2.7
2.5
3.0
3.0

Mathematics Assessment.

S B T 2 4l S AR T TR DR IS Gt s %
SOURCE Nchoncl Center for Educchon Statistics, Nchoncl Assessment oF Educchoncl Progress (NAEP) 1996

Standard Errors for Percentage of Students by
Teachers’ Reports on Emphasis Placed on Learning  (arp

Mathemdtics Facts and Concepts,
Grades 4 and 8, 1996

THE NATION'S

REPORT

Neep

— .
:i\

- Level 6f

Little or None

All Students

All Students

Students Enrolled in:
Eighth-Grade Mathematics
Pre-Algebra

Algebra

1.0

27

4.2
3.2
3.7

Stcndcrd error estimate cannot be accurately determmed '
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress ([NAEP) 1996
Mathematics Assessment.
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~ Standard Errors for Percentage of Students by THE NATION'S
Teachers’ Reports on Emphasis Placed on Learning REERQ; neeg
Skills and Procedures Needed to Solve Routine
Problems, Grades 4 and 8, 1996 |

] Table B9.7

Level of Ehphu§i§ R ,
. A Lot Some Little or None
All Students 1.2 1.2
Grade 8 ' ’ :
- All Students 2.5 2.4 0.9
Students Enrolled in: ' |
Eighth-Grade Mathematics 3.6 37 0.3
’ Pre-Algebra | 3.3 - 3.0 1.2
Algebra ‘3.3 2.7

—
- - - Standard error estimate cannot be accurately determined.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment. ' '

Standard Errors for Percentage of Students by THE NATION'S

ISP Teachers’ Reports on Emphasis Placed on DevelopingREg,?gg naep
) Reasoning Ability to Solve Unique Problems, =3
Grades 4 and 8, 1996 = \
Level of Emphasis
A Lot : Some Little or None
Grade 4 :
All Students 24 2.4 1.1
Ea—— ‘
' All Students 3.0 3.1 - 15
Students Enrolled in:
Eighth-Grade Mathematics 40 - 438 2.9
Pre-Algebra 4.6 4.4 1.1
Algebra 3.7 3.7 0.8

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. ' '
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AR Sfandard Errors for Percentage of Students by RJ{I::_{NATION S
SINIRYSISN  Teachers’ Reports on Emphasis Placed on Learning - ¢pgp [Nor
R How to Communicate Ideas in Mathematics R —
Effectively, Grades 4 and 8, 1996 =)

Level of Emphasis

Some ‘| Little or None
All Students 2.4 | 2.5 1.8
.
. All Students 30 3.0 B K
Students Enrolled in: : ' '

Elghth Grade Mathematics : 4.0 4.4 3.4

. Pre-Algebra 4.3 40 : 1.9

Algebra 3.8 ' 3.8 2.4
- _________________________________________________________________|

SOURCE: Natianal Center for Education Stotistics, National Assessment of Educational Pragress (NAEP) 1996
Mathematics Assessment.

R Standard Errors for Percentage of Students by REJ(I::TNA"DN’S '
Table B9.10 Teachers’ Reports on Frequency with Which " caro |"REP
I ' Students Work with Objects Like Rulers, E%’
Grades 4 and 8, 1996 —
Almost -Once or Twice Once or Twice - Never or
Every Day aWeek " aMonth Hardly Ever
| | ~ Al Students 1.0 23 2.6 .09
|
| All Students 2.0 2.4 27 2.2
Students Enrolled in: | 3
Eighth-Grade Mathematics 2.0 3.4 3.7 26
Pre-Algebra 2.4 28 4.7 3.3
Algebra 2.9 2.5 47 3.6

_
SOURCE: National Center far Education Statistics, Notional Assessment of Educationol Progress (NAEP) 1996
Mathematics Assessment.

Q QN . '
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THE NATION'S

Standard Errors for Percentage of Students by

Teachers’ Reports on Frequency with Which StudentsREER;?g ReEp
Work with Counting Blocks and Geometric Shapes, ‘ —“~‘,
Grades 4 and 8, 1996 , —_O)\

Frequency

Never or

Almost Once or Twice Once or Twice
- Every Day ‘a Week a Month Hardly Ever
All Students 0.9 1.8 . - 2.8 2.4
All Students 0.5 1.8 : - 3.3 3.4
Students Enrolled in: 1 :

Eighth-Grade Mathematics 0.7 3.0 = 5.0 5.0
‘Pre-Algebra 0.8 2.5 -4.1 4.3

Algebra 1.5 4.2 4.2

~

Standard error estimate cannot be accurately determined. :
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. . :

Standard Errors for Percentage of Students by REJS,"ET"'}'\T,:;';S

Frequency with Which They Work with Measuring = CARD
Instruments or Geometric Solids, Grade 12, 1996 {

. Frequency

Never or

SOURCE: National Center For Educahon Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

B-84

Almost - Once or Twice Once or Twice
Every Doy a Week a Month Hardly Ever
0.5 0.7 1.0 1.4
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- Standard Errors for Percentage of Students by

= THE NATION'S .

R | Erra . Y . REPORT [
SENRIETRERY - Frequency with Which They Solve Problems:in - tARO ﬁE{F
L OERTIY ' ' Small Groups or with a Partner, E%’
Grades 4, 8 and 12, 1996* — |
4 ,Almsl “ Onte orTm Onte or Twice Neveror _
Every Day a Week - a Month Hardly Ever
- Grade 4.
All Students 2.0 1.9 1.4 1.5
~Grade 8 : .
All Students - 2.9 3.2 3.3 1.4
: Students Enrolled in: :
: Elghth Grade Mathematics 4.0 5.2 4.5 20
- © Pre-Algebra 3.8 4.8 4.3 1.7
Algebra 4.1 33 4.2 2.7
..Grade 12.. - , : |
Students Toking Mathematics |- 1.4 1:2 0.8 1.0

Coe Dctc on fourth- cnd elghth-grcde students are based on teachers’ reports cnd dctc on fwelfth-grcde students are based on

students’ reports.

SOURCE: National Center for Educchon Statistics, National Assessment of Educchoncl Progress (NAEP} 1992 and 1996

Mathematics Assessments.

Q
EKC Student Work and Teacher Practices in Mathematics

392

B-85



Standard Errors for Percentage of Students by R'EJ&ETNAHON'S

MRV Frequency with Which They Write a Few Sentences  CARD nEg
.about How to Solve a Mathematics Problem, -
Grades 4, 8, and 12* :

o

\_

, B Frequency S
Assessment Almost Once or Twice |- Once or Twice Never o
: ~ Year ~ Every Day a Week a Month Hardly Ever
Al Students | - 1996 1.4 21 | - 26 2.4
. ] 1992 0.6 1.9 _ 1.9 23
| |
| Al Students| 1996 1.1 28 | 28 - 3.3
Students Enrolled in: 1992 0.9 2.0 2.5 , 2.5
Eighth-Grade N
Mathematics 1996 1.3 4.2 3.8 : 4.2
’ 1992 0.6 2.5 . 3.1 . 33
Pre-Algebra 1996 . 1.5 4.3 3.9 1 - 4.0
o 1992 - 0.9 3.1 3.8 3.1
a Algebra |~ 1996 - 1.7 3.5 54 | 52
o 1992 3.0 3.0 3.5 3.6
Students Taking : :
Mathematics 1996 0.5 0.6 .08 . 1.0

* Data on fourth- and eighth-grade students are bosed on teochers reports, and data on twelfth-grade students are bosed on -
students’ reports.

SOURCE: National Center for Educohon Statistics, National Assessment of Educohonol Progress (NAEP) 1992 and ]996
Mathematics Assessments.
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" Standard Errors for Percentage of Students by . pepont Loy

Fréquency with Which They Write Reports or Do CARD e
Mafhemahcs Pro'ecfs, Grades 4, 8, and 12* =AY
Assessment Almost | OnceorTwue " Once o Twice | ~ Never or
Year 4  Every Day . .aWeek ~ aMonth Hardly Ever
Al Students | 1996 05 08 2.3 24
' 1992 . 0.4 20 200
Al Students | 1996 1.1 32 3.3
‘ 1992 . 03 19 . 20
Students Enrolled in: . B .
Eighth-Grade : _ -
" Mathematics | 1996 .- 10 46 | 4.8
S 1992 —-- ‘ 0.2 2.6 2.7
‘Pre-Algebra [~ - 1996 .- 23 - 47 |- 49
1. 1992 o5 29 3.1
Algebra 1996 - —-- 19 4.0 _ 4.1
- 1992 "_0.7 2.3 25
Students Taking : : : C
Mathematics | = 1996 0.2 0.3 12 0 13

* Dctc on fourth cnd elghth—grode students are based on teachers’ reports cnd doto on twelﬁh-grcde students are based on

students’ reports.

- - Standard error estimate cannot be accurately defermined. :
SOURCE: National Center for Education Statistics, Nchonol Assessment of Educational Progress (NAEP) 1992 cnd 1996
Mathematics Assessments. :
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Standard Errors for Percentage of Students by |

THE NATION'S

_Frequency with Which They Discuss Solutions to - REEEEJ NRED
Mafhemaﬂcs Problems with Other Students, 13 T
: : Grades 4, 8, and 12* \
Frequency
Assessment Almost Once or Twice Once or Twice Never or
Year Every Day a Week a Month Hardly Ever
All Students | - 1996 20 2.1 1.7 13
1992 2.3 1.9 2.0 0.8
All Students - 1996 3.2 3.1 1.9
Students Enrolled in: 1992 23 2.1 1.9 1.1
Eighth-Grade
Mathematics 1996 4.8 4.4 3.1 1.1
' 1992 4 3.1 3.2 2.4 1.6
Pre-Algebra | 1996 4.0 3.7 1.5 0.9
1992 3?6 24 1.5
1996 4.6 4.3 29. . 04
1992 3.7 3.4 2..]'. L 0.6
Students Toklng L _ ‘ .
Mathematics 1996 1.1 0.9 05 . |. 07

* Data on fourth- and eighth-grade students are based on teachers’ reports, and data on twelfth-grade students are based on

students’ reports.
SOURCE: National Center for Educahon Statistics, National Assessment of Educational Progress (NAEP} 1992 cnd 1996
Mathematics Assessments. :
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"-Standard Errors for Percentage of Students by ..o
Teachers’ Reports on Frequency with Which’ ‘Students ypp Reep
Work and Discuss Mathematics Problems That Reflect |

Real-Life Situations, Grades 4 and 8

THE NATION'S

- All Student

~ All Students

Students ‘Enrolled in: )

Eighth-Grade
Mathematics

Pre-Algebra

Algebra |

SOURCE Nohonol Center for Educohon St

Mothemohcs Assessments.

Student Work and Teacher Practices in Mathematics
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I Assessmen' 4 Almst | Once or Twice .Once or Twice Never or
- Year Every Day a Week a Month Hardly Ever
1996 2.1 2.1 1.9 0.9
1992 2.1 2.4 1.7 1.1
1996 2.6 2.9 2.7 1.1
1992 1.6 2.2 2.1 1.0
1996 3.3 3.7 3.8 1.6
1992 2.1 2.7 2.9 1.1
1996 4.2 4.7 3.6 1.4
1992 2.9 2.6 3.1 1.7
1996 4.0 5.0 3.5 1.8
1992 3.6 4.2 2.8 - 1.9

atistics, Nohonol Assessment of Educohonol Progress (NAEP) 1992 ond 1996
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Standard Errors for Percentage of Students by  peport [aer]

N
Table B9.18 Frequency with Which Students Use Calculators CARO n
in Class, Grades 4, 8, and 12* ' {
Assessment . Almost Once or Twice | Once or Twice Never or
. Year Every Day o Week a Month Hardly Ever
Grade 4 , ) N
All Students 1996 09 22 2.4 2.4
. 1992 0.4 1.9 . 2.0 2.5
Grade 8 : _ '
All Students | 1996 2.7 25 21 1.5
1992 . | 2.7 2.1 2.0 . 2.4
Students Enrolled in: .
Eighth-Grade ' _ ‘
Mathematics 1996 3.9 3.7 2.8 - 25
. 1992 33 27 | . 34 29
Pre-Algebra | 1996 40 33 3.4 1.8
1992 . 4.6 3.2 24 . 39
" Algebra 1996 - 4.2 - 3.4 1.6 1.6
2 1992 3.9 3.1 2.4 2.7
Students Taking ,
Mathematics 1996 1.1 0.9 0.3 0.5

~ * Data on fourth- and eighth-grade students are based on teachers’ reports, and data on twelfth-grade students are based on -
‘students’ reports.
'SOURCE: National Center for Educohon Statistics, National Assessment of Educational Progress (NAEP) 1992 and 1996
Mathematics Assessments.

Standard Errors for Percentage of Students Who REJS,ETNAT'ON’S

=
Figure B9.3 Report Using Scientific Calculators, caRo |2oF
' Grades 8 and 12, 1996 , : {
.
All Students [ - o 2.1
- Eighth-Grade Mathematics |. o 2.2
. Pre-Algebra : 2.9
Algebra 3.0
Students Taking Mathematics- 1.3

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP} 1996
Mathematics Assessment. ’ :

| 39 v | o n
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Standard Errors for Percentage of Students Who REJS;ETN':;Z';S
Report Using Graphing Calulators, - . CARO :
. o E"

Grades 8 and 12, 1996

All Students . o 1.1
Eighth-Grade Mathematics 0.8°
Pre-Algebra | - ' 2.3

2.0

7 : ; T T T e T T T R
SOURCE Nahonal Center For Education Stohshcs, Nahonal Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. .

Standard Errors for Percentage of Students by RERCHT NS

N
Teacher Reported Uses of Calculators, - cano (NP
~ .Grades 4 and 8 ﬂ\’
Assessment Teachers Allow Unrestricted | Teachers Allow Use on
Year Use in Classroom Mathematics Tests
All Students 1996 1.8 1.7
' 1992 1.1 1.
All Students | 1996 290 2.6
‘ : 1992 23 3.0
Students Enrolled in:
Eighth-Grade Mathematics’ 1996 - |- 40 . 37
‘ o , 1992 2.7 .36
Pre-Algebra 1996 . | : 4.8 3.9
, 1992 . 4.2 4.1
Algebra 1996 50 . | 34
]992 : 4.0 3.6
s 20 RN SRR P 5.1 W, ] % LY T

SOURCE: National Center for Educahon Stahshc Nahonal Assessment of Educahoncl Progress (NAEP) 1992 and 1996
. Mathematics Assessments

(4] ' ) 398
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- THE NATION'S

Standard Erfrorﬁ for Percentage of Students by REPORT [rep]
Calculator Use, Grades 4, 8, and 12, 1996 L ‘
Appropriate Calculator Use Group | Oth Grp
Percentage of "Average ‘< |  Percentage of Average
Students Scale Score Students. _ Scale Score
All Students 0.8 1.5 0.8 ’ 1.1
Unrestricted Classroom Use 2.4 50 2.4 2.7
Restricted Classroom Use . 0.9 1.6 0.9 1.4
Allowed Use on Classroom Tests 2.8 52 2.8 3.0
Not Allowed Use on
' Clcssroom_ Tests 0.9 1.6 09 1.2
Al Students 0.9 1.8 0.9 10
Unrestricted Classroom Use 1.6 3.0 1.6 1.8
Restricted Classroom Use 0.9 2.2 0.9 ‘ 1.8
Allowed Use on Classroom Tests 1.3 2.5 1.3 1.5
Not Allowed Use on . o
_ Classroom Tests' 1.2 2.9 . 1.2 2.1
: Grude'l 2. el ' ‘ o . . | ‘
All Students. 0.7 - 1.2 0.7 | 1.0
Use in Classwork: ' '
Almost Every Day 0.7 1.2 07 1.1
Once or Twice a Week 1.6 3:4 1.6 1.7
Once or Twice a Month 2.4 *kx 2.4 3.0
Never or Hardly Ever 1.5 ‘ 2.5 . 1.5 1.7
Use on Tests or Quizzes: ' »
Almost Every Day 0.8 1.4 - 0.8 1.3
Once or Twice a Week 1.4 1.7 1.4 1.4
Once or Twice a Month 1.7 2.5 1.7 1.9
Never or Hardly Ever 1.0 2.8 1.0 1.4

e
BN

NOTE: Students in the “Appropriate Calculator Use” group used the calculator for at least 65 percent of the calculator-suitable
questions and used the calculator for no more than one of the calculator-unsuitable questions. Students in the “Other” group

used the calculator for less than 65 percent of the calculator-suitable questions and/or used it for more than one of the
calculator-unsuitable questions.

*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment. :
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Standard Errors for Percentage of Students by
Frequency with Which. Students Take Mathematics
Tests, Grades 4, 8, and 12, 1996*

REPORT gpg

THE NATION’S

CARD

Almost Every Day

Oe or Twice 0 Week

| Percentage
of Students

Average
Scale Score

Percentage| - Average

of Students

All Students | 0.4

Al Students 0.3

Students Enrolled in: | -
Eighth-Grade Mathematics | 0.2
Pre-Algebra | 0.3

Algebra | 0.8

W
Grade'lf_

wnt TG

Students Taking
Mathematics

4.7

Tkkk

* k&

* k&

 kkk

23

3.1

1.3

:e o 'I'vmea Moth Nverr Hadly Ever
Percentage | Average | Percentage| Average
Scale Score | of Students | Scale Score | of Students| Scale Score
1.7 | 25 | 1.0 | 1.1 | 49
1.7 | 31 [ 17 ] 0 | xx
2.7 20 | 00 | ***
1.8 5.1 . 2.4 0.2 ol
2.7 59 22 0.1 ol
12 | 12 | 15| 02 | e
£ Mg = A T A e ety

d Doto on fcurth ond eighth-grade students are bosed on tecchers reparts, ond dotc on twelﬁh-grode students are based on

students’ reparts.

*** Sample size is insufficient ta permit a reliable estimate.

.SOURCE: National Center for. Educonon Statistics, Natianal Assessment of Educohono| Progress (NAEP) 1996

Moathematics Assessment

Q
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Sfandard Errors for Percentage of Students by THE NATION'S

Jable B9 2é Teachers’ Reports on the Frequency with Which TheyREgREg NeEp
S  Use Mulhple-Chonce Tests to Assess Their Students’ p—
Progress in Mathematics, Grades 4 and 8, 1996 —
Once or Twice a | Once or Twice;a Once or Twice a Never or
_ Week _Month " Year Hardly Ever
Grade 4 ' _ :
All Students 1.0 27 21 | 22
All Students 0.9. 31 3.1 28
Students Enrolled in: ' ‘
Eighth-Grade Mathematics 1.1 4.1 4.2 4.5
Pre-Algebra 1 .O 4 2 4 5 4 3
Algebra

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996 -
Mathematics Assessment. :

~ Standard Errors for Percenfagé of Students by THE NATION'S
EPORT g
Teachers’ Reports on the Frequency with carp [NEEP
Table 89.23 Which They Use Short and Long Written Responses to
8 Assess Their Students’ Progress in Mathematics,
Grades 4 and 8; 1996

il

Once or Twice a| Once or Twue a Onceor Twue a I Never or

B : Week Month - Year Hardly Ever
-
All Students 2.6 2.4 - 20, 1.9
Al Students 2.8 37 25 2.3
Students Enrolled in: . B S
.Eighth-Grade Mathematics 3.6 . 49 _ 3.2 3.6
Pre-Algebra 4.3 52 | 2.9 3.0
Algebro 2.8 -4 ’4.0_ - 3.2

S IR R R ST O s T

SOURCE Nohonol Center For Educohon Statistics, National Assessment, of Educohonol Progress (NAEP) 1996 T
" Mathematics Assessment.
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Q

Standard Errors for Percentage of Students by REJS;ETNATION S

-Teachers’ Reports on the Frequency with Which They CARD neEp
Use Individual or Group Projects or Presentations to
- Assess Their Students’ Progress in Mathematics,
Grades 4 and 8, 1996

\

\

, Frequency "%
Once or Twice a| Once or Twicé a Once or Twice a Never or
Week Month Year Hardly Ever
All Students | 2.2 17 | 24- | 24
All Students 1.5. 3.2 3.5 3.0
Students -Enrolled in: ' '
Eighth-Grade Mathematics 1.6 4.5 4.9 3.8
Pre-Algebra 3.1 4.4 © 4.2 3.5
"~ Algebra 20 4.5 4.5 ' 3.6

; e, 'wwm wmuMﬂw FENE . LI s
SOURCE: National Center for Education Statistics, Nchonol Assessment of Educchoncl Progress (NAEP) 1996
Mathematics Assessment.

_Standard Errors for Percentage of Students by REJ&ETNATION,S

Teachers’ Reports on the Frequency with Which They CARD ReEp
Use Porffoho Collections of Each Student’s Work to
i Assess 'Students’ Progress in Mafhemaﬂcs, .

Grades 4 and 8, 1996

LU

Frequency - .
Once or Twice a Once or Twice a Once or Twice a Never or
Week Month Year Hardly Ever
18 | 24 | 19 2.2
All Students | 2.1 2.5 25 | | 37
Students Enrolled in: ' '
Eighth-Grade Mathematics 3.2 25 -4 5.1
Pre-Algebra | = 2.7 3.4 ’ 2.4 - 4.8
AIgebrc .29 4.2 2.8 5.2

SOURCE; Nohoncl Center for Education Stchshcs, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment. '
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Sfandard Errors for Percentage of Students by Their REJSIETNATIDNS

Response to the Statement: ”I Like Mathematics,”  tARO
_Grades 4, 8, and 12, 1996 ~ =By

Agreement - - LT AR
_ Agree Disagree ___ Undecided
Grades
' All Students 0.9 0.8 _ 0.6
‘Grade 8 ' ‘ B v o o
Al Students 1 0.7 0.8
Students Enrolled in: : s
Eighth-Grade Mathematics 1.6 1.2 - 1.1
Pre-Algebra 1.6 1.2 1.1
Algebra 1.5 1.0 1.4
Al Students 0.8 0.8 0.6
Students Who Are: '
Enrolled in Mathematics 1.1 0.8 : 0.6
- Not Enrolled in Mathematics | 1.1 1.4 - 0.9
‘Students Who Have: ' '
Taken Geometry 0.9 0.8 :
Not Taken Geometry 1.9 1.9 1.4
Highest Algebra-Calculus
Course Taken:.
Pre-Algebra 3.4 3.5 2.5
~ FirstYear Algebra 2.1 2.2 1.4
Second-Year Algebra 1.2 1 0.8
Third-Year Algebra/Pre-Calculus A4 1.8 1.5
Colculus' . - 3.6 1.6 6

SOURCE National Center for Educcmon Stcmshcs, Ncmonal Assessment of Educahonal Progress (NAEP) 1996
Mathematics Assessment.
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- Standard Errors for Percentage of Students by Their
. -Response to the Statement: ”If | Had a Choice, |
Would Not Study Any More Mathematics,”
Grades 4, 8, and 12, 1996

THE NATION'S

REPORT
CARD |FEEP

_Diagr '
All Students 0.6 0.9
“All Students 0.6 " 0.9
Students Enralled in:
Eighth-Grade Mathematics 1.0 1.5
Pre-Algebra 1.1 1.3 .
Algebra 1:1 1.3
All Students 0.8 09
Students Wha Are: '
Enralled in Mathematics ) 1.0
Not Enralled in Mathematics. 1.6 1.2
Students Wha Have: - :
Token Geametry 0.9 1.1
" Not Taken Geametry 1.8 2.0 .
Highest Algebra-Calculus ‘
Coaurse Taken:
Pre-Algebra 3.8 2.6
First-Yeor Algebra 1.7 18
Second-Year Algebra 1.2 1.3,
" Third-Year Algebra/Pre-Calculus 1.4 2.1
Calculus 1.8 3.8

SOURCE: National Cenfer for Educchon Stchshcs Nchoncl Assessment of Educchonal Progress (NAEP) 1996
Mathematics Assessment. .
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Standard Errors for Percentage of Students by ‘REJSETNAT'ON’S :
Thetr Response to the Statement: “Everyone Can Do (arp neEp(
Well in Mathematics If They Try,”

Grades 4, 8, and 12, 1996

T

>

\

Toa i Gl B P
“/Agreement.

} Agre N Disagree Undecided
All Students - 0.5 _ 0.3 0.5
_Grode8 . . | -
Al Sudents 0.8 0.6 0.5
. Students Enrolled in: '
Eighth-Grade Mathematics 1.2 1.0 .8
Pre-Algebra- 1.4 0.8 1.0
4 Algebro 1.5 1.2
Grade 12 1. |
AII Students 0.8 0.7 , 0.6
Students Who Avre: |
Enrolled in Mathematics 1.0 0.8 -
Not Enrolled in Mathematics. 1.2 1.4 1.1
Students Who Have: :
Taken Geometry 1.0 0.7
Not Taken Geometry 1.6 1.6 1.0
- Highest Algebra-Calculus
Course Taken: - _
Pre-Algebra 3.5 3.3 2.7
First-Year Algebra 1.5 1.3 1.3
Second-Year Algebra -1 1.0 1.0
Third-Year Algebro/Pre Calculus . ' 1.6 1.8
Colcu|us .27 2.7 1.9

RSO P E T PNy T R AT
SOURCE Nohono| Center for Educohon Stohshcs Nohonol Assessmem of Educohonol Progress (NAEP) 1996
Mathematics Assessment.
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